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ABSTRACT 

	
Introduction: Linseed (Linum usitatissimum L.) is an important oilseed crop grown in India, primarily on marginal lands with minimal inputs, leading to low productivity. Micronutrients like zinc and boron play a crucial role in enhancing growth, yield, and oil content.
Objective: This review evaluates the effect of zinc and boron supplementation on linseed growth, yield attributes, and oil quality, highlighting effective nutrient management strategies. 
Methodology: The review compiles findings from various studies examining the soil and foliar application of zinc and boron, their impact on growth parameters, seed yield, oil content, and nutrient uptake in linseed cultivation.
Key Findings: Zinc is essential for enzyme activation, chlorophyll formation, and grain filling, while boron supports pollen viability, seed setting, and nutrient transport. Studies indicate that foliar application of ZnSO₄ (0.5%) and borax (0.3%) at 45 DAS significantly enhances seed yield, oil percentage, and stover yield. Integrating micronutrient management improves nutrient use efficiency and crop resilience. 
Conclusion: Zinc and boron play a critical role in optimizing linseed production. Targeted foliar application at key growth stages can enhance yield and oil quality. Future research should focus on site-specific nutrient strategies for sustainable linseed cultivation.
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1. INTRODUCTION 

Oilseeds hold significant importance in India's economy, ranking as the second-largest agricultural commodity after cereals. They occupy approximately 18.7% of the total cropped area and contribute 11.8% to overall food grain production (Agri. Statistics, 2022-23). The leading oilseed-producing states in India include Madhya Pradesh, Chhattisgarh, Uttar Pradesh, Maharashtra, Bihar, Odisha, Jharkhand, Nagaland, Karnataka, and Assam, accounting for over 95% of both cultivated area and production. Linseed (Linum usitatissimum L.) is a vital rabi oilseed crop cultivated in India. It thrives in cool-season conditions, requiring moderate to low temperatures during its growth period. The crop is generally grown in regions receiving an annual rainfall of around 500 mm. Among oilseeds, linseed is one of the oldest cultivated crops, valued for both its oil and fiber. It is grown in tropical and temperate regions worldwide, often on marginal and sub-marginal lands with minimal agricultural inputs. Globally, linseed is cultivated on approximately 32.23 lakh hectares, producing 30.68 lakh tonnes with an average yield of 952 kg/ha. In contrast, India cultivates linseed on around 1.7 lakh hectares, with a total production of nearly 1 lakh tonnes and an average productivity of 574 kg/ha. In terms of cultivated area, India ranks fifth, following Kazakhstan, the Russian Federation, Canada, and China. However, in production, it holds the sixth position, trailing behind Kazakhstan, Canada, the Russian Federation, China, and the USA (Annual Report, AICRP on Linseed, 2021-22). Each component of linseed holds economic significance. Linseed seeds contain 33–45% oil, which is extensively used in industries for paper manufacturing, paint production, and fiber processing (Rowland et al. 1995). In certain parts of India, both the seed and its oil are consumed directly in various culinary preparations. Linseed oil is also utilized in road construction in the USA. The seed contains an antibiotic, "Linative," which is known to treat diseases in humans and animals for which no medical remedy currently exists. Nutritionally, linseed is a rich source of protein, fats, and carbohydrates. It is especially valued for its high content of omega-3 and omega-6 fatty acids (Singh et al. 2013), essential for human health. Linseed is unique among vegetarian foods for having the highest concentration of omega-3 fatty acids and is classified as a functional food. Additionally, it contains linolenic acid, vitamins, minerals, and mucilage—a polysaccharide with food-binding and anti-coughing properties. Linolenic acid contributes to brain development as it gets converted into DPA and DHA. The plant's stem is used for scutching, while its fiber can be blended with wool, cotton, and silk to create high-quality threads for textiles (Sharma et al. 2015). Linseed is a valuable secondary oilseed crop extensively utilized in industrial applications and serves as a phytoremediation agent for heavy metal-contaminated soils. It can accumulate heavy metals such as iron, copper, and zinc, with iron being the most dominant. While these elements are essential micronutrients, their optimal levels are crucial for enhancing linseed productivity. Increasing linseed production requires cultivating high-yielding varieties (HYVs) with balanced fertilization, including micronutrient supplementation. Micronutrients, though required in small amounts, are vital for plant growth and include iron, manganese, zinc, boron, copper, molybdenum, and chlorine. In oilseed crops, micronutrients play a crucial role in photosynthesis, seed setting, sugar translocation, pollen germination, stigma receptivity, and protein synthesis, all of which contribute to higher productivity. Under intensive cropping systems, the depletion of these nutrients is evident, necessitating their external supplementation. Zinc and boron deficiencies are widespread, particularly in wetland rice soils, light-textured soils, and calcareous soils. Zinc is one of the 17 essential plant nutrients, acting as an enzyme activator and playing a key role in the biosynthesis of auxin, which regulates plant growth and cell division (Suresh et al. 2013). It facilitates protein synthesis, chlorophyll formation, carbohydrate metabolism, and starch-to-sugar conversion while enhancing plant cold resistance. Zinc deficiency adversely affects crop development, leading to poor growth, interveinal chlorosis, and leaf necrosis. It is particularly crucial for grain formation and maintaining plasma membrane integrity. Plants grown from zinc-deficient seeds are highly vulnerable to biotic and abiotic stresses. Enriching linseed seeds with zinc enhances germination, seedling vigor, plant growth, and yield. Addressing zinc deficiency in linseed is an emerging challenge for improving crop productivity. Boron is another vital micronutrient that supports various physiological functions, including cell wall development, membrane integrity, sugar transport, pollination, and seed set. Its deficiency can hinder root and shoot growth, vascular tissue formation, and reproductive processes, ultimately affecting seed quality and viability in subsequent crop generations (Bubarai et al. 2017). Inadequate boron supply also impairs nitrogen uptake and assimilation. Boron is particularly important during pod and seed formation, as it influences the absorption of nitrogen, phosphorus, and potassium, thereby maintaining nutrient balance in plants. Given its significance, the application of micronutrients alongside major nutrients has gained importance in modern agronomic practices. Linseed cultivation is largely limited to marginal and sub-marginal lands with minimal input management, leading to low productivity. To enhance linseed production, there is an urgent need to develop agronomic strategies that optimize crop yield. Adopting location-specific agricultural practices, particularly efficient micronutrient management, is essential in the context of changing climatic conditions. The role of micronutrients, alongside macronutrients, is crucial in improving growth, yield attributes, and overall productivity in linseed. 
2. Effect of Zinc on growth and yield of linseed 

Zinc supplementation has been shown to enhance flax growth and boost seed yield, as reported by Jiao et al. (2004). The application of phosphorus fertilizers, however, negatively impacted flax growth by inducing zinc deficiency compared to a no-phosphorus control. Zinc addition mitigated this deficiency, leading to improved growth and yield. Mousa et al. (2010) found that applying 45 kg N ha⁻¹ along with micronutrients like zinc and boron through foliar application resulted in the highest seed and straw yield while also enhancing fiber fineness in linseed. Babaeian et al. (2011) emphasized that zinc plays a crucial role in synthesizing tryptophan, which is essential for producing indole-3-acetic acid. Additionally, zinc positively affects photosynthetic activity and metabolism, contributing to higher metabolite accumulation in reproductive structures. Nofal et al. (2011) highlighted that foliar zinc application is key to maintaining nutrient balance in flax. Their study recommended applying zinc at 2 g L⁻¹ twice to maximize seed yield and fiber quality. Bakry et al. (2012) reported that a combined foliar application of Zn, Mn, and Fe improved seed, oil, and fiber yields in flax. They observed varietal differences in flax cultivars' responses to these micronutrients. Homayouni et al. (2013) found that the R24 linseed genotype responded significantly to 80 kg ha⁻¹ nitrogen combined with foliar zinc application, improving growth, yield attributes, and seed yield. Similarly, Habbasha et al. (2013) noted that nitrogen use efficiency increased in oilseed crops when N and Zn were applied together, particularly at flowering and seed-filling stages. The most efficient nitrogen use occurred when 30-40 kg N ha⁻¹ was applied alongside zinc. Suresh et al. (2013) determined that zinc levels in oilseed crops vary between 15-46 mg kg⁻¹, with soils containing less than 0.6 mg kg⁻¹ DTPA-Zn considered deficient. Zn deficiency rates range from 21-86%, with an average of 49%. Zinc stress tolerance varies among oilseed cultivars, and residual Zn from previous crops can benefit subsequent oilseed plantings. Foliar ZnSO₄ sprays (0.2-0.5%) are recommended when Zn deficiency symptoms appear. Integrated nutrient management, incorporating balanced Zn application, enhances oilseed productivity. Tahir et al. (2014) found that foliar zinc application at 3.0% during bud initiation and after capsule filling significantly improved plant height, stem length, fruiting branches, 1000-seed weight, straw yield, and seed yield in linseed. Bakry et al. (2015) reported that linseed growth and yield responded well to foliar zinc application in sandy soils. Applying potassium sulfate at 100 kg ha⁻¹ alongside 0.5% zinc foliar spray resulted in the highest yield across different flax varieties. 
                         Eldaiem et al. (2016) observed significant increases in plant height, technical length, stem diameter, fruiting branches, straw yield, seed yield, long fiber yield, and nutrient uptake (N, P, K, Zn) in flax due to foliar zinc application at 500 ppm. They concluded that zinc plays a critical role in enzyme function, photosynthesis, saccharide metabolism, nucleic acid synthesis, and protein metabolism. Gonzalez et al. (2016) emphasized the importance of balanced micronutrient supply for optimal crop yield and quality. Their study found that Zn-EDDHSA and Zn-HEDTA were effective in weakly acidic soils, while Zn-EDTA and Zn-EDDHSA were most efficient in calcareous soils. These fertilizers improved fiber properties and reduced zinc leaching. Khan et al. (2017) reported that soil application of 10 kg ha⁻¹ ZnSO₄, 10 kg ha⁻¹ Borax, and 5 kg ha⁻¹ MnSO₄, along with recommended macronutrients, significantly increased sesame seed yield. Kumar (2018) found that foliar application of micronutrients (Zn, B, Fe, Mn, Cu) improved oilseed crop yield, and integrated micronutrient management enhanced nutrient use efficiency. Maharnor et al. (2018) noted that Zn application improved seed quality, oil percentage, protein content, and overall yield. The best results were obtained using ZnSO₄ at 30 kg ha⁻¹ combined with a recommended fertilizer dose. Diwan et al. (2019) suggested that applying 0.5% S ha⁻¹ with 7.5 kg Zn ha⁻¹, along with recommended N, P, and K doses, maximized rainfed linseed production. Aboyeji et al. (2019) found that while zinc had minimal impact on vegetative growth, applying 8 kg Zn ha⁻¹ significantly increased seed quantity and quality. They also noted that 600 ml Boron ha⁻¹ improved seed quality without increasing heavy metal content beyond safe limits. Jahan et al. (2019) highlighted zinc's significant role in sesame crop growth, yield, and oil content, noting that inadequate Zn application leads to yield losses. Nandi et al. (2020) found that omitting Zn and B reduced plant growth, nutrient uptake, and yield. Foliar spraying of zinc and boron increased plant biomass, leaf area, and chlorophyll content, with higher concentrations intensifying these benefits. Zinc application had a more pronounced impact on plant physiology than boron alone, while the combined application of Zn and B enhanced plant growth and nutrient accumulation, ultimately improving seed yield. Singh et al. (2020) conducted an experiment during the rabi season of 2018-19 at the Oilseed Research Farm, Kalyanpur, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, to investigate the effect of zinc and boron on the growth, yield attributes, seed yield, and economics of linseed. The results indicated that among the various treatments, foliar application of ZnSO4 at 0.5% and borax at 0.3% at 45 days after sowing (DAS) was the most effective, leading to the highest plant growth includes plant height and dry matter accumulation. Alam et al. (2021) carried out an experiment during the Rabi seasons of 2018-19 and 2019-20 at the Research Farm of Birsa Agricultural University, Kanke, Ranchi, Jharkhand, to investigate the impact of Zinc and Boron on the growth, yield, and economics of Linseed (Linum usitatissimum L.) in the region’s medium land. The results showed that foliar application of Zinc Sulfate (ZnSO4) at 0.5% and Borax at 0.3% at 45 days after sowing (DAS) produced the best results in growth parameters like higher plant height, better plant stand, increased dry matter accumulation in both the years. Awasthi et al. (2024) conducted an experiment on the "Effect of Boron and Zinc on Yield, Water Use Efficiency, and Economics of Linseed (Linum usitatissimum L.) under Limited Water Supply during rabi 2023-24 at the Oilseed Farm, Rama University, Mandhana, Kanpur. The results showed significantly higher yield attributes, oil content, oil yield, seed yield, stover yield. These factors led to higher seed yield compared to other 

3. EFFECT of boron on growth and yield of linseed 

Brown et al. (1993) highlighted boron's essential role in plant development, particularly in cell wall synthesis, lignification, carbohydrate and RNA metabolism, respiration, indole acetic acid metabolism, phenol metabolism, and membrane transport in field crops. Sarker et al. (2002) studied soybean grown in silt loam soil and found that boron application significantly influenced yield components. The highest plant height and branch count per plant were observed with 4.0 kg B ha⁻¹, while 1.0 kg B ha⁻¹ increased the number of effective pods per plant, and 2.0 kg B ha⁻¹ significantly improved the 100-seed weight. Karthikeyan et al. (2008) found that boron and sulfur applications significantly affected the protein content in sunflower and mustard seeds. In sunflower, protein content increased by 13.8%–16.3% with sulfur application and 14.4%–15.9% with boron. Similarly, mustard seed protein content rose from 19.2% to 21.6% with sulfur and 19.3% to 21.3% with boron. Nadian et al. (2010) reported that while sulfur alone had no significant impact on yield, the combination of sulfur and boron positively influenced canola yield and its components. The highest grain yield was achieved with 2.5 kg B ha⁻¹ and 80 kg S ha⁻¹. However, excessive boron application (>2.5 kg ha⁻¹) led to reduced grain, protein, and oil yields, likely due to boron toxicity, particularly in the presence of sulfur. Amery et al. (2011) noted that foliar boron application at the flowering stage significantly improved seed set and yield in sunflower. Hossain et al. (2011) found that soil-applied boron increased mustard seed yield by 30%–35%, with an optimal application rate of 1.0 kg B ha⁻¹. A higher dose (2.0 kg B ha⁻¹) did not negatively impact the crop. Kabir et al. (2013) determined that phosphorus (50 kg ha⁻¹) and calcium (11 kg ha⁻¹) combined with boron (2.5 kg ha⁻¹) resulted in optimal growth and yield of oilseed crops. They suggested further research on various nutrient combinations, crop varieties, growing seasons, and soil types.  
           Hamideldin et al. (2014) concluded that boron is crucial for sesame growth, as foliar boron application enhanced growth, productivity, and oil quality. Kumararaja et al. (2015) observed a 30%–35% increase in oilseed crop yield due to boron application. In calcareous soils, 16 kg borax ha⁻¹ was optimal for mustard seed yield, while higher doses (20 kg borax ha⁻¹) did not significantly affect crop performance. Yadav et al. (2016) emphasized boron's vital role in oilseed production, reporting significant improvements in yield, oil content, and boron uptake with 1.5 kg B ha⁻¹, leading to 36% and 52% increases in seed and oil yield, respectively. Dandoti et al. (2017) found that seed polymer coating (2 ml kg⁻¹ of seed) with micronutrients (ZnSO₄, borax, FeSO₄, ammonium molybdate, and calcium sulfate) improved linseed yield and seed quality. Akashatha et al. (2017) recommended applying 3 kg borax ha⁻¹ with a 0.2% foliar spray of boron at the flowering stage of sesame for optimal growth, yield, and economic returns in kharif season in medium to deep black soils. Mamatha et al. (2017) reported that 5.0 kg B ha⁻¹ was the ideal soil application rate for sesame to maximize nutrient uptake, seed yield, and stover yield, with 7.5 kg B ha⁻¹ yielding similar results. Shoja et al. (2018) found that the combined application of Zn, B, and S with NPK fertilizers increased rapeseed yield, oil content, and oil quality by enhancing fatty acid composition. Masum et al. (2019) observed that applying boron twice—at the vegetative and pod development stages—improved the yield of Brassica genotypes.  Shamsuzzoha et al. (2019) suggested that a combined application of nitrogen (60 kg ha⁻¹) and boron (3.0 kg ha⁻¹) in sesame crops resulted in better yields and economic returns. Singh et al. (2020) conducted an experiment during the rabi season of 2018-19 at the Oilseed Research Farm, Kalyanpur, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, to investigate the effect of zinc and boron on the growth, yield attributes, seed yield, and economics of linseed. The results indicated that among the various treatments, foliar application of ZnSO4 at 0.5% and borax at 0.3% at 45 days after sowing (DAS) was the most effective, leading to the highest yield attributes and seed yield. Alam et al. (2021) carried out an experiment during the rabi seasons of 2018-19 and 2019-20 at the Research Farm of Birsa Agricultural University, Kanke, Ranchi, Jharkhand, to investigate the impact of Zinc and Boron on the growth, yield, and economics of Linseed (Linum usitatissimum L.) in the region’s medium land. The results showed that foliar application of Zinc Sulfate (ZnSO4) at 0.5% and Borax at 0.3% at 45 days after sowing (DAS) produced the best results. This treatment led to improved yield components such as the number of capsules per plant, number of seeds per capsule, and 1000-seed weight. Awasthi et al. (2024) conducted an experiment on the "Effect of Boron and Zinc on Yield, Water Use Efficiency, and Economics of Linseed (Linum usitatissimum L.) under Limited Water Supply during rabi 2023-24 at the Oilseed Farm, Rama University, Mandhana, Kanpur. The results showed significantly higher plant height and dry matter accumulation. These factors led to higher growth parameters compared to other treatments. 

4. EFFECT OF ZINC ON ECONOMICS OF LINSEED

Aruna et al. (2001) observed that foliar spraying of 2% DAP combined with 5% ZnSO₄ and 0.5% boric acid significantly enhanced the yield and yield components of groundnut. This treatment also resulted in higher net returns of ₹36,347 per hectare and a benefit-cost (B:C) ratio of 2.44.  Shanmugasundaram and Savithri (2005) reported that the highest combined economic yield of maize and sunflower, reaching 25 tonnes per hectare, was achieved by applying zinc sulphate at a rate of 37.5 kg/ha to the first crop, followed by 12.5 kg/ha for all subsequent crops. Rashid and Akhtar (2006) found that the application of boron and zinc fertilizers was highly profitable, with a benefit-cost ratio of 2.2 for soil application and 3.1 for foliar spray. Additionally, foliar application of 0.2% boron in green gram increased the B:C ratio to 1.54. Husain et al. (2009) conducted a three-year field study (2002–03 to 2004–05) at Kanpur on a rice (Oryza sativa L.)-linseed (Linum usitatissimum L.) cropping system in silty loam soil with a zinc content of 0.85 ppm. The experiment included eight treatments, and results showed that applying zinc through zinc sulphate at 25 kg/ha along with farmyard manure (FYM) at 5 t/ha to rice in the sequence yielded the highest net monetary return of ₹17,419 per hectare. This was statistically similar to treatments where zinc was applied to both crops with FYM in rice and where zinc was applied to linseed with FYM in rice. Vijayakumari et al. (2009) estimated that the cost of cultivating groundnut was ₹8,881 per hectare, with an average gross return of ₹11,676, resulting in a net profit of ₹1,995 per hectare. The study found that the average groundnut yield in the research areas was 10.09 q/ha. Patil et al. (2012) reported that applying a micronutrient mixture at 20 kg/ha, containing Fe (29%), Mn (0.5%), Zn (5%), Cu (0.2%), and B (0.5%), resulted in a higher benefit-cost (B:C) ratio of 1.79 compared to the control treatment (NPK + water spray), which recorded a B:C ratio of 1.33 in sesame.  Madhu Bala and Kedar Nath (2015) found that the highest groundnut pod yield (2,169 kg/ha) and B:C ratio (5.45) were achieved with the application of the recommended dose of fertilizers (RDF) at the basal stage along with FYM at 7.5 t/ha. This was followed by the treatment where 100% RDF was applied at the basal stage, with an additional 50% RDF at 30 days after sowing (DAS) along with FYM at 7.5 t/ha, yielding 2,006 kg/ha. The lowest yield was recorded when 75% RDF was applied at both the basal stage and 30 DAS. Singh et al. (2020) carried out an experiment during the rabi season of 2018-19 at the Oilseed Research Farm, Kalyanpur, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, to investigate the effect of zinc and boron on the growth, yield attributes, seed yield, and economics of linseed. The results indicated that among the various treatments, foliar application of ZnSO4 at 0.5% and borax at 0.3% at 45 days after sowing (DAS) was the most effective, leading to the highest economic return includes gross monetary return, and net monetary return followed by the soil application of ZnSO4 at 25 kg/ha + borax at 1.5 kg/ha. Alam et al. (2021) carried out an experiment during the rabi seasons of 2018-19 and 2019-20 at the Research Farm of Birsa Agricultural University, Kanke, Ranchi, Jharkhand, to investigate the impact of Zinc and Boron on the growth, yield, and economics of Linseed (Linum usitatissimum L.) in the region’s medium land.  The results showed that foliar application of Zinc Sulfate (ZnSO4) at 0.5% and Borax at 0.3% at 45 days after sowing (DAS) produced the best results. This treatment led to higher net return and an improved benefit-cost ratio in both years. Awasthi et al. (2024) conducted an experiment on the "Effect of Boron and Zinc on Yield, Water Use Efficiency, and Economics of Linseed (Linum usitatissimum L.) under Limited Water Supply during rabi 2023-24 at the Oilseed Farm, Rama University, Mandhana, Kanpur.The application of ZnSO4 at 25 kg/ha and Borax at 1.5 kg/ha, incorporated into the soil, resulted in the highest net return and B:C ratio. 

5. EFFECT OF BORON ON ECONOMICS OF LINSEED

Paramasivam et al. (2003) reported that supplementing the recommended NPK dose for sesame with seed treatment and foliar application of 0.5% DAP, 0.2% ammonium molybdate, 0.1% boric acid, 40 ppm NAA, 100 ppm salicylic acid, and phytohormones resulted in a 30.5% increase in seed yield. This treatment also achieved a benefit-cost (B:C) ratio of 1.61, surpassing the use of the recommended fertilizers alone. Rashid and Akhtar (2006) observed that applying boron and zinc fertilizers was highly profitable, with a B:C ratio of 2.2 for soil application and 3.1 for foliar spray. Similarly, Dixit and Elamathi (2007) found that foliar spraying of 0.2% boron in green gram improved the B:C ratio to 1.54.  Patil et al. (2012) noted that incorporating a micronutrient mixture at 20 kg/ha—comprising Fe (2%), Mn (0.5%), Zn (5%), Cu (0.2%), and B (0.5%)—resulted in a higher B:C ratio of 1.79 compared to the control (NPK + water spray) in sesame. Ansari et al. (2016) found that groundnut productivity, net returns, and B:C ratio, along with energy use efficiency and energy productivity, were maximized with solubor (soil application), followed by borosol (soil application), compared to no boron application.. Prathima (2013) reported that spraying 0.4% borax at the capitulum stage when ray florets opened, along with RDF, significantly enhanced seed and oil yield (2,176 kg/ha and 858.5 kg/ha, respectively). This treatment also resulted in higher net returns (₹44,527/ha) and a B:C ratio of 3.37. Bhattacharya et al. (2015) conducted an economic analysis of sunflower cultivation at different boron fertilization levels. They confirmed that applying boron at 2 kg/ha in soil or 0.2% as a foliar spray led to the highest gross returns (₹63,560/ha), net returns (₹46,250/ha), and a B:C ratio of 2.67, outperforming the recommended dose of fertilizers (RDF), which yielded ₹47,040/ha in gross returns, ₹30,330/ha in net returns, and a B:C ratio of 1.82.  Raghav et al. (2016) studied the impact of sulphur and boron application on linseed yield and nutrient uptake in rainfed conditions in the North Chota Nagpur region of Jharkhand. Their three-year experiment (2005–2008) at the Zonal Research Station, Dumka (Birsa Agricultural University, Ranchi), was conducted in sandy loam soil with an initial pH of 5.55, organic carbon content of 0.34%, available sulphur at 10.2 mg/ha, and boron at 0.48 mg/ha. The factorial randomized block design included three sulphur levels (0, 15, and 30 kg/ha) and four boron levels (0, 1.0, 1.5, and 2.0 kg/ha). The highest B:C ratio was achieved with 30 kg sulphur and 1.5 kg boron per hectare. Kavita (2017) found that seed priming with 0.2% nano-boron significantly increased seed yield (2,788 kg/ha) and oil yield (1,022 kg/ha). This improvement was attributed to a higher SPAD (chlorophyll content) reading of 44.50, reduced days to 50% flowering (61.33 days), enhanced growth parameters, net returns of ₹66,950/ha, and a B:C ratio of 2.72. Singh et al. (2020) conducted a rabi 2018–19 study at the Oilseed Research Farm, Kalyanpur, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, to examine the effects of zinc and boron on the growth, yield attributes, and economics of linseed. The randomized block design experiment revealed that the highest gross monetary return (₹92,115/ha) was recorded with foliar application of 0.5% ZnSO₄ + 0.3% borax at 45 DAS, followed by soil application of 25 kg ZnSO₄/ha + 1.5 kg borax/ha. The maximum net monetary return (₹65,508/ha) and B:C ratio (3.46) were also achieved with foliar application of 0.5% ZnSO₄ + 0.3% borax at 45 DAS, followed by soil application of 25 kg ZnSO₄/ha + 1.5 kg borax/ha.

6. Conclusion

Linseed is a vital oilseed crop with significant economic and nutritional value, but its productivity in India remains low due to marginal land use and poor input management. Zinc and boron play crucial roles in enhancing plant growth, seed yield, and oil content. Optimizing micronutrient management can boost linseed production, ensuring better economic returns and sustainable cultivation. In conclusion, effective zinc and boron supplementation can substantially enhance linseed productivity and quality. Future research should focus on refining nutrient management practices, exploring site-specific recommendations, and integrating sustainable agronomic strategies to maximize linseed production in India.
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