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Abstract  In order to clarify the suitable planting density under wide-space sowing, conduct field experiments in 
Hongtong County Winter wheat demonstration base of Shanxi province from 2018 to 2020. The wheat variety 
Shannong-20’ was used as the experimental material, and five planting densities of 1.5 million plants·ha-1 (D1),  
2.25 million plants·ha-1 (D2), 3.0 million plants·ha-1 (D3), 3.75 million plants·ha-1 (D4) and 4.5 million plants·ha-1 (D5). 
The study aim to evaluate the influence of wheat density on population size, dry substance accumulation and 
remobilization, grain yield, protein, and starch. The results indicated that in the density range of 1.50-4.5 million 
plants·ha-1, the population tiller number, population dry substance weight during sowing, wintering, anthesis, 
maturity stages, harvest index, dry substance production post anthesis, the rate of dry substance remobilization to 
grain, proportion to total dry matter of kernel weight in mature period, panicle number, grain yield, water utilization 
efficiency (WUE) throughout the growth period were highest in D4. The substance weight, dry matter transport 
before anthesis, remobilization rate, the rate of contribution about the vegetative organs post anthesis to grain in the 
overwintering-jointing were highest under D5. Compared with other treatments, the spike number, yield and WUE 
increased by 3.35%-33.42%, 2.40%-14.98% and 0.78%-10.87% in D4, respectively. The increase of planting 
density is profit for soluble sugar and sucrose content. Under different planting densities, there were significant or 
extremely significant correlations between yield and spike number, tiller number at over-wintering stage and jointing 
stage, dry matter accumulation before wintering stage and at different growth stages after jointing stage. The 
accumulation of dry matter in leaves and grains at maturity. Further path analysis showed that the most important 
factor affecting yield was tiller number, followed by dry matter accumulation. The 375×104 plants·ha-1 was the 
optimal planting density for constructing reasonable population structure of wheat, improving dry substance 
accumulation and transport, yield formation and the WUE. 
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1. Introduction 

Food crops such as wheat play an important role in 
human nutrition. Recently, more than 20% of the total 
sown area was wheat in China, the past few decades, a 
substantial increase in production, wheat production 
growth to protect national food security and meet the 
needs of people 's lives have an important positive  
impact [1]. However, as a result of population growth  
and ecological degradation, the demand for wheat 
continues to expand, and there are serious constraints and 
challenges facing wheat production [2]. Accordingly, a 
decrease in cultivated land area must be compensated  

for by increasing yields per unit area to ensure food 
security. 

The yield of wheat not only based on water's rational 
use, fertilizer, medicine, other management measures, but 
also closely related to the sowing method and planting 
density. The sowing method used in traditional wheat 
planting is conventional drilling, which is easy to cause 
problems such as narrow single-row sowing, small plant 
spacing, and poor ventilation and light transmission 
conditions in the field, in which grains cannot form.  
Wide-width drilling is a wheat precision sowing methods 
developed by Shandong Agricultural University. It is a 
new type of wheat sowing methods that uses a  
wide-width drilling machine with a seedling width of  
8-10 cm, the row spacing of 22-25 cm. It is a new type of 

 



802 Journal of Food and Nutrition Research  

wheat sowing methods that completes sub soiling, rotary 
tillage, fertilization, and sowing at one time. Compared to 
the traditional dense drilling, it can effectively promote 
the uniform sowing of seeds, the nutritional area of single 
plant (single grain), and optimize the spatial structure 
within the population, thus promoting the cultivation of 
strong seedlings in the early stage and the utilization of 
light energy in the middle and at the end stages [3]. 
Studies have shown that compared with conventional 
drilling, wide sowing increased yield by 22.5% and 15.4% 
by increasing the number of spike per unit area [4,5]. 

Planting density is the basis for the establishment of 
field population structure, and it is also the dominant factor 
affecting population number and yield composition. By 
adjusting the sowing methods of winter wheat, the number 
of population during its growth period can be regulated, 
which can affect its dry matter accumulation and grain 
yield formation. The results of previous studies have been 
shown the total tiller number of wheat increases with the 
reduction of sowing rate in a certain range of sowing rate 
and can obtain better population quality and achieve the 
purpose of increasing production. However, too high sowing 
rate will cause the increase of ineffective tiller number, 
poor light transmission, low photosynthetic efficiency and 
waste of nutrients and water, reduce the formation of 
effective panicles, resulting in reduced production [6]. 

In crops, dry matter is the final product of 
photosynthesis. It is important to note that dry matter 
accumulation at different growth stages plays an important 
role in yield formation during the wheat growth period 
[7,8]. Planting density has been shown to affect dry matter 
accumulation at different growth stages, in each stage, dry 
matter accumulation increased with increasing planting 
density [9]. Assimilate remobilization and distribution can 
be controlled by planting density. Increasing planting 
density can significantly increase the population dry 
matter accumulation of wheat, but too high planting 
density is not conducive to dry matter accumulation after 
anthesis. After anthesis, a suitable planting density can 
increase the contribution of dry matter from vegetative 
organs to grains, a full filling of grains is possible with 
this material high yields are achieved [10]. The increasing 
yield should pay attention to the accumulation of dry 
matter before anthesis,so as to improve the transport of 
dry matter to grains before anthesis [11]. In the study of 
winter wheat population quality under the influence of 
sowing methods and nitrogen fertilizer. That appropriate 
reduction of sowing rate could promote the full 
development of individual plants before anthesis of winter 
wheat, which greatly improved the buildup ability of 
wheat vegetative organs dry matter [12]. However, some 
studies suggested that the dry substance accumulation of 
wheat at maturity increased with the elevation of planting 
density, and after anthesis. The translocation of dry matter 
stored in aboveground vegetative organs priority anthesis 
to grains and its contribution to grains access with the 
increase of planting density also had significant effects on 
the translocation and distribution of dry matter under 
different organs [13,14]. 

By adjusting population structure of wheat, sowing 
density can change the number of ears, kernel number per 
ear, thousand seed weight, and has a regulatory effect on 
production [15]. Previous studies about the influence of 

planting density on grain yield components were different. 
Low sowing methods may greatly reduce the effective 
number of ears but increase the kernel numbers per spike 
ultimate achieve stable yield. Although the high sowing 
rate treatment enhance the number of ear the amount of 
grains per panicle and the thousand seed weight of wheat 
Moreover excessive density will lead to the large 
population of winter wheat, the weak and weak stems of 
the plants and the possibility of lodging in late-growth, 
finally reduce grain yield [16,17,18]. That there was little 
difference in kernel yield of wheat among different treatments 
within a certain sowing rate range [19]. Therefore, the 
appropriate seeding density under wide-space sowing,  
and drill sowing mode can improve the dry substance 
accumulation in mid-late fertility, coordinate the three 
elements of yield, thereby increasing grain yield. However, 
rarely studies on the realization of high yield and related 
mechanism of wide drilling in Shanxi Province. Therefore 
in the current study, the impact of different sowing density 
on population dynamics, dry matter accumulation and 
associated traits, grain yield of winter wheat were studied 
under the condition of wide strip sowing, so as to clarify 
the suitable sowing rate of wide strip sowing winter wheat 
and its effect on yield formation, and provide reference for 
high yield cultivation techniques of winter wheat. 

2. Materials and Methods 

2.1. Site and Growth Conditions 
Field experiment was series performed in Masan 

Village (36°31'N, 111°65'E), Hong tong City, Shanxi 
Province from 2018-2020. The area is situate in the 
western region of the Huang-Huai-Hai River Basin. The 
local altitude is 460 m, the annual frost-free period is 210 
days, the annual mean temperature is12.1°C, and the 
annual average precipitation is 441.5mm.The planting 
mode of cultivated land in this experiment adopts the 
rotation of winter wheat-summer maize in one year. The 
soil was loam. The basic fertility of topsoil (0-20) was 
measured on September 20 and September 25 respectively 
in the two test years, as shown in Table 1. 

Table 1. The Test Field Basic Soil Nutrient Content 

Year 
Organic 
Matter 
(g·kg-1) 

Available 
N (mg·kg-1) 

Available 
Phosphorus 
(mg·kg-1) 

Available 
Potassium 
(mg·kg-1) 

2018-2019 12.89 42.78 17.66 208.74 

2019-2020 12.65 43.06 17.95 214.53 

2.2. Experimental Design 
In this experiment, the main test variety Shannong-20’. 

The experimental design adopted a single-factor completely 
randomized design method. Five planting densities of  
1.50 million plants·ha-1 (D1), 2.25 million plants·ha-1 (D2), 
3.00 million plants·ha-1 (D3), 3.75 million plants·ha-1 (D4), 
4.50 million plants·ha-1 (D5) were set up respectively. The 
plot size was 90 m2 (3 m×30 m), and each treatment was 
repeated three times. Wheat sowing time in mid-October, 
harvested early June 2nd year, and the fodder of the 
previous summer maize crop was returned every year. 
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Every treatment included the use of nitrogen (urea), 
phosphate (P2O5), potassium (K2O) fertilizer homological 
126, 150, 90 kg·ha-1, respectively as the base fertilizer. 
The sowing method was wide strip sowing. The overall 
precipitation was 73.3 mm during the growth period in 
2018-2019. The irrigation was performed once at the 
wintering period, elongation stage, postulation period,  
60 mm each time. Topdressing with irrigation at 
elongation stage was 84 kg·ha-1,and the precipitation was 
155.6 mm during 2019-2020, which cropping on June 18, 
2019, June 20, 2020, respectively. 

2.2.1. Population Dynamics 
Samples were taken at the winter period (WS), 

elongation stage (JS), booting stage (BS), anthesis (AS) 
and maturity (MS) of winter wheat in each experimental 
plot. After measuring the area of the sample plot, the tiller 
of winter wheat in the sample plot was observed and 
recorded, and the mean value was calculated and the 
population dynamics was calculated. 

2.2.2. Dry Matter Accumulation 
Field sampling investigation and analysis were carried 

out in each growth period of winter wheat. After the 
determination of individual morphological indexes of plants 
was completed, the samples of different treatments were 
separated into vegetative organs and reproductive organs. 
In addition to the mature grains, the rest specimen were 
deactivated at 105°C for 30 min, dried at 80°C to stabilizing 
weight, and the dry matter accumulation of winter wheat 
population in each treatment was weighed and recorded [20]. 

2.2.3. Grain Yield 
The number of panicles, kernel number per ear, and 

thousand grain weight were investigated in 0.667 m2 of 
each experimental plot at mature. Each plot was cropping 
in 20 m2 and threshed after drying. The yield was 
converted according to 13% water content, and the water 
use efficiency (grain yield/water consumption during 
growth period) was calculated. 

2.3. Calculation of Dry Matter 
Remobilization Index 

The variables related to dry matter accumulation (DMA) 
and remobilization (DMR) within the wheat plant during 
postulation period [21,22] were determined by following Eqs: 
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2.4. Statistical Analysis 
Excel 2010 was used to analyze all the experimental 

data Analyze of variance (ANOVA) was proceed using 
DPS7.05 software. SD method was used for multiple 
comparison (α=0.05). 

3. Results 

3.1. Effects of Planting Density on  
Population Dynamics of Winter Wheat 

The test results show increase planting density can 
enhance grain soluble sugar content, sucrose content and 
starch content in D1to D4 (Table 2). The planting density 
of D4 increased the soluble sugar content by 8.6%, and  
the sucrose content by 3.8% compared with other planting 
density. Compared with farmers' planting density 
significantly reduces soluble sugar content by 5.9%-14.3%, 
and sucrose by 9.4%-12.7%; D3, and D4 reduction 
significantly reduces soluble sugar content by 20.6%-
26.0%, and sucrose by 20.9%-23.7% compared to farmers' 
planting density. The increase of planting density is useful 
to enhance the content of soluble sugar, sucrose in grains, 
and the reduction of planting density will affect the 
accumulation and transformation of sugar. 

Table 2. Effects of Planting Density on Soluble Sugar, Sucrose and 
Starch Content 

Year Planting 
Density 

Soluble Sugar 
Content 
(mg/g) 

Sucrose 
Content 
(mg/g) 

Starch 
Content 

(%) 

2018-2019 

D1 26.41e 21.08d 71.05d 
D2 29.49c 21.95c 73.88c 
D3 31.29b 22.73b 75.75b 
D4 33.64a 23.89a 76.88a 
D5 27.98d 22.18c 75.97b 

2019-2020 

D1 24.45d 21.65d 71.39d 
D2 25.77c 22.69c 74.58c 
D3 27.27b 23.68b 75.69bc 
D4 29.25a 24.86a 78.31a 
D5 25.70c 23.70b 76.93b 

Different letters of the same organ indicate significant differences (P < 
0.05), the same below. 

 
Compared to D5, there are higher volume on grain 

gliadin, grain protein content, grain protein yield of D4 
(Table 3). It is non-significant on globulin content in 
grains of D1. The grain gliadin content of D1, and D4 was 
significantly higher than others. The glutenin content is 
maximum in D4, and was significant difference with other 
treatment. The ANOVA showed that there are appreciable 
impact between planting density and grain various protein 
components content, glutento ratio, and grain protein 
characteristics. D4 treatment significantly highest in grain 
gliadin, glutenin, protein content, and yield. 
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Table 3. Effects of Planting Density on Protein and Components in Winter Wheat 

Year Planting Density Albumin (%) Globulin (%) Gliadin (%) Glutenin (%) Glu/Gli Protein (%) Protein Yield (kg·ha-1) 

 
2018-2019 

D1 2.23cd 1.25c 3.66a 4.51c 1.23b 13.03c 1012d 
D2 2.22d 1.29d 3.59b 4.59b 1.28a 13.30b 1135c 
D3 2.27b 1.37b 3.56c 4.59b 1.29a 13.34b 1186b 
D4 2.47a 1.51a 3.67a 4.72a 1.29a 13.65a 1246a 
D5 2.24c 1.38b 3.56c 4.40d 1.24b 13.53a 1205b 

2019-2020 

D1 2.4aa 1.89a 3.78a 4.53b 1.20c 14.31c 1143d 
D2 2.06c 1.45d 3.62b 4.38c 1.21c 14.34c 1195c 
D3 2.24b 1.53c 3.58c 4.47b 1.25a 14.72b 1238b 
D4 2.47a 1.59b 3.83a 4.63a 1.21c 15.11a 1380a 
D5 2.21b 1.47d 3.64b 4.49b 1.23b 14.29b 1214c 

 
3.1. Effects of Planting Density on Population 

Dynamics of Winter Wheat 
The two years field population survey showed that the 

amount of populations under different planting densities 
increased first and then decreased during the period of 
duration, and achieve the highest value at elongation  
stage in D4 treatment (Figure 1). Compared with other 
treatments, the population tiller number of D4 treatment 
increased by 3.03%-44.23, 6.52%-35.48%, 3.50%-16.84%, 
3.62%-18.51% and 3.47%-33.42% at WS, JS, BS, AS and 
MS, respectively. The elongation stage is a critical period 
for the growth of wheat population. By regulating the 
population number of winter wheat at the elongation stage 
through planting density and optimizing the spatial 
structure, it has obvious influence on grain filling and 
yield in the later stage of wheat growth. 

3.2. Effects of Planting Density on Dry 
Substance Accumulation of Winter 
Wheat 

The results of the two years showed that the dry 
substance accumulation was mainly concentrated after the 
flowering stage, accounting for more than 60% of the dry 

substance accumulation during the growth period  
(Figure 2). Increase planting density, dry substance 
accumulation and its proportion in the total dry matter 
quality in SS-WS and AS-MS increase first, then decrease, 
and was the highest under D4 treatment. The dry substance 
accumulation in SS-WS increased by 602.23 kg·ha-1 
compared to other treatments, accounting for 3.24%-14.83%. 
The AS-MS increased by 2086.40 kg·ha-1 compared with 
other treatments, accounting for 1.51%-10.73%. The dry 
substance accumulation in WS-JS enhanced with the 
increase of planting density, and it was the highest under 
D5 treatment, which was 1099.48 kg·ha-1 higher than 
other treatments, accounting for 5.53%-10.99%. The dry 
substance accumulation in JS-AS increased with the 
increase of sowing rate in 2018-2019. The D5 treatment 
increased by 1830.52 kg·ha-1 compared to other  
treatments, accounting for 4.54%-7.14%. The dry 
substance accumulation in 2019-2020 was significantly 
the highest under D4 treatment. In conclusion, the dry 
matter accumulation and the ratio of total dry matter 
accumulation in different planting densities were the 
highest in AS-MS stage, followed by JS-AS stage, and D4 
treatment was the best for dry matter accumulation in 
wheat growth period, which laid a foundation for 
improving wheat yield. 

 
Figure 1. Effects of planting density on dynamics of wheat population 
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Figure 2. Effects of planting density on Dry substance accumulation at different development stages under various planting density (A shows the 
quantity of dry matter in main reproductive stage. B shows distribution rate of dry matter in main reproductive stage to maturity) 

3.3. Effects of Planting Density on  
Dry Substance Remobilization  
and Its Contribution to Grain 

The results of two years showed that the harvest index, 
dry substance production post anthesis, contribution rate 
of substance synthesis to grain were basically the same 
under different planting density treatments (Table 4). The 
harvest index and dry matter production after anthesis first 
rise then fall with the increase of planting density, and 
highest under D4 treatment, which were 51.11%, 48.38% 

and 7189.97 kg·ha-1,6309.38 kg·ha-1 respectively. The dry 
substance remobilization and remobilization rate before 
anthesis were the highest under D5, significantly, and  
the rate of contribution about vegetative organs before 
anthesis to grain was 19.72%-31.31%. The rate of 
contribution on dry substance of vegetative organs to grain 
post anthesis was 68.69%-80.28%, the highest under D4 
treatment (Table 4). The post-anthesis dry substance 
production is an important source of grain dry matter, D4 
treatment is conducive to post-anthesis dry substance 
accumulation to achieve yield raise. 

Table 4. Effects of Planting Density on Dry Substance Remobilization to Grain 

Year Planting 
Density 

Harvest Index 
(%) 

Remobilization before anthesis Accumulation after anthesis 
amount (kg·ha-1) Rate (%) Rate (%) Amount (kg·ha-1) Rate (%) 

2018-2019 

D1 45.68d 1065.41d 14.62d 20.37d 4168.58d 79.63a 
D2 47.27c 1402.63c 16.23c 21.68c 5079.39c 78.32b 
D3 47.95bc 1726.75b 18.12b 24.00b 5620.00b 78.35b 
D4 51.11a 1767.33b 17.12c 19.72d 6254.97a 69.84c 
D5 48.98b 2441.06a 23.11a 31.31a 5353.18b 68.69d 

2019-2020 

D1 46.81b 1709.41e 18.90b 26.45a 4751.31e 73.55c 
D2 46.81b 1906.48d 18.61c 25.97a 5432.80d 74.03a 
D3 47.54ab 1984.92c 19.05b 25.96a 5662.39c 74.04a 
D4 48.38a 2068.91b 19.99bc 24.69b 6177.71a 73.77b 
D5 48.28a 2123.15a 20.09a 26.93a 5758.28b 73.07d 

Table 5. Effects of Planting Density on Dry Matter Distribution in Different Organs of Winter Wheat  

Year Planting Density 
Leaf Stem + sheath Glume + cob Grain 

Amount 
(kg·ha-1) 

Rate 
% 

Amount 
(kg·ha-1) 

Rate 
% 

Amount 
(kg·ha-1) 

Rate 
% 

Amount 
(kg·ha-1) 

Rate 
% 

2018-2019 

D1 1165.32d 10.17c 3341.58c 29.16a 1718.10d 15.00e 5233.98e 45.68d 
D2 1274.37c 9.29d 3739.74a 27.28b 2215.26c 16.15d 6482.02d 47.27c 
D3 1692.26b 11.30a 3509.6b 23.44c 2573.73b 17.19c 7179.69c 47.95c 
D4 1916.26a 10.94b 3429.58c 19.54d 3272.50a 18.65b 8957.30a 51.11a 
D5 1733.23b 10.89b 3173.4d 19.94d 3212.30a 20.19a 7794.24b 48.98b 

2019-2020 

D1 1018.10d 7.37b 3869.06d 28.03b 2456.29b 17.79a 6460.72e 46.81c 
D2 1380.54b 8.81a 4658.32b 29.71a 2299.84c 14.67b 7339.28d 46.81c 
D3 1441.51a 8.96a 4729.99b 29.40a 2269.01c 14.10b 7647.31c 47.54b 
D4 1480.15a 9.07a 5066.11a 29.26a 2560.50a 14.79b 8378.29a 48.38a 
D5 1310.26c 7.57b 4511.72c 27.64c 2451.44b 15.02b 7881.43b 48.28a 
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3.4. Effects of Planting Density on Dry 
Substance Accumulation and Distribution 
in Different Organs of Winter Wheat  
at Maturity 

The order about distribution ratio of dry substance in 
each organ of winter wheat at maturity was grain > stem + 
leaf sheath > cob + glume > leaf under various planting 
density treatments (Table 5). The distribution amount  
and proportion of grain were 5233.98-8957.30 kg·ha-1  
and 45.68%-51.11%, respectively. The grain dry matter 
quality and proportion were the highest of D4, and the 
difference of grain dry matter quality among treatments 
was significant. The distribution proportion of grain  
dry matter was 0.22%-10.63% higher than that of  
other treatments. It can be seen that the appropriate 
increase of planting density under wide strip sowing of 
winter wheat can effectively improve the material 
accumulation of grain at maturity, and the effect on grain 
weight gain is more significant on D4, finally conducive 
to increasing yield. 

3.5. Effects of Planting Density on Yield, 
Yield Components and Water Use 
Efficiency 

The results of two years showed that in the range of 
D1-D4, increase planting density can elevate the number 
of ears, grain yield water use efficiency of winter wheat. 
The above indicators are lower than D4 on D5.The grain 
number of ear and thousand seeds weight highest under 
D1 (Table 6). Compared with other treatments, the 
number of ears grain yield water use efficiency of  
D4 increased by 3.35%-33.42%, 2.40%-14.98% and  
0.78%-10.87%, respectively. Compared with other 
treatments, D1 increased the grain number of ear and 
thousand seeds weight by 2.23%, 10.94% and  
0.81%-8.71%, respectively. Changing the planting density 
and regulating number of ears under wide drilling can 
effectively increase wheat grain yield, improve WUE. D4 
treatment is the optimal treatment for high yield and high 
WUE in this experiment. 

3.6. Correlation between Yield Components, 
Yield and WUE 

According to the correlation analysis, yield is positively 
correlated with ear number, while grain number per ear, 
1000-grain weight, and water usage are negatively 
correlated, and water use efficiency is significantly positively 
correlated with 1000-grain weight (Table 7). A significant 
correlation was observed between yield, spike number 
with the number of ear at wintering and maturity, correlations 
that are significant and positive between yield, spike number 
with dry matter quality of leaves, glume + spike axis and 
grains at maturity. The correlation was significantly positive 
between grain number per spike and tiller number at elongation 
stage and anthesis. A significant negative correlation was 
observed between 1000-grain weight and tiller number at 
elongation stage, booting stage and anthesis, and a 
significant positive correlation exists between 1000-grain 
weight and stem + sheath dry matter quality at maturity. 
There was a significant positive correlation between  
1000-grain weight and water use efficiency, stem + sheath 
dry matter quality at maturity. A significant positive 
correlation between yield, spike number with dry matter 
quality at sowing-wintering stage, elongation-anthesis, 
anthesis-maturity dry matter production post anthesis. 
There was a significant negative correlation between grain 
numbers per spike to dry substance accumulation at 
wintering-elongation stage, a significant positive correlation 
between grain numbers per spike with dry matter 
accumulation at anthesis-maturity stage. There was a 
significant positive correlation between 1000-grain weight 
with water use efficiency, dry matter accumulation at 
overwintering-elongation stage (Table 8, Table 9). The 
main factor affecting yield in the yield composition under 
different sowing rates is the number of spikes, and the 
number of tillers before the jointing stage has the greatest 
impact on the number of spikes. It shows that changing 
the sowing rate can regulate the number of groups, 
improve the plant growth environment, promote the 
accumulation and operation of dry matter in the late 
growth stage, increase the grain production after flowering, 
and improve the grain dry matter quality in the mature 
stage, so as to achieve the effect of increasing yield. 

Table 6. Effects of Planting Density on Wheat Grain Yield and Water Use Efficiency 

Year Planting Density Spike×104·ha-1 Grain Number Of Ear 1000-Seeds Weight g Grain Yield (kg·ha-1) WUE (kg·ha-1·mm-1) 

2018-2019 

D1 498 e 48.0 a 36.35 a 7761 d 17.59 d 
D2 596 d 46.7 b 35.89 b 8530 c 18.59 c 
D3 669 c 44.3 c 34.94 c 8890 b 18.77 b 
D4 748 a 43.3 d 33.23 d 9128 a 18.92 a 
D5 706 b 42.8 e 33.19 d 8908 b 18.52 b 

2019-2020 

D1 598 d 33.6 a 46.75 a 7986 d 20.17 e 
D2 634 c 32.8 b 46.37 ab 8334 c 20.67 d 
D3 662 b 32.1 c 46.23 bc 8413 bc 20.73 c 
D4 686 a 31.5 d 45.95 cd 9136 a 22.63 a 
D5 663 b 31.4 d 45.75 d 8493 b 21.27 b 

Table 7. Effects of Planting Density on Correlation Yield 

Treatment Yield Spike Grain Number Per Ear 1000-Seeds weight WUE 
Yield 1.0000 0.8830** -0.0073 -0.3135 0.2319 
Spike 0.8830** 1.0000 -0.2624 -0.1131 0.3311 
Grain Number Per Ear -0.0073 -0.2624 1.0000 -0.9221** -0.9270** 
1000-Seeds weight -0.3135 -0.1131 -0.9221** 1.0000 0.8395** 
WUE 0.2319 0.3311 -0.9270** 0.8395** 1.0000 
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Table 8. Relationship between Tiller Numbers, Dry Substance Accumulation on Various Yield Components 

Treatment Yield Spike Grain Number Per Ear 1000-Seeds weight WUE 

Population 

WS 0.8662** 0.8963** 0.1255 -0.4831 -0.0306 
JS 0.7932** 0.6532* 0.5191 -0.7932** -0.3605 
BS 0.6118 0.452 0.7374* -0.9282** -0.6241 
AS 0.5809 0.4523 0.7206* -0.9163** -0.6192 

dry matter 

SS-WS 0.8789** 0.9102** -0.3357 0.0021 0.4933 
WS-JS 0.2352 0.4448 -0.9452** 0.7874** 0.9298** 
JS-AS 0.8403** 0.8727** 0.1004 -0.4463 -0.0456 

AS-MS 0.8652** 0.9068** 0.6529* 0.0931 0.5585 

Table 9. Relationship between Dry Matter Remobilization with Yield, Yield Components 

Treatment Yield Spike Grain Number Per Ear 1000-Seeds weight WUE 

before anthesis 
Amount 0.5677 0.7627 -0.5673 0.2403 0.5291 
Translocation rate 0.3794 0.5918 -0.4515 0.1686 0.3441 
Contribution rate 0.0802 0.287 -0.4878 0.3182 0.3309 

post anthesis 
Amount 0.8652** 0.9068** 0.6529* 0.0931 0.5585 
Contribution rate -0.0802 -0.287 0.4878 -0.3182 -0.3309 

distribution in different organs 

Stem and sheath 0.0564 0.1245 -0.8644** 0.8700** 0.9291** 
Leaf 0.7495* 0.7990** 0.2378 -0.5651 -0.1981 
Glume and cob 0.7756** 0.8880** 0.0065 -0.3688 0.0156 
Grain 0.8436** 0.9592** -0.4071 0.0554 0.5052 

Table 10. Path Analysis of Population Tiller Number, dry Substance Accumulation and Yield 

Factors Direct Path Coefficient 
Indirect Path Coefficient 

X1 X2 X3 X4 X5 X6 X7 X8 
X1 -1.242  1.0032 0.121 0.6071 0.0919 -0.0681 -0.4605 0.8131 
X2 1.1474 -1.0859  0.0834 0.5379 0.0588 -0.0611 -0.4033 0.516 
X3 0.1454 -1.0336 0.6581  0.4651 0.1158 -0.0507 -0.3584 0.9372 
X4 0.684 -1.1023 0.9023 0.0989  0.0781 -0.0598 -0.4816 0.7205 
X5 0.1197 -0.9538 0.5636 0.1408 0.4464  -0.0471 -0.3376 0.9332 
X6 -0.0719 -1.1758 0.9744 0.1024 0.5688 0.0783  -0.4052 0.6784 
X7 -0.525 -1.0893 0.8814 0.0993 0.6274 0.077 -0.0555  0.7604 
X8 0.9721 -1.0388 0.609 0.1402 0.507 0.1149 -0.0502 -0.4107  

X1, X2, X3, X4, X5, X6, X7, X8 represented the number of tillers in wintering stage, the number of tillers in jointing stage, the dry matter quality from 
sowing to wintering stage, the dry matter quality from jointing to flowering stage, the dry matter quality from flowering to maturity stage, the dry matter 
quality of leaves in maturity stage, the dry matter quality of rachis + glume in maturity stage, and the dry matter quality of grains in maturity stage, 
respectively. The determination coefficient of the model was R2 = 0.9998. 

 
According to the path analysis, the order of direct effect 

on yield was wintering stag's tillers> jointing stag's 
tillers>the grain's dry matter weight at maturity>he grain's 
dry matter weight at jointing-anthesis stage>the dry matter 
weight of cob + glume at mature stage>the dry matter 
weight of sowing-wintering stage>the dry matter weight 
of flowering-mature stage>the dry matter weight of leaves 
at mature stage. It shows that population tiller number is 
the main factor affecting yield (Table 10). It can be seen 
from the indirect path coefficient that the number of stems 
and tillers in wintering stage and the dry matter weight of 
leaves and cob+glume in maturity had indirect negative 
effect on yield. In this study, the yield was effectively 
improved by adjusting sowing density, increasing the 
number of stem tillers at jointing stage, and increasing dry 
matter accumulation at different growth stages. 

4. Discussions 

4.1. Effect of Planting Density on Tiller 
Number 

The key to improving winter wheat yield is reasonable 
population structure and effective population quality 

management. By adjusting the planting density of winter 
wheat to regulate the number of populations during its 
growth period, it can affect its dry substance accumulation, 
and grain yield formation [23]. According to studies, the 
total tiller number of wheat in main period of birth 
increases with the heighten of planting density [24,25]. 
Under wide-space sowing, and drill sowing, suitable 
planting density can effectively increase the total stem 
number of the population [24]. According to the results of 
this experiment, the number of tillers in the range of  
1.50-4.50 million plants per ha-1 increased initially, but 
then decreased with increasing planting density, the 
maximum was at 3.75million plants·ha-1,in general, the 
results were consistent with previous research. The planting 
density of 3.75million plants per hectare was found to 
increase the total number of tillers in the wheat population, 
which ultimately resulted in greater production. 

4.2. Effect of Planting Density on  
Dry Substance Accumulation and 
Translocation 

The course of the growth process of wheat, during 
different growth stages, dry substance accumulation plays 
an important role in yield formation. Studies have shown 
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that wheat dry matter accumulation can be promoted by 
appropriate planting density, it is conducive to wheat dry 
matter accumulation in early growth, but inhibits it in 
middle and late growth periods [26,27,28]. According  
to related studies, grain yield is significantly correlated 
with dry substance accumulation at seedling-jointing  
and at anthesis. But significantly negatively correlated  
in jointing-anthesis stage Dry substance accumulation 
increased before elongation stage and anthesis-maturity 
stage, reduced in elongation-anthesis stage can enhance 
grain yield [29]. Current test presentation increase 
planting density, the dry substance accumulation in in the 
sowing-wintering and anthesis-maturity stages maximum 
under 3.75 million plants·ha-1. When planting density in 
this experiment was 1.50 million plants per hectare, the 
dry substance accumulation was the lowest at each growth 
stage, indicating the planting density was within the 
acceptable range. 375million plants·ha-1 was the best 
planting density to increase dry substance accumulation 
and yield in late growth stage. 

The increase of dry matter accumulation is the material 
guarantee of yield formation, and the dry matter 
remobilization capacity and efficiency are equally important 
for the formation of high yield. Previous studies have shown 
that 60% of dry matter in wheat grains comes from the 
accumulation of photosynthetic products in functional 
leaves after anthesis. Therefore, expanding dry substance 
accumulation after anthesis is the basis for high yield  
[30]. Related studies have also shown that the use of  
wide-space sowing, and drill sowing increasing the 
planting density, significantly increased the accumulation 
of dry matter after anthesis and its contribution to grain,  
but not conducive to the remobilization of dry matter in 
pre- anthesis [31]. 

With increasing planting density, dry matter translocation 
and translocation rate increased significantly before 
anthesis. With an increase in planting density, the dry 
matter production after anthesis and its contribution rate to 
grain first increased, then declined. Under the treatment of 
3.75million plants·ha-1. The dry substance accumulation of 
various vegetative organs at maturity was the highest in 
stem, followed by rachis+glume and the lowest in leaf. 
Likewise, the dry matter quality and distribution ratio of 
leaf and grain were highest on 3.75million plants·ha-1.It 
indicated that changing the planting density play an 
important role to regulate the remobilization and 
distribution of assimilates. The planting density of 
3.75million plants·ha-1 mating wide-space sowing, and 
drill sowing to the accumulation of dry matter quality was 
beneficial, and increased the Production of carbohydrates 
after anthesis. 

4.3. Effects of Planting Density on Yield and 
Yield Components of Winter Wheat 

The yield of wheat is determined by 1000-grain weight, 
grain number per era and spike number on region area. In 
order to obtain high yield, the relationship between the 
three must be coordinated. Planting density has obvious 
effect on wheat yield [32,33,34]. Recent research 
demonstrates that too small planting density will lead to 
insufficient ears of wheat, reduce grain yield too magnum 
planting density will lead to more ineffective tillers, 

reducing population dry matter accumulation [35]. The 
increasing the amount of seeding within a certain range in 
the wide-space sowing, winter wheat yield is achieved by 
increase in the number of spike. The amount of planting is 
too large, the amount of spike area increased is difficult to 
compensate for the loss of grain number and grain weight 
decreased, wheat production depression [36,37]. The 
results of present trial the number of spike, grain yield and 
WUE increased were maximum on 3.75 million plants·ha-1 

treatment under wide-space sowing. The highest yield 
increased by 15% compared to the increase of planting 
density, the number of grains per spike, 1000-grain weight 
decreased. In the range of 1.50-3.75 million plants·ha-1, 
winter wheat increased yield by increasing the number of 
spikes, and more than 3.75 million plants·ha-1, the grain 
yield decreased. Wide-space sowing, and drill sowing 
suitable density matching can obtain higher panicle 
number, thus laying the foundation for further increasing 
the number of populations. 

The results of correlation analysis under the experimental 
conditions showed that there were significant or extremely 
significant correlations between yield and spike number 
with wintering stages tillers, elongation stage and mature, 
dry substance accumulation before wintering and after 
elongation stage, leaf, spike+glume and grain dry matter 
quality at mature, respectively. There was a significant 
negative correlation between spike number with 1000-
grain weight, WUE, and a significant positive correlation 
between 1000-grain weights with WUE. Path analysis 
showed that the most important factor affecting yield was 
tiller number at wintering stage and elongation stage, 
followed by dry substance accumulation and distribution. 
Therefore, regulating the number of tillers before jointing 
stage is the key to increase yield, and increasing the 
accumulation of dry matter can lay a foundation for 
enhancing yield under wide strip sowing. 

5. Conclusion 
In the south of Shanxi province, winter wheat was 

planted by wide drilling, the spike number was closely 
related to yield in winter period, elongation stage and 
maturity. The dry substance accumulation before winter 
period and post elongation stage was closely related to the 
number of spikes and yield, especially the dry substance 
accumulation after anthesis. When the planting density 
was 3.75million plants·ha-1, the number of tillers and  
the dry substance accumulation of the aboveground 
population in the early growth stage were increased, the 
reasonable population structure was constructed, the dry 
matter remobilization before anthesis the dry substance 
accumulation post anthesis and its contribution rate to 
grain were increased, the spike number was significantly 
increased, ultimate increase the grain yield. 
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