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	Abstract
Maize quality seeds and grains is indispensable cultural input. Nitrogen splits provide nutrients at crucial apical bud (ear) prior to development. Keeping the above objectives two years consecutive research was carried out to elucidate maize performance under different N levels and N split application during crop year 2021 and 2022 respectively. A logical structure randomized complete block design, with four replications was experimented at Agronomy Research Farm, The University of Agriculture Peshawar. Maize cultivar Azam was sown at the rate of 30 kg ha-1 with the help of hand hoe in plots having size of 3 × 4.5 m2 consist of 6 rows, 3 m long and 75 cm apart. A basal dose of phosphorus (SSP) at the rate of 60 kg ha-1 was applied before sowing at seedbed preparation. Nitrogen levels (100 kg ha-1, 130 kg ha-1, 160 kg ha-1) and split each nurtured at growth stages i-e GS1: Full nitrogen at sowing, GS2: 1/2 N at sowing + 1/2 N V4 leaf stage, GS3: 1/3rd N each at sowing+V4 leaf stage+V8 leaf stage and GS4: 1/4th N each at sowing+V4 leaf stage+V8 leaf stage+V12 leaf stage with an overall control. Results indicate that nitrogen applied in four splits at growth stages i-e (1/4th N each at sowing+V4+V8+V12) of maize delayed days to silking took (59), days to tassling (54) and days to physiological maturity (97), ear diameter (3.99 cm), ear length (17.2 cm), ear weight (133.6 g). Among nitrogen, nitrogen applied at 160 kg ha-1 delayed days to tasseling up to (52), days to silking (57) and days to physiological maturity (95), ear diameter (3.97 cm), lengthen ears (16.5 cm) and bigger ear weight (128.8 g). Conclusively wrap up all main points, elucidate that 160 kg N ha-1 nitrogen application in four splits could be recommended for maize growers of key region-oriented pickets. The study concludes that applying 160 kg N ha⁻¹ in four equal splits (sowing, V4, V8, V12) significantly enhanced maize growth traits. This nitrogen management strategy is therefore recommended for maize growers in the region to optimize productivity.
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[bookmark: _Hlk206504827][bookmark: _Hlk198276666]INTRODUCTION
Maize (Zea mays L.) is an annual, short day, cross pollinated crop, and a member of the family Poaceae. Maize is the most widely produced agricultural commodity globally, exceeding 1 billion tons annually. Consequently, maize stover stands out as the most prevalent byproduct (Rocha-Villarreal et al., 2018). Quality in grain is mainly determined to be in size, weight, and moisture. The main chemical constituents in the maize kernel are starch that represents 73 percent of the grain, followed by protein considered mainly produced in the endosperm (75 percent). However, the embryo hosts proteins with the most favorable amino acid profiles (Rocha-Villarreal et al., 2018).
Maize, originating in central Mexico 7000 years ago from a wild grass, became the primary sustenance for indigenous cultures according to Gonzalez-Amaro et al. (2015). Native Americans enhanced maize to serve as a more nutritious food source (Pinto and Paraginski, 2022; Ranum et al., 2014). The crop known as maize was introduced to Europe during the sixteenth century. From there, it extended its reach to Africa and Asia (Yang et al., 2017). The majority of maize production, exceeding 80%, is concentrated in the Americas (53%) and Asia (28%), with Europe accounting for 15% (FAO, 2021). Maize is anticipated to become the leading crop globally by the year 2020 (Zhu et al., 2018). The countries with the most extensive areas dedicated to maize cultivation are the USA, China, and Brazil (Olopade et al., 2019). In the previous century, maize grain yield has surged eightfold, chiefly due to advances in selection and hybrid breeding linked to increased maize greenness (Wang et al., 2020).
Maize has high worldwide economic importance and is known as the queen of cereals because of its potential of highest genetic yield (Kaur, 2022).  It is one of the most significant industrial raw materials having great opportunity for increasing value of the crop (Tahir ul Qamar et al., 2020). Maize crop is widely consuming by both humans and animals. Starch as a major component of corn can be transformed into glucose or fructose for use as diet sweetener, glucose can also be fermented into ethanol for its use in beverages, fuel or other chemicals (Kaur, 2022). Maize, a significant silage crop, is cultivated in all provinces of Pakistan, but the majority (97%) of its production is concentrated in Punjab and Khyber Pakhtunkhwa provinces (Government of Pakistan, 2021; PARC, 2022). Nitrogen, which plays a predominant role in supporting plant growth and development, stands out as a crucial nutrient influencing grain yields significantly (Xing et al., 2019). Plants deficient in nitrogen exhibit sluggish growth, appearing feeble and stunted (Alnaass et al., 2021). Furthermore, nitrogen serves as a key component of chlorophyll, essential for maintaining the balance during photosynthesis, and is integral to the formation of amino acids and proteins in plants (Zaid et al., 2019). Nitrogen fertilizers enhance the yield and quality of agricultural products (Lama, 2020). Among all essential nutrients, nitrogen is frequently the most limiting factor for crop development. Nitrogen is the nutrient that typically elicits the most significant increase in yield for crop plants, fostering swift vegetative growth and instilling a healthy green hue in the plants. Plants absorb nitrogen in the forms of nitrate (NO3-) and ammonium (NH4+) ions. After entering the plant, NO3 is converted into the NH2 form and is integrated to produce organic compounds (Alnaass et al., 2021).	Nitrogen plays a crucial role in regulating diverse physiological and biochemical processes within plant cells, which in turn significantly impact the plant's growth and development (Shrestha et al., 2018). The utilization of nitrogen (N) fertilizer in agroecosystems commonly leads to elevated levels of soil organic matter, increased availability of nutrients, consequently enhancing crop yields (Zhao et al., 2016).
MATERIALS AND METHODS
Description of Experimental Site
The two-year (2021 and 2022) field experiments were carried out. The location of experimental site is 34.01 o N latitude, 71.35 o E longitude, and 359 m above sea level in the Peshawar valley. There is a semiarid climate in the area. The rainfall and the seasonal max and maximum temperatures could be contained in Fig 3. Weather information was taken out of Pakistan Meteorological Department (PMD) Peshawar.
Treatments and Experimental Design
A field experiment was conducted on “Nitrogen optimal stage and split management practices to reduce yield risk and increase maize quality seed” at Agronomy Research Farm, The University of Agriculture, Peshawar, Khyber Pakhtunkhwa-Pakistan, for two consecutive years (2022 and 2023). The experiment was consisted of two factors i-e different levels of nitrogen; 100 kg N ha-1, 130 kg N ha-1 and 160 kg N ha-1 and Application of nitrogen at growth stages; Full nitrogen at sowing, 50% N at sowing and 50% N at V4 stage, 1/3rd N at sowing + 1/3rd N at V4 stage + 1/3rd N at V8 stage and 1/4th N at sowing + 1/4th N at V4 stage + 1/4th N at V8 stage + 1/4th N at V12. The experiment was laid out in RCB design with four replications. The soil was tilled twice to a depth of 20 to 30 cm using a cultivator, followed by a rotavator to prepare a fine and uniform seedbed. Maize seeds azam were sown at a rate of 30 kg ha-1 with a hand hoe in plots measuring 3 × 4.5 m2, accommodating six rows that were 3 m long and 75 cm apart. A basal phosphorus dose (SSP) of 60 kg ha-1 was applied before sowing during seedbed preparation. For nitrogen application, 289.69 g of urea per plot was used for 100 kg N ha-1, 376.60 g per plot for 130 kg N ha-1 and 463.51 g per plot for 160 kg N ha-1. Weeds were manually controlled in all plots, and irrigation was provided as needed. All other standard agronomic practices, including thinning, irrigation after every nitrogen split application and weeding in each experimental unit, were carried out.
[bookmark: _Toc173944498]Table 1. Two years averaged data regarding soil physiochemical properties of the experimental field during 2021 and 2022.
	Variables/properties
	Years
	Mean

	
	2021
	2022
	

	Sand
	
	26.46
	36.63
	31.55

	Silt
	
	67.86
	57.56
	62.71

	Clay
	
	5.79
	5.46
	5.63

	Textural Class
	Silt Loam

	Soil pH
	
	7.9
	7.9
	7.9

	Total Nitrogen
	0.516
	0.512
	0.514
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[bookmark: _Toc173944208]Fig. 3.	Mean monthly temperature (maximum and minimum) and rainfall of the experimental site for both the growing season (Kharif 2021 and 2022) obtained from Pakistan Meteorological Department Peshawar.
Data Collection 
Data on maize phenology and yield attributes were recorded using standard procedures. Days to emergence were noted from sowing until 80% of seedlings had emerged in each plot. Days to tasseling and silking were determined as the number of days from planting until tassel and silk emergence in 80% of plants, respectively, while days difference was calculated as the difference between silking and tasseling days. Physiological maturity was recorded as the number of days from planting until 80% of plants turned pale brown after silking. Plant population was determined before harvest by counting the total number of plants per plot and converting to plants per hectare using a standard conversion factor (10000 m²). The number of ears per plant was recorded by counting ears on randomly selected plants and calculating the mean. Ear diameter was measured on five randomly selected ears per plot using a vernier caliper, while ear length was measured on ten ears with a meter rod, and the averages were computed. Similarly, ear weight was obtained by weighing five randomly selected ears per plot with an electronic balance and averaging the values.
Statistical Analysis
Statistically analyzed data was done by the use of analysis variance technique which is fitting to randomized complete block design using MS excel-2013 and statistic software. The LSD test was used to compare means at a significance level of 0.05 when the F-value showed significance (Jan et al., 2009).
Results
Days to Emergence 
The number of days between sowing and onset of maize by level of nitrogen and split application of nitrogen on growth stages is presented in the Table 2. Statistical analysis of the data showed that none of the factors tested namely, levels of nitrogen and split application of nitrogen made any significant difference on days to emergence of maize. Likewise, each of the interactions was not significant. Year as source of variation was not significant either.
Days to Tasseling 
Table 4 shows how the different application patterns of the levels of nitrogen chosen applied at varying growth stages of maize affected the number of days to tasseling. Statistical analysis showed that there was a significant variance in days to tasseling because of the levels of nitrogen and its splitting of applications. None of the interactions were significant on days to tasseling. A great variance in the number of days to tasseling was seen between the control plots (47 days) and the plots wherein the nitrogen fertilizers were applied (51 days). Year as a source of variation was statistically significant as well. Statistical analysis as mean values of the data given out year wise presented that in 2021, tassels developed late (50 days) compared to the same in 2022 (48 days). Among the various concentrations of nitrogen, the application of nitrogen was found to advance the days up to tasseling followed by those with 160 kg N ha -1 and 130 kg N ha -1 with late tassels (52 days each) amplitude, but early tassels were startled with the initiation of 100 kg N ha -1 (50 days).  Comparison of number of days to tasseling revealed that it decreased with an increase in nitrogen splits in case of nitrogen splits. Hamilton /Williamson. Four split 1/4th each nitrogen at sowing +V4+V8+V12 delayed tasseling (54 days) followed by three splits (52days) each nitrogen at a time-sow +V4 +V8. Minimum days to tassels recorded (49days) when nitrogen was applied at sowing. The application of nitrogen half in sowing and half during the period of fourth leaves resulted in (50 days) tasseling of maize.
Days to Silking 
Silking days as influenced by nitrogen levels and its splits on growth stages (GS) of maize is given in Table 5.  Analysis of variance of the data indicated that the levels of nitrogen and split application had significant influence on the days to silking of maize. Y X GS was significant whereas the rest of interactions were not. During two years the significant variations in days to silking of maize were found. The most days to silking were observed in 2021 (55 days) as opposed to 2022 (52 days). Control vs rest was significant. Nitrogen commenced delayed silking (56 days) while early silking (51 days) was seen in control plots. Across various levels of nitrogen, days to silking of maize rose with increase in the levels of nitrogen. Application of 160 and 130 kg N ha-1 recorded higher number of days to 
[bookmark: _Toc173944499]Table 2. Impact of nitrogen rates applied at sowing on days to emergence of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	8
	7
	7

	130 
	7
	7
	7

	160 
	7
	8
	8

	LSD (0.05)
	 
	 
	NS

	Growth Stages (GS)
	
	
	

	100% N at sowing
	8
	8
	8

	50% N at sowing  
	7
	7
	7

	33.33% N at sowing
	7
	8
	7

	25% N at sowing
	8
	7
	7

	LSD (0.05)
	 
	 
	NS

	Control vs rest (CR)
	 
	 
	 

	Control
	7
	8
	7

	Rest
	7
	7
	7

	Significance
	 
	 
	NS

	Year (Y)
	7
	7
	NS

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


[bookmark: _Toc173944501]Table 4. Impact of nitrogen levels and its split application at various growth stages on days to tasseling of maize.
	[bookmark: _Hlk168497519]Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	52
	49
	50 c

	130 
	52
	50
	51 b

	160 
	54
	51
	52 a

	LSD (0.05)
	 
	 
	0.5

	Growth Stages (GS)
	
	
	

	Full N at sowing
	50
	47
	49 d

	1/2 N at sowing + 1/2 N V4 
	52
	49
	50 c

	1/3rd N each at sowing+V4+V8
	53
	51
	52 b

	1/4th N each at sowing+V4+V8+V12
	55
	52
	54 a

	LSD (0.05)
	 
	 
	0.6

	Control vs rest (CR)
	 
	 
	 

	Control
	48
	46
	47 b

	Rest
	53
	50
	51 a

	Significance
	 
	 
	**

	Year (Y)
	50 a
	48 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


Silking occurred earlier (57 and 56 days, respectively) with plots manured with 65 and 130 kg N ha -1, respectively and later (55 days) at 0 N condition. The mean values of split application of nitrogen indicated that, 59 days to silking applications were completed with four splits of 1/4th each at sowing and V4 stage and V8 and V12 stage, three splits 1/4th each, at sowing and V4 stage and two splits of single split in all at sowing.
Days Differences
Data on days’ differences under the influence of nitrogen and its split on stages of maize are given in Table 6. Statistical analysis of the data showed that all the tested factors including nitrogen levels as well as its splits on stages had no profound effect on days’ differences of maize. All the interaction effects were insignificant except Y × GS and Y × GS × NL. The year was found to positively influence the variation in days to tasseling of maize.
Days to Physiological Maturity
Table 7 provides details of how the different levels of nitrogen and timing of application to physiological maturity of maize were affected. Increased nitrogen levels, as well as a split application, greatly increased the time to physiological maturity. Treatment forcing the delay of physiological maturity to 95 days was done on 160 kg N ha-1, although only 100 kg N per Hectare reached physiological maturity earlier at 92 days when compared to those treated with 130 kg N ha-1. Nevertheless, 130 kg nitrogen ha-1 was not essentially different to 160 kg N ha-1 application. Nitrogen applied plots required more days to maturity (94 days) as the control plots had earlier days of maturity (86 days). All the potential interactions were not significant between the days and the physiological maturity. The result shows that the Year as source of variation was significant. The maximum number days to maturity (93 days) recorded in the year 2021 compared to year 2022 (88 days). Average values of the data on various nitrogen splits, nitrogen split applied, 1/4th at sowing+ V4+V8+V12 delayed physiological maturity (97 days) followed by the plots where N was applied as 1/3rd each at sowing+ V4+V8 (96 days). The use of nitrogen in two splits i-e half of N at the time of sowing and half at V4 stage yielded 92 days to the physiological maturity of maize whereas early maturity (91 days) could be established when N was applied in full at the time of sowing.
[bookmark: _Toc173944502]Table 5. Impact of nitrogen levels and its split application at various growth stages on days to silking of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	58
	53
	55 c

	130 
	58
	54
	56 b

	160 
	59
	55
	57 a

	LSD (0.05)
	 
	 
	0.6

	Growth Stages (GS)
	
	
	

	Full N at sowing
	56
	50
	53 d

	1/2 N at sowing + 1/2 N V4 
	58
	53
	55 c

	1/3rd N each at sowing+V4+V8
	59
	56
	57 b

	1/4th N each at sowing+V4+V8+V12
	61
	57
	59 a

	LSD (0.05)
	 
	 
	0.6

	Control vs rest (CR)
	 
	 
	 

	Control
	52
	49
	51 b

	Rest
	58
	54
	56 a

	Significance
	 
	 
	**

	Year (Y)
	55 a
	52 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	**
	Y x CR
	NS

	Y x NL
	NS
	 
	 


[bookmark: _Toc173944503]Table 6. Impact of nitrogen levels and its split application at various growth stages on days’ differences (silking – tasseling) of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	[bookmark: _Hlk168498428]Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	6
	4
	5

	130 
	6
	4
	5

	160 
	6
	4
	5

	LSD (0.05)
	 
	 
	NS

	Growth Stages (GS)
	
	
	

	Full N at sowing
	6
	3
	5

	1/2 N at sowing + 1/2 N V4 
	6
	4
	5

	1/3rd N each at sowing+V4+V8
	5
	5
	5

	1/4th N each at sowing+V4+V8+V12
	6
	5
	5

	LSD (0.05)
	 
	 
	NS

	Control vs rest (CR)
	 
	 
	 

	Control
	5
	4
	5

	Rest
	6
	4
	5

	Significance
	 
	 
	NS

	Year (Y)
	5 a
	4 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	*

	Y x GS
	**
	Y x CR
	NS

	Y x NL
	NS
	 
	 


[bookmark: _Toc173944504]Table 7. Influence of nitrogen rates and its basal and top dressing at different growing stages on days to physiological maturity of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	95
	90
	92 b

	130 
	97
	92
	95 a

	160 
	98
	93
	95 a

	LSD (0.05)
	 
	 
	1.0

	Growth Stages (GS)
	
	
	

	Full N at sowing
	94
	89
	91 d

	1/2 N at sowing + 1/2 N V4 
	95
	89
	92 c

	1/3rd N each at sowing+V4+V8
	98
	93
	96 b

	1/4th N each at sowing+V4+V8+V12
	100
	94
	97 a

	LSD (0.05)
	 
	 
	1.1

	Control vs rest (CR)
	 
	 
	 

	Control
	88
	84
	86 b

	Rest
	97
	91
	94 a

	Significance
	 
	 
	**

	Year (Y)
	93 a
	88 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


[bookmark: _Toc173944506]Table 9. Impact of nitrogen levels and its split application at different growing stages on number of plants (PP ha-1) of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	69588
	69302
	69445

	130 
	69622
	69331
	69477

	160 
	69465
	69679
	69572

	LSD (0.05)
	 
	 
	NS

	Growth Stages (GS)
	
	
	

	Full N at sowing
	69571
	69572
	69572

	1/2 N at sowing + 1/2 N V4 
	69533
	69509
	69521

	1/3rd N each at sowing+V4+V8
	69792
	69456
	69624

	1/4th N each at sowing+V4+V8+V12
	69337
	69212
	69274

	LSD (0.05)
	 
	 
	NS

	Control vs rest (CR)
	 
	 
	 

	Control
	69630
	69378
	69504

	Rest
	69558
	69437
	69498

	Significance
	 
	 
	NS

	Year (Y)
	69594
	69408
	NS

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 



[bookmark: _Toc173944507]Table 10. Impact of nitrogen levels and its split application at different growing stages on number of ears plant-1 of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	2
	1
	1

	130 
	2
	2
	2

	160 
	1
	1
	1

	LSD (0.05)
	 
	 
	NS

	Growth Stages (GS)
	
	
	

	Full N at sowing
	2
	1
	1

	1/2 N at sowing + 1/2 N V4 
	2
	2
	2

	1/3rd N each at sowing+V4+V8
	1
	1
	1

	1/4th N each at sowing+V4+V8+V12
	1
	1
	1

	LSD (0.05)
	 
	 
	NS

	Control vs rest (CR)
	 
	 
	 

	Control
	2
	2
	2

	Rest
	2
	1
	1

	Significance
	 
	 
	NS

	Year (Y)
	2
	1
	NS

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


Ear Diameter (cm)
Table 12 presents the impact of nitrogen levels and their application timings on maize ear diameter. Statistical analysis indicated significant variations in ear diameter due to nitrogen levels and their split applications across stages. However, none of the interactions were found to be significant. There was no substantial variation in ear diameter across different years. Planned mean comparison for control plots (3.06 cm) vs nitrogen fertilized plots (3.87 cm) indicated significant difference for ear diameter of maize. In case of N levels, increasing nitrogen levels increased ear diameter. Application of 160 kg N ha-1 produced ears with greater diameter (3.97 cm) followed by similar results obtained with the application of 130 kg N ha-1 (3.91 cm). Minimum ear diameter (3.74 cm) was recorded when nitrogen was applied at the rate of 100 kg ha-1. From mean values it was examined that nitrogen application at four splits, 1/4th each at sowing+V4+V8+V12 had greater ear diameter (3.99 cm) which was statistically similar with the application of nitrogen applied in three splits (3.87). N applied in two splits, half at sowing + half at V4 recorded (3.86 cm) which was statistically at par with four and three splits, while lower values (3.78 cm) were observed when nitrogen was applied full at sowing time.
Ear Length (cm)
Table 13 shows that ear length as elevated by various NL and its division upon growth stages (GS) in maize is. Analysis of findings revealed that the effect on ear length of maize was significant in nitrogen levels and its splits. Interaction between GS and NL was significant in ear length, whereas other interaction terms were not significant. The influence of year was also significant and longer ear (14.7 cm) was obtained in 2021 in comparison to 2012 (13.9 cm). The mean values of the data on pair wise comparison of control and rest indicated that the nitrogen fertilization adds length to ears in the treated plots (16.0 cm) as compared to the control that gives 12.7 cm. Under different levels of nitrogen, the highest 160 kg N ha-1 showed higher ear length (16.5 cm), which was then trailed by 130 kg N ha-1(16.3 cm). Plots that yielded the lowest ear length (15.1 cm) were those manured with 100 kg Nha -1. The interaction of GS x NL also showed that there was the linear effect of increasing nitrogen level and N splits on the ear length. Nitrogen at the rate of 160 kg ha-1 increased ear length applied in four splits (At sowing+V4+V8+V12) as compared to the rest of the treatment (Fig. 5). Data regarding nitrogen splits revealed that increasing nitrogen splits increased ear length (17.2 cm) followed by application on N in three splits (16.4 cm). 15.3 cm ear length was recorded when nitrogen was applied in two splits, while minimum length of ear (14.9 cm) was observed with full at sowing.
Ear Weight (g)
Table 14 presents data on maize ear weight, showing significant influence from nitrogen levels and their application timings across growth stages. No significant interactions were observed. Planned comparisons revealed a notable disparity between control plots and fertilized plots, with the latter demonstrating greater ear weights (124.6 g) compared to the former (97.3 g). Analysis of the data obtained revealed that there was significant influence of the nitrogen levels and its splits on ear weight of maize. Ear weight was significantly different in 2 years and ear weight (117.3 g) was strongly higher in 2021 than in 2022 (104.6 g). With nitrogen level, ear weight was aggravated as the nutritional qualities in plants increased. With increase in N fertilizer, greater weight of ear (128.8 g) was determined on application of 160 kg N ha-1, followed by 130kg N ha-1 (123.9 g). Only at 100 kg N ha-1 was the minimum ear weight (121.2 g) registered. When there was inferiority in growth stages of nitrogen, the four splits of nitrogen i-e at sowing +V4+V8+V12, was best, in terms of ear weight (133.6 g) against three splits i-e at sowing +V4+V8, two splits, namely, at sowing time +V4 (128.0 g and 121.2 g) respectively. With the application of nitrogen in single split i-e full dose at the time of sowing lower ear weight (115.6 g) was recorded. 
[bookmark: _Toc173944509]Table 12. Effect of nitrogen doses and its split application at different growth patterns on ear diameter (cm) of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	3.80
	3.68
	3.74 b

	130 
	3.92
	3.90
	3.91 a

	160 
	3.98
	3.97
	3.97 a

	LSD (0.05)
	 
	 
	0.11

	Growth Stages (GS)
	
	
	

	Full N at sowing
	3.84
	3.72
	3.78 b

	1/2 N at sowing + 1/2 N V4 
	3.82
	3.90
	3.86 ab

	1/3rd N each at sowing+V4+V8
	3.92
	3.82
	3.87 a

	1/4th N each at sowing+V4+V8+V12
	4.02
	3.96
	3.99 a

	LSD (0.05)
	 
	 
	0.13

	Control vs rest (CR)
	 
	 
	 

	Control
	3.03
	3.08
	3.06 b

	Rest
	3.90
	3.85
	3.87 a

	Significance
	 
	 
	**

	Year (Y)
	3.47
	3.46
	NS

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


[bookmark: _Toc173944510]Table 13. The effect of nitrogen concentration and divided application at different growth points on length of ears (cm) of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	15.5
	14.6
	15.1 c

	130 
	16.7
	15.8
	16.3 b

	160 
	17.0
	16.1
	16.5 a

	LSD (0.05)
	 
	 
	0.11

	Growth Stages (GS)
	
	
	

	Full N at sowing
	15.4
	14.5
	14.9 d

	1/2 N at sowing + 1/2 N V4 
	15.7
	14.9
	15.3 c

	1/3rd N each at sowing+V4+V8
	16.8
	15.9
	16.4 b

	1/4th N each at sowing+V4+V8+V12
	17.6
	16.8
	17.2 a

	LSD (0.05)
	 
	 
	0.12

	Control vs rest (CR)
	 
	 
	 

	Control
	13.1
	12.3
	12.7 b

	Rest
	16.4
	15.5
	16.0 a

	Significance
	 
	 
	**

	Year (Y)
	14.7 a
	13.9 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	**
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 




[bookmark: _Toc173944210]Fig. 5.	Interactive performance of nitrogen levels and split application of the nitrogen at the growth stages (GS x NL) on the ear length (cm) of maize combined during kharif 2021 and 2022.
[bookmark: _Toc173944511]Table 14. Impact of nitrogen levels and its split application at various growth stages on ears weight (g) of maize.
	Treatments
	Years
	Mean

	
	2021
	2022
	

	Nitrogen levels (kg ha-1)
	 
	 
	 

	100 
	127.8
	114.5
	121.2 c

	130 
	130.5
	117.2
	123.9 b

	160 
	135.0
	122.5
	128.8 a

	LSD (0.05)
	 
	 
	2.19

	Growth Stages (GS)
	
	
	

	Full N at sowing
	123.2
	108.1
	115.6 d

	1/2 N at sowing + 1/2 N V4 
	127.9
	114.4
	121.2 c

	1/3rd N each at sowing+V4+V8
	133.0
	122.9
	128.0 b

	1/4th N each at sowing+V4+V8+V12
	140.3
	126.8
	133.6 a

	LSD (0.05)
	 
	 
	2.53

	Control vs rest (CR)
	 
	 
	 

	Control
	103.4
	91.2
	97.3 b

	Rest
	131.1
	118.1
	124.6 a

	Significance
	 
	 
	**

	Year (Y)
	117.3 a
	104.6 b
	**

	Interactions
	Significance
	Interactions
	Significance

	GS x NL
	NS
	Y x GS x NL
	NS

	Y x GS
	NS
	Y x CR
	NS

	Y x NL
	NS
	 
	 


DISCUSSION
The effect of nitrogen levels and its splits at stages was not significant for days to emergence of maize. Additionally, no significant interactions were observed between different factors, including control groups versus rest groups and the effect of the year. The existing food reserves in the seed endosperm in the form of carbohydrates are enough to support seed emergence without requiring additional nutrients from the soil (Jan et al., 2007).  
The effect of the levels of nitrogen and splits at different growth and development stages of maize including days to tasseling and silking was significant. Research has indicated that nitrogen levels have a prime influence on the phenological development as well as vegetative growth of maize. Nitrogen has a remarkable effect on the onset of important development characteristics like number of days to tasseling and silking. Asghar et al. (2010) demonstrated that increased nitrogen levels delayed tasseling and silking, indicating a prolongation of the vegetative phase. This delay in reproductive maturity can be attributed to the effect of nitrogen on promoting vegetative growth and biomass accumulation, as observed by the increased plant height associated with higher nitrogen levels. Furthermore, studies by Imran et al. (2015) and Asim et al. (2012) underscore the relationship between nitrogen availability and phenological development in maize. Conversely, studies by Ali et al. (2018) and Amanullah et al. (2016) reported earlier phenological development in maize with nitrogen application compared to control plots. This accelerated development under nitrogen-rich conditions is likely attributed to the stimulating effect of nitrogen on overall plant growth and metabolic activities. This delay could be associated with nitrogen role in regulating stomatal conductance and its synergistic effects on other nutrients crucial for reproductive development, as suggested by Shah et al. (2007).
There was a significant change in the number of days that maize took to mature after application of nitrogen at different levels and in the timing of the application. At increasing nitrogen levels, the maturity was delayed with a possible explanation being increased water use efficiency and nutrient uptake translating into extended vegetative growth. This delay in maturity was supported by previous studies conducted by Hirzel et al. (2010) and Anwar et al. (2016), who all observed a delay in maturity with higher nitrogen levels. Additionally, Abdelrahman et al. (2019) found that higher nitrogen levels hastened the physiological maturity of maize.   Application of nitrogen was also found to delay the phonological development of maize by Amanullah et al. (2016) and due to its impact on stomatal conductance and photosynthetic activity as mentioned by Shah et al. (2017). It was discovered by Hammad et al. (2011) and Kandil (2013) that nitrogen rates significantly affected the growth and yield of maize, with higher nitrogen levels resulting in increased plant height and delayed maturity, a finding consistent with Mumtaz et al.   (2011).
Nitrogen application significantly improves growth, yield and quality parameters in maize. Number of plants (000 ha-1) was not significantly affected by nitrogen levels and split application methods. It might be due to the fact that nitrogen and its splits have no role in emergence and final stand of the crop. Moreover, the crop has uniform population and there were less chances of lodging and plants death. Similar results were earlier reported by Jan and Aslam (2007) who reported insignificant effect of nitrogen on number of plants at harvest.
Non-significant effect of nitrogen levels and its splits at stages on maize ear production line up with previous studies that have explored similar agricultural practices. These results are supported by Bakht et al. (2007) who concluded non-significant effect of nitrogen on number of ears plant-1. Excessive nitrogen inputs may not necessarily enhance ear formation, possibility is that the existing level of nitrogen in the soil was adequate for supporting maize growth and ear development. Moreover, ear formation is a genetic traits and mainly influenced by genetic makeup of the genotype. These results also confirm findings of (Amanullah et al., 2009) who reported that nitrogen level and splits have non-significant effects on number of ears plant-1.
Study reveals a clear relationship between nitrogen levels and split application on maize ear diameter. Application of nitrogen at four splits (1/4th each at sowing+V4+V8+V12) resulted in the greatest ear diameter, statistically similar to nitrogen applied in three splits. This finding suggests that dividing nitrogen applications into multiple doses throughout the growing season can enhance nutrient uptake efficiency and promote better crop development. Majid et al. (2017) also found that the highest ear diameter was observed when 225 kg N ha-1 was applied. Saleem et al.  (2017) and Oktum and Oktern (2005) similarly reported a notable increase in ear diameter with higher nitrogen levels. This increase in ear diameter may be attributed to the adequate supply of nitrogen. Shamim et al. (2015) suggested that a higher dose of nitrogen resulted in a larger ear diameter due to the sufficient availability of nitrogen, which promotes cell division and elongation.  Increasing nitrogen application led to a significant increase in ear diameter. This finding aligns with existing literature on nitrogen role in promoting plant growth and yield (Xu et al., 2018; Liang et al., 2020). Specifically, the mean ear diameter was highest at 160 kg N ha-1 and slightly lower at 130 kg N ha-1, indicating a dose-response relationship. Our findings in line with findings of Ali et al. (2013) and Alam et al. (2003) who observed the similar increasing or decreasing effect on the parameter under discussion by the increase/decrease of dose of N. These results were closely related to findings of Oktum and Oktern (2005) who observed that increasing nitrogen application up to 350 kg N ha-1 increased ear length, ear diameter and grains per ear. The thickest ears from the lowest planting density might be due to more nutrients are available for plants and ear grains become larger. Result is in settlement with the work of Sharifi et al. (2009) reported that ear diameter increased with nitrogen levels.
The ear length of maize is impacted by different varied N levels. Longer ears may have come from optimal environmental circumstances that maximize solar energy usage, produce greater assimilation, and convert it to starches (Derbay et al. 2004). Application of nitrogen and its application on growth stages significantly enhanced ear length, which resulted in more thousand grain weight and ultimately grain yield. This might be due to increased leaf area and leaf area index with nitrogen, which are important variables for light interception and photosynthesis, and resulted in more assimilates synthesis and partitioning to plant parts (Rasheed et al., 2004). Zhang et al. (2017) investigated how varied nitrogen concentrations affected maize ear length. They discovered that raising nitrogen levels dramatically lengthened ears, giving rise to longer, more developed ears. These findings corroborate with those of Ahmad et al. (2018), who found that longer ears are a result of higher nitrogen levels. Likewise, Asim et al. (2012) and Inamullah et al. (2011) findings were in line with these results. Similarly, a positive correlation between the level of Nitrogen and length of cob was reported by Santos et al. (2002), Turgut (2004), and Ahmad (2018). The probable reason for longer cob length at a higher level of N could be due to optimum utilization of solar light, higher assimilated production and its conversion to starches resulted in higher ear length as reported by Derbay et al. (2004).
Split application also played a significant role. Four splits; at sowing + V4 + V8 + V12 resulted in the highest ear weight, showcasing the benefit of distributing nitrogen throughout critical growth stages. This is consistent with findings that split application can improve nitrogen use efficiency and optimize nutrient uptake during key developmental stages (Ciampitti & Vyn, 2012). Study found a clear relationship between nitrogen levels and ear weight. Higher nitrogen levels led to increased ear weight, with 160 kg N ha-1 resulting in the greatest ear weight (128.8 g) compared to lower levels like 100 kg N ha-1 (121.2 g). This aligns with established literature where nitrogen is known to positively impact maize yield by promoting vegetative growth and reproductive development (Smith et al., 2013).
Conclusion
The results of the two-year field research when the two levels (split applications of nitrogen and levels of nitrogen) were used showed that such factors as the nitrogen levels and the split application have a significant effect on the growth and yield attributes of maize. The use of nitrogen in 4 equal applications (sowing, V4, V8 and V12 stages) further postponed the date of tasseling, silking and physiological maturity stage, which improved the ear development and increase the yield components. Among the tested levels, 160 kg N ha⁻¹ produced longer ears, larger ear diameter, and heavier ear weight compared to other treatments. These results demonstrate that splitting nitrogen application ensures efficient nutrient availability at critical growth stages. Overall, maize performance was optimized under 160 kg N ha⁻¹ applied in four splits, making it a suitable and region-specific nitrogen management strategy. This practice can be recommended to enhance maize productivity in the Peshawar region.

References
Ahmad, S., A.A. Khan, M. Kamran, I. Ahmad, S. Ali and S. Fahad. 2018. Response of maize cultivars to various nitrogen levels. Eur. Exp. Biol. 8(1): 1-4.
Ahmed, I., M.H. ur Rahman, S. Ahmed, J. Hussain, A. Ullah and J. Judge. 2018. Assessing the impact of climate variability on maize using simulation modeling under semi-arid environment of Punjab, Pakistan. Environ. Sci. Poll. Res. 25: 28413-28430.
Alam, M.M., F. Muriith and M.N. Islam. 2003. Effects of sulphur and nitrogen on the yield 	and seed quality of maize (cv.Barnali). J. Bot. Sci. 3: 643-654.
Alam, M.M., Md. Nazrul Islam, Md. Shah, M. Rahman, Halaluddin and M. Hoque. 2003. Effect of sulphur and nitrogen on the yield and seed quality of maize (cv. Barnali). J. Bio. Sci. 3(7): 643-654.
Ali, A., Z. Iqbal, S.W. Hassan, M. Yasin, T. Khaliq and S. Ahmad. 2013. Effect of nitrogen and sulphur on phenology, growth and yield parameters of maize crop. Sci. Intl. 25(2): 363-366.
Ali, S., A. Jan, A. Sohail, A. Khan, M.I. Khan, J. Zhang and I. Daur. 2018. Soil amendments strategies to improve water-use efficiency and productivity of maize under different irrigation conditions. Agric. Water Man. 210: 88-95.
ALnaass, N.S., H.K. Agil and H.K. Ibrahim. 2021. Use of fertilizers or importance of fertilizers in agriculture. International Journal of Advanced Academic Studies. 3(2): 52-57.
Amanullah, A. Iqbal, Irfanullah and Z. Hidayat. 2016. Potassium management for improving growth and grain yield of maize (Zea mays L.) under moisture stress condition. Sci. Rep. 6: 34627.
Amanullah, Khattak, R.A. and S.K. Khalil. 2009. Effects of plant density and nitrogen on phenology and yield of maize. J. Plant Nut. 32(2): 246-260.
Anwar, S., B. Iqbal, A.A. Khan, W.A. Shah, M. Islam, W.A. Khattak and W. Abbas. 2016. Nitrogen and phosphorus fertilization of improved varieties for enhancing phenological traits of wheat. Pure and App. Biol. 5(3): 511.
Asghar, A., A. Ali, W.H. Syed, M. Asif, T. Khaliq, and A.A. Abid. 2010. Growth and yield of maize (Zea mays L.) cultivars affected by NPK application in different proportion. Pak. J. Sci., 62(4): 211-216.
Asim, M., M. Akmal, A. Khan, Farhatualah and Raziuddin. 2012. Rate of nitrogen application influences yield of maize at low and high population in Khyber Pakhtunkhwa, Pakistan. Pak. J. Bot. 44(1): 289-296.
Bakht, J., M.F. Siddique, M. Shafi, H. Akbar, M. Tariq, N. Khan and M. Yousef. 2007. Effect of planting methods and nitrogen levels on the yield and yield components of maize. Sarhad J. Agri., 23(3): 553.
Ciampitti, I.A. and T.J. Vyn. 2012. Physiological perspectives of changes over time in maize yield dependency on nitrogen uptake and associated nitrogen efficiencies: A review. Field Crops Research, 133: 48-67.
Derby, N.E., F.X. Casey, R.E. Knighton and D.D. Steele. 2004. Midseason nitrogen fertility management for corn based on weather and yield prediction. Agronomy journal. 96(2): 494-501.
FAO. World Fertilizer Trends and Outlook to 2018, Food and Agricultural Organization: Rome, 	2018; p 53.
Gonzalez-Amaro, R.M., J. de Dios Figueroa-Cardenas, H. Perales and D. Santiago-Ramos. 2015. Maize races on functional and nutritional quality of tejate. A maize-cacao beverage. LWT-Food Science and Technology. 63(2): 1008-1015.
GOP (Government of Pakistan). 2021. Economic Survey of Pakistan 2020–2021. Finance Division, Economic Adviser's Wing, Islamabad, Pakistan. Available online at: https://www.finance.gov.pk/survey_2021.html.
Hammad, H., M.A. Ahmad, A. Wajid and J. Akhtar. 2011. Maize response to time and rate of nitrogen application. Pak. J. Bot., 43(4): 1935-1942. 
Hirzel, J., I. Matus and R. Madariaga. 2010. Effect of split nitrogen applications on durum 	wheat cultivars in volcanic soil. Chilean journal of agricultural research, 70(4): 590-	595.
Imran, S., M. Arif, A. Khan, M.A. Khan, W. Shah and A. Latif. 2015. Effect of nitrogen levels and plant population on yield and yield components of maize. Advanced in Crop Science and Technology. 3(2): 1-7.
Inamullah, N. Rehman, N.H. Shah, M. Arif, M. Siddiq and I.A. Mian. 2011. Correlations among grain yield and yield attributes in maize hybrids at various nitrogen levels. Sarhad J. Agric., 27(4): 532-538.
Jan, A., and K.I. Aslam. 2007. Yield potential of maize hybrids under intensive inputs managements. Sarhad J. Agric. 23(1): 31-34.
Jan, A., K.I. Aslam, H. Akber and G.D. Khan. 2007. Yield potential of maize hybrids under intensive inputs managements. Sarhad Journal of Agriculture, 23(1): 31.
Jan, M.T., P. Shah, P.A. Hollington, M.J. Khan and Q. Sohail. 2009. Agriculture Research: Design and Analysis, A Monograph. NWFP Agricultural University Peshawar,  Pakistan.
Kandil, E.E.E. 2013. Response of some maize hybrids (Zea mays L.)  to different levels of nitrogenous fertilization. J. App. Sci. Res. 9(3): 1902- 1908.
Kaur, A. and R. Kaur. 2022. Effect of planting methods on growth, yield, quality and economics of maize (Zea mays L.). International Journal of Agricultural Sciences. 18(2): 000-000.
Lama, S. 2020. Bread-making quality in a changing climate: In search of climate stable genotypes and robust screening methods for wheat. Hortic. Crop Prod. Sci, 2020(3).
Liang, H., P. Shen, X. Kong, Y. Liao, Y. Liu and X. Wen. 2020. Optimal nitrogen practice in winter wheat-summer maize rotation affecting the fates of 15N-labeled fertilizer. Agronomy. 10(4): 521.
Majid, M. A., M.S. Islam, A. El Sabagh, M.K. Hasan, M.O. Saddam, C. Barutcular and M.S. Islam. 2017. Influence of varying nitrogen levels on growth, yield and nitrogen use efficiency of hybrid maize (Zea mays). Journal of Experimental Biology and Agric. Sci., 5(2): 134-142.
Mumtaz, S.A., A. Cheema, M.A. Wahid, M.F. Saleem and M. Hassan. 2011. Interactive effect of sulphur and nitrogen on growth, yield and quality of canola. Crop & Environ. 2(1): 32-37.
Oktum, G. and A. Oktern. 2005. Effect of nitrogen and intra row spaces on sweet corn (Zea mays L.) ear characteristics. Asian J. Plant Sci., 4: 361-364.
Olopade, B.K., S.U. Oranusi, O.C. Nwinyi, I.A. Lawal, S. Gbashi, P.B. Njobeh. 2019. Decontamination of T-2 Toxin in Maize by Modiﬁed Montmorillonite Clay. Toxins. 11(11): 616.
PARC, 2022. Pakistan Agricultural Research Council. Available online at:  http://www.parc.gov.pk.
Pinto, V. Z. and R.T. Paraginski. 2022. Maize starch: Granules and technological properties and applications trends. In Maize CTC Press. pp. 101-148.
Ranum, P., J.P. Pena‐Rosas and M.N. Garcia‐Casal. 2014. Global maize production, utilization and consumption. Annals of the New York academy of sciences. 1312(1): 105-112.
Rasheed, M., H. Ali and T. Mahmood. 2004. Impact of nitrogen and sulfur application on growth and yield of maize (Zea mays L.) crop. J. Res. Sci., 15(2): 153-157.
Rocha-Villarreal, V., J.F. Hoffmann, N.L. Vanier, S.O. Serna-Saldivar and S. Garcia-Lara. 2018. Hydrothermal treatment of maize: Changes in physical, chemical, and functional 	properties. Food chem. 263:225-231.
Saleem, M., Javed, S., Mukhtar, R., Khan, M. K., Shoaib, M., Ikram, M., & Hassan, A. 2017. Impact of different doses of nitrogen on growth and yield of maize in agro-ecological zone of district Vehari. Int. J. Curr. Res. Biol. Med., 2(7): 34-37.
Santos, P.G., F.C. Juliatti, A.L. Buiatti and O.T. Hamawaki. 2002. Evaluation of the agronomic performance of corn hybrids in Uberlândia, MG, Brazil. Pesquisa 	Agropecuaria Brasileira, 37(5): 597-602. 
Shah, S.S., H. Rahman, I.H. Khalil, and M. Iqbal. 2007. Recurrent selection for Maydis leaf blight resistance and grain yield improvement in maize. Pak. J. Biol. Sci. 10(20): 3632-	3637.
Shamim G, Khan MH, Khanday BA and Nabi S (2015) Effect of sowing methods and NPK levels on growth and yield of rainfed maize.
Sharifi, R.S., M. Sedghi and A. Gholipouri. 2009. Effect of population density on yield and yield attributes of maize hybrids. Res. J. Biological. Sci., 4(4): 375-379.
Shrestha, J., A. Chaudhary and D. Pokhrel. 2018. Application of nitrogen fertilizer in maize in Southern Asia: a review. Peruvian Journal of Agronomy 2 (2): 22-26.
Shrestha, J., D.B. Gurung and K.P. Dhital. 2018. Agronomic performance of maize genotypes under high temperature condition. Farming and Management, 3(1): 23-29.
Smith, C.M., M.B. David, C.A. Mitchell, M.D. Masters, K.J. Anderson‐Teixeira, C.J. Bernacchi and E.H. DeLucia. 2013. Reduced nitrogen losses after conversion of row crop agriculture to perennial biofuel crops. Journal of environmental quality, 42(1): 219-228.
Tahir ul Qamar, M., A. Faryad, A. Bari, B. Zahid, X. Zhu and L.L. Chen. 2020. Effectiveness of conventional crop improvement strategies vs. omics. Environment, climate, plant 	and vegetation growth. 253-284.
Turgut, I. 2004. Effects of plant populations and nitrogen doses on fresh ear yield and yield components of sweet corn grown under Bursa conditions. Turk. J. Agric. For. 24: 341-	347.
Wang, X., G. Wang, N.C. Turner, Y. Xing, M. Li and T. Guo. 2020. Determining optimal mulching, planting density, and nitrogen application to increase maize grain yield and nitrogen translocation efficiency in Northwest China. BMC Plant Biology. 20(282): 1-21.
Xing, Y., W. Jiang, X. He, S. Fiaz, S. Ahmad, X. Lei and X. Wang. 2019. A review of nitrogen translocation and nitrogen-use efficiency. Journal of Plant Nutrition. 42(19): 2624-2641.
Xu, Z., M.H. Li, N.E. Zimmermann, S.P. Li, H. Li, H. Ren and L. Jiang. 2018. Plant functional diversity modulates global environmental change effects on grassland productivity. Journal of Ecology, 106(5): 1941-1951.
Yang, Q., P. Balint-Kurti and M. Xu. 2017. Quantitative disease resistance: dissection and adoption in maize. Molecular plant. 10(3): 402-413.
Zaid, A., J.A. Bhat, S.H. Wani and K.Z. Masoodi. 2019. Role of nitrogen and sulfur in mitigating cadmium induced metabolism alterations in plants. Journal of Plant Science Research, 35(1), 121-141.
Zhang, P., Ma, G., Wang, C., Lu, H., Li, S., Xie, Y. & Guo, T. 2017. Effect of irrigation and nitrogen application on grain amino acid composition and protein quality in winter wheat. PLoS One, 12(6), e0178494.
Zhang, W., C. Yu, K. Zhang, Y. Zhou, W. Tan, L. Zhang and L. Duan. 2017. Plant growth regulator and its interactions with environment and genotype affect maize 	optimal plant density and yield. European Journal of Agronomy, 91(11): 34-43.
Zhao, B., J. Zhang, Y. Yu, D.L. Karlen and X. Hao. 2016. Crop residue management and fertilization effects on soil organic matter and associated biological properties. Environmental Science and Pollution Research., 23: 17581-17591.
Zhu, X., X. Shao, Y. Pei, X. Guo, J. Li, X. Song and M. Zhao. 2018. Genetic Diversity and Genome-Wide Association Study of Major Ear Quantitative Traits Using High-Density 	SNPs in Maize. Front. Plant Sci., 9: 966.
image1.png
KMR




image2.png




image3.png




image4.png




image5.png
Kharif 2021

Jun Tul Aug

— Rainfall  —e—Max Temp

<0+ Min Temp

TN

S8388LRE538
Rainfall (mm)

-




image6.png
Kharif 2022

Jm Tl Aug
m—Rainfall  —e—Max Temp

Sep oct
++ve++ Min Temp

SOOI
8823888835388
Rainfall (mm)




image7.emf
Nitrogen application at growth stages

Control

100 kg ha

-1

130 kg ha

-1

160 kg ha

-1

Ear length (cm)

0

8

9

10

11

12

13

14

15

16

17

18

19

20

Control Full N at sowing  1/2 N at sowing + 1/2 N at V4 leaf stage  1/3rd N each at sowing + V4 leaf stage + V8 leaf stage 

1/4th N each at sowing +V4 leaf stage + V8 leaf stage + V12 leaf stage 


oleObject1.bin

