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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 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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(Soheil, L69) and two foliar spraying times (Time1, Time2). Treatments that do not have significant 

differences are marked with the same letters. 
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Figure 1- Continued 
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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 (Time1, Time2). 
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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 
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