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Image analysis of camelina (Camelina sativa) seeds produced under micronutrient
foliar treatments and its effects on germination percentage and speed
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Abstract

Camelina (Camelina sativa) is an important oilseed crop from the Brassicaceae family. This plant is important due to its
industrial, health and food applications, and the cultivated area of this product is increasing, and important features of this
plant. It can be attributed to the low need of this plant for inputs and high resistance to biotic and abiotic stresses. A factorial
experiment in the form of a complete block design using SAS statistical software of the seeds of two varieties of Camelina
(Sohail and Line 69) in terms of the effect of foliar spraying of micronutrients iron, zinc, manganese and the combined
treatment and the control treatment immediately after closing After the formation of 50% of the seeds, foliar spraying was
done and it was investigated during 3 repetition. The images prepared from Camelina plant embryos were evaluated and
checked and the results of image analysis were compared with the results of the germination. The results of this experiment
showed that the seed of line 69, which had the minimum cotyledon length, the minimum embryonic axis length, the minimum
seed length and the maximum seed width in the combined foliar spraying treatment, had the minimum ratio of the embryonic
axis length to the seed length, the minimum cotyledon length ratio It is related to the seed length and the minimum seed length
to width ratio that the smaller size of the seed in line 69 has led to a decrease in the percentage and speed of germination.
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Table 1- The names of cultivars used in each crossing in Camelina plant
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Table 2- Variance analysis of embryonic axis length, cotyledon length, seed length, seed width, cotyledon
length to seed length ratio, cotyledon length to seed length ratio, seed length to width ratio and percentage
and germination rate of Camelina under the influence of treatments Micronutrient spraying.
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Figure 1- Chart comparing the characteristics of embryonic axis length (a), seed length (b), seed width (c)
and the ratio of embryonic axis length to seed length (d) under the effect of foliar spraying of micronutrients
including: iron (Fe), zinc (Zn)), manganese (Mn), combined treatment (Fe+Zn+Mn) and two seed varieties
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Figure 2- Comparison graph of the average characteristics of cotyledon length (a) and ratio of cotyledon
length to seed length (b) under the effect of foliar application of micronutrients including: iron (Fe), zinc
(Zn), manganese (Mn), combined treatment (Fe+Zn+ Mn) and two seed varieties (Soheil, L69). Treatments
that do not have significant differences are marked with the same letters.
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Figure3- Comparison chart of average seed length to width ratio under the effect of two seed varieties
(Soheil, L69)
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Figure 4- Comparison graph of the average characteristics of germination speed (a) and germination

percentage (b) under the effect of foliar application of micronutrients including: iron (Fe), zinc (Zn),
manganese (Mn), combined treatment (Fe+Zn+Mn) and two seed varieties (Soheil, L69) and two spraying

times (Timel, Time?2).
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Figure 5- (A-B) Camelina line 69 seed images of different types. (C-D) Images of camellia seeds of Sohail
variety. In this figure, Camelina seeds can be seen in a rectangular shape, and (a) a layer of mucilage
surrounds the seeds, because the seeds were kept in a petri dish containing distilled water for 5-10 minutes to
harvest the embryos. (b) Embryonic involvement of the seed, which can be well seen from the seed coat. (c)
They are cotyledons. (d) Seed length in mm. (e) Seed width in mm.
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Figure 6- (A-B) pictures of extracted mature embryos of fully ripe seeds of line 69 of Camelina plant. (C-D)
The images of extracted mature embryos of fully ripe seeds of Sohail variety of Camelina plant can be seen.
In these images, (a) the embryonic axis of the seed and (b) the cotyledons, (c) the length of the embryonic
axis and (d) the length of the cotyledons can be seen. Depending on the type of seed variety and nutritional
treatment applied and the time of spraying, the length of the embryonic axis and cotyledons, as well as the
ratio of the length of the embryonic axis to cotyledons, are different.
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Figure 7- In these images, examples of damaged embryos of Camelina plant seeds line 69 can be seen, and
the damaged parts of the embryonic axis are marked with red lines. (A) Severe damage to the embryonic axis

and cotyledons. (B) moderate damage involving part of the cotyledons. (C shows minor damage in a small

part of the cotyledon. Damages have been caused during different stages of growth and development in

different parts of the seed embryo, and the damaged parts are visible in a darker and duller color than the
healthy parts

Gla LT (gl LS 5,50 SULSS sl Ll 5 L

338 (o G Sl s p o5 Sl b

93 8l 639 3 I 5 ok dems g0 5o oy LT )

Reference &

Angelini, L., A. Chehade, L. Foschi, and S. Tavarini. 2020. Performance and Potentiality of Camelina
(Camelina sativa L. Crantz) Genotypes in Response to Sowing Date under Mediterranean Environment.
Agronomy. 10:1929-1950. DOI:10.3390/agronomy10121929.

Bakhshi, B., H. Rostami, and H.M. Fanaei. 2021. Camelina, an adaptable oilseed crop for the warm and
dried regions of Iran. Cent. Asian J. Plant Sci. Innov. 1(1): 39-45. DOI:10.22034/CAJPSI.2021.01.05.

Bayat, P., M.A. Ghobadi, and G. Mohammadi.2020. Evaluation of the ability of standard seed germination
test in laboratory conditions to predict the emergence and establishment of chickpea (Cicer arietinum L.)
seedlings. Seed Sci. Technol. 2(5): 35-50

Campos, L.P., et al.2022. Radiographic Imaging as a Quality Index Proxy for Brachiaria brizantha Seeds.
Plants (Basel). 11(8): 1014. DOI: 10.3390/plants11081014.

Feiyu, Z, P. Paul, W. Hussain, and H. Walia. 2021. SeedExtractor: An Open-Source GUI for Seed Image
Analysis. Front. Plant Sci. 11. DOI: 10.3389/fpls.2020.581546.

Jalil shesh bahre, M., and M. Movahedi Dehnavi.2012. The effect of foliar application of zinc and iron on
the root of soybean seed grown under drought stress conditions.  Journal Crop Prod. 5(1): 19-35.

Khalilvand Behruzyar, E, and M. Yarnia.2017. Effects of foliar spraying of methanol and some nutrients
on the mother base of hybrid 704 corn on some quantitative and qualitative characteristics of the seed. Iranian
J. Seed Sci. Technol. 5(2): 133-142. (In Persian, with English Abstract)

Vo0



\\C‘VJLQ.!/\ e‘)w/\v.ua-/ﬁ)\jll);\{é‘)jwjr)lﬁgfﬁ Qb&aﬁ)@\.«:-)

Goiba, P.K., A.G. Durgude, and C.A. Nimbalkar.2020. Effect of Seed Priming with Iron and Zinc on Yield
Contributing Parameters as well as the nutrient uptake of the Soybean (Glycine max) in Calcareous Soil. Asian
J. of Soil Sci. 17" Feb.

Hemender, S., V.S. Mor, and Y. Jitender. 2018. Image Analysis: A Modern Approach to Seed Quality
Testing. Curr. J. Appl. Sci. Technol. 27(1):1-11. DOI: 10.9734/CJAST/2018/40945.

ISTA. 2011. International rules for seed testing. The International Seed Testing Association (ISTA), Zurich,
Switzerland.

Lixia, y, and R. Li. 2020. Metabolic Engineering a Model Oilseed Camelina sativa for the Sustainable
Production of High-Value Designed Oils. Front. Plant Sci. 11. DOI: 10.3389/fpls.2020.00011.

Munawar, B., M. Ikram, and R. Ashraf. 2013. Effect of seed priming with zinc, boron and manganese on
seedling health in carrot (Daucuscarotal..). Int. J. Agric. Crop Sci. 5(22): 2697-2702.

Panjtandoust, M., A. Sorushzadeh, and F. Ghanati. 2010. The effect of soil application and iron solution
spraying on some quality characteristics Peanut plant seed (4rachis hypogeas L) in alkaline soil. Plant Biol. 5:
37-50. (In Persian)

Stewart, Z.P., E.T. Paparozzi, and C.A. Shapiro.2021. Effect of Foliar Micronutrients (B, Mn, Fe, Zn) on
Maize Grain Yield, Micronutrient Recovery, Uptake, and Partitioning. Plants. 10: 528-553. DOI:
10.3390/plants10030528.

Utami, E., and S. Hariyanto. 2016. The Effect of Organic Nutrient and Growth Regulators on Seed
Germination, Embryo and Shoots Development of Dendrobium antennatum by In Vitro. Biosaintifika J. Biol.
Biol. Edu. 8(2): 165-171. DOI: 10.15294/biosaintifika.v8i2.5165.

Zarei, M., R. Tavakkol Afshari, and M. R. Jahansooz. 2022. Morphophysiological dormancy in Smyrnium
cordifolium Boiss: Germination requirements and embryo growth. J. Appl. Res. Med. Aromatic Plants. 30:
100385-100395. DOI:10.1016/j.jarmap.2022.100385.

Vey



