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ABSTRACT 

Micronutrient seed priming is a sustainable agricultural practice aimed at addressing the 

widespread issue of micronutrient deficiency in soils, which impacts crop yields and quality. 

This article explores the mechanisms, benefits, and challenges of micronutrient seed 

priming, with a focus on its potential for enhancing yield and quality in various crops. By 

providing seeds with essential micronutrients at early stages, seed priming promotes better 

germination, vigor, and resilience to stress, making it an effective technique for improving 

agricultural productivity sustainably. 

 

INTRODUCTION 
 

icronutrient seed priming is a pre-

sowing agricultural technique that 

involves treating seeds with 

essential micronutrients such as zinc, iron, 

manganese, and copper to address nutrient 

deficiencies before the seeds are planted. This 

practice is increasingly recognized as an 

effective, sustainable solution to enhance crop 

yields and improve the quality of agricultural 

produce. Micronutrients, although required by 

plants in small quantities, play crucial roles in 

various physiological and biochemical 

processes, such as enzyme activation, 

chlorophyll synthesis, protein production, and 

stress resistance. However, intensive farming, 

soil degradation, and nutrient depletion have 
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led to widespread micronutrient deficiencies in 

soils worldwide, severely impacting plant 

growth, productivity, and, ultimately, the 

nutritional quality of crops. Micronutrient 

deficiencies can result in poor seed 

germination, weak seedling establishment, and 

reduced resilience to environmental stresses, 

all of which are detrimental to achieving 

optimal crop yields. 

Traditional agricultural practices often address 

these deficiencies through soil or foliar 

applications of micronutrient fertilizers. 

However, these methods have limitations, 

including nutrient losses through leaching, 

high application costs, and environmental risks 

associated with excessive fertilizer use. In 

contrast, micronutrient seed priming offers a 

targeted and efficient approach, delivering 

nutrients directly to the seeds, thereby 

promoting early and uniform germination and 

vigorous seedling growth. This technique not 

only ensures the immediate availability of 

micronutrients to young plants but also 

enhances nutrient use efficiency, making it a 

valuable tool in sustainable farming systems. 

By strengthening seedlings from the outset, 

micronutrient priming supports plants in 

overcoming initial growth challenges, such as 

poor soil conditions, drought, and disease 

pressures. Furthermore, primed seeds often 

exhibit greater resilience to biotic and abiotic 

stresses, ultimately contributing to higher 

yields and improved crop quality. Given the 

urgency of addressing global food security 

challenges and the adverse environmental 

impacts of conventional farming practices, 

micronutrient seed priming emerges as a 

practical and eco-friendly innovation. 

Integrating this technique into agricultural 

systems holds promise not only for boosting 

productivity but also for enhancing the 

nutritional quality of crops, supporting 

healthier diets, and contributing to long-term 

soil and environmental health. 

Micronutrient Deficiency in Soils and Its 

Impact on Crop Yield 

Overview of Soil Micronutrient Deficiency: 

Many agricultural soils, particularly in 

developing regions, suffer from micronutrient 

deficiencies. For instance, zinc deficiency 

affects nearly 50% of soils worldwide, 

resulting in decreased crop yields and reduced 

nutritional quality of the produce (Cakmak, 

2008). 

Effects on Crop Physiology and Yield: 

Micronutrient deficiencies impair various 

physiological processes in plants. Zinc 

deficiency, for example, reduces chlorophyll 

synthesis and delays maturity, while iron 

deficiency disrupts photosynthesis, lowering 

crop productivity (Alloway, 2008). 

Global Impact on Food Security and 

Nutrition: Micronutrient deficiencies in soils 

lead to micronutrient-deficient crops, 

exacerbating malnutrition issues, particularly 

in zinc and iron, which are essential for human 

health. By improving the micronutrient content 

of crops through seed priming, this approach 

can support food security and improve public 

health. 

Mechanism of Micronutrient Seed Priming 

Process of Seed Priming: In seed priming, 

seeds are soaked in a solution containing 

micronutrients, allowing them to absorb the 

necessary elements before germination. This 

process shortens the lag phase of germination, 

leading to improved seedling growth (Farooq 

et al., 2006). 

Role in Enhancing Seed Germination and 

Seedling Vigor: Studies show that primed 

seeds demonstrate faster germination, 

improved emergence, and greater uniformity 

in growth due to ready availability of 

micronutrients, particularly under suboptimal 

environmental conditions. 
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Physiological and Biochemical Changes in 

Primed Seeds: Micronutrient-primed seeds 

exhibit increased antioxidant activity and 

stress tolerance, attributed to enhanced 

enzymatic functions and hormone activity. For 

instance, zinc priming increases the activity of 

antioxidant enzymes, which helps protect 

against oxidative damage in stressful 

conditions. 

Micronutrients Commonly Used in Seed 

Priming and Their Effects 

Zinc (Zn): Zinc is involved in the synthesis of 

auxin, an essential plant hormone, and 

supports root development and chlorophyll 

production. Priming with zinc improves root 

architecture and increases drought tolerance, 

especially in crops like wheat and rice 

(Cakmak, 2008). 

Iron (Fe): Iron is crucial for chlorophyll 

synthesis and electron transport. Studies 

indicate that iron-primed seeds exhibit 

enhanced photosynthetic capacity and higher 

biomass, contributing to better crop yields. 

Manganese (Mn): Manganese is important for 

chloroplast formation, photosynthesis, and 

nitrogen metabolism. Priming with manganese 

has been shown to improve the germination 

rate and enhance nitrogen assimilation in crops 

like maize (Broadley et al., 2012). 

Copper (Cu) and Molybdenum (Mo): 

Copper plays a role in lignin synthesis, which 

strengthens cell walls, while molybdenum is 

necessary for nitrogen fixation in legumes. 

Studies have shown that priming seeds with 

these micronutrients can significantly improve 

plant resilience and growth in nutrient-poor 

soils. 

Benefits of Micronutrient Seed Priming on 

Yield and Quality 

Enhanced Seed Yield and Crop 

Productivity: Research demonstrates that 

micronutrient priming leads to higher seedling 

vigor, which translates into improved yield. 

For instance, seed priming with zinc resulted 

in a 15–20% yield increase in wheat. 

Improved Quality of Produce: Micronutrient 

priming has been found to improve the 

nutritional content of crops. Priming with iron 

increases the iron concentration in grains, 

contributing to higher nutritional quality. 

Increased Resistance to Biotic and Abiotic 

Stresses: Primed seeds exhibit improved 

tolerance to drought, salinity, and pests. 

Studies have shown that zinc-primed plants 

have better drought tolerance due to enhanced 

root development and water uptake (Farooq et 

al., 2006). 

Contribution to Soil Health and Nutrient 

Cycling: By reducing the need for excessive 

fertilizer inputs, micronutrient priming 

minimizes nutrient runoff and soil degradation, 

promoting sustainable nutrient cycling in 

agricultural ecosystems. 

Methods of Micronutrient Seed Priming 

and Best Practices 

Types of Micronutrient Priming Solutions: 

Different salts are commonly used, such as 

zinc sulfate for zinc priming and ferrous 

sulfate for iron. Optimal concentrations vary 

by crop and are critical to avoid phytotoxicity 

(Farooq et al., 2006). 

Duration and Protocols for Seed Priming: 

Soaking times and concentrations must be 

carefully controlled. Generally, seeds are 

soaked for 6–12 hours, followed by air drying 

before sowing. 

Considerations for Different Crops and 

Varieties: It is essential to adjust priming 

protocols based on crop-specific requirements. 

Local trials are recommended to determine the 

most effective micronutrient concentrations 

and soaking times for different varieties. 
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Challenges and Limitations of 

Micronutrient Seed Priming 

Potential Phytotoxicity and Over-Priming 

Risks: Excessive micronutrient levels can be 

toxic to seeds. For example, high levels of zinc 

can inhibit germination and cause oxidative 

damage (Cakmak, 2008). 

Cost and Accessibility of Micronutrient 

Solutions: Micronutrient solutions can be 

costly, which may be a barrier for smallholder 

farmers. Scaling up production and subsidies 

could make micronutrient priming more 

accessible. 

Variability in Effectiveness Across Different 

Soil Types and Environmental Conditions: 

The benefits of micronutrient priming may 

vary depending on soil conditions. In highly 

calcareous soils, for example, zinc availability 

is limited, which may necessitate foliar 

applications in addition to seed priming. 

Future Prospects and Research Needs 

Potential for Integration with Other 

Sustainable Practices: Combining 

micronutrient priming with bio-priming or 

biostimulants could yield synergistic effects. 

Integrative practices can further enhance 

resilience and reduce reliance on synthetic 

fertilizers. 

Need for More Crop-Specific Studies: There 

is a need for additional research to optimize 

protocols for under-researched crops and 

regions, particularly for nutrient-deficient soils 

in developing countries. 

Genetic and Molecular Insights: 

Understanding the molecular mechanisms 

through which micronutrient priming affects 

plant stress responses could support breeding 

programs focused on nutrient efficiency and 

stress resilience. 

CONCLUSION 

Micronutrient seed priming is a promising 

approach to enhance seed yield, improve crop 

quality, and reduce dependency on chemical 

fertilizers. By making critical nutrients 

available early, priming enhances germination, 

growth, and resilience to environmental stress, 

contributing to sustainable and efficient 

agricultural systems. 
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