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Introduction

Silicon is increasingly recognized as a beneficial element for improving plant growth by enhancing physiological,
biochemical, and molecular responses. It plays a role in various plant processes like osmosis, metabolism, stomatal
physiology, and phytohormone relationships. Some researchers believe that silicon, as a signaling molecule, reduces
damage caused by reactive oxygen species and ionic leakage by increasing the plant's antioxidant defense capacity.
silicon plays a significant role in increasing the accumulation of photosynthetic materials in seeds; researchers attribute
this increase to the flow of assimilates towards the seed, reduced source limitation, enhanced sink capacity, and
improved remobilization of photosynthetic materials. The results indicate that silicon can affect the production and
allocation of dry matter and the relationship between source strength and sink size. The consumption of silicon leads to
favorable interactions with fertilizer elements such as potassium, thereby enhancing agronomic traits and improving the
efficiency of this element to increase yield. Potassium plays a crucial role in osmotic control, enzyme activity,
regulating cell pH, maintaining the balance between anions and cations within cells, controlling evaporation and
transpiration through stomatal regulation, and aiding in the transport of metabolic materials from photosynthetic
activities, ultimately improving yield by increasing leaf area and chlorophyll content. It has been shown that the
application of silicon improves biomass, seed yield, and tiller number in several crops. Bitter vetch is a forage plant
from the legume family and is native to regions in West and Southwest Asia, cultivated in various countries, including
Iran. Bitter vetch is ecologically adaptable to drought and has always been of interest due to its high nutritional value,
short growing period, and ability to fix soil nitrogen. The research aims to investigate the effect of silicon as a signaling
molecule in nutrient remobilization in bitter vetch to enhance yield.

Materials and Methods

In order to investigate the effect of potassium silicate levels (control (distill water), 2/1000, 3/1000, 4/1000 and 5/1000)
on bitter vetch plant yield, an experiment was conducted in the form of a randomized complete block design with three
replications at the Faculty of Agriculture, Ferdowsi University of Mashhad, Iran. In this study, local seeds from
Lorestan province were used. The seeds were manually planted at a depth of two centimeters in the soil in the first half
of February 2022. The application of potassium silicate was carried out in two stages as foliar spraying. The first stage
took place at the time of pod formation and 10 days after first application. At the end of the growth season,
morphological traits including plant height, lowest pod hight, number of secondary branches in five plants, 1000- grain
weight and yield traits were were measured and recorded. Statistical analysis was performed using the LSD method.

Results and Discussion

The application of potassium silicate significantly affected plant height, leaf canopy height, number of secondary
branches, seed weight, seed yield, biomass, and harvest index. Silicon plays a role in strengthening the cell walls of
stems and leaves, enhancing their physical strength, which can improve plant growth and light absorption by leaves,
thereby stimulating plant growth. The results showed that the highest grain yield and biological yield in the foliar
spraying treatment were 5/1000 and 4/1000 potassium silicate, which increased by 28 and 44%, respectively, compared
to the control. In addition, the highest plant height, the number of branches and the weight of 1000- grain weight were
observed in treatment of 5/1000 potassium silicate. The results showed that grain yield has a positive and significant
correlation with the number of sub-branches (r = 0.51™), 1000- grain weight (r = 0.65™) and biological yield (r =
0.46™), respectively. In the present experiment, the positive and significant correlation of seed yield with the weight of
1000- grain weight and biomass shows that the process of transferring and distributing photosynthetic products to the
reservoir is directly related to the source. The application of potassium silicate had a positive impact on various
physiological processes, leading to increased biomass production and ultimately enhancing seed yield.
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Conclusion

The application of potassium silicate significantly increased seed yield and had positive effects on various yield
components of bitter vetch plants. Silicon application during the formation of sheath and sheath development enhances
the translocation of photosynthetic materials to reproductive organs, ultimately improving plant performance.
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Table 1: Physical and chemical properties of experimental field soil (0-30 cm)

Soil Electrical Mineral — Organic . ., Phosphorus  Potassium
L S . . itrogenc/)
Year acidity ~conductivity (dS.m™) Texture  carhon /) carbon (1) g (mg.kg?)  (mg.kg?)
2022 8.12 1.98 Loam 1.25 0.65 0.068 16.3 126
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Fig. 1: Growing conditions for bitter vetch crops resulting from the sowing dates to harvest time. The range between the
two points shows the period of bitter vetch growth

)).]a..uu MCM—T}&;OJ\J—'\ 4.’\.5 )\JA Q)}jb}.vcﬂ u-‘*‘lid_}l"‘ Q)}JM“}JA}J r.:*ﬂb.: uw?w .)f)ls
A wbu Q.J:‘bj.: ua;—L; Ji) aJslee J\ bJLﬂ:wd‘L A cbul J}‘ dJlLidjbu )‘ BETISED) Vo QT J‘)-{"‘

5 goladl s Slae BY el (s ls HE dalas ol o SMlS g 4 ilE Ja LG Dl 3 eslizad
el (S35 g 2 Shes BY Jhows 555 gl Slele 53 LS mhv 55, CxS
o Sl S 02 e S A
Sl DS e by sy g by gladl ol Pl Jols Sdinse Sliv A, Juad slesl o
L3 10 s0) ST gles 3 Od SKEs Sl e 5 eld 03 b ol (S sl OV Gl el

ARN%



g 3o JUSI bty Sk 3101 K08 5 S

Loy g gl ¥ (s iy 4 bl (gilalis 51 ) LOT a5y (Cusb,
B Gl el Wy fi)l Sl sl oalesl 5 bl oSl slie 5 aesls (ol Jlowi ey o A (s
GJ}; \;.»«.L) 44.’3\.) inw cd.’o\) )‘JA Q)_} cd.';},a DL 4;—[,;; _)\J@j rj_r Jﬂ—w}g J\_~.ﬁ).> @' ch)J LSD Ji:_}) )‘ e.)u.’:_w‘

Sl b s s pme by il p asls A el R4 153

(Y dsie) A S 515 el

Table 2: Analysis of variance (mean square) effect of potassium silicate on plant hight, lowest pod hight, branch
number, yield , biomass and hrvest index (HI) of studied traits in Bitter vetch

Plant Lowest Branch 1000- grain . .

S.0V df hight pod hight No weight Yield Biomass HI

Block 2 3.58 5.20 0.065 1.20 49.40 12680 0.009
Potassium silicate 4 4.58" 6.28™ 0.737™ 24.89" 173" 9873" 0.003"

Error 12 1.15 0.92 0.39 2.22 13.60 1765 0.0008

CV% 4.87 11.89 10.38 4.92 4.65 12.33 12.34
ns, * and ** non significant at 5 % probability level and significant at 1 and 5 % probability levels.
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Table 3: Effect of potassium silicate on plant hight, lowest pod hight, branch number, yield , biomass and hrvest index
(H1) of studied traits in Bitter vetch

Pcs);[ﬁsczltlé m Plant hight (cm) Lowest(grc:g height Branch No 1000- grain weight (g) HI (%)
Control 20.36° 11.01%® 5.57¢ 25.59° 23P
2/1000 21.44% 8.55° 6.06% 29.822 21°
3/1000 21.77® 10.01® 6.17% 31.002 26%
4/1000 23.01° 9.50° 5.66° 31.90° 19¢
5/1000 23.442 12.32° 6.82° 33.08? 27°

In each characteristics, numbers with similar letters have no significant difference at the 5% probability level based on
the LSD test.
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Fig. 2: Boxplot of Bitter vetch grain yield and biological yield value in different levels of potassium silicate

ol byl s U(r = e/
5l s 035 b a5 Shes Jline 5 Sote Sies
slaes sl 3 (e 3 Jlasl gl 3 aS das e Ol o3 )
el LU 53 e b i s O 4 (6 m yb
G e g e e Slens My 0 Y Ulg ol

(8 Jsd) 350 als s Shas il 53l

'

Sl Kimod ol g opuand Y-V
Sy fl)l b ocsia ab s Shee & ol Ol Rl
oela 5 (r = oN0%) &by Slsa 055 5 (0= /00 FF)
o2l (ol e 5 ke SN (= 0/0V%%) Zils

SAel 5 03 ) O ngbo.;;u 5 Cle M e



g 3o JUSI bty Sk 3101 K08 5 S

Table 4: Correlation coefficient between yield and yield components of Bitter vetch

Traits 1. 2. 3. 4. 5. 6. 7.
1. Plant height 1
2. Lowest pod 0.43" 1
3. Branch No 0.32 0.05 1
4, 1000-gw 0.71™ 0.00 0.53™ 1
5. Yield 0.50™ 0.13 0.51™ 0.65™ 1
6. Biomass 0.27 0.13 0.42™ 0.26 0.46™ 1
7. HI 0.04 0.2 0.33" 0.16 0.56™ -0.82™ 1

No: Number; gw: grain weight; HI: Harvest Index. *and ** accordingly, there is a significant difference in probability
levels of 5% and 1%.

aoails 6l s Shes gl 5 oYU cte Sl dals S b
Q%&&.ﬁ:wfywa&&:l?»@iu)ﬁwwﬁ ssba L db s Sles cldly el O 58
Slaplll 4 5 gyt s 3l JWl o a3 Jslome slags €l 5 Sas S5, 5ba das JLl5) (ols e

a5 Shas s e Salgns 5 SR Lod YA dall a4 G sl SIS Sl 50 e 3L

Qo ¢-~Ld Sk S5 R Ll Al

cb.o .0

Ahire, M.L., Mundada, P.S., Nikam, T.D., Bapat, V.A. & Penna, S. (2021). Multifaceted roles of silicon in mitigating
environmental  stresses in  plants.  Plant  Physiology and  Biochemistry, 169, 291-310.
https://doi.org/10.1016/j.plaphy.2021.11.010

Alvarez, J., Datnoff, L. & Snyder, G. (2004). The Economics of Silicon Applications on Rice and Sugarcane in Florida.
Gainesville, FL: University of Florida. https://doi.org/10.32473/edis-fe475-2004

Ashraf Jafari, A. & Sepahvand, A. (2014). Study for yield and quality traits in 14 domestic populations of bitter vetch
(Vicia ervilia) in optimum and dry condition in Khoramabad, Iran. Applied Field Crops Research, 27(102), 20-30.
https://doi.org/10.22092/aj.2014.100925. (In Persian)

Bacchus, G.L. & Bennett, S. (2010). An evaluation of the influence of biodynamic practices including foliar applied
silica spray on nutrient quality of organic and conventionally fertilized lettuce (Lactuca sativa L.). Journal of
Organic Systems, 5(1), 1177-4258.

Bakhat, H.F., Hanstein, S. & Schubert, S. (2009). Optimal level of silicon for maize (Zea mays L. c.v. Amadeo) growth
in nutrient solution under controlled conditions. The Proceedings of the International Plant Nutrition Colloquium
XVI, Davis, USA.

Coskun, R., Deshmukh, H., Sonah, J.G., Menzies, O., Reynolds, J.F., Ma, H.J., Kronzucker, R.R. & Belanger, D.
(2019). The controversies of silicon's role in plant biology. New Phytology, 221, 67-85.
https://doi.org/10.1111/nph.15343

Derakhshani, A., Heidari, G. & Khalesro, S. (2021). Evaluation of bitter vetch (Vicia ervilia) forage quality in
intercropping with spring barley (Hordeum wvulgare). Journal Of Agroecology, 13(3), 489-505.
https://doi.org/10.22067/jag.v13i3.85494. (In Persian)

Deren, C.W., Datnoff, L.E., Snyder, G.H. & Martin, F.G. (1994). Silicon concentration, disease response, and yield
components of rice genotypes grown on flooded organic histosols. Crop Science, 34, 733-737.
https://doi.org/10.2135/cropscil994.0011183X003400030024x

Detmann, K.C., Aratjo, W.L., Martins, S.C., Sanglard, L.M., Reis, J.V., Detmann, E., Rodrigues, F.A., Nunes Nesi, A.,
Fernie, A.R. & DaMatta, F.M. (2012). Silicon nutrition increases grain yield, which, in turn, exerts a feed forward
stimulation of photosynthetic rates via enhanced mesophyll conductance and alters primary metabolism in rice.
New Phytologist, 196(3), 752-762. https://doi.org/10.1111/j.1469-8137.2012.04299.x

Drikvand, T., Modarres-Sanavy, S.A.M., Aghaalikhani, M. & Heidarzadeh, A. (2022). Effect of potassium silicate,
calcium chloride and nanosilicate on yield, yield components, photosynthetic pigments and proline in sweet corn
under  differentirrigation  regimes. Iranian Journal of Field Crop Science, 53(1), 39-54.
https://doi.org/10.22059/ijfcs.2021.284502.654624. (In Persian)

Ghorbani, K. (2016). Introducing bitter vetch, a valuable fodder plant for feeding livestock and poultry. Sixth National
Conference on Iranian Beans<Khorramabad:<https://civilica.com/doc/486125. (In Persian)

Gong, H., Chen, K., Zhao, Z., Chen, G. & Zhou, W. (2008). Effects of silicon on defense of wheat against oxidative
stress under drought at different developmental stages. Biologia Plantarum, 52(3), 592-596.
https://doi.org/10.1007/s10535-008-0118-0

AR


https://doi.org/10.1016/j.plaphy.2021.11.010
https://doi.org/10.32473/edis-fe475-2004
https://doi.org/10.1111/nph.15343
https://doi.org/10.2135/cropsci1994.0011183X003400030024x
https://doi.org/10.1111/j.1469-8137.2012.04299.x
https://doi.org/10.1007/s10535-008-0118-0

VEY Ol 5 5l / VNNV oY Sl /01 ke /5l 5 Sy M /AL Sl 5 Soss

Johnson, R., Vishwakarma, K., Hossen, M.S., Kumar, V., Shackira, A.M., Puthur, J.T., Abdi, G., Sarraf, M. &
Hasanuzzaman, M. (2022). Potassium in plants: growth regulation, signaling, and environmental stress tolerance.
Plant Physiology and Biochemistry, 172, 56-69. https://doi.org/10.1016/j.plaphy.2022.01.001

Kim, Y.H., Khan, A.L., Shinwari, Z.K., Kim, D.H., Waqgas, M. & Lee, 1.J. (2012). Silicon treatment to rice (Oryza
sativa L. cv 'gopumbyeo’) plants during different growth periods and its effects on growth and grain yield.
Pakistan Journal of Botany, 44, 891-897.

Lavinsky, A.O., Detmann, K.C., Reis, J.V., Avila, R.T., Sanglard, M.L., Pereira, L.F. & DaMatta, F.M. (2016). Silicon
improves rice grain yield and photosynthesis specifically when supplied during the reproductive growth stage.
Plant Physiology, 206, 125-132. https://doi.org/10.1016/j.jplph.2016.09.010

Liang, Y., Nikolic, M., Bélanger, R., Gong, H. & Song, A. (2015). Silicon in Agriculture: From Theory to Practice.
Dordrecht: Springer. https://doi.org/10.1007/978-94-017-9978-2

Moeini, M. M., Azari Torbat, M. & Amanlou, H. (2010). Degradability and nutritional value of Vicia ervilia seed on
holstein dairy cow performance. Animal Production, 12(2), 51-59. 20.1001.1.20096776.1389.12.2.6.5. (In Persian)

Mohammadzadeh, Z., Seyedsharifi, R. & Farzaneh, S. (2023). Effects of nanoparticles (zinc and silicon) and plant
growth promoting rhizobacteria on yield, photosynthetic pigments and grain filling components of triticale under
salinity stres. Iranian Journal of Field Crops Research, 21(3), 347-361.
https://doi.org/10.22067/jcesc.2023.81343.1231. (In Persian)

Moussa, H.R. (2006). Influence of exogenous application of silicon on physiological response of salt-stressed maize
(Zea mays L.). Agriculture and Biology, 8(2), 293-297.

Najafi Tirtash, A. & Mahmoudi. (2015). Foliar spraying of potassium silicate along with the use of low and high
consumption elements on the agronomic traits of Tarom variety. Crop production, 7(2), 162-173.

Nazary, G., Seyed sharifi, R. & Arimani, H. (2021). Effect of mycorrhiza, vermicompost and nano silicon on agronomic
and physiological traits of triticale under different intensities drought stress. Journal of Crop Production, 14(4),
21-45. https://doi.org/10.22069/ejcp.2022.18925.2413. (In Persian)

Pati, S., Pal, B., Badole, S., Hazra, G.C. & Mandal, B. (2016). Effect of silicon fertilization on growth, yield, and
nutrient uptake of rice. Communications in Soil Science and Plant Analysis, 47, 284-290.
https://doi.org/10.1080/00103624.2015.1122797

Pulz, A.L., Crusciol, C.A.C., Lemos, L.B. & Soratto, R.P. (2008). Silicate and limestone effects on potato nutrition,
yield and quality under drought stress. Revista Brasileira de Ciéncia do Solo, 32, 1651-1659.
https://doi.org/10.1590/S0100-06832008000400030

Rastogi, A., Yadav, S., Hussain, S., Kataria, S., Hajihashemi, S., Kumari, P., Yang, X. and Brestic, M., 2021. Does
silicon really matter for the photosynthetic machinery in plants?. Plant Physiology and Biochemistry, 169, 40-48.
https://doi.org/10.1016/j.plaphy.2021.11.004

Razmazar, V. Torbatinejad, N.M., Seifdavati, J. & Zerehdaran, S. (2016). Effect of different varieties of pomegranate
peels (Torsh Jangali Gorgan, malas Behshahr and Shirin kolbad) on dry matter digestibility, number of protozoa
and  methane  production in  vitro. Journal of Ruminant Research, 4(2), 111-132.
https://doi.org/10.22069/ejrr.2016.3230. (In Persian)

Sahhafi, S.R., Maleki Zanjani, B.,, Talebi, M. & Fotovat, R. (2017). Evaluation of genetic diversity in some iranian
bitter vetch landraces using microsatellite markers. Journal of Crop Breeding, 9(21), 18-26.
https://doi.org/10.29252/jch.9.21.18. (In Persian)

Salehi Moteahd, F., Hafezi Moghaddas, N., Lashkaripour, G.R. & Dehghani, M. (2019). Geological parameters affected
land subsidence in Mashhad plain, north-east of Iran. Environmental Earth Sciences, 78, 1-12.
https://doi.org/10.1007/s12665-019-8413-y

Torabi Jefroodi, A., Fayaz Moghaddam, A. & Hasanzadeh Ghoort Tapeh, A. (2005). An investigation of the effect of
plant population density on yield and its components in common bean (Phaseolus vulgaris L.). Iranian Journal of
Agriculture Science, 36(3), 639-646. (In Persian)

Yan, G., Nikolic, M., Ye, M., Xiao, Z. & Liang, Y. (2018). Silicon acquisition and accumulation in plant and its
significance for agriculture. Integrative Agriculture, 17(10), 2138-2150. https://doi.org/10.1016/S2095-
3119(18)62037-4

"W


https://doi.org/10.1016/j.plaphy.2022.01.001
https://doi.org/10.1016/j.jplph.2016.09.010
https://doi.org/10.1007/978-94-017-9978-2
https://dorl.net/dor/20.1001.1.20096776.1389.12.2.6.5
https://doi.org/10.1080/00103624.2015.1122797
https://doi.org/10.1590/S0100-06832008000400030
https://doi.org/10.1016/j.plaphy.2021.11.004
https://doi.org/10.29252/jcb.9.21.18
https://doi.org/10.1007/s12665-019-8413-y
https://doi.org/10.1016/S2095-3119(18)62037-4
https://doi.org/10.1016/S2095-3119(18)62037-4

