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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

whily A8 >y (sbag) M) dl> 0
Reproductive growth stage Vegetative growth stage
J5e955s0) jlaus] Jse,5a) huns e 3 s b jlass
AT S s ) VS 2SSk s L treatments
e e et oty (0 (05
o] TR Catalase (umole HzOz/min) S‘;L‘aaabr'e Flavonoid
(mg/g) (mg/g)
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
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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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94.72¢ 25.04°¢ 34.949 135.00* 14.00°¢ 91.75 0.98° 91.38" 22.55" FeOPu0
180.60*¢ 24.71% 39.02% 134.00* 11.33¢ 109.50*¢ 0.98¢ 95.04" 21.541' FeOPu0.5
149.65>f 25.62° 40.59° 120.00°¢ 11.33¢ 113.75® 1.24% 117.79% 27.63 FeOPul
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210.27* 25.65° 38.81% 211.00* 17.00* 110.00*¢ 1.32° 118.62>¢ 27.307%¢ Fe40Pul
134.54%¢ 27.77% 41.76* 105.00% 12.00%" 100.50%f 1.83 135.27% 34.42 Fe40Pul.5
178.70*¢ 24724 40.20> 163.00%° 14.33% 104.50>f 1.29° 129.98% 30.240°¢ Fe60Pu0
200.27% 23.35f 40.85® 123.00¢ 13.00°¢ 103.75%f 1.17% 129.29* 27.637¢ Fe60Pu0.5
165.05*¢ 24.77% 39.910¢ 77.00v° 12.66%¢ 115.75° 1.64% 139.27% 40.720* Fe60Pul
133.08%9 23.59° 39.01% 128.00* 11.66% 108.75*¢ 1.92* 136.97% 38.7738% Fe60Pul.5

[ Downloaded from jcb.sanru.ac.ir on 2026-02-02 ]

il o > gz AW pas Sily S jiiio gy
The same letters show the significant difference

Lols” ((Se3glsrge 9 Saigdynid) 2Skes dlial 5 4o
ool 039l b sl 4558 ol e cnlpliy il

IS (835w
PPM ¥o 50,8 (Guizs cpl ol uls bl

[ DOI: 10.61186/jcb.15.48.178 |

5 Span o5 218 yole Jlub asye b il s s
..)94:3 LJ:LQK u“‘:’ﬁ)_u'.’.ﬁ)b Dlﬁf Jya}u .))S.Lo&

Lol blie 51 (prizrod o cyign ;Y g0 koo V g (30] 0)3930
5,8dee p asllas 3)90 (glajloss alS” o )3 ) ol o e


http://dx.doi.org/10.61186/jcb.15.48.178
https://jcb.sanru.ac.ir/article-1-1458-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61186/jcb.15.48.178 |

SR Lo )aa 5 pldme gy (oS Jlae « silus> (LS 4acs

VAY VY s IFA o)lad [omasly Sl /i ely; olalS oMol ackiings,

&l

Akbarpour, V. (2019). The effect of putrescine and salicylic acid on physiological characteristics and
antioxidant in Stevia rebaudiana B. under salinity stress. Journal of Crop Breeding, 11(29), 40-54.

AKk, E., & llumée, E. (2005). Possibilities of growing Camelina sativa in ecological cultivation. Estonian
Res Institute Agric, 1, 28-33.

Alcéazar, R., Marco, F., Cuevas, J. C., Patron, M., Ferrando, A., Carrasco, P., Tiburcio, A. F., & Altabella,
T. (2006). Involvement of polyamines in plant response to abiotic stress. Biotechnology letters, 28,
1867-1876.

Amraee Tabar, S., Ershadi, A., & Robati, T. (2016). The effect of putrescine and spermine on drought
tolerance of almond and peach. Journal of Crops Improvement, 18(1), 203-218.

Ansari, A., Andalibi, B., Zarei, M., & Shekari, F. (2021). Effect of putrescine foliar application on growth
and tolerance of iberica dragon’s head (Lallemantia iberica) to lead stress. Environmental Stresses in
Crop Sciences, 14(3), 861-871.

AOAC, A. (1970). Official Methods of analysis. th ed. Association of Official Analytical Chemists,
Washington, DC, EUA, 997.

Azad, H., Fakheri, B. A., & Parmoon, G. (2018). The study the efficacy of drought stress and foliar
application of nano iron chelated on antioxidant enzymes activity and yield flower in plant in chamomile
genotypes (Matricaria Chamomilla L.).

Babhulkar, P., Kar, D., Badole, W., & Balpande, S. (2000). Effect of sulphur and zinc on yield, quality and
nutrient uptake by safflower in Vertisol. Journal of the Indian Society of soil Science, 48(3), 541-543.

Barghi, A., Gholipoori, A., Tobeh, A., Jahanbakhsh, S., & Jamaati, E. S. S. (2014). Survey on the effects
of iron nano oxide foliar application on mineral nutrients uptake in potato tuber.

Bourgaud, F., Gravot, A., Milesi, S., & Gontier, E. (2001). Production of plant secondary metabolites: a
historical perspective. Plant science, 161(5), 839-851.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical biochemistry, 72(1-2), 248-254.

Briat, J.-F., Curie, C., & Gaymard, F. (2007). Iron utilization and metabolism in plants. Current opinion in
plant biology, 10(3), 276-282.

Bromand Sivieri, M., Heydari, M., Gholami, A., & Ghorbani, H. (2020). Effects of biofertilizers and foliar
application of iron oxide nanoparticle on grain yield and some physiological characteristics of black
cumin (Nigella sativa L.). Iranian Journal of Field Crop Science, 51(4), 73-83.

Cohen, A. S., Popovic, R. B., & Zalik, S. (1979). Effects of polyamines on chlorophyll and protein content,
photochemical activity, and chloroplast ultrastructure of barley leaf discs during senescence. Plant
Physiology, 64(5), 717-720.

Du, G., Li, M., Ma, F., & Liang, D. (2009). Antioxidant capacity and the relationship with polyphenol and
vitamin C in Actinidia fruits. Food Chemistry, 113(2), 557-562.

Fornazier, R. F., Ferreira, R. R., Pereira, G. J., Molina, S. M., Smith, R. J., Lea, P. J., & Azevedo, R. A.
(2002). Cadmium stress in sugar cane callus cultures: effect on antioxidant enzymes. Plant Cell, Tissue
and Organ Culture, 71, 125-131.

Gill, S. S., & Tuteja, N. (2010). Polyamines and abiotic stress tolerance in plants. Plant signaling &
behavior, 5(1), 26-33.

Hassanpour, N. F., & Ranjber, M. (2019). Effect of lead and putresine interactions on cress (Lipidium
sativum) seedling physiological and biochemical factors.

Ibrahim, F. M., & El Habbasha, S. (2015). Chemical composition, medicinal impacts and cultivation of
camelina (Camelina sativa). International Journal of Pharm Tech Research, 8, 114-122.

Jafarpour, F., Bakhshi, D., GH, M., & Hassan Sajedi, R. (2014). Effect of putrescine on postharvest quality,
and phenolic compounds and antioxidant capacity of Broccoli (Brassica oleracea L. cv. Italica) florets.
Journal Of Horticultural Science, 28(3), 303-311.

Jones, R. A., Sharman, M., Trebicki, P .Maina, S., & Congdon, B. S. (2021). Virus diseases of cereal and
oilseed crops in Australia: current position and future challenges. Viruses, 13(10), 2051.

Kandil, M., El-Saady, M., Mona, H., Afaf, M., & Iman, M. (2011). Effect of putrescine and uniconazole
treatments on flower characters and photosynthetic pigments of Chrysanthemum indicum L. plant. The
Journal of American Science, 7(3), 399-408.

Liu, J.-H., Wang, W., Wu, H., Gong, X., & Moriguchi, T. (2015). Polyamines function in stress tolerance:
from synthesis to regulation. Frontiers in plant science, 6, 827.

Malakoti, M., & Tehrani, M. (1999). Effects of micronutrients on the yield and quality of agricultural
products. Tarbiat Modarres University Publications, 22, 292-294.

Mazid, M., Khan, T., & Mohammad, F. (2011). Role of secondary metabolites in defense mechanisms of
plants. Biology and medicine, 3(2), 232-249.

McCready, R., Guggolz, J., Silviera, V., & Owens, H. (1950). Determination of starch and amylose in
vegetables. Analytical chemistry, 22(9), 1156-1158.

Michal, G., & Bergmeyer, H. U. (1974). Coenzyme A. In Methods of enzymatic analysis (pp. 1967-1987).
Elsevier.


http://dx.doi.org/10.61186/jcb.15.48.178
https://jcb.sanru.ac.ir/article-1-1458-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61186/jcb.15.48.178 |

S Lopies g b g (oS i« s)lagr OLLS, dexd

W Llels” ol 5> (Su5lgaied 5 93, Shes Slao (B g2 s 9 o8] 038 SoS ome 3l (g

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends in plant science, 7(9), 405-
410.

Mohammadi, M., Hosseini, N., & Dashtaki, M. (2016). Effects of nano-ferric oxide and zinc sulfate on
chlorophyll, anthocyanin, flavonoid and leaf mineral elements of peppermint (Mentha piperita L.) at
Karaj climatic conditions. Iranian Journal of Medicinal and Aromatic Plants, 32(5).

Mohammadrezakhani, S., Hajilou, J., & Rezanejad, F. (2018). Effect of foliar spray with putrescine and
proline on some physiological characteristics of peel and pulp of two citrus species in response to low
temperature stress. Research in Pomology, 3(1), 1-12.

Mulabagal, V., & Tsay, H.-S. (2004). Plant cell cultures-an alternative and efficient source for the
production of biologically important secondary metabolites. International journal of applied science
and engineering, 2(1), 29-48.

Mustafavi, S. H., Naghdi Badi, H., S¢kara, A., Mehrafarin, A., Janda, T., Ghorbanpour, M., & Rafiee, H.
(2018). Polyamines and their possible mechanisms involved in plant physiological processes and
elicitation of secondary metabolites. Acta Physiologiae Plantarum, 40, 1-19.

Reis, R. S., de Moura Vale, E., Heringer, A. S., Santa-Catarina, C., & Silveira, V. (2016). Putrescine induces
somatic embryo development and proteomic changes in embryogenic callus of sugarcane. Journal of
proteomics, 130, 170-179.

Ruiz, J. M., Baghour, M., & Romero, L. (2000). Efficiency of the different genotypes of tomato in relation
to foliar content of Fe and the response of some bioindicators. Journal of Plant Nutrition, 23(11-12),
1777-1786.

Seyed Sharifi, R., & Narimani, H. (2021). Effect of biofertilizers and putrescine on biomass and some
physiological and biochemical traits of vetch (Vicia villosa Roth) under rainfed condition. Iranian
Journal of Plant Biology, 13(3), 1-20.

Sinha, S., & Saxena, R. (2006). Effect of iron on lipid peroxidation, and enzymatic and non-enzymatic
antioxidants and bacoside-A content in medicinal plant Bacopa monnieri L. Chemosphere, 62(8), 1340-
1350.

Sozer, N., & Kokini, J. L. (2009). Nanotechnology and its applications in the food sector. Trends in
biotechnology, 27(2), 82-89.

Srivastava, N., Srivastava, M., Manikanta, A., Singh, P., Ramteke, P., Mishra, P., & Malhotra, B. D. (2017).
Production and optimization of physicochemical parameters of cellulase using untreated orange waste
by newly isolated Emericella variecolor NS3. Applied biochemistry and biotechnology, 183, 601-612.

Tang, W., & Newton, R. J. (2005). Polyamines reduce salt-induced oxidative damage by increasing the
activities of antioxidant enzymes and decreasing lipid peroxidation in Virginia pine. Plant Growth
Regulation, 46, 31-43.

Torabian, S., & Zahedi, M. (2013). Effects of foliar application of common and nano-sized of iron sulphate
on the growth of sunflower cultivars under salinity. Iranian Journal of Field Crop Science, 44(1), 109-
118.

Vanacker, S. A., Tromp, M. N., Haenen, G. R., Vandervijgh, W., & Bast, A. (1995). Flavonoids as
scavengers of nitric oxide radical. Biochemical and biophysical research communications, 214(3), 755-
759.

Verma, S., & Mishra, S. N. (2005). Putrescine alleviation of growth in salt stressed Brassica juncea by
inducing antioxidative defense system. Journal of plant physiology, 162(6), 669-677.

Waraich, E. A., Ahmed, Z., Ahmad, R., Ashraf, M. Y., Naeem, M S., & Rengel, Z. (2013). 'Camelina
sativa', a climate proof crop, has high nutritive value and multiple-uses: A review. Australian Journal
of Crop Science, 7(10), 1551-1559.

Wink, M. (2010). Annual plant reviews, functions and biotechnology of plant secondary metabolites. John
Wiley & Sons.

Zahedi, H., & Alipour, A. (2018). Effect of spraying of iron and manganese nano chelated on yield and
yield component of barley (Hordeum vulgare L.) under water deficit stress at different growth stages.
Environmental Stresses in Crop Sciences, 11(4), 847-861.

Zayed, B., Salem, A., & El Sharkawy, H. (2011). Effect of different micronutrient treatments on rice (Oriza
sativa L.) growth and yield under saline soil conditions. World Journal of Agricultural Sciences .

7(2),179-184.


http://dx.doi.org/10.61186/jcb.15.48.178
https://jcb.sanru.ac.ir/article-1-1458-fa.html
http://www.tcpdf.org

