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Abstract
A field experiment conducted during the rabi season 2024–25 at the Agronomy Research Farm, R.S.M. (P.G.) College, Dhampur (Bijnor), Uttar Pradesh, to evaluate the impact of integrated nitrogen management on wheat growth and yield attributes. The study included seven treatments, control (T1), 100% recommended dose of fertilizer RDF: 150-60-60 NPK kg ha⁻¹ (T2), 80% RDN through urea + 20 RDN through poultry manure (T3), 80% RDN through urea + 20 RDN through vermicompost (T4), 80% RDN through urea + 20 RDN through farmyard manure (T5), 80% RDN through urea + 20 RDN through mustard cake (T6), 80% RDN through urea + 20 RDN through goat manure (T7) arranged in a randomized block design with three replications. The results revealed that maximum plant height, number of leaves, fresh weight and dry weight of plant were observed in 80% RDN through urea + 20 RDN through farmyard manure (T5). The yield attributes i.e. spike length, awns length, filled grain and unfilled grain maximum found in 80% RDN through urea + 20 RDN through farmyard manure (T5). These findings suggest that integrating FYM with chemical nitrogen not only improves crop performance and productivity but also contributes to better soil health, making it a sustainable nutrient management practice for wheat cultivation.
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Introduction 
Wheat (Triticum aestivum L.) is one of the most important staple food crops of the world and is rightly known as the “King of Cereals” due to its wide adaptability under diverse agro-climatic and soil conditions, its vast acreage, and its vital role in global food security (Kumar et al., 2023). It belongs to the family Poaceae and has historically been regarded as a symbol of the Green Revolution, contributing significantly to self-sufficiency in food production (Alam, 2013). Wheat is not only a dietary staple but also forms the base of several processed food items such as bread, noodles, cakes, pastries, and baby food products (Bhayal, Kewat, et al., 2022). Nutritionally, wheat is rich in carbohydrates (78%) and provides proteins (14%), fats (2%), minerals (2.5%), along with essential vitamins such as thiamine, and minerals including zinc, iron, selenium, and magnesium, making it an indispensable part of human diet  Iqbal et al., (2022) Globally, wheat production during 2024-25 is estimated at record 799.9 Million metric tons (USDA, 2025). In India, Wheat production during 2023-24 is estimated at record 1132.92 LMT (lakh metric ton). It is higher by 27.38 LMT than previous year’s wheat production of 1105.54 LMT (Welfare et al., 2024) India ranks second among wheat-producing nations, accounting for about 13% of the global wheat production in 2022 (FAO, 2023). Within India, Uttar Pradesh is the leading wheat-growing state with about 35.34 Million ton production of wheat.(GOI, 2024)
In India, Uttar Pradesh leads wheat cultivation, accounting for 9.65 million hectares (36.6% of India’s wheat area) and 26.87 million tons (39.3% of production), though its productivity of 2785 kg/ha lags behind Punjab (4300 kg ha-1) and Haryana (4000 kg ha-1) (Kumar et al., 2022) The wheat production is distributed in three agro-climatic zones, viz. western Uttar Pradesh (3.29 million ha), eastern. UP (5.24 million ha) and central Uttar Pradesh (0.68 million ha). The area is 9.2 million ha, with a production of 24.5 million tons and productivity of 2.7 tons ha-1 (Singh et al., 2020). Uttar Pradesh ranks first in wheat producing states with 33949.68 Tones. The state alone contributes more than 25% of India’s total wheat production. India's most important Rabi food crop is wheat, and increasing its productivity has been crucial to the nation's ability to produce enough food grains on its own. Careful management of nitrogen because on the one hand, it is the most imperative element for proper growth and development of plants and so the other is the global challenge of feeding world’s ever increasing population that would be impossible without nitrogen fertilizer since it increases the production and profitability of every individual farmer (Aakash et al., 2022). Adequate supply of macro nutrients via foliar spray which promotes faster crop growth (Bhayal et al., 2022). Appropriate nitrogen fertilization plays a key role to increase the yield and quality of crop (Singh et al., 2021). Fertile  and  productive  soils  in  all  respects  are  rarely  found  in  nature.  To  this  fact, most  soils  are  far  from  being  ideally  fertile  and  should  therefore,  be  improved  not  only  by adding  nutrients,  but  also  by  other  soil  amendments,  like  organic  matter  for  maintaining  the activity of soil life. The major  components  of  organic  integrated  nutrient  management  system  involves  the  variable nutrient release patterns compost vermicompost, crop residue  along with natural soil reserves (Aakash et al., 2023). Global warming is caused to change the climate in terms of increased frequency of extreme weather events, increased air temperature and vapour pressure deficit of air and spatial and temporal change in rainfall and relative humidity. These changes have adverse impact on production and productivity of wheat grown in subtropical and tropical regions of the world. Among the climatic factors, temperature plays significant role in physiological, chemical and biological processes of plants (Prajapat et al., 2018). Due to intensive cropping, where food grain production and fertilizer application run parallel, soil is degrading day by day with respect to soil fertility and productivity. Meanwhile, agriculture becomes more intensive and chemical dependent, therefore soil toxicities and nutrient imbalance threaten sustainable production. Therefore, we have to consider about the low-cost and easily available alternative source of nutrients, which not only supply the nutrients to the soil but also develop the physic - chemical properties of the soil. Thus, demand for fertilizers can be lowered by supplementing the nutrients through organic manures. To overcome the problem of nutrient deficiency and to Increase wheat yield, the farmers are using chemical fertilizers. However, the chemical fertilizers are costly and the small farmers cannot afford to use these fertilizers in appropriate amount and balanced proportion. Under such condition integrated use of chemical und organic fertilizer can play an important role to maintain soil fertility and crop productivity. Nitrogen is one of the most important nutrients applied to crop for higher yield and quality, but its balanced use is a key point for healthy environment and higher land effectiveness, which can be attain through integrated nitrogen management  (Iqbal, 2012). The experiment was aimed to test the effect of integrated nitrogen management on growth and yield attributes of wheat under late sown condition.
Material and Methods
A field experiment was conducted during the rabi season, spanning from December 2024 to April 2025. The trial took place in Agronomy Research Farm located, R.S.M. College Research farm in Dhampur (Bijnor). This farm is positioned approximately 1 kilometer east of Dhampur town, situated along the Dhampur - Moradabad road. The farm stands at an elevation of 286 meters above mean sea level (MSL) and is situated at coordinates 29.021°N latitude and 78.508°E longitude. The location benefits from a range of amenities and resources. Throughout the crop duration, notable climatic indicators such as maximum and minimum temperatures, rainfall distribution, relative humidity, and sunshine hours were monitored. In December the lowest temperature observed was 2.6°C, while the highest temperature of 38.4°C was documented in April. The month of February saw the highest average relative humidity at 92%. These data provide insights into the varying weather conditions experienced during the crucial crop cultivation period. Plant growth observations were systematically recorded to assess the effect of different treatments on wheat. For Plant height recorded with the help of meter scale of selected plant from the surface of the soil to the tip of plant and the number of leaves was determined by counting all leaves on these five tagged plants at the same growth intervals. Fresh weight of plants was estimated through destructive sampling, in which samples from one-meter row length were cut at the same growth intervals. These samples were immediately weighed using an electronic balance and expressed in grams. The same samples were further used for dry weight estimation. After sun drying, they were oven-dried at 68 ± 2 °C until constant weight was achieved. The oven-dried samples were then weighed, and average dry matter accumulation per meter row length was recorded for further analysis. The spike length and awn length was measured in centimeters using a scale, and the average spike and awn length was calculated. For filled and unfilled grains counted from each spike within the net plots, and their mean values were used for statistical evaluation. The data obtained from growth and yield attribute were subjected to analysis of variance (ANOVA) using Statistical Tool for Agricultural Research (STAR) software (version STAR 2.0.1, IRRI, Los Baños, Philippines), while the significance of differences between treatment mean values was determined using the Least significant difference (LSD) test at 5% level.
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	Picture 1-View of experiment


3. Result and Discussion
3.1 Growth parameters
Data pertaining to the effect of integrated nitrogen management on plant height at 60, 90 DAS are given in Table 1. All growth parameters of wheat varied significantly with integrated nitrogen management practices at all the observed stage of crop growth.
3.1.1 Plant height 
The maximum plant height (46.8, 81.2, cm, respectively) resulted in the application of 80% RDN through urea + 20% through FYM (T₅) at 60 and 90 DAS, which was statistically at par with other treatments except control (T₁). This increase may be attributed to the combined effect of fast-acting urea during the initial crop stages and the slow release of nutrients from FYM, ensuring prolonged nitrogen availability in later stages along with improved soil aeration, structure, and microbial activity that enhanced nutrient uptake efficiency. Similar findings were reported by Patel et al., (2017), Rathwa et al., (2018), Verma et al., (2022), and Patyal et al., (2022), who observed that integrated nutrient management practices with FYM significantly improved plant height due to better nutrient synchronization, enhanced nutrient-use efficiency, and improved soil health compared to sole RDF application. 
3.1.2 Number of levees 
At 60 DAS, the maximum number of leaves was recorded under 80% RDN through urea + 20% through FYM (T₅), which was at par with 80% RDN through urea + 20% RDN through mustard cake (T₆) but significantly superior to other treatments, while at 90 DAS, the highest number of leaves was again noted in T₅, remaining at par with all treatments except control (T₁) and 100% RDN (150 kg ha⁻¹). The superiority of 80% RDN through urea + 20% RDN through FYM (T₅) may be attributed to the continuous supply of nitrogen from urea and FYM, which enhanced cell division, leaf expansion, and canopy size, along with improved soil moisture retention and nutrient availability. Similar findings were reported by Singh et al. (2018) with 100% RDF + vermicompost, and by Kumar & Tripathi (2022), who emphasized the synergistic effect of chemical fertilizers and FYM in sustaining nutrient supply and promoting greater canopy development, indicating that leaf number was directly influenced by improved nutrient balance and soil environment under integrated nutrient management.
3.1.3 Plant fresh weight 
At 60 DAS, application of 80% RDN through urea + 20% through FYM (T₅) resulted in the maximum fresh weight (325.7 g m⁻¹ row length), which was statistically at par with all treatments except control (T₁), while at 90 DAS, the highest fresh weight was again recorded under 80% RDN through urea + 20% RDN through FYM (T₅), being comparable with 80% RDN through urea + 20% RDN through vermicompost (T₄), 80% RDN through urea + 20% RDN through poultry manure (T₃), 80% RDN through urea + 20% RDN through mustard cake (T₆), and 80% RDN through urea + 20% RDN through goat manure (T₇) but significantly superior to the remaining treatments. The superiority of 80% RDN through urea + 20% RDN through FYM (T₅) may be attributed to greater vegetative biomass supported by continuous nutrient availability, enhanced photosynthetic efficiency, and improved soil moisture-holding capacity due to FYM, which maintained plant turgor and fresh weight. Similar findings were reported by (Panigrahi et al., 2022) and (Kaur et al., 2018), who observed increased fresh biomass under integrated nutrient management practices, attributing the results to synergistic effects of organic amendments with inorganic fertilizers that enhanced nutrient supply, nitrogen mineralization, and chlorophyll synthesis.
Table 1 Effect of integrated nitrogen management on Plant height and No. of leaves
	Treatment
	Plant height (cm)
	Number of leaves  plant-1

	
	60 DAS
	90 DAS
	60 DAS
	90 DAS

	T₁
	25.2b
	56.2b
	7.4 c
	3.5c

	T₂
	41.8a
	76.0a
	10.9b
	4.0c

	 T₃
	42.8a
	77.4a
	11.9b
	4.3b

	T₄
	44.6a
	78.8a
	11.7b
	4.5b

	T₅
	46.8a
	81.2a
	14.5a
	4.9a

	T₆
	46.2a
	80.4a
	14.1a
	4.8a

	T₇
	45.6a
	78.9a
	11.6b
	4.6a

	SEm±
	1.9
	3.6
	0.8
	0.2

	CD (0.05)
	6.0
	11.0
	2.6
	0.6


Table 2 Effect of integrated nitrogen management on Plant fresh weight and Plant dry weight 
	Treatment
	Plant fresh Weight (g m-1 row length )
	Plant dry weight (g m-1 row length)

	
	60 DAS
	90 DAS
	60 DAS
	90 DAS

	T₁
	94.0b
	354.7c
	25.3b
	160.7b

	T₂
	267.0a
	506.0bc
	69.7a
	243.3ab

	T₃
	280.0aa
	654.7ab
	72.0a
	273.7a

	T₄
	287.7a
	692.0ab
	75.3a
	281.3a

	T₅
	325.7a
	773.7a
	86.0a
	333.0a

	T₆
	315.7a
	764.0a
	85.3a
	310.7a

	T₇
	292.0a
	739.0a
	80.0a
	291.3a

	SEm±
	22.7
	68.5
	30.4
	95.36

	CD (0.05)
	70.0
	211.1
	24.3
	49.2


3.1.4 Plant dry weight
Application of 80% RDN through urea + 20% through FYM (T₅) resulted in the highest dry matter accumulation at all growth stages, which may be ascribed to the combined effect of readily available nitrogen from urea in the early phase and the prolonged nutrient release from FYM during later stages. The superiority of 80% RDN through urea + 20% RDN through FYM (T₅) was further supported by its maximum plant height, number of leaves, and leaf area, which collectively contributed to greater photosynthate production and translocation into structural and storage tissues, thereby enhancing biomass accumulation. Similar findings were reported by Kumar & Kumar, (2025), Singh et al., (2016), and Sharma et al., (2024), who observed higher dry matter production under integrated nutrient management due to improved soil aeration, microbial activity, nutrient availability, and sustained crop growth compared to sole RDF application.

Figure 1 Plant height and No. of leaves as integrated nitrogen management 


Figure 2 Plant fresh and dry weights as integrated nitrogen management
3.2 Yield attributes
3.2.1 Number of filled grain
	The maximum number of filled grains per spike was recorded under 80% RDN through urea + 20% FYM (T₅), which was at par, with all treatments except control (T₁). The superiority of 80% RDN through urea + 20% RDN through FYM (T₅) may be ascribed to the continuous nitrogen supply from urea and FYM, which enhanced photosynthesis, efficient assimilate translocation and nutrient uptake during grain filling, while organic matter from FYM further improved microbial activity and soil fertility. Similar results were reported by (Fazily, 2021), who observed significantly higher filled grains under RDF + FYM and 150% RDF + FYM treatments due to improved nutrient supply, spike fertility, photosynthetic activity, and carbohydrate accumulation in developing grains.
Table 3 Effect of integrated nitrogen management on plant yield attributes
	Treatment
	
	Number of filled grain spike-1
	Number of unfilled grain spike-1

	T₁
	Control
	17.0b
	8.9a

	T₂
	100% RDN (150 kg N ha-1
	40.6a
	6.7b

	T₃
	80% RDN through urea + 20% RDN through poultry manure
	41.6a
	6.6b

	T₄
	80% RDN through urea + 20% RDN through vermicompost 
	42.4a
	6.4b

	T₅
	80% RDN through urea + 20% RDN through FYM
	45.3a
	5.6b

	T₆
	80% RDN through urea + 20% RDN through mustard cake 
	44.9a
	5.7b

	T₇
	80% RDN through urea + 20% RDN through goat manure 
	43.0a
	5.8b

	SEm±
	
	1.9
	0.6

	CD (0.05)
	
	5.7
	1.9


3.2.2 Number of unfilled grain
The lowest number of unfilled grains per spike (5.6) was recorded under 80% RDN through urea + 20% FYM (T₅), which was at par with all treatments except control (T₁), indicating better fertilization and grain setting. This may be attributed to the combined effect of urea and FYM, which ensured balanced nutrient availability during reproductive and grain-filling stages, thereby reducing spikelet abortion, minimizing grain sterility, and improving grain-filling efficiency. Similar findings were reported by (Sharma et al., 2024) and (Ahmad & Tripathi, 2022), who observed fewer unfilled grains under integrated nutrient management with organic amendments due to improved nutrient translocation, source–sink balance, and enhanced reproductive efficiency.
Figure 3 Yield attributes as effect of integrated nitrogen management

4. Conclusion
The research distinctly showed that integrated nitrogen management, particularly the application of 80% RDN through urea + 20% FYM (T₅), was most effective in enhancing growth and yield attributes of wheat. This treatment continuous recorded the highest plant height, number of leaves, fresh and dry biomass and number of filled grains, along with the lowest number of unfilled grains. The superiority of T₅ can be attributed to the combined effect of fast-acting urea and the slow, sustained nutrient release from FYM, which ensured continuous nutrient availability for plant. In addition, FYM improved soil structure, organic carbon, microbial activity, and nutrient-use efficiency, thereby enhancing photosynthesis; assimilate translocation, and reproductive success. These findings suggest that integrating FYM with chemical nitrogen not only improves crop performance and productivity but also contributes to better soil health, making it a sustainable nutrient management practice for wheat cultivation.
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Plant fresh Weight (g m⁻¹ row length ) 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	94	267	280	287.66666666666669	325.66666666666669	315.66666666666669	292	Plant fresh Weight (g m⁻¹ row length ) 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	354.66666666666669	506	654.66666666666663	692	773.66666666666663	764	739	Plant dry weight (g m⁻¹ row length)  60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	25.333333333333332	69.666666666666671	72	75.333333333333329	86	85.3	80	Plant dry weight (g m⁻¹ row length)  90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	160.66666666666666	243.33333333333334	273.66666666666669	281.33333333333331	333	310.66666666666669	291.33333333333331	


Number of filled grain spike-1	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	17	40.566666666666663	41.6	42.433333333333337	45.266666666666673	44.9	43.033333333333331	Number of unfilled grain 	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	8.9333333333333336	6.666666666666667	6.6000000000000005	6.3999999999999995	5.6000000000000005	5.666666666666667	5.833333333333333	


Growth parameter 
Plant height (cm) 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	25.2	41.833333333333336	42.833333333333336	44.633333333333333	46.833333333333336	46.233333333333341	45.566666666666663	Plant height (cm) 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	56.20000000000001	76	77.433333333333323	78.8	81.233333333333334	80.400000000000006	78.86666666666666	Number of leaves  plant⁻¹ 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	7.4	10.9	11.9	11.7	14.5	14.1	11.6	Number of leaves  plant⁻¹ 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	3.5333333333333337	4	4.3	4.4666666666666668	4.8666666666666663	4.8	4.6000000000000005	
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