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Abstract
Introduction

Studies have shown that the use of some compounds whose importance is often neglected by
researchers and farmers can have a significant effect on the growth and yield of plants and
increase the amount of essential oil production in medicinal plants. Therefore, this research was
conducted with the aim of investigating the effects of Selenium and Silicon foliar application and
zeolite soil application on the yield and components of seed yield and the percentage and yield
essential oil of Fennel (Foeniculum vulgare Miller.).

Materials and methods

This experiment was carried out in the form of a split split plot (twice chopped) based on a
randomized complete block design with three replications at the Khosrowshahr Agricultural and
Natural Resources Research Center in the 2019 crop year. The first factor included foliar
spraying of calcium (zero and 4 gr/L) and the second factor included foliar spraying of selenium
(zero and 4 gr/L) in the main and secondary plots, respectively, and the third factor was the
application of zeolite (zero, 5 and 10 tons/ha) were placed in sub-sub-plots. In the full ripening
stage, plants were harvested from one square meter of each plot and the dry matter of the whole
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plant, number of seeds per umbels, number of seeds per plant, 1000-seed weight, seed yield,
percentage and essential oil yield were measured.

Results and Discussion

The results showed that the seed yield increased with the application of these treatments, which
resulted in an increase in the yield of fennel essential oil per unit area. Based on the results of the
average data comparison, the use of all three compounds of zeolite, selenium and silicon caused a
significant increase in the yield of fennel essential oil and increased this attribute by 24, 23.1, and
22.5 percent, respectively. Silicon and selenium increased the yield of essential oil by increasing
the seed yield. In addition, zeolite had a positive effect on seed yield through the number of
seeds, while silicon and selenium increased both characteristics of yield components, including
1000-seed weight and number of seeds.

Conclusion

Finally, the yield of fennel essential oil was affected by the use of zeolite, selenium and silicon.
In most cases, all three compounds were effective on the evaluated traits, and therefore, it can be
concluded that these three compounds were effective in increasing the yield and yield
components of fennel with different mechanisms. Therefore, it can be concluded that these three
compounds work through different mechanisms to enhance the yield and quality of fennel
essential oil, positioning them as effective tools in sustainable agriculture and the optimization of
medicinal plant production.

Keywords: 1000-seed weight, Foliar application, Seed yield, Total dry matter.
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Table 1. Result of soil analysis test
Soil Absorbable Absorbable Total Organic Saturation Ec
texture Clay Silt Sand potassium phosphorus nitrogen Carbon percentage pH (ds/m)

(mg/kg) (mg/kg) % (%) SP%

s e 13% 50% 37% 304 61 0.12 1.29 47 8.17 5
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Table 2. Variance analysis of measured traits of fennel under the influence of different levels of

selenium, silicon and zeolite

Mean squares

The The
Number Number . .
number weight Essential .
of of seeds Seed . Essential
S.0.vV df of seeds of one . oil oo
umbels inth per h d yield oil yield
er plant in the plant thousan percentage
P umbels seeds
Block 2 4,77 1.55 9.13 0.09 40904 0.06 62.68
Silicon (a) 1 442.4 17.64** 9 0.75 431167* 0.08 1312*
Block*a 2 62.92 0.001 8.86 0.06 11713 0.03 60.35
Selenium (b) 1 469.44**  22.4**  67.24* 0.69 669505* 0.05 1866*
a*b 1 85.25** 0.004 0.32 0.01 7327 0.001 15.47
Block*b(a) 4 0.98 0.47 5.67 0.1 64986 0.02 128.89
Zeolite (c) 2 36.75 2.47 25.83* 0.31* 278942* 0.04* 797.13**
a*c 2 35.33 1.05 0.28 0.008 18891 0.001 45.86
b*c 2 41.83 1.74 4.16 0.33* 15562 0.022 4654
a*b*c 2 63.56 0.02 1.25 0.03 7665 0.02 8.92
Error 16 29,51 1.74 7.09 0.07 46719 0.009 127.68
C.V{) - 11.66 12.68 12.27 17.17 14.99 1.94 15.86

ns

., and ": non-significant, significant at p<0.0/ and p<0.05, respectively
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Figure 1. Comparison of the average number of umbels in a fennel plant under the influence of

selenium (a) and zeolite (b) treatment

Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.
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Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.
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Figure 3. Comparison of the average number of seeds in a fennel plant treated with selenium (a),

silicon (b) and zeolite application (c)
Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.

Weight of one thousand seeds
)}

Weight of one thousand seeds

0.0 4.0 0.0 4.0
Selenium (g/L) Silicon (g/L)

Figure 4. Comparison of the average weight of fennel seeds treated with selenium (a) and silicon (b)
Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.
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Figure 5. Comparison of the average yield of fennel seeds treated with selenium (a), silicon (b) and

zeolite application (c)

Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.
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Figure 6. Comparison of the average percentage of essential oil under zeolite treatment (a) and
fennel essential oil product under the influence of selenium (b), silicon (c) and zeolite (d) treatment
Treatments with at least one common letter did not differ significantly from each other in Duncan test at

the level of 5% probability.
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