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Extended abstract

Introduction

Salinity is one of the major environmental stressors limiting the growth and development of plant in the
agricultural system. Salinity affects the plants from the physiological, biological and molecular point of
view. Emphasizely, salinity influence the plants growth and productivity by the induction of water stress,
ionic toxicity (Na+*, Cl) and nutrients imbalances. With stress goings on, ROS molecules is produced
leading to membranes oxidation damage and hence deteriorate the membranes and adversely impact
the plant growth and physiological response. Na high accumulation in the soil medium interferes the
nutrient balance in the soil and plant cells, leading to disturbances in nutrients uptake deficiency
symptoms, oxidative damage, growth reduction and eventually death of plants. In the saline soils,
Na+/K* and Na+/Caz2+ ratios, high above the standard levels and hence the absorption and essential
amounts of K+ and Ca2+ is inhibited; membranes deteriorate and the enzymatic dynamics inside cells
is interrupted which is called the induced secondary stress. ROS radicals influenced the activity of
chloroplast and mitochondria and eventually the plant survival is affected. Considering the main idea
with the present study was to assess the effects of salinity stress on the growth and some physiological
traits of Lavandula treated with foliar application in hope that the possible promising data could be
advisable to the extension section.

Materials and Methods

Two separate experiments were concluded to evaluate the effects of foliar application of nano-cerium
oxide and nano-Iron (0, 2.5 and 5 mg.L1) on Lavandula officinalis L. under saline (0, 50 and 100 mM)
conditions as factorial based on Completely Randomized Design in the greenhouse. In the first
experiment, the effects of magnetized Iron and in the second experiment, the effect of cerium oxide were
assayed on Lavandula officinalis growth and some physiological traits under salinity stress.

Results and Discussion

The results obtained from the first experiment showed that, the plant dry weight, catalase activity and
Fe content were independently affected by the salinity and Fe foliar treatment. H-O- content (4.6 umol.
g1FW), total phenolic content (36% increases compared to the control) and oil percent (41% increases
compared to the control) were influenced by interaction effects of salinity and nano Fe foliar application.
The top amounts of Na (8.9 g.Kg1), proline (94 pg.g'FW), malondialdehyde (82 nmol.g* FW) and H-0-
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were recorded at 100 mM salinity stress. At the second experiment, plant dry weight (25% increases
compared to the control) and total phenolic content (29% increases compared to the control) were
influenced by interaction effects of cerium oxide foliar application and salinity stress. Catalase activity,
H-0: and K content were influenced by sole effects of salinity and cerium oxide foliar application. 2.5
and 5 mg L-1 cerium oxide treatment increased K content (43% compared to the control) and K/Na
ratio. GC/MS analysis revealed that Linalool (10.3-27.1%) and 1-8-Cineol were the major constituent of
oil at NaCl;0 and 100 mM x 5 mg.L cerium spray.

Conclusion

Our results revealed that cerium oxide and nano-Fe foliar application improved the plants physiological
response under no-saline condition. Salinity adversely imposed the yield, some physiological traits and
elemental content of plants. Under 50 and 100 mM salinity foliar treatment were not able to mitigate
salinity adverse effects except for phenolic content (both experiment), essential oil content (first
experiment) and plant dry weight (the second experiment). In total, lavender is a salt sensitive plant and
the idea is that to overcome salinity depression, have to experience more concentration of foliar
treatment.

Acknowledgements
This study was supported and funded by Azarbaijan shahid Madani University, Iran

Keywords: Elemental content, Essential oil, Proline, Yield



‘5-‘5‘) @h: 38 GJ:,J:..«Q.%.&JJ

N Environmental Stresses in Crop Sciences
”V 1E+Y Hla (ol oslods (add Lo W

http://dx.doi.org/10.22077/escs.2022.4538.2039

i g 31 4/lio

2 9 25 2 AT 0355 9 deu Tty b (b glono 9 et AT S90S
(Lavandula angustifolia L.) w355 ghaw! < ot g9 3d Oolao

" S 3979 Lol

s el 3T Sae duge olKils «(g5,5laS saSils BBl Mol g el 09,8 ¢ Ll

oS>

g

Ao wlasiv

O S (5 53 oS ke B 5 V1B 1520) 0T 5 STty (518393 b (B Jslone 53T oyt slinens
Gl 32 J2y9sSB 5k B 50 Allaz (alo3T 99 (madwsas s Y ga chao Vv 3 B¢ y20) ot 9,5 (59
256 g GalaiT 50 5 8T 0y35i b (bl Jglro 3T gl ialojT yo s )21 GBS 43 olas Sls )b
I8 2Lyl 390 Gy T S (9095 gl S Selgr 8 Glao (B g oy 1 Mo e b (LBl Jolxo
ol pilices (ol slgie 3 UL cullad wlS ol (o s 39 o1 L Jol ialejl gl i 8
A o w03 Y7 al380) S5 i3 (5950 aamnSTy lgime 28,5 51,8 (bl Jolos 9 5598 (5 Jiiuno
9 g i Jilise ol il yilicod wgogs ghiw! (Wald & Comd (i3l a0 FY) uill awoyo g (aalis
wSWlge ool (AF pg.g! FW) gy uivws (slgime o ¥l 085 5158 ol 0,390l b bl Jolne
P90 Giale3l 0 0l oupliee oy huwy JIS g0 s 100 (9d (A 50 (359308 SSTy ((AY mmolg FW)
(02ld 4 S a0y TA il J5 58 slgims (0alds jlad & Comd w0 T ul38) oL 5 )Slos
ly (Sl (3arep STy GO collad .cdyS 15 doloil syl bl il pibcas
Linalool 15> ;L GC/MS 4505 31 Jolo gulis 8,5 418 odalojl sl St il wilices
G5 S 5L ylous 5O (w9095 gl il L £ 52 (aoys 1+/Y —Y1/$) 1-8-Cineol g (auay V+/¥ -YV/Y)
Salojl 90 £ gazmo I JS 30 091 dermaST 1y yid 30 0,5 o B By Jgkome b rohas 9y S Y g0 loo B0 g Vo0
Glio dgue cge o8 03080 g dSTw pw b (LAl Jglono 45 0905 (S Al (g0 iz oo planil
SPLS (99995 glawl &5 3,5 (6 puS Azl (g o0 i S5 50 Wb )98 AT (g Il p 50 oLS S 3ede b
Slosd YL Zolaw ;b ogdse Sy xpd SR pie JAS sekiieds 5 Conl (550 G 4 plu

235 518 09031 3398 §r9b AT J 7S 50 (Sl Jgho 53 03liuld g0

sl sleojly
il

oHen

o S los

obis

HOLI PR TR H
VFeoeleB/Ye
PRy &b
QIR
Hlhss! & ,6
‘f‘Y )LQJ.

1201): YEY-Y#

doddo

D504 45) @y Sl - 98 oo SlmlolS )3 by
a5 a8 lagel -F (0h o0 saline Ol Gix s4eS
0 odaline (g Cuem g (S Slapn @eS Ojgot
(s Jal i aelol b .(Munns and Tester, 2008) 5.5
-5 S5 U9y b SaisS 5 5S35 sla IS0l
m s 0d adgi ol ()5S Slo SIS0l (et 3l g
319 O35 ST 5 S gy 05000 ST 4 (g5
03955 4 Ol se 008 g (359 5 Lo JBesl) (n S

St LS e Sl S Gt S
G5 e Sl ol e oLE 5 Slas 5 0, 00T Sgume
658 2lyrgol bulih 4 Sy dihie ;0 0 (5,98
Munns and Tester, ) o)ls oo Lyls 5 olS
Sl sbrsl g (- epanlS cppis) Lo y1 oz (2008
15 IS oyl e Jshos zrbans 13 iy oy sl g o
a8 5 Pl slml carge 5 oS Lawgs (238 Slge S
£ 9o el s byl s cow (Zhu, 2016) 545 o oLS

Vojodilamia@gmail.com : s 2SI s . b jgas0s2s Lot 15550l 0 )55 *



VEY e V8l asl pole 3 e sl i

Yo-

G5 o a5 b aseie g b )l ool ol
Slyoe a5 50 (goe A wnST oy 025 (5590
csls 1y oS 0 pigyed STy 5 addlise oolle
.(Hassan Zadeh Mohammadi et al., 2021)
Lavandula officinalis ole pb L Lugogsshaul
wibos el oolgils 5l allunis laes o5z LS
Cools lyls oL ol (Chrysargyris et al., 2018)
Wboo bStasd 5 pugpgad @ Bas (A0 ke
el 2011)
“so 58S 5 s (Jld (Jstin sl egs sl
(i el e g 3lusls mlio )3 sege L 4T wily
(Chrysargyris et al., 2018) sls ilag 5 oil)!

.(Hassanpouraghdam et al.,

olS cnl G953 &l Ol 5o dries (ool Lol L5 0925
o b Bl slne 5B Qb)) il ey 5l S
Spidnid Slio (Sp g ad) p o oal 035l 5 as]

Db se )9 i Ll yh S ugd g5 glan

09, 9 dlgo
500 o) i w15 (6598 5 SIS gy polaieds
2103556 5 ST oy b (L2l Jslme  (Ygo sl V- -
Sglged Slio (g ol p (p S ke O 5 VIO a0
saSisly  Slidss &S o ctolej] wgogsglal
e 2855 el el 3 (S e Rl (g5 psles
GreT gl YO U Ve ool loasy, sloaold 5l glais
S uL@Lj 9 o oolaiwl (cj).: Y-# 69L‘>) uusé?ﬂa.w‘
s Sy sl oymd O Glalals s Wl & Jlel 5|
&l PH: 5.5-5.7) ailS 9o Jglono 5o arils lawgio
Ll 4 il 5 5 JUl eyl Jole 3 oS ey
—o Jolee b g, Voo Saeds LS ol oolaiu] a8
S ALY dsin 0 608 G5 aiod i sl
cale b g o yuia (5,90 G35 Jlesl 0y )5 Jlesl oS
L LS 5oy Dz 5 oS Skl Sai Ve des YO
L ulS (5 55 baos «Sod ;K30 Yo oo YO 10 Sasll
Voo st gl a4 e,y B g, cnl g 28l sl
@ 5% ok (e 5l e 8L aslsl S Yge e
(2 slme jo (Yo leo Voo g 00) Hlaisyse clale
b s Kas Clle (sl Jsbre b olalS win
L olejon sSbslne oulsl i pladl plalS s s

6o wile JSGol) e SluS 5 g 0SS s S0
0 )L ol emeS 5 5 9 Dy (oSl oS5 (339 555
@ ol ol Coge sal adg sl JGsl, eles oS
slie wedynl ) uSgis ey wedys kS
~gely obul b olS ol 5 o> e (Turkan, 2017
5 b8 LS5 o) oot 5 (GlamSTy SljsSl
g (03959, (5lalS (S ySil Sl (g IgigNS
Perez- Labrada et) osi o (2i5 Jilie ;o Ceoglie ol
D oo ol o sludss slag,bral 59 coge 6{‘&.&
cge oS GLaS 5 Bl (6)9d A5 e p Gl L ojg el
o atl gy5h 5 Mae 5 LS oo il
5 Glos S 0,5 ©lhdgil 5l colaiwl ail g0 Coonl
Ol obs ek C_la.wj Jdo as cal 0o S oy alisrs pole
ool rge 45wl e Ll b3 IS5 5 ojlil ol
51 ol (Cao et al., 2018) cuwl sus Ll o0 s
Sle 1y lalS o it g yuwgd anld el cle
&oleyy 5o oo ploxil sy i (Singh et al., 2021)
wrge (2l 5 59, 095 L oliS LBl Jslme a5 ol s
O ot ol 50 aSgigdd g 8 (slgone o Slas i3l
oo -(Hassanpouraghdam et al., 2019) o (5,55
L;Lb(;)"ﬁ Lg‘)“) aS ol LDJ.:..)L\.AY 09; )| Lg)lﬁ M‘
ST o o Bl o0 097 (ool (5l 9 (S Sy
Bl Jas il sliton; oolituls, 5o Sl 5 51 S
e 5 Il o adle sysd 5 Rl o
Lix a5 oad L89)l5 wgn (Ml crge apnS]
2 e G S5l WS (o0 S g (ibmgen
(Liu et al., 2021) ;58T ol31 sl JSGol, 40 piys!
oS T sl 5T dlad S o iy ) oy S 50
(Caoetal., 2018) s,ls Lig ygumlanSTy 5l 5,56l 4
oy Ll ph 4 Stas obS 50 ST gy 0,3956 50
Syle 1) s b ol axlae lojinone g ol olS aigS
=l (Hassan Zadeh Mohammadi et al., 2021)
QST oy 5l o0lainl ols L (LS jo 0als ploxil )
Iy o bylps cow olS o Slee inli8l o soge i
2 wegasple lie b (Liuetal., 2021) culs



vo) 995 skl Suigl b Slio (S 5 by p 81 0)05l g dpSTe o b (Bb Jale 5 5558 15 U Sle $097

w
o

311
|
440
"
W 220 |
i o ; 400 5‘11
1A fi | 422 )

=
]

Intensity (a.u.)

“I““\ fiih e “‘ i 4 i | 1A
i gl Wi i ol "‘"."‘\“,"ml 1(“1 ‘,‘\[‘,l. r\“u by 'MN i ‘N
10 20 30 40 50 60 70 80
26 (degree)

Fe304 O34 XRD b .Y SO
Fig. 2. XRD spectrum of nano Fe3O4

GV slaizo (6 oS0 jIli]
Luhova et al., ) lsag) b, 4 basges VLI (slyme

D b fegids LSl

9y Ty (/g

ool iy Ol aeSon gl
Ol 0 (6 w50 5luil (Amaranathareddy et al., 2015)
S35 yagiby Sl SaSa gl Y+ 5 ladigai ik
VKK

ailf60 sllo slixo 5 5ol

«!» (Heath, and Packer, 1968) S 5 s g,
iz ws solitl wsdllies el lyime (g pSojll
Jsb ;o (T80+, China) yiegidy iSemw! SaS 4 ladiges
Heath, and ) ai cdl8 jegl £0+ 5 OVY slagse
.(Packer, 1968

oo slEzo 5ol
JLdE el 5 0y 5 el alsss (g 2l
g jegl OV zse Jsb ;o baaigel Ciz al plxl
(Fedina et al., 2006) 0o 5 ool yiegudgiSl olKiws

S (5 0 jlu]
oS J5 I Glgiome s pFoslul gl Jolie olas |
O Byme 51 IS 3 Slgome (55503l (sl o ool
S ailinl lgreay SUB sl 51 008,85 sslanl Y gl
Fogili VO« zge Jsbo o (b SlaS 5 g pFojluil sl

Kim et al., 2006) a5 5 colazul

Al yo )0) amy alie 90 pgo (Db Jolze 5 (5590 i Jles!
Sh sl a3 5 am 5g) o 0B plmil (S0 VY=Y

(Fe30y) ubliso ol 0,330 jiiaw

Slalgas o] 05 YIVE 5 (0] Lid) ool aylS 6 5 FAY
€ 100° slos yo Ol @ osadlal 5l ow (0] can)
Lle Slogel jid deo VY s 505 03 o Db
dolol celo g0 U puiad Joe g 2o )5 adlsl b gl (5,
LFes04 ol,346 ¢ 561 sleo B o Jb 50,50y 51 a8l
3 09l 59 g el STy Jolme 1 Loyl 5l esliul
20,5 Sis 80°C sles

FT-IR Gib s
o | Fes04 aldgl ay bgye FT-IR Gk ) S
0as eddlice S 023 o HLES O+ =Fr e+ cm bogume
oo Fe-O auaS olilss )| & by o OV cm™ Jlg> o

il oo (] a1 LS i samspLis a5 il

g* Fe—0

Transmittance (%)
)

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™!)

Fes04 &l y3g56 FT-IR s ) IS
Fi

—

g. 1. FT-IR spectrum of nano Fe3O4

XRD ibs sy p

A L R R A A S Ut
i 1) ol Sl3gl s FY1-0A" 5 OFIVAY" FY/VYA"
(¥ JS5) S e

ol LSy jg (s S0l

Sled 0 w5 50 adad S iy a5l lalS Lol
3l eolazul b olS Sis 59 (6 S ol Lo Sas 5l
& plsl (BBI41,Boeco, Germany) Jluzws ss5l5

! Folin Ciocalteu



VEY e V8l asl pole 3 e sl i

YOY

2 i Ll cod oS o Shae dpegy cryn 2]
=k Jslxe (Hasan Zadeh Mommodi et al., 2021)
oLS o Shoe (i3l cge (5,9 15 o ol 0,35 L
50 ouds pledil guds o (Singh et al., 2021) wi 5,5
GRS o5 ol 0)3gil 0I5 45wk asiie (93l oLS
a5 olS (Sfelen b Dlao g o Slas Sgne g 6590
plxl . o (Hassanpouraghdam et al., 2021)
aS1 0,35l S 0,5 4 wb et sS40 o
o2l 0,390 b olS il glme § (S &jgon 315
SS9 9 gl ol S S S lyiome Sl g
2l olie 51 S ol (Aazami et al., 2022) o oLS
Sl 5o g (i AT Sl ol 5L 90 B pannS
(Jdo )l s 5iwgid) (Soiglen sleanli 5 el
als Miller et al., 1995) 5 ls ((y55,55 Canis g (b
ST o0 3,18 51,5 oS 5 Shoe Lialzdl BV 5l S
g 2l i Gl b aS wbl ade; ab) Gl 4 by ye
Hasan Zadeh ) wiS o S8 ol o, 4 o138 Slge

.Mommodi et al., 2021

YL colles
5 6r98 G Jits D11 b VB 3l colled
52 2 5 Sl 5 02l b (Slhdslre slajles
o3 G5 Glalojl 90 50 () Jgaz) )5 18 (alos]
Sz 9o 55 AT e e g e 315 Vs e O
b Shdaloee ((V Jouz) o VB 3l codled aliél
Jol Gialesl o ool 2 30 05 (oo 8 5 VIO glaclile
Jslone o3 bl 3 0 VIS slyiome (T3l s
cxge deSloo e S g3 p S e B cdile b il
SBLS Sl (¥ Jpaz) b obS IS slgime il
Gl crge wenST e b (850l 5)90 25 e
Al emdiyol oS o SlaST S lp Bl (slgore
3 Lyl (Hasan Zadeh Mommodi et al., 2021)
SeeST o o 3,5 31 50 Sl T slaes 5T culled
Liu et al., ) ol (5,155 LS olS 1o (5,00 (aid oo
pS 0 S oyplsas ol ylas oo plosil w0 (2021
L Bl sbne olyes & SB s 5315 05T 0, S5LS s
Sop id Cod SYBL Colled g rge (0] 0,350
sl i (Aazami et al., 2022) as (651 oL o

Gopd i cos VB mpl cudbs mldl peas )

owlw! gl siw/
(gds skl 5y o i claaiged 5l o5 Fr oo,
el VIO ooty g ablol Jlaie O yid Lo Frv ooy
B ey pleend SLaS 5 (o lulid sl o (655 (il
GC-Agilent) o35 31,5 g5log S olSiws 3l oy 2l 5l
Oyl jgs 5l K51 4 e (Technologies, 7890B
o> il L K6l G 4 Juate (FID) (slaless
299 5 oslazwl (MS - Agilent Technologies, 5977A)

Sy polic g 50l

«!» (Corning, 410, England) (s segid o8 g, !
232 olfiws g peslly 5 e polie (slgione (6 S0l
&rSo3lail sl «(Corning, 410, England) s
(AOAC, 1990) o soliiwl ;yal (glgimme

Syl (slooosls jJIUT g i lojl &b
$$3Las SalS z5b s 2 oyl 0 g0e pol> il
sl ploml Gloul 3 Sue ol ozl jo 1z ST A b
2 ooliiwl SPSS (o bl slaasl p 5l nosls 4555 gl
Sl gl 43 5S35 (051 51 osliiasl L Waosls cySils

BV O] E PR WA

obS (32 i KB g
Jsl Gialesl po (cilidslme 5 (5558 i Jiue ol 1
Ot ) Jpaz) <85 18 s oS Sz
Sogh G5 e lesd yo olS alse Gise Sis (5
S ¥k Ve a6y A RIBIL g b salie
Jless (Y Jgaz) ad 4l oS olge (Ade a0
15 om0 w8 oo 0 5 VIO clacdale b b Jslne
23 ol lse i SaS s Gl wzse sl tales]
oLS (plsn s Sis s ped Glalei] o (Y Jgaz)
<88 I3 sileyl lojles blane olpl sbces
G5 e les 3 olS (alse S SAS (9 cn YL
ST oy ) 53 0,5 (koo O 9 VIO (SBL Jolore b (555
om0k ol 0 0ads plol sy (T Jga) als camlice
Gl g ()58 5 A by s (6,90 5 oS
ey 0350 b (il Jolome Lol sals olS 5 Slas 5 0,



vov 99 skl Sy5el 58 Slio (B 5 by p 8] 0)05l g wpenSTe o b (B ale 5 5558 15 il Sle 097

Lo aiig 4 caml olul Cge 45 098 o 0duel 4 gils
8 SeS5 5l solisial 055 0a DNA 5 bnJ5Sso 5,5k
Lyt cos o] slaJiSesl, hie Sl 2alS cose
=y 5o (Zhu, 2016) wil o Cuwal Pl wgiy 25
Hasan) & ob ¢ (Liuetal., 2021) LS )5 oo ploxl
Sl a5 wb asie (Zadeh Mommodi et al., 2021
IRl cage (550 A5 CoS ST e b plalS
Slyome mals 5 olS 5o SlanS| T Glam Bl collad
ooy plomil sy 50 0l olS jo y5enST Ol sla IS5,
o2l b olS il Jslme oS 0d asie (55l olS 0
Oiasded Sy Slyime a5 crge (6y9h A5 Cod

.(Hassanpouraghdam et al., 2019) o oLS ;o

wdfiso sllo (slpizno
Sl ).ulag,\?u Oielesl 9o e o asullss oglle (slgime
Vo s A0 Jgux) S5 18 6,50 A Jis
Gl cse sl Glesl 5o e w5 Yse e
S 05 F0js 5 2 Jeesl AT & aslige il slyime
o9 wald lad 4 Cd (gao,y B0 ol3dl saimslis
Moo Voo 500 slalas pgo alosl jo (¥ Jsoz)
KW d.:j.)ﬂd‘o Ol leizma iul8l Czge oo oIS
30,0 50 wals jles [, asalles e lgiome o eS
ool b il Jolomo Jloss (F Jpaz) s oanbice inles]
KW ‘-)'tj‘-\”LQQ d}JLo 6‘9:..700 u..mlf g0 pgd u...aLa)—‘ 5
o Bl asall g odlle lgome yo aldl (Y Jgaz)
Hassanpouraghdam et ) o saalin b)), o 6,9
ol lyime ial3dl Logas 4o aeline il (al., 2019
Ah I3 byl bS50 (5y88 i S0 asulligs
3 ezen (Hasan Zadeh Mommodi et al., 2021)
sheslatnl a5 ol ateie byl jo oads pll oy
.).z.SAJ—‘ «©o Q9JL° 5‘9.'&:4' ‘_‘WQU [ v ST 02 c)[)y'U
Hasan Zadeh Mommodi et al.,) o 55 bl e
ol b8l sy 5,8 s bl cew (2021
ok slas lub ol 0 o (e (L2
L .(Munns and Tester, 2008) s,.5 - 3 pibeos
S, 5 (5a,0e8 SS9 @0 159 5 Sl B
LngJlS,{ol) ZoZE g0 g ooludl dL‘u‘ 01,5 BN 4""“‘5‘)’9""‘
P85 dgdiee ol 40 (90 STy g ST sn
W30S slid 4 ol g A5 Ll sl & 90

(Singhetal., 2021) o (s,155 ol 0,356 0 5,15 31 50
33500 eSSl Sla ol wdgi g (5598 A5
Ll s Jsbe lad cudled p e b oS
ST s g IS0, SEal33 b oo olE sloopd g
slaJsSse yo (Siadl (s)08 i Bl 50 JeuSsp0um
“JSesl) siliwgen Lais gln olS S9d oo Sl (st
3lse o051l 5 oo T EBS i & e ST sl
Gbpyl cdls Jols olS eyl gy e
SeSlpgw aBboe VBB 5 bsemss wnSlhsn
3ol sl JSGol, ade 5 oo bs gl o bgenns
S o0 deSTpgm laJu0ly 58,0 5] corge g axdls
oads plodil sy gl yuizmes (Kumar et al., 2017)
Lyl o 0T g oo 0,386 L o5 Jsloes 487 sl oLt
Sl Gl cge (Vgaisdes B0) mad IS s
oo olS g laly o ot S aS al ol o Yils
oLS iy 5o S5l 5,8 b casls 1) (i Ll
a6 0,590 5l ool a5 ols (ylas (5,9 LS Cos
Gohari et ) s ls 1, HyO2 glgizme o g0 i jzalS jo
Liu) OES 50 ST o 0,356 L olS Lo .(al., 2020
<=9 (Khan et al., 2021) rapeseed 4 (et al., 2021
Jede,lS s LS 5 glgime il ol 0, Seege
25 HoOr 9 @JT&OQ}J[& 6‘93-"“’ u....:blf 5OL:S/ o)_il.o.c
ot ouis VB o bl b o (Liu et al., 2021)
59,15 O5eST Js85e 5 0T @ 59,000 9eSTy s o
500l o JBGol, G o Sl 1 alS Coge b cpl

(Kamran et al., 2020) 544 o0 2L5 sboJslos

OI9 sty (sloio
Sl e Jol Gtalojl 3 (s sien deSTy (slyine
i () Jgoz) 285 18 caalojl (gl Lo lie
ke Vo e T Jlend 50 (59,0 dnST (Slgime
Jses,Ste $17 (e 4 (£8L Jolone (g maow 9,157 Y50
oialejl 5o Ll «(F Jgaz) ad eaalic olS 5055 05 5
Slyme Gl carge Voo boo Voo (650 A5 pgo
oS 30 S0 5 2 JsesSle VIO 4 (59,808 weST
O L ol slxe 5 ob sle (yaay jlend (V Jsuz) 0l
Slyme Gl coge aeuSlw e 5 0 08 e
gz (V7 Jooz) wd psd Ghalejl 3o 35,8 9Ty
o5 pb & el A llyd cod STl sla JISG ),



VEY e V8l asl pole 3 e sl i

Yof

S oy slsime 2 69 5 Gl b oS ol ol
.(Hasan Zadeh Mommodi et al., 2021) o 03433
Singh etal., ) ,5 ol 0 ogas ple olin mls
(Hassanpouraghdam et al., 2019) ,bL;, 5 2021
OB 5ygh A Ll St g peg b 818
iz ) xSl sk Syl Jomiliy s 5 (oat
O5emeSTSl5T Sl JISl) 50 il 5 92,18 5 oo oy

.Munns and Tester, 2008) s ls |, Jolw ;o

Turkan and Demiral, 2009; ) 545 0 Casdlg,lS 4
(Zhu, 2016

oo sleimo
G5 sl pibes Gdsn lyme leil g0 8 g
3 Oelon Sleme (Y 5 (V Jsuz) 285 18 (5,90
S5 Vs dhee Vo (6)ed 5 Hlens o lejl g0 o
2oLl jlesd ;5 Gy n Gl (o yieS g Al ssaline maos
syl ol plxl o @l (V Jguz) ob osalin

Seielgr b Slho (B g SiiS (59 » swmblio (181 § s Tos ja b (o3l Jokxo 5 (5y9b T ST wiliyly 4 ) Joux

oYy 30 gy gy W yguods 00,5 Wy (w9 g2 glaww!

Table 1. ANOVA for the CeO:2 and nano Fe spray and salinity on plant dry weight and some physiological traits of

Lavandula officinalis

Jw—”e).s . Sl I (glgsixo
Slep ity ke oS oo slgime  lgime Js
4>, - . . -
')._ oS W O399 Al (g0 RS Total
Olpt @bo @351 Aerial part  Calatase H:02 Malondialdehyde Proline  phenolics
Source of variation df  dry weight activity content content content content
The first experiment Jol G losT
B @5 83021 2217 9.3" 3128" 4852 gqm
Salinity
oAb osbdpe 26" 1087 0.95™ 561™ 4 98"
Fe spray
oAb thdobrosogd ) g 9.2 0.81° 24 9.1 108**
Salinity x Fe spray
“ s 6157 23 0.059 256.1 99.7 8.3
Erorr
Sl 9.3 7.6 10.2 13.1 9.2 113
C.V. (%)
The second experiment 90 swbojl
B @25 g 48014 89" 9.1 4650™ 5423 5w
Salinity
Sty b eBldsbze ) gygyns 104° 2.4 1031° 510 5.3m
CeO: spray
w2 b (Sl Jelomox 690
st 4 17189 5.8m8 0.048" 18" 34.2m 61.9%*
Salinity x CeOz spray
i 18 5987 15 0.52 232 145 3.93
Erorr
Sl 8.7 9.1 8.4 16.8 112 144
C.V. (%)

ailge doy Vg 0 Jlisl e jo lo g B g o se BB pus poghe 4 o 5 A gF

ns

ns, *, and ** are non-significant and significant at P<0.05 and P<0.01, respectively

e )3 ool )39l yid 48 )8 o O L il Joloxe o
cxge Yae leo O (5y5h LD g e GRS 9
Cp i p9d Lialejl jo 0l olS S 58 slgime a8l

2 J5 058 Slsime 3k Jsbne 5 595 G255 e 5]
Sialesl jo () Jgu) ols 1) ).a..)l.)m L oilesl 9o ,m



Yoo 99 skl Sy5el 58 Slio (B 5 by p 8] 0)05l g wpenSTe o b (B ale 5 5558 15 il Sle 097

olS cwslin 43355 (Hassanpouraghdam et al., 2019)
Lulpd cod ol S jo (b Sl 5 s 5o ook B
Sl 5 lyime Gial3E Yo 51 S wls oo 1, s
sy ol o535 b 2l Jsbe 51 53 ssisisdls 5 Jib
ey oy Sliaeegy S pelaisl g olS pwgid ol
Cedglio addgh Rl crge Lol 45wl SeaSeed al
2 olS cdiblxe e Bajb a5 e olS 0 agl
Kim etal., 2006;) wgi o o5 o131 sla S50l ol

.(Vojodi Mehrabani et al., 2018

“Jolme b (g5 i g lajle o U5 8 (slgioe
2P ke B ST o i 3 05 e B 5 VIO 2L
VIO 5 s 215 5d )3 05 (o B0 )3 ST poo 2
A5 Ygadie Voo y0 0enST gy 2 50 05 e
olS ;5 ol plosil gy ;0 (T Jauz) o edalive pydw
e ge deSTespr b olS 4355 a5 0l asie Wy
Paryan et ) o olS JS adgigdls g Jud (slgiome yiol3dl
G s (g5le), 5o eads bl cw, @l (al., 2020
o1 5 S35 035 b oS 3l Jona o ols ol (55
ol aSgs g B8 lpie MIB e

© g0ty 03,5 0y (S5 shasl S el b Slho (B 1 g oL ks SiS (159 2 o IS i ST (Sl dunglie Y Jgur

oy 50 Saigyg i

Table 2. Mean comparison for the effects of NaCl salinity on plant dry weight and some physiological traits of Lavandula

officinalis grown hydroponically in perlite.

S SUS (59 & ol lgixo
PR c SoenS| 19 £ 7 .
It olS slen B . s sl sl oan Gl
o=l Salinity  Aerial partdry YUY 3l colled 033902 Malondialdehyde Proline
Experiment stress weight Catalase activity  H20: content content content
(mM) g.m? Units.mg™' protein pumol.g' FW Nmol.g' FW pe.g'FW
Js! 0 458 452 - 41° 35¢
_ %50 358" 43 - 68° 68°
First 100 231° 28 - 82 942
s 0 - 512 0.9¢ 39° 41¢
F3 50 - 41 1.7° 57.2% 540
Second 100 - 21b 2.5° 64.3° 812

Db o PSTD) 5Sils (yg3T bl s o sine B 3925 pas (gosimslis aline by b lagygiw

Similar letters in the columns are non-significant based on Duncan's (P< 5%) test.

#9395 gl 301 b lho (5 g polic glgizns ol (olgh b SLS (39 2 (Al slone T aSilo dmglio ¥ Jgux
Table 3. Mean comparison for the effects of CeO: and Nano Fe spray on plant dry weight, elemental content and some
physiological traits of Lavandula officinalis grown hydroponically in perlite.

S 039 Slgizo aoys S
@lp i miledld awsly pdloglyme Ly ol aeely glye
. “Jskxe ol YL 0390 sl (g Essential  m=~l2 o ool
obol Ak Aerial part Calatase H20:  Malondialde oil K K/Na Fe
Experiment  Spray dry weight  activity content hyde content percent content  ratio  content
B 5 Units.mg™! pumol.g™! r 1 "
(mgl™) gm protein FW nmol. g' FW % gkg Mg.kg
sl 0 389° 26° - - 8.8° - - 19°
. s 489° 38 - - 12.5° - - 28
First 5 478 36.7° - - 12.2° - - 35
s 0 - 31° 32 69* - 7° 9.1° -
R - 37.2° 2.3 58.3° - 1 1030 -
Second 5 - 5718 2.8 50° - 1220 11.6° -

Db o PSTD) 5Sils (yg03] bl s o sine BB 3925 pas (gosiaslis aline &) b lagygiw
Similar letters in the columns are non-significant based on Duncan's (P< 5%) test.
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Table 4. Mean comparison for interaction effects of salinity and CeO2 and Nano Fe spray on total phenolic content,
plant dry weight, essential oil percent, H2O: content inLavandula officinalis.

Gpb s S s asggy g, SRl pllaey
ol Salinity ) Aerial part dry 0 O“ cor; tent ° Total phenolics Essential oil
Experiment  Stress Fe Spray weight e content percent
mM mg.I"! g.m? umol.g' FW mg.g~! FW %
0 - 2.7° 564 6.14
2.5 - 2.3¢ 73b 7.3¢
- 1.84 822 7.5¢
50 0 - 3.7b 64¢ 6.8%
|
Js 50 25 - 3.00 720 8.9b
First
50 5 - 2.4¢ 882 10.32
100 0 - 4.6 58d 5.6°
100 2.5 - 3.4° 62¢ 6.1¢
100 5 - 3.1° 68° 5.7¢
G i Pbelme obS Sis 39 59 70eh e Js s (slgize PO W IRV
Salinity oSl o s Aerial part dry H0; content Total phenolics Essential oil
stress CeO; spray weight 2 content percent
mM mg.I"! gm? pmol.g' FW mg.g~! FW %
0 0 378¢ - 63° -
0 2.5 4592 - 822 -
0 5 5062 - 892 -
50 0 321¢ - 52¢ -
50 2.5 396¢ - 69° -
50 5 4290 - 782 -
100 0 274¢ - 63° -
100 2.5 306¢ - 7480 -
100 5 357¢ - 62° -

bl o (Yo PSO) S5ls fyge] bl 1 lo sime BB 025 pac godimsylis alie &> L lagygiw

Similar letters in the columns are non-significant based on Duncan's (P< 5%) test
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Table 5. ANOVA for the CeO2 and Nano Fe spray and salinity on essential oil percent, elemental content of Lavandula
officinalis grown hydroponically in perlite

u‘)‘““"" C“L"" 60‘)| Essential oil o S I""""’L"\‘ 6'5“’“’ o S U‘b‘ 6‘5“"’“
Source of variation df percent Na content K content K/Na Fe content
The first experiment Jol sl lesT
Sl 1 298" 46" 25" 487"
Salinity
oAllhibdsb g 6.1m 2.8m 0.4 189°
Fe spray
oAb Sbdstrossd -y 214" 1.3 0.70% 0.21™ 6.6™
Salinity x Fe spray
s 18 8.6 2.2 2.1 0.28 34
Erorr
Nl ol 14.8 9.7 11.2 13.1 9.9
C.V. (%)
The second experiment 90 Lo
$og 2 24%* 214" 41.6™ 65" 369™
Salinity
P g U g;“"l",J5'1""" 2 |ns 0.19™ 16 0.9ms 28ns
Se spray
Pl b Silbdslrex snpd 3.9m 1.6ns 0.91™ 0.48" 2.9m
Salinity X Se spray
L g 9 12 3.6 1.3 10
Erorr
s .
TR e 17.1 13.8 8.9 18.9 14.2
C.V. (%)

* NS
¢

il oo do o Vg 0 Jliol o jo o e BB g o sre NS pas pogio 4 i i 4 g

s * and ™" are non-significant and significant at P<0.05 and P<0.01, respectively
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Table 6. Mean comparison for the effects of NaCl salinity on essential oil percent and elemental content on Lavandula
officinalis grown hydroponically in perlite.

_ Sog slosd bl suo 4 ey o
oo Sainity Essential oil o (5lgsixo by, (lgizxo o w RO ICEN
Experiment treatment percent Na content K content K/Na Fe content
% > Kg™! mg.Kg!

Js! 0 5.9¢ 92 3.8 202

) ? 50 6.9° 6.2° 0.87° 21

First 100 8.9° 4.9° 0.38° 19

R 0 10° 5.1¢ 9.32 1.8% 342

Fs 50 11.2¢ 7.2b 8.7b 1.2 23

Second 100 9.6" 9.20 6.2¢ 0.67° 19°

Db o PSTD) 5Sils (yg03] bl s o sine BB 3925 pas (gosiaslis aline by b lagygiw

Similar letters in the columns are non-significant based on Duncan's (P< 5%) test.
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Table 7. Oil constituent (%) of Lavandula officinalisgrown under NaCl salinity (0, 50 and 100 mM) and foliar application

of 5 mg L' CeO:z and Nano-Fe.

) ©F RI control  NaCln*CeO: NaClso*CeO: NaCloo*Fe  NaClsy*Fe
Row  Constituents
1 Camphor 1146 2.5 0.8 1.3 1.5 2.1
2 Camphene 0954 0.6 2.3 2.7 2.1 0.8
3 o-Thujene 0930 2.1 1.4 1.3 1.1 0.7
4 g-pinene 0939 0.6 1.21 1.6 1.3 2
5 P-cymenene 1091 0.7 0.4 2.9 0.6 0.9
6 P-cymene 1025 - 4.7 0.4 - 0.9
7 1-8-Cineol 1031 10.3 13.2 11.7 21.6 20.1
8 B-Ocimene 1038 17.3 12.2 9.1 1.3 14.3
9 trans-Linalool oxide 1073 0.6 1.7 3.9 2.3 32
10 cis-Linalool oxide 1087 2.3 1.4 1.7 2.4 1.6
11 Linalool 1097 10.3 18.3 18.2 25.8 27.1
12 Borneol 1169 11.3 13.2 12.1 12.1 10.8
13 Pinocarvone 1165 - 5.3 33 0.8 -
14  Terpinene-4-ol 1177 1.1 - 8.1 2.9 -
15  o-Campholenal 1126 54 5.1 1.7 2.8 2.2
16  Cryptone 1186 3.2 4.2 5.3 0.7 0.9
17 o-Bisabolol 1186 2.3 0.6 0.9 1.9 0.87
18  o-Terpineol 1189 6.3 1.1 1.2 1.0 0.3
19  Myrtenal 1196 32 2.1 2.6 3.7 0.1
20 Carvone 1223 - 0.6 3.1 0.8 -
21 Cumin aldehyde 1242 0.4 1.8 2.1 3.7 42
22 Cumin alcohol 1291 8.2 1.2 1.4 2.9 2.6
23 Geranyl acetate 1381 5.2 - - 1.6 -
24  trans-(B)-Farnesene 1457 - 4.6 0.1 2.1 1.3
25  Cadinene 1539 2.3 0.51 0.47 0.41 0.78
Total 97.2 97.9 97.17 97.4 97.75
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