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Introduction 
 

An annual plant, rice (Oryza sativa L.), is 

recognized to be one of the leading cereal 

crop as well as the staple food crop for more 

than half of the escalating world population 

(Wani et al., 2012). The two reported 

cultivated species of rice i.e. Oryza sativa, the 

Asian rice, is cultivated worldwide whereas 

Oryza glaberrima, the African rice, is grown 

on a limited scale in West Africa (Khush, 

1997), and is identified to supply more than 

21% of the calorific needs of the world 

population, and up to 76% of the calorific 

intake of the population in South East Asia 

alone (Fitzgerald et al., 2009). The present 

theoretical and practical yield gap in crop 

plants can be attributed to a number of 
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Intending to scrutinize the influence of silicon (Si) on the yield attributes of 

rice under well-watered and water-deficit conditions, a field trial for two 

successive years (2017 and 2018) was laid out in split- plot design with 

four treatments viz. Control (T1), Si fertilization (T2), Si fertilization + 

Drought stress (T3) and Drought stress (T4). The results distinctly validated 

positive significant correlation between silicon and the yield attributes such 

as panicle weight (flowering and maturity) and harvest index in rice under 

well-watered conditions. Through further investigations, we could state that 

the panicle weight at flowering and maturity, test weight and harvest index 

which declines significantly under water deficit conditions could be 

escalated by 49.12%, 30% and 14.48% respectively through silicon 

applications. Commercial silicon fertilization could thus prove to be a vital 

manoeuvre in compensating the differences in yield attributes under 

adverse climatic conditions leading to fruitful and viable crop growth. 
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factors. Global warming along with 

insufficient and irregular pattern of water 

resources are a major intimidation to the 

water security in maximum parts of the world 

(García-Ruiz et al., 2011), resulting in 

drought stress which leads to a drastic 

reduction in crop productivity thus further 

endangering the food security (Abedi and 

Pakniyat, 2010). 

 

Discovered to be the second most plentiful 

element in the earth’s crust after oxygen (Iler, 

1979), Silicon (Si) is recognized to be the 

skeleton of maximum number of soils 

(Sommer et al., 2006) and is customarily 

categorized into three distinct fractions: the 

solid phase, the liquid phase and the adsorbed 

phase (Matichencov and Bocharnikova, 2001; 

Sauer et al., 2006). The silicon form that the 

microorganisms and the plants are capable of 

uptake the uncharged form of H4SiO4. H4SiO4 

as well as the polymerized and complexed 

silicic acid in soil solution is contained in the 

liquid silicon phase (Saccone et al., 2007; 

Fraysse et al., 2010).  

 

Despite silicon being the second most 

abundant element on the earth’s crust, it does 

not guarantee the idea that adequate amount 

of soluble silicon are accessible for plant 

uptake (Tubaña and Heckman, 2015). Rather 

than being dependent on the total Si content, 

the incidence of silicon (Si) deficiency in 

plants hugely depends on the plant available 

Si concentration in soils. It is uniquely the 

plant available form (PAF) of silicon i.e. 

silicic acid or mono silicic acid [Si(OH)4 or 

H4SiO4] that can be absorbed by the plants.  

 

The PAF-Si present in soil fluctuates 

considerably with its range stretching from 10 

ppm to over 100 ppm (Liang et al., 2015). 

The ultimate genesis of available soil Si is 

through the process of weathering and 

desilication of primary silicate minerals 

(lithogenic Si) which leads to the discharge of 

dissolved Si in the form of silicic acid 

(Haynes, 2014). 

 

Two categories of Si transporters have been 

identified for the process of efficient uptake, 

translocation, and distribution of Si from the 

soil solution to the various tissues in the plant: 

channel-type transporters and efflux 

transporters (Ma and Yamaji, 2015).  

 

Following the translocation of silicon through 

the transpiration stream within the plant, it 

precipitates close to the evaporating surfaces 

in cell lumina, cell walls or intercellular 

spaces, giving rise to amorphous SiO2 bodies, 

referred to as phytoliths (Jones and Handreck 

1967; Epstein, 1999). These phytoliths are 

found deposited in both over and between leaf 

veins, culms and in epidermis of inflorescence 

and seldom in seeds (Lisztes_Szabo et al., 

2014). 

 

Silicon supplementation ameliorates several 

abiotic stresses which encompasses physical 

stress such as lodging, drought, radiation, 

high temperature, freezing, UV and chemical 

stress like salt, metal toxicity, nutrient 

imbalance and numerous others (Epstein, 

1994). Silicon enhances drought tolerance in 

plants by restoring plant water balance, 

photosynthetic efficiency, leaf erectness as 

well as structure of xylem vessels under high 

transpiration rates due to higher temperature 

and moisture stress (Hattori et al., 2005).  

 

Several experiments conducted by researchers 

over the years have accentuated the fact that 

most yield responses are the results of 

complex interactions whereby application of 

Si fertilizers simultaneously upsurge plant 

tolerance to an extensive array of abiotic and 

biotic stresses (Haynes, 2017). The present 

study was carried with the purpose of 

evaluating the influence of silicon on the yield 

attributes in rice under well-watered and 

water-deficit conditions. 
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Materials and Methods 

 

In order to analyze the impact of silicon on 

the yield attributes in rice under well-watered 

and water-deficit conditions, the present 

investigation was carried out Dr. Norman E. 

Borlaug Crop Research Centre and 

Department of Plant Physiology, College of 

Basic Sciences and Humanities, Govind 

Ballabh Pant University of Agriculture & 

Technology, Pantnagar, (Uttarakhand) during 

the kharif season of 2017 and 2018 utilizing 

five rice genotypes namely PA-6129, US-312, 

KRH-4, IR-64 and Sahabhagidhan. The field 

was laid out in split-plot design with three 

replications of each treatment. Seedlings were 

raised in the nursery by wet bed method and 

then transplanted to the main field with a 

spacing of 10cm X 20cm. The crop was 

grown under four treatments summarised as 

below:  

 

T1- Control (customary package and practices 

as in rice were followed); T2- Silicon sprays 

(0.6% ortho Silicilic acid) @ 400 ml in 200 

litres/acre land at tillering, PI, 50% flowering 

and milky grain stages were given; T3- 

Silicon + Water stress (Imposition of water 

stress was executed by withdrawing water 

from the field 14 days before flowering and 

withholding irrigation upto 14 days after 

anthesis.  

 

Post stress duration crop was only rainfed 

without any surplus irrigation. Silicon was 

sprayed at the same rate and stages as in T2; 

T4- Water Stress only (Water stress was 

inflicted through similar procedure as in T3). 

At 50% flowering and maturity, three panicles 

each from a different hill were plucked from 

each of the three replication of each 

treatment. They were put in envelopes and 

dried in oven for 24 hours at 60
 º

C before 

recording its average weight in grams. The 

harvest index which is the ratio of economic 

yield and biological yield was calculated by 

using the following formula: 

HI (%) = 100
yield Biological

 yield Economic
  

The data was analyzed using two-way 

analysis of variance (ANOVA) by using 

STPR statistical software followed by test at a 

significance level of p<0.05. 

 

Results and Discussion 

 

Panicle weight 

 

The data in Table 1 reports the panicle weight 

at flowering for the rice genotypes under 

normal and silicon treatment. The data clearly 

illustrates that the enhancement in panicle 

weight for both the years is statistically 

significant for the silicon treated plants when 

compared to the control plants under wet 

conditions as well as water-deficit conditions.  

 

In 2017, for control (T1) the maximum was 

observed for PA-6129 (2.57 g) whereas for 

silicon supplemented plants (T2) the highest 

panicle weight was recorded for KRH-4 (4.2 

g). In case of treatments T3 and T4 the 

maximum panicle weight was recorded for 

KRH-4 (3.53 g and 2.87 g) respectively 

whereas the minimum value was that of IR-64 

recorded to be 2.43 g and 1.7 g respectively.  

 

In 2018, for T1 the maximum panicle weight 

was attained by KRH-4 (2.6 g). On the other 

hand silicon supplemented T2 plants had the 

highest panicle weight recorded for KRH-4 

(4.13 g). In case of treatments T3 and T4 the 

maximum panicle weight was also attained by 

KRH-4 (3.53 g and 2.87 g respectively). The 

maximum percent increment in case of panicle 

weight at flowering for T2 over T1 for both 

2017 and 2018 was noted in case of KRH-4 

(72.6% and 58.97%) respectively. On the other 

hand the maximum percent increment for T3 

over T4 in 2017 and 2018 was for IR-64 

(43.14% and 49.12% respectively) (Figure 1).
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The data in Table 2 reports the panicle weight 

at maturity for the rice genotypes under 

normal and silicon treatment. The data clearly 

illustrates that the enhancement in panicle 

weight at maturity for both 2017 and 2018 is 

statistically significant for the silicon treated 

plants when compared to the control plants 

under wet conditions as well as water-deficit 

conditions. In 2017, for control (T1) the 

maximum panicle weight was observed for 

PA-6129 (5.57 g). For silicon supplemented 

plants (T2) the highest panicle weight was 

recorded for PA-6129 (6.43 g). In case of 

treatments T3 and T4 the maximum panicle 

weight was recorded for PA-6129 (5.27 g and 

4.73 g respectively).  

 

In 2018, for T1 the maximum panicle weight 

was attained by PA-6129 (5.5 g) whereas the 

silicon supplemented T2 plants had the 

highest panicle weight recorded for PA-6129 

(6.83 g). In case of treatments T3 and T4 the 

maximum panicle weight was attained by PA-

6129 (6.4 g and 4.93 g) respectively. The 

maximum percent increment in case of 

panicle weight at maturity for T2 over T1 for 

both 2017 and 2018 was noted in case of PA-

6129 (15.57%) and Sahabhagidhan (52.5%) 

respectively. Sahabhagidhan (20%) and PA-

6129 (29.73%) displayed the maximum 

percent increment for T3 over T4 in 2017 and 

2018 respectively (Figure 2). 

 

Silicon is perceived to be responsible for 

stomatal activity, photosynthesis and water 

use efficiency which subsequently leads to 

better vegetative and reproductive growth 

ultimately increasing the panicle weight 

(Ahmad et al., 2007; Surapornpiboon et al., 

2008). Silixol treatment, when applied to rice 

@ 37.5 kg/ha along with 100% recommended 

dose of fertilizers, recorded maximum panicle 

weight when compared to control (Jawahar et 

al., 2015). 

 

Harvest Index (HI): 

 

The data in Table 3 displays the harvest index 

for the rice genotypes under normal and 

silicon treatment. The data clearly specifies 

that the enhancement in harvest index is 

statistically significant for the silicon treated 

plants when compared to the control plants 

under wet conditions as well as water-deficit 

conditions. However, under water-deficit 

conditions in 2017, the HI was found to be 

statistically non-significant. In 2017, for 

control (T1) and silicon supplemented plants 

the maximum harvest index was observed to 

upsurge from 47.05% to 50.61% in case of 

PA-6129.  

 

In case of treatments T3 and T4 the maximum 

HI value was recorded for US-312 (44.38% 

and 44.14% respectively) which reveals a 

clear cut enhancement in case of silicon 

fertilized drought inflicted plants. Similarly, 

in 2018, for control (T1) and silicon 

supplemented plants the maximum harvest 

index was observed to upsurge from 48.48% 

to 53.19% in case of PA-6129.  

 

In case of treatments T3 and T4 the maximum 

HI was attained by PA-6129 (51.85% and 

48.63% respectively) again implying a 

decrement drought stressed plants when 

compared to the silicon fertilized drought 

inflicted plants. In the current investigation 

the maximum percent increment in case of 

harvest index at for T2 over T1 for 2017 and 

2018 was noted in case of Sahabhagidhan 

(8.04%) and PA-6129 (9.71%) respectively. 

On the other hand the maximum percent 

increment for T3 over T4 in 2017 and 2018 

was for Sahabhagidhan (14.48%) and IR-64 

(10.44%) respectively (Figure 3). Application 

of silicon @ 120 kg/ha significantly increased 

the yield and yield attributes in rice such as 

harvest. 
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Table.1 Effect of foliar application of silicon on panicle weight (g) at flowering during two successive years (2017 and 2018) in 

different genotypes of rice. ± sign indicates the standard error of mean 

 

GENOTYPES 2017 2018 

T1 T2 T3 T4 MEAN T1 T2 T3 T4 MEAN 

PA-6129 2.57±0.09 3.80±0.20 3.10±0.10 2.50±0.10 2.99 2.53±0.09 3.77±0.23 3.17±0.09 2.63±0.12 3.03 

US-312 2.30±0.25 3.83±0.17 3.30±0.12 2.73±0.07 3.04 2.47±0.27 3.53±0.29 3.27±0.15 2.80±0.12 3.02 

KRH-4 2.43±0.09 4.20±0.06 3.53±0.07 2.87±0.07 3.26 2.60±0.06 4.13±0.09 3.53±0.07 2.87±0.07 3.28 

IR-64 2.13±0.07 3.30±0.17 2.43±0.13 1.70±0.10 2.39 2.33±0.17 3.40±0.21 2.83±0.17 1.90±0.10 2.62 

SBGD 2.50±0.29 3.63±0.09 3.17±0.17 2.53±0.03 2.96 2.50±0.29 3.63±0.09 3.00±0.00 2.53±0.03 2.92 

MEAN 2.39 3.75 3.11 2.47  2.49 3.69 3.16 2.55  

 TREATMENT GENOTYPE TXG TREATMENT GENOTYPE TXG 

SEm± 

CD at 5% 

0.062 

0.179 

0.07 

0.199 

0.14 

0.4 

0.072 

0.205 

0.08 

0.229 

0.16 

0.458 
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Table.2 Effect of foliar application of silicon on panicle weight (g) at maturity during two successive years (2017 and 2018) in 

different genotypes of rice. ± sign indicates the standard error of mean. 

 

GENOTYPES 2017 2018 

T1 T2 T3 T4 MEAN T1 T2 T3 T4 MEAN 

PA-6129 5.57±0.23 6.43±0.20 5.27±0.37 4.73±0.18 5.50 5.50±0.29 6.83±0.09 6.40±0.21 4.93±0.18 5.92 

US-312 5.13±0.57 5.67±0.33 5.17±0.42 4.33±0.09 5.08 4.63±0.52 6.17±0.24 4.67±0.17 4.33±0.27 4.95 

KRH-4 5.47±0.03 6.23±0.12 4.70±0.15 4.03±0.03 5.11 4.80±0.31 5.77±0.39 5.00±0.29 4.90±0.10 5.12 

IR-64 3.80±0.49 4.23±0.29 3.50±0.06 3.07±0.07 3.65 3.83±0.17 4.33±0.17 3.77±0.23 3.07±0.07 3.75 

SBGD 5.03±0.52 5.20±0.20 4.80±0.66 4.00±0.36 4.76 4.00±0.50 6.10±0.32 5.30±0.68 4.37±0.35 4.94 

MEAN 5.00 5.55 4.69 4.03  4.55 5.84 5.03 4.32  

 TREATMENT GENOTYPE TXG TREATMENT GENOTYPE TXG 

SEm± 

CD at 5% 

0.139 

0.398 

0.155 

0.445 

0.311 

0.89 

0.142 

0.405 

0.158 

0.453 

0.317 

0.906 
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Figure.1 Graphical representation illustrating the comparative effect of foliar application of 

silicon on panicle weight at flowering during two successive years (2017 and 2018) in different 

genotypes of rice. 

 

 
Figure.2 Illustrative diagrammatic representation depicting the comparative effect of foliar 

application of silicon on panicle weight at maturity during two successive years (2017 and 2018) 

in different genotypes of rice. 

 

 
Figure.3 Symbolic representation of the comparative effect of foliar application of silicon on 

harvest index (%) during two successive years (2017 and 2018) in different genotypes of rice. 
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Table.3 Effect of foliar application of silicon on harvest index (%) during two successive years (2017 and 2018) in different 

genotypes of rice. ± sign indicates the standard error of mean. 

 

GENOTYPES 2017 2018 

T1 T2 T3 T4 MEAN T1 T2 T3 T4 MEAN 

PA-6129 47.05±0.53 50.61±1.59 42.25±4.84 40.35±1.58 45.07 48.48±0.28 53.19±1.96 51.85±3.40 48.63±0.17 50.54 

US-312 42.29±1.69 45.24±2.38 44.38±1.29 44.14±3.25 44.01 41.65±0.49 44.21±1.65 43.45±1.53 43.20±2.67 43.13 

KRH-4 36.85±0.85 38.22±1.35 40.42±0.42 39.37±2.55 38.72 40.16±1.05 42.92±0.49 39.87±0.36 39.59±2.59 40.63 

IR-64 35.00±0.19 36.98±1.59 36.54±3.45 35.59±1.44 36.03 39.41±1.16 41.75±1.49 37.70±0.81 34.14±0.48 38.25 

SBGD 46.91±0.76 50.68±1.52 45.61±0.48 39.84±2.98 45.76 48.65±0.70 52.97±0.64 51.17±1.74 46.82±1.16 49.90 

MEAN 41.62 44.35 41. 84 39.86  43.67 47.01 44.81 42.47  

 TREATMENT GENOTYPE TXG TREATMENT GENOTYPE TXG 

SEm± 

CD at 5% 

0.926 

2.651 

1.035 

2.964 

2.07 

5.928 

0.656 

1.879 

0.734 

2.101 

1.468 

4.202 
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With an increased awareness among 

researchers and cultivators with regard to Si 

and its potential in agriculture, it is probable 

that the decades overlooked element will be 

conceded as a worthy means of sustainably 

managing crop yield attributes and different 

other crop traits under adverse climatic 

conditions. The existing trial carried out with 

the aim of assessing the effect of silicon on 

the yield attributes in rice under well-watered 

and water-deficit conditions have sketched 

out a positive and beneficial image of silicon. 

It can be effectively used in crop plants to 

increase its economic output under adverse 

conditions such as water-deficiency. 
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