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Abstract With the increasing demand for food security and efficient agricultural development, the optimization of corn sowing
technology has become an important means to improve yield and resource utilization efficiency as the world's main food crop. This
study systematically reviews the development status and technical points of corn sowing methods, sowing density and row spacing
configuration, sowing period control and intelligent sowing equipment, analyzes the adaptation mechanism of sowing parameters in
different ecological regions, and explores the integrated application effect of sowing strategies through typical regionalized cases.
Studies have shown that adjusting sowing technology according to local conditions not only significantly improves corn emergence
rate and population structure, but also helps to achieve high yield, stable yield and sustainable development goals. This study hopes
to provide theoretical support and technical reference for further innovation and practical promotion of corn sowing technology.
Keywords Corn; Sowing technology; Density optimization; Sowing period control; Smart agriculture

1. Introduction

Corn (Zea mays L.) is a very important crop. It can be used as food, animal feed, and is often used in industrial
processing. The area and total yield of corn in the world are now slowly increasing (Tar et al., 2024). Corn can
adapt to different climatic conditions and plays a big role in ensuring food security. As the climate warms and the
population increases, how to grow corn well and increase yields becomes increasingly important (Huang et al.,
2020; Xiao et al., 2020).

If you want high corn yields, the sowing method is critical. How to sow, when to sow, and how deep to sow will
affect the emergence, later growth, and how many seeds can be produced in the end, how heavy the grains are, and
how high the total yield is (Domokos et al., 2024; Wu et al., 2024). Studies have found that ridge cultivation and
choosing the right sowing time can significantly increase crop yields and harvest rates; and precision sowing
technology can also make seedlings more uniform and make corn more drought-resistant (Imran et al., 2021;
Laghari et al., 2024). Reasonable adjustment of sowing period and sowing method is also a good way to cope with
climate change and ensure stable corn yield (Ali et al., 2022; Zhang et al., 2023).

This study will systematically sort out the research progress and innovative application of corn sowing technology
in recent years, analyze the global importance of corn, and focus on how different sowing methods, sowing timing
and technological innovation affect yield and quality, hoping to improve corn productivity by optimizing sowing
strategies.

2 Evolution and Adaptability of Sowing Methods

2.1 Development from broadcasting and drilling to precision sowing

The seeding method of corn has changed a lot in recent years. In the past, it was mostly broadcasting or row
seeding, but now precision seeding is increasingly used. Although broadcasting is convenient, the seeds are not
evenly distributed, many seedlings cannot emerge, and the yield cannot keep up. Row seeding is better than
broadcasting. The seeds can be sown at similar depths and spacings, so that the seedlings grown are more uniform,
and the yield and nutrient utilization rate are also higher (Laghari et al., 2024). Later, there were precision seeding
and nutrient management tools, such as precision fertilization systems combined with row seeding, which can also
be used in conjunction with fixed seedbeds to further increase yields and incomes, and are more environmentally
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friendly. Studies have shown that using these methods, the yield and income of corn and wheat rotation can be
nearly 50% higher than traditional broadcasting (Jat et al., 2021). Another improvement method is ridge
cultivation, which can make corn grow taller, have larger ears, more grains, and a higher emergence rate, and the
effect is significantly better than broadcasting and row seeding.

2.2 Regional ecological adaptation of sowing strategies

Today's sowing methods are increasingly "adapting to local conditions". Different places have different climates,
so sowing time and methods should also be adjusted accordingly. This can better adapt to climate change and
reduce the risk of yield reduction caused by changes in temperature and rainfall (Lv et al., 2019; Xu et al., 2021;
Rao et al., 2022). For example, in China and India, adjusting the sowing date and selecting suitable new varieties
can effectively offset the negative impact of climate change. Studies have found that delaying sowing and
selecting good varieties can help maintain yield stability (Lv et al., 2019; Srivastava et al., 2022). For another
example, in Argentina, farmers introduced genetically modified corn and flexibly arranged sowing dates so that
corn can be planted in more semi-arid or sub-humid areas to avoid drought problems during the critical growth
period (Otegui et al., 2021).

2.3 Impact on emergence uniformity and stand establishment

The selection of sowing methods will directly affect whether the seedlings are uniform. The uniform emergence of
seedlings will ensure stable growth and guaranteed yield. Ridge cultivation and precision seeding can sow seeds
more evenly and at a more appropriate depth, so that seedlings emerge faster and more evenly. Some studies have
shown that the emergence rate of ridge cultivation can reach 89% (Laghari et al., 2024). If the seedlings emerge
evenly, the field will not be messy, and corn will not compete for water and fertilizer. Precision seeding, which
sows seeds at similar depths, can also make the seedlings in the entire field grow more uniformly. This early
advantage will make the later growth smoother and the yield higher, and corn can also withstand problems such as
drought and high temperature.

3 Optimization of Planting Density and Row Configuration

3.1 Trade-offs between plant competition and yield per area

Increasing the planting density and reducing the row spacing can often increase the number of ears and the
efficiency of land use, thereby increasing the yield per unit area. However, when the density is too high, the corn
will compete with each other for light, water and nutrients, which will affect individual development. If the corn is
planted too densely, the number and weight of corn grains may decrease, and even more fertilizer may not
necessarily alleviate this competition (Haegele et al., 2014). If you want to have a stable yield, you have to match
the planting density and row spacing well and find a balance. This can prevent the corn from growing too crowded,
especially when the climate is unstable, this approach is more secure (Haarhoff and Swanepoel, 2022; Noland et
al., 2025).

3.2 Light interception efficiency and row spacing alignment

The width of the row spacing affects how the corn receives sunlight. Compared with wide row spacing, narrow
row spacing such as 38 cm can increase the number of ears, improve yield, and make the spacing between plants
more uniform, all of which are related to high yield (Noland et al., 2025). However, the effect may be different in
different environments. Sometimes, a wide row spacing of 0.76 meters can receive more sunlight; in other places,
a narrow row spacing of 0.52 meters allows the plants to form a better cover layer and capture more light
(Haarhoff and Swanepoel, 2022). There are also some other arrangements, such as alternating narrow and wide
rows or double row planting, which can also help improve radiation use efficiency (RUE) and improve the
lighting environment. But their yield effects also depend on whether the planting density and climatic conditions
are suitable (Liu et al., 2012; Haegele et al., 2014).

3.3 Constraints and physiological adjustments in high-density planting

When the density increases, corn will adjust itself, such as growing more leaves, increasing the leaf area index, or

changing the canopy structure to adapt to more intense competition (Pelech et al., 2022). But this adjustment also

has its limits. If the density is too high and exceeds the tolerance of the corn variety, the yield may stagnate or
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even begin to decline. Therefore, it is important to choose the right variety. Some hybrids can maintain the number
and weight of grains when densely planted, while others cannot (Haegele et al., 2014). Reasonable arrangement of
planting space, such as making the space around each corn plant more square and balanced, can also reduce the
impact of crowding and help increase yields (Noland et al., 2025).

4 Sowing Time Adjustment under Climatic Variation

4.1 Effects of sowing date on emergence and phenology

When corn is sown will directly affect the emergence time, growth process and yield. Generally speaking, early
sowing can take advantage of sunlight and suitable temperature earlier, so that more grains and heavier grains are
produced, which is conducive to stable and increased yields (Wu et al., 2023; 2024). Although late sowing will
shorten the early growth period, it can extend the period of flowering and seeding. This can sometimes help corn
avoid severe weather such as high temperature and dry heat. However, in high-latitude areas, late sowing may also
cause crops to encounter early frost, increasing the risk of premature aging (Han et al., 2022). Studies have found
that when the temperature rises, adjusting the sowing period can make corn grow faster, which can reduce some of
the negative effects of climate (Abbas et al., 2017).

4.2 Adjusting sowing periods in response to climate change

Adjusting the sowing time is an important way to cope with climate change. For example, delaying sowing can
allow corn to avoid high temperatures during the flowering or filling stages, which can increase yield potential
under future climates (Tian et al., 2018; Xiao et al., 2022). Some places recommend early sowing, which can
better utilize sunlight and heat and extend the sowing window (Wu et al., 2023). However, different regions have
different answers to the best time to sow. For example, in high-latitude areas, early sowing and long-growing
varieties can avoid early frost; while in low-latitude areas, mid-sowing and mid-maturity varieties can reduce the
impact of high temperatures (Han et al., 2022). If sowing time, variety selection, planting density and other factors
are taken into consideration, adaptability and yield can be further improved (Lv et al., 2019; Zhang et al., 2020;
Xu et al., 2021).

4.3 Risk mitigation techniques for early and delayed sowing

Whether it is early or late sowing, there are risks. In order to mitigate these effects, some countermeasures can be
considered. For example, medium-time sowing (mid-time sowing) is usually more stable, avoiding both high
temperatures in the early stage and cold or early frost in the later stage. Studies in North China have found that
mid-time and late sowing have higher yields than early sowing (Tian et al., 2018). When selecting varieties, you
should choose according to local weather, so that you can avoid extreme temperatures and arrange the key growth
period in the right time period (Lv et al., 2019; Han et al., 2022). There are now models that can predict light and
temperature to help farmers determine the most appropriate sowing time (Wu et al., 2023). If sowing time,
planting density, fertilizer management and variety selection are combined, the effect will be better and can better
cope with the yield reduction caused by climate change (Xu et al., 2021; Abbas et al., 2023). These methods can
help corn to have more stable emergence, smooth development, and improve overall stress resistance.

5 Technological Integration in Sowing Equipment

5.1 Precision seeders and variable rate control

Precision seeder technology is becoming more and more advanced. They combine a variety of sensors and control
systems to place seeds and control distances more accurately. The machine controls the seeding and fertilization
process by reading real-time data, so that the distance error between seeds is smaller and the qualified rate can
reach more than 94% (Xie et al., 2024). Variable seeding technology is to flexibly adjust the seeding amount
according to the soil and crop conditions of the plot. For example, less seeding is done in places with high fertility
and more seeding is done in places with poor fertility. This can not only increase yield but also reduce waste
(Munnaf et al., 2024). Now many devices can also be connected to soil moisture sensors to automatically adjust
the sowing depth, which can make the seedlings uniform and strong, and improve drought resistance (Tar et al.,
2024).
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5.2 GPS-based navigation and autonomous sowing

GPS and Beidou navigation systems are very practical when sowing. They can help the seed drill to accurately
locate, whether it is manually driven or automatically driven. Now in some places, more than 80% of the seed
drills are equipped with automatic navigation, which not only saves about 17% of the operation time, but also
avoids missed or repeated seeding, which improves the uniformity of seedlings and yield. There are also some
robot seed drills equipped with GPS, laser scanners, and automatic control systems. They can navigate in the field
and automatically adjust the width. They can sow seeds to the right position without human operation, which
improves efficiency and reduces errors (Chen et al., 2022; Wang et al., 2022; Ayanniran et al., 2024).

5.3 Intelligent machinery and data-driven sowing optimization

Today's intelligent seed drills are not just machines, they are also equipped with computer systems, wireless
sensors and remote control functions. Through CAN bus or wireless network, the machine can collect data in real
time, such as what went wrong and whether the parameters need to be adjusted, and can also be monitored from a
distance (Chen et al., 2022; Xie et al., 2024). Online soil mapping and zoning technology can also tell us where to
plant more and where to plant less, which can not only ensure yield but also improve resource utilization (Munnaf
et al., 2024). Laser sensors plus wireless systems can also control the amount and spacing of seeds, and can
immediately alarm and respond if there is a problem (Xie et al., 2021). These technologies combined not only
make corn planting faster and more accurate, but also make the production process more environmentally friendly,
less labor-intensive, and more adaptable.

6 Case Studies on Region-Specific Sowing Optimization

6.1 Spring maize sowing density and timing in Northeast China

In Northeast China, sowing time and variety selection have a great impact on yield. If climate change is not
intervened, corn yield may decrease by 11.5% to 34.6% by 2050. However, if the sowing date and variety rotation
can be adjusted according to climate conditions, the yield may increase by up to 42.7% (Zhang et al., 2023). In
high-latitude and mid-latitude areas, early sowing and the use of long-growing varieties are recommended; while
in low-latitude areas, medium-sowing and medium-maturing varieties are more suitable. This practice can reduce
the impact of high temperatures and reduce the risk of premature aging or frost (Figure 1) (Han et al., 2022). At
present, the sowing date in Northeast China is basically consistent with the optimal sowing date predicted by the
model, but there is still room for further improvement in yield by switching to more heat-resistant and
drought-resistant varieties.

6.2 Smart seeding implementation in high-yielding North China Plain

In the North China Plain, in order to grow corn well and improve efficiency, sowing technology must be
"intelligent". This includes choosing the right sowing date, arranging irrigation, and selecting good varieties.
Model simulation found that spring corn is best planted from early May to early June. If irrigation is carried out in
time during the critical growth period, not only will the yield be high, but also mechanized harvesting will be
convenient (Wang et al., 2023). Properly delaying the sowing time can help avoid bad weather, and choosing
high-yield and high-quality varieties such as "Zhengdan 958" can further increase the yield (Zhang et al., 2020).
Using intelligent sowing technology together with precision irrigation and nitrogen fertilizer management can not
only save water and fertilizer, but also stabilize grain quality and yield (Shen et al., 2020).

6.3 Adaptive mechanized sowing in Southwest hilly regions

The mountainous and hilly areas in southwest China have complex terrain and changeable climate. In these places,
sowing machinery and plans must be adjusted according to local conditions. The sowing period here is greatly
affected by soil moisture and temperature. Early sowing is required in dry areas, while late sowing is suitable for
relatively wet areas, which is conducive to increasing yields (Shen et al., 2023). If mechanized sowing is used in
conjunction with local irrigation conditions and suitable corn varieties, it can effectively deal with problems such
as unstable rainfall and complex terrain. Even in a future with increasingly hotter climates and more droughts,
yields can be kept stable (Huang et al., 2020; Zhang et al., 2023).
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Figure 1 Distribution of maximum temperature (Tmax), precipitation and solar radiation in April-October (1980-2019) for the NEC:
North, Keshan station (a, d, g); Central, Gongzhuling station (b, e, h); South, Shenyang station (c, f, i). E: the first ten days of a
month; M: the middle ten days of a month; L: the last ten days of a month (Adopted from Han et al., 2022)

7 Concluding Remarks

Properly adjusting sowing time, choosing the right varieties, and using sowing methods are effective ways to
increase corn yields and benefits. Many studies have found that these practices can help farmers reduce the risk of
yield reductions caused by climate change. For example, in Northeast China, if the sowing period can be adjusted
and the right varieties can be rotated, corn yields can be increased by up to 42.7%. The increase in yields in the
entire corn-growing area may also be between 11.1% and 53.9%. If sowing optimization is combined with
nitrogen fertilizer management, ridge planting, mulching and other technologies, yields can be further improved,
incomes can be higher, and the impact on the environment is reduced.

Now, many new seeders are equipped with intelligent functions, such as automatic adjustment of sowing depth
and monitoring of soil moisture. These devices can help corn seedlings emerge more evenly, improve drought
resistance, and save water and fertilizer. By analyzing real-time data and using model predictions, farmers can
flexibly adjust sowing time and input according to the situation of each plot of land, thereby achieving higher
yields and more reasonable resource utilization. Considering that the rural labor force is decreasing, such

technologies are becoming more and more important. They can not only improve work efficiency, but also reduce
labor costs.

Looking ahead, continuing to promote intelligent seeding systems, using data for precise management, and
combining local seeding methods and varieties with strong stress resistance will be an important means to cope
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with climate change and ensure stable and high yields of corn. By developing precision agriculture and optimizing
seeding technology, we can better ensure food security, save resources, and promote the sustainable development
of corn production.
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