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ABSTRACT  
 

Salinity stress severely limits pulse productivity in coastal agro-ecosystems by inducing 
ionic imbalance and oxidative damage. Although silicon and selenium are known to 
enhance plant stress tolerance individually, information on their combined application under 
coastal saline soil conditions is limited. A pot experiment was conducted to evaluate the 
interactive effects of silicon and selenium on growth, yield and protein content of blackgram 
(Vigna mungo L.). Treatments consisted of graded levels of silicon and selenium applied 
individually and in combination along with recommended dose of fertilizers. The combined 
application of selenium at the rate of 2 ppm and silicon at the rate of 50 kg ha⁻¹ significantly 
improved plant height, dry matter production, nodulation, yield attributes and grain yield 
(1224 kg ha⁻¹) compared to control. Protein content and protein yield were also maximized 
under the same treatment. The improved performance may be attributed to enhanced 
nutrient uptake, improved physiological efficiency and alleviation of salinity-induced stress. 
The study highlights the synergistic role of silicon and selenium in improving productivity 
and grain quality of blackgram under coastal saline soil conditions. 
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1. INTRODUCTION 
 
Pulses hold significant value in Indian agriculture due to their high protein content, as well as 
their abundance in vitamins, minerals, and specific fibers. They are famously referred to as 
the "Poor man’s meat" and "rich man’s vegetable" [1]. Blackgram (Vigna mungo L.) is a pivotal 
pulse crop in India and South Asia. It holds a key place in Indian agriculture, boasting a high 
protein content of about 26%, nearly three times that of cereals. Silicon (Si) enhances plant 
resistance to various stresses like drought, salinity and pests by strengthening cell walls, 
improving nutrient uptake, and boosting overall plant health and yield [2]. Selenium [Se], a 
vital micronutrient, promotes plant growth and stress tolerance, improves antioxidant 
defenses, and mitigates the negative effects of soil pH on plant growth. Absorbed from the 
soil, selenium can biofortify crops, enhancing their nutritional value for human and animal 
consumption [3].  
Salinity stress, due to high soil salt concentrations, negatively impacts crop growth and 
productivity, leading to osmotic stress, ion toxicity, and oxidative stress, which result in 
reduced water uptake, nutrient imbalances, and impaired photosynthesis. Coastal salinity is a 
major factor leading to poor crop yields over approximately 3.1 million hectares [4]. Coastal 
saline soils present particular challenges, including a light texture, poor exchange properties, 



 

 

low nutrient and water retention capacity, low organic carbon levels, and deficiencies in both 
macro and micronutrients [5].  
Recent studies indicate that silicon (Si) and selenium (Se) enhance plant tolerance to salinity 
stress by improving growth and overall performance. Their combined application has shown 
synergistic effects in improving plant productivity under stress conditions. However, most 
studies are limited to cereals and horticultural crops, with very limited information available on 
pulse crops, particularly blackgram under coastal saline soils. Although the individual effects 
of Si and Se are well documented, their combined influence on growth, yield attributes, and 
grain protein content in blackgram under saline conditions remains insufficiently explored [6]. 
Therefore, the present study was undertaken to evaluate the synergistic effect of silicon and 
selenium on growth, yield and grain protein content of blackgram under coastal saline soil 
conditions. 
 

2. MATERIAL AND METHODS 
 
A pot culture experiment was conducted at the pot-culture yard, Department of Soil Science 
and Agricultural Chemistry, Faculty of Agriculture, Annamalai University, Tamil Nadu, India, 
during January to April 2024. The experiment was designed to maintain uniform salinity stress 
conditions and ensure precise nutrient application. The experimental soil was collected from 
a coastal saline field in Pichavaram village. The soil was sandy loam in texture, low in available 
nitrogen and phosphorus and medium in available potassium. The experiment consisted of 
ten treatments laid out in a completely randomized design (CRD) with three replications. The 
recommended dose of fertilizers (RDF) was applied as per crop recommendation (25:50:25 
N:P₂O₅:K₂O kg ha⁻¹). Selenium was applied as sodium selenate (Na₂SeO₄) at concentrations 
of 1, 2, and 3 ppm, while silicon was applied through diatomaceous earth at rates equivalent 
to 25, 50, and 75 kg ha⁻¹. 
Growth parameters including plant height, dry matter production, leaf area index, and number 
of branches were recorded at different growth stages. Yield attributes such as number of pods 
per plant, pod length, number of seeds per pod, 100-seed weight, grain yield, and haulm yield 
were recorded to assess crop productivity. Seed protein content was calculated by multiplying 
nitrogen percentage in grain with the conversion factor 6.25 [7]. Soil pH and electrical 
conductivity (EC) were analyzed to confirm the saline nature of the soil [8]. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Growth parameters 
The application of silicon and selenium significantly improved the growth parameters of 
blackgram under coastal saline soil conditions (Table 1). In general, the combined application 
of silicon and selenium produced a greater response than their individual application, clearly 
indicating a synergistic effect. 
Among the treatments, T9 (RDF + selenium @ 2 ppm + silicon @ 50 kg ha⁻¹) recorded the 
highest plant height (51.8 cm), number of branches plant⁻¹ (11.25), number of leaves plant⁻¹ 
(21.6), leaf area index (2.74), chlorophyll content (46.75 SPAD), and number of nodules plant⁻¹ 
(29.08). This treatment was closely followed by T8 (RDF + selenium @ 1 ppm + silicon @ 25 
kg ha⁻¹), which also showed marked improvement over the control and individual nutrient 
applications. The control treatment (T1) recorded the lowest values for all growth parameters. 
The enhanced vegetative growth under combined application of silicon and selenium may be 
attributed to better regulation of ionic balance, improved nutrient uptake, stronger 
photosynthetic activity and protection against salinity-induced oxidative stress [9]. Silicon likely 
reduced sodium toxicity and improved tissue structural stability, whereas selenium may have 
enhanced antioxidant defence and chlorophyll preservation. These combined effects would 
have favoured higher leaf development, greater nodulation, and increased biomass 
accumulation. Similar findings have been reported [10,11]. 



 

 

 
Table 1. Effect of silicon and selenium on growth parameters of blackgram at harvest 

Treatments Plant 
height 
(cm) 

Number 
of 
branches 
plant⁻¹ 

Number 
of 
leaves 
plant⁻¹ 

Leaf 
area 
index 

Chlorophyll 
content 
(SPAD) 

Number 
of 
nodules 
plant⁻¹ 

T1 – RDF (control) 23.4 6.15 11.8 1.01 22.28 16.51 
T2 – RDF + Se @ 1 
ppm 

34.1 7.92 15.3 1.64 30.82 21.25 

T3 – RDF + Se @ 2 
ppm 

30.8 7.35 14.2 1.43 27.96 19.11 

T4 – RDF + Se @ 3 
ppm 

27.5 6.79 13.1 1.22 25.13 17.85 

T5 –RDF + Si @ 25 kg 
ha⁻¹ 

37.3 8.49 16.5 1.85 33.65 23.37 

T6 – RDF + Si @ 50 
kg ha⁻¹ 

40.5 9.05 17.6 2.06 36.45 25.48 

T7 – RDF + Si @ 75 
kg ha⁻¹ 

45.4 10.09 19.4 2.31 41.15 26.65 

T8 – RDF + Se @ 1 
ppm + Si @ 25 kg ha⁻¹ 

48.6 10.66 20.5 2.53 43.95 27.88 

T9 – RDF + Se @ 2 
ppm + Si @ 50 kg ha⁻¹ 

51.8 11.25 21.6 2.74 46.75 29.08 

T10 – RDF + Se @ 3 
ppm + Si @ 75 kg ha⁻¹ 

42.2 9.51 18.2 2.10 38.26 25.50 

S. Ed 1.39 0.26 0.52 0.09 1.235 0.45 
CD (p = 0.05) 3.0 0.55 1.14 0.21 2.71 0.95 

 
3.2 Dry matter production and yield attributes 
Dry matter production, yield attributes, and yield of blackgram were significantly influenced by 

the different treatments (Table 2). The highest dry matter production at harvest was recorded 

in T9 (35.72 g pot⁻¹), followed by T8 (33.88 g pot⁻¹), whereas the lowest was observed in the 

control (23.19 g pot⁻¹). Yield-contributing traits followed a similar trend, with T9 recording the 

highest pod length (8.24 cm), number of pods plant⁻¹ (19.55) and number of seeds pod⁻¹ 

(7.89). Although 100-seed weight did not differ significantly among treatments, a slight 

numerical increase was observed under combined application, with T9 recording the highest 

value (3.58 g). 

Grain and haulm yields were also significantly enhanced by silicon and selenium application, 

with combined treatments outperforming individual applications. T9 recorded the highest grain 

yield (1224 kg ha⁻¹) and haulm yield (1947 kg ha⁻¹), followed by T8 (1142 and 1876 kg ha⁻¹, 

respectively), while the control recorded the lowest values (763 and 1290 kg ha⁻¹). Compared 

with the control, T9 increased grain yield by 60.4% and haulm yield by 50.9%. The superior 

performance under T9 indicates that the combined application of silicon and selenium 

improved assimilate production and partitioning, resulting in enhanced vegetative growth and 

reproductive efficiency under saline conditions. Silicon-alone treatments also performed better 

than selenium-alone treatments, but the maximum response was observed under combined 

application, confirming their synergistic effect. These improvements may be attributed to 

enhanced physiological efficiency, better chlorophyll retention, and increased tolerance to 

salinity stress, which is in agreement with earlier findings [12]. 



 

 

Table 2. Effect of silicon and selenium on dry matter production, yield attributes and 

yield of blackgram 

Treatments Dry matter 
production 
(g pot⁻¹) 

Pod 
length 
(cm) 

Pods 
plant⁻¹ 

Seeds 
pod⁻¹ 

100-seed 
weight 
(g) 

Grain 
yield 
(kg 
ha⁻¹) 

Haulm 
yield 
(kg 
ha⁻¹) 

T1 23.19 4.85 8.04 4.01 3.39 763 1290 
T2 27.23 6.02 12.13 5.31 3.46 952 1656 
T3 26.88 5.65 10.91 4.89 3.45 935 1591 
T4 25.01 5.31 9.55 4.46 3.41 881 1420 
T5 28.03 6.41 13.46 5.74 3.48 976 1677 
T6 29.91 6.78 14.98 6.18 3.49 1030 1746 
T7 31.96 7.41 17.12 6.90 3.53 1078 1806 
T8 33.88 7.78 18.23 7.40 3.54 1142 1876 
T9 35.72 8.24 19.55 7.89 3.58 1224 1947 
T10 30.66 7.05 15.95 6.45 3.53 1052 1788 

S. Ed 0.792 0.147 0.504 0.195 0.04 23.49 29.64 
CD (p = 0.05) 1.75 0.32 1.10 0.41 NS 53.0 68.0 

 
3.3 Protein content and protein yield 
Protein content and protein yield were significantly influenced by the application of silicon and 
selenium (Table 3). The highest protein content (29.84%) and protein yield (365 kg ha⁻¹) were 

recorded under T9, followed by T8, which recorded 27.97% protein content and 319 kg ha⁻¹ 
protein yield. The lowest values were recorded in the control treatment, with 15.94% protein 
content and 121 kg ha⁻¹ protein yield. 
The increase in protein content under combined application may be attributed to improved 
nitrogen assimilation and enhanced metabolic activity in plants. Selenium is known to promote 
protein synthesis through its role in nitrogen metabolism and antioxidant protection, whereas 
silicon improves nutrient absorption and reduces salinity-induced physiological injury [13,14]. 
The combined application of these nutrients therefore created a favourable environment for 
greater protein accumulation in grain. The increase in protein yield under T9 was further 
supported by the substantial rise in grain yield. Similar improvements in grain quality with 
selenium and silicon application have been reported by [15,16]. 
Table 3. Effect of silicon and selenium on protein content and protein yield of blackgram 

Treatments Protein content (%) Protein yield (kg ha⁻¹) 
T1 15.94 121 
T2 21.40 203 
T3 20.78 194 
T4 18.90 166 
T5 22.03 215 
T6 23.75 244 
T7 26.09 281 
T8 27.97 319 
T9 29.84 365 
T10 25.00 263 

S. Ed 0.763 8.085 
CD (p = 0.05) 1.60 17.0 

 
 



 

 

4. CONCLUSION 
 
The present study demonstrated that the integrated application of silicon and selenium 
significantly improved the growth, yield, and protein content of blackgram grown in coastal 
saline soil. Among the treatments, RDF + selenium @ 2 ppm + silicon @ 50 kg ha⁻¹ (T9) 
proved to be the most effective, recording the highest values for plant growth, nodulation, 
chlorophyll content, dry matter production, yield attributes, grain yield, haulm yield, protein 
content, and protein yield. 
The results confirm that silicon and selenium act synergistically in mitigating salinity stress and 
enhancing both productivity and grain quality of blackgram. Therefore, the integrated use of 
selenium @ 2 ppm and silicon @ 50 kg ha⁻¹ along with the recommended dose of fertilizers 
may be considered a promising nutrient management strategy for blackgram cultivation in 
coastal saline soils. However, as the present investigation was conducted under pot culture 
conditions, further validation through multi-location field trials in different coastal saline agro-
ecological regions is necessary before making broad-scale recommendations. 
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