


EFFECT OF DOSE AND TIME OF NITROGEN APPLICATIONON NUTRIENT DYNAMICS AND SOIL FERTILITYIN SPRING MAIZE (Zea mays L.)


Abstract 

A field experiment was conducted at Regional Research Station, Uchani, Karnal, of CCS Haryana Agricultural University to evaluate the effect of dose and time of nitrogen application on nutrient dynamics and soil fertility in spring maize (Zea mays L.). The experiment consisted of four nitrogen doses (N1-150, N2-165, N3-180 and N4-195 kg N ha-1) assigned to main plots and four time of nitrogen applications, S1-50% + 25% + 25 % (sowing+ 8 leaf + tassel initiation), S2-25% + 25% + 25% + 25% (sowing+ 4 leaf + 8 leaf + silking), S3-20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) and S4-20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation) assigned to subplots.The treatments were arranged in a split-plot design with three replications.Nitrogen (N), phosphorus (P) and potassium (K) contents in grain and stover were determined using Modified Kjeldahl’s method, vanadomolybdo phosphoric acid colorimetric method and flame photometric method, respectively. Nutrient uptake (kg ha-1) was calculated by multiplying nutrient content (%) with yield and dividing by 100.Available soil nitrogen, phosphorus and potassium were determined by the alkaline permanganate method, Olsen’s method and flame photometry method, respectively. Results revealed that both dose and time of nitrogen application significantly influenced N, P and K contents in grain and stover as well as their uptake by maize. The highest NPK contents and uptake were recorded with N4 (195 kg N ha-1), which was statistically at par with N3 (180 kg N ha-1) and superior to N2 (165 kg N ha-1) and N1 (150 kg N ha-1). Among the time of nitrogen application, S4 and S3 (unequal split applications) resulted in higher NPK contents in grain and stover. However, nitrogen uptake by both grain and stover was highest under S2 (four equal splits) followed by S1. The highest phosphorus and potassium uptake was recorded under S4, which was statistically at par with S2. Application of 195 kg N ha-1 recorded the highest residual available nitrogen in soil, which was statistically comparable to 180 kg N ha-1. Available soil phosphorus decreased under higher nitrogen doses (195 and 180 kg N ha-1) compared to lower dose (150 and 165 kg N ha-1). Among time of nitrogen application, S3and S4 recorded significantly higher available nitrogen and phosphorus than other treatments.	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space
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1. Introduction
Maize widely referred to as the queen of cereals is one of the most extensively grown and high-yielding staple crops worldwide (Sanodiya et al., 2023). In India, it is cultivated on 10 million hectares, produced about 33.6 million tonnes during 2022–23, with an average productivity of 3349 kg ha-1 and contributed 2% to global maize production (GOI, 2023). Despite its high yield potential, maize performance is greatly dependent on soil fertility and the balanced supply of essential nutrients, particularly nitrogen which is most limiting nutrient in Indian soils (Rathwa & Bhanvadia, 2023). Nitrogen is a vital constituent of chlorophyll, amino acids proteinand nucleic acid, and plays a key role in photosynthesis, vegetative development, dry matter production and crop productivity (Fathi, 2022). Its deficiency is recognized as one of the major constraints to crop production globally (Fathi & Zeidali, 2021). Moreover, nitrogen in the soil undergoes several transformations and losses through processes such as volatilization, leaching, denitrification and immobilization (Karthika & Vageesh, 2014). These complex dynamics make both the rate and timing of nitrogen application critical for nutrient availability with crop demand while reducing environmental losses (Jassal et al., 2016). The application nitrogen up to 120kg ha-1 significantly increased the uptake of nitrogen and phosphorus by grain which was found at par with 100 kg N ha-1(Sharma et al., 2017). Similarly, application of 120 kg N ha-1 significantly improved nutrient uptake and grain yield. Splitting this dose into four equal applications at sowing, 30, 45 and 60 days after sowing increased nitrogen content, uptake and also improved residual soil nitrogen after harvest, whereas, available soil P2O5 and K2O were not significantly influenced (Madagoudra et al., 2021). In another study, maximum total nitrogen uptake was recorded when nitrogen was applied in two splits-25% as a basal dose during seedbed preparation and 75% as top dressing at the V9 stage, which was statistically similar to a 50% basal and 50% V9 split (Niaz et al.2014).In view of the importance of improving NPK contents in grain, straw and uptake. The present investigation was designed to examine the effect of different dose and time of nitrogen application on nutrient dynamics and soil fertility in maize (Zea mays L.).	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space


2. Materials and Methods
The experiment was conducted during the spring seasons of 2013 and 2014 at the Regional Research Station, Uchani, Karnal, which is part of Chaudhary Charan Singh Haryana Agricultural University. The station is located in a semi-arid, sub-tropical region at 29°43′ N latitude and 76°58′ E longitude with an altitude of 245 m above mean sea level. Mean weekly meteorological data were recorded during the crop seasons (March to July) for both years. The two-year mean weekly maximum temperature ranged from 25.75°C to 44.55°C, while the minimum temperature varied between 11.3°C and 27.75°C. Total rainfall received during the crop seasons was 169.6 mm in 2013 and 178.8 mm in 2014. The experimental field soil was sandy loam in texture and slightly alkaline in reaction (pH 8.10). It was low in organic carbon (0.36%) and available nitrogen (149.0 kg ha-1), and medium in available phosphorus (11.0 kg ha-1) and potassium (175.0 kg ha-1).This experiment was laid out in a strip plot design with four nitrogen doses in main plots (N1-150 kg ha-1, N2-165 kg ha-1, N3-180 kg ha-1and N4-195 kg ha-1) and four time of nitrogen applications (S1-50% + 25% + 25 % (sowing+ 8 leaf + tassel initiation), S2-25% + 25% + 25% + 25% (sowing+ 4 leaf + 8 leaf + silking), S3-20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) and S4-20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation) in sub plots. The sixteen treatments were comprised with three replications for each treatment. Nitrogen in the form of urea (46% N) was used for the study. Nitrogen was applied at different dose and time based on treatments. Pre-sowing irrigation was applied to the field to facilitate preparatory tillage and seed germination. The seed bed was prepared by two harrowing followed by cultivator twice followed by planking and then opening of furrows in dry condition for dibbling of maize manually. The maize variety HQPM-1 was sown on 5 March and 10 March 2013 and 2014, respectively. Crop was sown using 20 kg ha-1seed by dibbling method on dry ridges apart 60 cm with plant to plant spacing of 20 cm followed by irrigation up to half of the ridge to ensure proper soil moisture for better germination of seed. The recommended rate of phosphorus and potassium nutrients (60 kg ha-1) was applied uniformly to all plots at the time of sowing. SSP and MOP were used as a source of phosphorous and potassium in the form of P2O5 and K2O.The following chemical studies were undertaken during the course of the experiments.	Comment by HEWLETT: Add space
2.1 NPKcontents in grain and stover (%)
Representative samples of grain and stover were taken separately from each plot for the estimation of N, P and K content and these samples were oven dried at 70 ºC for 48 hours and powdered by mechanical grinder. Oven dried sample weighed 0.2 g for grain and 0.5 g for stover was digested in diacid mixture of H2SO4 and HClO4 in the ratio of 9:1 for NPK estimation. After digestion, a known volume was made with distilled water and filtered through Whatman’s filter paper No. 42. Nitrogen content in digested plant material was determined by Modified Kjeldahl’s method (Jackson, 1973). Phosphorus and potassium content were determined by Vanadomolybdo phosphoric acid yellow colour method (Koening and Johnson, 1942) and flame photometric method (Jackson, 1973), respectively.	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space
2.2 NPK uptake by grain and stover (kg ha-1)
The N, P and K uptake by maize grain and stover were calculated by using following formula.  	Comment by HEWLETT: Add space
Nutrient uptake (kg ha-1) = Nutrient content (%) ×Yield (kg ha-1)
                                                                            100
2.3 NPK status of soil (kg ha-1)
The soil samples were collected from 0-15 cm soil profile at the initial and at the end of experimentation period. The soil samples were air dried ground and passed through 2 mm mesh sieve and were analysed for available N, P and K. The available N was estimated by alkaline KMnO4 method suggested by Subbiah and Asija (1956) and expressed in Kg ha-1. The available P content in soil was estimated by Olsen’s method (Olsen et.al., 1954). Available K was determined using neutral normal ammonium acetate extraction (flame photometer) method as described by Jackson (1973) and expressed in Kg ha-1.

3. Results and Discussion 
The results of the present study along with the relevant discussion are summarized under the following headings:
3.1 NPK contents in grain and stover (%) 
The data pertaining to NPK contents in grain and stover of maize at harvest differed significantly due to different dose and time of nitrogen application during both the years   (Table 1). The treatment of N4 (195 kg N ha-1) was recorded maximum content of N (1.60, 1.57 % in grain and 0.78, 0.75% in stover),P (0.21, 0.17% in grain and 0.15, 0.13% in stover) and K (0.33, 0.31% in grain and 1.49, 1.45% in stover) and it was statistically at par withN3 (180 kg N ha-1) except in K content than other treatments. Similar findings were reported by Madagoudraet al. (2021)and Aulakh et al. (2012) reported that higher nitrogen content in grain and stover with higher nitrogen dose. Weisler et al. (2001) and Miller et al. (1987) who revealed that N, P and K content in maize were higher in high than low nitrogen treatment. The effect of nitrogen application was also significant on NPK content in grain and stover during both the years. NPK content was significantly higher in treatment S4 - 20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation) which was  at par with treatment of  S3 - 20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) followed by S2 and S1. These results corroborated with the findings of Amanullah (2004). Avasthe (2011) reported that nutrient concentrations were influenced by nitrogen fertilization with significant variation between different application schedules.	Comment by HEWLETT: Add space	Comment by HEWLETT: Add space in between two words	Comment by HEWLETT: Add space
Table1. Effect of dose and time of nitrogen application on NPK contents in grain and stover of spring maize
	Treatments
	NPK content in grain (%)
	NPK content stover (%)

	
	N content
	P content
	K content
	N content
	P content
	K content

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	1.42
	1.40
	0.16
	0.12
	0.30
	0.27
	0.71
	0.70
	0.11
	0.11
	1.28
	1.25

	N2-165
	1.55
	1.53
	0.18
	0.14
	0.31
	0.28
	0.74
	0.72
	0.13
	0.12
	1.35
	1.32

	N3-180
	1.59
	1.56
	0.20
	0.16
	0.33
	0.30
	0.77
	0.75
	0.14
	0.13
	1.40
	1.38

	N4-195
	1.60
	1.57
	0.21
	0.17
	0.33
	0.31
	0.78
	0.75
	0.15
	0.13
	1.49
	1.45

	SEm±
	0.01
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.03
	0.02

	C.D.(0.05)
	0.02
	0.02
	0.01
	0.01
	0.01
	0.02
	0.01
	0.01
	0.01
	0.02
	0.04
	0.06

	Time of nitrogen application

	S1
	1.50
	1.49
	0.17
	0.12
	0.29
	0.27
	0.72
	0.71
	0.12
	0.10
	1.25
	1.22

	S2
	1.54
	1.50
	0.18
	0.13
	0.31
	0.29
	0.74
	0.72
	0.12
	0.11
	1.33
	1.30

	S3
	1.56
	1.53
	0.20
	0.17
	0.33
	0.29
	0.76
	0.73
	0.14
	0.13
	1.46
	1.43

	S4
	1.57
	1.54
	0.21
	0.17
	0.34
	0.30
	0.77
	0.75
	0.15
	0.14
	1.48
	1.45

	SEm±
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.02

	C.D.(0.05)
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.05
	0.07

	S1 - 50% + 25% + 25 % (sowing+ 8 leaf + tassel initiation), S2 - 25% + 25% + 25% + 25% (sowing+ 4 leaf + 8 leaf + silking), S3 - 20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) and S4 - 20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation)



3.2NPK uptake by grain and stover (kg ha-1)
Nitrogen dose significantly influenced N, P and K uptake in grain and stover during both the years of experimentation (Table 2). The uptake of N, P and K increased with increase in nitrogen dose from N1(150 kg N ha-1) to N4 (195 kg ha-1).The highest uptake of N, P and K by both grain and stover was recorded under N4 (195 kg ha-1), which was statistically at par with N3(180 kg N ha-1). However, both these treatments were significantly superior to N2(162 kg N ha-1) and N1(150 kg N ha-1). The increased uptake at higher nitrogen levels may be attributed to enhanced vegetative growth, greater dry matter production, improved root proliferation and increased nutrient absorption and translocation from source to sink. Adequate nitrogen availability might have promoted better metabolic activity and nutrient use efficiency, resulting in higher accumulation of N, P and K in both grain and stover. These findings are in close conformity with the results reported by Madagoudra et al. (2021) and Sharma et al. (2017) for nitrogen and phosphorus uptake.	Comment by HEWLETT: space	Comment by HEWLETT: space
Time of nitrogen application was also significantly influenced on N, P and K uptake by grain and stover of maize during both the years (Table 2). The highest uptake of nitrogen by both grain and stover was recorded with four equal split of nitrogen (S2) followed by S1, S4 and S3 treatment. The highest P and K uptake were recorded with four unequal split of nitrogen (S4) which was statistically at par with S2. However, both these treatments were significantly superior to S1and S3.These findings are in close conformity with the results reported by Madagoudra et al.(2021) who observed a significant improvement in nitrogen and phosphorus uptake with higher nitrogen levels and four equal split applications. Sunitha and Reddy (2012) reported that nitrogen and phosphorus uptake sigficantly influenced by split application of nitrogen. 	Comment by HEWLETT: remove “w”	Comment by HEWLETT: space	Comment by HEWLETT: space
Table2. Effect of dose and time of nitrogen application on NPK uptake by grain and stover of spring maize 
	Treatments
	NPK uptake in grain (kg ha-1)
	NPK uptake in stover ((kg ha-1)

	
	N uptake
	P  uptake
	K  uptake
	N  uptake
	P  uptake
	K  uptake

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	68
	65
	8
	6
	14
	12
	49
	46
	8
	7
	88
	81

	N2-165
	79
	75
	9
	7
	16
	14
	55
	50
	10
	8
	100
	92

	N3-180
	90
	85
	11
	9
	19
	17
	59
	55
	11
	10
	108
	101

	N4-195
	93
	89
	12
	10
	19
	18
	62
	56
	12
	10
	118
	109

	SEm±
	1.3
	1.4
	0.3
	0.3
	0.2
	0.4
	1.2
	0.7
	0.4
	0.2
	2.70
	2.2

	C.D.(0.05)
	4.1
	4.2
	1.0
	1.0
	0.5
	1.0
	3.5
	2.0
	1.2
	0.5
	8.0
	6.0

	Time of nitrogen application

	S1
	83
	81
	9
	7
	16
	15
	55
	53
	9
	7
	96
	91

	S2
	87
	82
	10
	7
	18
	16
	58
	55
	11
	10
	104
	99

	S3
	76
	72
	10
	8
	16
	14
	53
	47
	10
	8
	101
	91

	S4
	82
	78
	11
	9
	18
	15
	57
	52
	11
	10
	111
	101

	SEm±
	1.1
	0.5
	0.2
	0.1
	0.1
	0.1
	0.7
	0.6
	0.2
	0.3
	2.8
	1.2

	C.D.(0.05)
	3.0
	1.4
	0.5
	0.3
	0.4
	0.3
	2.0
	1.6
	0.50
	0.80
	8.0
	3.5

	S1 - 50% + 25% + 25 % (sowing+ 8 leaf + tassel initiation), S2 - 25% + 25% + 25% + 25% (sowing+ 4 leaf + 8 leaf + silking), S3 - 20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) and S4 - 20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation)





3.3 Available NPK status of soil after harvest (kg ha-1)
The available NPK status of soil after harvest was significantly influenced by different nitrogen dose and time of nitrogen application except in the case of available potassium (K), which remained non-significant after two-year study (Table 3). Among nitrogen doses, application of N4-195 kg N ha-1 recorded higher residual available nitrogen (156.17 kg ha⁻¹), which was statistically at par with N3-180 kg N ha-1 (155.09 kg ha-1) but significantly superior to N2-165 kg N ha-1 (153.44 kg ha-1) and N1-150 kg N ha-1 (152.61 kg ha-1).The increase in residual nitrogen with higher N dose may be attributed to greater addition of nitrogen to the soil system and comparatively lower depletion relative to supply. These findings are in conformity with Madagoudra et al. (2021), Niaz et al. (2014) and Hassan et al. (2010) who reported that total soil nitrogen increased with increasing nitrogen levels. In contrast, available phosphorus content was lower under higher nitrogen dose (N4-195 and N3-180 kg ha-1) compared to lower dose (N1-150 and N2-165 kg ha-1).	Comment by HEWLETT: space
Table 3: Effect of dose and time of nitrogen application on available NPK status in soil after two year of study
	Treatments
	Available N (kg ha-1)                                         
	Available P (kg ha-1)                                         
	Available K (kg ha-1)                                         

	Nitrogen dose (kg ha-1)

	N1-150
	152.61
	19.89
	233.89

	N2-165
	153.44
	19.09
	233.45

	N3-180
	155.09
	17.44
	233.11

	N4-195
	156.17
	16.11
	233.09

	SEm±
	0.51
	0.65
	0.70

	C.D.(0.05)
	1.65
	2.10
	NS

	Time of nitrogen application 

	S1
	154.23
	18.04
	233.29

	S2
	153.55
	17.31
	232.56

	S3
	154.97
	18.79
	234.04

	S4
	154.56
	18.39
	233.64

	SEm±
	0.33
	0.28
	0.55

	C.D.(0.05)
	1.00
	0.87
	NS

	S1 - 50% + 25% + 25 % (sowing+ 8 leaf + tassel initiation), S2 - 25% + 25% + 25% + 25% (sowing+ 4 leaf + 8 leaf + silking), S3 - 20% + 30% + 40% + 10% (sowing+ 6 leaf + flowering + grain formation) and S4 - 20% + 30% + 40% + 10% (2 leaf+ 6 leaf +tassel initiation + grain formation)



Similarly, Brar and Bhajansing (1984) observed that total phosphorus status declined where nitrogen alone was applied, while phosphorus buildup occurred with its direct application. Madagoudra et al. (2021) reported that varying nitrogen levels did not exert any significant effect on the available phosphorus and potassium status of the soil after harvest of the crop. In case of time of nitrogen application, treatment S3 recorded significantly higher available nitrogen and phosphorus (154.97 and 18.79 kg ha-1, respectively), which was statistically at par with S4 (154.56 and 18.39 kg ha-1) and S1(154.23 and 18.04 kg ha-1). However, these treatments were significantly superior to S2 which recorded the lowest available nitrogen and phosphorus (153.55 and 17.31 kg ha-1).These results were agreed with the findings of Madagoudra et al. (2021) and Hassan et al. (2010).	Comment by HEWLETT: space	Comment by HEWLETT: space

4. Conclusion
The increased nitrogen content of grain and stover and N, P and K uptake by grain and stover as well as total uptake were noted with application of 195 and 180 kg N ha-1. The available nitrogen status of soil after harvest of crop resulted application of nitrogen at195 kg N ha-1.Time of nitrogen application in four unequal splits (S4  and S3) recorded significantly higher nitrogen content and S2and S3 treatments had significantly higher uptake and available N in soil.
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