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Abstract

:

The current study was designed to investigate the best sowing method that encourages dry matter accumulation to increase dryland wheat yield, grain quality, and protein content. Three different seeding methods were applied: (I) wide-space sowing (WSS), (II) furrow sowing, and (III) drill sowing. Two nitrogen levels, namely low nitrogen (N1) and high nitrogen (N2), were also applied, and the pure nitrogen was 150 kg ha−1 and 210 kg ha−1, respectively. Wide-space sowing significantly increased the ears and yield production, the maximum, and average grain-filling rate while furrow sowing delayed the disappearance of the population after anthesis, increased the duration of grain filling, and then significantly increased the number of spikes and the 1000-grain weight increased, respectively. Drill sowing compared to wide-space sowing significantly increased the content of nitrogen in the grain of the nitrogen harvest index, and it increased the content of protein and the yield of protein, respectively. In addition, the grain yield and protein yield of wide-precision sowing were significantly higher than that of trench sowing. Our findings suggest that wide-space sowing was beneficial for increasing water consumption during the growth period, increasing the tiller dynamics, improving the plant dry matter quality, and increasing the grain protein.
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1. Introduction


The Loess Plateau is one of the key wheat (Triticum aestivum L.) generating zones in China, and its yield regulates food security [1]. Fertilization rotation technology ensures the supply of nutrients needed for winter wheat growth and the sustainable development of cultivated land resources, which is an important measure to improve the high-yield cultivation of dryland wheat [2,3,4]. In the dryland wheat area of the Loess Plateau, precipitation incidentally affects the yield by upsetting the formation of wheat yield mechanisms in the dryland [5,6]. The purpose of water storage and soil conservation sowing technology is to maximize the accumulation of natural precipitation in the soil, to alleviate the contradiction of long-term displacement of precipitation between the dryland wheat growth periods, and to regulate the water requirements of crops in the growth period [7,8], the annual precipitation fluctuates significantly [9]. The common tillage measures in the Loess Plateau include deep turning and deep loosening in the leisure period. Deep turning is a field operation in which the deep turning machine is used to deep turn the cultivated land to 25–30 cm in the leisure period to break the bottom of the plow, realize the soil disturbance, change the soil structure, and achieve the purpose of increasing the soil water storage [10,11]. Drill sowing is the use of total return to the field through the use of anti-winding no-tillage fertilization and sowing machines. The use of agricultural machinery while also completing such tasks as stubble eradication, sowing, fertilization, repression, and other operations. For this reason, in recent years the Loess Plateau dry wheat area has made a push toward using sowing technology [12].



This technique has been widely used in the upland wheat areas of Henan, Shaanxi, and Shanxi [13]. Sowing in imitation of the terrain, applying fertilizer, and crushing after sowing were completed at one time, so as to achieve zero connection between plowing and sowing and improve the efficiency of operating the agricultural machinery and the comparative benefit of the wheat production. Wide-space sowing technology has been widely used in Shandong, Hebei, Henan, and other places and has been introduced to the Loess Plateau region in recent years, although it is still in the improvement stage of adapting to local conditions [14].



A study in the region of Loess Plateau showed that the crop yield water-use efficiency, with controlled-release sowing nitrogen fertilizers, and increased economic revenues by 8.5%, 10.9%, and 11.3%, respectively [15]. Too much use of N fertilizers has numerous adverse effects on the environment [16,17]. The investment in N fertilizer has meanwhile increased. Therefore, suitable N application should be cautious considering those economic increases [18]. Protein composition in the Loess Plateau dry land is short, particularly the N side by side [19]. Applying N fertilizers can suggest the N use efficiency of winter wheat and increase the grain yield. The sowing amount had a significant effect on the protein content of wheat grains. Under the present experimental conditions, grain protein content and gluten content are inversely proportional to the sowing amount. The protein composition of wheat is an important factor in determining the processing quality, as especially the amount and composition of gluten and glycolin are closely related to the elasticity and ductility of dough. The hydrate of gliadin has high viscosity, good elongation, but low resistance to elongation [20,21]. The decrease in the grain protein content and the increase in the sowing quantity were also reported. Grain quality traits decreased with increasing the sowing size, probably due to the effect of competition among plants for available resources on single grain weight. In previous studies, the protein content of the grain increased with the increase in the seeding rate [18,22,23]. Only when the ratio of gliadin to glutenin is right can the ideal dough be formed and the best processing quality be achieved. Flours with high glycolin content are good at retaining air during fermentation but poor at retaining air during baking. Flours with a high gluten content do not retain the air in the dough well during fermentation and baking. The content and proportion of glutenin and gliolysin in different wheat varieties were different, which resulted in the difference of processing quality. Due to the high content of two storage proteins (gliadin and gluten), which greatly affect the processing quality, metabolic proteins (albumin and globulin) have been studied more [16]. The objectives of this study were as follows: (1) to determine the crop yield water-use efficiency, with controlled-release sowing nitrogen fertilizers (2) to assess the responses to the N fertilization rate of the grain yield in the soil water consumption and the fallow season precipitation use rate in dry land winter wheat under varying rainfall conditions (3) to determine the effects of sowing methods and the nitrogen application rate on wheat population and yield in dryland.




2. Materials and Methods


Field experiments were conducted throughout the dryland wheat growing season from 2019 to 2021 at Experimental Station Wenxi, Shanxi Agricultural, situated in Wenxi County (34°35′ N; 110°15′ E), Province of Shanxi, China. The location is characterized by the semi-arid climate of the northeast Loess Plateau region, with a normal annual ambient temperature of 11–13 °C and an annual rainfall of 335.0–671.30 mm (2011–2019). The region lies between 450 and 700 m above level of sea, and the annual rainfall tends to increase from July through September.



2.1. Experimental Design and Field Management


The research design was split-plot design dryland wheat (Triticum aestivum L.). The cultivar “Yunhan 20410” was attained from Wenxi Agriculture Bureau, China. In the secondary area, low nitrogen (N1) and high nitrogen (N2) were applied, and the pure nitrogen was 150 kg ha−1 and 210 kg ha−1, respectively. Tianji compound urea + fertilizer were applied, and urea was artificially applied one day before urea sowing. All treatments were applied with P (phosphorus) 155.10 kg p ha−1 and K (potassium) 35.25 kg k ha−1, and the fertilizer was compound fertilizer. The sowing amount was 165 kg ha−1. The plot area was 150 m2 (50 m × 3 m) and it was repeated three times (Figure 1). The planting thickness was 315 × 104 plant ha−1. All plants that were planted in this experiment were harvested by agriculture machines in late June each year. During whole plant growing seasons, weeds were manually controlled and no irrigation was applied at any time throughout the entire experimental period. The experimental data of sowing levels are shown in Figure 2 and Table 1 and Table 2.




2.2. Sampling and Measurements


2.2.1. Soil Moisture


Soil gravimetric moistness content (GSW %) was noted and stated in soil water storing (SWS mm). After previous harvesting, gravimetric water content was measured at 20 cm additions to a complexity of 300 cm in the 45th, 108th day. At the progressive phases of sowing, jointing, heading, wintering, anthesis, and maturity, the soil gravimetric humidity was also resolute to each treatment. The gravimetric water content was intended as the ratio of the mass of water present to the dry weight of the soil samples. The dry weight of soil sample was attained after placing all the fresh samples, which were dried at 105 °C in a cabinet-type forced air dyer for 24 h. For each plot, gravimetric water content at a given level was resolute by an average of the standard values from three random sampling facts located in the central row between two plants. At an earlier point, the plots were arranged and the soil bulk thickness was measured at 20 cm additions to a depth of 300 cm for the entire soil outline (0–300 cm depth).


SWS (mm) = GSW (%) × ρb (g cm−3) × SD (mm)



(1)




where ρb is soil bulk thickness of given soil coating, and SD refers to soil depth.




2.2.2. Photosynthetic Characteristics


The net photosynthetic rate (Pn), intercellular CO2 concentration (Ci), stomatal conductance (gs), and transpiration rate (E) of the flag leaf were measured by CI-340 hand-held photosynthesis measurement system from 9:00 to 11:00 h. To liken photosynthetic physiognomies of the leaves to similar developing age, after the flag leaves fully expanded the cultivar gas-exchange measurements were conducted directly. The measurements of gs, Ci, Pn, and E, which were assimilated in a system with a leaf compartment temperature of 25 °C, and the carbon dioxide absorption in the leaf compartment, were kept at 380 µmol (CO2) mol−1 by means of a CO2 injector with a high-pressure liquid CO2 container source. The active photosynthetic radiation was set at 1500 µmol (photon) m−2 s−1. The external moisture was well-known as 40–50%.




2.2.3. Soil Temperature and Calculation of Accumulated Temperature


Measurement of soil temperature: In the wintering period, the temperature recorder (Maxim DS1921k Integrated 160 Rio Robles, San Jose, CA, USA) was buried in the soil layer of 5 cm and 10 cm in each plot, repeated three times, and the data were recorded once every 2 h, 12 times a day. The mean of the 12 times a day was recorded as the average daily temperature, unit: °C. The temperature recorder was taken out at maturity.


  A =   ∑  i   n      T   i      



(2)






    T   m   =     A   m     t    



(3)




where A is the soil accumulated temperature (°C d), n is the growth days of wheat development, Ti is the average daily temperature on day I (°C); Tm is the average daily soil temperature during wheat growth period (°C); Am is the accumulated soil temperature (°C d) in wheat growth period. T is the days of the wheat growth period (d); M is the growth stage of wheat, including the overwintering stage, turning green stage, heading stage, flowering stage, and maturity stage. According to the formula of soil temperature, we proposed to calculate the soil accumulated temperature and the daily soil temperature during the growth period.




2.2.4. Plant Nitrogen Rate



N absorption efficiency (kg/kg) = N accumulation/n application



(4)






N partial efficiency (kg/kg) = grain yield/fertilizer application



(5)






N usage efficacy (kg/kg) = grain profit/plant N accumulation



(6)






2.2.5. Yield and Yield Components


At maturity level, ten wheat plants from each design were randomly tested from the inner rows to determine the yield components, such as seed number per ear, number of ear, and seed weight. Design grain yield was resolute by harvesting completely plants in the range of 20 m2, shelled by machine, and the grain was air-dried for the resolve of grain produce.




2.2.6. Crop Water Productivity and Total Evapotranspiration


Crop water productivity (kg grain yield ha−1 mm−1 ET) was calculated as follows:


CWP = Y/ET



(7)




where Y is the grain yield (kg ha−1), and ET (mm) is the total evapotranspiration during the wheat growth period from sowing to maturity. ET was calculated using the water balance equation for the Loess Plateau according to Xue et al. (2019) [24]:


ET = P + ΔSWS − SR − DWP



(8)








2.2.7. The Calculation Formula as Follows


Nitrogen running capability of vegetative structures before anthesis (kg ha−1) = nitrogen buildup capacity of vegetative structures at anthesis—nitrogen buildup capacity of vegetative structures at maturity.



Influence rate of nitrogen transfer earlier anthesis (%) = nitrogen transfer earlier anthesis/nitrogen buildup in grains × 100%.



Nitrogen buildup after anthesis (kg ha−1) = nitrogen buildup at mature period—nitrogen buildup at anthesis period.



Contribution rate of N buildup after anthesis (%) = N buildup after anthesis/N buildup in grains × 100.




2.2.8. Statistical Analysis


The data of photosynthesis physiological and winter wheat growth yield was pro-cessed and statistically analyzed through Microsoft Excel 2010 and Sigma Plot 14.0 soft-ware to process data and draw graphs, and DPS7.5 was used for statistical analysis. A two-way ANOVA was used to study the main sowing method and soil water consumption on yield nitrogen on yield. The least significant difference (LSD) method was used for variance analysis and independent t-test, and the significance level was set to α = 0.05; differences were considered statistically significant when p ≤ 0.05.






3. Results


3.1. Effects of Sowing Methods on Soil Water Consumption


Under sowing methods, the proportion of soil water intake increased with the increase in the nitrogen presentation rate, while the proportion of rainfall in total water consumption was the opposite (Table 3). Under the same nitrogen fertilizer, the proportion of soil water intake increased, and the soil water in the total water intake of the three sowing techniques in descending order were WSS > FS > DS, while the proportion of precipitation in the total water intake was the opposite. The proportion of rainfall in the total water intake of the ordinary drill methods was significantly improved 15.63% and 25.17%, respectively. Concerning drill sowing and wide-space sowing, there was no significant variance between drill sowing and furrow. The effects of the significance test revealed that the sowing method and the nitrogen rate had significant effects on the soil water intake and its proportion in the total water intake, the rainfall in the total water intake, and the total water intake, but nitrogen fertilizer had no significant result on the soil water intake and its proportion in the total water intake. The sowing techniques has a significant directive effect on the soil water intake and the precipitation application in dryland wheat field, while nitrogen fertilizer only has a significant regulation effect on rainfall.



Different sowing methods change the soil water intake at each growth period. The coefficients of water ingestion at different growth periods are shown in Table 4. Furrow sowing increased water ingestion from wintering to the jointing period. From the jointing to the anthesis stage, this nitrogen level N210 and wide-space-sowing method caused a significant increase in daily water consumption. In terms of promoting water consumption, wide-space sowing and N210 performed better in the early stage of wheat growth, whereas furrow sowing was more prominent during the middle stages. Wide-space sowing with N210 had better performance in soil water ingestion.



From the sowing to the wintering stage, furrow sowing had a significant effect on the soil water storage in the cultivar layer (20–40 cm), while drill sowing had a higher effect on the soil water storage in the 80–200 cm layer, which was significantly higher than other sowing methods (Figure 3). In addition, wide-space sowing significantly increased the soil water storage in 200–260 cm soil layer. From the different stages of wintering to jointing, wide-space sowing had better soil water storage capacity, especially in the 60–200 cm soil layer, and the soil water storage capacity was significantly higher than that of furrow and drill sowing. Similarly, in the 120–200 cm soil layer from the jointing to the anthesis stage, and the 200–300 cm soil layer from the anthesis to the maturity stage, wide-space sowing had better performance. Generally, furrow sowing and wide-space sowing performed better in the water storage of plow layer.




3.2. Nitrogen Accumulation and Translocation of Plant


The plant accumulation amount, grain nitrogen content, pre-anthesis translocation, and translocation rate of high nitrogen (N2) were significantly higher than the low nitrogen (N1) level, respectively, while the contribution rate of the post-anthesis accumulation was the opposite (Table 5). Under the same nitrogen fertilizer, the order of the plant accumulation, the grain nitrogen content, the pre-anthesis transfer, and the N harvest index of the three seeding methods was as follows: WSS > FS > DS, while the involvement rate of the post-anthesis addition to grain was the opposite. The pre-anthesis buildup, the pre-anthesis transfer and the N harvest index of broad-width fine sowing were significantly increased by 19.29% and 51.49%, 25.02% and 68.34%, 3.59% and 8.13%, respectively, compared to those of drill sowing and wide-space sowing, respectively. According to the significance test, the effects of sowing methods on the relevant nitrogen buildup and the transshipment volume (except for the input rate of transshipment before anthesis and the involvement rate of transshipment before anthesis to grains) reached a significant level. Meanwhile, the effects of the nitrogen fertilizer on the contribution rate of transshipment before anthesis to grains, and the impact of relevant nitrogen buildup and transshipment volume (except for the nitrogen harvest index) reached a significant level. It was noted that no interaction occurred between the sowing method and the nitrogen fertilizer on the nitrogen accumulation and transshipment. Nitrogen buildup before anthesis determines the nitrogen content of grains to a certain extent.




3.3. Water Ingestion of Wheat during Growth Phase, and Accumulated Temperature of Soil


Under the same sowing method, water ingestion at each growth phase of wheat increased to the increase in the nitrogen use rate (Table 6). Under the same nitrogen fertilizer, the water consumption of the three sowing methods in the different growth stages from large to small was as follows: WSS > FS > DS. The water consumption of wide-space fine sowing was significantly increased by 27.09%, 17.25% 30.77%, 17.57%, and 26.43%, respectively. The water consumption of N2 significantly increased by 17.93%, 16.51%, 13.40%, and 16.94% compared to that of N1 in the sowing to wintering, wintering to jointing, joining to flowering, and flowering to maturity, respectively. Through the significance test, the effects of the sowing mode and the nitrogen application rate on water consumption at each growth stage of wheat were significant, and there was no interaction between the sowing mode and the nitrogen application rate on water consumption at each growth stage of wheat. The sowing method and nitrogen use rate can regulate water ingestion at each growth phase.



Under the same sowing methods, the soil accumulated temperature at 5 cm and 10 cm improved with the increase in the nitrogen use rate, while the soil added temperature at 10 cm under the WSS treatment was on the opposite (Table 7). Under the same nitrogen fertilizer gradient, the accumulated soil temperature of 5 cm and 10 cm in the descending order was WSS > DS > FS. The soil accumulated temperature of 5 cm and 10 cm was significantly increased by 6.74% and 11.17%, 6.04%, and 7.73%, respectively, compared with that of furrow sowing and ordinary drill sowing. N1 compared to the N2 accumulated increased by 6.13% and 3.83%, respectively, and there was a significant difference between the 5 cm soil accumulated temperature treatments. The results of the significance test showed that the sowing methods and the nitrogen application rate had significant effects on the soil accumulated temperature at 5 cm and 10 cm, respectively, but the nitrogen application rate had no significant effect on the soil accumulated temperature at 10 cm. There was no interaction between the sowing method and the nitrogen fertilizer on the soil accumulated temperature at 5 cm and 10 cm. In conclusion, the sowing methods significantly affected the soil accumulated temperature while the nitrogen fertilizer only significantly affected the soil accumulated temperature at 5 cm.




3.4. Effects of Photosynthetic Parameters, and Grain Yield Components


The net photosynthetic rate of flag leaves is shown in Figure 4A. There was a great decrease from the early to central grain-filling stage. The net photosynthetic rate of the drill sowing treatment was significantly lower compared to other treatments, e.g., about 44% lower than wide-space sowing and 34% lower than furrow sowing. The decreasing trend of the transpiration rate was not apparent at the early stage of grain filling. Still, it was consistent with the changing trend of the net photosynthetic rate from the early stage to the late stage, and it decreased significantly (Figure 4B). The results showed that the flag leaves had an obvious water demand and strong transpiration after grout. The intercellular CO2 attention was the highest under WSS and DS at different stages after anasturation, which was 22% higher than that of drill sowing, 8% higher than that of drill sowing at the initial, middle, and late stage of grain filling, and 7% higher than that of drill sowing at the middle and late stage of grain filling, respectively (Figure 4C). With the growth process of winter wheat after flowering, the stomatal conductance of flag leaf decreased significantly from the early to the middle filling stage (Figure 4D). Different sowing methods can improve the stomatal conductance of flag leaves after flowering, especially promoting the end of grain filling. Wide-space sowing and drill sowing performed best except at the initial stage.



The different sowing methods, yield, panicle number, and grain number per panicle increased with the nitrogen application rate, but the 1000-grain weight was the opposite (Table 8). Under the same nitrogen fertilizer, the yield, the spike number and the 1000-grain weight of the three sowing methods in descending order were WSS > FS > DS. The yield, the spike number, and the 1000-grain weight of wide-space sowing were significantly increased by 13.73% and 31.46%, 13.90% and 31.35%, 7.42% and 5.44%, respectively, compared with those of soil wetness furrow sowing and ordinary well sowing, but the the 1000-grain weight of WSS and the soil humidity FS had no significant difference. The yield of N2 was 13.75% higher than that of N1, and the 1000-grain weight was 8.47% lower than that of N1. The results showed that the belongings of the sowing methods and the nitrogen application rate on wheat yield, the spike number, and the 1000-grain weight were significant, and there was no interaction between the sowing method and the nitrogen application rate on wheat yield and its three factors. In conclusion, the yield difference between the sowing methods and the nitrogen application rate was mainly caused by the spike number and the 1000-grain weight, and the yield was the highest when combined with 210 kg ha−1 N fertilizer.





4. Discussion


4.1. Effects of Nitrogen Fertilization on Soil Water in Dryland


This experiment was conducted in the southern part of Shanxi Province, located in the temperate continental monsoon climate region, which is characterized by four distinct seasons, with a dry and windy spring, high temperatures and rain during the summer, a mild and cool autumn, and a cold and dry winter. Water is an important factor limiting the growth and development of wheat in dryland, and the difference in water ingestion can reflect the change of growth and development to some extent [25]. The sowing methods can affect population construction [26,27]. In particular, wide-space sowing adopts double-row sowing, which has a large population and increases water consumption [28]. The sowing method on both the edges of the ridges and furrows increases the water use due to the water storage belongings and the soil temperature belongings increasing dryland wheat [29]. Nitrogen fertilizer can increase the water ingestion in the deep soil between jointing and flowering in wheat field and increase yield [7,30]. Nitrogen fertilizer increased water consumption at jointing and ripening stage. It may be caused by differences in soil quality and living environment. The results of the variance analysis showed that the water consumption of dryland wheat was independent of the sowing method and the nitrogen application rate. This may be due to the different regulation modes of the seeding method and the nitrogen application rate on the population. The seeding method is more about regulating the spatial distribution of the wheat ground [24]. During the wintering stage to the mature stage, the soil temperature at 5 cm and 10 cm gradually increased with the advance of the growth stage, and the soil temperature at the mature stage was the highest, which was consistent with the climate characteristics of the test area. At the same time, the same results pertained to the overwintering stage and jointing stage, and the different N application rate showed no significant difference between the soil temperature, while the booting stage, flowering period, mature stages showed some significant differences between treatments, namely the sowing method and N application rate of dryland crop increased the effect of soil temperature in the wheat growth anaphase, which agrees with the findings of previous research. Both the sowing method and the nitrogen application rate can regulate the population of wheat; the analysis of soil temperature at each growth stage could not reflect the differences between the sowing methods and nitrogen [31]. The soil accumulated temperature of 5 cm was significantly increased by the nitrogen application. This is consistent with the results of previous studies. The two-row seeding adopted by wide-space sowing produces a large population [20,32]. Nitrogen fertilizer does not affect plant roots at 10 cm in soil. At the same time, there was no interaction between the sowing method and the nitrogen fertilizer on the soil accumulated temperature at 5 cm and 10 cm. This increases the daily temperature to a certain extent, leading to a higher soil accumulated temperature. It may also be because the soil temperature in this experiment was measured at daytime temperatures from 8:00 to 20:00, and the influence on the accumulated temperature at night needs to be further studied. Nitrogen fertilizer has no significant effect on the soil accumulated temperature at 10 cm, which may be because nitrogen fertilizer has little effect on the roots in this soil layer. The sowing methods can regulate the spatial distribution of wheat population on the ground and affect its yield and components [33,34]. The panicle number, the grain yield, and the 1000-grain weight were significantly improved by WSS and soil humidity FS associated with DS, and the regulation aptitude of WSS was more advanced than the soil humidity compared to FS. From prior studies, we know that the variance of wheat yield in dryland is resolute by the panicle number and 1000-grain weight [35]. Further analysis of the formation process of the spike number showed that the broad-width precision sowing population at the maturity period was higher, while the sowing population at the other growth stages was lower than that at the drill sowing, which was consistent with previous studies. The double-row sowing with broad-width precision sowing could increase the emergence rate of wheat. Sowing on both sides of the ridge and furrow in the trenching ditch resulted in a lower sowing emergence rate, but the warming effect in a low temperature atmosphere was advantageous to the development of wheat [36]. The situation of a lack of seedlings and ridging in ordinary drill sowing was not favorable to the growth of population in the early stage, and at the same time led to the population extinction after flowering, which was faster than that of sowing in trenching soil [36,37,38].



In addition, the analysis of grain-filling process showed that the grain-filling rate increased the most during the fast growth stage, reaching 57.53~64.65%. Furthermore, the logistic equation was used to quantitatively study the grain-filling stage, which mainly depended on the duration of filling and the rate of filling. Compared to the other two sowing methods, the maximum and average filling rates were improved by WSS, and the difference coefficient of the period of slow accumulative period and mass increased by more than 40%. The duration of grouting was increased by furrow sowing. Drill sowing increased the grout rate in increasing and fast increasing stages. This is consistent with previous studies that have demonstrated that there are big populations in the initial and intermediate periods of wheat growth and improvement, and the rapid extinction of population in the late stage is not conducive to grain filling [38,39]. The population of wide-space sowing fine sowing was the largest, the maximum and average filling rate were increased, and the variability in the slow growth period was large, and the final 1000-grain weight was the largest [40,41]. Furrow sowing of the soil moisture detection increased the duration of the gradual and fast increasing stages, thus increasing the duration of the whole filling stage, and the 1000-grain weight was lower than that of wide-space sowing. Drill sowing has no advantage in the filling rate and duration, and the 1000-grain weight is the minimum [42,43,44,45]. The results showed that nitrogen fertilizer could significantly increase the grain yield, the spike number, and decrease the 1000-grain weight, and the regulation aptitude improved. The variance yield in dryland is resolute by the spike quantity and the 1000-grain weight [46,47,48]. An analysis of the spike number formation process showed that nitrogen fertilizer significantly increased wheat population at each growth stage. This is consistent with the results of previous studies: nitrogen fertilizer can increase the population in the early stage of wheat and delay the extinction of population [49,50]. The results of variance analysis showed that the effects of the sowing method and the nitrogen application rate on wheat population and yield in dryland were independent of each other. This may be caused by differences in the wheat population and yield in response to the sowing methods and nitrogen fertilizer, or by differences in wheat genotypes and soil quality. Further research is needed.




4.2. Effects of Yield Formation in Dryland


This study demonstrated that WSS was greater than that of soil humidity FS. By investigating the grain-filling procedure, the logistic calculation measurable study revealed that with the increase in nitrogen fertilizer, the ordinary filling rate and the filling rate in the slow growth period improved with the increase in N. This was consistent with earlier studies in that the wheat population was improved by the nitrogen fertilizer although it presented premature senility in the later period [51]. The nitrogen nutrition structures encouraged the grain transshipment and increased the grain nitrogen content and harvest index [52]. Nitrogen fertilizer contributes to the addition of nitrogen in crop plants and the transportation of vegetative organs and reproductive organs [53,54]. Nitrogen dressing could significantly increase the nitrogen content of wheat plants after the jointing stage, and the nitrogen transshipment before flowering contributed up to 68~75% to the grains. This study demonstrated that accumulative nitrogen fertilizer could significantly increase nitrogen accumulation, pre-anthesis transportation, and the grain nitrogen content of wheat, and could significantly reduce the contribution rate of post-anthesis buildup to the grain. This is consistent with the results of previous studies. At the same time, the special effects of the sowing technique and the nitrogen use rate on nitrogen buildup in dryland wheat were liberated and there was no communication. There may be differences in the response of nitrogen accumulation and transport in wheat to the sowing methods and nitrogen fertilizer, and further research is needed.





5. Conclusions


From the different sowing techniques, we concluded that wide-space sowing (WSS) in the location of Wenxi was beneficial growth, and it improved winter wheat, increased the final yield, and improved the quality. However, WSS increases the nitrogen accumulation in individual growing period photosynthetic physiognomies, improves flowering and also wide-space sowing, increases the tiller dynamics, promotes nutrient operation, and increases yield and the grain protein content. Wide-space sowing improves the nitrogen buildup in each growth period, increases the influence rate of nitrogen operation before flowering with grain, improves the nitrogen absorption efficiency, and the nitrogen fertilizer production efficiency. Therefore, WSS was beneficial to plant nutrient operation.
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Figure 1. Average monthly rainfall and temperature years 2010–2020. 
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Figure 2. Information of sowing methods in the experiment sowing, and row spacing was (A) WSS, wide-space sowing (B) FS, furrow sowing (C) DS, drill sowing. During the plant growing season, herbicides and insecticides were applied once in spring. Wheat “one spray and three control” was applied at the anthesis stage, which is a combination of pesticides, fungicides, plant growth regulators, and micro-fertilizer, to prevent diseases, insects, and premature aging. No irrigation was applied during the whole experiment. 
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Figure 3. Effects of sowing methods on changes in the soil water storage amount in the different soil layers at the different growth stages in dryland wheat. WS, JS, AS, and MS indicate the wintering stage, jointing stage, anthesis stage, and maturity stage. 
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Figure 4. Effects of sowing methods on net photosynthesis (Pn), transpiration rate (E), intercellular CO2 concentration (Ci), and stomatal conductance (gs) of flag leaves in dryland wheat after anthesis. Note: AS, EFS, MFS, and LFS indicate anthesis, early grain filling, mid-grain filling, and late grain-filling stages during the grain-filling period. 
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Table 1. Sowing time in dryland wheat.
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Items

	
Growing Season




	
2019–2020

	
2020–2021






	
Wide-space sowing (WS)

	
10-July

	
15-July




	
Furrow sowing (FS)

	
10-July

	
15-July




	
Drill sowing (DS)

	
10-July

	
10-July
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Table 2. Soil nutrients content in the 0–20 cm soil level before wheat sowing.
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	Year
	Organic Matter

(g kg−1)
	Alkali-Hydrolysable Nitrogen

(g kg−1)
	Available Phosphorus

(mg kg−1)
	Available Potassium

(mg kg−1)
	PH

(2.5:1)





	2018–2019
	9.90
	32.2
	15.73
	112.5
	8.2



	2019–2020
	9.62
	33.6
	16.62
	108.9
	8.4



	2020–2021
	8.07
	32.1
	17.64
	117.6
	8.1
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Table 3. Sowing method and nitrogen fertilizer on total water consumption of wheat, soil water consumption, and precipitation.
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Treatment

	
Soil Water

	
Precipitation

	
Total

Water Consumption




	
Water Consumption (mm)

	
Proportion

(%)

	
Amount

(mm)

	
Proportion

(%)






	
FS

	
N1

	
217.20 ± 1.20 c

	
77.68 ± 3.88 ab

	
62.40

	
22.32 ± 1.20 bc

	
279.60 ± 18.33 c




	
N2

	
254.69 ± 0.68 b

	
80.07 ± 3.56 a

	
62.40

	
19.93 ± 0.68 d

	
318.09 ± 16.27 b




	
DS

	
N1

	
181.44 ± 1.95 d

	
73.80 ± 1.99 b

	
62.40

	
26.20 ± 1.95 a

	
245.84 ± 17.97 d




	
N2

	
223.48 ± 1.66 c

	
77.36 ± 5.28 ab

	
62.40

	
22.64 ± 1.66 b

	
288.88 ± 17.24 c




	
WSS

	
N1

	
253.31 ± 0.51 b

	
79.23 ± 4.72 a

	
62.40

	
20.77 ± 0.51 cd

	
319.71 ± 19.60 b




	
N2

	
301.81 ± 1.36 a

	
81.74 ± 3.62 a

	
62.40

	
18.26 ± 1.36 e

	
369.21 ± 19.57 a




	
Single factor average




	
Sowing methods

	
FS

	
235.95 ± 18.00 b

	
78.88 ± 1.38 b

	
-

	
21.12 ± 0.80 b

	
298.85±21.05 b




	
DS

	
202.46 ± 19.59 c

	
75.58 ± 1.00 c

	
-

	
24.42 ± 0.92 a

	
267.36 ± 19.23 c




	
WSS

	
277.56 ± 21.62 a

	
80.49 ± 1.57 a

	
-

	
19.51 ± 0.83 b

	
344.46 ± 18.94 a




	
N fertilizer

	
N1

	
217.32 ± 0.98 b

	
76.91 ± 0.38 b

	
-

	
23.09 ± 0.08 a

	
281.72 ± 19.57 b




	
N2

	
259.99 ± 1.23 a

	
79.72 ± 1.78 a

	
-

	
20.28 ± 1.23 b

	
325.39 ± 17.85 a




	
F value




	
S

	
78.47 **

	
7.47 *

	
-

	
34.17 **

	
109.09 **




	
N

	
43.76 **

	
3.15

	
-

	
60.38 **

	
41.22 **




	
S × N

	
0.25

	
0.06

	
-

	
1.04

	
0.22








Note: different lowercase letters represent significant differences between treatments for the same year (p ≤ 0.05); *, ** indicated significant differences at p = 0.05, 0.01 levels, respectively.
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Table 4. Effects of sowing methods on soil water consumption in the different growth stages in dryland winter wheat.
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Sowing

Methods

	
Sowing-Wintering

	
Wintering-Jointing

	
Jointing-Anthesis

	
Anthesis-Maturity




	
CA

(mm)

	
CP

(%)

	
CD

(mm)

	
CA

(mm)

	
CP

(%)

	
CD

(mm)

	
CA

(mm)

	
CP

(%)

	
CD

(mm)

	
CA

(mm)

	
CP

(%)

	
CD

(mm)






	
WSS

	
97.8 a

	
23.3 a

	
1.24 a

	
130.7 a

	
30.9 ab

	
0.82 a

	
49.8 b

	
11.9 c

	
1.72 b

	
142.6 a

	
34.0 b

	
3.48 a




	
FS

	
77.8 b

	
19.6 b

	
0.98 b

	
130.9 a

	
32.7 a

	
0.81 a

	
69.0 a

	
17.1 a

	
2.38 a

	
122.9 c

	
30.7 c

	
3.00 c




	
DS

	
81.9 b

	
21.6 ab

	
1.04 b

	
111.0 b

	
29.0 b

	
0.70 b

	
52.6 b

	
13.62 b

	
1.81 b

	
137.2 b

	
35.8 a

	
3.35 b








Note: Indicate CA: amount of water consumption; CP: percentage of CA to total water consumption; CD: daily water consumption. From these columns, the variance letters indicated the significant difference on the level of p < 0.05. The same below.
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Table 5. Effect of sowing method and nitrogen fertilizer on nitrogen accumulation transport in plants.
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Treatment

	
Accumulation (kg ha−1)

	
Grain

N Content

(kg ha−1)

	
Before Anthesis (kg ha−1)

	
To Grain Contribution Rate %

	
N

Harvester Index(%)




	
Anthesis

	
Mature

	
After Anthesis

	
Transport Amounts (kg ha−1)

	
Transport Rate %

	
Before Anthesis

	
After Anthesis






	
FS

	
N1

	
71.14 ± 4.35 c

	
84.73 ± 4.91 c

	
13.59 ± 0.83 c

	
69.48 ± 3.23 c

	
55.89 ± 2.97 c

	
78.56 ± 3.16 bc

	
80.44 ± 5.47 a

	
19.56 ± 0.708 c

	
82.01 ± 1.80 bc




	
N2

	
85.23 ± 4.30 b

	
101.9 ± 4.05 b

	
16.67 ± 0.76 a

	
86.61 ± 2.03 b

	
69.94 ± 2.66 b

	
82.07 ± 4.27 ab

	
80.75 ± 6.49 a

	
19.25 ± 1.00 cd

	
85.02 ± 5.02 ab




	
DS

	
N1

	
53.83 ± 4.26 d

	
65.81 ± 3.54 d

	
11.98 ± 0.90 d

	
51.33 ± 5.72 d

	
39.36 ± 2.93 d

	
73.11 ± 3.82 c

	
76.67 ± 4.54 a

	
23.33 ± 1.36 a

	
78.02 ± 1.01 c




	
N2

	
69.28 ± 3.95 c

	
84.44 ± 4.55 c

	
15.16 ± 0.79 b

	
69.24 ± 2.06 c

	
54.08 ± 2.64 c

	
78.06 ± 3.8 bc

	
78.11 ± 4.13 a

	
21.89 ± 1.36 b

	
82.10 ± 2.47 bc




	
WSS

	
N1

	
84.09 ± 3.08 b

	
99.23 ± 3.13 b

	
15.13 ± 1.39 b

	
84.34 ± 1.92 b

	
69.21 ± 3.22 b

	
82.30 ± 2.96 ab

	
82.06 ± 4.78 a

	
17.94 ± 1.10 d

	
85.03 ± 5.58 ab




	
N2

	
102.43 ± 4.74 a

	
119.5 ± 4.09 a

	
17.07 ± 0.88 a

	
105.16 ± 4.61 a

	
88.09 ± 1.10 a

	
86.03 ± 1.94 a

	
83.77 ± 6.26 a

	
16.23 ± 0.98 e

	
88.01 ± 4.60 a




	
Single factor average




	
Sowing

methods

	
FS

	
78.18 ± 4.37 b

	
93.31 ± 3.66 b

	
15.13 ± 0.86 a

	
78.05 ± 6.65 b

	
62.91 ± 2.02 b

	
80.31 ± 4.69 ab

	
80.59 ± 3.83 a

	
19.41 ± 0.61 b

	
83.50 ± 3.24 b




	
DS

	
61.56 ± 4.32 c

	
75.13 ± 3.52 c

	
13.57 ± 0.85 b

	
60.29 ± 6.81 c

	
46.72 ± 4.48 c

	
75.58 ± 2.64 b

	
77.39 ± 2.06 a

	
22.61 ± 0.77 a

	
80.01 ± 2.17 c




	
WSS

	
93.26 ± 3.44 a

	
109.36 ± 5.12 a

	
16.10 ± 1.04 a

	
94.75 ± 4.32 a

	
78.65 ± 4.17 a

	
84.15 ± 3.07 a

	
82.91 ± 3.15 a

	
17.08 ± 0.43 c

	
86.50 ± 3.72 a




	
N fertilizer

	
N1

	
69.69 ± 1.06 b

	
83.25 ± 0.89 b

	
13.57 ± 0.11 b

	
68.38 ± 2.34 b

	
54.82 ± 1.09 b

	
77.99 ± 1.20 b

	
79.72 ± 1.90 a

	
20.28 ± 0.56 a

	
81.67 ± 1.60 b




	
N2

	
85.65 ± 1.69 a

	
101.95 ±1.50 a

	
16.30 ± 0.81 a

	
87.01 ± 1.52 a

	
70.71 ± 1.36 a

	
82.04 ± 2.04 a

	
80.88 ± 1.45 a

	
19.12 ± 0.45 b

	
85.02 ± 0.96 a




	
F value




	
S

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
N

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
S × N

	
ns

	
ns

	
**

	
ns

	
*

	
ns

	
**

	
ns

	
*








FS, DS and WSS, furrow sowing, drill sowing, and wide-space sowing, respectively, N1 and N2. Measured value = mean value ± standard deviation; lowercase letters represent p < 0.05; *, **, respectively, represent p < 0.05, p < 0.01; ns: not significant.
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Table 6. Effects of the sowing method and nitrogen fertilizer on water consumption of wheat in each growth period (mm).
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Treatment

	
Sowing-Wintering

	
Wintering-Jointing

	
Jointing-Anthesis

	
Anthesis-Mature






	
FS

	
N1

	
32.91 ± 1.45 c

	
38.53 ± 1.59 d

	
98.40 ± 9.01 c

	
109.76 ± 10.93 d




	
N2

	
40.00 ± 1.14 b

	
41.28 ± 1.54 b

	
113.81 ± 9.21 b

	
123.01 ± 11.78 b




	
DS

	
N1

	
28.64 ± 0.64 d

	
36.20 ± 1.75 e

	
85.54 ± 8.03 d

	
95.45 ± 10.03 e




	
N2

	
35.25 ± 0.83 c

	
39.38 ±1.35 c

	
100.61 ± 9.08 c

	
113.65 ±10.52 cd




	
WSS

	
N1

	
39.58 ± 2.24 b

	
40.98 ± 1.85 b

	
118.81 ± 8.97 b

	
120.33 ± 10.89 bc




	
N2

	
44.01 ± 1.69 a

	
44.25 ± 2.66 a

	
136.93 ± 9.67 a

	
144.02 ± 11.87 a




	
Single factor average




	
Sowing methods

	
FS

	
36.455 ± 1.92 b

	
39.91 ± 1.50 b

	
126.11 ± 8.53 b

	
116.39±10.41 b




	
DS

	
31.945 ± 1.48 c

	
37.79 ± 1.42 c

	
113.08 ± 8.89 c

	
104.55 ± 11.01 c




	
WSS

	
41.795 ± 1.31 a

	
42.61 ± 0.98 a

	
147.87 ± 8.07 a

	
132.18 ± 7.76 a




	
N fertilizer

	
N1

	
33.71 ± 1.02 b

	
38.57 ± 1.73 b

	
120.92 ± 8.83 b

	
108.51 ± 11.02 b




	
N2

	
39.75 ± 1.46 a

	
41.64 ± 1.85 a

	
137.12 ± 9.35 a

	
126.89 ± 12.04 a




	
F value




	
S

	
**

	
**

	
**

	
**




	
N

	
**

	
**

	
**

	
**




	
S × N

	
ns

	
**

	
ns

	
*








FS, DS and WSS, are the furrow sowing, drill sowing, and wide-space sowing, respectively; N is the amount of nitrogen application, N1, and N2. Measured value = mean value ± standard deviation; lowercase letters represent p < 0.05; *, **, respectively, represent p < 0.05, p < 0.01; ns: not significant.
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Table 7. Effect of sowing method and nitrogen fertilizer on the soil accumulated temperature in wheat field °C·d.






Table 7. Effect of sowing method and nitrogen fertilizer on the soil accumulated temperature in wheat field °C·d.





	
Treatment

	
5 cm Soil Accumulated Temperature

	
10 cm Soil Accumulated Temperature






	
FS

	
N1

	
1018.03 ± 57.05 cd

	
1116.45 ± 57.46 c




	
N2

	
1070.37 ± 58.60 bc

	
1115.45 ± 62.16 b




	
DS

	
N1

	
959.23 ± 56.86 d

	
1045.34 ± 57.88 c




	
N2

	
1045.91 ± 62.60 c

	
1151.71 ± 62.29 a




	
WSS

	
N1

	
1090.01 ± 61.66 b

	
1172.21 ± 62.73 a




	
N2

	
1139.14 ± 64.12 a

	
1194.61 ± 59.88 a




	
Single factor average




	
Sowing methods

	
FS

	
1044.20 ± 57.82 b

	
1115.95 ± 59.81 b




	
DS

	
1002.57 ± 59.73 c

	
1098.53 ± 60.08 c




	
WSS

	
1114.58 ± 62.89 a

	
1183.41 ± 61.31 a




	
N fertilizer

	
N1

	
1022.42 ± 58.52 b

	
1111.33 ± 59.36 a




	
N2

	
1085.14 ± 61.77 a

	
1153.92 ± 61.44 a




	
F value




	
S

	
114.71 *

	
4.49 *




	
N

	
42.37 *

	
45.80




	
S × N

	
6.48

	
64.21








FS, DS, and WSS are the furrow sowing, drill sowing, and wide-space sowing, respectively; N is the amount of nitrogen application, N1 and N2. Measured value = mean value ± standard deviation; lowercase letters represent p < 0.05; *, respectively, represent p < 0.05.
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Table 8. Effects of nitrogen fertilization on yield in dryland.






Table 8. Effects of nitrogen fertilization on yield in dryland.





	
Treatment

	
Yield (kg ha−1)

	
Ear Number (×104 ha−1)

	
Ear Grain Number

	
1000-Grain Weight (g)






	
FS

	
N1

	
3202.50 ± 243.95 c

	
311.63 ± 23.36 d

	
30.79 ± 1.61 b

	
39.09 ± 1.55 b




	
N2

	
3517.50 ± 258.09 b

	
370.88 ± 9.26 b

	
31.79 ± 0.35 ab

	
37.63 ± 0.28 b




	
DS

	
N1

	
2711.64 ± 163.29 d

	
273.44 ± 49.85 e

	
31.19 ± 1.27 ab

	
36.48 ± 0.68 c




	
N2

	
3101.70 ± 233.60 c

	
318.43 ± 12.73 d

	
32.00 ± 0.18 a

	
36.27 ± 0.24 c




	
WSS

	
N1

	
3525.00 ± 127.28 b

	
348.00 ± 54.09 c

	
30.78 ± 0.25 b

	
41.65 ± 1.11 a




	
N2

	
4117.50 ± 215.67 a

	
429.38 ± 24.4 a

	
31.26 ± 0.42 ab

	
36.50 ± 0.66 c




	
Single factor average




	
Sowing ways

	
FS

	
3360.00 ± 158.78 b

	
341.25 ± 16.29 b

	
31.29 ± 0.73 a

	
38.36 ± 0.55 a




	
DS

	
2906.67 ± 169.67 c

	
295.93 ± 17.93 c

	
31.60 ± 0.96 a

	
36.38 ± 0.74 b




	
WS

	
3821.25 ± 128.50 a

	
388.69 ± 12.09 a

	
31.02 ± 0.96 a

	
39.08 ± 0.92 a




	
N fertilizer

	
N1

	
3146.38 ± 180.63 b

	
311.02 ± 15.05 b

	
30.92 ± 0.98 a

	
39.07 ±0.89 a




	
N2

	
3578.9 ± 122.72 a

	
372.89 ± 16.15 a

	
31.68 ± 0.71 a

	
36.80 ± 0.84 b




	
F value




	
S

	
**

	
**

	
**

	
**




	
N

	
**

	
**

	
**

	
**




	
S × N

	
*

	
ns

	
ns

	
ns








Note: FS, DS and WS are the furrow sowing, drill sowing, and wide-space sowing, respectively; N is the amount of nitrogen application, N1 and N2. Different lowercase letters represent significant differences between treatments for the same year (p ≤ 0.05); *, **, indicated significant differences at p = 0.05, 0.01 levels, respectively; ns: not significant.
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