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Introduction

Food security is one of the basic needs of any society. Studies have been conducted on the foliar application
of elements, especially silicon, calcium, and potassium, to reduce the adverse environmental effects on the
physico-mechanical properties of cereals and improve their growth and development in order to maintain food
security. Lodging, which is caused by a decrease in the mechanical properties of the plant stem's flexural
strength, is characterized by bending or fracture that changes the angle of the grain stem from the vertical
position. Due to the important factors involved, an important aspect of performance is directly and indirectly
related to the occurrence of fungal diseases and nutrient-related issues affecting the physico-mechanical
properties of the plant, such as flexural strength. The efficacy of silicon, calcium, and potassium in addressing
these concerns is notable.

Materials and Methods

This research was conducted at the research farm of the Faculty of Agriculture, Shahroud University of
Technology, located in Bastam. The seeds of the Reyhan cultivar, a high-yielding and early spring-type barley
plant suitable for regions with mild winters and short springs, were used in this study. Planting operations
followed agricultural principles, and irrigation was carried out using atmospheric and ridge methods. The first
irrigation took place after planting, and subsequent irrigations were performed at eight-day intervals. Harvesting
was done manually at the end of the growing period, specifically 115 days after planting.

The experiment followed a factorial design and utilized a randomized complete block design with three
replications. On July 11 (115 days after planting), a harvest sample measuring 50 cm? was taken from each
experimental plot, accounting for the margins, to determine the yield.

For the barley stem bending test, a three-point bending test was conducted using a material testing machine.
The probe applied a loading speed of 5 mm.min™. A specially designed jaw was used for the barley stem cutting
test, taking into consideration the characteristics of the barley plant. The incision test was performed on the
second median, and the loading speed was set at 20 mm.min™.

Results and Discussion

The main axial stem serves as a storage organ, supporting the filling grains through stock re-transference. A
desirable trait is having a higher dry weight in the stem. Among the treatments, foliar application of 6 mM
calcium chloride, along with sodium silicate at all three levels and spraying with 12 mM silicon at concentrations
of 150 and 300 mg.L™, showed statistically superior results.
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Stem diameter is an important attribute related to plant strength, stability, resistance to lodging, and certain
fungal diseases. The control plants had a stem diameter of 2.63 mm, which significantly improved with the
treatment compounds. Barley stem wall thickness increased significantly with both 150 and 300 mg.L™ levels of
calcium chloride, combined with all three levels of sodium silicate spraying. These factors play a role in
determining the ultimate photosynthetic destination, as well as the efficiency and economic production of the
target seed cultivar or crop.

The results indicated a significant increase in grain yield when simultaneously applying 10 mg.kg™ silicon
with 6 mM calcium chloride, showing a 65% improvement compared to the control. Treatment with three
potassium sulfate variations, combined with either 6 or 12 mM calcium chloride, or 12 mM calcium chloride
alone, enhanced the flexural strength of the stem by 75%, 60%, and 62%, respectively. Among the treatment
compounds studied, the shear strength of barley stems ranged from 2.63 MPa to 5.43 MPa. Plants treated with
sodium silicate at concentrations of both 150 and 30 ml.L™, in conjunction with 6 mM calcium chloride foliar
application, exhibited higher shear strength compared to other treatments.

Conclusion

This study demonstrated the tripartite effect of the treatments. The treatment composition derived from a
surface area of 300 ml.L™* of sodium, combined with 6 and 12 mM calcium chloride without potassium sulfate,
had the greatest impact on flexural strength and stem diameter.
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Table 2- Mean squares of dry matter in stem and Sheath, stem diameter, thickness of the stem wall and yield affected by
sodium silicate, calcium chloride and potassium sulfate foliar application

BYve iy IO eyl anys adle SUis 2ok e SUis ke a8lw yhd aBlw 8ylged Cwlns &y 3 Slos
S.0.V. d.f Stem dry matter Sheath dry matter Stem diameter  Stem wall thickness  Grain yield
)"S_J_ 2 42375.82 317.34 0.01 0.014 80749.86
Repetition
@) "_’*"\“ u o 2 2907.52 754.07 0.14** 0.0014 94920.52
Sodium silicate
(b)_ i J)’Js 2 292802.53* 642.17 0.095** 0.02** 49999.48
Calcium chloride
(©) WLJ s 1 31795.72 2695.39 0010 0.003 26781.37
Potassium sulfate
axb 4 77485.44** 2747.03 0.05** 0.012** 121240.05*
axc 2 235251.88** 2075.76 0.17** 0.0018 213002.02*
bxc 2 25182.07 1192.66 0.009 0.0027 10170.26
axbxc 4 586139.99** 9444.01** 0.33** 0.0059 92041.04
Erroris 34 16650.30 1047.33 0.009 0.0026 40542.75
Ol pds
P 1.00 22.82 3.39 13.48 19.17
CV (%)

TN 9 70 Jloin] o )3 S5 xe ol s g
*and ** are significant at the probability level of 5% and 1%, respectively
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Figure 3- The effect of sodium silicate and calcium chloride foliar application on stem dry weight
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Figure 4- The effect of sodium silicate and potassium sulfate foliar application on stem dry weight
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Figure 5- The effect of sodium silicate and potassium sulfate foliar application on stem diameter
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Figure 6- The effect of sodium silicate and calcium chloride foliar application on stem diameter
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Figure 7- The effect of sodium silicate and calcium chloride foliar application on stem wall thickness
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Figure 8- The effect of sodium silicate and calcium chloride foliar application on Grain yield
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Figure 9- The effect of sodium silicate and potassium sulfate foliar application on Grain yield
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Table 3- Mean squares of flexural and shear strength of stem under foliar application of sodium silicate, calcium chloride and
potassium sulfate

i aalio @il anyd Bl (ool Cuoglile a8l o 0 Croglio
S.O.V. d.f Stem flexural strength  Stem shear strength
Repetition ,I,s5 2 0.013** 1.54
(@) o 2L 2 0.005%* 139.88**
Sodium silicate
(B) el 15 2 0.003 36.77
Calcium chloride
© oy g 1 0.001 2354
Potassium sulfate
axb 4 0.001 162.02**
axc 2 0.0003 24.83
bxc 2 0.005** 35.13
axbxc 4 0.003* 27.28
Error s 34 0.00095 21.80
S S 26.7 25.2
CV (%)

TN 9 7 Jlossl paws (3 )l gxe sy st g
*and ** are significant at the probability level of 5% and 1%, respectively
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Figure 10- The effect of calcium chloride and potassium sulfate foliar application on the stem flexural strength
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Figure 11- The effect of sodium silicate and calcium chloride foliar application on stem shear strength
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Table 4 - Mean comparison for stem and sheath dry matter, stem diameter, and stem flexural strength affected by the
interaction of foliar application of sodium silicate, calcium chloride, and potassium sulfate

Treatments L Loy Mean values of measured properties 0§ 5 0311 b (il pdl0
gt Sl el 2,85 iy Ol Bl S ol M S ool FENNA Bl ol Canglio .
iﬁﬂ:‘;{: Sr?:g:? drg Potassiuml Stem dry2 Sheath dry2 Stem diameter Stem Flexural strength

(mgl™) (mM) sulfate (mgl™) matter (gm™) matter (gm™) (mm) (MPa)
Zero zero 338.20" 75.17° 2.63 0.03¢

20 1098.00% 164.0%® 3,010 0.10%

Jero 6 zero 1041.00%¢ 159.20%¢ 2.96™" 0.11p%™
20 681.60%" 96.22% 3.02°" 0.10%

12 zero 449.20%" 175.90® 2.59 0.10%

20 889.80 141.200%% 2.90" 0.10%

Zero zero 875.10° 211.20° 3.15% 0.11b™

20 200.40' 9457 2.75Y 0.08%

150 6 zero 645.301 134.90°® 3,084 0.12°
20 1147.00° 164.50% 2.92%" 0.14%¢

19 zero 735.80%" 138.10°® 2.75Y 0.10%

20 1038.00% 108.40°% 3.19¢ 0.11°

Zero zero 546.30™" 173.50% 3.09%f 0.11°

20 626.00" 150.50 3.07%1 0.116°

300 6 zero 893.10¢ 105.70%%f 3.56" 0.119°«
20 702.90%" 149.10° 3.05%" 0.19%

19 zero 1098.00% 160.40% 3.98% 0.16%®

20 666.20°" 144,20 3.37° 0.099%

ol (610 Gize iglas onimd yLis gt B )d Syl juE By
Non-common letters in each column indicate a significant difference
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