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Camelina, an oilseed plant in the Brassicaceae family, is extensively utilized in the food and
pharmaceutical industries. This study aimed to investigate the effects of micronutrient foliar
application on the growth and yield traits of two camelina genotypes (Soheil cultivar and
Line-69) during the periods 1400-1401 and 1401-1402 at the Agriculture Research Station

K_eywords: of Ferdowsi University of Mashhad, Mashhad, Iran. The experiment was conducted as a
L'F‘E'G‘-" . . factorial design based on a completely randomized block with three replication, considering
M_lcronutrlent solution, both cultivar and line. The applied treatments included foliar application of FeSO4, ZnSQOa,
Oil plant, MnSOs, a combination of micronutrients (FeSOa, ZnSOs, MnSO4), distilled water, and a

Soheil cultivar,
Yield component.
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control. These treatments were applied at two stages: 50% flowering and 50% podding. The
results of mean comparison revealed that, over two cropping years, the highest 1000-grain
weight (1.20 grams) was attained in the Soheil cultivar during the 50% flowering stage in
the first cropping year, following the application of MnSO4 by foliar application. The highest
number of pods per plant (214 pods) was also observed in the Soheil cultivar during the 50%
flowering stage, achieved through foliar application of FeSO4in the second crop year. Under
the effect of genotype, the highest seed yield per hectare was obtained in the Soheil cultivar
(1930 kg/hectare). Additionally, with the foliar application of FeSO4treatment, the quantity
of seed yield per hectare reached 2049 kg/hectare. Considering the importance of planting
oil plants, including camelina, it is necessary to increase the area under cultivation and the
quality production of camelina by foliar application appropriate management strategies.
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EXTENDED ABSTRACT

Introduction

Camelina is an oilseed plant belonging to the
Brassicaceae family, widely utilized in the food and
pharmaceutical industries. In Iran, farmers primarily use
macronutrients to enhance crop yield, but the
significance of micronutrients for increasing yield is also
recognized. The application of micronutrients provides
essential nutrients to plants rapidly and compensates for
deficiencies that decrease growth. Key micronutrients
such as iron, zinc, and manganese play crucial roles in
promoting optimal growth and development in plants.

Materials and Methods

To study the effect of micronutrient foliar application on
the yield and yield components of the oilseed plant
Camelina, a field experiment was carried out as a split
factorial experiment based on randomized complete
block design with three replications and two genotypes.
The treatments included genotypes (cultivar Soheil and
line 69), foliar application stages (50% flowering and
50% podding), types of micronutrients: FeSO. (4 kg/ha),
ZnSO; (3.6 kg/ha), MnSO; (2.5 kg/ha), and a
combination of the three micronutrients (3.8 kg/ha),
along with distilled water and control. Data analysis and
visualization were performed using SAS software
version 9.2 and Excel. Duncan's multiple range test was
applied for mean comparisons at a significance level of
5%.

Results and Discussion

The traits of 1000-grain weight, seed yield, biological
yield, and harvest index revealed statistically significant
effects. The mean comparison results revealed that the
maximum 1000-grain weight (1.20 g) was obtained in the
Soheil cultivar during the 50% flowering stage in the first
cropping year following foliar application of MnSOa.
Similarly, the highest number of pods per plant (214) was
recorded for the Soheil cultivar during the 50% podding
stage in the second cropping year with foliar application
of FeSO4. About genotype effects, the Soheil cultivar
produced the highest seed yield per hectare (1930 kg/ha).
In addition, under the effect of FeSO4 foliar application,
the maximum seed yield per hectare (2049 kg/ha) was
achieved. Based on the results, the harvest index showed
a significant difference only under the effect of the year
(Table 3). The harvest index in the first agricultural year
(42.4%) was higher on average compared to the second
year (35.0%).

Foliar application of micronutrients, by establishing a
balance between source and sink through delaying the
senescence process and converting late flowers into pods,
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ultimately leads to increased grain weight and improved
yield (Kumar & Padbhushan, 2013; Banerjee et al.,
2019). Foliar application of FeSO, enhances starch and
sugar synthesis in leaves and their accumulation in grains
by increasing photosynthetic pigment content and
photosynthesis efficiency at the leaf level, resulting in
increased grain weight and vyield (Malakouti, 2008).
According to the seed yield data from the first cropping
year, the amount of seed produced during this period was
less than that of the second year; therefore, competition
among sinks for photosynthates was lower, producing
larger seeds. There is a negative relationship between
seed number and seed size, such that as seed number
increases, seed size decreases (Chen et al., 2009).

The effect of foliar application of micronutrients on
increasing the weight of 1000 grains in the Sohail
genotype and Line 69, at both flowering and podding
stages over two consecutive years, is clearly evident. The
greatest impact of foliar application on increasing the
weight of 1000 grains, an important yield component,
was related respectively to the combined foliar
application of MnSO. and ZnSO4 micronutrients (Table
4). This study aligns with the findings of Pal et al. (2021)
and Saudy et al. (2021), which reported significant
increases in yield and yield components in sesame
following foliar application of a combination of iron,
manganese, and zinc micronutrients. This effect is
attributed to the synergistic impacts of combined
micronutrients on  photosynthetic  efficiency, net
assimilation rate, and improvements in seed and oil yield
(Pal et al., 2021).

The application of iron and its effects on various
physiological and biochemical pathways, including
photosynthetic activity and the translocation of
assimilates towards the sink, are well understood.
Ultimately, this leads to maximum seed yield, increased
thousand-grain weight, and improved crop performance
(Vaghar et al., 2020).

Conclusion

In general, the results indicated that the foliar application
of micronutrient under suitable environmental conditions
and critical growth stages of the plant can play an
important role in improving yield and its components.
Foliar application of micronutrients in Soheil cultivar and
line 69 during both the 50% flowering and 50% podding
stages, particularly in the second year, had a notable
impact. Soheil cultivar revealed the highest 1000-grain
weight, seed yield per hectare, and biological yield.
Additionally, the harvest index was significantly higher
in the first year.
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Figure 2- Average variation in seed fresh (C) and dry (D) weight of two camelina genotypes
(soheil cultivar and Line-69) at diverse sampling times during two crop years.
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Figure 3- Average variations in fresh (E) and dry (F) weight of seed camelina at diverse sampling times under the
influence of micronutrients foliar application during two crop years.
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Figure 4- Average variations in fresh (G) and dry (H) weight of camelina seed at divers sampling times under the effect
of stages micronutrient foliar application during two crop years.
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Table 3- Variance analysis of yield traits of soheil cultivar and line-69 under the influence of micronutrient foliar
treatments during the cropping year 2021-2022 and 2022-2023

Sl o S
5 T . Mean Square
SOV DF (¢l 055 S S dms S Ll als
%/309' grain (C;_’l;)’& Biologic yield ~ Harvest index
eight(gr) Seed yield/ha(Kg)

) dl 1 0.544™ 5233321 54250590™ 1935
) gl 4 0.0001 136767 36757 64.0
A) 555 1 0.153" 644408" 1218448" 72.3m

YxA 1 0.028" 8946" 68731 1.07"
AY sl 4 0.0003 45269 142047 32.9
(B) 24 d gons 4 o 1 0.0001" 599841 34086" 0.360"
(©) a5 dshoms 5 0.011* 523794™ 1274947 45.2"s
AxB 1 0.001" 18203 6480 17.5m
AxC 5 0.005™ 12947 49904 12.5m
BxC 5 0.010™ 54517 31311™ 12.21
AxBxC 5 0.018" 10357 1943211 5.87"
YxB 1 0.016™ 3938 7891 1.36
YxC 5 0.011* 36691 270939" 18.8™
YxAxB 1 0.007" 158" 349478 29.3"
YxAxC 5 0.003" 1391" 190492 16.0
YxBxC 5 0.004™ 454 1296291 6.45"
YxAxBxC 5 0.003" 16121 18776"™ 3.63™
Ti f:;r 88 0.0002 36789 133326 24.6
S 1.32 10 7.47 12.8

Coefficient of variation

Loy ) kalclz.d): Sols sae g oy 0 Jk}lchwja Sl e cdo )30 dLmblclaw): Sl gma pde 5 ** % ns
** * ns, non-significance at the 5% probability level, significance at the 5% probability level, and significance at the 1%

probability level, respectively.
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Table 7- Interaction of year x cultivar x foliar application stage x micronutrient solution on 1000-grain weight of
Soheil and Line-69 cultivars during the crop year 2021-2022 and 2022-2023
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*Means with common letters are not significantly different at 5% probability level based on Duncan's test.
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Table 5- The effect of cultivar interaction on the traits of seed yield per hectare and biological yield per hectare in
two cultivars, Soheil and Line-69

N (S 55 0 85k 5o 5 Shes S 55 0 FokS) 055 3 Shose
Genotype Seed yield(Kg/ha) Biologic yield(kg/ha)
e 1930 a 4981a
Soheil
2%
o 179 b 4797 b
Line-69

I ol e sl Sls 0sa3T bl s s e Jlaz>| cb.» 3¢S mhe oy sl 6‘-‘&_?“'%‘**
*Means that have at least one letter in common have no significant difference at the 5% level of Duncan’s test.
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Table 6- The interaction effect of micronutrient solution on seed yield per hectare and biological yield per hectare in
two cultivars, Soheil and Line-69

Golraj s J s OESs 3 ¢ 8568 54 s Shae QLS 3 p 5k &S50 5 Shae
micronutrient solution Seed yield(Kg/ha) Biologic yield(kg/ha)
AT Ol
oAl ol 2049a 5097a
FeSO4
oW
S 1951ab 5023a
ZnS04
2K W
e 1915b 5010a
MnSO4
= 1872b 5010a
Mix
e T
. J]w ) 1754c 4655b
Distilled water
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1635d 4542h
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I 63 g sl (Sl 0 gaST el s ys ety Jlozm! o 53 85 e U3y (15 (sl SSLe
* Means with common letters are not significantly different at 5% probability level based on Duncan's test
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Table 7- The effect of year interaction on biological yield and harvest index in two soheil cultivar and line-69 during
crop year 2021-2022 and 2022-2023

Jl LS 53 0 5 AS) &5 50 5 Shos Sl e ls
Year Biologic yield (kg/ha) Harvest index
2021-2022 4275b 42.4a
2022-2023 5503a 35.0b

I N3 e 3l Sl & gaST el s ey Jlosm! o 53 85 2 U3y (T (sl o SSLee
*Means that have at least one letter in common have no significant difference at the 5% level of Duncan’s test.
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Table 8- Correlation of traits of seed yield per hectare, 1000 grain weight, biological yield and harvest index
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A B C D
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