



Review Article
A NOVEL CALCIUM BOROHUMATE FERTILIZER FOR ENHANCING CROP PRODUCTIVITY AND SOIL FERTILITY – A REVIEW
ABSTRACT
The Calcium–Boron–Humate complex is an advanced plant nutrition formulation designed to improve nutrient use efficiency and enhance crop performance by integrating calcium and boron with humic substances. Although calcium- and boron-based fertilizers are commercially available, their availability in soil can sometimes be limited by factors such as leaching, adsorption onto clay minerals and oxides, and interactions with soil organic matter. Incorporating these nutrients with humic acid may help improve their retention and gradual release in the soil. Calcium plays a crucial role in strengthening plant cell walls, promoting root development, regulating membrane permeability, and improving fruit quality and shelf life. Boron is essential for cell division, pollen viability, flowering, seed and fruit development, and the effective translocation of sugars from source to sink tissues. Together, these nutrients support both vegetative and reproductive growth, ultimately contributing to higher crop productivity. Considering the importance of calcium and boron and the challenges associated with their efficient utilization, a novel Calcium–Boron–Humate complex fertilizer was laboratory-prepared in the Department of Soil Science and Agricultural Chemistry at The Gandhigram Rural Institute. This formulation is intended to enhance nutrient availability across a wide soil pH range by forming stable associations with humic substances, thereby reducing nutrient losses and improving plant uptake. Additionally, humic acid contributes to improved soil structure, increased cation exchange capacity, enhanced microbial activity, and better root growth. These improvements support greater availability and absorption of calcium and boron, leading to improved soil fertility and crop performance. This review aims to present the preparation method of the Calcium–Boron–Humate complex fertilizer and evaluate its effects on crop productivity and soil health, with the broader goal of supporting sustainable agricultural production.
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INTRODUCTION

Calcium is an essential secondary nutrient required for proper crop growth and development after the primary nutrients; nitrogen, phosphorus, and potassium. Plants absorb calcium mainly in the ionic form (Ca2+), and its availability generally increases with increasing soil pH (Shafeek Et al., 2013). Acidic soils often contain lower amounts of exchangeable calcium due to leaching, whereas neutral to moderately alkaline soils tend to have higher calcium availability (Malyukova LS et al., (2022). The availability of calcium in soil is influenced by several factors, including the percentage of sesquioxides, clay content, organic matter, soil texture, and cation exchange capacity (CEC). (Upadhyaya et al, 2012) reported that calcium readily forms complexes with various anions because of its divalent nature, which affects its mobility and retention in the soil. Calcium plays a critical role in plant physiological processes. It is essential for cell wall formation as calcium pectate, maintains membrane stability, and regulates cell division and elongation. Additionally, calcium is important for root development, enzyme activation, nutrient uptake, and fruit formation. Since calcium is relatively immobile within the plant, a continuous external supply is necessary to support the growth of young tissues .(Kamaleshwaran et al., 2025) suggested that major challenges associated with calcium nutrition is its availability in plant-accessible forms, which is strongly affected by soil pH, clay content, and organic matter levels. Calcium can form complexes with humic substances; however, unlike micronutrient chelates, these complexes help maintain calcium in an exchangeable and plant-available form rather than becoming permanently fixed in the soil. Humic acid–calcium interactions improve soil structure, enhance nutrient retention, and support a steady calcium supply throughout the crop growth period (Wdowiak Agata et al., 2024). Furthermore, adequate calcium improves soil aggregation, reduces soil acidity, enhances microbial activity, and mitigates toxicities caused by aluminum and manganese in acidic soils. Deficiency of calcium can lead to physiological disorders such as blossom end rot in tomato, tip burn in leafy vegetables, and poor root growth. 
Boron is an essential micronutrient in soil that plays a critical role in plant growth and development. It is involved in cell wall formation, cell division, sugar transport, and reproductive processes such as pollination and seed or fruit development, thereby significantly influencing crop yield and quality (Wang et al.,2015). Plants primarily absorb boron in the form of undissociated boric acid (H3BO3). This form remains available across a soil pH range of approximately 5.0 to 7.5; however, boron availability generally decreases in highly alkaline soils due to adsorption onto clay minerals and oxides. (Kamaleshwaran and Papitha.,2025) reported that in sandy soils, boron is easily lost through leaching because it is highly soluble and weakly retained, making careful nutrient management essential. The availability of boron depends largely on soil pH, organic matter content, moisture conditions, and soil texture. Organic matter serves as an important reservoir for boron, releasing it slowly through mineralization and helping maintain an adequate supply during the crop growth period (Pereira et al.,2021). Therefore, soil testing is crucial for determining appropriate boron application, especially in regions where boron deficiency is widespread. Both boron deficiency and toxicity can severely affect plant growth (Tariq and Mott.,2007). Insufficient boron restricts meristematic activity, reduces pollen viability, and leads to poor fruit or seed set, ultimately limiting crop productivity. Conversely, excess boron becomes toxic and may cause leaf chlorosis, necrosis, and reduced plant vigor. Because the range between deficiency and toxicity is narrow, precise boron management is necessary for sustainable crop production (Yan et al.,2019).

Humic acid is used in plants as a soil amendment to improve soil structure, aeration, and water retention, while boosting nutrient/water uptake by stimulating root growth and making soil nutrients more available (Yang et al.,2021)It enhances plant health by increasing stress tolerance, promoting photosynthesis, and improving overall yield and quality by acting as a natural chelating agent that binds minerals and reduces toxic metal absorption, making it a versatile tool for sustainable agriculture (Hayas and Swift .,2020). Humic acids are extremely important as a medium for transporting nutrients from the soil to the plant because they can hold onto ionized nutrients, preventing them from leaching away (Nardi et al.,2021). (Fuentes et al.,2018) reported that humic acids are also attracted to the depletion zone of the plant root. When they arrive at the roots, they bring along water and nutrients the plant needs. The depletion zone is the area close to the root of a plant from which the root draws (depletes) Nutrients. This zone can become particularly depleted if there is a lack of either humic acid or Mycorrhizal fungus. When plants are mycorrhizal, the depletion zone is of less importance. Mycorrhizae have hyphae micro-tubes that can extend much further into the soil than the host plant can reach.  They can gather mineral nutrition for the benefit of the host plant fromOutside the depletion zone. Humus is even more critical for plant nutrient availability andUptake if there aren’t healthy mycorrhizal relationships in the soil.
CALCIUM REQUIREMENT BY THE PLANTS
The normal concentration of calcium in plant tissues typically ranges from 0.1 to 5.0% of dry weight (Dayod et al.,2010). However, this range varies depending on soil conditions, environmental factors, crop species, and overall soil fertility status. Calcium deficiency is relatively uncommon in neutral to alkaline soils because these soils generally contain adequate exchangeable calcium (Zhang et al.,2022). In contrast, calcium availability is often reduced in acidic soils due to leaching losses and displacement by hydrogen and aluminum ions from the soil exchange complex (Hernandez et al.,2020). As a result, calcium deficiencies are more likely to occur in highly weathered or sandy soils with low cation exchange capacity (Bonomelli et al.,2021). Although sufficient calcium may be present in the soil, deficiencies frequently occur in horticultural crops. This is primarily because calcium movement within plants depends largely on transpiration and occurs mainly through the xylem. Since calcium is immobile in the phloem, it cannot be readily redistributed from older tissues to actively growing regions (Robertson.,2013). Consequently, deficiency symptoms typically appear in younger leaves, meristematic tissues, and developing fruits (Prado.,2021). Common calcium deficiency symptoms such as Tip burn in leafy vegetables, Brown heart in leafy crops, Black heart in celery, Blossom end rot in tomato, Bitter pit in apple and Empty pod in groundnut.
Excessive calcium in soil is relatively rare but may interfere with the uptake of other nutrients such as magnesium and potassium due to ionic competition. In some fruits, localized calcium accumulation may lead to physiological disorders such as gold spot, sometimes associated with the formation of calcium oxalate crystals. Maintaining optimum calcium availability is therefore essential for improving crop growth, structural strength, and produce quality. Humic substances can support calcium nutrition by enhancing soil structure, increasing cation exchange capacity, and improving nutrient retention, thereby helping to maintain a steady supply of calcium in the root zone rather than directly chelating it.
BORON REQUIREMENT BY THE PLANTS
Boron is an essential micronutrient required for normal plant growth, typically present in plant tissues within the range of 5–100 mg kg-1 (ppm) of dry weight, depending on crop species, soil conditions, and environmental factors (Thakur shivani et al.,2023). Although needed in very small quantities, boron plays a crucial role in maintaining structural and physiological functions in plants. Plant absorbs boron primarily in the form of boric acid (H3BO3), which moves to the roots mainly through mass flow with soil water. Therefore, boron availability is strongly influenced by soil moisture conditions (Wang et al.,2022). (Janaki et al.,2020) reported that dry soils restrict boron movement toward roots, often leading to temporary deficiencies even when total soil boron is adequate. Further, boron deficiency is one of the most widespread micronutrient disorders, particularly in sandy soils, highly leached acidic soils, and soils low in organic matter. Conversely, in arid and semi-arid regions, excessive boron accumulation may occur due to limited leaching, potentially resulting in toxicity. Because the range between deficiency and toxicity is very narrow, careful nutrient management is essential. Physiologically, boron is vital for cell wall formation, where it stabilizes cell wall structure by cross-linking pectic polysaccharides (Das and Purkait.,2020). It is also involved in cell division, meristem development, pollen germination, fertilization, and seed and fruit formation. Additionally, boron facilitates the translocation of sugars and carbohydrates from source leaves to growing tissues and supports hormone regulation and metabolic activity. Since boron is relatively immobile in most plant species, deficiency symptoms typically appear in young tissues and reproductive organs. Common symptoms are death of the growing points (terminal buds), Thick, brittle, or distorted young leaves, Reduced flowering and poor pollen viability, Fruit cracking or deformation, Hollow stem in crops like cauliflower and Internal cork or brown heart in root vegetables. Toxicity symptoms, on the other hand, usually develop first on older leaves and include leaf tip burn, chlorosis, and necrosis, eventually reducing plant vigor and yield. Maintaining optimum boron availability is therefore critical for achieving better crop productivity and quality (Mousavi and Motesharezadeh., 2020). Soil organic matter plays an important role in boron dynamics by acting as a reservoir that releases boron gradually during decomposition. Furthermore, humic substances can improve soil structure, enhance moisture retention, and support microbial activity, indirectly promoting consistent boron availability in the root zone (Mahadavi S et al.,2020).

THE IMPORTANCE OF CALCIUM AND BORON IN PLANT GROWTH

Calcium is a crucial element for plant growth and development. It plays a vital role in cell wall structure, helping to maintain the integrity and strength of plant cells (Henner et al.,2020). Additionally, calcium is involved in various enzymatic reactions within the plant, supporting processes such as nutrient uptake and photosynthesis. Without an adequate supply of calcium, plants may experience issues like poor root development, stunted growth, and increased susceptibility to diseases.

Boron, although required in much smaller quantities compared to calcium, is equally essential for plant health (Abou et al.,2021). This micronutrient is involved+ in the movement of sugars within the plant, aiding in the production of plant hormones that regulate growth and development. Boron also plays a key role in the formation and maturation of seeds and fruits, influencing their quality and yield (De Silva et al.,2022). A deficiency in boron can lead to issues such as poor flowering, abnormal fruit development, and reduced crop quality (Day and Aasim.,2020)
The combination of calcium and boron in a fertilizer provides plants with a balanced supply of these essential nutrients, promoting healthy growth, improved flowering, and enhanced fruiting. By ensuring that your plants receive an adequate amount of both calcium and boron, you can support their overall development and maximize their productivity.
BENEFITS OF USING CALCIUM BORON FERTILIZER
Using calcium boron fertilizer offers a range of benefits for plants, ultimately leading to improved growth and harvest quality. One of the primary advantages of this fertilizer is its ability to enhance plant structure and strength. Calcium contributes to the formation of sturdy cell walls, ensuring that plants have the structural support needed to grow tall and strong. Boron, on the other hand, helps in the efficient transport of sugars and the development of healthy fruits, leading to better overall plant health. Further (Schai et al.,2021) concluded the benefit of calcium boron fertilizer is its role in improving flowering and fruiting in plants. Boron plays a crucial role in flower and fruit development, helping to ensure that plants produce high-quality, well-formed fruits. By providing plants with an adequate supply of boron through the use of this fertilizer, you can promote more abundant flowering, leading to increased fruit set and yield.

In addition to enhancing growth and fruit quality, calcium boron fertilizer also helps plants build resistance to various stresses and diseases. Calcium strengthens plant cell walls, making them more resilient to environmental factors such as drought, heat, and pests (Zhang ana Liu.,2021). Boron, on the other hand, supports the production of defensive compounds in plants, boosting their ability to ward off pathogens and diseases (Shrestha et al.,2020). By incorporating calcium boron fertilizer into your gardening or farming practices, help plants better cope with stressors and maintain their health and productivity.
CALCIUM BOROHUMATE COMPLEX PREPARATION
The Borohumate was prepared by 5 g of humic acid powder was dissolved 
in small quantity of 0.1 N KOH and diluted to 1000 ml. Then 5 g of boric acid and 
2.5 g of calcium chloride was added to humic acid solution and the pH was adjusted to 7.0 using 0.1N HCl or 0.1 N NaOH. The solution was shaken in horizontal shaker for 30 minutes and allowed to stand overnight. The supernatant solution was filtered through Whatman No. 42 filter paper washed with distilled water till the filtrate runs free from chloride. The Borohumate complexes presents in filter paper were then dried at 45-55ºC and grind to a fine powder. Assuming the molecular weight of ha as 1000 (Mulitharal., 1991). As a molecular weight of humic acid extracted from lignite was not estimated, the above method of complex preparation was followed. The complexes thus obtained were digested in triple acid mixture (9:4:1 HNO3:HClO4:H2SO4). Boron content was estimate by using hot water boron method. 
CONCLUSION:-
Calcium BoroHumate Complex is an effective soil and plant nutrient that provides calcium and boron in a highly available form, improving root growth, cell wall strength, flowering, and fruit set. Its humic components enhance nutrient uptake, soil structure, and microbial activity, while reducing nutrient loss through leaching and improving fertilizer use efficiency. It helps correct calcium and boron deficiencies more effectively than conventional fertilizers, supports uniform crop growth, and improves plant tolerance to stress. Overall, regular use leads to healthier plants, higher yields, better crop quality, and long-term soil productivity.
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