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Extended Abstract

Introduction and Objective: Stimulants are compounds that initiate signals for cells to increase
or decrease the production of secondary metabolites and plant defense response and stimulants
such as Putrescine play a role in regulating various plant physiological processes. The use of
nano-fertilizers has led to an increase in the efficiency of the use of nutrients, the correct
management of fertilizer consumption, and a reduction in the frequency of fertilizer application.
This research was conducted in order to investigate the effect of iron nanoparticle and putrescine
as plant growth stimulants on the yield and yield components of the oil-medicinal plant Camelina.
Material and methods: This research was conducted as factorial design in a randomized
complete block design with three replications in the research fields of Baye-Kala Agricultural
Research Station (BARS) in Neka county in 2021. The studied factors included iron nanoparticles
in four concentrations (zero, 20, 40, and 60 ppm) and polyamine putrescine in four concentrations
(zero, 0.5, 1, and 1.5 mM).

Results: The results of variance analysis of different traits indicated that the simple effect of iron
nanoparticles and putrescine was significant on all the studied traits at the 5% level. Also, the
interaction of the two factors was significant on all the studied traits except peroxidase in the
reproductive stage and this interaction was nonsignificant on all physiological traits in vegetative
stage. According to the results, the highest amount of flavonoid (21.871 and 21.389, respectively),
soluble sugar (116.643 and 105.453, respectively), catalase (1.301 and 1.394, respectively) and
peroxidase (5.056 and 4.687, respectively) were observed in the vegetative stage in the application
of 40 ppm iron nanoparticles and 1.5 mM putrescine. The results indicated that the highest amount
of flavonoid (40.72), soluble sugar (139.27) and plant height (115.75) were observed in the
treatment combination of 60 ppm iron and 1 mM putrescine, the highest percentage of oil (41.76)
and protein (27.77) were observed in the treatment combination of 40 ppm iron and 1.5 mM
putrescine and the highest amount of grain yield (210.27) and morphological components of yield
were observed in the treatment combination of 40 ppm iron and 1 mM putrescine.

Conclusion: In general, the interaction effect of 40 ppm of iron nanoparticles and high
concentration of putrescine had the best results, and the spraying of iron nanoparticles and
putrescine through the more effective absorption of microelement nutrients and strengthening the
plant's defense system can improve the growth, development and yield of the medicinal-oil
Camelina plant.
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Table 2. The mean comparison of the simple effect of iron nanoparticle and putrescine treatments on
physiological traits in camelina at both vegetative and reproductive stages
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ol
Fe
2.860° 3.945° 0.996° 90.486™ 16.695° ppm 0
3.641° 3.397°¢ 1.078™ 84.821° 16.351° ppm 20
4.082° 5.056° 1.3012 116.643% 21.871° ppm 40
4.969° 4.421° 1.233® 94.995° 16.831° ppm 60
9
Putresince
3.247° 4.270° 1.019° 93.319° 17.510° 0mM
3.714% 4.094° 1.012° 92.139° 15.509¢ 0.5mM
4.206* 4.308° 1.182° 96.034° 17.341% 1mM
4.385° 4.687° 1.394° 105.453" 21.389* 1.5mM

bl o o gire BMB pae Sl S yidio gy
The same letters show the significant difference



YA

Ul Sal clbSs p wbl wsy e pbl Jgase
OledS o (o) LS (B > Al ol el 0ad
3oL w23 V0 5l K5 oo 090 ()3 5 bag jauw s
Ebsme 5 ] 3l Jslxe (puiomen (Briat, 2015).s
calisee dl.(bwy) &l .))Slo& 9 J}uul.{ Jol )J.J Sl »
Jlie @l il le > .(Diepenbrock, 2000)cusly S5 )18
PP ¥+ (6 a3 et 5 81 033 b S e
3 JgoS TWoe b iy Vo (o \ 5 ool o9
sl u’;wf g 03> olaidl dgs & |y sl o iy &g
0 g opl oodgl ppm ¥e les CuSy 4 baye
(‘" Js-\>) 59’ (W/ ) Om P )\-fswulw
9 A5 odalis P)f P Sk WWVF e 4 (o gy
PPM ¥+ (ilesd slacuS 53 (29, doyd e (o pieS
OBl oGl PPM Y+ g G s )V g0 i yio g (gl 03930
S 8 208 )5S gy (7 Jpie) assls
235 p % s (ol 3)l8 5 0391yl 39008 4y ol LS
Of ey doyd g dib o Slas y ute SIVL glaclale o s
Jole 5 S sbw) abslons 1 sl ctly sl
Mohammadi, ) sl> _iol38l |y &l oal cdale (15187 ilj
3y5as cn] EMS 6l o b 4S5 03 315 (2016
s OS] &y gy doyd g gy Jopd )
o)y g 3, Sles (il 0gMe &yl il g)l> pme
S b B Jalone o 55 o oo, Sl als s
(Mousavi, 2007) ;5,5 sl! 2348l als e j3 4]
390 Sl LS5 oo )3 gy 22> oy b
9 ol 0yl PPM Fr g)les S 5 &S 1 sdaliie dllas
£.5 e YINYD lie 393 IS by s yisg 5¥ g0 skoo V/0
R FeS (e 90391 (g Moyd (n s 3 £S5 )
OBl 3Gl PPM Y (ylas SluS 5 55 (g A2yd (jee
0 g ol 03l PPM Fr g ey Ygaides )
Soded b gy sre BMB) &5 b pw e ;Yo Lo

Mo (o o (595 2 oy S (Y g il
o & wxsl ol (Marschner, 1995) Ko o

glas (] OMS @ie 5l )lia 3 ¥ g Ve V) caliseo (olajlos
2O Oized D)5 3939 Al gy oy Bl o)l xe
Sl )3 sl sine Sles (al 365 5l g ol 368 gl
Reis, ) A edalie b, L;meﬁ o9y L5|9b“°
Sors] g Wlgie LS 5 oal clile i133(2016
s 5 o8 005 b (33005 gl 255 5 58] gt
5 Giaren deSln (b Lulypd )3 S oo Sl 0l 5 1)
sadl s glaisy ;o s] S5l el I,
(Bhattacharjee, 2005) 355 0 g5 lalS
1y 331 slaJISGaly jBgomsd AT g wcdls cpl 53 9
Sl 4 jlensTyy Syl 5 YU 5 appe o ]
S pis ‘Omic,w byl 5o Lol (S’ o 4 3005 |, H202
olS 55 (9rken My 2929 9 (JeuST laJIS00])

S Laykes 5 hidre s (oS slie « )lasn s dens
VEY oo IFA o)lass /23 3h o / ly5 LS Mol doliiang

Slao olod 2 ooy 5 ool 0 g Blize
OSle duglie (g b gr b dne Undels” (59058 )90
5)) e eVl &5 05 osmlie jlag 9 Blize @yl
MooV 5 ool 0556 PIM 7+ (g)las oS5 5 W3y
MR &S 239 yio Blw WONVO e & ey
o g ()los oS 5 3 e Glise (23S L ()0 Sra
daw b (e gle AVVO) Cpwys g9 ool 0)dgl
Sless g b S5 50 pepn Vgadeo N ()les
{7 dsia) o ol 1) gs)) pliee 0 5YL (ol 0)39L
axsh le(Zahedi and Alipour, 2018) ;o e o (saal;
£5)) G5l e 5550 5 ol SIS Lol Jgono oS
Sy b bl o5 5 bl kil e Lol bl
» 'P)’MUH"'PS)&AJ*KMLN-{“"JJ&)W
il olS el 1y 4l i (G55 e) sl Loyl
Ol DA 4 bgrje 355 95 93 cpl dlawly @ gl ol
2 Jido)ls colo pildl cel o cunl singd o jolis
2 g e By SaodiS lal Gl g ol oS
@ Sl g dlge g Wbe Rl gl ax
olpd jd g 2d 0 dyly adle dles il olS calise bl
.(Malakoti and Tehrani, 1999).u o ]38l olS el
ol (Torabian and Zahedi, 2013) sualj o ooy
a9l Ui & oal Olilgw ol Jobre il a8 aizils
A6 it oo pll S (g S o gl
o Galef] 3 392 o gans JS5 4355 ) (o3l loxs
polis ol ol b 3.5 (Jafarpour et al., 2014) sesl 4
clle g ol plil Kb g ) g 5 8] sl
wl sialefl s il Sl s, K len sl s al
ol polie 3L sl (Zayed et al., 2011) o, Kon 4
g lop plil S (o W) QI o (e 5 59)
OhSen g (g alajl )3 03,5 & )3 Jdg IS (slgione
ool M LS 43 p FelS" S B yuas(Reis et al., 2016)
Sy Commd & ] Jgone S5 L aunlie 3 9l JSC5 4
Oy olS adyy Job 9 Sy g ady) (2lgp plil Sis 59
Sy Lislsely
2 Omps 5 onl 0,0 9 sl Sl Jlite I3l o)
S )5 50 by ol oy iddis a8 0D (LS JgunS > dild olass
W) Gz Yook VL oal )35 ppm ¥ (glas
oS a5l pols (¥ Jods) cudly dg3g (JauaS > 4l
« sl L (Aghazadeh-Khalkhali, 2015) l,Kex 4
P &b ol Gl gy Gxe P pal EMS L 258 258
2 e VU sl gdaw GLIBIL 5 il ofjdul olS &5
paie Ky opl cdl s gxe Lol gy 4ild sl 2
cuolio 3Sdes (gl u,aj ;,u.::l ols Lb, dl)-f’d)j)*‘"
9 JE 4 bgrje (o3l 5 (Sl laan] b ]
laaial3 S05 9 (909 jiw DNA s ()9t Cuss
3L (LS pudplio 131 (core (BB (plpl sl (695
sk 5wl 248" (Mohamadipoor, 2013) .S’ .
Iogine (1ol 4y Cusl )5S pou S Jold oS Sal
Qo Ve il ed e pxie (2 QLS Jyaze 5 A3,



S8 Loyten g plaeme gy ol )5 ke « s)lagr LS, aes

W Llels" ol 5 (Su5deed 5 3, Shes Slao (B 2 iz 9 o8] )35 S e il (g

09Il (plmle (s iiSly )3 oo Sl &5 35 (0
s yuiSly )3 jaie plaSol 4 dagi baaigh (o550 Jols g
5 31 oslizal (TANG, 2005) 3,05 s ials 5 islus]
Gllato g lom plul 05y 8 cago 5 ool SIS 58
ol 02 gl plul SS9 d,Skes LiuliEl o
&S 65,5 5,15 (Almaliotis, 2000) o \Se 5 e gLl
93 0L8 3, 8ac g oyl clale o Iy dme o abaly
5 Fhuogid (Jidg S ke (opnl Bpao 155 4S5 )gboa o)l
gaw Gl el ol ool g 4Bl Gial33l ol oy, L)
oS > ey Sis odle (e i ) g SRS
onl Sl 5 L god Cile olS (Bb Jsloxe (izman 25 0
» (Sinha, 2006) 15,5 oS -l 3 Sas (50158) Caw o
o1 o] i) (lalS 2 gb 2l 368 (5,5 8 | el
0is S 03y S b ool 0dgl 0 clale Il &S
b 3 Shes OME iS5 Cosimad ¢ tlop clapls]
Oncren (AKK, 2005) by isl58l (gyld bxe yebo s 1y L guws
FY B YA Ll cel ol (S ol Jgke 48 oas el
Budin, ) ws Sal S )3 e phb 5 Shes (gho s

(1995

Aoz 1 g classegSle glpl Hlubb 4 i
I (AL glanS] (A5 o S9b e (nSgn 9 e
slaad baplin ol Rl plals el Coow
9 ) LS 4 il citS p Clodo 5 Lidg)lS Jole
OO plixe 5l (gl g 4 Canl SS9 (glap]
.(Blokhina, 2003) cuwl o
SlaS 5 ple > gaw soly )3 3)Sles o (oyn b
PPM ¥+ sl oS 5 )3 0,8 (p ey iliie (les
£35S YV IYY e ety (oo gy Yoo Vg (oml 03530
Fo oo SluS 5 L g)b gme OS] &S oud oamlie
PPM Y+ 5 sy SYseike /0 5 oal 03956 ppm
gV W L sty (o gr sYgacke ) g ol 0)3930
2 50 Sles e cpyieS (bl 2935 £, VAV/YAY
g 5 oamisy 9 0l 0,396 yao paw led SluS
([a)f ‘\;/b\i) O g )\/9‘0‘5[@ Vo l) ul o).)?:l) )mo
Jois) 8l S50, b (gl ine N3] &S 05 odnlie
S piapd g Bpas oS (gyppo polie I S pnl (¥
905 9 M) (sl Y polic (Slpandl > paie (pl Al o0

B 295 e gl olerdsn 3Slee plul  (lalS

o1y 1y A )3 LlelS ol Slio 2 (i 9 08 0,330 (slolod lize ) (il duli =Y g
Table 3. The mean comparison of the interaction effect of iron nano particle and putrescine on camelina traits at
reproductive stage
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min) (mglg) (mg/g)
94,729 25.04"4 34,949 135.00% 14.00°¢ 91.75° 0.98¢ 91.38f 22.55M" FeOPu0
180.60%¢ 24.71% 39.02% 134.00% 11.33¢ 109.50%¢ 0.98¢ 95.04f 21.541° FeOPu0.5
149.65"f 25.62° 40.59° 120.00°¢ 11.33¢ 113.75® 1.24% 117.79% 27.63¢ FeOPul
96.51 24.84"4 39.42%¢ 115.00°¢ 10.00° 107.50*¢ 1.20¢ 120.444 26.81°%¢ FeOPul.5
187.37*¢ 24.30% 40.18™ 147.00% 13.66%¢ 98.25¢f 0.98¢ 100.61° 22.74% Fe20Pu0
119.59%9 25.39™ 37.11° 114.00¢ 11.33 102.50°f 1.04% 108.838% 21.22' Fe20Pu0.5
191.28% 22.94° 40.61° 113.00°¢ 14.33% 106.25*¢ 1.34% 116.266% 27.3627% Fe20Pul
183.56*¢ 25.02"¢ 39.01% 138.00% 16.33% 114.75* 1.13 113.35% 33.0633%f Fe20Pul.5
149.67°f 24,874 38.34¢ 148.00% 13.66%¢ 107.50*¢ 1.28 109.499%¢ 29.3929™ Fe40Pu0
151.48"¢ 25.49% 38.38° 100.00% 12.33¢f 111.25%¢ 1.184 109.30% 2551 Fe40Pu0.5
210.27* 25.65° 38.81% 211.00* 17.00° 110.00%¢ 1.32¢ 118.62>¢ 27.307%° Fe40Pul
134.54%9 271.77% 41.76* 105.00% 12.00¢f 100.50%f 1.83° 135.27% 34.42% Fe40Pul.5
178.70*¢ 24.72% 40.20™ 163.00% 14.33% 104.50°f 1.29° 129.98% 30.240 Fe60Pu0
200.27%® 23.35 40.85% 123.00°¢ 13.00%¢ 103.75%f 1.17¢ 129.29% 27.637¢ Fe60Pu0.5
165.05*¢ 24,77 39.91°¢ 77.00v¢ 12.66%¢ 115.75° 1.64% 139.27% 40.720* Fe60Pul
133.08%9 23.59¢f 39.01¢% 128.00% 11.66%f 108.75%¢ 1.92° 136.97° 38.7738% Fe60Pul.5
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