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Abstract 

Adopting sustainable nutrient management solutions becomes essential as the farming sector 

faces issues such soil degradation, climate change, and growing global food demands. Insights 

from field research and recent developments in fertilizer application techniques are used to 

inform sustainable farming approaches that strike a balance between environmental preservation 

and productivity. Sustainable agriculture is critical for meeting the growing global demand for 

food while minimizing the environmental impact of farming practices. Among the factors 

influencing agricultural productivity, soil fertility plays a pivotal role. The use of fertilizers, both 

organic and inorganic, has long been a cornerstone of strategies aimed at improving soil fertility 

and crop yield. Organic fertilizers, such as farm yard manure, compost and green manure, are 

rich in organic matter and enhance soil structure, microbial activity, and nutrient availability. 

This investigation highlights the complimentary functions that organic and inorganic fertilizers 

play in integrated systems by examining their effects on crop productivity and soil fertility.  

Introduction 

In the developing world, achieving food security through sustainable systems is a big task, yet it 

is vital for poverty alleviation. To get around this problem, farmers have resorted to overusing 

specific inputs like chemical fertilizers and pesticides, which have already begun to harm the 

ecosystem. In most countries of agrarian background, manufacturing and service of chemical 

fertilizers have been practiced as a prime agenda in securing nations food and nutritional 

security. India, a populous agrarian country, is the world’s second- largest producer (48.7M 

tonnes of production) (Anonymous1 2022 world population review) and Consumer of chemical 

fertilizers with 29.84 million metric tonnes (Anonymous2 2022 statista). As per recent reports, 

the Indian fertilizer market reached a value of Rs. 887 billion and is expected to grow at a 

compound annual growth rate of 5.5% by 2026 (International Fertilizers Association, 2020). 



 

 

Food production must increase significantly while agricultures environmental impact must 

decrease greatly to fulfill the worlds future food security and sustainability needs (Foley et al., 

2011) The primary challenge is to enhance agricultural productivity while preserving soil fertility 

to achieve higher crop yields and meet the growing population’s food demand in the coming 

decades in a cost effective and environmentally sustainable manner (Ghosh et al., 

2022).Integrated Nutrient Management, which combines the use of inorganic and organic 

fertilizers, is becoming a viable way to maintain soil fertility. INM combines the long-term 

advantages of organic additions for soil health with the rapid nutrient release of inorganic 

fertilizers. Crop rotation, cover crops, and limited tillage are examples of soil conservation 

techniques that enhance soil fertility by lowering erosion, enhancing nutrient retention, and 

preserving soil organic matter levels. These actions are especially crucial in areas where 

agricultural productivity is severely hampered by nutrient depletion and soil degradation. 

Farmers can maximize yields while maintaining the long-term sustainability of soil ecosystems 

by implementing this technique. Managing soil fertility is important for protecting the 

environment for next generations as well as increasing productivity. (Paramesh et al., 2023). 

Kumar et al., (2024) Organic fertilizers /Manures are readily obtainable mineral bases that have a 

diffident concentration of vital natural resources for plants. They have the capability to decrease 

problems carried on by artificial fertilizers. 

The foundation of sustainable agricultural systems is soil fertility, which stands for the 

soil's capacity to promote plant growth and maximize crop production. It depends on the 

structure, nutrient content, microbial activity, and water-retention ability of the soil, among other 

physical, chemical, and biological characteristics. Fertile soil maintains ideal soil texture and pH 

levels, supports microbial health, and provides vital nutrients like nitrogen, phosphorus and 

potassium. Compost, manure and crop wastes are examples of organic fertilizers that are 

essential for restoring soil fertility. They improve the structure of the soil, increase its capacity to 

store water, and aid in the accumulation of soil organic matter. Additionally, these materials 

encourage microbial activity, which increases soil biodiversity and accelerates nutrient cycling. 

For example, it has been demonstrated that incorporating organic fertilizers into farming methods 

greatly increases soil organic carbon levels, which are essential for long-term soil production 

(Shi et al., 2024).Conversely, inorganic fertilizers provide instant nutrient availability, which 

makes them essential for intensive farming systems. However, an over dependence on chemical 



 

 

fertilizers frequently results in negative consequences, including nutrient loss, soil acidification, 

and disturbance of soil microbial communities. It has been demonstrated that distributing the use 

of inorganic and organic fertilizers evenly can lessen these adverse effects, offering a sustainable 

method of managing nutrients. (Mamatha et al., 2024). Both organic and inorganic fertilizer 

sources are used in the Integrated Nutrient Management agronomy system. Using as little 

chemical fertilizer as possible is the primary goal of INM. Additionally, it lowers environmental 

risks and increases earnings. Plant roots control microbial activity, nutrition uptake, and nutrient 

conversion.(Kumar et al., 2023b). Integrated agricultural systems have emerged as a viable and 

sustainable solution to the complex issues facing modern farming. They offer several 

environmental, financial, and social benefits while promoting resource efficiency, biodiversity 

conservation, and resilience (Kumar et al., 2023a). In order to meet the increasing demand for 

food worldwide while reducing the negative effects of farming techniques on the environment, 

sustainable agriculture is essential. Soil fertility is one of the key elements affecting agricultural 

productivity. Fertilizers are essential for increasing agricultural yields. However, depending only 

on organic fertilizers might not be able to supply the immediate crop nutrient demand, and 

relying too much on inorganic fertilizers can harm soil health. (Lu et al., 2017; Sapkota et al., 

2018). Kumar et al., (2023c). Stated that the vermicompost, crop wastes, and organic manures are 

said to be necessary for healthy soil and higher yields, in addition to inorganic fertilizers. 

Theoretical review 

A lot of work has shown that when we use organic sources along with inorganic 

fertilizers, the yield as well as soil fertility is maintained. Some review points are given in this 

study. 

Effect of Organic and Inorganic fertilizers on the crop yields. 

The combination of 75% RDF + 25% N through vermicompost + humic acid and fulvic 

acid resulted in the highest rice yield attributes, such as the number of productive tillers m-2, the 

number of filled grains panicle-1 the grain yield ha-1, and the straw yield ha-1). On the other 

hand, the treatment that contained 100% RDF had the lowest yield and yield attribute metrics. 

Sujit Thakur et al., (2023). For instance, in the rice-chickpea system, applying 75% NPK with 5 t 

ha-1 farmyard manure and bio fertilizers significantly increased grain yields (4,429 kg ha-1 for 

rice and 1,538 kg ha-1 for chickpea) compared to conventional practices. The highest yield 



 

 

attributes of maize, including the number of cobs plant-1 (2.93 cobs plant-1), cob length (29.80 

cm), and number of seeds cob-1 (414.70 seeds cob-1) were achieved with the combination of 50% 

Poultry Manure + 50% Vermicompost + 6 kg ha-1. In contrast, the lowest yield attributes, 

including the number of cobs plant-1 (1.61 cobs plant-1), cob length (16.94 cm), and number of 

seeds cob-1 (310.53 seeds cob-1) Raj et al., (2023) and Thakur et al., (2022) observed during the 

experiment on the rice-chickpea cropping system that the highest yields of rice (4,429 Kg ha-1) 

and chickpea (1,538 Kg ha-1), respectively, were achieved with the application of 75% NPK + 5 t 

ha-1 + biofertilizers, while the lowest yields of rice and chickpea were recorded under farmer 

practices. Mamuyeet al., (2021) stated that the maximum grain yield (7.90 t ha-1) and Stover 

yield (24.4 t ha-1) were recorded with the combination of 4 t compost + 50% RIF (Recommended 

Inorganic Fertilizer), whereas the minimum grain (6.0 t ha-1) and Stover yield (18.4 t ha-1) were 

recorded with 100% RIF. The superior performance of the 4-t compost + 50% RIF treatment is 

because combining organic and inorganic fertilizers improves soil quality, ensures nutrients are 

released steadily, and enhances plant growth. Dhaliwal et al., (2023) observed that the highest 

grain yield (44.53 q ha-1) was achieved with the combination of Poultry manure 6 t ha-1 + 75% N, 

whereaslowest yield (25.57 q ha-1) was observed in the control treatment. Furthermore, it was 

noted that all treatments combining organic and inorganic fertilizers outperformed the sole 

fertilizer treatments. The superior performance of the Poultry manure 6 t ha-1 + 75% N, which 

resulted in the highest grain yield, can be attributed to several factors, including the highest 

nutrient content of poultry manure and its gradual nutrient release. Pandeyet al., (2023). found 

that vermicompost, crop residue, and organic manures are necessary in addition to inorganic 

fertilizers for improved soil health and yield. Combined with crop residue, organic manures, and 

bio-fertilizers, inorganic fertilizers can improve soil health and speed up nutrient use. Pal et al., 

(2024) Treatment T4 (75% NPK + Vermicompost @ 0.34 t ha-1 + Rhizobium + PSB) was found 

to increase plant height (59.7 & 61.5 cm), number of branches per plant (4.65 & 4.75), number 

of trifoliate leaves per plant at 40 DAS (11.1 & 11.4), dry matter accumulation per plant (15.4 & 

15.7 g), leaf area index at 40 DAS (4.9 & 5.2), and number of effective nodules per plant (43.8 & 

46.4) insignificantly compared to the other approaches. 

Effect of organic and inorganic fertilize on the Soil fertility. 

The excessive use of fertilizers to increase crop production has led to devastating effects, 

including soil degradation and reduced soil organic matter (Chaudhary et al., 2024). Another 



 

 

significant issue is nutrient imbalance, which has a notable impact on yields. To address these 

challenges, the integration of organic and inorganic fertilizers has emerged as a critical strategy 

for enhancing crop yields and maintaining soil fertility. Recent studies emphasize the benefits of 

combining these inputs to improve nutrient availability, promote soil health, and boost crop 

yields across various cropping systems. (Dutta et al., 2023).Kumawatet al.,(2021)Stated that the 

combination of RDF + 5 FYM t ha-1 + Rhizobium + PSBrecorded the highest organic carbon 

(0.40%), available nitrogen (174 kg ha-1), available phosphorus (18.67 kg ha-1),available 

potassium (488.0 kg ha-1), and significantlyimproving overall soil fertility. In contrast, the lowest 

carbon (0.32%), available nitrogen (143.0 kg ha-1), available phosphorus (14.83 kg ha-1), 

available potassium (478.0 kg ha-1). similar finding was reported by Kumar et al., (2023). Was 

found that the application of 75% RDF + 25% FYM-N +25 kg ZnSO4 ha-1 soil application has 

significantly influenced Organic carbon, Available N, P, K and Zn in soil. The highest organic 

carbon (7.3 g kg-1), available nitrogen (265.4 kg ha-1), available phosphorus (37.9 kg ha-1) and 

available potassium (136.6 kg ha-1) were observed in the combination of 75% RDF + bio 

compost (7.5 t ha-1) + Acetobacter + PSB. Sinha et al., (2024)The combination of RDF@ 100% 

+ VC @ 100% + Rhizobium @100% resulted in the highest soil organic carbon (0.495% at 0-15 

cm and 0.512% at 15-30 cm), available nitrogen (328 .52% kg ha-1 at 0-15 cm and 360.62 kg ha-1 

at 15-30 cm), available phosphorus(34.87 kg ha-1 at 0-15 and 37.78 kg ha-1 at 15-30 

cm),available potassium(196.81 kg ha-1 at 0-15cm and 207.93 kg ha-1at 15-20 cm). In contrast, 

the lowest values for soil organic carbon, available nitrogen, available potassium, and available 

phosphorus were recorded in control treatment. Kumar et al., (2023)Dutta et al., (2023) stated 

that the lowest bulk density(1.112 Mg m-3), lowest pH (7.15), highest electrical conductivity 

(0.26 dS m-1), organic carbon (0.65%), available nitrogen (281.39 kg ha-1), available phosphorus 

(27.89 kg ha-1), available potassium (158.15 kg ha-1), and the highest water holding capacity 

(52.31%) were recorded with the treatment comprising 100% NPK + 100% Neem cake. Kumar 

and Tripathi, (2022) observed that the lowest pH (7.0) was recorded with the application of 25% 

RDF + 3 t ha-1 vermicompost + Azospirillum, while the highest organic carbon (0.57%), 

available nitrogen ( 240.71 Kg ha-1), available Phosphorus (16.14 kg ha-1) and available 

potassium ( 185.06 kg ha-1) were recorded with the treatment of 75% RDF + 1 t ha-1 

vermicompost  + Azospirillum. In contrast, the highest pH, lowest organic carbon, and lowest 

availability of NPK were observed in the control treatment. Thakuret al., (2022) Stated that the 



 

 

lowest pH (7.0), highest organic carbon content (7.2 g kg-1), available nitrogen (309.8 kg ha-1), 

available phosphorus (20.4 kg ha-1), available potassium (274.1 kg ha-1), and available zinc (0.73 

mg kg-1) were recorded with the treatment of 75% NPK + FYM + BF, whereas the lowest values 

for these parameters were observed with the farmer practice. This combination improved nutrient 

uptake and post-harvest soil nutrient levels, proving effective for sustainable agriculture. (Thakur 

et al., 2023). Similarly, research on cowpea reported that applying 100% NPK with 100% neem 

cake resulted in the highest improvements in soil physico-chemical properties. These include a 

significant increase in organic carbon content (0.65%), water holding capacity (52.31% at 0–15 

cm), and nutrient availability, with available nitrogen, phosphorus, and potassium reaching 

281.39 kg ha-1, 27.89 kg ha-1, and 158.15 kg ha-1, respectively. This combination also minimized 

bulk density (1.12 Mg m-³ at 0–15 cm) and improved pore space (57.32%). These integrations 

enhance soil health and crop yields, highlighting the potential of combining organic and 

inorganic inputs for sustainable farming. (Dutta et al., 2023).  Kumar et al., (2023e). conducted 

an experiment at Student’s “Instructional farm of Acharya Narendra Deva University of 

Agriculture and Technology Kumarganj, Ayodhya (U.P.) during rabiseason 2019-2020 and 

found that the organic carbon, Available Nitrogen, Phosphorus, Potassium & Zinc was found 

best with the application of 50% N from urea + 50% N from Poultry manure (N3)followed by 

50% N from urea +50% N from FYM (N2). Long-term experiments in various cropping systems, 

including rice wheat and maize-wheat rotations, have demonstrated the effectiveness of INM in 

improving soil organic matter, nutrient retention, and overall productivity. For instance, 

combining FYM with recommended doses of nitrogen, phosphorus, and potassium (NPK) has 

been shown to increase crop yields by up to 20% while improving SOC levels and microbial 

biomass (Singh et al., 2022; Choudhary et al., 2021). Kumar et al., (2023d).reported that he 

application of N, P, K and vermicompost would have also helped in increasing N, P and K 

content and uptake in plants. The maximum Zn and Fe, content and uptake were recorded in 

Treatment T7 which may have happened due to better soil and foliage application availability of 

nutrients in it.  

Conclusion 

Based on the explanation above, it can be considered that applying inorganic fertilizers in 

along with organic fertilizers increases soil fertility and production of crops by maintaining an 

adequate and balanced supply of macro and micronutrients, which raises crop productivity. 



 

 

adding organic matter to improve aeration, water retention, and soil structure. encouraging the 

microbial activity of the soil, which facilitates the cycling of nutrients and their availability for 

plant absorption. supplying the critical crop nutrient needs while maintaining the long-term 

health of the soil. An integrated strategy is therefore a crucial suggestion for contemporary 

farming systems since it optimizes agricultural productivity, maintains soil quality, and promotes 

environmental sustainability. 
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