Review on Effect of Integrated Nutrient Management on Wheat (Triticum aestivum L.)
Abstract
The importance of Integrated Nutrient Management (INM) in improving wheat growth, yield components, and nutrient uptake by preserving a balanced soil nutrient system is succinctly summarized in this mini-review. Effective soil nitrogen management techniques have a major impact on the productivity of wheat (Triticum aestivum L.), one of the most significant staple crops in the world. INM has become a viable strategy that enhances crop productivity and promotes long-term soil health. It has been demonstrated that applying organic manures, inorganic fertilizers, and biofertilizers together greatly increases wheat's grain production and protein content. INM techniques are more effective in maximizing nutrient usage efficiency, lowering reliance on synthetic inputs, and minimizing nutrient losses to the environment as compared to the exclusive application of chemical fertilizers. Furthermore, in order to attain consistent and increased output, recent research have highlighted the significance of precise nutrition management strategies within the INM framework. To solve region-specific issues and guarantee sustainable wheat production, INM must be integrated with climate-smart farming methods. In wheat farming, this method can be a useful guide for creating effective and ecologically responsible nutrient management plans.
Keywords
 Wheat, Yield, INM, Soil Fertility, Nutrient Uptake, Sustainability
Bottom of Form



Introduction
[bookmark: _GoBack]Wheat (Triticum aestivum L.) is one of the most widely farmed cereal crops in the world because of its ability to adapt to a range of soil types and agroclimatic conditions. It is one of the most major staple grains in terms of area and production, and it serves as the primary source of calories and protein for a sizable portion of the global population. For almost one-third of the world's population, wheat is a staple diet. Wheat contributes significantly to nutritional security, accounting for 10–12% of India's daily diet and providing essential calories and protein (Shewry and Hey et al. 2015). India's demand for wheat has been steadily increasing due to changing consumer preferences and population growth. Estimates show that the national requirement is anticipated to reach roughly 105–109 million tonnes, compared to prior production levels of roughly 70–75 million tonnes (Government of India, 2020). Despite this increasing demand, the sustainability of wheat production systems is threatened by the overuse and unequal application of chemical fertilizers. The continuous administration of key nutrients, such as potassium (K), phosphorus (P), and nitrogen (N), without adequate secondary and micronutrient supplementation, has resulted in nutrient imbalances. Crop productivity and soil fertility have decreased over time as a result of such practices, even when recommended fertilizer dosages are applied (Dobermann et al. 2002).The physical properties of soil, such as aggregation, structure, and water-holding capacity, are negatively impacted by long-term reliance on inorganic fertilizers, which affects soil health overall. Additionally, it lowers nutrient usage efficiency (NUE) since a significant portion of applied nutrients are lost through leaching, volatilization, and fixation. In addition to increasing production costs, these inefficiencies cause environmental problems such soil degradation, water pollution, and greenhouse gas emissions (Tilman et al. 2002). In order to preserve soil fertility and guarantee steady wheat yield, there is an increasing need to implement sustainable nutrient management techniques.
Bottom of Form
Integrated Nutrient Management
A comprehensive approach to plant nutrition, integrated nutrient management (INM) seeks to maintain soil fertility and crop output by optimizing the use of all available nutrient sources in a balanced and effective manner. To provide crops with necessary nutrients while reducing environmental damage, it entails the careful blending of chemical fertilizers, organic manures (such as farmyard manure, compost, and green manure), and biofertilizers. The idea behind INM is to ensure long-term agricultural sustainability by preserving soil health through the enhancement of soil's physical, chemical, and biological characteristics (Gruhn et al. 2000).When compared to the usage of chemical fertilizers alone, research investigations have repeatedly demonstrated that the combination of organic and inorganic nutrient sources improves nutrient availability and uptake by crops. According to (Palm et al. 2001), organic manures help release nutrients gradually, increase the amount of organic matter in the soil, and boost microbial activity, all of which promote nutrient mineralization and improve the efficiency of nutrient usage. Phosphate-solubilizing bacteria (PSB), Azotobacter, and Azospirillum are examples of biofertilizers that are important in fixing atmospheric nitrogen and solubilizing forms of phosphorus that are not available to plants, hence increasing their availability to Plants (Vessey et al. 2003).Additionally, INM techniques aid in lowering nutrient losses from leaching, volatilization, and fixation—all of which are frequently linked to overuse of chemical fertilizers. Organic additions improve soil structure and cation exchange capacity, which improves nutrient availability and retention in the soil system (Edmeades et al. 2003). Additionally, long-term studies have shown that INM enhances soil enzymatic activity and helps build up soil organic carbon, both of which are critical for maintaining soil fertility and nutrient cycling (Bhattacharyya et al. 2017). Maintaining crop yields while preserving the environment is another crucial part of INM. The risk of soil deterioration, nutrient imbalance, and environmental contamination is decreased by balanced fertilization with INM. By increasing soil moisture retention and biological activity, it also strengthens farming systems' resistance to climate variability . As a result, INM is seen as a crucial tactic for attaining long-term food security and sustainable agricultural output.
Effect of INM on Growth attributes
The tallest plants were observed under the treatment comprising 100% recommended dose of fertilizers (RDF) along with an additional 25% nitrogen supplied through vermicompost and ZnSO₄ at 25 kg ha⁻¹. This improvement in plant height can be attributed to the enhanced availability of nutrients from multiple sources under integrated nutrient management (INM), which promotes better growth and development (Patyal et al. 2022). Similarly, growth parameters such as plant height, dry matter accumulation, leaf area index, and number of tillers were found to be highest under the combined application of RDF along with Azotobacter and phosphate-solubilizing bacteria (PSB), while the lowest values were recorded under the sole application of RDF 120:60:60 kg ha⁻¹ NPK . The improved performance under INM treatments may be due to the synergistic effect of mineral nutrients and biofertilizers, which enhance nutrient availability and uptake. Nitrogen and potassium play a crucial role in carbohydrate synthesis in green plant tissues, which are further converted into amino acids and proteins, thereby accelerating plant growth. Adequate nutrient supply also promotes efficient nutrient utilization, leading to increased leaf area and both vertical and lateral growth of the plant (Kumar  et al. 2016). In another study, the application of 120:60:40 kg ha⁻¹ NPK along with farmyard manure (FYM) at 10 t ha⁻¹ and zinc at 25 kg ha⁻¹ resulted in maximum plant height (86.43 cm) and number of tillers per plant (7.33) at 90 days after sowing (Sangma et al. 2017). Furthermore, growth parameters such as plant height and dry matter accumulation were significantly influenced by the application of 100% NPK in combination with FYM at 10 t ha⁻¹ (Arvind et al. 2006). 
Overall, the increase in plant height and number of effective tillers under INM treatments can be attributed to the balanced supply of essential nutrients along with growth-promoting substances from organic manures and biofertilizers, which enhance nutrient uptake and improve overall plant growth.
Effect of INM on yield attributes and yield
Application of 100% recommended dose of nitrogen (RDN) supplemented with 25% nitrogen through vermicompost significantly enhanced wheat growth parameters, recording 94.96% higher effective tillers, 34.14% increase in spike length, and 25.47% improvement in test weight compared to control. According to (Hadis et al. 2018), vermicompost supplies essential nutrients along with small quantities of growth-promoting substances, and its combined use with chemical fertilizers improves growth and yield traits of wheat. Similarly, (Ladha et al. 2005) reported that higher test weight under recommended fertilizer dose (RDF) is attributed to sufficient nutrient availability, which enhances photosynthetic activity and promotes efficient translocation of assimilates during reproductive stages, ultimately increasing grain weight. (Sharma et al. 2022) emphasized that nitrogen application during later growth stages is crucial for proper grain development, and its deficiency at this stage results in reduced grain weight. Yield attributes such as number of ears, ear weight, and 1000-seed weight were significantly influenced by integrated application of crop residue (5 t ha⁻¹), FYM (5 t ha⁻¹), and zinc (5 kg ha⁻¹), as reported by (Totawat et al. 2001). (Shivkumar et al. 2008) also observed higher wheat yield with the application of 100% RDF combined with FYM @ 5 t ha⁻¹. (Parihar et al. 2010) concluded that FYM improves soil physical, chemical, and biological properties and works synergistically with nitrogen and phosphorus, enhancing nutrient mineralization and ultimately increasing crop growth and yield. It has also been observed that application of 75% RDF along with 10 t FYM ha⁻¹ significantly increased plant height and effective tillers, leading to higher grain and straw yield. (Desai et al. 2015) reported that application of 150:75:00 kg ha⁻¹ NPK along with FYM @ 5 t ha⁻¹, Azotobacter, PSB, and sulphur @ 40 kg ha⁻¹ significantly increased yield attributes such as number of spikes per meter row length (34.35%), spike length (28%), and grains per spike (31%) over recommended dose (120:60:00 kg ha⁻¹ NPK). Similar findings were reported by (Pandey et al. 2009). The same treatment also resulted in 31.61% and 33.80% increase in grain and straw yield, respectively, due to the combined effect of organic manure, biofertilizers, and chemical fertilizers, which enhanced nutrient availability, uptake, and dry matter accumulation.(Sangma et al. 2017) reported maximum grains per spike (61.42), 1000-grain weight (44.76 g), grain yield (50.93 q ha⁻¹), and straw yield (126.76 q ha⁻¹) under treatment involving 100% NPK combined with FYM and zinc, whereas minimum values were recorded under control. (Choudhary et al. 2003) also documented significant improvement in yield attributes due to integrated nutrient management. (Rao et al. 1996) observed that combining organic and inorganic nitrogen sources produced yields comparable to sole inorganic nitrogen application. (Afzal et al. 2005) found that phosphate-solubilizing microorganisms along with phosphorus fertilizers and organic manure significantly improved grain and biological yield. Further, application of 150:60:60 kg ha⁻¹ NPK along with FYM, sulphur, or boron significantly enhanced grain and straw yield compared to sole fertilizer application.( Pandey et al. 2009) observed that reducing NPK dose by 25% and integrating it with sulphur, boron, and FYM resulted in significantly higher yields, with maximum grain yield (45.26 q ha⁻¹) and straw yield (56.94 q ha⁻¹) recorded under 75% NPK + S + B + FYM. This increase was attributed to the synergistic effect of combined nutrient sources. 
Effect of INM on nutrient uptake
Nitrogen uptake in both grain and straw increased markedly under Integrated Nutrient Management (INM) compared to the sole application of either chemical fertilizers or organic sources. Among the treatments, T11 (75% RDF + 25% N through vermicompost + Azotobacter + PSB) and T10 (75% RDF + 25% N through FYM + Azotobacter + PSB) consistently performed better than the application of 100% RDF alone. The higher nitrogen uptake observed in T11 may be due to the synergistic effect of vermicompost, which provides a gradual release of nutrients, along with biofertilizers that enhance biological nitrogen fixation and reduce nutrient losses through leaching and volatilization. Similar findings were observed by (Chesti et al. 2013) who highlighted better nitrogen utilization efficiency with integrated nutrient sources.
Phosphorus uptake was also significantly influenced by integrated nutrient treatments. Grain phosphorus uptake was highest under (75% RDF + 25% N through vermicompost + Azotobacter + PSB) and T10 (75% RDF + 25% N through FYM + Azotobacter + PSB) . This improvement can be attributed to the role of phosphate-solubilizing bacteria (PSB), which increase the availability of native soil phosphorus, along with organic manures that reduce phosphorus fixation and enhance root absorption capacity. These results are consistent with (Gund et al. 2022), who reported that combining organic inputs with biofertilizers improves phosphorus availability. Additionally, multi-location studies conducted across the Indo-Gangetic Plains have demonstrated that partial substitution of chemical fertilizers with organic sources helps maintain long-term phosphorus availability.
Potassium uptake followed a similar trend, with treatments (75% RDF + 25% N through vermicompost + Azotobacter + PSB) and T10 (75% RDF + 25% N through FYM + Azotobacter + PSB) recording significantly higher values than 100% RDF. Vermicompost contributed directly to the supply of exchangeable potassium and also improved soil cation exchange capacity, thereby enhancing potassium availability to plants. The increased potassium accumulation in straw under integrated treatments indicates improved nutrient translocation due to balanced nutrition. Similar observations were reported by (Singh et al. 2016), who noted higher potassium uptake in cereals under INM practices. 
The combined application of vermicompost and PSB along with chemical fertilizers significantly enhanced total NPK uptake compared to the use of fertilizers or vermicompost alone. The highest nutrient uptake was recorded with treatments involving 75% RDF + vermicompost @ 1 t ha⁻¹ + PSB and 100% RDF + vermicompost @ 1 t ha⁻¹ + PSB. This improvement in nutrient uptake may be attributed to the additional nutrient supply and improved root growth, which enhances the plant’s capacity to absorb water and nutrients efficiently. Similar results were reported by (Devi et al. 2011) and are in agreement with the findings of (Datt et al. 2003).
Effect of INM on soil nutrient status
Integrated Nutrient Management (INM), involving the combined use of chemical fertilizers, organic manures, and biofertilizers, has been widely reported to improve soil nutrient status and overall soil health. A field experiment conducted in Uttar Pradesh demonstrated that the integrated application of fertilizers with farmyard manure (FYM) and vermicompost significantly enhanced soil nutrient availability after crop harvest, resulting in increased levels of available nitrogen (N), phosphorus (P), potassium (K), sulphur (S), and zinc (Zn) compared to control treatments, while the lowest nutrient status was observed under unfertilized plots (Singh et al. 2019). The incorporation of organic manures in INM systems promotes nutrient mineralization and reduces nutrient losses, thereby improving nutrient availability in soil. Moreover, INM practices have been found to significantly enhance soil organic carbon (SOC), which is a key indicator of soil fertility. The application of organic inputs such as FYM and composts (e.g., Azolla) increases soil carbon fractions, including humic and fulvic acids, which contribute to long-term nutrient retention and improved soil structure (Bhattacharyya et al. 2017). Additionally, the use of organic amendments in INM slightly reduces soil pH, thereby enhancing the solubility and availability of nutrients such as phosphorus and micronutrients like zinc (Zn) and iron (Fe). Long-term experiments spanning 30–38 years have also shown that INM contributes to higher soil carbon sequestration, with increases of up to 58% compared to sole chemical fertilizer application, and helps maintain soil fertility by ensuring a balanced nutrient supply and preventing soil degradation. Furthermore, recent studies have indicated that INM improves nutrient use efficiency by increasing available potassium and organic carbon levels in soil, with treatments integrating vermicompost and recommended doses of nitrogen recording the highest soil fertility and nutrient uptake in wheat (Yadav et al. 2000). Overall, INM plays a crucial role in enhancing both macro- and micronutrient availability, improving soil health, and ensuring sustainable agricultural productivity.
Conclusion
Integrated Nutrient Management (INM) emerges as an effective and sustainable approach for improving soil nutrient status and maintaining long-term soil fertility. The combined use of inorganic fertilizers with organic manures and biofertilizers not only enhances the availability of essential macro- and micronutrients but also improves soil organic carbon content, which is vital for soil productivity. INM practices contribute to better soil physical properties, such as increased porosity and water holding capacity, along with enhanced biological activity that supports efficient nutrient cycling. Additionally, the inclusion of organic inputs helps in moderating soil pH and increasing nutrient solubility, thereby improving nutrient use efficiency. Long-term adoption of INM has been shown to promote carbon sequestration and prevent soil degradation, ensuring balanced nutrient supply and sustained crop productivity. Therefore, INM plays a crucial role in achieving environmentally sound and economically viable agriculture, making it an indispensable strategy for sustainable soil health management.
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