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Introduction

Applying innovative nanotechnology in agriculture is considered as one of the promising approaches to
obtain significant increases of crop yield. Nanoparticles (NPs) are considered potential agents for agriculture as
fertilizers and growth enhancers and using of nano-fertilizers has led to an increasing in the efficiency of
nutrients, the correct management of fertilizer consumption, and a reduction of the frequency of fertilizer
application. Stimulants are compounds that initiate signals for cells to increase or decrease the production of
secondary metabolites and plant defense response. Stimulants such as Putrescine play a role in regulating various
plant physiological processes. In this regard, considering the importance of using new technologies, including
nanotechnology, in sustainable agriculture to increase the quantitative and qualitative performance of agricultural
products, especially oil-medicinal plants, and the lack of sufficient information about the use of iron
nanoparticles and polyamine putricine in Camelina plant nutrition, The effect of foliar spraying of these
stimulants on functional, morphological and physiological traits of Camelina plant (Soheil veriety) was
evaluated.

Materials and Methods

This research was conducted as factorial layout based on a randomized complete block design with three
replications at the research fields of Baye-Kala Agricultural Research Station (BARS) at Neka city in 2021. The
studied factors included iron nanoparticles in four concentrations (0, 20, 40, and 60 ppm) and polyamine
putrescine in four concentrations (0, 0.5, 1, and 1.5 mM). Each experimental plot was prepared in 6 square
meters area and the studied treatments were applied by foliar spraying at the beginning of the reproductive phase
of the plant. Two weeks after applying the treatments, sampling was done to evaluate the different traits of the
plant. After checking the normality of the data, they were analyzed with SAS (ver 9.1) software; obtained
averages compared with using Duncan Test at the 5% probability level.

Results and Discussion

The results of variance analysis indicated the significance of the simple effect of iron nanoparticles and
putrescine on all the studied traits at the 5% level, as well as the significance of the interaction of the two factors
on all the studied traits except carotenoid and peroxidase in the reproductive stage at the 5% level. According to
the results, the highest amount of carotenoid (0.142 and 0.141 mg.g™, respectively) and peroxidase (4.96 and
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4.38 mg.g™, respectively) were observed in application of 60 ppm iron nanoparticles and 1.5 mM putrescine
which had no statistically significant difference with the concentration of 40 ppm iron nanoparticles and 1 mM
putrescine. The results indicated that the highest amount of flavonoid (40.72 mg.g™), soluble sugar (139.27
mg.g™), and plant height (115.75 cm) 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 g) and morphological
components of yield were observed in the treatment combination of 40 ppm iron and 1 mM putrescine. The
correlation result showed that there were the most positive and significant correlation values among the
physiological traits and the yield trait had a positive and significant correlation with plant dry weight (0.44) and
oil percentage (0.40).
Conclusion

The results have demonstrated that foliar application of 40 ppm iron nanoparticles and 1.5 mM putrescine
significantly enhanced various growth characteristics, including photosynthetic pigment content, crude protein,
oil content, as well as the physiological and morphological aspects of Camelina. Additionally, the application of
iron nanoparticles and putrescine via a uniform supply of low-consumption nutrients has been shown to
strengthen the plant's defense system, ultimately leading to improvements in the growth, development, and yield
of the medicinal-oil Camelina plant.
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Oxide Fe,0; Nanopowder/ Nanoparticles Making Method: High-Temperature Cumbustion Method
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Table 2- Mean comparison of iron nanoparticles and putricine treatment effect on physiological traits of Camelina

S sy Mg,
Treatment Peroxidase (mg.g™ FW) Carotenoid (mg.g™'FW)
Fe N.P. ppm

0 2.860° 0.117°

20 3.641° 0.121°

40 4.082° 0.140°

60 4,969 0.142%

Putricine mM
0 3.247° 0.119°
0.5 3.714% 0.121°
1 4.206%® 0.139°
1.5 4.385° 0.141°

5,05 6 )b ime IS do ) iy Jlesnl dans 53 5S5I (yges] wliol ksl o Syt By SO JBlas clyls a5 ¢ Jole (gl g g o 0 b pSSle
The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Table 3- Mean comparison of iron nanoparticles and putricine interaction effec on physiological traits of Camelina

o . Judg 5 . .
o2l O34l s o8 th 2o PN ICERC ot VORRYE ¥ oS Jidg ks
Iron Putricine  C*09% ¥ Catalase 2P Flavonoid b a
nanoparticles utr;\(;llne % o9 sugar Total - chp  chia
ppm m Protein % Oil chi
(mg.g"FW)

0 0 25.04"4 34.949 0.98¢ 91.38" 2255 0.910 0.670"  0.240¢
0 05 24.71%  39.02% 0.98¢ 95.04" 21.54' 0.956°  0.680°  0.279°
0 1 25.62° 40.59° 1.24% 117.79% 27.63° 1.086%¢  0.790°7  0.292%
0 15 24.84>9  39.42%¢ 1.20% 120.44"¢ 26.81%9 1.036%  0.750%"  0.283°
20 0 24.30%  40.18™ 0.98¢ 100.61°" 22.74% 0.953  0.703°"  0.248™
20 05 25.39 37.11f 1.04% 108.83% 21.22°f 1.090°¢ 0.813°¢ 0.272°
20 1 22.94f 40.61° 1.34% 116.26% 27.36% 1.073%¢  0.773%"  0.302%
20 15 25.02°¢  39.01% 1.13¢ 113.35% 33.06%" 1.140°¢  0.836%  0.300%
40 0 24.87¢ 38.34° 1.28« 109.49%¢ 29.39%" 1.113%  0.793°F  0.320%
40 05 25.49% 38.38° 1.18¢ 109.30% 2551 1.083%¢  0.783°F  0.301%
40 1 25.65° 38.81% 1.32° 118.62"¢ 27.30%°9 1.180*  0.823°°¢  0.355°
40 15 27.77° 41.76° 1.83° 135.27° 34.42% 1.203*  0.850%  0.352%
60 0 24.72% 40.20 1.29¢ 129.98%® 30.24%* 1.150%¢  0.810°¢  0.341*
60 05 23.35 40.85® 1.17¢ 129.29% 27.63% 1.260°  0.903*  0.354°
60 1 2477 39.91°¢ 1.64% 139.272 40.722 1576  1.163*  0.411°
60 15 23.59°% 39.01% 1.922 136.97% 38.77% 1.453*  1.010°  0.444%

I (3 ine OS] oy gty Jlain] a5 (4SSl g0l bl il e S yitie By S JBlas gyl a5 Jale (sl g i 0 ySibe
The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Ahmad 2016; Chen, Shao, Yin, Younis, & Zheng,
2019)
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oSy b ol e 48 ol i JguaS 5o aily sl
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bl Hles 4 Cund 540y VIF Lil38l 5 JouwaS 50 il VY L
ohlSen 5 JLsds 033580 olss (F Jodn) o isls 5559
Aghazadeh-Khalkhali, Mehrafarin, Abdossi, & Naghdi )
S e il OAT ML 348 3,18 &5 al> 4lis (Badi, 2015
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2 oielS ol ede e (o) QLS Jpaze g 43, )l xe
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O=en (Briat et al., 2007) w8 550 o2 oy YO 5l Wilg5 oo
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(Kumar, 2003
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5l oy Shas alsdl ol Jlais] Uy a5 4 (2003
9 ok 090 lacSaliil g (ol Lie 55 (ialS )3 (e S
sl a5 Coul gy Wle oS hawg aygl clacyslio Mg
2 T s a8 il e 5 oL (cjamsl sty Ll
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Table 4- Mean comparison of iron nanoparticles and putricine interaction effec on morphological traits of Camelina

ool Oly3450 PULFICINe cymmns yiog dgr SWA (39 &> )5 o359 3 ,5os JaunsS 3 &l fa3)
Iron nanoparticles mM ’ Dry weight 1000 seed weight Yield Seed per Height
ppm () () (g.m?) capsule (cm)
0 0 622.931%¢ 0.993" 94.72° 14.001 91.75
0 0.5 630.669"° 1.144°%" 180.60%¢ 11.33° 109.50%¢
0 1 570.552"¢ 1.112°% 149.65"" 11.33° 113.75%®
0 1.5 561.140¢ 1.134%" 96.51™ 10.00 107.50%¢
20 0 502.840° 1.113°%% 187.37%°¢ 13.66%° 98.25°"
20 0.5 442 757 1.155¢" 119.59%9 11.33°f 102.50¢"
20 1 441.567¢¢ 1.084% 191.28® 14.33% 106.25%¢
20 1.5 543.963%¢ 1.205%¢ 183.56%¢ 16.33% 114.75°%
40 0 573.239%¢ 1.194%¢ 149.67"f 13.66%° 107.50%*
40 05 737.631%°¢ 1.187%¢ 151.48"¢ 12.33%" 111.25%¢
40 1 672.370"° 1.187%¢ 210.272 17.00% 110.00%¢
40 1.5 504.448"¢ 1.227%¢ 134.54%9 12.00¢" 100.50%"
60 0 416.581° 1.0429" 178.70%¢ 14.33% 104.50°"
60 0.5 406.280° 1.245%® 200.27% 13.00%® 103.75F
60 1 957.176° 1.174%¢ 165.05%¢ 12.66%¢ 115.75%
60 1.5 850.018% 1.275% 133.08%9 11.66%f 108.75%¢

518 gl gime M sy iy Jlein] aaws j3 (Sl (ygesl bl pr aiilpe S piie By K Bl gl a8 Jole gl g gt 0y b Sile
The means, in each column and for each factor, that have at least one similar letter, according to the Duncan test at the level of 5%
probability are not significantly different.
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Table 5- Correlation of studied traits

i, 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
&g &L&I)I - - « « "
A 004 023 026 019 023 005 037 0.3 034" 029" 0.36 025 013 0.23
Height
JgusS 5> s
2 Seed per 1 g 001 006 032" 033 . 003 002 000 005 -016 -007 019
capsule
SLBULIID )
3 1000 seed 1 028 011 015 - 0.48™ 0377 042™ 0517 0427 038" 034" 037"
weight '
4 O;/”(;iél)) 1 004 040" 015 029* 026 028 039" 033" 046™ 028 0397
(1]
5 ofmier 1 0004 -011 -022 .. _ 007 001 T 045 019 -0.25
% Protein ' ' ' 0.005 ' ' 0.001 ' ' '
6 o 1 044 005 002 003 -006 0002 -001 -015 0.26
Yield
7 SEeon 1 007 -023 -019 -009 -023 -016 -024 008
dry weight
8 & 255 1 0777 088" 073" 078" 0737 0767 0707
Chla
9 b s, ts 1 0.98™ 059™ 070" 068" 0617 064"
Chlb
10 Sl 1 066~ 0767 073" 068" 069
Total Chl
11 995 1 065" 069" 070" 059
Carotenoid
12 gl 1 070" 066" 062"
Flavonoid
ol 18 R R
13 Soluble 1 0727 0.70
sugar
VBl "
14 ’ 1 0.66
Catalase
Sl 1
Peroxidase
Lo gy 9 Sy aw 3 Syl gne iy Ty
** and * significant at 1 and 5 % level respectively
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