


The role of organic and inorganic amendments on growth, yield, and nutrient uptake performance in black gram (Vigna Mungo) cultivation 

Abstract
This review systematically explores the impacts of organic and inorganic soil amendments on the growth, yield, and nutrient uptake of black gram (Vigna mungo), a significant legume crop in agrarian economies. The synthesis of findings from numerous studies reveals that organic amendments, including compost, manure, and biochar, significantly enhance soil fertility, improve water retention, and increase microbial activity, leading to improved plant growth and higher yields. Moreover, inorganic amendments, primarily synthetic fertilizers, offer immediate nutrient availability, which significantly boosts growth rates and crop yields in the short term. However, the benefits of inorganic amendments must be weighed against potential long-term soil degradation and environmental contamination. The review also explores the comparative effectiveness of these amendments, noting that combining organic and inorganic inputs can potentially optimize black gram cultivation by balancing immediate nutrient needs with long-term soil health. Furthermore, socioeconomic and environmental implications of amendment usage are discussed, emphasizing the necessity for sustainable practices that align with local agronomic conditions and economic constraints. The paper concludes with recommendations for integrating both types of amendments to maximize yield while sustaining soil health, alongside highlighting research gaps that need addressing to refine amendment practices in black gram cultivation.
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1. Introduction
Black gram (Vigna mungo), commonly known as urad dal in South Asia, is a crucial legume crop renowned for its high protein content and dietary importance (Choudhary et al., 2017). It forms an integral part of the diet for millions of people, particularly in India, where it is used in various traditional dishes (Divyavani et al., 2020). Black gram cultivation is pivotal not only from a nutritional point but also for its role in sustainable agriculture practices, such as improving soil fertility through nitrogen fixation (Bhadu et al., 2018). However, the yield of black gram is considerably affected by various agronomic and environmental factors, among which soil fertility and nutrient management play critical roles (Keerthanan et al., 2019). In the field of agriculture, particularly in the cultivation of legumes like black gram, the use of soil amendments is a traditional and essential practice to enhance soil quality and plant performance (Laharia et al., 2020). Moreover, soil amendments are added to soil to improve its physical properties, supply nutrients, and enhance microbial activity, thereby boosting plant growth and productivity. These amendments are broadly categorized into organic and inorganic types, each having distinct characteristics and effects on the soil-plant system (Mahamud et al., 2022). Organic amendments include materials such as farmyard manure, compost, green manure, and biochar (Shekhawat et al. 2018). These materials are derived from plant or animal sources and are valued for their ability to enhance soil texture, boosting moisture retention, and supplying a gradual release of nutrients (Majeed et al., 2021). Organic matter addition is also linked with enhanced microbial activity in the soil, which plays a crucial role in nutrient cycling and availability. Furthermore, the use of organic amendments aligns with ecological farming practices, contributing to long-term soil health and sustainability. Additionally, inorganic amendments typically refer to synthetic fertilizers that are directly applied to soils to supply specific deficient nutrients (Pongener et al., 2022). These amendments are highly efficient at providing immediate nutrient needs to crops, leading to rapid improvements in plant growth and yields. Inorganic fertilizers, such as urea, phosphates, and potash, are easy to apply and control but have potential downsides including the risk of soil acidification, nutrient leaching, and adverse environmental impacts (Rohan et al., 2022). This review paper aims to explore the influence of organic and inorganic soil amendments on the growth, yield, and nutrient uptake of black gram.
2. Types of soil amendments
There are two types of soil amendments such as organic and inorganic explained below.
2.1 Organic amendments
Organic amendments are derived from natural sources such as plants, animals, and microorganisms. Organic amendments decompose in the soil, gradually releasing nutrients which are then available for plant uptake, and help in building soil organic matter and fertility over time. There are various common types of organic amendments and their characteristics (Kumar et al., 2020; Nallagatla et al., 2022). 
2.1.1 Farmyard manure
Farmyard manure is made from the waste of farm animals mixed with hay, straw, or other bedding material. This mixture is composted over time. FYM is nutrient-dense, especially in nitrogen, phosphorus, and potassium. It also betters soil texture, boosts moisture retention, and promotes microbial growth in the soil. Commonly used in all types of crops for general soil improvement, FYM is spread on the field and mixed with the topsoil before planting (Kumar et al., 2020).
2.1.2 Compost
Compost is produced from the aerobic decomposition of a variety of organic materials, including vegetable scraps, yard trimmings, paper, and wood. The process involves the breakdown of material by microorganisms under controlled conditions. Compost is rich in organic matter and helps improve soil structure, porosity, and water retention. It also provides a balanced source of nutrients and promotes a healthy soil microbial ecosystem. Compost can be used in any agricultural or horticultural application. It is typically mixed into the soil before planting or used as a top dressing (Jangir et al., 2016).
2.1.3 Green Manure 
 Green manure involves the cultivation of specific crops, such as legumes, grasses, or other fast-growing plants, that are then plowed back into the soil. When decomposed, green manure increases soil organic matter, nitrogen content (especially when leguminous plants are used), and microbial activity. It also helps prevent soil erosion and weed growth. Green manure is typically grown during the off-season or between main crop cycles and is turned into soil before reaching maturity (Sancho et al., 2023).
2.1.4 Biochar
Biochar is a form of charcoal produced from plant materials through pyrolysis (heating in the absence of oxygen). Biochar has a porous structure that helps enhance soil aeration, water retention, and nutrient storage capacity. It also provides a habitat for soil microbes and can help sequester carbon in the soil, reducing greenhouse gas emissions. Biochar is usually incorporated into the soil at specific rates depending on soil type and crop requirements. It is particularly beneficial in soils that are poor in organic matter (Kumar et al., 2020).
2.1.5 Animal -Based products 
This category includes bone meal, blood meal, fish emulsion, and feather meal, which are all by-products of the meat and fishing industry. These products are high in specific nutrients; for example, bone meal is rich in phosphorus and calcium, while blood meal provides high levels of nitrogen. Typically used as targeted fertilizers, they are applied directly to the soil to address specific nutrient deficiencies (Sn, 2023).
2.1.6 Cover Crops
Similar to green manure, cover crops include rye, clover, and mustard, which are grown to cover the soil rather than for harvest. Cover crops improve soil health by preventing erosion, improving soil structure, enhancing nutrient content, and suppressing weeds. Grown during off-seasons or between crops, they are mowed or incorporated into the soil as they mature, enriching the soil with organic matter and nutrients (Sadiq et al., 2023).
2.2 Inorganic Amendments
Inorganic amendments, often referred to as synthetic or chemical fertilizers, are substances that are added to the soil primarily to supply one or more nutrients required by plants. These amendments are manufactured through industrial processes and are designed to be highly soluble, providing nutrients that are immediately available to plants. This section discusses the common types of inorganic amendments used in agriculture, their characteristics, and their roles in enhancing soil fertility and plant growth.
2.2.1 Nitrogen fertilizers
Nitrogen is a vital nutrient for plant growth, particularly influencing foliage development. Inorganic nitrogen fertilizers are among the most widely used agricultural inputs due to their direct impact on crop yield and growth speed (Eroglu et al., 2017).
2.2.2 Urea
Containing about 46% nitrogen, urea is one of the most concentrated nitrogenous fertilizers and is widely used because of its high nitrogen content and ease of use. It is highly soluble in water and transforms into ammonium bicarbonate in the soil, making the nitrogen available to plants (Bybordi and Ebrahimian, 2013).
2.2.3 Ammonium nitrate 
This fertilizer combines nitrogen in both ammonium and nitrate forms, offering a balanced supply that is readily accessible to plants. However, due to safety concerns related to its high explosiveness, its use is regulated in many countries.
2.2.4 Ammonium sulfate 
Besides providing nitrogen, this fertilizer also supplies sulfur, which is crucial for protein synthesis in plants. It's particularly beneficial in alkaline soils because it helps in lowering the pH balance (Kocatürk et al., 2019).
2.2.5 Phosphorus fertilizer
Phosphorus is essential for energy transfer within the plant, flowering, and root development. Phosphorus fertilizers are critical for stimulating early plant growth and hastening maturity.
2.2.6 Single superphosphate 
SSP is one of the more common phosphorus fertilizers, containing 16-20% phosphorus. It is produced by treating rock phosphate with sulfuric acid, which makes it suitable for various soil types.
2.2.7 Triple superphosphate 
With a higher concentration of phosphorus (about 46% P2O5), TSP is more effective in soils deficient in phosphorus and does not add additional elements like sulfur or calcium (Eroglu et al., 2017).
2.2.8 Diammonium phosphate 
This fertilizer provides both nitrogen and phosphorus, which are important during the early stages of root development. It typically contains 18% nitrogen and 46% phosphorus (Chatzistathis et al., 2020).
2.2.9 Potassium fertilizers
Potassium is crucial for the regulation of various physiological processes in plants, including water uptake, enzyme activation, and photosynthesis. It enhances overall plant health and resistance to diseases and stress (Majid et al., 2018).
2.2.10 Potassium chloride (Muriate of potash)
The most common source of potassium, it contains up to 60% potassium and is widely used due to its high solubility and effectiveness (Zhang et al. 2019).
2.2.11 Potassium sulfate 
Suitable for crops sensitive to chloride, potassium sulfate not only supplies potassium but also sulfur. It's ideal for use in chloride-sensitive crops and those requiring high sulfur.
2.2.12 compound fertilizer
Compound fertilizers contain two or more of the essential plant nutrients (N, P, K). They are formulated to meet specific crop needs and are convenient because they reduce the complexity of multiple applications. These are blends of nitrogen, phosphorus, and potassium designed to provide a balanced nutrient supply in a single application. N, P, and K ratios can vary according to crop requirements and soil conditions (Chatzistathis et al., 2020).
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Figure 1: Impact of organic and inorganic amendments on the Black gram crop 

2.3 Impact of organic and inorganic amendments on black gram growth
Organic amendments, such as compost, farmyard manure, and green manure, play a critical role in enhancing the root development and overall vigor of black gram plants. These amendments improve soil structure, which increases the soil's porosity and thereby enhances root penetration and expansion (Leninraja et al., 2019). Enhanced soil structure also facilitates better water retention and nutrient availability. Organic matter serves as a food source for beneficial soil microorganisms, whose activities help in the natural cycling of nutrients, further boosting root health and plant vigor (Selvakumar et al., 2009).
 Moreover, inorganic amendments, primarily chemical fertilizers containing essential nutrients like nitrogen (N), phosphorus (P), and potassium (K), directly influence the vegetative growth phases of black gram (Gummadala et al., 2022). Nitrogen is particularly vital for the growth of leaves and stems, promoting lush, green, and vigorous plant growth. Phosphorus supports the development of roots and is crucial during the early growth stages, while potassium enhances overall plant health and disease resistance (Shekhawat et al., 2018). Regular application of these nutrients in appropriate ratios can result in a noticeable increase in stem thickness, leaf size, and vegetative biomass, which are indicative of healthy plant growth.
Additionally, When comparing organic and inorganic amendments, both have their unique advantages and roles in the cultivation of black gram. Organic amendments are excellent for long-term soil health and sustainability (Mollamohammada et al., 2021). They gradually release nutrients, improve soil structure, and increase microbial diversity, which contributes to a resilient farming system. However, the nutrient release from organic amendments can be slower and less predictable than inorganic fertilizers (Ndung’u et al. 2021). In contrast, inorganic amendments offer immediate nutrient availability, which is essential for rapid growth phases and can be crucial in regions with short growing seasons or nutrient-deficient soils. However, overuse of inorganic fertilizers can result in soil degradation, nutrient runoff, and environmental pollution. 
2.4 Impact of organic and inorganic amendments on black gram yield
The impact of both organic and inorganic amendments on the yield and productivity of black gram (Vigna mungo) extends significantly when considering long-term sustainability and immediate crop response (Chatzistathis et al., 2020). Organic amendments improve the physical and biological qualities of the soil. They enhance soil structure, increase water retention, and promote a vibrant microbial ecosystem, which facilitates more efficient nutrient cycling and greater resilience against diseases (Pongener et al., 2022). These benefits lead to more robust root systems and healthier plants, ultimately resulting in higher yields and improved crop quality. 
In contrast, inorganic amendments, such as synthetic fertilizers, provide immediate and targeted nutrient boosts. These amendments are essential in addressing specific nutrient deficiencies quickly, ensuring that crops have the necessary resources for optimal growth during crucial phases of their development cycle (Savci, 2012). The direct application of nitrogen, phosphorus, and potassium can significantly increase biomass and seed production, directly affecting the yield in a given growing season (Zhou et al., 2020). 
However, the synergistic effects of combining organic and inorganic amendments often yield the best results (Agbede 2010). This integrated nutrient management approach optimizes the benefits of both amendment types. Organic amendments help build soil health over time, which enhances the effectiveness of inorganic fertilizers (Gulab et al., 2019). Moreover, the improved soil structure allows for better root penetration and nutrient uptake, which are crucial for the efficient use of inorganic nutrients (Moe et al., 2019). Furthermore, this combination approach can mitigate some of the environmental risks associated with the exclusive use of inorganic fertilizers, such as nutrient leaching, soil acidification, and the disruption of microbial communities (Rayee et al., 2019). By incorporating organic matter into the soil, farmers can reduce the total quantity of chemical inputs needed, promoting a more sustainable and environmentally friendly farming practice (He et al., 2021). Overall, the strategic use of both organic and inorganic amendments not only maximizes the yield and productivity of black gram but also contributes to a more sustainable agricultural system. This balanced approach ensures that the soil remains healthy and productive for future cropping cycles, providing a stable foundation for continued agricultural success.
2.5 Impact of organic and inorganic amendments on nutrient uptake in black gram cultivation
The impact of both organic and inorganic amendments on nutrient uptake in black gram (Vigna mungo) is significant and multifaceted. Organic amendments enhance the biological activity within the soil, which in turn increases the availability of nutrients by improving soil structure and moisture retention (He et al., 2021). These amendments facilitate greater root development, allowing black gram plants to access a larger volume of soil and absorb more nutrients effectively(Chatzistathis et al., 2020). Additionally, the microbial activity stimulated by organic matter can help in converting nutrients into forms more readily absorbed by plants.
In contrast, inorganic amendments, primarily consisting of chemical fertilizers, provide a direct supply of essential nutrients like nitrogen, phosphorus, and potassium, which are crucial for the growth and development of black gram. These nutrients are often in a readily usable form, which can lead to quicker plant uptake and immediate improvements in growth and yield. However, the efficiency of these inorganic nutrients can be influenced by factors such as soil pH and the presence of other ions that compete for uptake.
The synergistic use of organic and inorganic amendments has been shown to optimize nutrient uptake more effectively than using either type alone. This integrated approach not only ensures a steady supply of nutrients but also maintains soil health, thereby enhancing the overall nutrient absorption capacity of black gram plants. Furthermore, studies have indicated that such integrated nutrient management systems can reduce the leaching losses of nutrients, particularly nitrogen, thus improving the efficiency of nutrient use and minimizing environmental impacts. This holistic approach supports sustainable cultivation practices while ensuring that the crop meets its nutritional demands for optimal growth and productivity.
2.6 Case study of utilization of organic and inorganic amendments on growth in Black Gram cultivation
Plants require both organic and inorganic amendments for germination, growth, and reproduction. Growth characteristics such as plant height, spread, time to 50% flowering, number of branches, leaves, and nodules per plant are crucial. Organic and inorganic nutrients are pivotal for enhancing plant yields (Pongener et al., 2022). Typically, plants rely on organic nutrients naturally present in the soil, while inorganic fertilizers are applied to provide essential nutrients for improved plant yields. A blend of organic and inorganic amendments has been shown to enhance the growth attributes of black gram (Bhadu et al., 2018).
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Figure 2: Impact of organic and inorganic amendments on  growth in Blackgram cultivation

Mahamud et al. (2022) investigated the effects of simultaneous application of organic manures and inorganic fertilizers on the growth-promoting properties of black gram using a randomized complete block design (RCBD) with three replications. The study incorporated eight treatment groups including recommended fertilizer dosages (RDF), combinations of cow dung, poultry manure, and vermicompost with 50% RDF. Results indicated significant growth enhancement in plants treated with a combination of 50% RDF, 5 t ha-1 poultry manure, and 5 t ha-1 vermicompost, showing superior plant height, leaf count, and dry weights of leaves and stems at 50 days after sowing (DAS). This suggests that a balanced mix of 50% RDF along with organic amendments could effectively promote the growth of black gram. 
Rohan et al. (2022) also explored the influence of both inorganic and biofertilizers on black gram growth during the rabi 2021 season, employing a randomized block design with three replications and ten treatments. The combined use of 100% RDF with soil treatments including liquid Rhizobium, liquid PSB, and liquid KSB (T8) demonstrated the highest improvements in all measured growth parameters, including plant height, number of branches per plant, and seed production metrics.
Furthermore, a study by Divyavani et al. (2020) assessed the impact of various integrated nutrient management strategies on black gram growth using a Randomized Block Design with three replications. Treatments ranged from control setups to combinations of RDF, FYM, Rhizobium, and vermicompost. Findings revealed significant improvements in plant height, branching, flowering percentage, and nodulation in treatments combining 100% RDF with FYM and Rhizobium, and 100% RDF with vermicompost and Rhizobium, underscoring the effectiveness of integrated nutrient management.
Srivastav et al. (2018) evaluated how varying levels of NPK fertilization, combined with different biofertilizers including Rhizobium, PSB, and their combinations, affect black gram growth. The study confirmed that dual inoculation with Rhizobium and PSB produced better outcomes in nodule formation, plant height, and protein content compared to single inoculations.
Lastly, research by Amruta et al. (2015)  examined the impact of different spacing and nutrient levels on black gram growth parameters. The optimal results were achieved with a nutrient regimen of 50:100:100 NPK kg ha-1 combined with black gram rhizobia and PSB-Bacillus megaterium, applied at a spacing of 60 x 10 cm, which significantly enhanced the number of branches, leaves, plant spread, and yield metrics compared to other treatments. This study supports the strategic use of combined inorganic fertilizers and biofertilizers for enhanced growth and yield of black gram.
2.7 Case study of utilization of  organic and inorganic amendments on the yield of  Black Gram cultivation
Organic and inorganic amendments have been shown to enhance the yield attributes of black gram, with important yield characteristics including pod number, seed weight per 100 seeds, overall seed yield, and the harvest index. The study conducted by  Sancho et al. (2023) assessed the impact of various combinations of vermicompost and other amendments on black gram yields using a randomized block design with ten treatment groups, each replicated three times. Treatments included 100% vermicompost combined with cow dung slurry, biomineralizers, effective microorganisms, and a mix of Pleurotus species with urea, among others. The study found that treatments involving recommended doses of fertilizers (RDF) prominently improved yield-related characteristics, with the sole RDF treatment showing the broadest enhancement in yield parameters for black gram.
Similarly, Keerthanan et al. (2019) explored the effectiveness of different organic and inorganic nutrient sources on black gram yields. The study compared various treatments, including applications of vermicompost, farmyard manure, and inorganic fertilizers alone or in combination. Notably, the treatment involving vermicompost at 5 t ha-1 with four applications of panchagavya at specific growth stages yielded the highest outputs and cost-benefit ratios compared to other treatments.
Jha et al. (2015) investigated the effects of combining organic and inorganic nutrients on black gram production. The application of 100% RDF supplemented with zinc and iron showed significant increases in pod number, seeds per pod, seed yield, straw yield, biological yield, and harvest index. This treatment was notably more effective than combinations involving 50% RDF and other organic amendments. Furthermore, the strategic application of vermicompost and farmyard manure significantly elevated yield and economic returns over the control and less intensive vermicompost treatments.
2.8 Case study of utilization of organic and inorganic amendments on nutrient uptake in   Blackgram cultivation
Quality parameters and nutrient uptake are crucial for the growth and productivity of the black gram crop. Both organic and inorganic amendments significantly influence these aspects of black gram cultivation (Kant et al., 2017). The study conducted by Srivastav et al. (2018) explored how different nutrient levels affected the efficacy of phosphate-solubilizing and biological nitrogen-fixing bacteria on black gram. The study included four nutrient levels: a control, 75% SR, 100% SR, and 125% SR of NPK, combined with various bio-fertilizers such as Rhizobium, PSB, a combination of Rhizobium and PSB, and a control with no inoculation. The results indicated that using phosphate-solubilizing and biological nitrogen-fixing bacteria significantly enhanced nutrient uptake in black gram. Grain production was notably higher with single inoculations of Rhizobium and PSB, producing 12.11 qha-1 and 13.40 qha-1, respectively. Dual inoculation of Rhizobium and PSB further increased grain yields to 14.15 qha-1, compared to 10.63 qha-1 in the uninoculated plots, demonstrating the effectiveness of dual inoculation over single or no inoculation in improving nutrient absorption. Similarly, Choudhary et al. (2017) investigated the effects of panchagavya on the yield, quality, nutritional content, and nutrient uptake of organic black gram. Applying 4% panchagavya significantly enhanced seed yield, straw yield, and biological yield, and maximized the content and uptake of nitrogen, phosphorus, potassium, sulfur, zinc, and iron in the seeds and straw, as well as increased the protein content in seeds. This was significantly more effective than other concentrations of panchagavya or indigenous versions used at different growth stages.
Additionally, Kumawat et al. (2015) studied the interactions between nitrogen, farmyard manure (FYM), and biochar on black gram production, quality, and nutrient uptake. Using a randomized block design with nine treatments and three replications, the study found that combining biochar at 10 t ha-1, FYM at 10 t ha-1, and nitrogen at 20 kg ha-1 led to a significant improvement in nutrient content and uptake in black gram compared to other combinations. This treatment also resulted in a test weight that was higher than all other treatments except the control, underscoring the beneficial effects of integrating biochar with FYM and nitrogen.
2.9 Synergistic effects of combined (organic and inorganic ) amendments
The combined use of organic and inorganic amendments represents a synergistic approach in agriculture that leverages the benefits of both types of inputs to enhance crop productivity, improve soil health, and minimize environmental impact (Singh, 2017). This integrative strategy not only addresses the nutrient requirements of crops but also fosters sustainable farming practices. Here, we explore the synergistic effects of using both organic and inorganic amendments, examining their impact on soil properties, plant growth, nutrient dynamics, and environmental sustainability (Rohan et al., 2022)
2.9.1 Enhancing soil properties
Organic amendments are well-known for their ability to improve soil structure. They increase soil organic matter content, which enhances soil porosity and water retention capabilities. This results in better aeration and hydration conditions for root systems (Kumar et al., 2022). Inorganic fertilizers provide specific nutrients that plants need in readily available forms. However, they cannot improve soil physical properties directly. When combined, organic and inorganic amendments can significantly enhance soil structure (Anasuyamma et al., 2022). The organic matter from compost or manure helps to bind soil particles into aggregates, which improves soil aeration and water infiltration. The immediate availability of nutrients from inorganic fertilizers ensures that plants have access to essential nutrients during critical growth phases (Sher et al., 2022). This combination promotes a more robust root system, which further improves soil structure by preventing compaction and enhancing nutrient uptake efficiency.
2.9.2 Improving nutrient uptake and efficiency
Organic amendments decompose gradually, delivering nutrients continuously over a prolonged period. This slow-release process minimizes the likelihood of nutrient runoff and maintains a consistent nutrient supply tailored to plant requirements. On the other hand, inorganic amendments provide a quick supply of nutrients and are particularly effective during the peak growth stages of crops when nutrient demand is high (Souri et al., 2019). Moreover, The use of both amendment types allows for optimized nutrient management. Organic amendments modulate the soil environment, enhancing microbial activity and nutrient mineralization, which in turn improves the efficiency of inorganic fertilizers (Adekiya et al., 2020). This results in better nutrient use efficiency and less environmental loss through leaching or volatilization. The presence of organic matter also helps in buffering the soil, preventing the rapid changes in soil pH that can occur with the application of inorganic fertilizers alone.
2.9.3 Boosting crop yield and quality
While improving soil health, organic amendments also provide a wide range of micronutrients and beneficial microorganisms that enhance plant health and stress tolerance. Inorganic is essential for meeting the high demands of rapidly growing plants, especially for macronutrients such as nitrogen, phosphorus, and potassium (Roy and Dias, 2017). The combined use of organic and inorganic amendments has been shown to significantly increase both yield and the quality of agricultural produce (Bian et al., 2006). The organic matter improves the soil's water-holding capacity, reducing water stress during dry periods and enhancing the effectiveness of water-soluble inorganic fertilizers (Dineshkumar et al., 2020). Additionally, the improved soil structure and increased microbial activity help in the better conversion of nutrients into forms that plants can easily assimilate.
2.9.4 Enhancing environmental sustainability
By improving soil organic matter content and microbial biodiversity, organic amendments play a crucial role in carbon sequestration and reducing greenhouse gas emissions. Although inorganic are effective in increasing crop productivity, inorganic fertilizers can contribute to environmental issues such as nitrate leaching and greenhouse gas emissions if not managed correctly (Dinka et al., 2018). The integration of organic and inorganic amendments can mitigate the environmental impacts associated with the sole use of chemical fertilizers. The organic component reduces the need for large quantities of chemical inputs by improving nutrient cycling and retention in the soil. This not only decreases the risk of leaching and runoff but also enhances the resilience of crops to diseases and pests, reducing the reliance on chemical pesticides (Zameer et al., 2021).




Table 1: Comparison and synergistic effects of amendments
	Aspect
	Organic
Amendments
	Inorganic Amendments
	Combined Use

	Nutrient 
Release
	Slow and steady, depending on the decomposition
	Rapid and controlled
	Balanced nutrient availability

	Soil 
Health
	Improves structure, increases organic
matter
	Can degrade soil structure
	Improved soil health with careful management

	Environmental Impact
	Minimal, reduces
carbon footprint
	Potential for pollution and eutrophication
	Reduced impact compared to inorganic alone

	Cost
	Lower initial cost,
labor-intensive
	Higher cost, easier to apply
	Cost-effective long-term solution

	Effectiveness
	Long-term benefits, slower initial results
	Immediate impact, short-term benefits
	Synergistic impact, immediate and long-term benefits



2.10 Challenges and limitations in the use of organic and inorganic amendments
The availability and affordability of both organic and inorganic amendments pose significant challenges for farmers, particularly those in developing regions (Kant et al., 2016). Organic amendments, such as compost or manure, may be plentiful in certain agricultural areas, but transporting these materials can be cost-prohibitive due to their bulk and the logistics involved (Ajaykumar et al., 2022). On the other hand, inorganic fertilizers, while more concentrated and easier to transport, can be expensive and subject to volatile market prices driven by global demand and the cost of production inputs like natural gas. Additionally, the initial cost of setting up organic amendment production (e.g., composting facilities or vermiculture setups) can be high, making it a less accessible option for small-scale or resource-limited farmers (Behera and Mohapatra, 2022). 
While organic amendments generally improve soil structure, increase microbial activity, and enhance soil fertility over time, inorganic fertilizers can have detrimental effects on soil health if used improperly (Swaminathan et al., 2021). Continuous use of chemical fertilizers can lead to soil acidification, a decrease in organic matter content, and a reduction in microbial diversity, which are crucial for soil health (Dwivedi and Singh, 2020). These changes can result in the soil becoming less fertile over time, requiring even greater inputs of fertilizers to achieve the same yields, thus creating a dependency cycle. Moreover, excessive use of inorganic fertilizers can lead to nutrient leaching, which not only contaminates local water bodies but also depletes the soil of essential nutrients. Reliance on a narrow range of nutrient sources can also be problematic (Amurita et al., 2015). Additionally, continuous use of phosphate fertilizers can lead to high concentrations of phosphorus in the soil, which may not only inhibit the plant's uptake of other essential nutrients like zinc and iron but also lead to environmental issues such as eutrophication (Saxena and Singh, 2019). 
Similarly, the exclusive use of organic amendments may not meet all the nutrient requirements of high-yielding crop varieties, particularly during critical growth stages that demand readily available nutrients (Zahida et al., 2016). This necessitates a balanced approach to nutrient management that often requires combining different types of amendments, which may not always be practical or economically feasible for all farming operations (Kant et al., 2016). Overall, the challenges associated with amendment use highlight the need for integrated nutrient management strategies that combine the benefits of both organic and inorganic inputs while mitigating their drawbacks. Such strategies should also consider local availability, economic constraints, and long-term sustainability goals to be effective and accessible for farmers worldwide.
2.11 Conclusion 
The review indicates that the application of integrated nutrient amendments significantly enhances the growth, yield, and nutrient assimilation in black gram. The employment of both organic and inorganic nutrient sources has been shown to augment growth characteristics and yield-contributing traits effectively. The use of organic amendments, either independently or in combination with synthetic fertilizers, not only increases seed yield and quality but also conserves the soil’s physical properties and maintains a balanced nutrient profile. Furthermore, organic manures serve as an excellent medium for microbial proliferation, contributing to a more vibrant soil ecosystem. The strategic application of both organic and inorganic amendments is critical for optimizing the overall growth, yield, and nutrient uptake in black gram cultivation. Thus, it is beneficial for agriculturists to incorporate a mix of organic and inorganic treatments in black gram cultivation. This integrated approach facilitates effective nutrient management, enriching the soil while ensuring that the plants receive the requisite nutrients for optimal growth.
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