


Impact of Dose and Time of Nitrogen Application on Phenological Stages and Leaf Development of Spring maize (Zea mays l.) Under Northwestern Indo-gangetic Plains of India 


Abstract 
	 
Spring maize in the Northwestern Indo-Gangetic Plains is high-yielding and nutrient-demanding, especially for nitrogen. Proper split nitrogen application at key growth stages enhances leaf growth, biomass, and productivity while improving nitrogen use efficiency. A field experiment was conducted during spring seasons of 2013 and 2014 at Regional Research Station, Uchani, Karnal of CCS Haryana Agricultural University. The treatments consisted of four nitrogen doses (N1-150, N2-165, N3-180, N4-195 kg ha-1) and four different time of nitrogen application viz., S1- 50% + 25% + 25% (sowing + 8 leafed stage + tassel initiation stage), S2- 25% + 25% + 25% + 25% (sowing + 4 leafed stage + 8 leafed stage + silking), S3- 20% + 30% + 40% + 10% (sowing + 6 leafed stage  + flowering + grain formation) and S4- 20% + 30% + 40% + 10% (2 leafed stage + 6 leafed stage + tassel initiation stage+ grain formation) allocated in main and sub plots, respectively. The results revealed that maximum days to four (24.75 and 25.83 days) and eight leafed stage (50.55 and 51.84 days) were recorded with N1, whereas higher nitrogen doses (N3 and N4) recorded minimum days. Among times of nitrogen application, the crop took maximum number of days to four (25.00 and 26.08 days) and eight leafed stage (48.98 and 50.92 days) under S4 which was at par with S3 but significantly more than S1 and S2. Higher dose of nitrogen (N4) significantly increased days to flowering (68.30 and 70.68 days), silking (73.46 and 74.45 days), grain formation (81.56 and 83.89 days) and maturity (109.89 and 113.08 days), remain at par with N3. Treatment of S3 was recorded maximum duration for these stages which was at par with S4. Growth parameters were also influenced by nitrogen doses. The highest number of leaves plant-1 (14.08 and 13.87), leaf area (5809.18 and 5316.92 cm2 plant-1) and LAI (4.84 and 4.43) were observed under N4 and it was statistically similar with N3. The treatment of S2 recorded higher leaf area (6042.9 and 5394.61 cm2 plant-1) and LAI (5.04 and 4.50) which was at par with S1. 
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1. Introduction
Spring maize (Zea mays L.) has become an important crop in the Northwestern Indo-Gangetic Plains of India due to its high production potential and profitability. Its cultivation has expanded significantly in state of Haryana and Punjab (Ordonez et al. 2015), where it is replacing to summer puddled rice in rice-wheat cropping system due to continues decline the water table. It offers higher yield potential due to lower insect pest incidence, lower weed infestation and long growing period in hot and dry weather conditions resulted increasing the vegetative growth (Singh et al., 2025 and Dheeraj et al., 2025). The cultivation area of spring maize was about 1.5 lakh hectares, production was about 14 lakh hectares and productivity of 38q/acre (Dheeraj et al., 2025). The crop requires a continuous and adequate supply of essential nutrients throughout its growth cycle to sustain vigorous vegetative growth and proper reproductive development. Sairam et al. (2025) and Kafle et al. (2023) reported that maize produces large amounts of biomass and removes significant quantities of nutrients from the soil, making it a nutrient-exhaustive crop that requires proper nutrient management for optimum growth and yield. Nitrogen is an important essential nutrient for chlorophyll and its role in photosynthesis, and is involved in the synthesis of proteins and enzymes (Belay et al., 2023 and Meng et al., 2022). The application of nitrogen in excessive or inadequate amount caused environmental degradation and reduces the crop performance (Bogale et al., 2024). The crop required a large amount of nitrogen during critical growth stages such as 25 and 40 DAS and before tasseling to achieve maximum productivity (Bhandari et al., 2019). Appropriate dosage as well as time of nitrogen application ensures the sustained availability of nitrogen during critical periods of growth and development of the crop. Researcher has reported that NPK content in grain and stover and nutrient uptake significantly increased with higher nitrogen application in spring maize (Verma et al., 2026 and). Higher phosphorus level enhanced physiochemical properties of soil as well as number of branches (Kumar et al., 2025 and Kumar et al., 2025). Many Findings have also suggested that in early stages, nitrogen is required for establishment as well as leaf development, while demand for nitrogen increases during vegetative, tasseling and grain formation stages. Besides these, nitrogen can be lost through leaching, volatilization or denitrification if it is not applied in proper time. Thus, Split application of nitrogen has been widely adopted for optimal growth and development of the crop by minimizing losses and improving nitrogen use efficiency (NUE) (Hafiz et al., 2011, Debele et al., 2020, Tamang et al., 2024 and Yadete et al., 2024). 
Various phenological traits in maize that includes emergence, leaf development (4-leaf, 8-leaf), tasseling, silking, grain formation, and physiological maturity are highly influenced by nitrogen availability. The duration and progression of these stages are influenced by nitrogen through regulation of metabolic and physiological processes. High nitrogen application leads to prolonged vegetative and reproductive stages due to continuous photosynthetic activity while low nitrogen availability leads to acceleration of the phenological stages, thereby reducing biomass accumulation (Niaz et al., 2014, Ullah et al., 2015 and Kumar et al., 2016).
Proper leaf development is also a major determinant of maize productivity, since it governs light interception and photosynthetic efficiency. Studies have reported that number of leaves plant-1, leaf area and leaf area index (LAI) are strongly influenced by nitrogen supply. Increased nitrogen application leads to efficient cell division and expansion thus leading to increased leaf area and higher LAI, which in turn leads to enhanced dry matter production. However, the timing of application of nitrogen may influence the response of these parameters, since improper scheduling of nitrogen application might lead to reduced leaf growth, thereby affecting the photosynthetic efficiency (Anwar et al., 2017, Yadete et al., 2024). Therefore, optimizing both dose and time of nitrogen application is essential for improving phenological development, leaf formation and leaf area in maize which ultimately leads to increased yield. Hence, the present study was undertaken to evaluate the impact of dose and time of nitrogen application on phenological stages and leaf development of spring maize (Zea mays L.) under Northwestern Indo-Gangetic Plains of India. 
2. Materials and Methods
2.1 Description of experimental site
A field experiment was carried out during the spring seasons of 2013 and 2014 at Regional Research Station, Uchani, Karnal affiliated with Chaudhary Charan Singh Haryana Agricultural University, Hisar. Karnal is located in Northwestern Indo- Gangetic Plains of India, 29°43′ N latitude and 76°58′ E longitude with an altitude of 245 meters above mean sea level. During the crop seasons, the mean weekly maximum temperature ranged from 27.3 °C to 44.2 °C in 2013 and from 24.2 °C to 44.9 °C in 2014. The mean weekly minimum temperature varied between 12.0 °C and 27.3 °C in 2013, and 10.6 °C and 28.2 °C in 2014. Total rainfall recorded during the crop seasons was 169.6 mm in 2013 and 178.8 mm in 2014. The soil of the experimental site was a sandy loam texture. The soil was alkaline in reaction with low available nitrogen in soil, while available phosphorus and potassium were present in medium range. 
2.2 Experimental design and plan material
The experiment consisted of sixteen treatments arranged in a strip plot design with three replications. Four nitrogen doses were kept in main plots, N1-150, N2-165, N3-180 and N4-195 kg ha-1. Four time of nitrogen application were assigned to sub plots, S1- 50% + 25% + 25% (sowing + 8 leafed stage + tassel initiation stage), S2- 25% + 25% + 25% + 25% (sowing + 4 leafed stage + 8 leafed stage + silking), S3- 20% + 30% + 40% + 10% (sowing + 6 leafed stage  + flowering + grain formation) and S4- 20% + 30% + 40% + 10% (2 leafed stage + 6 leafed stage + tassel initiation stage+ grain formation). Nitrogen was applied in the form of urea according to the specified doses and time of nitrogen application for each treatment. A uniform recommended dose of phosphorus and potassium (60:60 kg ha-1) was applied to all treatments. The maize variety HQPM-1 which is tolerant to frost and cold and resistant to leaf blight and common rust was used in the study. 
2.3 Data collection
2.3.1 Days to emergence and days to four and eight leafed stage
The number of days required for emergence as well as for the four and eight leafed stage was recorded based on visual observations.
2.3.2 Days to flowering and silking
The dates on which all plants in the net plots produced tassels/flowers and silks were recorded and these observations were used to calculate the number of days to flowering and silking stages based on visual assessment.
2.3.3 Days to grain formation  
The grain formation stage was identified by observing that the silks at top of cob remained partially green. At this stage, the husk covering of the cobs also remained green.
2.3.4 Days to maturity
The number of days from sowing to maturity was recorded when the husk of most cobs turned yellow and began to dry.
2.3.5 Number of leaves plant-1
The total number of green leaves plant-1 at different intervals was determined by counting the leaves from five randomly selected plants and the average was calculated to obtain the number of green leaves plant-1.
2.3.6 Leaf area (cm2 plant-1)
The leaf area of individual leaf was measured using a leaf area meter (Model LICOR-3100). The area of all leaves on each plant was then summed to obtain the total leaf area plant-1.
2.3.7 Leaf area index (LAI)
The leaf area index was calculated by using the following formula (Radford, 1967).	
		      	         Total leaf area plant-1 (cm2)
Leaf area index (LAI) =   
			     Ground area occupied plant -1 (cm2)

2.4 Statistical analyses
The data recorded for different parameters were analysed using the analysis of variance (ANOVA) technique as described by Gomez and Gomez (1983) for a strip plot design, using SAS 9.1 software (SAS Institute, Cary, NC). The Tukey test was applied for mean comparison wherever the ANOVA results were found to be significant and the results are presented at the 5% level of significance (P = 0.05).   
3. Results and Discussion
3.1 Days to emergence 
The results revealed that both dose and time of nitrogen application did not significantly affect days to emergence during both the years (Table 1). On an average, ten days were required for germination of crop in all treatments. 
Table 1. Impact of dose and time of nitrogen application on days to emergence, four and eight leafed stage of spring maize               
	Treatments 
	Days to emergence
	Days to 4 leafed stage
	Days to 8 leafed stage

	
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	9.53
	10.51
	24.75
	25.83
	50.55
	51.84

	N2-165
	9.47
	10.46
	24.67
	25.58
	49.36
	50.90

	N3-180
	9.41
	10.40
	24.58
	25.42
	47.90
	49.44

	N4-195
	9.36
	10.35
	23.33
	25.08
	47.07
	48.61

	SEm±
	0.04
	0.06
	0.29
	0.15
	0.41
	0.31

	C.D.(0.05)
	NS
	NS
	0.99
	0.40
	1.43
	1.06

	Time of nitrogen application

	S1
	9.35
	10.33
	23.75
	25.00
	47.89
	49.35

	S2
	9.44
	10.42
	24.00
	25.00
	48.63
	50.01

	S3
	9.47
	10.45
	24.58
	25.83
	49.38
	50.52

	S4
	9.50
	10.51
	25.00
	26.08
	48.98
	50.92

	SEm±
	0.05
	0.06
	0.25
	0.09
	0.26
	0.21

	C.D.(0.05)
	NS
	NS
	0.72
	0.28
	0.90
	0.75

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


This may be due to sufficient food reserves present in the cotyledons of seeds which support the initial growth of newly emerged plants (Belfield & Brown, 2008). Moreover, at the early stages of growth, plants have a relatively low nitrogen requirement (Darren et al., 2000). The nitrogen already present in the soil is generally adequate to meet the initial needs of emerging seedlings. These findings are consistent with those of Hammad et al. (2013). Similarly, Szabo et al. (2022) reported that days to emergence were not significantly influenced by different nitrogen application rates. The crop took approximately ten days to emerge in both years, which may be influenced by environmental factors such as temperature and photoperiod (Asim et al., 2012). 
3.2 Days to four and eight leafed stage	
Results revealed that more number of days was taken to four and eight leafed stage during 2014 as compared to 2013 (Table 1). The number of days taken to attain these stages was significantly influenced by different nitrogen dose during both years of study. Application of N1-150 kg N ha-1 resulted in significantly more days to reach the four (24.75 and 25.83 days) and eight leafed stage (50.55 and 51.84) as compared to N3-180 kg N ha-1 and N4-195 kg N ha-1 during both the years, respectively. Whereas, the values were statistically at par between N1 and N2 and between N3 and N4. The slow progress observed under lower nitrogen doses may be due to nitrogen deficiency in the soil which limits protein synthesis, chlorophyll formation and metabolic activity. These findings were supported by Nsanzabaganwa et al. (2014) who reported that lower nitrogen levels delayed phenological development.
The different time of nitrogen application also showed significantly effects on days taken to four and eight leafed stage. The crop took significantly more number of days to four (25.00 and 26.08 days) and eight leafed stage (48.98 and 50.92 days) with application of nitrogen at S4 - 20% + 30% + 40% + 10% (2 leafed stage + 6 leafed stage + tassel initiation stage + grain formation) than S1 - 50% + 25% + 25 % (sowing+ 8 leafed stage + tassel initiation stage) and S2 - 25% + 25% + 25% + 25% (sowing+ 4 leaf leafed stage + 8 leaf leafed stage + silking) during 2013 and 2014, respectively. The crop took 24.58 and 25.83 days for four and 49.38 and 50.52 days for eight leafed stage under S3 which was at par with S4 but significantly higher than S1 and S2. It might be due to application of nitrogen at later stages. These findings are similar with Yadete et al. (2024) and Brar et al. (2020) who reported that nitrogen fertilizer application was significant influenced on phenological parameters. 
3.3 Days to flowering and silking
Days to flowering and silking were significantly influenced by different nitrogen doses during both the years of study. The crop required more time to reach flowering and silking in 2014 than in 2013 (Table 2). The highest nitrogen dose N4-195 kg ha-1 resulted in delayed flowering (68.30 and 70.68 days) and silking (73.46 and 74.45 days) which was statistically at par with N3-180 kg N ha-1 (67.59 and 70.56 days to flowering; 71.68 and 74.27 days to silking), but significantly higher than N2-165 and N1-150 kg N ha-1 in both years. The minimum number of days to flowering and silking was found under N1-150 kg N ha-1. Application of higher nitrogen doses at later stages in maize enhanced cell division and cell enlargement which increased leaf longevity which prolongs vegetative growth ultimately delayed both tasseling and silking. Similar results reported by Yadete et al. (2024), Debele et al (2020) and Verma et al. (2012) who reported that maximum number of days to tasseling and silking was found with higher dose of nitrogen. Similarly, Arif et al. (2010) also observed significant role of nitrogen which promotes the vegetative and reproductive stages. Madagoudra et al. (2021) reported that maize took more days to tasseling when nitrogen was applied at 120 kg ha-1 as compared to 90 and 60 kg ha-1. Integrated nutrient application also significantly influenced phenological parameters of maize (Yigermal et al., 2019).
Table 2. Impact of dose and time of nitrogen application on days to flowering, silking, grain formation and days to maturity of spring maize
	Treatments
	Days to flowering
	Days to silking
	Days to grain formation
	Days to maturity

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	65.18
	67.30
	69.39
	71.16
	78.41
	80.24
	105.20
	108.35

	N2-165
	65.89
	68.63
	70.03
	72.19
	78.59
	80.92
	105.93
	109.11

	N3-180
	67.59
	70.56
	71.68
	74.27
	81.37
	83.13
	108.37
	111.32

	N4-195
	68.30
	70.68
	73.46
	74.45
	81.56
	83.89
	109.89
	113.08

	SEm±
	0.58
	0.45
	0.62
	0.42
	0.49
	0.51
	0.47
	0.48

	C.D.(0.05)
	2.01
	1.55
	2.14
	1.45
	1.69
	1.76
	1.50
	1.65

	Time of nitrogen application

	S1
	65.63
	68.68
	70.03
	72.42
	79.39
	81.44
	106.70
	109.87

	S2
	66.45
	68.83
	70.85
	72.57
	79.54
	81.60
	106.85
	110.02

	S3
	67.76
	70.13
	72.16
	73.87
	80.83
	82.90
	108.42
	111.32

	S4
	67.11
	69.48
	71.51
	73.22
	80.18
	82.25
	107.50
	110.66

	SEm±
	0.36
	0.29
	0.36
	0.27
	0.29
	0.29
	0.36
	0.31

	C.D.(0.05)
	1.15
	1.01
	1.24
	0.94
	1.00
	1.01
	1.23
	0.98

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


The time of nitrogen application was significantly influenced days to flowering and days to silking in both years of study. The crop under treatment S3 - 20% + 30% + 40% + 10% (sowing+ 6 leafed stage + flowering + grain formation) attainted significantly more days to flowering (67.76 and 70.13 days) and silking (72.16 and 73.87 days). This treatment was statistically at par with S4 - 20% + 30% + 40% + 10% (2 leafed stage + 6 leafed stage +tassel initiation stage + grain formation) which recorded 67.11 and 69.48 days to flowering and 71.51 and 73.22 days to silking. The treatment of S1 - 50% + 25% + 25 % (sowing+ 8 leafed stage + tassel initiation stage) was recorded minimum days to flowering and silking and it was statistically similar with S2 - 25% + 25% + 25% + 25% (sowing+ 4 leafed stage + 8 leafed stage + silking) during both the year of study. The treatments that required a longer duration to reach flowering also exhibited delayed silking. The delay in both flowering and silking with an increased number of nitrogen splits applied at later growth stages of maize. These results agreed with Hammad et al. (2011a). Similarly, Amanullah et al. (2009) observed that maize took 56.6 days to reach flowering and silking when nitrogen was applied at 180 kg ha-1 in three split doses. Yadete et al. (2024) also observed delayed tasseling when full nitrogen was applied at planting and delayed silking when nitrogen was split equally at planting and at 5 leaf stage.
3.4 Days to grain formation and maturity
Results revealed that different nitrogen doses significantly influenced days to grain formation and days to maturity during both years of study (Table 2). Grain formation and maturity were delayed in plots receiving higher nitrogen dose, N4-195 kg ha-1 which recorded 81.56 and 83.89 days to grain formation and 109.89 and 113.08 days to maturity during 2013 and 2014, respectively. This treatment was statistically at par with N3-180 kg N ha-1 which recorded 81.37 and 83.13 days to grain formation and 108.37 and 111.32 days to maturity, but significantly higher than N2 (165 kg N ha-1) and N1 (150 kg N ha-1). Maize accumulates greater heat units up to tasseling, silking, grain formation and physiological maturity with increasing nitrogen levels (Amanullah et al., 2009). These findings are more corroborated by Yadete et al. (2024), Debele et al. (2020) and Anwar et al. (2017) who reported that crop maturity was delayed with higher nitrogen doses, and are further supported by Hammad (2012). Similarly, Verma et al. (2012) observed that maximum number of days to maturity was recorded with the application of 150 kg N ha-1 followed by 100 and 50 kg N ha-1.
The different time nitrogen application significantly affected days to grain formation and days to maturity during both years of study. The treatment of S3 - 20% + 30% + 40% + 10% (sowing+ 6 leafed stage + flowering + grain formation) recorded the highest number of days to grain formation (80.83 and 82.90 days) and maturity (108.42 and 111.32 days). This treatment was statistically at par with S4 - 20% + 30% + 40% + 10% (2 leafed stage + 6 leafed stage +tassel initiation stage+ grain formation) which recorded 80.18 and 82.25 days to grain formation and 107.50 and 110.66 days to maturity. While, minimum days to grain formation and days to maturity was observed in the treatment of S1 and S2 during 2013 and 2014. The prolonged maturity of maize can be attributed to the phenomenon that applying nitrogen at a full dose during the vegetative growth stage promotes active vegetative development which in turn extends the time to reproductive phases. In agreement with earlier findings, Ma and Dwyer (2000) reported that nitrogen application before silk development delayed maize maturity. Brar et al. (2020) reported that higher nitrogen availability increased days to maturity and low nitrogen availability accelerated senescence and shortened the reproductive period in maize. Similarly, Yadete et al. (2024) observed delayed physiological maturity when full dose nitrogen was applied at planting. Akbar et al. (2002) also found that maize required more days to reach physiological maturity when nitrogen application timing was altered, likely due to increased photosynthetic activity extended leaf longevity and delayed tasseling, silking and grain formation (Gungula et al., 2003). In contrast, Debele et al. (2020) and Anwar et al. (2017) reported that the timing of nitrogen application did not significantly affect days to maturity.
3.5 Number of leaves plant-1
 The number of leaves plant-1 was significantly influenced by different nitrogen doses at all growth stages except at 25 DAS during 2013 and 2014 (Table 3). The data indicated that maximum number of leaves was recorded in treatment of N4-195 kg N ha-1 which was statistically similar to N3-180 kg N ha-1 at 50, 75, 100 DAS and at harvest than other nitrogen doses. The minimum number of leaves was observed in N1-150 kg N ha-1 and it was at par with N2-165 kg N ha-1 at all growth stages except at 75 DAS and at harvest during 2014 and at 100 DAS during both years. The time of nitrogen application did not significantly influence number of leaves. A slight reduction in leaf number was observed at 100 DAS and at harvest due to crop senescence and the shedding of older leaves. These results are in agreement with Patel et al. (2006) who reported that the number of leaves increased with higher nitrogen doses, while the timing of nitrogen application had no significant effect. Similar finding were reported by Tamang et al. (2024) and Haraga and Ion (2023) reported that higher doses of nitrogen increased number of leaves.
Table 3. Impact of dose and time of nitrogen application on number of leaves plant-1 of spring maize 
	Treatments 
	25 DAS
	50 DAS
	75 DAS
	100 DAS
	At harvest

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kgha-1)

	N1-150
	5.01
	4.43
	9.01
	8.95
	12.82
	12.50
	11.52
	11.10
	9.80
	9.37

	N2-165
	5.23
	5.08
	9.24
	9.14
	13.19
	13.15
	12.64
	12.19
	10.39
	10.28

	N3-180
	5.77
	5.51
	10.05
	9.93
	14.03
	13.83
	13.08
	12.97
	11.34
	11.12

	N4-195
	5.83
	5.55
	10.15
	10.00
	14.08
	13.87
	13.30
	13.14
	11.51
	11.21

	SEm±
	0.19
	0.24
	0.19
	0.18
	0.11
	0.18
	0.11
	0.19
	0.24
	0.22

	C.D.(0.05)
	NS
	NS
	0.64
	0.64
	0.39
	0.62
	0.38
	0.67
	0.82
	0.75

	Time of nitrogen application 

	S1
	5.59
	5.19
	9.68
	9.61
	13.59
	13.37
	12.84
	12.47
	10.87
	10.53

	S2
	5.91
	5.39
	10.03
	9.78
	13.99
	13.57
	13.02
	12.62
	10.99
	10.81

	S3
	5.12
	4.93
	9.30
	9.11
	13.22
	13.12
	12.23
	11.95
	10.43
	10.17

	S4
	5.23
	5.06
	9.43
	9.52
	13.31
	13.29
	12.44
	12.36
	10.75
	10.48

	SEm±
	0.21
	0.18
	0.15
	0.15
	0.19
	0.09
	0.18
	0.17
	0.14
	0.16

	C.D.(0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

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


3.6 Leaf area (cm2 plant-1)
Statistically analysed data revealed that leaf area was low during early growth stages, increased progressively to reach its maximum at 75 DAS and subsequently declined at 100 DAS during both 2013 and 2014 (Table 4). Leaf area was significantly affected by different nitrogen doses at all stages except at 25 and 50 DAS during both the years. The highest leaf area was recorded under  N4-195 kg N ha-1 with values of 5809.18 and 4549.25 cm2 plant-1 in 2013 and 5316.92 and 4121.83 cm2 plant-1 in 2014 which was statistically similar to N3-180 kg N ha-1 (5757.89 and 4470.00  cm2 plant-1 in 2013; 5278.69 and 4055.67 cm2 plant-1 in 2014) and both were significantly superior to N2-165 and N1-150 kg N ha-1 at 75 and 100 DAS  during both the years of investigation. The increase in leaf area at higher nitrogen doses may be due to enhanced leaf expansion resulting from rapid cell division and greater cell enlargement which ultimately leads to increased leaf area in maize. These findings are supported by Tamang et al. (2024) and Adhikari et al. (2021) who reported that leaf area increased with higher dose of nitrogen.  Similarly, Amanullah et al. (2009) reported that higher leaf area was achieved with application of 180 kg N ha-1 as compared to 120 and 60 kg N ha-1. Verma et al. (2012) also reported that progressive increase in leaf area with increasing nitrogen doses from 50 to 150 kg N ha-1.
Time of nitrogen application also significantly influenced leaf area at all the growth stages except at 25 DAS during both years of study. The highest leaf area was recorded under S2 - 25% + 25% + 25% + 25% (sowing+ 4 leafed stage + 8 leafed stage + silking)  with values  of 2979.34 and 2894.12 cm2 plant-1 at 50 DAS, 6042.97 and 5394.61 cm2 plant-1 at 75 DAS, 4625.93 and 4139.05 cm2 plant-1 at 100 DAS during 2013 and 2014, respectively. This treatment was statistically at par with S1 - 50% + 25% + 25 % (sowing+ 8 leafed stage + tassel initiation stage) at 50, 75 and 100 DAS in both the years except at 50 DAS in 2014 and at 75 DAS in 2013. While, lowest leaf area was observed under S3 at 50, 75 and 100 DAS. It is fact that in the former treatments, the application of nitrogen in equal splits at critical growth stages resulted in a greater leaf area per plant compared to the other treatments. The more uniform distribution of nitrogen likely prolonged both vegetative and reproductive phases of maize resulted increase in number of leaves. These findings are supported by Amanullah et al. (2009) who reported that more split applications of nitrogen increased the number of leaves plant-1. Similarly, Debele et al. (2020) reported that equal split of nitrogen increased the leaf area in maize.
Table 4. Impact of dose and time of nitrogen application on leaf area (cm2 plant-1) of spring maize            
	Treatments 
	25 DAS
	50 DAS
	75 DAS
	100 DAS

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	920.73
	870.66
	2776.77
	2698.77
	5632.94
	5159.80
	4254.13
	3857.33

	N2-165
	942.25
	898.05
	2806.95
	2734.01
	5697.68
	5233.78
	4386.10
	3949.13

	N3-180
	980.31
	935.75
	2831.17
	2756.99
	5757.89
	5278.69
	4470.00
	4055.67

	N4-195
	997.74
	956.60
	2842.36
	2770.54
	5809.18
	5316.92
	4549.25
	4121.83

	SEm±
	24.88
	18.99
	29.48
	17.34
	26.21
	22.64
	31.04
	28.50

	C.D.(0.05)
	NS
	NS
	NS
	NS
	90.69
	78.36
	107.41
	98.63

	Time of nitrogen application 

	S1
	975.26
	928.17
	2873.56
	2774.05
	5860.94
	5326.95
	4593.63
	4020.45

	S2
	985.20
	941.58
	2979.34
	2894.12
	6042.97
	5394.61
	4625.93
	4139.05

	S3
	933.34
	883.11
	2649.81
	2588.79
	5352.94
	5067.88
	4182.10
	3842.91

	S4
	947.22
	908.20
	2754.55
	2703.35
	5640.84
	5199.76
	4257.83
	3981.55

	SEm±
	16.64
	12.63
	34.25
	20.95
	22.52
	23.87
	32.43
	36.04

	C.D.(0.05)
	NS
	NS
	118.51
	72.50
	77.92
	82.00
	112.22
	124.72

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


3.7 Leaf area index (LAI)
	The results revealed that leaf area index (LAI) was relatively low during the early growth stages, increased progressively to reach its peak at 75 DAS and subsequently declined at 100 DAS during both years of study (Table 5). Different nitrogen doses significantly influenced on LAI at all crop growth stages in both years. The maximum LAI was found under N4-195 kg N ha-1 with values of 0.83 and 0.80 at 25 DAS, 2.37 and 2.31 at 50 DAS, 4.84 and 4.43 at 75 DAS and 3.79 and 3.43 at 100 DAS during 2013 and 2014, respectively. 
Table 5. Impact of dose and time of nitrogen application on leaf area index (LAI) of spring maize
	Treatments 
	25 DAS
	50 DAS
	75 DAS
	100 DAS

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Nitrogen dose (kg ha-1)

	N1-150
	0.77
	0.73
	2.31
	2.25
	4.69
	4.30
	3.55
	3.21

	N2-165
	0.79
	0.75
	2.34
	2.28
	4.75
	4.36
	3.66
	3.29

	N3-180
	0.82
	0.78
	2.36
	2.30
	4.80
	4.40
	3.73
	3.38

	N4-195
	0.83
	0.80
	2.37
	2.31
	4.84
	4.43
	3.79
	3.43

	SEm±
	0.01
	0.01
	0.01
	0.01
	0.02
	0.01
	0.03
	0.03

	C.D.(0.05)
	0.04
	0.03
	0.03
	0.04
	0.06
	0.03
	0.10
	0.09

	Time of nitrogen application 

	S1
	0.81
	0.77
	2.39
	2.31
	4.88
	4.44
	3.83
	3.35

	S2
	0.82
	0.78
	2.48
	2.41
	5.04
	4.50
	3.85
	3.45

	S3
	0.78
	0.74
	2.21
	2.16
	4.46
	4.22
	3.49
	3.20

	S4
	0.79
	0.76
	2.30
	2.25
	4.70
	4.33
	3.55
	3.32

	SEm±
	0.01
	0.1
	0.04
	0.02
	0.04
	0.01
	0.02
	0.03

	C.D.(0.05)
	NS
	NS
	0.12
	0.06
	0.14
	0.05
	0.08
	0.12

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



This treatment was statistically at par with N3-180 kg N ha-1 which recorded 0.82 and 0.78 at 25 DAS, 2.36 and 2.30 at 50 DAS, 4.80 and 4.40 at 75 DAS and 3.73 and 3.38 at 100 DAS but both were significantly higher than N2-165 and N1-150 kg N ha-1 during both years. Similar results were reported by Sharma et al. (2017), Ullah et al. (2015) and Niaz et al. (2014) reported that highest leaf area index (LAI) was achieved at higher nitrogen level as compared to lower rates. Similarly, Patel et al. (2006) also observed that maximum LAI was recorded with application of 175 kg N ha-1 as compared to lower levels of nitrogen. Oscar and Tollenaar (2006) and Hammad et al. (2011b) concluded that LAI increased with increasing nitrogen application, while a decline in LAI was more pronounced under lower nitrogen rates as also reported by Valero et al. (2005)
The leaf area index (LAI) significantly influenced due to time of nitrogen application at all the crop growth intervals except 25 DAS during 2013 and 2014. The highest LAI was recorded under  treatment of S2 - 25% + 25% + 25% + 25% (sowing+ 4 leafed stage + 8 leafed stage + silking) with values of 2.48 and 2.41 at 50 DAS, 5.04 and 4.50 at 75 DAS and 3.85 and 3.45 at 100 DAS during 2013 and 2014, respectively. This treatment was statistically at par with S1 - 50% + 25% + 25 % (sowing+ 8 leafed stage + tassel initiation stage) at all the growth stages except at 50 DAS during 2014 and 75 DAS during 2013 and 2014. However, lowest LAI was observed under S3. Similar results were reported by Assefa and Mekonnen (2019) who found that the maximum LAI was achieved by applying nitrogen in three splits (¼ dose at sowing + ½ dose at 40 DAS + ¼ dose at tasseling). Niaz et al. (2014) reported that high nitrogen levels applied in splits increased LAI. This indicated that nitrogen application during later crop growth stages helps maintain leaf greenness, contributing to higher LAI and enhanced photosynthesis during silking (Tollenaar et al., 2004). Supply of optimum nitrogen at critical growth stages also improved leaf expansion as reflected in increased leaf length and breadth. These findings are in agreement with Turgut (2004) and Akbar et al. (1999) reported that timely nitrogen application enhances vegetative growth and leaf development in maize. 
4. Conclusion
Based on the findings of two-year experiment, it is concluded that maize crop took maximum days to four and eight leafed stage with 150 kg N ha-1. Time of nitrogen application, treatments of S4 and S3 were recorded longer duration to reach the four and eight leaf stages. Higher days to flowering, silking, grain formation and maturity was observed with 195 kg N ha-1 and it was at par with 180 kg N ha-1 when it was applied in split doses under S3 and S4. Growth parameters such as number of leaves plant-1, leaf area and leaf area index (LAI) were found to be highest with 180-195 kg N ha-1 and these doses of nitrogen was applied in splits  (S2 and S1).
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