Quality and Durability of Agricultural
and Food Staffs

e ISSN: 2783-3410
e A neors Journal Homepage: https://sanad.iau.ir/journal/qafj/

Research Paper
Investigating the Morphophysiological and Biochemical Indicators of
Parsley (Petroselinum Sativum) Using Iron Chelate and Iron Nano-Chelate

Morteza Mohamadi!, Elham Danaee?*
IM. Sc, Department of Horticultural Sciences, Garmsar Branch, Islamic Azad University, Garmsar,
Iran
2Associate Professor, Department of Horticultural Sciences, Garmsar Branch, Islamic Azad
University, Garmsar, Iran

Received: 13/10/2023, Accepted: 30/06/2024

Abstract

Iron is one of the important micronutrients in the growth and development of plants. In order to investigate the
effects of iron chelate and nano-iron chelate on the morphophysiological and biochemical indicators of parsley,
an experiment was conducted in the form of a completely randomized statistical design with five treatments,
three replications and each replication containing three pots, in a commercial greenhouse located in Garmsar
city. Iron chelate and iron nano-chelate were sprayed on the plants in three concentrations of 0, 2.5 and 5 g/L in
4 and 6 leaf stages. The results of the evaluated traits showed that the highest fresh and dry weight of shoots and
roots were in nano iron chelate 5 g/L treatment. Iron chelates 5 g/L treatment had the highest total chlorophyll
content. The highest amount of iron (79.23 mg/g dry weight) was obtained in nano iron chelate, 5 g/L treatment.
Also, the highest activities of peroxidase and superoxide dismutase enzymes were in iron chelate 5 g/L and nano
iron chelate 5 g/L treatments, respectively. Therefore, according to the results of the present research, the use of
iron chelate and nano-iron chelate of 5 g/L is recommended to improve the morphophysiological and
biochemical indicators of parsley.
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Extended Abstract

Introduction

Parsley (Petroselinum sativum) is a widely
cultivated herb, renowned for its rich
content of essential micronutrients,
vitamins, and phytochemicals, which
contribute to its broad application in food,
pharmaceutical, and cosmetic industries.
Iron (Fe) is one of the critical
micronutrients in  plant metabolism,
necessary for various physiological
processes such as  photosynthesis,
respiration, and nitrogen fixation.
However, its availability in alkaline soils is
often limited due to its low solubility,
which can cause iron deficiency and result
in  chlorosis and reduced plant
performance. Iron chelates, particularly
nano-iron chelates, are gaining attention as
innovative fertilizers due to their enhanced
solubility and plant uptake efficiency. This
study investigates the impact of iron
chelate and nano-iron chelate on the
morphophysiological and biochemical
traits of parsley, assessing their potential to
improve plant growth and nutritional
quality.

Methods

The study was conducted in a commercial
greenhouse in Garmsar, Iran, using a
completely randomized design with five
treatments, three replications, and each
replication consisting of three pots. Parsley
seeds (Petroselinum sativum) were planted
in pots filled with sandy loam soil and
grown under controlled conditions. Iron
chelate (Fe-EDDHA) and nano-iron
chelate, at concentrations of 0, 2.5, and 5
g/L, were applied as foliar sprays during
the 4-leaf and 6-leaf growth stages. The
study measured several growth and
biochemical parameters, including fresh
and dry weights of shoots and roots, total
chlorophyll content, iron concentration in
plant tissues, and the activities of key

antioxidant enzymes such as superoxide
dismutase (SOD) and peroxidase (POD).
Statistical analysis was performed using
SAS software, and mean comparisons
were made using Duncan's multiple range
test at 1% and 5% significance levels.

Results and Discussion

The results indicated that the application
of both iron chelate and nano-iron chelate
significantly influenced various growth
and biochemical parameters. The highest
fresh and dry weights of both shoots and
roots were observed in the treatment with
nano-iron chelate at 5 g/L. This treatment
also resulted in the highest total
chlorophyll content (4319.5 mg/g fresh
weight) and the highest iron content in
plant tissues (79.23 mg/g dry weight). The
enzyme activity results showed that the
highest superoxide dismutase (SOD)
activity (46.2 units/mg fresh weight) was
recorded in the nano-iron chelate 5 g/L
treatment, while the highest peroxidase
(POD) activity (41.8 units/mg fresh
weight) was observed in the iron chelate
5 g/L treatment. These findings suggest
that nano-iron chelate provides superior
plant nutrition, enhancing both growth and
antioxidant defense mechanisms. The
results of this study are consistent with
previous research indicating that the
availability of iron plays a critical role in
enhancing plant growth and improving
metabolic functions. Iron is integral to
photosynthesis and chlorophyll synthesis;
hence, its adequate supply directly impacts
plant health and productivity. The
increased chlorophyll content and higher
iron accumulation observed in plants
treated with nano-iron chelate can be
attributed to the enhanced bioavailability
and uptake of iron due to the nano-
structural properties of the chelate. These
findings are in line with studies that report
improved plant growth and higher
chlorophyll  content with  nano-iron
applications compared to traditional
chelates. Furthermore, the increased
activity of antioxidant enzymes in treated
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plants reflects enhanced stress resistance,
which is vital for maintaining plant health
under various environmental conditions.
The superior performance of nano-iron
chelates over traditional iron chelate could
be explained by the higher surface area
and reactivity of nanoparticles, which
facilitate more efficient nutrient uptake.
Additionally, the slower and controlled
release of nutrients from nano-chelates
minimizes nutrient leaching and enhances
nutrient use efficiency, making them an
effective alternative to conventional
fertilizers.

Conclusion

This study demonstrates that foliar
application of iron chelate and nano-iron
chelate  significantly  improves the
morphophysiological and biochemical
characteristics of parsley. Among the
treatments tested, nano-iron chelate at a
concentration of 5 g/L was most effective
in enhancing plant growth, chlorophyll
content, iron accumulation, and
antioxidant enzyme activity. Therefore, the
use of nano-iron chelate is recommended
for improving parsley growth and quality,
offering a sustainable alternative to
conventional iron fertilizers. Further
research is needed to explore the long-term
effects of nano-iron chelates on different
plant species and under varying
environmental conditions.

Keywords: Iron, Iron Chelate, Iron Nano
Chelate, Parsley

Funding: There was no external funding in
this study.

Authors’  contribution:  All  authors
contributed equally to the writing and
preparation of this manuscript.

Conflict of interest: The authors do not
have any conflicts of interest with any
commercial or other association with the
article.



S 90 9 5350l Slad g g Wlo g CakS

TR -TVAY | S msI L LS
AR, S
Gla S asls Journal Homepage: https://sanad.iau.ir/journal/qafj/

(Petroselinum sativum) S yax> ol (o beolign 9 S 3elgr juded 90 RS Ll o)y
ol M 9l g ol S 8,5 b

%Y‘;UL: ‘BLQ-" s“s..\.o."u ‘s»é.‘f).o
el sl o zodbal o131 olEetils ¢)lca 5 0l ¢ SLEL psle 09,5 ] ol 15"
el oo godbasd o157 lKails ¢ lca 5 0l ¢ SLEL ple 09,5 il

A EAIEATARIE - JYR VIR | 2% 70V VRL IS PR

oS
5 sl sdsdse slaoasls ;o (ol LS §Li 5 (ol SO Sl (o pslaiots ol (lalS 503 5 0B 5 o slosdingy, 5l (Su oo
53 &8ly o)l aSS 3 oS Y (ool 1S5 a5 S Y Las 0 b ol Sl 65l )b B s (gl sy olS oliordsn
OlalS 55y 52 P 5 ¥ dolie 30 ol 5 05 0 5 VID o C Ll a3 6l s pal SIS 5l 5 el SISk plawl lee T Gl 05
St i 3 05 0 ol LS 5 s 5 & 5 alyn e8] S5 5 5 0 et 5 oo i a3 300 Slis ol ok 3 o
2 0S5 e YAITY) ol liee iy ol 1y (5 03 055 5 05 koo OIFYNR) ST Jed,IS (sliiome 0 iV 2 30 0,5 0 ool oIS Jlas
3T iy TIE5) ey deS s slat T llad (s it el Cems &y il 5 5 0 ool SIS 5 s 3 (S5 o o8
g i) )2 0,5 0 el O gl 5 2l jo 050 el OIS oo po i 4 (5 0s o5 50wl 9ty MEY) SlaceSTy 5 (5 03s p)5 00
oS sloniion 5 So5ele 5n80850 slo asli Sgup sl yid ;0,5 0 2l O $ib g ol S 5l eolawl conslcawsay glaaidl 4 azg5 L 1A

Ogd oo dpogs (S pha

Sranz (al IS gl oyn] OIS yal gands slaeily

S iz oS (oloonBg 5 Sl 85890 Sl At (o) p o SIS plgl cgiaie (i e L]
(2t Sly e g (65,9LiS Sladg 6 Busile 5 cuisS (pal OIS 4l g ool WS 0,57 L (Petroselinum sativum)

AYS) Slxio ) o)leds o 6,90 (Y F4Y)
DOI: https://doi.org/10.71516/qafj.2024.915902

Slrleole,S asly odlul oljT olfiisls : pisb Gy © m

dr.edanaee@yah00.com :Seig wisIl o« Sbls aled] :J giomnd odiun g3



(b \f'\‘l QL..M.)L s\ o)Lo..':: sf 0)3.5 4@';&9 0‘9.0 9 6))9L~.5 U‘J.Jy é)lfwl.o 9 LMD.J

L osS olie ,ole gilula, Jdo 4 ol Lawgs 555
OY) 0,5 o)Ll oy Jad Job plod o Cgllas oy
Ayl 5l el pglae adse dr canlio ) gl lalS

o S olie (5 cwlal 5l S ol
bl 232 S plsreds Wilgige Cud)b Soss o Ul
S e 1y g Jlas! sl g ounST s 5o
JLEl b Lo e slam 5T Sl 5 0 et 51 paie 0]
ol T 5y 5 e 4 S g iile (52l
9 Jmgd L las e slagefyp (sl c52 (izen
50 ool ke (i adlie RS g (3955 ol
9 0992 S 255 3,10 0929 faw (SBS p Zudlg IS
5555 Sl ool 5 oo LYo 51 (S ool o i
slaSB o as el SblS o ol seS 5l ab
ool LS 5 sl eslawl (1Y) 0sS o 0, Sal
B 605 Sl 505 Srbp ¢l ool e
b8 sl prazd g S aen (o ool 0gueS
Iy olals lasdas OMSCiw (ool ailgs oo g 009
Cos Sl 1 s (539950 diald aSlsTsl 5 anles ke
g5 4 azgi alpli o)) 092y (kS o el 358
70D 0Bl oo 5550 Ol Smas Glies 5 2] 058
cego bl IS b 5l eolaul a5 ols las (VFe )
4_».91.: 09— Q_éj) 9 ))L_wyo Ao )0 u))JJ.o.c S g—if
Fatahi- .(\ V) s— (Abelmoschus esculentus L.)
= oo OSHL S (W YAA) o, 4 Siahkamari
Oy oS uilal 5 Sglsn 5ad9d 590 slo S
A g 950,S w,y p « (OCimum basillicum L.)
2 A5 S g oo 6 slasgS 0 )5 a5 wiid §
sl 5 Jeame CpleS 90, Slas 35y Cg
(Malus pumila) co—w oS L alal, o pmen
§ CmisS o (5l e ).uL: o] S 5l solaul
O_afl IS 56U 5l eolazwl (V) cils Jgamo o Slas

dodio
Petroselinum sativum Mill _ole s L (5 ,ax>
5o 4 cewl (Apiaceae) ;L iz oslils 51 LS
obS nl (V) sgd e S Glnl g Gl LU I )k
(595 sptis sy oS ad (2] I (8 g
S gtz el C B A lainabyg gy
5 b mo)ld (2t plio )3 Bpasy plals
5 £55 Somrb ol (nl (V) sl (il -]
Sleyd sl ol S 5l s ccb o8 )ls Sis
O cpnsilogy ol @B (B oSh Gl g
slay, e oo oolaiwl goS (5 len g Slingy
5 Ot SRS 5 oo o J3| S92
2 S Sz i A5 300 929 (e 50 (gl
oS ol e (1) 03l S03elsSe b slaclad
ooy 555005 da gL coaiseldl o Jg wl g5l
(LS oS poSl il dla o legS daa 395 1S
ST 51 s 98 () Sl 35 S5 3 355 5
e o3l goamie O o sliond sloosS
gl (Sogll (S g ndydssi jrald (S laisle
0 (S yolis o 5 Ol g oS )
3 el olie oo colatul (opl plo (0) el
245 P Gl ogdle (kS wl; Sl b
3 80es 5 oS Sgute wrse 31 lap] o Shes 38
g olS lads Jolse colid izeen (7) 99d o0 5
5 Jsmame (i 5 (oS Sloogas  lag] 5T g
o590l (V) 095000 Jlod 4 Cuge sladni (n Fpge
90,5980 JSb 90 4 9l (5 )9lid b B pannS yolic gyl
cmlin e sLoml o b wiloads 28 S il
992 53 1) oS o dapanslElg S cllad (1
$U 59k jloslanal (A g A) WS Cogli Jparms odss
G S o )0 (65)5laS adez sl oy plos o
e 51235 il lsiea loosS 5l bl os
SE o 0ad JyuS Ojgo g gy w4l (2l polie
L2asS ol 3l oolaiwl sLlie alez 3l (V) wiS o0 alﬂ
abulgar (2l mlbe ubeS g lenily (Rl @ Olsise

(S (Sogll azg LB (tals (V) VL ol ey



33 oL 858 5l ead gl 5 (FL) (5 yae layd
gLl g e Bl Yo b a4y plaglals jo oledol
oilesl oo S olords 5 (So5d sla Shy et
sobd alall iy 50 (e lw T U o 3ee
V) sz % & ol la iy 5 0d cdlop Bolas
IS 5 g JQT W sl Joloee ((VA) 0,8 s
ke (S F LY 5 ST LY Uolhe o ool
e oS g ol plas 45 85 g (lojlil 4
F g Jolme S i T sl gl 008
S 6L g (Fe-EDDHA) o] &S .o sailivgs
5 YO o cdale aw yo plaS o (slpas o5 ,2) ol
Gho clale) sals olgiear Hhio Ol g ) ;00,50
) 5l e atin g0 Dlho iomiw g (5,00 pdiges Oy

a3 ol g2l Jybne

w§ 1822 obS (2 loaion 9 SQ3elg 1499890 AL (pw)y 1 LIS g (oo

——>3o «(Portulaca oleracea L.) 43,5 L8, o
oL g AZad b zls (V) ol o Slas il
D g Q.:a—l IS il B e a5 0o olid (YY)
Matricaria ) asgb olS (s 5wy g g 3,Slas
GlaS 5 i 4 a>¢5 L.(VY) o «Chamomilla L.
By ‘QLQLS 5, Slos g CaS D9 g 0 U"J
Sl L gyhez ol 0l Glo el ) jslaien

SLNETY
S 5L g ool S bl Jglome )-*-’l’ o yelaieds
B s ptalejl vsyanzr oLS 0l sla asls 5 oyl
IS5 o 5 LS5 Y Gl B b ol Sl 5,Lel 51
Ol e 50 &8ly (g )lew asllS jo (oS ¥ (ol
Ve g bty celw VY lds (5595 0550 b jlas )3
A YR G VERY ol > a5 Sl el

ool 3 )90 S o3 lonid 9 (K 5ud 49 320 S -) Jgux

Joers | Sons EC il

Se Sk | eSSk | o eSSk i pH .

3 ﬁ;&%’-" 3 ﬁ;ié-'-" ) ﬁJStA*" (20,9) (0a)) (dS.m-1) Sl
(5 (5 (5

=

VI YYv AR o[+ AN < IYY VIEY 7140 '

oS ue o ol g g0 5 il (Flex 6600
(V) ad ol oS 3 09 05 9

Chl = (20.2x(Asa5) +8.02x(Ass3)) xV/ (1000xW)

V iigas pn W oidigas (59 A igga]sh

Ry
slao L oyl J31s 0 a5 ooy e oL slacdls ;|
J=l8 & jgmoas celw ¥ oo 4 0l )5 il ax 0 AD
g ol e (6 ,e5 05l (gl ciloas S_as
Analyst 700, Perkin Elmer, ) ! iz oSiws

Ay 9 g plail Sls 9 5 (459

039 5 bl 5l ey alolddl a5 2o plail 5 50
5o slos L oysl o 45 el VY 1 iy lay] Sts
L Jlezms @5l bawgs wd)S 18 ol 5 Hle a0
) 05 503l o5 +/+) s

S5 Jedgsls
3l aged @y S IV ST Jd)lS lgione omiw sl0
s 3 005l o )3 A gl Py olS Sy
by jagls FFO o FFY slaggeob 10 0da liee
Spectro Jo. UV Visible) jegbg xSl ol s



A VEY Ll o) oyl oF 0,90 (2108 Sla0 g (63,9l Wludgi g B wile g codns

5 039 55 00wl 9oy oy 5 21 regili OF ¢
YY) al L')L:.g K).g

STy o1 35T cdlad

Jolea PH L Yao /7)) Sl (amal d oo ¥l
e 1Y g (0,0 ) wiinSTol sd e </ (O
by loe Yoo o/o) az o 00 IS o Jols (nou i
P WJJ_:T o,lae o Lo o N ol o O 9
Fogls O+ gonaob )3 lrassed iz Oliwe oS
> g Sl g SSLE egig Sl olSiws Lo
YY) del Casd a0 Sy 5 (39 2,5 50wl 9y

38 pS e o ol e .85 eolanwl (USA
O0) ael Caws a5 Sas 039 PSS

3B 9ot s ST w2 35T ol
) s b dags oS 5 py 5 5l sl ol
Lo Yoaidhes 00) Slid Bl (ol Jolore 5l il oo
NBT Yy o e 3/3) cpis e «(PH VIA
Veoam (0meys 10 Y0) e 5 g (Ygsg,Se OV)
00,5 il Uy ayo 8 il o ol iy Sae
a0 baaiged (3318 518 5 (g S V0) (gl
O 9o SiSTy b8 Vgl i y535ls ¥ Y (g5l
Toedob o gty Sl olltus b Qi (e 288

S ez obS wlhy s s Ls (o] S gil g b T S bl Jalme il il lg 4325 - Jgun

Slas e Sileo

) 039 L .

. 09 . . > 09 &
S |5y 30 - Jedo 5 . 5O S . ax ) o

Bgemn Js . ada) pla! ]
) | <l
«'9®

YYIYor® YIAY O** YEEVA® | YYAAY™ | 2XYA® | Y25 | V VYV | sV Y* ¥ Slewd

<1774 JAtS! < [OAY <[OYA «[+qY < [£2Y <IYY S <A \e (1299
V-/f4 VVIYY aU7A a/f7 V- /OY aUvH /% VYT - Ol yu

)

Oz ,o jla STy ol cudled 5 iy, Sas 5

(Y Jgoz) ol o g oo

diy 9 2lep plail SS9 5 49
=S g oy i aS ol lis esls 1 SKlee anslio
o2l DS $U e 50 w4 lsm plail 5 5
(5 MVE) et Jlas 5 (p,5 VYIYY) 2o 0 0,5 0
S YIVO L ;o 3o p,5 0 ol oM 5l les o5
SiS G39 GreS 08 VA L sald e g op yiin
A Ay SES 5 5 )y Oy b 1) plse plul
Lo = 50 o5 0 al OS5l Jlas o s s

sl g 0000 o) Jliol mdaw (o ls g ccud 5 4 NS

Srbol Judoxigay joui
Sdle i Lo dlaiyge3l szl 5 ol sl aoals
o=yl L lapaSiles aglie i 3JUT SAS (ver 9.1)

8,8 Dyge o, 0 9 ) maw jo (STl glasls s

=Sl slore 5L a8 ol s il lg apow s
5 o2l Ol IS Jedo IS Slyiome a5 035 el
9o ) a6 senns SnST g w3l cdled



A w§ 1822 obS (2 loaion 9 SQ3elg 1499890 AL (pw)y 1 LIS g (oo

(VP) cmloleS o ity S8 5 @i ol
ol (V) o ,LSea sPOUrebrahimi = - _>.a
R JCYE g R Iy NESSRE N PUPC e
9 g Gl alie olie a iy (gt o
9 g Gl dlg 09d oo pLalS 5o 5lwesle
Ay SES 5 5 (s pSede GRIE g sileesle
oL LSen gJabeen L (YY) 00,5 o olsn sl
ohl—Sea g Zayed o (YV) ;o Sl 3T 0 (Y )))
5 = s SIP S 58 (A @ o (V) Y)
ol cilie JIS31 4 (s (3,0 oL St
S—is g 5 Gj9 45 olo (i s Gedod ol @l el
$b g oMl oaliiul b (5 aa> LS 4ty g 2len plul
4 ol OS5l 0 ,,LS a5 el il el oS
@M paie i o 18 e ;0 g el o

Ll 5 sl Jaeme IS 4 s (a0

SiS 5 55 (s (reS D9 S VDA 5 )5 YIPY
2ol Jlad ;o 05 1P 50,8 VIVE Loy e 4l
Gk 5l it jolie eal ) (F Jguz) aal cows o
Ol rge il o LS a3, sloan T L5l
OLLSea g AMaliotis (YY) sgd o,y sgupn 9 8,Sles
SyShee g oyl cbale g aS Ws,S 5L (Y- )
4SS s )l 052 (gl e i alal, G LS
Ady g Fimgid (g S (lgsme (sal GBran Jl e
o) o o (pl g wiboe Gl oL (o2,
2 s S oole (e 4SS 5 55 005 e
OLSes oSiNgh jiolojl ol (VF) 0g—i 0 oLS
= go )L)Q_QT SlaS 5 Byan aS ol las (Y- Y)
Cymbopogon ) god cale oS o, Shee  jiol33l
Sl3gl B yae cislejl 4o (YO) 00,5 o (Flexuosus
(Vigna sinensis) Lsg) Jsb o, (iol38l cge ol
5 ol S3gl (ogase gl o 4 ol 45 w5

G2z LS aby sl aslis 1 ool S 9il g (T OIS bl Jolxo 1T - ¥ Jgux

Adyy SES 0j9 | A S0 plasl S (33 el 5 s Gl 1o ,5) o
& . . - =0 X))
(5 5 5 <l (@5 2l
g ol
-/ \AAN V/FA® VAN &
(Hhdsle pas)
-/aye /vyl V/ave y./aye YO el oS
VT P Y/EY Vy/sa° b ool oS
VvoP 2 W Vo eA VIO oal SIS b
V/OA® \lah YIVo? VYIYVE O sl oIS &b

el PSe/o 0 mhans jo o sme BB pae Kby LSy By,

539 #5535 s YAITT) 12l 13 6,5 0 ool ks
539 55 3 prS s BUNY) el s 5 (St
SLalS (b aenS jolie o (Y JSE) g (St
O3 D30 4 Sl (s a5 W s (g ey 5L ool &
o anasdlog s Qi (Fe™) 93 L (Fe™) S8

P 35 Ol @3z 9,8 e Sdgle (o9 iy

BT ol 9 JS Judg,ls
2 J5 J2l5 Slyme (i 45 0l i b
15 p oS e OIFYNR) 1) 5 5,50 ol oS Lo
YIEVYYE) salds jlos )0 (o e 9 G5 0j9 o=
e (W S8) 05— (5 Gjg 5 50 S e

P ot 58 o a ool e 208 5 ey



q VFe¥ ‘_')L‘J.M.gl} A o)La..i: ¥ 0,99 ‘,_;a.l.}.é é‘}o 9 QS).)SL&S u‘»\.Jy ‘s)lf.»'Le 9 b

80.00 -

75.00

70.00

65.00 -

60.00 -

5§5.00

(i3 iy o o5 )0 pF shee) oo

50.00 . .
..?}

(d 59 25) Sleas
o2l NS gl g ol M b gl il -¥ S
o2l ol

33U g0y > S5y g (e 331
Sl

o=l odled G maS g i a5 ol Lt @l
0 8l OIS g jlos ;0 o 5 4 JBgensd 3T g
oS 5 (5 039 o5 50wyl 0l YIEY) 2 yo 05
09 (5 039 5 55wl 9ty VIYP) el ey
58 el Az lg MY L lanas Ty 5l codled o yitn
S 5yl 30 o5 0 ool WS jles j0 5 bjg 0,5
o wald jles )0 15 Gjg 5 50 mpl axlg PN L
3 La 58 s o (F gV sl S Qe Cewsd
Sl 5l cdled pals Coge o] 9g.aS a5 ol oo
7ol ol 45 00,5 oo slanaSTy 5 hgennd dpnST gm
@ Slos falS 5 olS (Srmgid £ 5wl falS o
Cllad 5o ariinne i a5 (D) 953 0
Olsreany 5 (F1) 0)ls (9,8l JLisl as 2 5 Loy 31
Jos Jedo I el ;o )5S | g oy il oaisS Jlad
rare ool ol 8 el 50 ol S jiiugnd )5 a5 S e
Sllab 15 (5 e s Wl e oS acdlio 2 5l L
OLS d Baiod cpl gl (YY) all ails dags 33l
oS o ool WS g g ol &S sk gl ol
deS g sl 5l e lad (iol3 8 o (5 aax
wlea 8L Lo 5ol tas o b jlo—uSTy g 5bge—ugs
5 0] OUS 05 IS (Y4 1F) oK  YOusefzadeh
robie (o Joted 5 ol 3 L ool OIS 5L
eyl Clad 55gs ez ge GlalS 5 lis
53k oS 5o Bgand 2nS T g SlanST
(Y#) o—5 (Dracocephalum moldavica L.)
SeSTges 5 5Ty sl il clled (e izren

Oloen (58 s 3l crge ool 950eS (YR) il oo
4S5 9 oo Cndlg IS plaiS b 55 g Jdg IS
e S S e (6955 S9m 4 yonke dii o
5 olez sl jo laul Wdle (pul 005 0 S LS,
Iy olS JS zu,oi 4 5 99 0 ounlive adlu (oYL Ceoud
g CBlE s s ] 0giaS (rizren 055 o )
203 Ayl 45 20,5 o0 (LS glacdly o ool e
o helge (n S (V) S)ls Glals s, Shee L
PH (o5 YL helss wis 300 plaliS o (ol 5508

SliS o adile pogy ol o Sal (Vb mhaw (S
55 OLLS sy GIsl(JT olge 05005 S s Jloee
S ysban (V1) el S 0l cagh, 5 ool Gix
G595 S SIS JLle 5o perins (1 0]
O3] s ol il Al 0 )l g )l sigid
Glyiome Glalidl g alS slacil o ol ol
J=99,15" lgiome Buoni cal 50 (TY) 205 (o0 Jud9 15
Gilises glacbale b onds Lot (LS 15 08l olsee s
aS og anls Hles 5l yiies (a] OUS gl g el OIS
aS o il e Ll e (Y1) o, Sen RUSA s b
(Capsicum annum L.) slaoJs Jals o ols oyl
28 s L ol &S 6l g ol OIS 5l solial
5 o0l Ol Gial33l s ol gl B Slié ol
Lo s 5 (VF) 950 09— Jdg IS (6lo—ione
L wo,S olo a5 (Y VA) o], glzadi glas jgbws
Vigna Radiata L. ) jile o5 —wyiws 55
oolinl b B yaneS yaie opl oliee (ol 4 (Wilczek
Syl cslle « (VF) Bl o3l ol OIS b )

y  6.0000 -
-
2 55000
n,
= 5.0000
3

k]
"y 4.5000
<

’;‘
M, 4.0000 -
a
Y

= 3.5000 |
3
3 30000 -
() 38 o5 sless

BT O gl g ool OIS Ll Jeke ST - U
I Jde S sy



Ve w§ 1822 obS (2 loaion 9 SQ3elg 1499890 AL (pw)y 1 LIS g (oo

9.00
‘3 8.50 " 6
= 800
3 7.50 .
=,
2 7.00 =
4 :
N 650 q 1
3 600 Py
X .
5.50 +—=d e —
N
B4 \J"s ,\fs 5%
3’ N4
© ©
< J
R
G 53 055 e

OBl S Gl g ool oM ol gl il —F JSo
STy o 3T called

Vs jo b e g St (Sar Slas plod
ol e dld L ain, 15 059 0 99> 00 O L

ON Y051 P VNP VWL 1 JP O

59 e g Cde S
MM&;A&’[JUL@.@MSM)QO@
(F Jgoz) Gyls asyo ) mhaw (o jlo sxe g

L (Ocimum basilicum L.) o\lsu, olS o 5bgemns
9 Oy Sgge o 4 oyl daliie SLLS 5 5l sslal
Sliiss gl (YY) eodl ulidl (lals cis
aS el o5l SLs oYV ) ol ,LSen 4 Nasiri
SLadl abgl jo ol IS 6k g oyal IS 51 oolaiwl
G35 o3lwal;T L (Matricaria chamomilla L.)
s Lol any Lol (o iss 09200 9 (236 polis
SS90 5 ST lpm T b ol

(YA 0555 Bgomss

3.00

3

N a
3, 2.50 T

b

2,

s -

;\ 2.00 c i

= i | d

= { T4

2 1.50 1

3 e i
— T 1

e {

g 1.00 I |

S | {
h‘m i i 1 1
= 0.50 +—== id -t
3 NS -
iy > .9 AL
~ oF o3 ] 9

< o3 oF

(2 59 2,5) sle
Bl S Gib g ol M ol Jolme pil -¥ S
35 g0y SonanS 1 g 0 3T b s

G ixz oL aidy s pslh bl O gil g (ol S Lol Jalxe pST -F Jouo

R U I T .

Bgomnso Js

A )

039
<

B SES 059 By
o e plil - olsa plul

plail 5 )39

£e [R50

S 538

s plasl

+oIVEA®

FoIAVY*

» 059

+e ANV

e [AQY*

+o/Yag**

S 538

) ++IVAD®®

£ [AYF

o JARY*

Lo AYYT

\ +e/AYYE

o AYFE

+o/YOY**

+

< IAYF*

300"

\ FRYAAV SR}

+o [YAYVF*

Fe[EVYE

- IVOR®®

+

CIVAYT

+

! VOV e /VYEPE e [ASYS

G

VPV

o IVAY®®

e [VEA®

Sl g 20 Do 0 ) Jleisl mhas 5o o cies v 5 4 NS g




\\ \f'\‘l QLMAA)L s\ o)Lo.,.':: sf o)sb 4@';&9 é‘s.o 9 6))9L~.\s u‘.\Jy 6)@:.»[.0 9 CnlnS

Jles olals o U ol cdsls i oS ol
ool O sl L 51 5 wgmme oyl OMS 6l b oo
Jds 4 oS 6 & y90 a0 o] 955 0,5 1 Log
i Gadgi 0, Slas 9 (5055 &o el 3l yeS solanl

=

Sl plal i g 5 (59 o s a5 ol plis s
Bgend STy w31 Collad 5 ol Glie iy g

Dol Cwd ds ) 0 8, 50 el O gl ks o
ST o3l cdlad g ST Jdg IS (glgiome (2t
Ol OlgSiss Egozmeyd D92 0,5 O ol OIS e 5o
B T OS5 5 o] S 30 oo 5,5
Cedlad alidl g (iagy sl ld S 50 555

&b (2,
IR RCPRY- EORe S P U g S S L Coweps!

References

1.

10.

11.

12.

Barati S, Lahouti M, Cheniany M. Effects of molybdenum stress on antioxidant system
performance of parsley seedlings (Petroselinum sativum L.) under laboratory condition.
Iranian Journal of Horticultural Science. 2021; 52(2): 281-291. [In Persian]

Jamali S, Shaifan H, Sajadi F. Effect of irrigation with conjunctive caspian seawater and fresh
water on yield and yield components of parsley (Petroselinum crispum Mill). Iranian Journal
of Irrigation and Drainage. 2018; 6(11): 935-946. [In Persian]

Cheraghi J, Krishchi P, Nasri S, Borbor M. The Effect of Ethanolic extracts of petroselinum
crispum leaves on histopathological and activity of liver enzymes in streptozotocin-induced
diabetic rats. scientific Journal of Ilam University of Medical Sciences. 2015; 23(7): 190-202.
[In Persian]

Khani M.R, Bigdeli R, Vazini H, Notghi P. The effect of leaf extract of parsley (Petroselinum
crispum) on serum levels of gonadotropins and testosterone hormones in male rats receiving
leads acetate. Medical Journal of Tabriz University of Medical Sciences and Health Services.
2018; 40(2):33-39. [In Persian]

Fatahi-Siahkamari S, Arouei H, Azizi Arani M, Salehi Sardoei A. Effect of nano chelates
(iron and zinc) and nitrogen (biofertilizer and chemical fertilizer) on some
morphophysiological characteristics and essential oil yield of two basil populations. Eco-
phytochemical Journal of Medicinal Plants. 2020. 8(1): 106-118. [In Persian]

Panahinia M, Sanikhani M, Kheiri A. Morphological Characteristics and essential oil
production of sweet basil (Ocimum basilicum L.) under application of nitrogen and iron.
Journal of Agricultural Knowledge and Sustainable Production. 2016; 26(4): 158-166.
Ahmadi L, Ghobadi M, Saeidi M, Ghaderi J. The effect of supplemental irrigation, time and
methods of Fe fertilizer application on qualitative and quantitative traits of chickpea (Cicer
arietinum L.). Iranian Journal of Pulses Research. 2019; 10(2): 119-131. [In Persian]

Maleki Lajayer H, Soltanzadeh-pormehr S, Torabi- giglou M, Poorbeyrami Hir Y, Chamani
E. Effects of pre-treatment with salicylic acid and silicon nanoparticles on germination,
growth and physiological indices of savory (Satureja hortensis) seeds under lead heavy metal
stress. Journal of VVegetables Sciences. 2021; 4(2): 147-160. [In Persian]

Ghani A, Mohtashami S, Jamalian S. Morphological and biochemical responses of summer
savory (Satureja hortensis L.) to chelated plus nano fertilizer application. Journal of
Vegetables Sciences. 2021; 4(2): 81-96. [In Persian]

Naderi A, Daneshe Shhahraki O. Application of nanotechnology tooptimize the formation of
chemical fertilizers. Nanotechnology Monthly. 2013; 4(20): 22-165.

Kobdani A, Piri I, Tavassoli A. Effect of iron nano-chelate fertilizer on quantity and quality
yield of Okra (Abelmoschus esculentus L.) in condition of drought stress. Journal of
Vegetables Sciences. 2021; 5(1): 109-123. [In Persian]

Liu R, Lal R. Potentials of engineered nanoparticles as fertilizers for increasing agronomic
productions. Science of the Total Environment. 2015; 514: 131-139.



\Y

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

w§ 1822 obS (2 loaion 9 SQ3elg 1499890 AL (pw)y 1 LIS g (oo

Hosseinifard S.J, Sedaghati N, Mohammadi Mohammadabadi A, Alipour H, Nikooei
Dastjerdi M.R. Effects of Fe foliar spraying from sulphate and chelate resources on yield and
guality of pistachio (Pistacia vera L. cv. Owhadi) Trees Fruit in Kerman Province. Pistachio
Science and Technology. 2020; 4(8): 43-60.

Bayati F, Ayne Band A, Fateh E. effect of nano fertilizer values and times on yield and yield
components of Brassica napus L. Iranian Journal of Field Crops Research. 2015; 12(4): 805-
812.

Mirakhorli T, Oraghi Ardebili Z, Ladan-Moghadam A, Danaee E. Nitric oxide improved
growth and vyield in soybean (Glycine max) by mediating physiological, anatomical, and
transcriptional modifications. Journal of Plant Growth Regulation (JPGR). 2022; 41: 13311-
1343.

Mahdi nezhad N, Jamalpour H, Fakheri B, Azad H. The study of the response of some
physiological characteristics and grain yield of purslane cultivars to drought stress and foliar
application of chelated nano iron. Journal of Plant Environment Physiology. 2019; 14(54):
74-89. [In Persian]

Azad godjebigloo H, Fakheri B, Mehdi Nejhad N, Parmoon, G. Response of different
irrigation on nano iron chelated to chamomile genotypes. Journal of Crop Ecophysiology.
2017; 11(3): 565-584. [In Persian]

Alhverdizadeh S, Danaee E. Effect of humic acid and vermicompost on some vegetative
indices and proline content of Catharanthus roseous under low water stress. Environment and
Water Engineering. 2023; 9(1): 141-152. [In Persian]

Danaee E, Abdossi V. Phytochemical and morphophysiological responses in basil (ocimum
basilicum I.) plant to application of polyamines. Journal of medicinal plants. 2017; 18(1):
125-134. [In Persian]

Soroori S, Danaee E, Hemmati Kh, Ladan Moghadam A. The metabolic response and
enzymatic activity of Calendula officinalis L. to foliar application of spermidine, citric acid
and proline under drought stress and in a post harvest condition. Journal of Agriculture
Science and Technology. 2021; 23 (6): 1339-1353.

Abdossi V, Danee E. Effects of Some Amino Acids and Organic Acids on Enzymatic
Activity and Longevity of Dianthus caryophyllus cv. Tessino on at Pre-Harvest Stage. Journal
of Ornamental Plants. 2019; 9(2): 93-104.

Dareini H, Abdossi V, Danaee E. Effect of some essential oils on postharvest quality and vase
life of gerbera cut flowers (Gerbera Jamesonii cv. Sorbet). European Journal of Experimental
Biology. 2014; 4(3): 276-280.

Pourebrahimi M, Roosta H.R, Hamidpour M. Interactive effect of sodium bicarbonate and
different Fe sources on micronutrients concentration in bell pepper plants. Journal Science
and Technolgy Greenhouse Culture. 2014; 5 (17): 27-38.

Amaliotis D, Velemis D, Bladenopoulou S, Karapetsas N. Leaf nutrient levels of strawberries
(cv. Tudla) in relation to crop yield. Acta Horticulture. 2002; 567: 447-450.

Singh R.K, Singh R.P, Singh R.S. Effect of iron on herbage and oil yield of lemon grass
(Cymbopogon flexuosus). Crop Research. 2003; 26: 185-187.

Khalaj H, Baradarn Firouzabadi M, Delfani M. Effect of nano iron and magnesium chelate
fertilizers on growth and grain yield of Vigna sinensis L. Journal of Plant Process and
Function. 2019; 9(35): 160-177. [In Persian]

Jabeen N, Ahmad R. Effect of foliar-applied boron and manganese on growth and
biochemical activities in sunflower under saline conditions. Pakistan Journal of Botany. 2011;
43 (2): 1271-1282.

Zayed B.A, Salem A.K.M, Sharkawy H, El M. Effect of different micronutrient treatments on
rice (Oriza Sativa L.) growth and yield under saline soil conditions. World Journal of
Agricultural Sciences. 2011; 7 (2): 179-84.

Shiemshi D. Leaf chlorosis and stomatal aperture. New Phytologist. 2007; 166: 455-461.
Rout G.R, Sahoo S. Role of iron in plant growth and metabolism. Reviews in Agricultural
Science. 2015; 3: 1-24.


https://pistachio.vru.ac.ir/?_action=article&au=421752&_au=Seyed+Javad++Hosseinifard&lang=en

VY

31.

32.

33.

34.

35.

36.

37.

38.

\\°~\‘ QLMAA)L s\ o)Lo.,.':: sf o)sb 4@';&9 é‘s.o 9 6))9L~.\s u‘.\Jy 6)@:.»[.0 9 u.».o.S

Alvarez-Fernandez A, Melgar J.C, Abadia J, Abadia A. Effects of moderate and severe iron
deficiency chlorosis on fruit yield, appearance and composition in pear (Pyrus communis L.)
and peach (Prunus persica L. Batsch). Experimental Botany. 2011; 71: 280-286.

Mahdavikia H, Mahna N. In vitro evaluation of iron-deficiency tolerance in an endemic
putative apple rootstock. Research in Plant Biology. 2012; 2(6): 23-29.

Rusta H.R., Rezakhanejad D, Ragami M, Ismailizadenh M. Comparison of the effect of nano
iron chelate with iron chelate on the growth and physiological characteristics of two varieties
of sweet pepper in alkaline conditions in soilless cultivation system. 2017; 8(1):35-54.

Izadi Y, Modares Sanavey S.A.M. Effect of nano iron and manganese fertilizers on mung
bean growth and yield in water deficit stress condition. Iranian Journal of Field Crops
Research. 2018; 16(3): 651-664. [In Persian]

Ahmadi L, Ghobadi M, Saeidi M, Ghaderi J. The effect of supplemental irrigation, time and
methods of Fe fertilizer application on qualitative and quantitative traits of chickpea (Cicer
arietinum L.). Iranian Journal of Pulses Research. 2019; 10(2): 119-131. [In Persian]
Yousefzadeh S, Naghdi Badi H, Sabaghnia N, Janmohammadi M. The effect of foliar
application of nano-iron chelates on physiological and chemical traits of dragonhead
(Dracocephalum moldavica L.). Journal of Medicinal. Plants. 2016; 15(60): 152-160. [In
Persian]

Peyvandi M, Parandeh H, Mirza M. Comparison of nano Fe and Fe chelate fertilizers on the
guality and the quantity of Ocimum basilicum L. essential oil. Iranian Journal of Medicinal
and Aromatic Plants Research. 2015; 31(2): 185-193. [In Persian]

Nasiri Y, Zehtab-Salmasi S, Nasrullahzadeh S.N, Najafi N, Ghassemi-Golezani K. Effects of
foliar application of micronutrients (Fe and Zn) on flower yield and essential oil of
chamomile (Matricaria chamomilla L.). Journal of Medicinal and Aromatic Plants Research.
2010; 4(17): 1733 — 37. [In Persian]



