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Abstract: Nitrogen (N), the building block of plant proteins and enzymes, is an essential macronutrient for plant functions. A field experiment was conducted to investigate the impact of different N application rates (28, 57, 85, 114, 142, 171, and 200 kg ha−1) on the performance of spring wheat (cv. Ujala-2016) during the 2017–2018 and 2018–2019 growing seasons. A control without N application was kept for comparison. Two years mean data showed optimum seed yield (5,461.3 kg ha−1) for N-application at 142 kg ha−1 whereas application of lower and higher rates of N did not result in significant and economically higher seed yield. A higher seed yield was obtained in the 2017–2018 (5,595 kg ha−1) than in the 2018–2019 (5,328 kg ha−1) growing seasons under an N application of 142 kg ha−1. It was attributed to the greater number of growing degree days in the first (1,942.35°C days) than in the second year (1,813.75°C). Higher rates of N (171 and 200 kg ha−1) than 142 kg ha−1 produced more number of tillers (i.e., 948,300 and 666,650 ha−1, respectively). However, this increase did not contribute in achieving higher yields. Application of 142, 171, and 200 kg ha−1 resulted in 14.15%, 15.0% and 15.35% grain protein concentrations in comparison to 13.15% with the application of 114 kg ha−1. It is concluded that the application of N at 142 kg ha−1 could be beneficial for attaining higher grain yields and protein concentrations of wheat cultivar Ujala-2016.
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1  Introduction

Nitrogen is an essential nutrient that is used by plants for improving growth, yield, and quality [1,2]. Plants can absorb and use it in the form of ammonium (NH4+) or nitrate (NO3) [3]. It is well established that glycine, glutamine, deoxyribonucleic acid (DNA), ribonucleic acid (RNA), nucleotide, amine, amide, chlorophyll molecule, several enzymes, and coenzymes contain N [4–6]. Among essential plant nutrients, N is recommended to be applied in the maximum amount throughout the world because of its high losses through volatilization, immobilization, de-nitrification, and leaching into the soil; thus, its efficiency remains less than 70% to the applied amount [7]. Wheat crop is sensitive to N deficiency, however, on the other hand, excess of N promotes lush and prolonged vegetative growth which may accentuate lodging, frost injury, and disease incidence [8]. For wheat, N requirement is highest from the jointing to heading stage and it declines thereafter as the crop approaches maturity [9–11]. Poor wheat yield is attributed to many factors such as improper plant population [12,13], inadequate water supply [14,15], application of old production methods [16], and injudicious application of nutrients [17]. Wheat yields are to be increased many folds in order to feed the ever-increasing human population [18]. The pivotal role of N in plant metabolic processes including photosynthesis and respiration and its impact on wheat yield contributing parameters such as plant height, number of tillers, spikelets per spike, number of seeds per spike, spike length and seed weight has been reported in previous studies [19–21]. A number of scientists have also worked on the impact of N on wheat. For example, Hameed et al. [22] studied different N rates in wheat and recorded seed yield (8,584 kg ha−1) and the number of spikes (750 m−2) for N application at 140 kg ha−1. Similarly, Amjed et al. [23] recorded significantly higher seed yield in wheat under N application at 130 kg ha−1 which was due to more tillers m−2, spike length (11.30 cm), number of grains per spike (40.95) and 1,000 grain weight (41.91 g) as compared to N rates of 80 and 180 kg ha−1. Furthermore, Ali et al. [24] reported significantly more tillers, spike length (17.86 cm) grains/spike (53.37 cm), 1,000 seed weight (49.65 g) and thus greater seed yield (5.44 t ha−1) under N application rate of 150 kg ha−1 under semi-arid conditions compared to the N rate of 50 and 100 kg ha−1. Similarly, Modheja et al. [25] reported a reduction of 41% and 21% in wheat seed yield under N application rates of 50 and 100 kg ha−1 compared to that of N rate of 150 kg ha−1 because of reduction in the number of productive tillers, spikelet’s spike−1, number of grains m−2 and 1,000 grain weight. In another study, Asif et al. [26] recorded a linear increase in leaf area index (LAI), crop growth rate (CGR), leaf area duration (LAD), number of fertile tillers m−2, number of grain spike−1, and seed yield while growing wheat variety SH-2002 with the application of N from zero to 150 kg ha−1. Abid et al. [27] demonstrated that application of sufficient N to wheat increased photosynthetic rates and unit leaf area because of increased chlorophyll contents which alleviated drought stress and increased wheat grain yields.

In addition to the yield, ensuring an acceptable level of food quality is necessary to provide adequate protection for consumers. Various studies have documented the influence of N levels on the quality traits of various field-grown crops including wheat. For example, Mosanaei et al. [28] recorded 2.57%, 12.68%, and 1.63% increases in mean seed yield, protein, and N contents and 7.12% recession in starch contents by the application of 30% more N than the recommended dose (125 kg ha−1). Similarly, Faryal et al. [2] reported a significant increase in test grain weight, grain yield, grain crude protein contents, gluten contents, zeleny index (ZI) and falling number; but a significant decrease in grain starch under N application of 210 kg ha−1.

No doubt, impact of N in bread wheat has been studied to a large extent in Pakistan, but the varietal revolution necessitates to investigate its specific impacts on new varieties of wheat. Ujala-2016, a new wheat variety which a high yield potential than other varieties, is reported to be highly tolerant against abiotic stresses [29]. Keeping in view the significance of N in wheat, the current investigations were undertaken to explore its impact on wheat variety Ujala-2016.

2  Materials and Methods

2.1 Soil, Climate, and Treatments

Two years fixed-site field studies were conducted at the Research Area, Agronomic Research Institute, Faisalabad, Pakistan (31.25°N latitude and 73.09°E longitudes with an elevation of 184.0 m) during 2017–18 and 2018–19. The experiment was laid out in a randomized complete block design with three replications. It consisted of eight N application rates: control (N1), 28 kg ha−1 (N2), 57 kg ha−1 (N3), 85 kg ha−1 (N4), 114 kg ha−1 (recommended, N5), 142 kg ha−1 (N6), 171 kg ha−1 (N7) and 200 kg ha−1 (N8). Wheat variety Ujala-2016 was sown on 10th of November during both years in a well-prepared seedbed using seed rate of 100 kg ha−1 in 22.5 cm apart rows in plots measuring 6.75 m × 10.0 m. Whole phosphorus (84 kg ha−1) and potash (62 kg ha−1) and 1/3rd of N were applied at final seedbed preparation. Remaining 2/3rd N as per the treatments was applied at tillering and stem elongation stages. The soil was analyzed before sowing and after crop harvesting (Tables 1 and 2).
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The meteorological data were recorded daily from the observatory half kilometer away from the experimental site. During 2017–18, crop received 350 mm water in the form of 4 irrigations including 25 mm rainfall; while in 2018–2019 the crop received 369 mm water in 3 irrigations including 119 mm rainfall. Irrigations were applied using a cut-throat flume. The crop was harvested on 11th and 13th of April during 2017–18 and 2018–19, respectively (Table 3).
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2.2 Data Recording

2.2.1 Soil Analysis

A composite soil sample was taken before sowing and analyzed for different properties. Likewise, five core soil samples were taken from each experimental unit after harvesting the crop. These were then mixed to make a composite sample of each treatment and then dried at 40°C and ground to a size of <2 mm. Subsamples of 10 g were then taken from each composite sample and stored in polythene bags for chemical analysis. The organic matter content and soil N content were determined through wet oxidation determination and Kjeldahl method, respectively [30,31]. The phosphorus and potassium contents were determined by spectrophotometry and flame photometer, respectively.

2.2.2 Plant Samples

First sampling for estimation of crop growth was made 40 days after sowing (DAS). Subsequently, the sampling was done at 14 days interval. In order to record the growth parameters, plants from an area of one square meter were harvested at ground level. Fresh weight of the whole sample was recorded. Plants were divided into their component fractions (leaves, stem, and spikes when they appeared) and weighed afresh. A subsample of 10 g from each fraction was taken and dried in the electrical oven maintaining a constant temperature of ±70°C to get constant weight. Crop growth rate (CGR) and net assimilation rate (NAR) were determined on the basis of seasonal growth data using the formulae suggested by Hunt [32] and opted by Rafiq et al. [33], and values are shown in g m−2 d−1:


CGR=(Wt2−Wt1)/(T2−T1)

where, Wt1 and Wt2 are the total dry weights of samples (g m−2) at first and second sampling, and T2 and T1 are the duration (days) between the two sampling dates.


NAR=Totaldrymatteratfinalharvest(gm−2)/leafareaduration(d)

Leaf area index: At each sampling, leaf area of the sub-samples consisting of 10 g fresh leaves was measured using leaf area meter (Licor, Model-3100). LAI was thereafter calculated as the ratio of the total leaf area to the land area.


LAI=leafarea(cm2)/landarea(cm2)

Leaf area duration: LAD was determined according to the equation by Hunt [32].


LAD=[(LAI1+LAI2)×(T2−T1)/2]

where, LAI1 and LAI2 are the leaf area indices at the time of first and second sampling, while T2 and T1 are the duration (days) between the two sampling dates.

Growing degree days: GDD were calculated from the date of sowing date (10th of November) till the last sampling date (2nd April) for both years using the formula of Salazar-Gutierrez et al. [34].


Growing degree days  =[ (Maximum temp.  (°C)+Minimum temp.  (°C))/2 ] − Base temp.                                                    (5°C for wheat crop)

During both years, 30 plants from each plot were tagged for recording data of plant height, spike length, grains spike−1, days to anthesis, and physiological maturity (by daily visiting the field). Thereafter, an average was calculated. At maturity, an area of 11.25 m2 was harvested from each plot and threshed manually. Biological and seed yield/plot (kg) was recorded and converted into kg ha−1. Half kilogram grains from each plot were taken for recording 1,000 seed weight and their qualitative analysis.

2.2.3 Qualitative Analysis

Various quality characteristics were determined by the methods described by the American Association of Cereal Chemists [35] and Alina et al. [36]. The Kjeldahl method was used to determine the grain N contents. The protein contents were obtained by multiplication of percent N with a correction factor. Starch contents were determined by Omeg Analyzer G, where an 18-mm sample spacer was used to filled wheat grains in machine sample hopper. After that, the digital reading of starch content was noted from screen display, according to the procedure of Alina et al. [36]. Gluten values of grains were estimated by glutomatic apparatus, by using sodium chloride solution, according to the method of [35].

2.3 Data Analysis

The analysis of variance (ANOVA) for all studied traits was performed using the general linear model (GLM) procedure of the SAS 9.4 software for Windows (SAS, 2013). Data were statistically analyzed using Fisher’s least significant difference (LSD) test at p ≤ 0.05 [37]. Boxplots were drawn to show the variation in N application rates. In R project (version 3.4.5), ggplot2 package was used to draw boxplots. Pearson correlation coefficients were used to assess the associations among growth, yield, and grain biochemical composition parameters. Principle component analysis (PCA) analysis was conducted to reveal the interrelationship of studied traits with fertilizer treatments.

3  Results

3.1 Yield and Yield Contributing Parameters

The results showed that there were highly significant (p ≤ 0.01) differences among N fertilization on plant height (PH), number of tillers per m2 (NTM), number of spikelets per spike (NSS), grain yield (GY), grains per spike (GS), 1,000 grain weight (TGW), leaf area duration (LAD), net assimilation rate (NAR), crop growth rate (CGR), and leaf area index (LAI) in response to varying N rates during both years of study (Tables 4–6). The results of the mean effect showed that 200 kg N ha−1 recorded the highest wheat plants (116.82 cm), the highest number of tillers per m2 (520.67), and the highest number of spikelets per spike (21.39), followed by 171 kg N ha−1 (113.24, 467 and 20.62 cm, respectively) in both seasons (Table 4) in comparison with control treatment (no N fertilizer). The data indicated a greater number of grains per spike with the application of N at 142 and 171 kg ha−1; while the application of a higher dose of N (200 kg ha−1) remained at par with that of N rate of 142 and 171 kg ha−1. Mean of the years showed that 142 kg N ha−1 resulted in the maximum number of grains per spike. Also, the data (Table 5) showed a progressive increase in 1,000 seed weight with increasing levels of N applied from 28 to 142 kg ha−1 and its recession thereafter with additional incremental N, demonstrating the non-profitability of its additional application. There was a 2.36% increase in the 1,000 grain weight by the application of N at 142 kg ha−1 and a reduction of 7.61% and 11.70% by the application of higher doses of N (171 and 200 kg ha−1) in comparison to its recommended (114 kg ha−1) dose. Mean of cumulative data presented in Table 5 depicted a regular increase in wheat seed yield with increasing levels of N from control to 142 kg ha−1 (1,792.5 to 5,461.3 kg ha−1). Application of higher levels of N resulted in lodging. The data (Fig. 1) revealed a significant increase in LAI with an increase in N levels during both years of study. Whereas 200 and 171 kg N ha−1 recorded the greatest LAI in both seasons.
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Figure 1: Effect of different N rates on leaf area index (LAI) under semiarid conditions of Faisalabad

3.2 Quality Parameters

The results showed that there were highly significant (p ≤ 0.05) differences. Among the varying N fertilization rates on protein content, gluten, and starch. Seed crude protein, a gauge for grain quality was affected in both years (Table 7). It was also proportionally related to the N applied; its average however ranged from 9.4% (control) to 15.35% (N rate of 200 kg ha−1). Data indicated an increase in wet gluten contents from 18.51% for control to 33.38% for N rate of 140 kg ha−1 during 2017–18 and from 18.47% (control) to 31.94% (N rate of 200 kg ha−1) during 2018–19 (Table 7).
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3.3 Correlation between Studied Traits

Correlation analysis among all studied traits showed that significant and positive correlations were exhibited (Fig. 2). Amongst the yield trait pairs, the correlation between GY and TSW (0.87), TSW and SSN (0.76), GS and TSW (0.89) were significant, while the least correlation was observed between CGR and TSW (0.56). Also, correlations among the quality traits were significant and positive, except for the correlation of starch content with all other traits (Fig. 2). Among the growth traits, the correlation between PH and LAD (0.98), TN and PH (0.95), and TN and CGR (0.92) showed the highest significant positive coefficients. As for as the correlation among different types of traits, including yield, growth, and seed quality parameters is concerned, highly significant positive correlations were exhibited between PC and CGR (0.91), gluten and LAD (0.82), PC and GS (0.80), LAD and TSW (0.82), GY and CGR (0.58) (Fig. 2).
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Figure 2: Pearson’s correlation coefficients among all studied traits under different nitrogen fertilizers levels (combined analysis of two successive seasons). PH, plant height; TN, number of tillers per m2; SSN, number of spikelets per spike; GY, grain yield; GS, grains per spike; TGW, 1,000 grain weight; LAD, leaf area duration; NAR, net assimilation rate; CGR, crop growth rate; PC, protein content

3.4 Interrelationship of Nitrogen Fertilizer Treatments Based on Yield, Growth, and Quality Parameters

The hierarchical clustering clearly distinguished the interrelationship between the combinations of N treatments according to their performance of yield, growth, and quality parameters (Fig. 3). With respect to relationship between nitrogen fertilization treatments, three main clusters were characterized. The first cluster was formed by the control treatment in which no N was applied. Within this group, 0 nitrogen fertilization treatment depicted the lowest values for all measured parameters except starch. The second cluster included 28, 57, 85 and 114 kg N ha−1, whereas N application at 57 and 85 kg ha−1 formed the closest sub-clusters. N fertilization treatments in the second cluster showed an opposite pattern to the first cluster, as all parameters were negatively affected showing lower values, especially for 28 and 57 kg N ha−1. In respect to the third cluster, three treatments were clustered together and further were separated into two subclusters: the first sub-cluster included N rates of 142 and 171 kg N ha−1, and the second sub-cluster included 200 kg N ha−1. The overall performance of the third cluster showed a discrepant effect on all measured traits, as the majority of traits were positively affected by N treatments, while the three treatments negatively affected the starch. In sum, N application at 200 kg N ha−1 resulted in the highest values for all traits, followed by 171 and 142 kg N ha−1.
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Figure 3: Clustering analysis presents the relationship between N fertilization treatments and studied traits. In the ballots, the hierarchical clustering analysis with the Euclidean distance using the principal component scores and Ward’s technique as the process of linkage was used. PH, plant height; TN, number of tillers per m2; SSN, number of spikelets per spike; GY, grain yield; GS, grains per spike; TGW, 1,000 grain weight; LAD, leaf area duration; NAR, net assimilation rate; CGR, crop growth rate; PC, protein content

3.5 Principal Component Analysis (PCA) Based on Nitrogen Fertilization Rates

To minimize the data dimensionality and show the possible correlations among the observed features in this research, PCA was undertaken using the dataset of seven fertilization variables (Fig. 4). Since the first two PCs revealed the largest proportion of variance (90.7%), the PCA-biplot was constructed using PC1 (82.3%) and PC2 (84%). The results of the biplot indicated that a strong distinction occurred between the mineral N treatments (Fig. 4). The seven treatments were separated on the biplot side where 200, 171 and 142 kg N ha−1 were in the upper right side of the figure which exhibited the highest values for grain yield and growth parameters. While, control without N was plotted at the bottom left of the figure with the lowest values.
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Figure 4: Principal Component Analysis (PCA)-biplot of N fertilizer treatments based on the variance in the morphological and yield traits. The first two components explained 82.3% and 8.4% of the variances, respectively. Arrows indicate the strength of the trait influence on the first two PCs. The different color intensities and lengths of the arrows denote the contribution of the traits to the first two components in the PCA. The darker green and longer arrows indicate a higher contribution, while the darker blue and shorter arrows indicate a lower contribution of the variables

4  Discussion

A gradual increase in the levels of N significantly increased plant height during both years. Plants with sufficient N attained dark green color due to better growth, more photosynthetic activity, LAI, LAD, and greater plant height [38,39]. N fertilizer increases plant’s cytokinin contents [40] which in turn favors tillering by increasing germination of tiller primordia [41]. There was a significant increase in the number of tillers with the increasing amount of applied N during both years of study. An increasing trend in the number of tillers with an increase in N levels was also reported by Ali et al. [24] and Asif et al. [26]. The number of spikelets per spike or spike branching referred to as wheat sink [42–44] is also influenced by photoperiod and temperature [45] and is crucial in determining wheat grain yield [46]. Different rates of N had a significant impact on spike branching or spikelets per spike in this study. An increase in the number of spikelets because of higher supplies of N was reported by Nerson et al. [47] and Peltonen [48], and a decrease in the number of spikelets with N deficiency was reported by Ewert et al. [49] and Toyota et al. [50]. Similarly, in this work, data revealed a significant increase in LAI with an increase in N levels. The same has been reported by Nakano et al. [51]. Higher values of LAI were recorded till the crop’s physiological maturity in plots that received higher doses of N. Higher values of LAI with increased levels of N have also been reported in previous studies [23,24,26,40,41,52,53].

Our results also demonstrated that increasing N rates significantly increased the number of grains per spike. These results are also in line with the findings of Iqbal et al. [52], Amjed et al. [23], Leghari et al. [53], and Mosanaei et al. [28]. Test weight, the function of grain growth period may prove directly proportional to wheat seed yield [28], and any factor which causes a reduction in 1,000 grain weight reduces the final yield. Appropriate transmission of photosynthates from source to sink increased 1,000 seed weight with an increased N application in barley [54]. An increase in 1,000 grain weight of wheat with increasing levels of N has also been reported by Baethgen et al. [55]. Seed yield, the interactive product of N, soil fertility, other management factors, and environment with a plant population of the planted variety were significantly influenced by different N rates. The mean of cumulative data depicted a regular increase in wheat seed yield with increasing levels of N, however, higher rates demonstrated a decrease in yield. Application of higher levels of N resulted in lodging. Similar findings were reported by Fisher et al. [56], who reported a 7%–35% yield reduction because of stem lodging especially when it happened within 20 days after anthesis. Berry et al. [57] also reported yield reduction due to lodging. Higher seed yields under N rate of 142 kg ha−1 could be attributed to more number of grains (60.41) per spike, higher 1,000 grain weight (46.16 g), GDD (477.02°C days), NAR (2.0283 g m−2 day−1), more number of tillers m−2 and greater LAI for plants (Tables 4–7). Increased wheat yield because of a balanced increase of N has also been reported in several previous studies [22–25]. In addition, the Agriculture Department, Government of the Punjab Lahore in its wheat production plan for 2020–21 had also recommended N application rates of 158, 133, and 113 kg ha−1 for soils with organic matter of 0.86%, 0.86%–1.29% and >1.29%, respectively. These recommendations are also quite close to the findings of these studies; hence establishing the authenticity of our findings.

The nutritional quality of wheat grains is of pivotal importance as these comprise an important part of our daily diet and are also consumed as a staple food by billions across the globe. Starch percentage in wheat grains was inversely proportional to the applied N; the same had also been confirmed by Kozlovsky et al. [58], Benjamín Ramírez et al. [59], Faryal et al. [2], and Sohail et al. [60]. Seed crude protein, a gauge for grain quality was affected in both years. It was also proportionally related to the applied N; its average however ranged from 9.4% in control to 15.35% with N rate of 200 kg ha−1. The results are in line with those of previously reported studies [2,61,62]. Wheat grains contain gluten (C24H27N5O9)-a protein-itemization that yields peptides and amino acids in the human digestive system which are then absorbed in the intestine. Data indicated an increase in wet gluten contents from 18.51% (control) to 33.38% (N rate of 140 kg ha−1) during 2017–18 and from 18.47% in control to 31.94% with N rate of 200 kg ha−1. Increasing trends in wheat gluten content by increased N levels have also been reported by Kozlovsky et al. [58], Benjamín Ramírez et al. [59], Faryal et al. [2], and Sohail et al. [60].

In the current study, findings of Pearson correlation analysis among studied parameters showed interesting significant, and strong correlations among these. These traits are of great importance for selection and breeding criteria for grain yield improvement, which highlights the role of those yield components in contributing to high grain yield. Similar findings were reported in different studies [63–66]. Contrary to our research, El-Sorady et al. [67] reported that grain yield was negatively correlated with plant height.

PCA was utilized in this work to evaluate the effects of N fertilization rates on growth, yield, and yield-related traits in wheat. PCA is usually used to identify the traits that accounted for the majority of the existing variation, thereby it is widely implemented in several studies to confirm the influential factors which affect the studied parameters [68,69]. In this study, the results of PCA confirmed the findings of ANOVA as the first two PCs accounted for 90.7% of the total variation among N fertilization treatments. A notable distinction was observed among N rates, implying the usefulness as a robust and fast visualizing tool to investigate the influence of the treatments on the measured traits. In this context, N at 200 and 171 kg ha−1 treatments were superior in yield and growth characters, while control without N showed a reverse pattern for the same traits.

5  Conclusion

The application of different N rates significantly influenced the yield, yield-related traits, and quality of the wheat cultivar Ujala-2016. However, maximum yield, and significant improvement in the studied traits, were recorded at a N rate of 142 kg ha−1 in comparison to the other N application rates. Therefore, the application of N to wheat crop for other varieties may also be critically revisited for achieving higher economic yields and grain quality.
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Table 1: Soil analyses before wheat sowing during 2017-18 and 2018—-19. The experimental site had a clay
loam texture horizontally and silt in depth

Soil Depth Nitrogen (%) Available phosphorus (ppm) Available Organic matter (%)
(cm) potassium (ppm)

2017-18 2018-19 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
0-15 0.06 0.06 8.50 7.90 100 130 0.63 1.40
16-30 0.05 0.04 3.90 4.10 80 100 0.56 1.27
31-45 0.04 0.04 2.50 3.01 60 80 0.49 1.86
4660 0.04 0.04 3.10 3.10 60 60 0.42 1.48
61-75 0.02 0.03 3.90 3.00 60 60 0.14 1.69

7690 0.01 0.02 2.70 3.00 40 45 0.14 1.40
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Table 3: Weather data during the crop growth seasons during 2017-18 and 2018-19

Months Temp. Mean Pan Rainfall Sunshine GDD
(2017-18) range (°C) RH (%) evaporation (mm) (h) (°C
(mm) days)
November-2017 5.5-27.8 55.5-89.5 38.7 1.1 121.09 251.25
December-2017 2.0-27.5 48.5-90.5 51.5 3.8 184.13 290.7
January-2018 2.3-25 58.5-90 45.9 0 186.95 240.65
February-2018 3.5-29.5 46.5-81 51.9 7.2 184.54 337.85
March-2018 11.8-38.5 26.5-73 104.7 12.4 252.72 563.7
April-2018 18.5-37 47-63 63.2 0 83.32 258.2
Total (2017-18) - - 310 24.5 1013 1942.35
Physiological maturity during (2017-18) = April 04, 2018
November-2018 9.5-29.5 54-75.5 39 0 99.55 306.15
December-2018 1.5-27 60—-80.5 46.6 0.4 174.38 280.05
January-2019 1.5-23.5 45.5-91 354 18.4 125.38 231.75
February-2019 4.5-23.5 5688 34.7 56.8 166.14 259.1
March-2019 8.5-33.5 34.5-94 78.5 39.6 212.82 445.8
April-2019 15.5-37.5 31.5-63 65.2 34 105 290.9
Total (2018-19) - — 299.4 118.6 883.3 1813.75

Physiological maturity (2018—19) = April 13, 2018

Note: RH. relative humiditv: GDD. egrowing degree davs.
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Table 6: Effect of different N rates on crop growth rate (CGR), leaf area duration (LAD), and net assimilation
rate (NAR) of wheat under semiarid conditions of Faisalabad

Mean CGR (gm * day ) > LAD (days) NAR (gm ~ day™")

Treatments Year
N (kg ha ™)

2017-18 2018-19 Mean 2017-18 2018-19 Mean 2017-17 2018-19 Mean
0 6290k 5920k 6.105G 200.071 196481 19828 G 1.72hi 1651 1.68 F
28 109335 10295 10.617F 33407h 329.08h 331.58F 179f41 1.72hi 1.76 F
57 1343 h1 12651 13.044E 37838 g 37289¢g 37564E 193e¢—g 185fi 1.89DE
85 1419h 1336 hi 13.78E 428.79 ef 422.66f 42572D 183f41 1.75g-1 1.79 EF
114 1650 fg 1553 g 16.02D 460.27d 453.52de 45690 C 197d-f 1.88e-h 1.92CD
142 18.14 de 17.08 ef 17.61 C 48046 cd 473.57cd 477.02B 2.07c—-e 198d-f 2.02C
171 2041 ¢ 1921 cd 1981 B 49623 bc 489.03¢ 49263 B 225bc 2.16cd 221B
200 2464 a 2320b 2392 A 528.13a 52028ab 52420 A 253 a 243 ab 248 A
Mean (Y) 1557 A 1465B 41330 A 407.19B 20150 A 193 B
HSD (N) 0.7919 18.269 0.1331
HSD (Y) 0.0245 0.3490 0.004751
HSD (N xY) 1.2015 27.705 0.2020

Note: N. nitrogen: Y. vear. Anv two means not sharing a letter in common differ significantlv at » < 0.05.
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Table 4: Eftfect of different N levels on yield contributing parameters of wheat under semiarid conditions of

Faisalabad
Plant height (cm) No. of tillers (m ™) No. of spikelets spike ™
Treatments Years
N (kg ha™)
2017-18 2018-19  Mean 2017-18  2018-19 Mean 2017-18 2018-19 Mean

0 72.7 h 74.21 h 73.49 F 26500 g 27200g 26850F 13.85h 1485g 1435G
28 9991 g 102.06 fg 10099 E  361.67f  371.83f 366.75E 1544 ¢ 16.73f 16.08 F
57 101.3 fg 103.55e-g 10245 E 382.67ef 393.50d-f 388.08 DE 17.66e 17.53e¢ 17.59E
85 103.10 fg 108.88 de 10599 D 387.67ef 398.67 d-f 393.17DE 1866d 19d 18.93 D
114 103.83 e—g 113.12cd 108.48 CD 393.33 d-f 404.67 d—f 399.00CD 1896d 19.89c 1943C
142 104.7e—g 117.53 bc 111.12 BC 419.67 c—e 432.00 b—d 425.83C 1993 ¢ 21.31b 20.62B
171 106.80 ef 119.68ab 11324 B  454.00 bc 467.17b  460.58 B 2006 ¢ 22.07a 21.06 AB
200 108.60 de 125.04 a 116.82 A 513.00a 52833 a 520.67A 2056 c¢ 2222a 2139A
Means (Y) 100.13 B  108.01 A 397.13 B  408.52 A 18.17B 19.20 A
HSD (N) 3.3681 28.71 0.482
HSD (Y) 0.0392 0.7012 0.3348
HSD (NxXY) 5.4586 46.543 0.6816

Note: N, nitrogen; Y, year. Any two means not sharing a letter in common differ significantly at p < 0.05.
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Table 7: Qualitative characteristics of wheat influenced by various N levels under semiarid conditions of

Faisalabad

Treatments Starch (%) Protein contents (%) Gluten (%) wet
(N, kg ha™) 2017-18 2018-19 2017-18 2018-19 2017-18 2018-19
0 57.8 a 58.1a 93f 95 ¢ 1851 g 1847 e
28 572 b 57.6 a 104 e 10.7 £ 2549 ¢ 1895 ¢
57 572 b 56.6 b 11.3d 10.8 £ 27.52d 20.83 d
85 56.3 ¢ 56.6 b 13.3 ¢ 122 ¢ 28.00 d 27.53 ¢
114 56.6 ¢ 54.1d 134 ¢ 12.9d 20.65 £ 27.14 ¢
142 55.2d 53.8d 14.7 b 13.6 c 33.12 a 30.55 ab
171 54 e 55.1c 14.8 ab 152 b 31.38 b 29.82 b
200 53 f 542 d 150 a 15.7 a 29.05 ¢ 31.94 a
HSD (p < 0.05) 0.559 0.514 0.271 0.151 0.559 0.506

Note: The values are means of three replications. Different small letters indicate a significant difference at p < 0.05.
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Table 2: Soil analyses after wheat harvesting during 2017-18 and 2018-19

N Soil EC Organic matter (%) Available phosphorus Available

(kg ha™') depth (mS cm ) (ppm) potassium (ppm)
(M) 5017-18 2018-19 2017-18 2018-19 2017-18 _ 2018-19  2017-18 2018-19

0 0-15 1.48 1.03 0.63 1.40 9.5 6.7 140 140
16-30 1.58 0.88 0.56 1.26 8.9 6.1 120 120

28 0-15 142 1.08 0.49 1.82 8.7 7.2 160 140
16-30 1.46 0.97 0.42 1.47 8.4 6.3 140 120

57 0-15 1.31 1.02 0.14 1.68 8.8 8.1 200 160
16-30 1.22 0.91 0.14 1.40 8.3 7.6 190 140

85 0-15 1.30 0.86 0.91 0.98 9.2 6.6 220 80
16-30 1.24 1.08 0.84 0.77 9.0 52 200 60

114 0-15 1.29 0.96 1.26 0.84 8.8 6.1 140 80
16-30 1.27 1.17 1.19 0.56 8.4 5.0 120 60

142 0-15 1.12 0.96 1.54 1.26 7.9 7.3 180 100
16-30 1.06 0.76 1.47 0.77 7.6 6.1 160 80

171 0-15 1.21 0.84 1.26 0.70 7.8 8.7 220 260
16-30 1.36 1.06 1.19 0.35 7.4 7.9 200 240

200 0-15 1.12 0.97 1.40 0.84 8.5 8.4 240 240
16-30 1.08 1.03 1.33 0.77 8.1 7.1 220 240

Note: N, nitrogen; EC, electrical conductivity.
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Table 5: Effect of different N levels on yield and yield contributing parameters of wheat under semiarid
conditions of Faisalabad

Grains spike 1,000 seed weight (g) Yield (kg ha™)

Treatments Year
N (kg ha™)

2017-18  2018-19 Mean 2017-18  2018-19 Mean 2017-18  2018-19  Mean
0 27.8001 29411 2860 F  30.96 ] 28.69 j 29.82 F 1,8383k 1,746.7k 1,7925G
28 47200h 4890h 48.05E 3981 g-1 37.761 3878 E  2,208335 2,113.0; 2,160.6 F
57 53933 g 5586f 5489 D 4058 f-h 3855hi 39.57DE 4,6422¢ 3,889.0h 4,2656D
85 54933 fg 56.54ef 55.73D 4231df 4034fh 4132C 48378d 4,051.3gh 4,444.6 C
114 56.600 ef 58.61cd 57.60C 46.00ab 44.14b-d 4507 A 5,156.7c 4,633.5e¢ 4,895.1 B
142 60.600 ab 60.23 a—c 6041 A 4698a 4534 a—c 4616 A 55950a 5327.5bc 5,461.3 A
171 58.167 de 62.058a 60.11 AB 43.62c—e 41.68e—g 4265B 54213 ab 44000f 4910.7B
200 58.000 de 60.06 bc 59.03 B 41.76 d—g 39.76 g1 40.76 CD 4,146.0g 3,689.81 3,917.9E
Means (Y) 52.154B 5396 B 4150 A 39.53 B 4230.7A 3,7314B
HSD (N) 1.2062 1.2852 112.20
HSD (Y) 0.0708 0.7034 23.862
HSD (N xY) 1.9549 2.0829 181.84

Note: N, nitrogen; Y, year. Any two means not sharing a letter in common differ significantly at p < 0.05.
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