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Abstract 
 

Amid the increasing frequency of extreme weather events worldwide, significant year-to-year variations in environmental 

conditions have become apparent. The timing of wheat sowing plays a critical role in influencing its growth and development, thereby 

impacting China's food security. This study investigated the effects of different sowing dates on wheat growth, grain filling, and maturity 

in Xinxiang, Henan Province. By implementing five sowing date gradients, we analyzed the morphological and physiological changes 

in wheat and conducted initial assessments of its yield. The results indicate that October 15 represents the most suitable sowing date, 

leading to improved nitrogen utilization efficiency, higher leaf chlorophyll levels, enhanced stem reserve accumulation and 

translocation to grains, and increased grain yield. These findings advocate for selecting the optimal sowing time considering climatic 

and environmental factors, offering a scientific foundation for wheat cultivation. 
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Introduction 

 

Wheat stands as the second most significant grain crop 

in China. Its yield is affected by factors such as variety, soil 

conditions, climate, and sowing date (Qin et al., 2015). For 

various winter wheat cultivars, selecting the optimal 

sowing time is of great importance, which is affected by 

climate change and preceding crops (Luo et al., 2018). 

Sowing date exerts a significant effect on the growth 

and final yield of winter wheat. An optimal sowing window 

enables efficient utilization of light and heat resources, 

thereby boosting productivity (Zhou et al., 2020). Climate 

change has reduced the applicability of traditionally 

recommended sowing dates (Nouri et al., 2017). Early 

sowing increases the risk of frost injury and grain shriveling, 

whereas late sowing leads to weak seedlings that are prone 

to winterkill (Fowler, 1982). Regional studies show 

divergent impacts: in southern Xinjiang, early sowing 

improves both yield and quality, while late sowing maintains 

quality but reduces yield. In Anhui, delayed sowing requires 

a higher seeding rate, and excessive delay causes substantial 

yield losses. Moreover, an earlier sowing date can increase 

soil moisture content, while a delayed one reduces it. 

Ultimately, timely sowing lowers the accumulated 

temperature requirement, optimizes population structure, 

and enhances both yield and quality (Reynolds et al., 2012; 

Noor et al., 2021). 

With shifts in climate patterns and improvements in 

farming techniques, delayed sowing of winter wheat has 

become increasingly common. Although moderate delay 

can be beneficial, it generally reduces the number of 

effective spikes per unit area (Hunt et al., 2019). Therefore, 

addressing the dual challenges of maintaining high yield 

and good grain quality under late-sowing conditions is of 

great significance. Adapting sowing dates to local 

conditions is an essential measure (Liu et al., 2022). The 

optimal sowing window can reduce the accumulated 

temperature demand, optimize canopy structure, and 

contribute to better yield and quality (Akter & Islam, 

2017). This study analyzed the effects of sowing date on 

plant architecture and yield formation of ‘Zhengmai 1860’ 

to determine its suitable sowing range and optimize 

cultivation practices.  

 

Test materials and setup: A field experiment was 

conducted during the 2023–2024 growing season at the 

Modern Agricultural Experimental and Demonstration 

Base of the Henan Academy of Agricultural Sciences. The 

winter wheat cultivar ‘Zhengmai 1860’ provided by the 

Wheat Research Institute of the academy was used. Five 

sowing dates (5, 10, 15, 20, and 25 October) were set to 

explore the effects of different sowing dates on canopy 

morphological development and yield formation of wheat. 

 

Test indicators and methods: The canopy Soil and Plant 

Analysis Development (SPAD) value, a non - destructive 

metric for assessing relative chlorophyll concentration, was 

measured to evaluate the photosynthetic capacity and nitrogen 

adequacy of wheat plants. A SPAD - 502 portable chlorophyll 

meter was utilized for this assessment, with six replicate 

measurements obtained per sample to ensure data reliability.  

Canopy nitrogen content and leaf area at various 

positions were measured to evaluate their roles in the 

effects of sowing date on yield. Nitrogen content was 

measured using an N - Pen meter, and leaf area was 

calculated (S = L × W × 0.75) from six plant samples 

collected during the mid - and late - grain - filling stages. 

All measurements were conducted with three replicates.  
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Experimental setup and methods 

 

Technical Route 

 

 
 

Fig. 1 Technical route of the experimental scheme. 

 

Determination of Culm Morphology at Different 

Layers. Samples were collected at the mid-grain filling 

stage, late-grain filling stage, and maturity stage, with six 

plants selected for each sowing date. After the removal of 

leaves, the remaining culms were employed to measure the 

internode length (using a ruler) and internode diameter 

(using a vernier caliper) below the spike. Each section was 

measured three times, and the mean value was calculated.  

Determination of Spike Morphology. At the maturity 

stage, six plants were sampled for each sowing date, and 

the spike length (from the base to the tip) was measured. 

Each spike was measured three times, and the average 

value was calculated while ensuring the structural integrity.  

Determination of Yield and Quality Indicators. Upon 

reaching maturity, random samples were collected to 

measure the number of grains per spike, the number of 

effective spikelets, spike weight, and harvest index. 

Kernels were threshed for the measurement of length, 

width, and weight. Quality indicators were ascertained 

using a near - infrared grain analyzer. 

 

Statistical analysis: Data were analyzed using Microsoft 

Excel, and statistical differences were examined by SPSS 

16.0 through analysis of variance (ANOVA). 

 

Results 

 

Grains per spike: As shown in Fig. 2, grains per spike 

differed significantly among the various treatments, 

showing an overall upward trend. The value on 15 October 

reached its peak, which was significantly higher than those 

on 5, 10, and 25 October, but not significantly different 

from that on 20 October. It was substantially greater than 

those of all other sowing dates. Different letters above the 

bars (e.g., a, b, etc.) signify statistically significant 

differences at p<0.05.  
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Grain weight per plant: As shown in Fig. 3, grain weight 

per plant in different treatments showed a significant 

increasing trend, reaching the maximum on 15 October. This 

value presented significant disparities when compared with 

the data from the 10th and 20th, yet no significant difference 

was detected in comparison with the data from the 5th and 

25th. These findings suggest that this sowing date facilitates 

a higher production capacity per wheat plant.  

 

Leaf area change at different positions: Variation in flag 

leaf green leaf area. The data depicted in Fig. 4 suggest that 

during the mid-grain-filling stage, the area of the top-first 

leaf displayed notable differences among treatments, 

showing a pattern of initial augmentation followed by 

subsequent diminishment. The peak value was recorded on 

15 October, which was significantly different from the 

values on 5 and 20 October, while the difference between 

the 10th and 20th was not statistically significant. 

Therefore, the treatment on the 15th was the most effective.  

Penultimate leaf area dynamics. As depicted in Fig. 5, 

during the mid - grain filling stage, the area of the 

penultimate leaf varied significantly across different 

treatments, presenting irregular fluctuations. The value on 

October 15 reached the peak, showing a significant 

difference compared to those on the 5th, 10th, and 20th, yet 

no significant difference was found when compared to the 

25th. In the late filling stage, notable differences in leaf 

area still persisted among certain treatments. Once again, 

the maximum value was recorded on October 15, which 

was significantly higher than those on the 5th and 10th. 

However, there was no significant difference between the 

20th and 25th. Furthermore, during this later stage, the 

change in leaf area under the October 15 treatment was 

more stable and displayed a downward trend. In 

conclusion, the treatment implemented on October 15 

demonstrated the optimal performance.  

Third-leaf area dynamics. Figure 6 reveals notable 

variations in the area of the third top leaf among different 

treatments during the mid-grain filling stage, accompanied 

by an overall downward trend. The peak value on October 

15 was significantly higher than those on the 5th and 10th. 

In the late stage, although the leaf areas further decreased, 

the treatment on October 15 maintained a stable and 

maximum value, which differed significantly from those 

on all other dates, indicating superior performance.  

Fourth-leaf area dynamics. As depicted in Fig. 7, 

during the mid-grain filling stage, the area of the fourth top 

leaf exhibited significant variations among different 

treatments, presenting an overall downward trend. 

Throughout both grain-filling stages, the treatment with 

sowing on October 15 maintained the highest leaf area, 

showing a significant advantage over the treatment with 

sowing on October 10, while there was no statistically 

significant difference compared to the sowing on October 

5. The sowing on October 15 maintained the maximum leaf 

area with minimal reduction, demonstrating both a 

significant edge over other treatments and superior 

stability, thus confirming it as the optimal regime.  

 

Variation in spike morphology under different sowing 

dates: Figure 8 indicates that sowing on October 15 

consistently produced the longest spikes throughout the 

grain-filling and maturity stages, frequently exhibiting 

significant advantages over other sowing dates. Its 

excellent and stable performance, marked by the largest 

amplitude of change, validates it as the optimal treatment.  

 

Stem volume parameters across positions: First-

internode stem volume dynamics. Figure 9 reveals that 

during the grain - filling stage, the sowing date 

corresponding to the highest stem volume changed (mid - 

stage: October 15; late stage: October 20). The 15 October 

treatment consistently attained the highest values during 

the mid-filling, late-filling, and maturity stages. It reached 

the highest value at maturity and, more importantly, 

maintained the most stable volume of the first internode 

below the spike throughout the growth period, which 

validates it as the optimal option.  

Second - internode stem volume dynamics. As 

depicted in Fig. 10, the stem volume of the second 

internode demonstrated significant variations among 

different treatments. The treatment on October 15 

consistently attained the highest values during the mid - 

filling, late - filling, and maturity stages, presenting 

significant disparities with several other dates (e.g., the 

20th and 25th during the mid - stage; the 25th and 10th 

during the late - stage; the 25th at maturity). Furthermore, 

it manifested the most stable volumetric alterations 

throughout all growth stages. Consequently, the treatment 

on October 15 is recognized as the optimal one. 

Third - internode stem volume dynamics. Figure 11 

illustrates that the stem volume of the third internode below 

the spike exhibited substantial variations among different 

treatments. The sowing on October 15th consistently 

attained the highest values with excellent stability 

throughout the developmental stages. It demonstrated 

significant advantages over multiple comparison dates, 

thereby validating its status as the optimal regime.  

Fourth - internode stem volume dynamics. Figure 12 

indicates that the stem volume of the fourth internode below 

the spike differed substantially among treatments. The 

treatment on October 15 consistently presented the highest 

values during all three growth stages, namely the mid - filling, 

late - filling, and maturity stages. It showed significant 

disparities with the treatments on the 10th, 20th, and 25th 

during the mid - stage, and with the treatments on the 20th and 

25th during both the late and maturity stages. Furthermore, it 

displayed the most stable volumetric dynamics throughout the 

observation period. Consequently, the treatment on October 

15 is recommended as the optimal one.  

Superior performance was concentrated on the sowing 

date of October 15, as ascertained through the analysis of 

stem volume variation across different positions. This 

sowing date can be ascribed to the augmented accumulation 

of stem volume, which indicates vigorous growth, high 

biomass, and strong photosynthetic activity, all of which are 

conducive to yield enhancement. Therefore, the treatment on 

October 15 is the optimal choice.  

 

Variation in nitrogen use efficiency at different leaf 

positions: Figure 13 illustrates the preeminence of the 

October 15 treatment. The October 15 sowing treatment 

consistently attained the highest values in both the middle 

and late stages. 



LI XIANGDONG ET AL., 4 

 

 
 

Fig. 2. Grains per spike of different sowing dates at maturity. 

 
 

Fig. 3. Grain weight per plant of different sowing dates at maturity. 

 

 
 

Fig. 4. Flag leaf area of different sowing dates in two seasons. 

 
 

Fig. 5. Penultimate leaf area of different sowing dates in two seasons. 

 

 
 

Fig. 6. Third top leaf area of different sowing dates in two seasons. 

 
 

Fig. 7. Fourth top leaf area of different sowing dates in two seasons. 
 

 
 

Fig. 8. Variation in spike length with growth stage and sowing date. 

 
 

Fig. 9. Volume of the first internode below the spike. 
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Fig. 10. Volume of the second internode below the spike. 

 
 

Fig. 11. Third-internode stem volume of different sowing dates. 

 

 
 

Fig. 12. Fourth-internode stem volume of different sowing dates. 

 
 

Fig. 13. Flag leaf NUE of different sowing dates. 

 

 
 

Fig. 14. NUE of the penultimate leaf of different sowing dates. 

 
 
Fig. 15. NUE in the third top leaf of different sowing dates in two seasons. 

 

 
 
Fig. 16. NUE in the Fourth Top Leaf of different sowing dates in two seasons. 

 
 
Fig. 17. NUE in the Fifth Top Leaf of different sowing dates in two seasons. 
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Figure 14 indicates that during the mid - grain filling 
stage, there were no significant differences in the NUE of 
the penultimate leaf among treatments, and it generally 
remained stable. The NUE value on October 15 was the 
highest and significantly differed from that on the 5th. In 
the late filling stage, significant differences among 
treatments emerged. The NUE value on October 15 
reached the maximum and significantly differed from those 
on the 5th, 20th, and 25th. Additionally, for this sowing 
date, the NUE showed minimal and more stable variation 
during the late stage. Consequently, the treatment on 
October 15 is more advantageous.  

Figure 15 demonstrates that during the mid - grain 
filling stage, there were no significant differences in the 
NUE of the third top leaf among different treatments. The 
NUE presented a gradual and stable decrease as the sowing 
dates were postponed. The highest NUE value was 
documented on October 15, while the lowest was noted on 
the 20th. In the late filling stage, significant disparities 
among treatments became apparent. The treatment with a 
sowing date of October 15 attained the maximum NUE, 
showing significant differences compared to the treatments 
with sowing dates on the 20th and 25th, but no significant 
differences compared to those on the 5th or 10th. 
Additionally, the NUE for the October 15 sowing date 
exhibited minimal and more stable fluctuations in the late 
stage. Consequently, the treatment with a sowing date of 
October 15 is regarded as the optimal one.  

Figure 16 indicates that the NUE of the fourth top leaf 
varied notably among treatments during the mid-grain filling 
stage, generally declining with the delay of sowing. The 
value on October 5 was the highest, significantly different 
from the lowest value on the 20th, but not significantly 
different from those on the 15th or 25th. In the late filling 
stage, significant differences still existed among treatments. 
The treatment on October 10 achieved the maximum NUE 
and showed significant differences from all other dates (5th, 
15th, 20th, and 25th). Furthermore, the sowing date of 
October 10 exhibited minimal and more stable NUE 
variation during the late stage, while the treatment on 
October 5 showed a substantial decrease. Therefore, the 
treatment on October 10 is more advantageous.  

Figure 17 indicates that the nitrogen use efficiency of 
the fifth leaf differed significantly among treatments during 
the grain - filling stage, generally showing a decreasing 
trend with the delay of sowing. The treatment sown on 
October 15 consistently attained the highest values in both 
the middle and late stages, which were significantly 
different from the lowest values (treatment sown on 
October 5) and the values of the treatment sown on October 
10. Additionally, it displayed minimal fluctuations and 
higher stability in the late stage. Consequently, the 
treatment sown on October 15 is the most optimal.  
 

Variation in photosynthetic pigment content at 

different leaf positions: Variation in Chlorophyll Content 

in the Flag Leaf. Figure 18 indicates that during the mid - 

grain - filling stage, there were no significant differences in 

chlorophyll content among treatments. The maximum and 

minimum values were recorded on October 5 and October 

20, respectively. In the late grain - filling stage, the 

treatment on October 15 attained the highest chlorophyll 

content, which was significantly different from the 

treatments on October 5 and October 25. Furthermore, the 

chlorophyll content of the top - leaf under this sowing date 

demonstrated the most substantial change during the late 

stage. A comprehensive analysis validates the superiority 

of the October 15 treatment.  
Variation in Chlorophyll Content in the Second Top 

Leaf. Figure 19 indicates that during the mid - grain - filling 
stage, the chlorophyll content in the penultimate leaf varied 
significantly across different treatments. Generally, it 
showed a decreasing trend with the delay of sowing time. 
The highest chlorophyll content was observed on October 
5, followed by that on October 15, while the lowest was 
recorded on October 20. The chlorophyll content on 
October 20 differed significantly from that on October 5, 
but there was no significant difference compared with the 
values on the 10th, 15th, or 25th. 

In the late grain - filling stage, the treatment on 
October 15 achieved the highest chlorophyll content, 
which was significantly different from that of the October 
25 treatment. Compared with the mid - stage, the 
chlorophyll content in the October 5 treatment declined 
substantially during the late stage, while the October 15 
treatment remained relatively stable. Therefore, the 
treatment on October 15 is regarded as the optimal one.  

Variation in Chlorophyll Content of the Third 
Uppermost Leaf. Figure 20 indicates that during the middle 
grain - filling stage, the chlorophyll content of the third 
uppermost leaf varied notably among different treatments. 
There was an overall decrease in chlorophyll content with 
the delay of sowing time. The treatment with sowing on 
October 15 had the highest chlorophyll content value, which 
was significantly different from the lowest value recorded on 
October 20, but not significantly different from the values of 
the treatments on October 10 or 25. In the late stage, the 
treatment with sowing on October 15 still had the highest 
chlorophyll content, showing significant differences from 
both the October 20 and October 25 treatments. Although 
the chlorophyll content decreased in all treatments during the 
late stage, the sowing date of October 15 showed the most 
stable trend. Consequently, the treatment with sowing on 
October 15 is regarded as the optimal one.  

Variation in the Chlorophyll Content of the Fourth 
Uppermost Leaf. Figure 21 indicates that the chlorophyll 
content of the fourth uppermost leaf exhibited significant 
variations among treatments during both grain - filling 
stages, generally showing a decline with the delay in 
sowing. The treatment sown on October 10 consistently 
attained the highest values, significantly differing from the 
lowest values in the mid - stage and from most other 
treatments in the late stage. While the chlorophyll content 
decreased for other sowing dates in the late stage, the 
treatment sown on October 10 maintained stable levels. 
Consequently, the treatment sown on October 10 is 
regarded as the optimal one.  

Variation in the Chlorophyll Content of the Fifth 
Uppermost Leaf. Figure 22 indicates that the chlorophyll 
content of the fifth uppermost leaf varied notably among 
treatments during both grain - filling stages, presenting a 
general downward trend with the postponement of sowing. 
The treatment with sowing on October 15 consistently 
attained the highest values, showing significant differences 
from the treatments with sowing on October 5 and 10 in 
both stages. Although the chlorophyll content decreased in 
all treatments during the late stage, the sowing date of 
October 15 displayed the most stable tendency. 
Consequently, the treatment with sowing on October 15 is 
regarded as the optimal one. 
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Fig. 18. Variation in Chlorophyll Content in the Flag Leaf of 

different sowing dates in two seasons. 
 

 
 

Fig. 19. Variation in Chlorophyll Content in the second top leaf 

of different sowing dates in two seasons. 
 

 
 

Fig. 20. Variation in Chlorophyll Content in the third top leaf of 

different sowing dates in two seasons. 

 

 
 

Fig. 21. Variation in Chlorophyll Content of the fourth top leaf of 

different sowing dates in two seasons. 

 
 

Fig. 22. Variation in Chlorophyll Content of the fifth top leaf of 

different sowing dates in two seasons. 

 

Results and Discussion 

 

The content of photosynthetic pigments and nitrogen 

utilization efficiency are crucial factors determining the 

photosynthetic efficiency and yield formation in wheat 

(Makino, 2011). Alterations in sowing dates significantly 

influence the processes of photosynthetic pigment synthesis 

and nitrogen metabolism, thereby regulating dry matter 

accumulation and yield components (Bashan & De-Bashan, 

2010). This research reveals that sowing on October 15 

effectively stimulates chlorophyll accumulation, enhances 

photosynthetic capability (Rahman et al., 2009), improves 

nitrogen uptake and utilization efficiency, and promotes 

protein synthesis and dry matter accumulation, establishing a 

physiological basis for yield enhancement (Yin et al., 2018). 

These results are in line with previous studies suggesting that 

optimal sowing dates facilitate chlorophyll and nitrogen 

accumulation (Kibe et al., 2006 , Dai et al., 2017). 
From the perspective of canopy structure and dry matter 

partitioning, wheat sown on October 15 demonstrates 
superior spike length, leaf area, and stem morphology, which 
are conducive to light capture and utilization (Sieling et al., 
2016), as well as the efficient translocation of photosynthetic 
products to grains (Liu et al., 2016). This sowing date 
guarantees that the critical growth stages of wheat take place 
under appropriate temperature and light conditions, 
circumventing excessive vegetative growth resulting from 
early sowing or insufficient biomass accumulation due to 
late sowing(Dennett, 1999). This coordination between 
morphological development and dry matter accumulation is 
consistent with the conclusions of other studies regarding the 
advantages of optimal sowing dates for canopy 
establishment and biomass production (Pal et al., 2017 , 
Ehdaie & Waines, 2001). 

Regarding yield performance, sowing on October 15 
notably enhances grain yield by optimizing key components 
including productive panicles, grains per spike, and thousand 
- kernel weight (Bashir et al., 2010). The optimal sowing date 
facilitates sufficient growth and nutrient accumulation, 
thereby optimizing yield - related traits. In contrast, late 
sowing results in a substantial yield decline owing to a 
shortened growth cycle (Zhiipao et al., 2023). This study 
systematically expounds on the comprehensive impacts of 
sowing date on the physiological traits, morphological 
development, and yield formation of wheat, offering a 
theoretical foundation and practical guidance for formulating 
sowing strategies adapted to local conditions.  
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