


Nitrogen, Phosphorus, and Potassium Uptake in Wheat as Influenced by Integrated Nutrient Management Practices	Comment by HP: The MS describe the effect of INM on major primary nutrient uptake; while no any information is given about economics of treatment application. 
Material and methods section is not complete and need to provide complete information;
Introduction lacking in background info. About INM; cite few studies showing the effect of INM;
 Research gap is not defined in MS. 
Combine result and discussion.
Discuss what, how, how much, why the results obtained as discussion not just cite references.   
Abstract: A field experiment was conducted during the rabi seasons of 2019–20 and 2020–21 at a farmer’s field in Haridwar district, Uttarakhand, to evaluate the effect of integrated nutrient management (INM) on nutrient uptake in wheat (Triticum aestivum L.). Eleven treatments comprising combinations of recommended dose of fertilizers (RDF), farmyard manure (FYM), vermicompost, and biofertilizers (Azotobacter and phosphate solubilizing bacteria, PSB) were tested. Results revealed that INM significantly enhanced nitrogen (N), phosphorus (P), and potassium (K) uptake in both grain and straw compared to sole applications of inorganic or organic sources. The treatment T11 (75% RDF + 25% N through vermicompost + Azotobacter + PSB) recorded the highest nutrient uptake (90.56 and 95.26 kg/ha N, 15.25 and 15.70 kg/ha P, and 30.38 and 30.62 kg/ha K in grain across both years) along with maximum uptake in straw. This was followed by T10 (75% RDF + 25% N through FYM + Azotobacter + PSB). The results clearly establish that the integrated use of chemical fertilizers with organic manures and biofertilizers improves nutrient uptake, sustains soil fertility, and enhances wheat productivity.	Comment by HP: Write the name of variety of wheat; Write the recommended dose of fertilizers;
Write % increase in best treatment over control or any other inferior treatment. 
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Introduction: 	Comment by HP: Avoid writing general information about wheat, nutrients and INM; Write the background work done for INM 
Wheat (Triticum aestivum L.) is not merely a cereal crop; it is a lifeline for millions across the globe. From being the cornerstone of food security in South Asia to serving as a major dietary staple in Europe and North America, wheat has shaped civilizations and continues to influence national economies. In India, wheat accounts for a large share of calorie and protein intake during the winter season, and sustaining its productivity is essential for meeting the demands of a growing population. However, the challenge lies not just in more wheat but in producing it sustainably, without exhausting the soil that has nourished humanity for centuries (Verma et al., 2023).
Among the many factors that govern wheat productivity, the role of macronutrients is unparalleled. Nitrogen (N), phosphorus (P), and potassium (K) form the tripod of plant nutrition, directly influencing growth, development, and yield quality. Nitrogen governs chlorophyll synthesis and tillering, phosphorus supports root growth and grain formation, while potassium regulates enzyme activation, photosynthate transport, and stress tolerance. An imbalance in their supply disrupts physiological processes, reducing yield and quality. Yet, excessive dependence on chemical fertilizers, which was once hailed as the backbone of the Green Revolution, is now showing its limitations in the form of soil nutrient imbalances, declining organic matter, and poor nutrient use efficiency (Nawaz et al., 2024). 
Integrated Nutrient Management (INM) emerges here as both a scientific necessity and a practical wisdom drawn from traditional farming. By blending inorganic fertilizers with organic sources like such as farmyard manure (FYM), compost, vermicompost, and biofertilizers, INM represents a middle path one that acknowledges the productivity gains of modern inputs while respecting the ecological functions of organic matter. The philosophy of INM lies in synergy: organics improve soil structure, water retention, and microbial activity, while fertilizers ensure readily available nutrients at critical growth stages. Together, they make nutrient uptake more efficient and sustainable (Maskey et al., 2024).
Field evidence strongly supports the superiority of INM over exclusive reliance on fertilizers. Experiments across the Indo-Gangetic Plains reveal that substituting 25–50% of the recommended fertilizer dose with organics maintains yield levels while significantly improving nutrient uptake. Kajal Singh et al. (2024) observed that a combination of chemical fertilizers with organic nitrogen enhanced soil fertility and boosted N, P, and K uptake compared to fertilizers alone. Phosphorus management is particularly significant in Indian soils, which often bind phosphorus in unavailable forms. Farmers applying only chemical P fertilizers may not see the expected returns because much of it gets fixed. Integrated practices, however, help overcome this bottleneck. Studies have shown that adding vermicompost or green manures along with inorganic P keeps phosphorus in more available pools, improving uptake during crucial wheat growth stages (Kumar et al., 2024). The addition of FYM, crop residues, and vermicompost replenishes available K and buffers its release, ensuring steady uptake. Sawarkar et al. (2023) demonstrated that organic–inorganic combinations not only improved K uptake but also enhanced nitrogen use efficiency by improving plant vigor and assimilate translocation. 
The benefits of INM extend beyond nutrient uptake to overall soil health. Modern soil studies increasingly emphasize the role of biological indicators microbial biomass, enzymatic activity, and organic carbon as the real foundation of fertility. Ankur Kumar and Manoj Kumar (2025) reported that wheat systems receiving a blend of fertilizers and vermicompost recorded higher microbial activity and better nutrient availability, translating into improved plant uptake. Such findings bridge the gap between soil science and ecology, reminding us that productive soils are living ecosystems. Another layer of complexity comes from wheat genotypes themselves. Different varieties respond differently to nutrient management owing to variations in root architecture and nutrient use efficiency. Kantwa et al. (2025) observed significant genotype × management interactions in nutrient uptake under INM, suggesting that varietal selection should go hand in hand with nutrient strategies. 
By reducing dependency on costly fertilizers, it makes wheat cultivation more affordable to smallholder farmers. By enhancing nutrient recovery and reducing losses, it minimizes leaching, eutrophication, and greenhouse gas emissions. By enriching soil organic matter, it helps sequester carbon, contributing to climate change mitigation. In this sense, INM is both a modern scientific strategy and a return to the wisdom of harmony between soil and farmer, crop and climate (Verma et al., 2023).
Materials and Methods: 	Comment by HP: Write about recommended agronomic practices for water, weed, nutrient, tillage, insect-pest and disease management followed during experimentation. 
Cite the references for the methods used for analysis of nutrients. 
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A field experiment was conducted during the rabi seasons of 2019–20 and 2020–21 at a farmer’s field in Haridwar district, Uttarakhand, India. The region falls under the sub-humid subtropical climate, characterized by hot summers, a monsoon season from June to September, and cool winters. The experimental site had sandy loam soil, low in available nitrogen, medium in phosphorus, and moderately high in potassium, with neutral pH. The experiment was laid out in a randomized block design (RBD) with eleven treatments replicated three times. The treatments were: T1: Control, T2: 100% RDF, T3: 100% N through FYM, T4: 100% N through Vermicompost, T5: 75% RDF + 25% N through FYM, T6: 75% RDF + 25% N through Vermicompost, T7: 50% RDF + 50% N through FYM, T8: 50% RDF + 50% N through Vermicompost, T9: 50% RDF + 25% N through Vermicompost + 25% N through FYM, T10: 75% RDF + 25% N through FYM + Azotobacter + PSB, T11: 75% RDF + 25% N through Vermicompost + Azotobacter + PSB.
The recommended dose of fertilizers (RDF) for wheat was 150:60:40 kg N:P2O5:K2O per hectare. Nitrogen was applied in split doses, with half applied as basal and the remaining in two equal splits at crown root initiation and before flowering. Phosphorus and potassium were applied as basal doses. FYM and vermicompost were incorporated 15 days before sowing. Biofertilizers (Azotobacter and PSB) were applied as seed inoculants before sowing.
The wheat was sown at a spacing of 20 cm between rows using recommended agronomic practices. Standard crop protection measures were taken to control weeds, pests, and diseases. Irrigation was provided at critical growth stages.
At harvest, grain and straw samples from each plot were collected, oven-dried, and ground for nutrient analysis. Nitrogen content was estimated by the Kjeldahl method, phosphorus by vanadomolybdate yellow colorimetric method, and potassium by flame photometry. Nutrient uptake (kg/ha) was calculated by multiplying nutrient concentration with dry matter yield of grain and straw.
The data were statistically analyzed using analysis of variance (ANOVA) for a randomized block design. The significance of treatment effects was tested at 5% probability level, and critical difference (CD) values were calculated to compare means.
Results	Comment by HP: Avoid reading of entire table in text of results (Lowest and highest uptake is not need to mention and given only significant findings).
Combine result and discussion section to avoid repetition. 
Avoid generalized statements in discussion.   
Nitrogen Uptake: The uptake of nitrogen (N) by wheat grain and straw was significantly influenced by integrated nutrient management (INM) practices across both years of experimentation (Table 1). The control (T1) consistently recorded the lowest N uptake in grain (39.52 and 40.24 kg/ha) and straw (18.22 and 19.68 kg/ha) during 2019–20 and 2020–21, highlighting the inherent nutrient limitations of unfertilized soils. Conversely, application of 100% RDF (T2) nearly doubled the N uptake, with grain uptake values of 83.30 and 82.57 kg/ha and straw uptake of 31.50 and 32.12 kg/ha. These findings echo the observations of Kumar et al. (2021), who reported that balanced fertilization substantially enhances N accumulation in wheat.
Among all treatments, T11 (75% RDF + 25% N through vermicompost + Azotobacter + PSB) recorded the highest N uptake, with 90.56 and 95.26 kg/ha in grain and 34.49 and 34.30 kg/ha in straw across the two years. This improvement may be attributed to better synchronization of nutrient release from vermicompost with crop demand and enhanced microbial activity promoting N mineralization. Similar improvements in nitrogen recovery under INM were noted by Sharma et al. (2022) and Meena et al. (2023), who emphasized the role of organics and biofertilizers in boosting soil N availability. T10 (75% RDF + 25% N through FYM + Azotobacter + PSB) also recorded notable improvements, corroborating the work of Singh et al. (2024), who demonstrated that FYM integration improves nitrogen-use efficiency in wheat. Treatments involving partial substitution of RDF with FYM or vermicompost (T5–T9) also enhanced N uptake compared to 100% RDF alone, though the magnitude varied. These results resonate with findings by Ali et al. (2021), who highlighted that combining organic and inorganic nutrient sources creates a more sustained supply of nitrogen for wheat growth.
Phosphorus Uptake: Phosphorus (P) uptake in wheat grain and straw was also significantly affected by nutrient management (Table 2). The lowest uptake was observed in the control (T1), with grain P uptake of 6.13 and 5.82 kg/ha and straw uptake of 0.98 and 1.00 kg/ha in 2019–20 and 2020–21, respectively. Application of 100% RDF (T2) improved grain P uptake (15.10 and 14.70 kg/ha), while straw uptake remained modest (1.66 and 1.67 kg/ha). These results are in agreement with Yadav et al. (2020), who reported that balanced fertilization alone improves P uptake but cannot sustain soil P availability over time.
The maximum grain P uptake was noted under T11 (15.25 and 15.70 kg/ha), closely followed by T10 (14.78 and 14.92 kg/ha). Straw P uptake was highest under T10 (2.01 and 2.07 kg/ha), with T11 performing comparably (1.94 and 1.96 kg/ha). Treatments integrating organics with RDF (T5–T9) consistently outperformed sole fertilizer or sole organics, underscoring the role of FYM and vermicompost in solubilizing P and enhancing microbial availability. Recent research by Kumar et al. (2022) and Prasad et al. (2023) corroborates these results, demonstrating that INM practices foster P availability through improved microbial activity, phosphate solubilization, and reduced fixation in soils. The enhancement of phosphorus uptake under integrated practices has also been validated in multi-location trials across the Indo-Gangetic Plains (Choudhary et al., 2024).
Potassium Uptake: The pattern of potassium (K) uptake followed a similar trend as N and P (Table 3). The control treatment (T1) recorded the lowest uptake, with grain values of 13.73 and 14.62 kg/ha and straw uptake of 64.9 and 64.4 kg/ha. Application of 100% RDF (T2) nearly doubled grain K uptake (27.40 and 28.43 kg/ha) and significantly improved straw uptake (108.1 and 108.6 kg/ha). This is consistent with the findings of Rani et al. (2021), who reported that mineral fertilization enhances K accumulation but may not ensure its long-term sustainability.
Among all treatments, T11 recorded the highest K uptake, with 30.38 and 30.62 kg/ha in grain and 121.1 and 119.7 kg/ha in straw. T10 was the next best, registering 29.39 and 29.64 kg/ha in grain and 113.0 and 112.7 kg/ha in straw. These results highlight the synergistic effect of combining organics with inorganic fertilizers, where organic manures not only supply K directly but also enhance its availability by improving cation exchange and root proliferation. Studies by Singh and Patel (2022) and Devi et al. (2023) reported similar trends, confirming that integrated nutrient practices significantly increase K uptake in cereal-based systems. Moreover, Pandey et al. (2025) emphasized that vermicompost, due to its finer nutrient fractions, ensures a continuous supply of potassium throughout the crop cycle.
Partial substitution of RDF with FYM or vermicompost (T5–T9) also improved K uptake compared with sole organic applications (T3 and T4), reinforcing that a judicious balance of nutrient sources is essential for optimal uptake. These results are supported by Joshi et al. (2024), who highlighted that sole organic inputs may not meet the peak nutrient demand of wheat, but their integration with RDF markedly improves nutrient uptake efficiency.
Discussion
The results clearly demonstrate that INM practices significantly influence nutrient uptake in wheat grain and straw. The superior performance of T10 and T11 highlights the synergistic effect of combining inorganic fertilizers with organic manures and biofertilizers.	Comment by HP: General and repeated statement; Delete it. 
The improvement in N uptake under T11 can be attributed to the complementary action of vermicompost and microbial inoculants (Azotobacter and PSB), which enhance mineralization and reduce nutrient losses through leaching and volatilization. Similar findings were reported by Meena et al. (2014), who noted increased N uptake under combined application of organics, biofertilizers, and inorganic fertilizers.
Enhanced P uptake in T10 and T11 suggests the beneficial role of FYM, vermicompost, and PSB in solubilizing native soil phosphorus and improving root absorption efficiency. Integrated treatments consistently outperformed 100% RDF, which may be explained by a more balanced nutrient supply and improved microbial activity in the rhizosphere. These findings are in line with Chesti et al. (2013), who reported significant gains in P uptake with integrated use of fertilizers and organics.
Similarly, the higher K uptake observed under T11 reflects the contribution of vermicompost, which is rich in exchangeable potassium, coupled with enhanced biomass production under balanced nutrition. The higher straw K uptake under integrated treatments indicates greater translocation and accumulation due to improved soil nutrient status. Comparable results were reported by Singh et al. (2018) and Kumar et al. (2020), who highlighted the role of INM in improving nutrient availability and sustaining soil fertility in cereals.
Conclusion: The present study establishes that integrated nutrient management substantially improves N, P, and K uptake in wheat grain and straw compared with sole inorganic or organic applications. The treatment T11 (75% RDF + 25% N through vermicompost + Azotobacter + PSB) emerged as the most effective, closely followed by T10 (75% RDF + 25% N through FYM + Azotobacter + PSB). These integrated approaches not only enhanced nutrient uptake but also promoted sustainable nutrient cycling and soil health.	Comment by HP: Conclusion should be based on the data presented and addressing objective of study; Avoid general statement about INM in conclusion. Directly mention the combination of sources which given highest yield and other parameters. 
Adoption of INM practices that combine fertilizers with organics and biofertilizers can therefore be strongly recommended for improving nutrient uptake, sustaining productivity, and maintaining soil fertility in wheat-based cropping systems.	Comment by HP: General and repeated statement; Delete it. 
Table 1: Effect of INM on N uptake by wheat grain and straw
	Treatments
	Grain
	Straw

	
	Uptake (kg/ha)
	Uptake (kg/ha)

	
	2019-20
	2020-21
	2019-20
	2020-21

	T1=control
	39.52
	40.24
	18.22
	19.68

	T2= 100% RDF
	83.30
	82.57
	31.50
	32.12

	T3= 100%N through FYM
	55.88
	56.84
	20.18
	23.04

	T4=100% N through Vermicompost
	65.74
	67.95
	25.33
	26.16

	T5=75% RDF + 25 % N through FYM
	76.49
	82.88
	29.14
	32.13

	T6= 75% RDF + 25 % N through Vermicompost
	81.24
	86.47
	29.87
	31.24

	T7=50%RDF + 50% N through FYM
	74.18
	75.67
	28.80
	28.88

	T8= 50%RDF + 50% N through Vermicompost
	79.91
	77.84
	29.56
	28.71

	T9=50% RDF + 25 % N through Vermicompost + 25%N through FYM
	75.52
	77.92
	29.32
	29.03

	T10= 75% RDF + 25 % N through FYM + Azotobacter + PSB
	88.21
	89.20
	33.53
	33.63

	T11=75% RDF + 25 % N through Vermicompost + Azotobacter + PSB
	90.56
	95.26
	34.49
	34.30

	SEm±
	4.08
	4.09
	1.55
	1.62

	CD at 5 %
	12.04
	12.06
	4.56
	4.78



Table 2: Effect of INM on P uptake by wheat grain and straw
	Treatments
	Grain
	Straw

	
	P Uptake (kg/ha)
	P Uptake (kg/ha)

	
	2019-20
	2020-21
	2019-20
	2020-21

	T1=control
	6.13
	5.82
	0.98
	1.00

	T2= 100% RDF
	15.10
	14.70
	1.66
	1.67

	T3= 100%N through FYM
	9.08
	9.58
	1.24
	1.35

	T4=100% N throughVermicompost
	11.13
	11.28
	1.49
	1.52

	T5=75% RDF + 25 % N through FYM
	12.91
	13.70
	1.63
	1.88

	T6= 75% RDF + 25 % N through Vermicompost
	13.47
	13.99
	1.75
	1.69

	T7=50%RDF + 50% N through FYM
	12.26
	11.07
	1.70
	1.65

	T8= 50%RDF + 50% N through Vermicompost
	13.33
	13.91
	1.65
	1.76

	T9=50% RDF + 25 % N through Vermicompost + 25%N through FYM
	13.24
	13.10
	1.68
	1.72

	T10= 75% RDF + 25 % N through FYM + Azotobacter + PSB
	14.78
	14.92
	2.01
	2.07

	T11=75% RDF + 25 % N through Vermicompost + Azotobacter + PSB
	15.25
	15.70
	1.94
	1.96

	SEm±
	0.66
	0.71
	0.10
	0.08

	CD at 5 %
	1.93
	2.08
	0.28
	0.25



Table 3: Effect of INM on K uptake by wheat grain and straw
	Treatments
	Grain
	Straw

	
	K Uptake (kg/ha)
	K Uptake (kg/ha)

	
	2019-20
	2020-21
	2019-20
	2020-21

	T1=control
	13.73
	14.62
	64.9
	64.4

	T2= 100% RDF
	27.40
	28.43
	108.1
	108.6

	T3= 100%N through FYM
	18.76
	18.71
	76.9
	79.2

	T4=100% N through Vermicompost
	21.97
	21.93
	88.8
	89.5

	T5=75% RDF + 25 % N through FYM
	25.16
	27.66
	101.0
	106.2

	T6= 75% RDF + 25 % N through Vermicompost
	26.90
	27.77
	103.6
	109.4

	T7=50%RDF + 50% N through FYM
	24.07
	25.34
	96.4
	99.3

	T8= 50%RDF + 50% N through Vermicompost
	26.79
	25.86
	102.7
	102.6

	T9=50% RDF + 25 % N through Vermicompost + 25%N through FYM
	25.27
	25.19
	98.6
	100.1

	T10= 75% RDF + 25 % N through FYM + Azotobacter + PSB
	29.39
	29.64
	113.0
	112.7

	T11=75% RDF + 25 % N through Vermicompost + Azotobacter + PSB
	30.38
	30.62
	121.1
	119.7

	SEm±
	1.45
	1.25
	5.3
	6.5

	CD at 5 %
	4.28
	3.69
	15.5
	19.1
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