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Nitrogen fertilizer is one of the key elements to increase the yield and significance of winter wheat. The
experiment was established in the split zone design and was repeated three times. The nitrogen applica-
tion level is set to 4 treatments, 75, 150, 225 and 300 kg ha�1 are arranged in the main plot, and different
nitrogen application ratios are arranged in the sub-plots, respectively 5:5 (50%+50%) and 6: 4
(60%) + 40%). Nitrogen fertilizer was applied before sowing, jointing stage, flowering stage and filling
stage. The experimental plot is 12 m2 (3 m � 4 m). The results showed that under the conditions of
225 kg/hm2 nitrogen application and 60%+40% nitrogen application rate, the yield of Jintai 182 was
the highest compared with other treatment groups. With the increase of nitrogen application rate, the
number of ears, grains per ear, thousand-grain weight and grain yield all increase first and then decrease.
Each factor reached the highest 225 N kg / hm2, 417.17, 30.74, 40.96 g and 6182.11 kg / hm2. Compared
with 75 kg/hm2 topdressing fertilizer, 225 kg/hm2 is a more suitable nitrogen fertilizer application rate
for winter wheat. Within a reasonable range of nitrogen fertilizer application, there is a significant pos-
itive correlation between nitrogen content and winter wheat yield. By studying the amount of nitrogen
fertilizer and a reasonable ratio of base fertilizer to topdressing, the utilization rate of nitrogen fertilizer
can be maximized and excessive application of nitrogen fertilizer can be avoided.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

China’s winter wheat has a large planting area and a large out-
put, its area accounts for 13.3% of the world, and its total output
accounts for 19% of the world (Stewart et al., 1994; Wang et al.,
2005; Guixia et al., 2005) At the same time, China is also the coun-
try with the highest chemical fertilizer consumption in the world,
and the amount of chemical fertilizer application accounts for
30.7% of the world (JuXT, et al., 2009; Jiangrong et al., 2010). Due
to the relatively low level of fertilization in China and the relatively
low utilization rate of chemical fertilizers, it has caused a lot of
economic losses and also caused a lot of waste of resources and
energy. Excessive application of chemical fertilizers on farmland
will lead to a decrease in the fertilizer utilization rate of crops,
and it will also cause serious soil and groundwater pollution. With
the increase in the use of chemical fertilizers in China and the
increasingly prominent problems with the use of chemical fertiliz-
ers, the pollution caused by excessive use of chemical fertilizers to
the soil and water sources has attracted more and more attention.
Therefore, the application of fertilizers must be aimed at increasing
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crop yield, improving crop nutrient utilization efficiency, and
reducing the impact on soil and environment. Fertilizers are plant
foods. Organic fertilizers have been used in agriculture in China for
thousands of years. In ancient times, people used this method to
maintain soil fertility. However, it is difficult to greatly increase
wheat production by relying solely on the material flow of agricul-
ture (Dad, 2019). The application of chemical fertilizers provides a
new source of nutrients for crops and can make the soil produce
more fertility. Chemical fertilizers cannot be used in excess, and
must be applied reasonably according to the needs of crop growth
and development. When the amount of fertilization is within a cer-
tain range, the crop yield will increase with the increase of the
amount of nitrogen application (JuXT, et al., 2009). However, when
the application of chemical fertilizers exceeds a certain amount,
the application of chemical fertilizers will lead to a decline in crop
yields, resulting in reduced utilization efficiency of chemical fertil-
izers, waste of fertilizer resources, and pollution of the soil envi-
ronment. Long-term application of large amounts of chemical
fertilizers will exceed the crop’s absorption capacity and soil reten-
tion capacity, not only fail to achieve yield increase effects, but also
cause a large amount of chemical fertilizers to remain in the soil
(Bo et al., 2019; Khan et al., 2018; Liu et al., 2019; Chen et al.,
2018; Man et al., 2015). Due to the excessive use of chemical fertil-
izers, especially nitrogen fertilizers in the production of winter
wheat, it will result in the waste of nitrogen fertilizer resources,
which will lead to the greatly reduced utilization rate of chemical
fertilizers, and will also cause serious pollution to the soil
environment.

Nitrogen is an indispensable element in the growth process of
winter wheat. It is an integral part of all amino acids and proteins,
as well as an important part of chlorophyll, hormones, nucleic
acids and enzymes (Gongqing et al., 2017; Li et al., 2018; Svetla
et al., 2016). Reasonable application of nitrogen fertilizer can pro-
mote the growth and development of winter wheat roots, stems,
leaves and other vegetative organs, and also plays a very important
role in the protein content and structure of seeds. At the same time,
the nitrogen nutrition status of winter wheat is also an important
indicator reflecting the nutrition status of winter wheat. In wheat
production, the supply of nitrogen fertilizer in the soil and the base
chasing ratio when applying nitrogen fertilizer can directly affect
the yield and quality of winter wheat. The role of nitrogen fertilizer
is to promote the growth of wheat roots, stems, leaves and tillers,
increase the green area, and promote photosynthesis and nutrient
accumulation (Zhanling et al., 2015; Xu et al., 2018; Kubar, 2021).
In all stages of winter wheat reproductive growth, the reasonable
application of nitrogen fertilizer can increase the number of winter
wheat spikes and flowers and increase the seed setting rate.
Because nitrogen fertilizer is essential, when nitrogen is insuffi-
cient, the plant grows poorly, the stem is short, the leaves are nar-
row, the leaves are slightly hard, the number of roots is small, the
maturity is early, and the yield is low. Nitrogen is an essential
nutrient during the development of winter wheat. Nitrogen plays
a very important role in many aspects of winter wheat reproduc-
tive growth. The application of nitrogen fertilizer is also an impor-
tant factor that determines wheat yield and quality (Minjuan et al.,
2019; Gongqing et al., 2017; Khalofah, 2021). Reasonable applica-
tion of nitrogen fertilizer can promote the yield and quality of win-
ter wheat, so as to achieve high-quality and efficient production
goals. Appropriate amount of nitrogen can promote the growth
and development of winter wheat roots, stems and leaves, increase
the green area of plants, increase photosynthesis and nutrient
accumulation, promote the differentiation and development of til-
lers, and also benefit the growth and development of reproductive
organs.

Winter wheat growth and development needs different fertil-
izer requirements in different periods. Winter wheat turning green,
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jointing to booting stage is the most vigorous period of winter
wheat reproductive growth. Previous studies have pointed out that
this period is a strong period for winter wheat to absorb fertilizer.
Analysis of the yield components shows that top dressing at the
jointing stage can significantly increase the number of spikes and
grains of winter wheat (Xianghua et al., 2008). The application
amount of nitrogen fertilizer and the ratio of base application are
a very important factor affecting the grain yield of winter wheat.
The effect of topdressing nitrogen fertilizer at different growth
stages has different effects on winter wheat grain yield. Reasonable
nitrogen fertilizer management is conducive to increasing wheat
grain yield and improving wheat quality (Jiangrong et al., 2010).
In the later stage of winter wheat growth, the vegetative growth
of winter wheat basically stagnate after heading, this stage is cen-
tered on the formation of grain weight. Removal of nitrogen during
the top dressing period and increasing the proportion of top dress-
ing nitrogen fertilizer can significantly increase winter wheat yield
(Suzhen et al., 2005). The selection of excellent varieties and rea-
sonable application of nitrogen fertilizer are the prerequisites for
high yield of wheat, and the effect on wheat grain yield reaches a
very significant difference (Fang et al., 2010). The results of this
study show that the application of nitrogen fertilizer in a reason-
able range will significantly increase winter wheat yield and its
yield components.

According to the previous article, we know that the middle and
late stages of winter wheat growth are the key period of wheat
growth and the period when winter wheat has the greatest
demand for fertilizer. Therefore, the main periods of this experi-
mental study are the jointing and flowering periods of winter
wheat and the filling period. As mentioned above, when the appli-
cation rate of nitrogen fertilizer is within a certain reasonable
range, the yield of winter wheat will increase as the application
rate of nitrogen fertilizer increases. When the application amount
of nitrogen fertilizer exceeds a certain value, the effect of increas-
ing the application amount of nitrogen fertilizer is not obvious, but
it will lead to a decrease in the utilization efficiency of nitrogen fer-
tilizer, and a large amount of nitrogen fertilizer resources will be
lost, resulting in ecological pollution. In this experiment, the win-
ter wheat ‘‘Jintai 18200 in different periods of different nitrogen fer-
tilizer application rates and yields under different nitrogen
fertilizer topdressing conditions and yield component factors in
different periods can be used to find the most effective winter
wheat under current conditions. The best nitrogen fertilizer appli-
cation rate and application ratio, so as to maximize the utilization
of nitrogen fertilizer and avoid excessive application of nitrogen
fertilizer.
2. Materials and methods

2.1. Experimental locations

The field trial was conducted at the Taigu Experimental Agricul-
tural Station (N 37�250, E 112�330) of Shanxi Agricultural Univer-
sity, Shanxi Province, China from 2018 to 2019. The study area
has a temperate continental monsoon climate, with an annual
average temperature of 13 �C or 12 �C, an average annual precipi-
tation of 442 mm and 600 mm, a potential evapotranspiration of
1840.2 mm and 1872.2 mm, and sunshine duration of 2672 h
and 2697 h, respectively, at the Taigu base. The survey area is a
mountainous arid area, with the characteristics of semi-arid
weather in the Northeast Loess Plateau. From the seasonal month
to the fallow season (July to August), rainfall reaches 60% to 70%.
The established soil contains 7.7 pH, 51.12 mg kg�1 available nitro-
gen, 19.34 mg kg�1 available phosphorus and 7.7 mg kg�1 soil sur-
face organic matter.
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2.2. Experimental design

Field trials were conducted at Taigu Experimental Agricultural
Station of Shanxi Agricultural University, Shanxi Province, China.
The experiment adopted a split zone design and was repeated
three times. The nitrogen application level is set to four treatments
of 75, 150, 225 and 300 kg ha-1. They are arranged in the main plot,
and different nitrogen application ratios are arranged in the sub-
plots, 5:5 (50%, 50%) and 6:4 respectively. (60%), 40%). Nitrogen fer-
tilizer was applied before sowing, jointing stage, flowering stage
and filling stage. The experimental plot is 12 m2 (3 m � 4 m). All
experiments in this work are to study the effect of nitrogen fertil-
izer management on the grain yield composition of winter wheat
in calcareous cinnamon soil.

2.3. Yield and growth components

The yield components are grain number spike-1, spike number
product�1, and 1000 grain weight. The grain yield is measured by
harvesting winter wheat crops in the central bank of each row.
At maturity, one square meter of winter wheat plants from all
repeated treatments were randomly designated for harvest. These
plants are harvested by cutting at the soil level with a sickle. Dis-
connect the ear tips from the straw, keep them in a separate paper
bag, dry them at 78 �C for 24 h, and then manually thresh each
sample. The observation results are recorded on the following
parameters: when the crop is mature, the number of ears in each
plot of each ear of randomly selected plants has been calculated,
and the average value has been removed. Yield and growth compo-
nents calculate the grain ear 1 of each randomly selected plant
when the crop is mature, and calculate the average value. Ran-
domly collect 1000 grains from each plot and weigh them to calcu-
late the seed index in grams. The grain obtained from each plot is
balanced. On the basis of the grain yield of each plot, the grain yield
per hectare is calculated in kilograms.

2.4. Statistical analysis

The data provided in this study is the average of three repli-
cates. ANOVA was used to analyze all data for randomized block
design. The significance of each source is determined by F-test.
Duncan’s Multiple Range Test (DMRT) Significant Difference was
used as a post hoc mean separation test (P < 0.05) using SAS 9.3
(SAS Institute, Cary, North Carolina, USA). The treatment was com-
pared based on the significant difference and the least significant
difference (LSD P < 0.05). Before evaluating ANOVA, a Shapiro-
Wilk test is performed to evaluate the normality of variance. Use
Microsoft Excel 2013 for data calculations. All statistical analyses
were performed using SPSS version 19.0 and SAS version 9.3.
3. Results

3.1. Effect of nitrogen management on winter wheat yield

Fig. 1 reflects the final yield of winter wheat. From the point of
view of the fertilization amount and nitrogen application level in
different periods, different nitrogen fertilizer application rates
and different base application ratios have significant effects on
winter wheat yield. Jintai 182 ‘‘The top dressing started at the
jointing stage with a base-to-top ratio of 6: 4 and the highest yield
of seed reached 632 kg / hm2 at 225 kg / hm2. The fertilizer started
at the filling stage with a base-to-top ratio of 5: 5 and the amount
of nitrogen was under the condition of 75 kg / hm2, the grain yield
was the lowest, which was 5777.93 kg / hm2. Compared with the
lowest yield of 5777.93 kg / hm2, the winter wheat yield increased
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by 9.12% at the nitrogen application rate of 225 kg / hm2 and the
base-to-dressing ratio of 6: 4. We can see from It can be seen from
Table 1 that under the conditions of 225 kg nitrogen fertilizer per
hectare and a nitrogen fertilizer to topdressing ratio of 6:4 in the
jointing and filling period, the winter wheat yield is the highest,
and the nitrogen fertilizer treatment has a significant effect on
winter wheat yield. The analysis of variance showed that the
amount and ratio of nitrogen application had a significant effect
on grain yield (kg ha�1), and the interaction between the amount
and ratio of nitrogen application was also significant (Fig. 1).

3.2. Effect of nitrogen application on grain number spike-1 of winter
wheat

Fig. 2 reflects the effects of nitrogen application and basal top-
dressing ratio on the grain number spike-1 of winter wheat in dif-
ferent periods. From the perspective of the amount of nitrogen
application and basal topdressing ratio at different times, the
application amount of nitrogen has a significant effect on the grain
number spike-1 of winter wheat. ‘‘Jintai 18200 began to apply fertil-
izer at the jointing stage, the base-to-dressing ratio was 6: 4, and
the maximum grain number spike-1 of winter wheat reached
42.33 g when the nitrogen application rate was 225 kg /hm2.
Nitrogen application started at the filling stage. Under the condi-
tion of nitrogen fertilizer application rate of 75 kg/hm2, the basal
supplementation ratio of winter wheat was 5:5, and the number
of grains per spike-1 of winter wheat was the lowest at 36.07 g.
Compared with the lowest yield of 36.07 g, when the nitrogen
application rate was 225 kg/hm2 and the bottom to dressing ratio
was 6:4, the number of grains per spike-1 of winter wheat
increased by 8.52%. It is known that under the condition of apply-
ing 225 kg of nitrogen per hectare at the jointing and filling stages
and the ratio of nitrogen to topdressing is 6:4, the number of grains
per hectare of winter wheat can reach the highest spike-1.The
results of variance analysis showed that the effect of nitrogen level
and nitrogen ratio on the grains number spike-1 of winter wheat
was at the 0.01 or 0.05 probability levels, while the nitrogen treat-
ments and ratios had significant effect on the grains spike-1 of win-
ter wheat. While the interaction of treatment and ratio had a
significant presented (Fig. 2).

It can be seen from Fig. 3 that under the condition that the
application rate of nitrogen fertilizer is 225 kg/hm2 and the base-
to-dressing ratio is 6: 4, the maximum number of winter wheat
spikes at the jointing stage is 423.67. Under the conditions of nitro-
gen application rate of 75 and basal chasing ratio of 5: 5, the min-
imum number of winter wheat spikes was 284.67. Compared with
the minimum number of spikes of 284.67, the number of winter
wheat spikes in winter wheat with nitrogen application rate of
225 kg /hm2 and basal chasing ratio of 6: 4 increased by 67.19%.
Under the conditions of nitrogen application rate of 300 kg /hm2

and basal chasing ratio of 6: 4, the yield of panicle number in the
same period was lower than that of 225 kg/hm2 basal chasing ratio
of 6: 4, and the number of panicles increased first. And the trend is
decreasing again. It shows that nitrogen management has a signif-
icant effect on the number of winter wheat spikes. The differences
between treatments were at the 0.05 probability levels. Analysis of
variance showed that nitrogen level had significant regulating
effect on spike plant�1, while the effect of nitrogen ratio on non-
significant, and the interaction effect between nitrogen level and
nitrogen ratio had no significant effect on spike plant-1 presented
(Fig. 3).

Fig. 4 reflects the effect of nitrogen application and basal top-
dressing ratio on the 1000 grain weight of winter wheat spikes
at different stages. Winter wheat began to topdress at the jointing
stage, the basal topdressing ratio was 6: 4, and the ear weight was
225 kg/hm2. The maximum is 33.65 g. Fertilization started at the



Fig. 1. Effect of nitrogen application in different periods on final yield of winter wheat 5 + 5 and 6 + 40 represents 50% + 50% and 60% +40%. JS: Jointing stage; FS: Flowering
stage; GFS: Grain filling stage. Means values in a separate columns followed by the similar letters are not significantly different at p < 0.05.

Table 1
Significance of F-value from analysis of variance of various parameters of winter
wheat as affected by nitrogen management.

Parameter N-rates (N) Ratios (R) N � R

Yield (kg ha�1) 1656.07*** 15.99 *** 14.43***
Spike plant�1 76.01 *** 0.72 NS 0.60NS
Grains Spike-1 544.35*** 10.90*** 5.62***
1000 seed weight 267.86*** 31.77 *** 9.33 ***

Note: *, ** and *** represent significance levels at alpha 0.05, 0.01, and 0.001
obtained through honestly significant difference (HSD) test. ‘NS’ represents non-
significance.
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filling stage, the base-to-dressing ratio was 5: 5, and the lowest
1000-grain weight was 21.27 g under the condition of 75 kg/hm2

nitrogen application. Compared with the minimum yield of
21.27 g, the 1000-grain weight of winter wheat increased by
63.23% at a nitrogen application rate of 225 kg/hm2 and a base-
to-dressing ratio of 6: 4. From the figure, we can know that in
the jointing period, the application of 225 kg of nitrogen fertilizer
per hectare, and the ratio of nitrogen fertilizer to base ratio of 6:
4, the ear weight of winter wheat reached the highest, proving that
Fig. 2. Effect of nitrogen treatment on grains number per spike of winter wheat in differ
stage; FS: Flowering stage; GFS: Grain filling stage. Means values in a separate columns
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nitrogen management has a role in ear weight of winter wheat Sig-
nificant impact. Analysis of variance showed that nitrogen level
affect the 1000 seed weight (g) at the 0.01 or 0.05 probability
levels, N treatments, ratio and interaction of treatments and ratio
had significant effect with the F value to be 267.86***, 31.77***
and 9.33*** (Table 1), respectively.
4. Discussion

Within a certain range, crop yield increases with increasing
nitrogen application, but after a certain range, the yield increase
is not significant or even reduced (Qi et al., 2004; Chen et al.,
2016; Rutting et al., 2018; Kartseva et al., 2021). The conclusions
we have drawn in this study are basically consistent with the laws
summarized by the predecessors. Through the research, it is found
that under the condition of the nitrogen fertilizer base chasing
ratio of 6: 4, the yield component increases more than the nitrogen
fertilizer base chase ratio of 5: 5. With the increase of nitrogen
application, the number of spikes, number of spikes per kernel,
1000-grain weight, and grain yield showed a trend of increasing
ent growth stages. 5 + 5 and 6 + 40 represents 50% + 50% and 60% +40%. JS: Jointing
followed by the similar letters are not significantly different at p < 0.05.



Fig. 3. Effect of nitrogen treatment on spike number of winter wheat in different periods 5 + 5 and 6 + 40 represents 50% + 50% and 60% +40%. JS: Jointing stage; FS: Flowering
stage; GFS: Grain filling stage. Means values in a separate columns followed by the similar letters are not significantly different at p < 0.05.

Fig. 4. Effects of different nitrogen treatments and ratios on grains number spike-1 of winter wheat. 5 + 5 and 6 + 40 represents 50% + 50% and 60% +40%. JS: Jointing stage; FS:
Flowering stage; GFS: Grain filling stage. Means values in a separate columns followed by the similar letters are not significantly different at p < 0.05.
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first and then decreasing. All the factors reached the highest when
the nitrogen application rate was 225 kg / hm2, respectively
417.17, 30.74, 40.96 g and 6182.11 kg / hm2 increased 50.97%,
56.03%, 18.61% and 14.35% respectively without top dressing, indi-
cating that 225 kg / hm2 is a more suitable nitrogen application
rate for winter wheat. Compared with top dressing at flowering
stage and filling stage, early top dressing at jointing stage can effec-
tively increase winter wheat yield. Previous studies have pointed
out that due to differences in climatic conditions and wheat vari-
eties in different regions, there are also differences in the amount
of nitrogen fertilizer applied (Mozumdar, 2012; Martin, 2014;
Cheng et al.,2014; Tilmana et al., 2011; Carranca, 2012; Godfray
and Garnett, 2014; Sarwar et al. 2021; Kocheva et al. 2020). The
maximum wheat output in Hefei, Anhui is nitrogen fertilizer at
247–292 kg/hm2 (Liang, 2016; Zhou et al., 2018).

In this study, the climatic conditions and soil environment of
the Taigu Experimental Base were obtained, and the yield and con-
stituent factors of ‘‘Jintai 18200 nitrogen application rate in the soil
environment of the Taigu area at 225 kg/hm2 base ratio of 6: 4 It
reaches the maximum value, which is lower than the data in the
southern region, but with Fengjiao et al. (2015), using four wheat
4856
varieties for different nitrogen application rates, the optimal nitro-
gen input threshold for winter wheat yield and quality in North
China is 180–270. Compared with kg / hm2, this experiment is
basically consistent with previous studies. Other studies have
pointed out that an appropriate increase in nitrogen supply in
the later period (such as topdressing from booting stage to flower-
ing stage) plays an important role in improving wheat quality (Xue
et al., 2016; Yuan et al., 2014; Gholizadeh, 2017; Jialing and Wu,
2018; Guo et al., 2018; Kalaji et al. 2017; Zivcak et al. 2014). There-
fore, in different periods of winter wheat growth, the combination
of appropriate nitrogen fertilizer base ratio and nitrogen fertilizer
application rate can achieve the efficient use of fertilizers, produce
environmentally friendly, high-quality and high-quality winter
wheat.
5. Conclusion

In conclusion, Findings of present study indicated that nitrogen
nutrition significantly enhanced the growth, yield components of
winter wheat. the nitrogen dose of 225 kg ha�1 and the proportion
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of 60%:40%:0%: 0% (quantity applied at sowing, at jointing, flower-
ing and grain filling stage) effectively promoted the spike number
plant�1, grain number spike-1, 1000 grains weight and grain yield
components of winter wheat. Based on the necessity of agronom-
ical characteristics, 225 kg N ha�1 was satisfactory to provide suf-
ficient biomass and agronomical characteristics to achieve high
yield. Therefore, this study significantly reported the effects of dif-
ferent nitrogen rates and ratios on agronomical traits on winter
wheat in Shanxi China. In addition this combination of growing
stages, nitrogen doses and ratio could meritoriously increase the
grain yield of winter wheat. Besides this, it is not clear in what
way the impacts of nitrogen rates and ratios might be progressive,
or the step to which the integrative effects of nitrogen levels and
ratios would mark the satisfactory response for agronomical char-
acteristics. Furthermore, less information is available about the
integrative approach of nitrogen rates and ratios which could
increase yield potentials.
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