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Abstract  

This field experiment investigated wheat's response to nitrogen application rates (0-120 kg/ha) and combined soil-foliar 

nitrogen application methods (soil application, 95%+5% foliar, 90%+10% foliar, 85%+15% foliar). Results showed 

that 120 kg N/ha significantly improved grains/spike (55.4), thousand grain weight (43.6g), biological yield (10977 

kg/ha), grain yield (4265 kg/ha), harvest index (39.75%), grain protein (11.3%), and straw protein (2.8%). Meanwhile, 

85% soil + 15% foliar application outperformed other methods, yielding grains/spike (59.2), thousand grain weight 

(43.1g), biological yield (9947 kg/ha), grain yield (4129 kg/ha), harvest index (42.30%), grain protein (11.5%), and 

straw protein (2.6%). The interaction between nitrogen rates and application methods significantly affected various 

yield parameters. The study recommends 120 kg N/ha with 85% soil + 15% foliar application for maximum wheat 

productivity. 
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INTRODUCTION  

 Wheat is a fundamental staple crop worldwide, contributing significantly to global food security. 

Enhancing wheat yield is vital to address the increasing food demands. Nitrogen (N) plays a pivotal role in 

regulating wheat growth and productivity. Sufficient nitrogen availability promotes photosynthesis, biomass 

accumulation, and grain yield (1). However, over-application of nitrogen may result in environmental 

degradation and diminished economic efficiency. 

 Recent research underscores the necessity of precision nitrogen management, which involves 

tailoring application based on variables such as developmental stage, soil characteristics, and climatic 

conditions (2, 3). Evidence suggests that both the timing and the rate of nitrogen application are critical 

determinants of wheat yield and grain quality (4). 

 While appropriate nitrogen levels facilitate optimal physiological processes and yield formation, 

excessive input can lead to adverse environmental impacts, economic inefficiencies, and elevated greenhouse 

gas emissions (5). Hence, adopting site-specific nitrogen management practices is crucial for sustainable 

wheat cultivation. Effective nitrogen management strategies are essential to optimize yield potential, 

maintain grain quality, and minimize environmental consequences. Contemporary studies recommend the 

implementation of optimized nitrogen rates—generally in the range of 100–150 kg N/ha—split applications 

and the use of enhanced-efficiency fertilizers such as slow-release formulations and nitrification inhibitors to 

improve nitrogen use efficiency and reduce nitrogen losses (6-8). Moreover, precision agriculture 

technologies, including crop sensors and unmanned aerial vehicles (UAVs), enable real-time monitoring and 

accurate application of nitrogen, thereby minimizing waste and environmental impact (9). Decision support 

systems further aid growers by integrating data on weather patterns, soil properties, and crop phenology to 
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guide nitrogen management decisions (10). Collectively, these advanced approaches contribute to improved 

wheat productivity and quality while supporting environmental sustainability. 

MATERIALS AND METHODS 

A field experiment entitled “Yield performance of wheat under various nitrogen levels in different 

growth stages” The experiment was conducted at Bacha Khan Agricultural Research Farm Charsadda 

(BARF), Bacha Khan University, Charsadda during winter season. The experiment was designed in a RCB 

design having three replication. Plot size will be1.8m x 3m and all other agronomic and cultural practices 

were uniformly maintained.  

The experiment consisted of two factors: nitrogen application and growth stages. For nitrogen 

application, there were five levels: 80 kg ha-1 (N1), 100 kg ha-1 (N2), 120 kg ha-1 (N3), 140 kg ha-1 (N4), and 

160 kg ha-1 (N5). The second factor involved different growth stages for nitrogen application, which 

included: applying 100% of nitrogen at sowing time (S1); splitting nitrogen into 50% at sowing and 50% at 

the second irrigation, 50 days after sowing (S2); applying 50% of nitrogen at sowing and 50% at tillering (S3); 

and splitting nitrogen into four equal parts, applied at sowing, second irrigation, booting, and after anthesis 

(S4). 

The study measured various parameters, including protein concentrations in grains and straw, as 

well as several growth and development metrics. These metrics included grains spikes-1, thousand grains 

weight (g), biological and grain yield (kg ha-1) and harvest index (%). 

 Grain protein content was determined using near-infrared reflectance spectroscopy (NIRS) (11) at 

NIFA Peshawar's oilseed quality lab. Straw protein content was analyzed via near-infrared reflectance 

spectroscopy (NIRS) (11) at NIFA Peshawar. 

STATISTICAL ANALYSIS 

Data was analyzed using Randomized Complete Block Design (RCBD) and means were compared 

using Least Significant Difference (LSD) test at 5% significance level (5). 

RESULTS AND DISCUSSION  

GRAINS SPIKE-1 

Nitrogen application significantly impacted grains per spike, with the highest value (50 grains) 

observed at 160 kg N/ha and the lowest (42 grains) at 80 kg N/ha (Table I and Fig. 1). Split nitrogen 

application (25% each at sowing, second irrigation, booting, and after anthesis) yielded more grains per 

spike (49 grains) than single application at sowing (44 grains). The interaction between nitrogen rate and 

application timing was significant, with the highest grains per spike (53 grains) recorded at 160 kg N/ha with 

split application, supporting previous findings (12, 13). 

Table I. Grains per spike of wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 38 41 43 53 46 44d 

50% ST 50% SI 50 days  40 42 47 51 48 46c 

50% ST 50% T  42 45 48 51 52 47b 

25% ST 25% SI 25% B 25% AA   47 51 53 42 53 49a 

Means 42d 45c 48b 49a 50a   

  *LSD for Nitrogen = 0.169; LSD for different growth stages = 0.151; LSD for N x DGS = 0.339 

THOUSAND GRAINS WEIGHT (g) 

Nitrogen application significantly affected thousand grain weight (TGW), with the highest value 

(41g) observed at 140 kg N/ha and the lowest (36g) at 80 kg N/ha (Table II and Fig. 2). Split nitrogen 

application resulted in higher TGW (41g) compared to single application at sowing (37g). The interaction 
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between nitrogen rate and timing was significant, with the highest TGW (42g) recorded at 160 kg N/ha with 

split application, supporting previous research on nitrogen's positive impact on wheat growth and yield 

components (14, 15). 

Table II. Thousand grains weight (g) in wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 32 36 40 41 38 37d 

50% ST 50% SI 50 days  35 35 38 43 41 38c 

50% ST 50% T  37 38 40 41 42 40b 

25% ST 25% SI 25% B 25% AA   40 41 42 40 42 41a 

Means 36d 37c 40b 41a 41a   

    * ST = Sowing Time; SI = Second Irrigation; T = Tillering; AA = After Anthesis; LSD for Nitrogen = 0.569; LSD for different growth    

    stages = 0.508; LSD for N x DGS = 1.138 

 

 

Fig.1.  Nitrogen levels and application timing impact on wheat grain spike-1 

 
                                         Fig. 2. Nitrogen levels and application timing impact on wheat thousand grain weights (g) 

BIOLOGICAL YIELD (kg ha-1) 

Nitrogen application significantly impacted biological yield, with the highest value (11640 kg/ha) 

observed at 160 kg N/ha and the lowest (8364 kg/ha) at 80 kg N/ha (Table III and Fig. 3). Split nitrogen 

application resulted in higher biological yield (10203 kg/ha) compared to single application at sowing (9371 

kg/ha). The interaction between nitrogen rate and timing was significant, with the highest biological yield 

(12769 kg/ha) recorded at 160 kg N/ha with 50% application at sowing and 50% at second irrigation, 

supporting previous research on nitrogen's positive impact on wheat productivity (16, 17). 

GRAINS YIELD (kg ha-1) 

Nitrogen application significantly affected grain yield, with the highest value (4004 kg/ha) at 160 kg 

N/ha and the lowest (2989 kg/ha) at 80 kg N/ha (Table IV and Figure 4). Split nitrogen application resulted in 

higher grain yield (3709 kg/ha) compared to single application at sowing (3249 kg/ha). The interaction 
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between nitrogen rate and timing was significant, with the highest grain yield (4347 kg/ha) recorded at 160 

kg N/ha with 50% application at sowing and 50% at second irrigation, supporting previous findings on 

nitrogen's positive impact on wheat yield (18,19). 

Table III. Biological yield (kg ha
-1

) in wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 7910 8239 8650 10277 11777 9371d 

50% ST 50% SI 50 days 8034 8627 9128 10774 12769 9866c 

50% ST 50% T 8279 8964 9555 10981 12433 10042b 

25% ST 25% SI 25% B 25% AA 9234 9756 11459 10985 9582 10203a 

Means 8364e 8896d 9698c 10754b 11640a   

      * LSD for Nitrogen = 96.34; LSD for different growth stages = 86.17; LSD for N x DGS = 192.69 

 

 
Fig. 3.  Nitrogen levels and application timing impact on wheat biological yield (kg ha-1) 

 
Fig. 4. Nitrogen levels and application timing impact on wheat grain yield (kg ha-1) 

HARVEST INDEX (%) 

Significant observation was observed for harvest index by the application of nitrogen, nitrogen at 

different growth stages and their interaction N x DGS as shown in Table V and Fig. 5. Maximum (37%) 

harvest index were noted in plots treated with 140 kg N ha-1, while minimum (35%) harvest index were 

noted in plots treated with 80 kg N ha-1. Same observation was recorded by Sarwar et al., 2019 (20). Among 

different growth stages maximum grain yield (37%) was observed in plots treated with the application of 

nitrogen with 25% sowing 25% second irrigation 25% booting 25% after anthesis growth stages while 

minimum (35%) was observed with 100% at sowing stages. In case of interaction harvest index (41%) were 

counted in plots treated with the application of nitrogen at the rate of 140 kg N ha-1 with 50% sowing 50% 

second irrigation as compare with all others possible interaction as shown in Fig. 5. Same observations were 

in previous studies (21). 
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Table IV. Grain yield (kg ha
-1

) in wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 2685 2952 3197 3880 3531 3249d 

50% ST 50% SI 50 days 2852 3031 3390 4365 3869 3501c 

50% ST 50% T 3065 3191 3488 4172 4347 3653b 

25% ST 25% SI 25% B 25% AA 3353 3432 4035 3456 4269 3709a 

Means 2989e 3151d 3528c 3968b 4004a   

     *ST = Sowing Time; SI = Second Irrigation; T = Tillering; AA = After Anthesis; LSD for Nitrogen = 98.20; LSD for different growth  

      stages = 87.83;  LSD for N x DGS = 196.41 

Table V. Harvest index (%)in wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 34 36 37 38 30 35b 

50% ST 50% SI 50 days 36 35 37 41 30 36ab 

50% ST 50% T 37 36 37 38 35 36ba 

25% ST 25% SI 25% B 25% AA 36 35 35 31 45 37a 

Means 36bc 35bc 36ab 37a 35c   

    *LSD for Nitrogen  = 1.077;  LSD for different growth stages  = 0.963; LSD for N x DGS =  2.155 
 

 

Fig. 5. Nitrogen levels and application timing impact on wheat harvest index (%) 

PROTEIN CONTENT IN STRAW (%) 

Nitrogen application significantly impacted harvest index, with the highest value (37%) observed at 

140 kg N/ha and the lowest (35%) at 80 kg N/ha (Table VI and Fig. 6), consistent with previous research (20). 

Split nitrogen application resulted in a higher harvest index (37%) compared to single application at sowing 

(35%). The interaction between nitrogen rate and timing was significant, with the highest harvest index 

(41%) recorded at 140 kg N/ha with 50% application at sowing and 50% at second irrigation, supporting 

similar findings (21). 

Table VI. Protein content in straw (%) in wheat as influenced by nitrogen levels and application timing 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 1.7 1.8 1.9 2.2 2.3 2.0a 

50% ST 50% SI 50 days 1.8 2.0 2.0 2.3 2.2 2.1b 

50% ST 50% T 2.0 2.1 2.2 2.5 2.7 2.3c 

25% ST 25% SI 25% B 25% AA 2.2 2.3 2.5 2.6 2.9 2.5d 

Means 1.9e 2.1d 2.2c 2.4b 2.5a  

*LSD for Nitrogen = 0.052; LSD for different growth stages = 0.046; LSD for N x DGS = 0.0104 
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Fig. 6. Nitrogen levels and application timing impact on wheat protein content in straw (%) 

PROTEIN CONTENT IN GRAIN (%) 

Significant observation was observed for P content in grains by the application of nitrogen, nitrogen 

at different growth stages and their interaction N x DGS as shown in Table VII and Fig. 7. Maximum (12%) P 

content in grains was noted in plots treated with up to 160 kg N ha-1, while minimum (10%) P content in 

grains was noted in plots treated with 80 kg N ha-1. Same observation was recorded by Khan et al., 2020 (22). 

Among different growth stages maximum P content in grains (12%) was observed in plots treated with the 

application of nitrogen with 25% sowing 25% second irrigation 25% booting 25% after anthesis growth 

stages while minimum (9%) was observed with 100% at sowing stages. In case of interaction P content in 

grains (13%) were counted in plots treated with the application of nitrogen at the rate of 160 kg N ha -1 with 

50% sowing 50% second irrigation25% sowing 25% second irrigation 25% booting 25% after anthesis growth 

stages as compare with all others possible interaction as shown in Fig. 7. Means of the same category 

followed by different letters are significantly different at 5% level of probability using LSD test.  

Table VII. Effect of nitrogen levels and application timings on Nitrogen content in straw (%) of wheat 

Nitrogen at different growth (DGS) 

stages (kg ha-1) 

Levels of Nitrogen (kg ha-1) Means 

80 100 120 140 160 

100% ST 8 9 10 10 10 9d 

50% ST 50% SI 50 days 9 10 11 11 12 11b 

50% ST 50% T 10 10 11 12 13 11b 

25% ST 25% SI 25% B 25% AA 11 12 12 12 13 12a 

Means 10c 10c 11b 11b 12a  

     *ST = Sowing Time; SI = Second Irrigation; T = Tillering; AA = After Anthesis; LSD for Nitrogen =  0.199; LSD for different growth  

        stages = 0.178; LSD for N x DGS = 0.399 

 

Fig. 7. Nitrogen levels and application timing impact on wheat grain protein content 

CONCLUSION 

 The application of nitrogen at rates of 120-160 kg ha-1 resulted in maximum wheat yield and protein 

content. Split nitrogen application, with 25% each at sowing, second irrigation, booting, and after anthesis 
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stages, also performed better in producing higher yields. Based on these findings, applying 120-160 kg N ha-1 

and using the split application method could be recommended for achieving higher grain yields and protein 

content in wheat crops. 
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