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Introduction

NaCl Salinity is one of the major environmental stressors affecting agricultural production everywhere.
Salinity impacts the plants by the osmotic stress, nutritional imbalance with plants cells and by reducing the
nutrients absorption and reactive oxygen species over-generation, as well as by ionic competition for the
absorption, translocation, distribution and ion toxicity inside plants. Under salinity stress, plants develop various
physiological and biochemical mechanisms to overcome this conditions, like ion homeostasis and
compartmentalization, ion uptake, biosynthesis of osmoprotectants, activation of antioxidant enzymeic
(superoxide dismutase, catalase, ascorbate peroxidase and glutathione peroxidase) and nonenzymic compounds
(proline) to overcome salinity stress. Optimum nutrition under stressful saline conditions is important to
overcome the problem and to produce optimum yield. Pelargonium graveolens is a plant commonly used in food
and pharmaceutical industries. Iran has favorable micro-climates for the Pelargonium graveolens, production,
and since this plants is in common use with diverse industries, this experiments was conducted to study the
effects of foliar spray with Se and nano Fe on growth and physiological traits Pelargonium graveolens under
NaCl salinity depression

Materials and Methods

Two separate experiments were concluded to evaluate the effects of foliar application of selenium and nano-
Iron (0, 1.5 and 3 mgL™?) on pelargonium under saline (0, 50 and 100 mM) conditions as factorial based on
Completely Randomized Design. In the first experiment, the effects of magnetized Iron and in the second
experiment, the effect of selenium were assayed on pelargonium growth and physiological traits (plant dry
weight, enzymic activity, elemental content, essential oil percent and oil constituents) under salinity stress.

Results and Discussion

The results obtained from the first experiment showed that, the aerial parts dry weight, Na, Fe and H20,
content, catalase activity and oil percent of Pelargonium graveolens were independently affected by the salinity
and (1.5 and 3 mgL™) Fe foliar treatment. At the first experiment the highest amount of K/Na ratio, flavonoid
content, K content, malondialdehyde, proline and superoxide dismutase activity were influenced by salinity
stress. The top amount amount of plant dry weight, Fe content, K/Na, Na and superoxide dismutase activity were
recorded at control plants. The top amounts of Na, proline, malondialdehyde, H,O, content were recorded at 100
mM salinity stress. control and 50 mM NaCl increased oil percent in plants. Foliar spray with 1.5 and 3 mgL™* Fe
increased catalase, yield, phenolic content and oil percent in plants. At the second experiment; aerial parts dry
weight, proline and flavonoid content were influenced by salinity stress. Catalase activity, malondialdehyde,
superoxide dismutase activity and H,O, content were influenced by sole effects of salinity and Se foliar
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application. Under non saline condition, plant dry weight, superoxide dismutase activity, K content were
increased in plant. With increasing salinity to 100 mM NacCl, proline, malondialdehyde and H,O, content were
increased. Se, Na content and K/Na ratio in the second experiment was influenced by the interaction effects of
salinity and foliar spray. At the second experiment, the top amount of K/Na ratio were recorded at NaClo x 1.5
and 3 mgL™ Se spray. The top amounts of Na were recorded at NaCl0 x no foliar application. The superoxide
dismutase activity, malondialdehyde and K* were responded to the individual effects of salinity and Se
treatment. The highest amounts of total phenolic content was attained by (1.5 and 3 mgL™) nano Fe and Se
treatment in both experiment. With salinity of 50 and 100 mM, the flavonoids contend was increased at both
experiments. Foliar spray with 1.5 and 3 mgL Nano Fe and Se increased catalase activity in plants. 1.5 and 3
mgL? Se and nano Fe foliar application reduced H2O: content in plant at both experiment. GC/MS analysis
revealed that B-citronellol (12.5-20.5%) was the major constituent with control treatment Citronelly formate
(10.75-25.2%) were the dominant constituents of oil control plants. B-Thujone (12.61%), trans-Rose oxide
(2.85- 9 %) and the highest amounts of Aromadendrene (5.42 %) only recorded at control plants. Salinity stress
and foliar spray had negative effects on a-Pinene biosynthesis and the highest amounts of a-Pinene was recorded
in control plants. The top amounts of Geranyl formate (0.7-7.8 %) was recorded at NaClso x 1.5 mgL* Fe spray.
Y- muurolene (0.4 — 4.06 %) biosynthesis increased at NaCI50 x 1.5 mgL™* Se.

Conclusion

Salinity stress involves changes in metabolic processes and various physiological traits, controlled by
salinity stress severity. In total, salinity had negative effects on the growth and physiological responses of plants,
however, foliar treatment with Se and Fe improved some physiological traits of Pelargonium graveolens.
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aS ol lis (Mozafari et al., 2018) ,650l 53 oais plowl awyy
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U il elore 31 50 e 10 sUgemnd dewSTysow o 3l cdlad jo
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oil38l b as oly oLas (Hassanvand et al., 2019) laesxd o
53 03 bl (qw)y oAb 03938) ol (g (lgie p ()9 LS
0o slyizme p (6y9d A GBI L & ol plis ()l olS
Sl 53 68U ol 0351 L bl Joloxa 5 45 0933l ol
.(Hassanpouraghdam et al., 2019) c.usly olS sy

b hyl35 (Vojodi Mehrabani et al., 2018) ¢,l;,
2 it sl lsime (LS Cage pal b (o3 Jsle
sle Lol (Hassanpouraghdam et al., 2019) .s (s,L;,
coy55 1y oyt L bl cood o Agi o 3enST 015
sy pal Bl Carge ((shudgind sLid 5 g p) Jsho sLié
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4 g odd olS )0 o & polly S (I3l Cage porilis 38
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(s Subramanyan et al., 2019; Marschner, 1995)
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Table 1- ANOVA for the Se and nano Fe spray and salinity on aerial part dry weight, catalase activity, H202 content,
malondialdehyde, superoxide dismutase activity, Proline and total phenolics content of Pelargonium graveolens

= ol Slgioxe b i glgixe
. Lo Coled > o9l 1o 1g
T s NN T
Experiment Sl ooyl ol led 4 gD - SUgommnd “"‘"5’" Total
No. Source of of Aerial Calatase ~ ©99°% Malondialdehyde  syperoxide  Proline henolics
variation part dry activity H20, content dismutase content P
; content o content
weight activity
1 ‘5_)"_:’ 2 71045™ 165™ 7.2" 4927 3.13" 7948™ 4.7
Salinity
b (2bJglore
ol 2 19" 116™ 0.82™ 470.4" 0.7 41.3™ 98™
Fe spray
X (5 )9
b (bbJglore
onl 4 469™ 2m 0.01" 31.5™ 0.01" 6.3" 4
Salinity x
Fe spray
s
18 5752 16.8 0.047 256.1 0.094 153.4 6.2
Erorr
2 df"f" 2 65052™ 67.8" 5.8" 4650™ 2457 7739 5.1™
Salinity
b Bk dsle
ponik 2 9438™ 98.9" 11" 1148" 0.50™ 34 2.7
Se spray
X (Syg
b Bk sle
pasilus 4 432" 3.7 0.039™ 49.1™ 0.035™ 29.7" 3.5™
Salinity x
Se spray
s
18 6534 17.1 0.325 225 0.34 125 4.8
Erorr

Al e 2o yd Y 9 0 Jlein] gdaw j5 Hd xe VBT 5 o dxe M| pas poghe 4y cus 5 4™ oF [
ms, *, and ™ are non-significant and significant at p<0.05 and p<0.01, respectively.
Cullad T gn gllo lgioee GBI Cullad (o e dawS Ty Sloione ol algh Lyide Suid (359 2 proweis IS LG il - Jgoa
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Table 2- The effects of NaCl salinity on plant dry weight, H202 content, catalase activity, malondialdehyde content,
Superoxide dismutase activity, proline and flavonoids content of Pelargonium graveolens

g O eplledd s Slyiome
: A P O EP pllgee TTARY Slyme
ofle! O l»  Catalase 039 il g ; DM > wj”’ Mgighs
Experiment  Salinity Aerial activity H.O;content  \Malondialdeh ~ SuPeroxide Proline Flavonoids
No. S(tr;e’éls part dry (units.mg'l (IJn’]Olg1 FWt) yde content dISnt'].UFaSe Céonteqt content
NaCl) ~ Weight protein) (nmol.g* FWg) actvity E\gv%) (mg. g FWt)
(g.m?) units. mg
Portein)
1 0 566° 4212 1.3¢ 54.5° 52 45.3° 3.1°
50 458° 38.3° 2.3 70° 4.3° 72° 3.8%
100 390° 335° 3.12 1002 3.8° 1042 3.7%
2 0 5132 40? 1.3¢ 5.2° 4.8% 43.1° 2.5°
50 420° 38 2.3 65.2° 4.3 66° 3.2%
100 378°¢ 35° 2.9 94.8% 3.8° 1012 3.42

5l I gime WS 3o y3 O Jlesn] prdaws 13 551 ygl bl (gt 2 3 aslie Byo b b Silee
In each column the means witrh similar letters are not significantly different at 5% levls based on Duncan's test.
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Table 3- The effects of Se and nano Fe spray on plant dry weight, catalase activity, H202 content, malondialdehyde content,
Superoxide dismutase activity, total phenol content and essential oil percent, Fe, Na and K contents of Pelargonium

graveolens
f N Culled ! Colled
g e sl s sl ey gl S
) -Jgbe i 3 sy <&? us" o | ) gont Js b e &lgee N ol
"Qh_}‘ o <l L 039N -\-:4-\-"_ 5L.M.: Total  Essenti MT: Fe
Experim  spray S Calatase H,0, Malondial ~ Superoxide phenolic  al oil Na : conten
entNo.  (mg.I" * activity content dehyde dismutase  scontent percen  content Cont en t
Aerial (units.m 1 content activity (ma.a t (9.kgH) . (mg.kg
-1 (Hmol.g -1 -1 9.9 (9.kg™)
part dry g FW1) (nmol.g (unlts.r_ng FWH) (%) . 1)
weight protein) fwt) protein)
(@.m?)
1 0 418° 34° 2.6° 83 - 18.6° 8.8 9.8° - 24P
15 5022 41.2% 2.1° 720 - 24.6° 12.5° 7.7° - 29.6°
3 493* 38.6* 2° 69 - 24.1° 12.2 7.2 - 32.2
2 0 - 39° 2.6° 83.3 4° 18.6° - - 8.4° -
15 - 522 19 64° 4.42 21.7° - - 10.2¢8 -
3 - 60° 2.0° 62° 4.5% 20.7° - - 10.8° -

5 I gime M) 30 y3 O Jlessl prdaws 1> S5I ygjl bl (gt o )3 alie Byo b b uSileo
In each colum the means witrh similar letters are not significantly different at 5% levls based on Duncan's test.
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.(Khademi et al., 2018)
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Sliee 0ol 35 b (3 Jgone 3 (5395 5 Jite S
oYL (F Jgaz) 35 )18 536 cos Jgf Salefl 1 elS il
Be (9=d (S 9 5y9-b BT g Jles ) il lgie
L L tbsbne (8 Jgiz) 48 odalio pods 2008 Y50 e
s 9 52 )3 uilsl o)y (38l cezge ol 0)35iL5
Jlasd 4 Cans (gduoyd YA isl38] osimd oyl &S 0 b Jgloce

S5 o sk (Sjomsl Jeuily a3 (et A8 (g Sile
sbid lasgdgind jl cblis 5 2l 5 msw o i
AT slaJUSasly (o5 o 3153 comtee G35 g 20 1y Jolo
bl 4o 3k cpl 49 2)b Joho (ad (gl (falS g (38
sasay (Rady et al., 2011) w8’ o Ko™ i byl cow Jolo
S slagg 4 JWail b odgp )9 (15 bl Cod dw
ey A iz 298 olS 0 ol pie ST Rl Carge
5 5 ] £y 51 3 sl oS i (ol ool
0F obe 38 Joos 1) i bl 5 Wlg olS B ogd jalls olS
o gl 0LS )3 S5 L d2lse canlio ooy > PDH
Hare et al., ) 55 o (i3 blao ) oS Cuoglio g gy o

(1999

93 938 g JS Jad (5] gine
Ol e (0l 0,556 5 poilis L (2L Jslomo o 9 s
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Moo Voo 500 elojlog 66 cov Gialojl 93 o 5 4356
S)lejy g3 03 ploxl awyp 3 (Y Joi2) €855 )18 w5
e les_s 9 (Hassanpouraghdam et al., 2019)
ol bbb Jele a5 i asie (RezaeiNejad et al., 2020)
2 04 plomil Biod 3 b olS 8 (slgime Sl g
G33] rge sl (il Jsbro o A st (S5 oS



VP slar ) oylond ¥ alr o((6559L08 qalho 3 pole) il pole 4 pii YYY

Ol s Oy g &Sl (O/Y -VY/Y) Menthone 4 (V/¥2 —4)
Al Y ge e B (6)98 S5 S oamliie dald jlas 3 oS 5
Citronelly (glsomo Lisl58l g posibio b (b Jsloee g woduw
2ol clable (F Jodn) Ad (Ao V/OF — VA/YA) acetate
53 olS clablore (lidl 03,5 i Gl da gl 9 ] Jlis
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hexds 55 o plosl w3 (2014, Narnolisa et al., 2019
Joli olS ol (eilsl el (n odes & A8 asie (golae
citronellyl formate 4 citronellol, geraniol, linalool,
» (s Narnolisa et al., 2019; Dzamic et al., 2014) ._sL .
Geraniol (glyizwe a5 A astie (Shlexd )0 o plxl a0
oS ;5 jLgy y Citronellol clale 4 coly jials olS 3 b )
SO ylse 4 Citronellol/Geraniol cuws 3oL o yiol5-8l
Ao oLeS ol eslol lial 53 05l e 5 el 3L
uadie gl j3 0 ol plil wyy 40 (Doimo et al., 1999)
OielS e (555 (5 o8 il glyme JalS oS
Oiel38l g oS 2lsm i 4y o JUl g ady 5 0k g Mg
=55, (Charles et al., 1990) wib oo ol )3 <SG jumnl dnol
o2l 5 9y gl 48 Ul as o ol 5 00 plx]
b oS 5> JgalS g imlw (JPlid (slgiome a8l g
.(Said-Al Ahl and Mohmood, 2010)
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cezgo oyl bbb Jele a8 sl oLis (Kamran et al., 2017
i1 Y S s e oS il (lgioen 5l
Oiel38l A bype al b (3 Jgbre 3l 5 ol uilsl (slgime
Marschner, ) asb olS 59y Cands g lapy 3l cllad jiiwgid
50 SlydgL 0L 039 edaw o; Miller et al., 1995; 1995
loome (ol s Gl ol 4 g o gl otz 1 I3l
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Table 4- ANOVA for the Se and nano Fe spray and salinity on flavonoid content, essential oil percent, and element contents
of Pelargonium graveolens

. ‘ - , - . .- \ . ' . ‘ .
ohtlejl Ol gle ‘{’f’;; TR RSN gy T ‘5’“’;‘ Sy
Experiment Source of &3t ek Essential oil 2 pov 4 P o o9
No. variation df Flavonoids percent Na K content PERWY Fe Se
content content K/Na content content
1 ‘5”“ 2 1.2" 141" 331" 44.9™ 319" 502" 89"
Salinity
orlb by 0.34" 36.4% 10.4 3.07" 0.28" 150° 0.25"
Fe spray
~Jglex (6598
ool (S 4 0.06" 3.0m .10 0.86" 017" 9.8™ 1.647
Salinity x Fe
spray
s
18 0.22 5.09 1.22 1.76 0.143 275 26
Erorr
2 &g 2 1.8™ 17.3™ 245™ 59.7" 73" 378™ 157"
b (8bJglore
ol 2 0.6™ 6.2"™ 38 14.2 8.4 33™ 720
Se spray
-Jsle X (5590
posibe b oL 4 0.08™ 1.7 6" 0.32" 357 3.8™ 231"
Salinity x Se
spray
s
18 0.29 8.33 1.8 24 0.34 12.4 47.9
Erorr

CER ‘ns

bl oo doyd Vg O Jlainl maw 3 b gme BB g by e BB pus porte 4y cad )i 4™ g
ms, * and ™ are non-significant and significant at p<0.05 and p<0.01, respectively.

Grbe Slaand 3 polic gl g (bl Mo yd 1 padwniy JJ5° W35 13 -0 Jgus
Table 5- The effects of NaCl salinity on essential oil percent and elemental content on Pelargonium graveolens

) gz sl o s Sy Sy
Ol Sy owilol ao ol & by S ]
Experiment Sainity (mg.I* Essential oil e K content pERWY ol e
No. NacCl) percent Na content (9.Kgh K/Na Fe content  Se content
(9-Kg?) (mg.Kg")  (mg.Kg?)
0 11.1° 2.6° 10? 3.8 36.8% 39.6
1 50 12.5° 8.7° 7.7° 0.87° 26° 35.2%
100 10° 14.8* 5.6° 0.38° 22° 25.5°
0 - - 12.5° - 33.4% -
2 50 - - 9.6° - 245 -
100 - - 7.3° - 20.8° -

55 I gime BB 3o y3 O Jlesnl prdas 1> 551 ygl bl (gt 2 3 aulie Byo b b Sileo
In each colum the means witrh similar letters are not significantly different at 5% levls based on Duncan's test.
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Table 6- Oil constituent (%) of Pelargonium graveolens grown under NaCl salinity (0, 50 and 100 mM) and foliar application
of 1.5 mg.L* Se and nano-Fe

23 Ol RT Rl  control NaClo*Se NaClso*Se NaClo*Fe NaClso*Fe
Row Constituents
1 a-Pinene 443 935 9.48 3.58 2.58 141 3.54
2 phellandrine 6.3 1007 - 0.92 0.36 0.62 0.55
3 linalool 7.34 1095 - 0.26 0.5 0.76 0.51
4 B-Thujone 7.48 1123 1261 - - - -
5 Cis-Rose oxide 7.49 1107 2.73 6.34 - 2.81 2.05
6 trans-Rose oxide 779 1124 9 - 4.47 1.49 2.85
7 citronellal 825 1132 - 0.55 0.92 0.94 0.72
8 Menthone 8.97 1152 12.3 6.2 6.03 5.38 8.07
9 B-citronellol 9.23 1227 205 125 24.37 233 235
10 Citronelly formate 10.71 1262 252 10.75 - 12.51 17.92
11 B-bourbonene 1297 1374 - 2.05 - 1.61 2.26
12 Trans-caryophyllene  13.6 1417 - 2.13 3.31 - 3.81
13 a-Humulene 14.22 1440 - - - 1.17 -
14 Germacrene -D 14.48 1483 431 1.13 242 4.6 2.81
15 Farnesene 1456 1499 - 1 - - 2.75
16 Bicyclogermacrene 15.17 1475 - - - 2.93 -
17 Y- muurolene 15.19 1307 - 0.45 4.06 2.3 0.4
18 Calarene 1537 1544 - - - 0.39 -
19 B-cadinene 15.75 1491  2.99 3.02 3.27 2.47 2.56
20 Geraniol 16.41 1255 1.21 14.6 7.3 9
21 Geranyl isobutyrate  16.43 1232 - - - 2 -
22 (+)Spathulenol 16.97 157 - 0.89 - 0.98 -
23 Caryophyllene oxide 17 1584 - 222 2.6 5.45 2.26
24 Phenylethyl tiglate 17.09 1393 - 4.09 - - -
25 a- cabebene 17.63 1351 - 0.81 - - -
26  Citronellyl isobutyrate 17.71 1483 - 1.22 - - -
27 Aromadendrene 17.71 1441 5.42 - 1.02 0.77 -
28 o- copaene 17.90 1376 - 3.86 - 0.87 -
29 Y-cadinene 18.19 1505 - - 0.25 0.87 -
30 B- bisabolene 18.55 1500 1.61 1.66 2.77 3.6 1.13
31 Citronelly acetate 18.70 1356 - 12.87 18.39 - 1.56
32 Citronelly propionate  18.8 1446 - 10.32 1.12 3.8 0.15
33 Geranyl formate 19.23 1289 - 2.33 0.7 2.06 7.80
34 Neryl acetate 19.52 1342 - 3.06 0.13 - 1
35 Geranyl propionate 20.16 1447 - 1.49 - 1.43 -
36 Citronellyl valerate 21.23 1600 - 1.2 0.32 1.79 2.42
&o> 95.15 98.11 94.19 95.61 99.62
38" (g5 i ¢ (Munns and Tester, 2008) 5l byl b cond 03, S wby bS50 pawlsy lgie 3 il58l
oS g ot 9 ) I il Sl 6055k 5 (ove S posibs Al o (5y98 A5 Jlie > olS Canglie (glaygiSs I (S S
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Figure 3- The interaction effects of salinity xfoliar spray of Se (0. 1.5 and 3 mg.L"1) on Na content of Pelargonium graveolens
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Figure 4- The interaction effects of salinity xfoliar spray of Se (0, 1.5 and 3 mg.L!) on K/ Na ratio of Pelargonium graveolens
(DMRT, p<0.05)
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Figure 5- The interaction effects of salinity xfoliar spray of Se (0, 1.5 and 3 mg.L™%) on Se content of Pelargonium graveolens
(DMRT, p<0.05)
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