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Abstract

:

Wheat (Triticum aestivum L.) is one of the main staple foods worldwide. Wide precise sowing (Wps) is a sowing method believed to produce the highest winter wheat grain yields; however, the reasons for its high yields and its effect on quality traits have not been effectively studied. Hence, a two-year field experiment was conducted to evaluate the effect of three sowing methods, dibbling (Db), drilling (Dr), and Wps and seed rates (112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1) on grain yield and the quality of winter wheat. Wps, Dr, and Db produced statistically similar results in terms of the grain yield and most of the quality traits measured. The grain yield increased significantly with the increasing rate, the highest being 7488.89 kg ha−1 at a seed rate of 225 kg ha−1. The total protein, albumin, and globulin were not affected by the sowing methods, but prolamin and glutelin were affected by the Dr and Wps, respectively. The total starch in both years, and the amylose and amylopectin in the first year, were affected only by the seed rates, with 60.11%, 23.2%, 38.63%, or higher values. The results indicated that for the wheat yield and quality traits, Wps, Dr and Db can mostly be used interchangeably. For the protein, starch, and grain yield, the suitable seed rates were 112.5 kg ha−1, 150 kg ha−1, and 225 kg ha−1, respectively.
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1. Introduction


Wheat is a major staple food crop worldwide. In its various food forms, it provides a large proportion of the world’s nutrition compared to nutrition from other cereal grains [1]. Wheat provides 28% of the world’s edible dry matter and up to 60% of daily calories in developing countries [2]. Food consumption is expected to double by 2050, in addition to the increasing requirement for high-quality food for a healthy diet [3]; a rapid increase in the necessity of wheat products is also predicted worldwide [4]. Moreover, increasing grain yield in the same unit area while maintaining its end use-value remains a global nutritional challenge [5,6]. The composition and nutritional quality of the wheat grain have a significant impact on human health and well-being, especially in developing countries. Therefore, factors affecting not only wheat yield, but also wheat quality, require more attention [7,8].



Seeding rate is a predictable management factor that affects the agronomic and end-use quality traits of wheat [9]; therefore, it should be studied carefully to obtain higher grain yields with better end-user quality [10]. Previous studies reported that a dense wheat population resulted in competition between plants that induced self-regulation [11,12,13]. Intraspecific competition between individuals and populations can be controlled by optimum planting density, through the establishment of an appropriate population pattern [14]. Environmental resources, such as light, water, and nutrients during crop growth, are strongly governed by seed rate [15]. A high seed rate causes more water consumption before anthesis and, consequently, a decline in the grain yield and grain per spike [16,17].



Results from other studies found no substantial effect of seed rate on grain quality [18,19]. However, previous studies only involved a relatively high range of seed rates and plant populations [20]. Reducing sowing density through the scattering of seeds is one of the techniques where grain quality might be affected significantly, as crops sown widely apart often mature slowly compared to a dense population [21]. To achieve a desirable yield for the farmers, not only is the optimum seed rate required, but suitable methods of sowing should additionally be put into consideration [22,23,24].



Proper methods of sowing enhance resource availability, such as sunlight capture, moisture, and nutrient availability, leading to the proper root system development from the early stage of crop growth [22]. Sowing methods guarantee proper crop establishment and optimum plant population in the field, as well as facilitating plants to utilize the land and other resources more efficiently and purposefully toward growth and development [25,26]. Unproductive crops can be caused by inadequate sowing methods. Ears and overall size remain smaller and the crop becomes more easily affected by lodging, pests, and diseases, consequently causing lower yield per unit area [27] later on. Among the sowing methods, one can mention dibbling, which is a type of sowing method most favorable under suitable soil conditions. This method involves inserting a seed in a shallow hole and covering it with nearby soil [28]. The dibbling method is an efficient sowing method that is drought fighting and highly efficient in its use of solar radiation. It is usually used where plowing and harrowing are difficult. As dibbling is done manually, it is considered more time consuming compared to drilling and other conventional sowing methods, and is mostly used by small scale farmers [29].



Drilling is an advisable sowing method due to its uniform population per unit area. As seeds are placed at a uniform depth and covered with soil, high germination and uniform stands are expected [30]. In recent years, the new planting pattern of wide precision has been widely adopted. This new planting pattern of wide precision sowing changes the seed dispersal from planting all seeds in a line, as done in drilling and dibbling, to separating single grains from each other [31,32]. Under this new planting pattern, the highest winter grain yield was produced in a large area of North China in 2010; however, the cause of high yield from this planting pattern is not well investigated [31,33]. Studies have mainly reported the effects of this planting pattern on yield; however, little is known on the effects of this planting pattern on grain quality. In addition, several studies examining the influence of seed rate on yield and its components were carried out compared to the studies of grain quality [34].



Therefore, this study was conducted to determine the following: (i) the effect of wide precise sowing and different seed rates on yield and yield traits; (ii) the grain yield differences among wide precise sowing, drilling and dibbling sowing; (iii) the effect of wide precise sowing and different seed rates on quality traits. Handling these questions will provide useful knowledge on a competitive sowing method, along with an optimum seed rate, in terms of the yield and quality traits of wheat.




2. Materials and Methods


2.1. Experimental Site


The field experiment was carried out at the Douku Wheat and Maize Demonstration Research Station (108°52′ E 34°36′ N) Northwest of A&F University, Shaanxi province, China, during the 2017–2018 and 2018–2019 wheat cropping seasons. The experimental site is semi-humid, with an average annual temperature of 13 °C, and the average annual rainfall is 595 mm (Figure 1). The soil is considered to be Earth-cumuli-orthic anthrosol [35]. Ploughing and harrowing were carried out for seed bed preparation. Before sowing, the soil samples were taken from six randomly selected points within the experimental sites, at a depth of 0–20 cm using a soil auger. The samples were air-dried, ground, sieved, and analyzed for their chemical properties [36]. The values observed were 1.22 g kg−1 of total nitrogen, 29.40 mg kg−1 of phosphorus, and 17.29 g kg−1 of organic matter, 228.33 mg kg−1 and of available potassium, and a pH of 7.99(Table 1). The dates of the main developmental stages of winter wheat in two cropping seasons are shown in Table 2.




2.2. Treatments and Experimental Design


The experiment used a split-plot design with three replications. The main plot treatments were sowing methods and sub plot treatment using the seed rate. The three sowing methods where drilling (Dr), dibbling (Db), and wide precise sowing (Wps). The four sowing rates were 112.5 kg ha−1 (112.5), 150 kg ha−1 (150), 187.5 kg ha−1 (187.5), and 225 kg ha−1 (225). The net plot size was 2 × 3.5 m2. The cultivar of winter wheat (Triticum aestivum L.) used in the experiment was xinong805, which is a semi-winter variety and highly resistant to diseases developed by Northwest A&F University in Shaanxi province, China.



In drilling, seeds were sown using a manual seed drill machine. In wide precise sowing, seeds were sown using a manual drilling machine with wide furrow opener, and the difference in spacing was where seeds were scattered in parallel seed bands instead of being sown in straight lines. The row spacing in each sowing method was 25 cm and the sowing widths in drilling and wide precise sowing were 3–5 cm and 6–8 cm respectively, as shown in Figure 2. Meanwhile, in dibbling, the seeds were placed in the small holes in the ground according to the seed rates: 8, 11, 13, and 16 seeds for 112.5 kg ha−1, 150kg ha−1, 187.5 kg ha−1, and 225kg ha−1 respectively. For separating seed holes from each other, 13.5 cm was used.



Before the first cropping season (2017–2018) winter wheat was grown in the field; afterward the field was fallowed for a period of 4 months. The same field was used during the second cropping season (2018–2019). A slow release fertilizer in the form of (N-P2O5-K20:24-15-5) at the rate of 750 Kg ha−1 was used as a basal fertilizer, spread evenly throughout the field before sowing. Uniform cultural practice was received by all plots in both cropping seasons. The plots were irrigated twice in both growing seasons; at the tillering stage and at the stem elongation stage. Weeding was continuously done by hand uniformly to all plots; no disease was reported in both cropping seasons, while a handheld pressure sprayer was used to apply pesticides that killed harmful insects.




2.3. Sampling Procedures and Grain Quality Analysis


At the flowering stage in every plot, three plant leaves were taken randomly for measuring the leaf area (LA) using LI-3000C (LI-COR, Lincoln, NE, USA). Twenty plants were sampled in each plot for plant height. At physiological maturity, 1 m2 in three different places were harvested for grain yield.



After harvesting and threshing, the cleaned grains were weighed with an electronic scale and converted to grain yield in kg ha−1 and the thousand kernel weight (TKW) was determined using the same electronic scale. In every plot harvested, 10 spikes were taken for determining the number of kernels per spike, spike m2. Grains were milled into flour to determine the total protein, protein fractions, total starch, amylose and amylopectin. Before milling, the samples were tempered to a moisture basis of 160 g Kg−1 grain for 18 to 20 h [37], then the samples were milled in a laboratory mill (Quadrumat Junior, Brabender, Duisburg, Germany).



The total protein content was determined using the Kjeldahl procedure with a K9840 Kjeldahl Analyzer (Hanon Shandong Scientific Instruments Co., Ltd., Jinan, Shandong, China) [38]. The protein concentration in the wheat grain was calculated from the percentage of total nitrogen, by multiplying with a conversion factor of 5.7 [39]. The grain protein fractions of albumin, globulin, prolamin, and glutelin were extracted with a sequential extraction method described by Triboï et al. [40] Briefly, a sequential extraction of the protein fractions of the wheat flour samples were performed as described by Kwon et al. [41], with minor modifications [42]. The protocol for this sequential extraction is outlined in Figure 3.



The albumin extraction was done when 5 g of wheat flour was put into a plastic test tube and 5 mL of distilled water was added. The mixture was stirred using a flushing glass rod for 30 min, which was followed by centrifugation at 4000 rpm for 15 min. The supernatant was poured off into another tube. We repeated this process three times and used the supernatant solutions (in the same bottle) set up to 50 mL using distilled water.



For globulin, prolamin, and glutelin, the solvents used were 10% NaCl, 70% of ethanol, and 0.2% NaOH, respectively. The extraction was repeated three times as done in albumin, and all supernatants for each solvent were pooled to obtain a representative of each solubility fraction. Each fraction was set up to 50 mL against its own solvent.



The wet gluten, test weight, hardness, and Zeleny sedimentation values were measured using Infratec™ 1241 Grain Analyzer (FOSS, Tecator, Copenhagen, Denmark), which is a whole grain analyzer for testing multiple parameters using near-infrared transmittance technology [43].



The amylose and amylopectin contents in wheat grains were determined with a coupled spectrophotometer assay [44]. The steps used can be summarized as follows:



We transferred 0.1 g of wheat flour together with 10 mL of 0.5 M KOH into a 100 mL volumetric flask, placed in a water bath at 600 °C and then stirred for 15 min. We then diluted the solution to a volume of 50 mL with distilled water. Of this solution, 2.5 mL was diluted with 20 mL distilled water and adjusted to pH 3.5 with 0.1 M HCl. Finally, 0.5 mL of I2-KI reagent was added to the solution, which was diluted with distilled water to a final volume of 50 ml. After the settling of 20 min, the absorption peaks of amylose reacted with I2-KI reagent were 656.5 and 461.5 nm, whereas those of amylopectin were 760 and 555 nm [45]. The sum of the amylose and amylopectin contents was designated as the total starch content.




2.4. Statistical Analysis


Two years of experimental data were analyzed by analysis of variance using SPSS 24.0. The mean comparisons were done by Duncan’s multiple range test at 5% level of significance. Graphs were made using Excel 2016.





3. Results


The grain yield, leaf area (LA), thousand kernel weight (TKW), and spike number (m2) were significantly affected by the cropping year; conversely to the plant height and kernels per spike, which were not significantly affected by the cropping year (Table 3). Concerning the quality traits, excluding the protein fractions (expect albumin) and amylopectin, other studied quality parameters were significantly affected by the cropping year (Table 4). The interaction of the year, sowing methods, and seed rate had a significant effect on some parameters (total protein, globulin, glutelin, total starch, amylose, and amylopectin). Since the cropping year significantly affected a large number of studied parameters, the following tables separate cropping years, to demonstrate the effect of sowing methods and seed rate more clearly.



The leaf area was neither significantly affected by the sowing methods, seed rate, or their interaction in both cropping years, except for the second cropping season, where the significance due to the seed rate was observed.



The higher leaf area values were observed in the first cropping season, with a gradual decrease in the leaf area provided that the seed rate increased, although there was one exception where the Dr at SR187.5 showed values slightly lower than SR225 (Table 5). The highest leaf area was recorded in the first cropping season in the Dr at SR112.5; whereas, the lowest value was observed in the second cropping year in the Db at SR150.



The plant height was significantly influenced by the seed rate in both cropping years. The results also showed that in the first cropping year, the highest and lowest values were noted in the Db at SR225 and in the Dr at SR112.5, respectively. A consistent positive correlation between the seed rate and plant height was perceived in Db and Wps in the second season (the seed rates were in the order 112.5 > 150 > 187.5 > 225), while in the Dr, the plant height increased with the seed rate up to SR187.5 in the same season. Compared to the Dr112.5, the plant height increased by 6%, 14.35%, and 17.15% in Dr150, Dr187.5, and Dr225, respectively. Compared to Wps112.5, the plant height increased by 5.22%, 10.68%, and 14.41% in Wps150, Wps187.5, and Wps225, respectively.



The second cropping year outweighed the first cropping year in terms of the grain yield and spike m2. In addition, the grain yield and spike per m2 of the first season seemed to have not been affected by the sowing methods, the seed rate, or their interaction. On the other hand, the seed rate had a significant effect on the grain yield and the spike number of the second season. In the first cropping season, the highest grain yields in the Db and Dr were 5170.37 kg ha−1 and 5229.63 kg ha−1, respectively, noticed in the same seed rate of 112.5 kg ha−1. However, Wps had its highest grain yield and spike number at 225 kg ha−1 (Figure 4). The lowest grain yield was observed in Dr at 187.5 kg ha−1 and the lowest spike number was obtained in Db at 150 kg ha−1. In the second cropping year, the lowest grain yield and spike number were noted at 112.5 kg ha−1 in all three sowing methods. The highest spike number was observed at 225 kg ha−1 in all three sowing methods. In the Dr at 225 kg ha−1 of the second season, the outstanding grain yield and spike number were obtained, with 7488.89 kg ha−1 691 values, respectively.



The thousand kernel weight was highly influenced by the sowing method in the first cropping year, whereas the sowing method and seed rate both significantly influenced the thousand kernel weight in the second cropping season. Both seasons were not affected by the interaction of the sowing methods and seed rate. In the first cropping year, the seed rate of 112.5 kg ha−1 had the highest thousand kernel weight of all three sowing methods (Table 6). In the second season, Db and Dr had the highest thousand kernel weight at the seed rate of 150 kg ha−1; furthermore, the Wps showed a clearer negative correlation between the thousand kernel weight and seed rate compared to the other two sowing methods. The lowest value of thousand kernel weight in both years was recorded in the second year in Dr at a seed rate of 187.5 kg ha−1 with 46.13 g.



The data pertaining to the kernel per spike of wheat affected by the sowing method and seed rate are presented in Table 6. Largely, the data showed that the first cropping year was highly affected by the sowing method, seed rate, and their interaction. However, the second cropping year remained unaltered by treatments. In the first cropping season, the highest kernel per spike was observed in Dr at the 112.5 kg ha−1 seed rate and the lowest was observed in Db at the seed rate of 225 kg ha−1. A general significant decrease in the kernel per spike was observed as well, with Wps showing a clearer negative correlation between the seed rate and kernel per spike compared to other sowing methods. The kernel per spike was ordered Dr > Db > Wps.



The analysis of variance of the effects of the experimental factors and their interactions on the wheat yield and yield components can be found in Table S1 Supplementary Materials.



Throughout the two years, glutelin was the major protein fraction. It was affected significantly by the sowing method, seed rate, and their interactions in both cropping seasons (Figure 5d and Figure 6d). Largely, the protein fractions of the second year were considerably affected by the treatment, more than the first year. The prolamin had its highest value in Dr at the 150 kg ha−1 seed rate and the lowest value in Wps at the 187.5 kg ha−1 seed rate in both years. In the first cropping year, prolamin showed a significant effect due to the sowing method, while the interaction of the sowing method and seed rate affected albumin significantly. On the other hand, globulin was not affected by the sowing method, seed rate, or their interaction (Figure 5).



In the second cropping season, the seed rate significantly affected the protein fractions, except for albumin, which was not affected by any treatment at all. Lastly, prolamin was also significantly affected by the sowing method and the seed rate interaction (Figure 5). In both cropping seasons, albumin, globulin, prolamin, and glutelin ranged from 1.95–2.98%, 1.02–2.03%, 3.05–5.13%, and 5.19–6.93%, respectively (Table S1).



The seeding rate exerted significant influences on the total protein in both seasons. Broadly, a rise in the seed rate resulted in a total protein reduction in both years. The Db and Wps of the first season and Dr of the second season showed a clearer negative correlation between the seed rate and total protein, i.e., 112.5 kg ha−1 > 150 kg ha−1 > 187.5 kg ha−1 > 225 kg ha−1. In both cropping seasons (Figure 7), the lowest total protein was observed at the highest seed rate of 225 kg ha−1, except for the Wps in the second season, where the lowest total protein was noted at the SR at 187.5 kg ha−1, which was the lowest overall total protein in both years. The overall highest total protein in both seasons was noticed in first year in Wps, at 112.5 kg ha−1.



The test weight of both seasons showed no considerable impact, either from the sowing method, seed rate, or their interaction. The exception was recorded in the interaction of the sowing method and the seed rate in the first cropping year, which had a considerable effect on the test weight. The highest and lowest values in the first cropping year were reported in the Wps at 187.5 kg ha−1 and 112.5 kg ha−1, consecutively. It is noteworthy that the test weight of the second year showed slightly lower values than the first year (Table 7).



Wet gluten was slightly higher in the first year, with a high significant difference on the seed rate in both years. A general decrease in the wet gluten as the seed rate increased, was observed across the both years, for Db and Wps in the first year. Dr in the second year had a sequential decrease in wet gluten as the seed rate increased. The interaction of the seed rate and sowing methods had a significant difference only in the first year, with the highest wet gluten of 34.14% in Wps at the seed rate of 225 kg ha−1. The overall lowest wet gluten of 28.38% was observed in the second cropping season in the Dr at the seed rate of 225 kg ha−1.



The lowest sedimentation values were recorded in the first year, which were not significantly influenced by any treatment, contrary to the sedimentation values of the second year, which were affected considerably by the seed rate. From the results (Table 7) one may argue that the lowest sedimentation value was recorded in the first cropping year in Db at the seed rate of 225 kg ha−1, while the highest sedimentation value was noted in the second year in Db at the seed rate of 150 kg ha−1, with 27.38 mL and 53.84 mL values, respectively. It is important to emphasize that the Dr of the second season had a sequential decrease in the sedimentation value as the seed rate increased. The values are in the order of 112.5 kg ha−1 > 150 kg ha−1 > 18.75 kg ha−1 > 225 kg ha−1.



Starch and its composition showed an inconsistent trend over both cropping seasons, but a decrease at higher seed rates was noted. The seed rate showed a statistically significant influence on the total starch, amylose, and amylopectin of the first cropping year, which revealed higher values than the second season, i.e., 60.11%, 23.2%, and 38.63%, respectively. It is important to note that the total starch of the second season was considerably influenced by the sowing methods, seed rate, and their interaction. The lowest values of total starch, amylose, and amylopectin were recorded in the second season with 50.78%, 16.54%, and 31.99% values, respectively (Table 8).



The analysis of variance of the effects of the experimental factors and their interactions on wheat quality traits can be found in the Table S2 Supplementary Materials.




4. Discussion


4.1. Yield and Yield Components


The weather conditions differed in wheat cropping seasons. In this study, the first cropping season rainfalls were relatively higher than in the second cropping season. March of the first and second season had 18.79 mm and 0.84 mm, respectively. This high rainfall was the major factor related to the leaching of basal fertilizers [46]. Waterlogging as a result of heavy rainfall has been reported to have a number of severe damages, including a reduction in one or more yield components, such as spike number, kernels per spike, and kernel weight [47]. This resulted in the poor performance of the first year in most of the yield parameters measured. Liu et al. [48] reported that yearly variations in the weather showed a declining trend in the grain production of winter wheat.



The grain yield was significantly affected by the seed rate mainly in the second cropping season, but not much difference was observed in the first season. The grain yield depended on a number of factors including the number of spikes per m2 [49], which generally increased as the seed rate increased; however, no considerable difference was caused by the sowing methods. Higher grain yields in Db, Dr, and Wps were 7200 kg ha−1, 7488 kg ha−1, and 7200 kg ha−1, respectively, which did not differ in a statistically significant way.



Therefore, Wps does not considerably improve the yield compared to other sowing methods in the current study. These results are in close agreement with Kristensen et al. [50], who reported that grain yield generally increased with the crop density and that the sowing pattern had no effect on grain yield. The grain yield substantially increased in response to higher plant densities [51]. The highest number of spikes/m2 in Dr at the seed rate of 225 resulted in the highest grain yield in the same treatment. Iqbal et al. [52] reported that the high grain yield might be attributed to the improvement in the number of tillers and directly related to the number spikes per unit area.



The kernel number per spike showed a significant decrease with the seed rate increase, at least in the first year, whereas the second year remained unaffected by either of the treatments. Similar findings aligned with those reported by Arduini, I et al. [53] in a study on the effect of the seed rate and wheat variety on grain yield. Blue et al., Geleta et al. as well as Carr et al. reported the same trend obtained in the second season, where the seed density increased yield but did not affect the kernel weight [9,54,55].



The thousand kernel weight was affected by the sowing methods in two cropping seasons [56]. In the first cropping season, the dibbling sowing had a significantly lower thousand kernel weight, mostly because the seeds were placed in a hole and covered with nearby soil manually, resulting in a non-uniform depth and a later uneven growth of the plant; hence, the poor seed weight [57]. Meanwhile, drilling and wide precise sowing showed similar results. However, these results were inconsistent in the second season.



A general decline in the thousand kernel weight with the increasing seed rate was noted only in the second season. This might be due to the higher planting density from the higher seed rate used, which increased the plant competition and eventual decline in the individual grain weight [58]. This negative relationship between the plant density and 1000-grain weight might be attributed to the fading of most grains at a higher density in the early stage, because of competition between growing grains to absorb the preserved matters, and, as the result, small grains would be produced [59,60]. In dense populations, photosynthetic matters distributed in more sinks will obviously reduce the share of individual sinks. Insufficient photosynthetic matters during grain filling in dense populations is a possible reason to decrease the thousand kernel weight [59]. Contrarily, at lower seed densities, scattered plants were produced, which enabled the leaves to have a better exposure to the light and ensured active photosynthetic tissue throughout the filling stage, which resulted in bigger individual seeds; hence, the thousand kernel weight was increased [61].




4.2. Wheat Quality Traits


The prime nutritional quality of wheat is determined by the protein and starch content. The most crucial protein components include albumin, globulin, prolamin, and glutelin, which determine the wheat’s final use [62]. The most indispensable amino acids for the human body are found in albumin and globulin, which determine the nutritional value of wheat [63]. Prolamin and glutelin, also known as storage proteins, are the major components of gluten, which is the vital contributor to the rheological and bread making properties of wheat flour. Glutelin proteins are mainly responsible for viscoelastic properties, and prolamin proteins are important in conferring extensibility to dough [64]. Starches (amylose and amylopectin), are the primary energy reserve of plants. The concentration and proportion of amylose and amylopectin in wheat has an important influence on the appearance quality and eating quality of processed products [65,66].



The results of the current study revealed that the seeding rate had an influence on a large number of wheat quality traits. The outstanding (highest and lowest) total protein was 15.24% at 112.5 kg ha-1 and 13.35% at 225 kg ha-1 in the second and first cropping season, respectively. This finding is in agreement with McKenzie et al. [67], who reported the decline of grain protein of cereal crops with an increasing rate. A lower seed rate tends to produce a sparse population, which allows adequate utilization of nitrogen among plants later on, ensuring the protein increment [9].



McKenzie et al. stated that the reduction of grain quality traits with the seeding rate increase could be attributed to its effect on the single grain weight from the fact that, at high seed rates, grains are subjected to plants competition for available resources [68].



Wheat grain proteins have particular chemical and physical properties that make it a dominant cereal. Raising wheat grain yield and protein is an essential objective in wheat production. These two traits have been difficult to improve simultaneously, due to the negative relationship that was also observed in the current study [69,70,71]. The higher the concentration of protein, the greater the ability to resist dough. A number of factors define the protein percentage, including, but not limited to, agronomic practices, genetics, sowing time, and planting density [72].



In the first season of the current study, the total protein was slightly higher due to higher rainfall; mainly at the elongation stage in March compared to the second season, where the highest total protein of the first and second season were 15.24% and 14.56%, respectively. These observations aligned with Lopez-Bellido et al. [73,74], who pointed out that high rainfall during grain protein accumulation resulted in protein content increase. Increased grain protein concentrations may be attributed to the increased soil N supply due to improved soil moisture conditions. However, other studies reported the increase in grain protein content under water deficit or low rainfall [74,75]. Consequently, the results from the literature concerning the effect of rainfall on protein concentration are less consistent.



In the current study, the seed rate considerably affected the total protein, although 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1 did not differ in a statistically significant way (Table S1). A general decrease in the protein content of grain with an increasing seeding rate was also reported by Geleta et al. [9]



The sowing methods also showed a relatively significant effect on at least a few protein compositions (i.e., glutelin in both cropping seasons, and prolamin and globulin in the second cropping season). Prolamin and glutelin were the main components of the protein fraction. Li et al. reported that the sowing method is a crucial factor influencing the winter wheat protein fractions [76].



Largely, protein fractions in the second season were significantly decreased by the seed rate increase. Partially, the same results were obtained by Ottoman et al., who mentioned that the albumin and globulin content showed a slight increase with the seed rate, while the prolamin and glutelin remained unchanged [77].



In this study, the total starch, amylose, and amylopectin were the lowest at the highest seed rate, but did not consistently decrease with an increasing seed rate; the same trend was only observed in the total starch in the second season. These results disagree with Xu et al. [78], who mentioned that a decrease in the plant density was accompanied by a decrease in the starch accumulation. In both cropping seasons, it was shown that amylopectin was the predominant component in starch [79]. As far as sowing methods are concerned, sowing together with the seed rate of 187.5 kg ha−1 significantly influenced the total starch content; these findings aligned with those of Farooq et al., who stated that sowing techniques had a considerable effect on the total starch [80].



The quantity and estimates of the quality of gluten in wheat or flour samples can be provided by the testing of wet gluten, which is accountable for the elasticity and extensibility characteristics of flour dough [37]. Our current study found that wet gluten showed a general increase with the reduction of the seed rate in both cropping seasons [11]. The higher wet gluten was noted at the lowest seed rate of 112.5 kg ha−1 in the first season, with a 34.13% value (Table 6). The sowing methods presented statistically equal results. The relevance of these findings might be ascribed to proper stands in low densities, which allowed the efficient utilization of resources, and was proceeded by a raise in the nitrogen percentage in the green parts of the plants at different growth stages. This also produced a wet protein percentage increase, and consequently a wet gluten percentage increase [81].



High precipitation at the elongation stage in March of the first season resulted in water logging and the poor performance of some parameters of the grain quality, in particular, the sedimentation value (the second season values of sedimentation were almost twice as high as the first season). The wet gluten content proved to be the most stable quality characteristic [82]. The results of the current study generally noted the positive association between wet gluten and the sedimentation value of the second season with the seed rate; however, McKenzie et al. [67] observed the opposite trend.



The test weight is considered to be an essential predictor of the milling yield and is used as an indicator of the general grain quality. If lower test weights than the accepted standard are recorded, then more grain volume is needed for storage or transportation [83]. In this investigation, the test weight ranged from 762–799 gL−1, which is in agreement with the standard test weight in the U.S. grading system at 772.32 gL−1 for all wheat [84]. The test weight showed a significant difference due to the interaction of the sowing methods and seed rate in the first year. The Wps had a seed rate of 187.5 kg ha−1, and was the highest value.





5. Conclusions


In the course of two years, the experimental results showed that the three sowing methods used produced statistically similar results in the main measured parameters. The higher grain yields of Db, Dr, and Wps were 7200 kg ha−1, 7488 kg ha−1, and 7200 kg ha−1, respectively, which were statistically equal. The total protein of Wps (15.24%) was slightly higher, but not significantly different, compared to the total protein of Dr (14.79%) and Db (14.33%). The total starch of the second year (although it had lower values compared to the first) was affected significantly by the sowing methods. The Wps at 18 7.5 kg ha−1 had the best combination.



The seed rate influenced the grain yield, yield parameters, and grain quality. For the protein, starch, and grain yield, the optimum seed rates were 112.5 kg ha−1, 150 kg ha−1, and 225 kg ha−1, respectively.



In conclusion, depending on the end use of the wheat, different seed rates should be used. The high grain yield expected in wide precise sowing was not observed, likely due to the variety used in the study, or even because other sowing methods used in the study produced desirable results as well. Therefore, further studies are recommended, using different varieties with a wide range of genetic diversity.
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Figure 1. Meteorological data during both cropping seasons: (a) monthly precipitation, and (b) monthly average temperature. 
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Figure 2. Schematic diagram of the wide precise sowing, drilling, and dibbling sowing methods. 
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Figure 3. The flow sheet of the protocol used for protein fractions. 
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Figure 4. The effects of the sowing methods and seed rate on the grain yield in the both cropping seasons. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805) sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. Vertical bars represent standard errors (n = 3), in the same cropping year; the same letters above the bars indicate no significant differences between the different treatments (p < 0.05). 
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Figure 5. The effects of the sowing methods and seed rate on protein fractions in the first cropping season. (a–d) letters represent albumin (%), globulin (%), prolamin (%), and glutelin (%) respectively. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805), sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. The vertical bars represent the standard errors (n = 3); in the same protein fraction, the same letters above the bars indicate no significant differences between the different treatments (p < 0.05). 
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Figure 6. The effects of the sowing methods and seed rate on protein fractions in the second cropping season. (a–d) letters represent albumin (%), globulin (%), prolamin (%), and glutelin (%) respectively. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. In summary, 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805) sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. The vertical bars represent the standard errors (n = 3); in the same protein fraction, the same letters above the bars indicate no significant differences between the different treatments (p < 0.05). 
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Figure 7. The effects of the sowing methods and seed rate on the total protein % in both cropping seasons. (a,b) represent total protein % in first and second season respectively. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. In summary, 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805) sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. The vertical bars represent the standard errors (n = 3); in the same protein fraction, the same letters above the bars indicate no significant differences between the different treatments (p < 0.05). 
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Table 1. Chemical properties.
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	Total Nitrogen
	Phosphorous
	Organic Matter
	Available Potassium
	pH





	1.22 g Kg−1
	29.40 mg kg−1
	17.29 g kg−1
	228.33 mg Kg−1
	7.99
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Table 2. The dates of the main developmental stages of winter wheat in two cropping seasons.
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	Growth Stage
	2017–2018
	2018–2019





	Sowing date
	22 October
	5 October



	Tillering
	30 November
	14 November



	Stem elongation
	19 March
	15 March



	Flowering
	22–25 April
	17–20 April



	Physiological maturity
	31 May
	2 June
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Table 3. Analysis of variance for the wheat yield and yield parameters as affected by year (Y), sowing methods (SM), seed rate (SR), and their interactions for the field experiments conducted in 2017–2018 and 2018–2019. Leaf area (LA), thousand kernel weight (TKW).






Table 3. Analysis of variance for the wheat yield and yield parameters as affected by year (Y), sowing methods (SM), seed rate (SR), and their interactions for the field experiments conducted in 2017–2018 and 2018–2019. Leaf area (LA), thousand kernel weight (TKW).





	Source of Variation
	Plant Height
	LA
	TKW
	Grain Yield
	Spike Number
	Kernels Per Spike





	Y
	ns
	***
	***
	***
	***
	ns



	SM
	ns
	ns
	*
	ns
	*
	ns



	SR
	***
	**
	ns
	**
	***
	***



	Y * SM
	ns
	ns
	**
	ns
	ns
	ns



	Y * SR
	ns
	ns
	ns
	**
	***
	***



	SM *SR
	ns
	*
	ns
	ns
	ns
	ns



	Y * SM * SR
	ns
	ns
	ns
	ns
	ns
	ns







ns: non-significant, * significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001.
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Table 4. Analysis of variance for the wheat quality traits as affected by year (Y), sowing methods (SM), seed rate (SR), and their interactions for the field experiments conducted in 2017–2018 and 2018–2019.






Table 4. Analysis of variance for the wheat quality traits as affected by year (Y), sowing methods (SM), seed rate (SR), and their interactions for the field experiments conducted in 2017–2018 and 2018–2019.





	Source of Variation
	Total Protein
	Albumin
	Globulin
	Prolamin
	Glutelin
	Total Starch
	Amylose
	Amylopectin
	Wet Gluten
	Sedimentation Value
	Test Weight





	Y
	***
	**
	ns
	ns
	ns
	***
	***
	ns
	***
	***
	***



	SM
	ns
	ns
	ns
	*
	***
	ns
	ns
	ns
	ns
	ns
	ns



	SR
	***
	ns
	**
	**
	***
	***
	***
	***
	***
	***
	**



	Y * SM
	ns
	ns
	*
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns



	Y * SR
	ns
	ns
	ns
	ns
	ns
	***
	***
	***
	ns
	**
	ns



	SM * SR
	ns
	ns
	ns
	***
	**
	ns
	*
	*
	ns
	ns
	ns



	Y * SM * SR
	*
	ns
	*
	ns
	*
	***
	*
	***
	ns
	ns
	ns







ns: non-significant, * significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001.
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Table 5. The plant height and leaf area means affected by the sowing methods (SM) and seed rate (SR) at the flowering stage.






Table 5. The plant height and leaf area means affected by the sowing methods (SM) and seed rate (SR) at the flowering stage.





	
Treatments

	
Plant Height (cm)

	
Leaf Area (cm2)




	

	

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
Db

	
112.5

	
63.07ab

	
59.45ab

	
25.22abc

	
19.83b




	
150

	
59.40ab

	
63.02bcd

	
24.19abc

	
14.11a




	
187.5

	
61.65ab

	
67.98de

	
22.48abc

	
15.25a




	
225

	
66.21b

	
69.65e

	
25.22abc

	
14.75a




	
Dr

	
112.5

	
56.55a

	
56.62a

	
26.68c

	
15.76a




	
150

	
62.30ab

	
63.85bcde

	
25.67bc

	
14.46a




	
187.5

	
66.20ab

	
70.10e

	
24.91abc

	
14.72a




	
225

	
64.03b

	
67.91de

	
20.84a

	
14.58a




	
Wps

	
112.5

	
58.74ab

	
58.20ab

	
23.64abc

	
15.27a




	
150

	
63.78ab

	
61.24abc

	
24.78abc

	
15.27a




	
187.5

	
65.31b

	
64.42bcde

	
26.04bc

	
15.86a




	
225

	
65.23b

	
66.59cde

	
21.57ab

	
15.47a




	
F-value

	
SM

	
0.204

	
1.833

	
0.149

	
1.190




	
SR

	
3.978 *

	
17.916 **

	
2.366

	
3.19*




	
SM*SR

	
1.442

	
0.706

	
2.132

	
1.930








Different letters in the same column imply that there is a significant difference between treatments at p < 0.05. Db, Dr, and Wps represent the sowing methods dibbling, drilling and wide precise sowing, respectively. Overall, 112.5, 150, 187.5, and 225 winter wheat were sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. * and ** indicate significance at the 0.05 and 0.01 probability levels, respectively.
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Table 6. The thousand kernel weight, grain yield, spike number per m2, and kernel per spike mean values affected by the sowing methods (SM) and seed rate (SR).






Table 6. The thousand kernel weight, grain yield, spike number per m2, and kernel per spike mean values affected by the sowing methods (SM) and seed rate (SR).





	
Treatments

	
Thousand Kernel Weight (g)

	
Grain Yield (kg ha‒1)

	
Spike Number (per m2)

	
Kernels per Spike




	

	

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
Db

	
112.5

	
50.01ab

	
47.23abc

	
5170.37ab

	
5466.67ab

	
305.33ab

	
492.89ab

	
45.80g

	
45.30a




	
150

	
48.08ab

	
49.57e

	
4859.26ab

	
5777.78abc

	
280.89a

	
515.55abc

	
46.07g

	
44.63a




	
187.5

	
48.46ab

	
47.68abcde

	
4992.59ab

	
7200cd

	
353.34ab

	
578.67bcde

	
40.20d

	
42.47a




	
225

	
46.06a

	
47.34abcd

	
5007.41ab

	
6911.11bcd

	
313.33ab

	
624.45cde

	
35.93a

	
43.17a




	
Dr

	
112.5

	
51.72b

	
47.37abcd

	
5229.63ab

	
4866.66a

	
354.50ab

	
490.50ab

	
48.27i

	
42.70a




	
150

	
50.51b

	
48.35bcde

	
4814.8ab

	
5711.11abc

	
357.00ab

	
559.50abcd

	
43.27f

	
42.10a




	
187.5

	
50.48b

	
46.13a

	
4503.71a

	
6488.89abcd

	
320.00ab

	
657.00de

	
38.33b

	
41.70a




	
225

	
51.01b

	
46.29ab

	
4948.15ab

	
7488.89d

	
364.00ab

	
691.00e

	
39.93d

	
41.10a




	
Wps

	
112.5

	
51.34b

	
49.35de

	
4592.59ab

	
5666.67abc

	
355.57ab

	
458.67a

	
47.52h

	
43.63a




	
150

	
49.65ab

	
48.95cde

	
5259.26ab

	
6688.89bcd

	
340.00ab

	
495.56ab

	
41.53e

	
41.47a




	
187.5

	
51.17b

	
47.19abc

	
5703.71ab

	
7200cd

	
353.78ab

	
622.67cde

	
39.07c

	
41.80a




	
225

	
50.62b

	
46.95abc

	
5762.96b

	
6333.33abcd

	
402.22b

	
664.44de

	
38.13b

	
45.10a




	
F-value

	
SM

	
5.585 **

	
3.382 *

	
1.644

	
4.33

	
2.656

	
1.936

	
16.69 **

	
1.342




	
SR

	
1.155

	
7.11 **

	
0.318

	
6.933 *

	
0.595

	
15.953 **

	
1135.86 **

	
0.627




	
SM*SR

	
0.471

	
1.106

	
1.335

	
1.104

	
0.729

	
0.409

	
77.57 **

	
0.532








Different letters in the same column imply that there is a significant difference between the treatments at p < 0.05. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. In summary, 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805) sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. * and ** indicate significance at the 0.05 and 0.01 probability levels, respectively.
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Table 7. The effects of the sowing methods (SM) and seed rate (SR) on the wheat grain quality traits in both cropping seasons.






Table 7. The effects of the sowing methods (SM) and seed rate (SR) on the wheat grain quality traits in both cropping seasons.





	
Treatments

	
Test Weight (g L−1)

	
Hardness

	
Sedimentation Value (mL)

	
Wet Gluten (%)




	

	

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019

	
2017–2018

	
2018–2019






	
Db

	
112.5

	
790.40abc

	
764.97ab

	
60.89a

	
46.49a

	
28.71a

	
50.77abcd

	
31.81abc

	
30.31bcde




	
150

	
794.61bcd

	
771.23ab

	
61.33a

	
49.64a

	
28.19a

	
53.84d

	
31.79abc

	
31.27e




	
187.5

	
792.13abcd

	
774.70b

	
61.20a

	
50.01a

	
28.12a

	
47.25abc

	
31.20ab

	
29.25abcd




	
225

	
791.34abc

	
772.57ab

	
60.85a

	
50.77a

	
27.38a

	
46.26abc

	
30.72ab

	
28.99abc




	
Dr

	
112.5

	
792.05abcd

	
762.03a

	
61.03a

	
48.22a

	
28.55a

	
51.54bcd

	
31.58abc

	
30.58bcde




	
150

	
788.42ab

	
771.03ab

	
61.85a

	
48.89a

	
29.11a

	
50.04abcd

	
33.07cd

	
30.41bcde




	
187.5

	
791.2abc

	
767.80ab

	
62.30a

	
51.04a

	
27.89a

	
45.58a

	
32.13bc

	
28.93abc




	
225

	
791.71abcd

	
768.23ab

	
61.67a

	
51.37a

	
29.10a

	
44.7224

	
31.72abc

	
28.38a




	
Wps

	
112.5

	
785.08a

	
766.83ab

	
61.53a

	
50.03a

	
28.21a

	
51.77bcd

	
34.13d

	
30.84cde




	
150

	
793.66bcd

	
773.47ab

	
61.72a

	
48.56a

	
29.36a

	
52.25cd

	
32.31bc

	
31.09de




	
187.5

	
799.48d

	
768.67ab

	
63.17a

	
50.42a

	
28.99a

	
45.54ab

	
30.87ab

	
28.65ab




	
225

	
797.55cd

	
772.33ab

	
61.58a

	
50.65a

	
28.95a

	
47.81abcd

	
30.13a

	
29.40abcde




	
F-value

	
SM

	
1.685

	
1.254

	
0.924

	
0.237

	
0.637

	
0.785

	
2.146

	
0.649




	
SR

	
2.628

	
2.750

	
0.653

	
1.833

	
0.169

	
8.29 **

	
7.193 ***

	
10.05 ***




	
SM*SR

	
2.741 *

	
0.355

	
0.151

	
0.424

	
0.347

	
0.393

	
3.68 **

	
0.419








Different letters in the same column imply that there is a significant difference between the treatments at p < 0.05. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. In summary, 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805) sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. *, **, and *** indicate significance at the 0.05, 0.01, and 0.001 probability levels, respectively.
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Table 8. The effects of the sowing methods (SM) and seed rate (SR) on starch and its components in both cropping seasons.






Table 8. The effects of the sowing methods (SM) and seed rate (SR) on starch and its components in both cropping seasons.





	
Treatments

	
2017–2018

	
2018–2019




	

	

	
Total Starch %

	
Amylose%

	
Amylopectin%

	
Total Starch %

	
Amylose%

	
Amylopectin%






	
Db

	
112.5

	
58.13d

	
22.25d

	
35.88bcde

	
54.46bc

	
18.14abc

	
36.33bcd




	
150

	
59.80d

	
21.17c

	
38.63fg

	
54.04bc

	
16.54a

	
37.51cd




	
187.5

	
53.79bc

	
18.51b

	
35.28abcd

	
53.20b

	
19.04c

	
34.15ab




	
225

	
52.79abc

	
18.43b

	
34.36abc

	
54.23bc

	
18.80bc

	
35.44bcd




	
Dr

	
112.5

	
59.71d

	
23.2e

	
36.50cdef

	
54.85c

	
18.12abc

	
36.74bcd




	
150

	
59.50d

	
21.53cd

	
37.97efg

	
53.54bc

	
18.20abc

	
35.33bcd




	
187.5

	
54.15c

	
17.35a

	
36.80def

	
54.44bc

	
19.33c

	
35.11bc




	
225

	
50.94a

	
17.87ab

	
33.07a

	
54.12bc

	
19.18c

	
34.94bc




	
Wps

	
112.5

	
59.64d

	
22.19d

	
37.44defg

	
53.56bc

	
17.92abc

	
35.64bcd




	
150

	
60.11d

	
20.84c

	
39.27g

	
50.78a

	
18.79bc

	
31.99a




	
187.5

	
51.56ab

	
17.63ab

	
33.93ab

	
54.95c

	
16.92ab

	
38.02d




	
225

	
51.38a

	
18.28b

	
33.10a

	
53.94bc

	
19.34c

	
34.60ab




	
F-value

	
SM

	
0.457

	
1.583

	
0.042

	
4.09*

	
1.013

	
0.868




	
SR

	
94.007***

	
189.45***

	
24.59***

	
6.63**

	
2.497

	
1.588




	
SM*SR

	
2.183

	
3.02*

	
2.135

	
5.05**

	
2.54*

	
5.24***








Different letters in the same column imply that there is a significant difference between treatments at p < 0.05. Db, Dr, and Wps represent the sowing methods dibbling, drilling, and wide precise sowing, respectively. Notably, 112.5, 150, 187.5, and 225 represent the winter wheat (Xinong805), sown at 112.5 kg ha−1, 150 kg ha−1, 187.5 kg ha−1, and 225 kg ha−1, respectively. *, **, and *** indicate significance at the 0.05, 0.01, and 0.001 probability levels, respectively.
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