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Abstract

A field experiment carried out at Research farm, Vivekananda Application of silicon 200 kg ha™ significantly
Global University, Jaipur during rabi session 2025-26. The increased growth parameters viz., plant height,
treatments comprising four irrigation levels (I1: no irrigation, dry matter accumulation, total tillers, crop growth
12: one irrigation at CRI, I3: two irrigation at CRI and booting rate, flag leaf area, days to 50 per cent heading
stage and I4: three irrigation at CRI, booting and milking stage) and days to 50 per cent maturity and yield
and four silicon levels (S1: control, S2: 100 kg ha-1, S3: 150 kg attributes i.e., effective tillers, grains ear-1,
ha-1 and S4: 200 kg ha-1), assigned respectively to main and Weight of grains ear”, ear length and test weight
sub plots and those were replicated three times in split plot as compared to remaining silicon levels. The
design. Results revealed that under three irrigations crop maximum grain, straw, biological yield and
obtained highest value of growth parameters (plant height, dry harvest index were obtained under silicon
matter accumulation, total tillers, flag leaf area, days to 50 per application 200 kg ha! resulted in highest.
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attributes viz., effective tillers, grains ear!, weight of grains earr Keywords: Silica, Irrigation growth, yield

!, ear length and test weight as compared to other irrigation

levels. However, the maximum crop growth rate between 50 to *Correspondence

75 DAS under one irrigation and between 75 DAS to at harvest Author: Mahipal Dudwal

under two irrigations however, highest relative growth rate was

recorded under no irrigation. Superior performance of growth

and yield attributes with three irrigations resulted in significant

increased in grain, straw, biological yield and harvest index.

Introduction

Wheat (Triticum aestivum L.) is one of the most important cereal crops in the world and serves as a staple food for a
large proportion of the global population. It is commonly referred to as the “King of Cereals” due to its wide
adaptability, high productivity, and nutritional value. Wheat grains contain carbohydrates, proteins, vitamins, essential
amino acids, and minerals, making them an important component of human nutrition. India is the second-largest
producer of wheat after China, with wheat occupying about 30.55 million hectares and producing 107.18 million tonnes
annually. Silicon (Si), the second most abundant element in the earth’s crust, has gained attention as a beneficial element
in crop production. Silicon application enhances plant growth, yield, resistance to diseases and insect pests, and
tolerance to abiotic stresses such as drought, salinity, and metal toxicity. In wheat, silicon improves water-use efficiency
by reducing transpiration through silica deposition in leaf tissues and supports physiological and metabolic activities
under stress conditions.

Water is a critical input for wheat production, and proper irrigation management is essential for achieving higher
productivity. Wheat generally requires 300-400 mm of irrigation water during its growth period, with critical stages
including crown root initiation, tillering, jointing, flowering, milking, and dough stages. Among these, irrigation at the
crown root initiation stage is particularly important for optimum growth and grain yield. Water scarcity and inefficient
irrigation management are major constraints to wheat production, especially in arid and semi-arid regions. Considering
the beneficial role of silicon in enhancing stress tolerance and the importance of efficient irrigation management, the
present study was undertaken to evaluate the effect of silicon application and irrigation scheduling on the growth, yield,
and productivity of wheat.
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Materials and Methods

The field experiment carried out at Research farm, Vivekananda Global University, Jaipur during rabi session 2025-
26. The soil of the experimental field was loamy sand in texture, slightly alkaline (pH 8.1), low in organic carbon
(0.19%) and available nitrogen (274.46 kg ha™'), medium in available phosphorus (21.68 kg ha™), and high in available
potassium (329.76 kg ha™'). The treatments comprising four irrigation levels (I:: no irrigation, I: one irrigation at CRI,
I5: two irrigation at CRI and booting stage and l4: three irrigation at CRI, booting and milking stage) and four silicon
levels (Si: control, S»: 100 kg ha-1, S3: 150 kg ha-1 and S4: 200 kg ha-1), assigned respectively to main and sub plots
and those were replicated three times in split plot design. Silicon was applied in the form of calcium silicate (CaSiO3)
containing approximately 24-28% Si (commercial grade). The required quantity of silicon was applied as a soil
application and incorporated uniformly into the soil before sowing according to the treatment schedule (0, 100, 150 and
200 kg Si ha™). Irrigation water was applied through the check basin/flood irrigation method. Each irrigation supplied
approximately 60 mm water depth. Accordingly, total irrigation water applied was: I; = 0 mm, I, = 60 mm , I3 =120
mm and I, = 180 mm

Water Use Efficiency (WUE) was calculated as: WUE (kg ha™ mm™) = Grain yield (kg ha™) / Total water used
(mm)

Wheat variety MP 3336 was sown with a seed rate of 100 kg ha™'. Recommended doses of fertilizers (90:60:40 kg
N:2050 ha™) were applied through urea, DAP and MOP. Observations on growth, yield attributes, physiological
parameters, quality, nutrient uptake and soil properties were recorded using standard procedures. The experimental data
were subjected to analysis of variance (ANOVA), and treatment means were compared at the 5% level of significance
following the method described by Panse and Sukhatme (1989).

Result and Discussion
Growth Parameters

The growth parameters of wheat were significantly influenced by irrigation and silicon application. Among the
irrigation treatments, three irrigations applied at CRI, booting and milking stages recorded maximum plant height (80.99
cm), dry matter accumulation (83.54 g per 0.5 m row length), total tillers (49.60), and crop growth rate, whereas the
control treatment (no irrigation) produced the lowest values. Likewise, silicon application at 200 kg ha™ recorded the
highest plant height (77.43 cm), dry matter accumulation (81.56 g), total tillers (44.95) and flag leaf area (64.91 cm?),
which remained statistically at par with 150 kg ha™. The improvement in growth parameters under higher irrigation
levels may be attributed to adequate soil moisture availability, which enhanced cell division, cell elongation and
photosynthetic activity, resulting in greater dry matter production and crop growth. Similar findings were reported by
Jalota et al. (2006), Kharrou et al. (2011), Sarwar et al. (2010) and Mer et al. (2014). Silicon application improved plant
growth by enhancing leaf erectness, reducing self-shading and promoting photosynthetic efficiency under restricted
moisture conditions. Silicon deposition in plant tissues also strengthened cell walls and increased assimilate production,
thereby improving crop growth. Similar observations have been reported by Yoshida et al. (1980), Gong et al. (2003),
Ma (2004) and Jaleel et al. (2009).

Yield Attributes and Yield

Yield attributes and yield of wheat were significantly affected by irrigation and silicon levels. Application of three
irrigations produced the highest number of effective tillers (47.36 per 0.5 m row length), grains ear™! (44.82), grain
weight ear!' (1.78 g), ear length (7.59 cm), test weight (41.79 g) and grain yield (4287 kg ha™'). Maximum biological
yield (11026 kg ha™') was also obtained under three irrigations, while straw yield (6860 kg ha™') was highest under two
irrigations. Application of silicon at 200 kg ha™! resulted in maximum effective tillers (43.18), grains ear! (42.65), grain
weight ear (1.66 g), test weight (40.69 g), grain yield (3814 kg ha™), straw yield (6425 kg ha™') and biological yield
(10239 kg ha™), which remained statistically at par with silicon @ 150 kg ha™'. The superior performance under three
irrigations may be attributed to optimum moisture availability throughout crop growth, which improved photosynthetic
activity and source-sink relationships, resulting in enhanced translocation of assimilates towards developing grains.
Moisture stress under limited irrigation reduced metabolic activities and restricted grain development, leading to lower
productivity. These findings are in agreement with those of Mubeen et al. (2013), Ali et al. (2012), Yadav et al. (2010)
and Rahim et al. (2010). Similarly, silicon application enhanced yield attributes and yield through improvement in
physiological processes, nutrient uptake and stress tolerance. Silicon-mediated enhancement in leaf erectness and
photosynthetic efficiency increased carbohydrate synthesis and partitioning towards economic yield. Moreover, silicon
reduced the adverse effects of moisture stress and improved overall plant metabolism, thereby resulting in higher grain,
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straw and biological yields. Comparable results have been reported by Buck et al. (2008), Gholami and Falah (2013),
Wattanapayapkul et al. (2011), Ma and Takahashi (1993) and Sorrato et al. (2012).

Table 1 Effect of irrigation and silicon levels on growth parameters of wheat

Treatment Plant Plant Height (cm) Dry matter accumulation (g) Total CGR RGR
population (0.5 m row length) tillers
25DAS 50DAS 75DAS At 25 SO0DAS 75DAS At 75DAS At 75DAS At
harvest DAS harvest harvest harvest

Irrigation levels
I 8.48 25.16 3292 6128 63.06 7.23 18.46 55.62 63.74 31.47 12.09 1.57 0.0523 0.0027
12 8.96 342 4324 7592 78.05 8.08 2498 73.53 83.09 45.01 15.89 1.9 0.0517 0.0022
I3 8.59 3426 4472 77.52 7991 8.37 26.16 74.53 84.17 46.97 1583 1.92  0.0499 0.0022
14 8.66 35.05 45.12 80.41 80.99 891 27.19 7395 83.54 49.6 1529 1.9 0.0478 0.0022
SEm=+ 0.15 0.21 0.61 126 0.73 0.12 043 1.47 1.61 045 041 0.2 0.0005 0.0001
CD NS 147 285 509 327 033 222 582 631 229 217 0.03 NS 0.0001
Silicon levels
S1 8.93 29.78 39.2 7147 7377 7.76 22.79 65.03 7391 41.05 13.78 1.74 0.0499 0.0025
S2 8.6 3245 4148 732 7497 8.14 24.15 69.53 78.77 42.78 1483 1.82 0.051 0.0023
S3 8.55 33.23 41.87 7459 75.84 827 2477 7095 80.3 4426 1509 1.85 0.0503 0.0023
S4 8.6 332 4345 7588 7743 842 2508 72.12 81.56 4495 1538 1.87 0.0504 0.0023
SEm=+ 0.1 0.19 0.3 075 04 0.02 0.26 1.44 1.58 036 026 0.03 0.001 0.00001
CD NS 1.12 144 276 .72 0.07 133 478 518 1.63 NS 0.02 NS 0.0001

Table 1 Effect of irrigation and silicon levels on Yield of wheat
Treat Flag  Daysto Days to 50 Effective Grains  Weight Ear Test Grain Straw Biological Harvest

ment leaf  S50per percent Tillers  Ear-1 Grains Length Weight Yield Yield Yield Index
area at cent Maturity (0.5 m Ear-1 (cm) (g (Kg (Kg (Kg (%)
70 DAS heading row (2) ha-1) ha-1) ha-1)
length)
Irrigation levels
I 63.26 61.3 90.97 31.04 33.15 1.18 6.55 37.23 2185 4516 6701 32.61
12 63.7 70.88 99.38 43.23 42.15 1.57 7.05 39.44 3388 6317 9705 3491
I3 64.53 7238 103.8 44.99 43.23 1.68 7.28 40.94 3850 6860 10710 35.95
14 64.8 73.05 107.13  47.36 44.82 1.78 7.59 41.79 4287 6739 11026 38.88
SE 0.17 0.28 1.02 0.57 0.68 0.07 0.1 0.39 84.74 123.02 207.76 40.79
mt
CD NS 1.45 4.03 2.23 2.59 0.01 0.57 1.6 317.84 450.32 768.16 41.38
Silicon levels
S1 63.38 67.55 99.38 39.67 39.73 1.44  7.08 38.02 2994 5725 8719 34.34
S2 63.82 6897 98.97 41.23 40.23 1.54 7.1 40.25 3252 5991 9243 35.18
S3 64.18 70.22 101.3 42.56 40.73 1.57 7.05 4045 3649 6292 9941 36.71
S4 6491 70.88 101.63  43.18 42.65 1.66 724 40.69 3814 6425 10239 37.25
SE 0.1 0.13 0.58 0.49 0.47 0.02 0.02 029 78.43 82.21 160.64 48.82
m+
CD 0.02 0.26 1.44 1.63 1.56 0.05 NS 1.05 248.1 259.14 507.24 48.91
Conclusion

The study revealed that application of three irrigations at CRI, booting and milking stages significantly enhanced growth
and yield of wheat. Silicon application at 200 kg ha™ produced the highest grain yield; however, yields obtained with
150 and 200 kg ha™ were statistically at par. Therefore, application of 150 kg Si ha™ along with three irrigations may
be recommended as an economically viable practice for enhancing wheat productivity under restricted irrigation
conditions.

References
[1] Abro, S. A., Qureshi, R., Soomro, F. M., Ahmed, A. M., & Jakhar, G. S. (2009). Effects of silicon levels on
growth and yield of wheat in silty loam soil. Pakistan Journal of Botany, 41(3), 1385-1390.

[2] Al B.T., Hwary, E., & Yagoub, O. S. (2012). Effect of different irrigation intervals on wheat (Triticum aestivum
L.) in semi-arid regions of Sudan. Journal of Science and Technology, 12(3), 75-83.

DOI:10.37273/chesci.cs172057061 Chem Sci Rev Lett 2026, 15 (59), 176-180  Article c¢s172057061 178



Chemical Science Review and Letters ISSN 2278-6783

(3]

[15]
[16]

[17]

[18]
[19]

[20]

[23]
[24]
[25]

[26]

Buck, G. B., Korndorfer, G. H., Nolla, A., & Coelho, L. (2008). Potassium silicate as foliar spray and rice blast
control. Journal of Plant Nutrition, 31(2), 231-237.

Chanchareonsook, J., Suwannnarat, C., Thongpae, S., Chancharecomsook, B., & Thinyai, P. (2002). Effects of
application of chemical fertilizer in combination with silicon on yield and nutrient uptake of rice in an acid
sulphate soil [Paper presentation]. 17th World Congress of Soil Science (WCSS), Bangkok, Thailand.

El Hwary, E. T. B. A., & Yagoub, S. O. (2011). Effect of different irrigation intervals on wheat (Triticum
aestivum L.) in semi-arid regions of Sudan. Journal of Science and Technology, 12(3), 75-83.

Gholami, Y., & Falah, A. (2013). Effects of two different sources of silicon on dry matter production, yield and
yield components of rice, tarom hashemi variety and 843 lines. International Journal of Agriculture and Crop
Sciences, 5(3), 227-231.

Gong, H. J., Chen, K. M., Chen, G. C., Wang, S. M., & Zhang, C. L. (2003). Effects of silicon on growth of
wheat under drought. Journal of Plant Nutrition, 26(5), 1055—-1063.

Ingle, A. U., Shelke, D. K., Aghav, V. D., & Karad, M. L. (2007). Effect of irrigation schedules and nutrient
management on water use efficiency and nutrient uptake of wheat on vertisol. Journal of Soils and Crops, 17(1),
188-190.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaram, R., & Panneerselvam, R.
(2009). Drought stress in plants: A review on morphological characteristics and pigments composition.
International Journal of Agriculture and Biology, 11(1), 100—105.

Jalota, S. K., Sood, A., Chahal, G. B. S., & Choudhury, B. U. (2006). Crop water productivity of cotton
(Gossypium hirsutum L.) - wheat (Triticum aestivum L.) system as influenced by deficit irrigation, soil texture
and precipitation. Agricultural Water Management, 84(1-2), 137-146.

Kharrou, H., Er-Raki, S., Chehbouni, A., Duchemin, B., Simonneaux, V., LePage, M., Ouzine, L., & Jarlan, L.
(2011). Water use efficiency and yield of winter wheat under different irrigation regimes in a semi-arid region.
Agricultural Sciences, 2(3), 273-282.

Ma, J. F. (2004). Role of silicon in enhancing the resistance of plants to biotic and abiotic stresses. Soil Science
and Plant Nutrition, 50(1), 11-18.

Ma, J. F., & Takahashi, E. (1993). Interaction between calcium and silicon in water-cultured rice plants. Plant
and Soil, 148(1), 107-113.

Ma, J. F., Miyake, Y., & Takahashi, E. (2001). Silicon as a beneficial element for crop plants. Studies in Plant
Science, 8, 17-39.

Marschner, H., & Rimmington, G. (1988). Mineral nutrition of higher plants. Plant, Cell & Environment, 11(2),
147-148.

Mer, M., & Ama, E. E. (2014). Effect of different irrigation regime on grain yield and quality of some Egyptian
bread wheat cultivars. Journal of Agriculture, Food and Applied Sciences, 2(9), 275-282.

Mubeen, M., Ahmad, A., Wajid, A., Khaliq, T., Sultana, R. S., Hussain, S., Ali, A., Ali, H., & Nasim, W. (2013).
Effect of growth stage-based irrigation schedules on biomass accumulation and resource use efficiency of wheat
cultivars. American Journal of Plant Sciences, 4(7), 1435-1442.

Osuna-Canizalez, F. J., De Datta, S. K., & Bonman, J. M. (1991). Nitrogen form and silicon nutrition effects on
resistance to blast disease of rice. Plant and Soil, 135(2), 223-231.

Parihar, S. S., & Tiwari, R. B. (2003). Effect of irrigation and nitrogen level on yield, nutrient uptake and water
use of late sown wheat (Triticum aestivum). Indian Journal of Agronomy, 48(2), 103—107.

Prakash, N. B., Chandrashekar, N., Mahendra, C., Patil, S. U., Thippeshappa, G.N., & Laane, H. M. (2011).
Effect of foliar spray of soluble silicic acid on growth and yield parameters of wetland rice in hilly and coastal
zone soils of Karnataka, South India. Journal of Plant Nutrition, 34(12), 1883—1893.

Rahim, R., Rahmatullah, M. A., & Waraich, A. E. (2010). Effect of phosphorus application and irrigation
scheduling on wheat yield and phosphorus use efficiency. Soil and Environment, 29(1), 15-22.

Sarwar, N., Magsood, M., Mubeen, K., Shehzad, M., Bhullar, M. S., Qamar, R., & Akbar, N. (2010). Effect of
different levels of irrigation on yield and yield components of wheat cultivars. Pakistan Journal of Agricultural
Sciences, 47(3), 371-374.

Savant, N. K., Datnoff, L. E., & Snyder, G. H. (1997). Depletion of plant-available silicon in soils: A possible
cause of declining rice yields. Communications in Soil Science and Plant Analysis, 28(13-14), 1245-1252.
Singh, A. K., Singh, R., & Singh, K. (2005). Growth, yield, and economics of rice as influenced by level and
time of silicon application. Indian Journal of Agronomy, 50(3), 190-193.

Soratto, R. P., Crusciol, C. A. C., Castro, G. S. A., Costa, C. H. M. D., & Ferrari Neto, J. (2012). Leaf application
of silicic acid to white oat and wheat. Revista Brasileira de Ciéncia do Solo, 36(5), 1538—-1544.

Subramanian, S., & Gopalswamy, A. (1990). Effect of moisture, organic matter, phosphate, and silicate on
availability of silicon and phosphorus in rice soils. Journal of the Indian Society of Soil Science, 39(1), 99—103.

DOI:10.37273/chesci.cs172057061 Chem Sci Rev Lett 2026, 15 (59), 176-180  Article c¢s172057061 179



Chemical Science Review and Letters ISSN 2278-6783

[27] Tavakkoli, E., English, P., & Guppy, C. N. (2011). Interaction of silicon and phosphorus mitigate manganese
toxicity in rice in a highly weathered soil. Communications in Soil Science and Plant Analysis, 42(5), 503-513.

[28] Wattanapayapkul, W., Polthanee, A., Siri, B., Bhadalung, N. N., & Promkhambut, A. (2011). Effects of silicon
in suppressing blast disease and increasing grain yield of organic rice in North-East Thailand. Asian Journal of
Plant Pathology, 5(4), 134-145.

[29] Yadav,S. A., Verma, A. S., & Verma, K. (2010). Productivity, nutrient uptake and water use efficiency of wheat
(Triticum aestivum L.) under different irrigation levels and fertility sources. Indian Journal of Ecology, 37(1),
13-17.

[30] Yoshida, M. (1980). General theory of phosphorus and arsenic diffusions in silicon. Japanese Journal of Applied
Physics, 19(12), 2427-2441.

2026, by the Authors. The articles published from this journal are distributed to Publication History

the public under “Creative Commons Attribution License” (http://creative | Received 17.06.2026
commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original | Revised 28.06.2026
work, all the articles can be used without any restriction or can be distributed in | Accepted 29.06.2026
any medium in any form. Online 02.08.2026

DOI:10.37273/chesci.cs172057061 Chem Sci Rev Lett 2026, 15 (59), 176-180  Article c¢s172057061 180



