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Abstract 

Soil respiration refers to the metabolic activities of plant roots, carnivorous animals, 
fungi and bacteria in the soil. The process of consuming organic matter and producing 
carbon dioxide. Soil respiration is the main way for land plants to fix CO₂ and release CO₂ 
back to the atmosphere. It is an important process related to global change. The 
influence factors and research progress of wheat and corn soil respiration were 
reviewed, and the prospects for future research on soil respiration were proposed. 
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1. INTRODUCTION 

The increase in the concentration of greenhouse gases has seriously affected the global 
climate system, and the greenhouse gases produced by soil respiration account for a large 
proportion [1]. The area of wheat and corn planted in the world is quite large, so it is necessary 
to study the soil respiration of farmland in the case of wheat and corn. Soil respiration is mainly 
produced by soil microorganisms (heterotrophic respiration) and root systems (autotrophic 
respiration). There are many factors that affect the soil of wheat and corn farmland, such as 
moisture, temperature, tillage methods, fertilization, intercropping, etc. Only by deeply 
understanding the relationship between various factors and soil respiration can the theory be 
applied to practice to achieve the purpose of regulating soil respiration and reducing carbon 
emissions. 

2. DETERMINATION METHOD OF SOIL RESPIRATION 

The process of soil carbon dioxide production and release into the atmosphere is soil 
respiration. The measurement of soil respiration mainly refers to the measurement of the 
amount of carbon dioxide emitted into the atmosphere. Because the soil respiration 
composition is relatively complex, the determination method is not unique. Due to the 
limitation of measurement conditions, there are certain errors in each measurement method. 
The measurement methods of soil respiration mainly include direct measurement and indirect 
measurement. 

2.1. Indirect Measurement 

For some soil respiration measurement studies, there is no way to measure it directly, so 
some metabolic indicators need to be determined to indirectly calculate soil respiration. For 
example, if we want to get the total amount of soil metabolism, we can estimate by net primary 
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production minus the energy consumed by ground herbivores, but the results obtained are 
relatively error-prone. In addition, some researchers use soil adenosine triphosphate (ATP) 
content to estimate soil respiration, and believe that log10 (soil respiration) and log10 (ATP 
concentration) have a more obvious linear relationship. In addition, because soil temperature 
and moisture are important factors influencing soil respiration, researchers have studied the 
effects of temperature and moisture on soil respiration and established regression equations to 
calculate the size of soil respiration. Indirect methods need to establish a quantitative 
relationship between measured indicators and soil, and this relationship is generally applicable 
to specific ecosystems. Therefore, the application of this type of method has greater time and 
space limitations, and the measurement results are difficult to compare with other methods. 

2.2. Direct Measurement 

The methods for directly measuring soil respiration can be basically divided into three types: 
static air chamber method, dynamic air chamber method and micro-meteorological method. 
Among them, static air chamber method includes static alkali absorption method and static air 
chamber method. 

(1) Static chamber method 

The static method is based on the CO₂ discharged from the soil, after a certain period of 
accumulation into the collection container, and then quantitative calculation of the CO₂ in the 
container. This gives the amount of CO₂ released by the soil per unit time. 

Static lye absorption method: People use the lye absorption method to study soil respiration 
in forest, grassland and farmland ecosystems. Some researchers use alkaline solution (NaOH or 
KOH solution), and some researchers use solid alkaline particles. Their principle is the same, 
that is, the alkali absorbs CO₂ to form carbonate, and then the remaining alkali is calculated by 
the gravimetric method or the neutralization titration method, and the total amount of CO₂ 
emitted by the soil in a certain time is calculated according to the formula. In recent years, this 
method has been widely used in China's temperate grasslands to measure soil CO₂ emissions 
from grassland ecosystems. The advantage of the lye method is that it is easy to operate. It does 
not require complicated equipment when performing field measurements, which is conducive 
to multiple repeated measurements. This is a great advantage for soil respiration with large 
spatial heterogeneity. The limitation of the lye method is that the accuracy of the measurement 
is not ideal. In the case of low soil respiration rate, the measured result is higher than the true 
value. When the soil respiration rate is high, the measurement result is lower than the real value. 

Closed air chamber method: The closed air chamber method includes gas chromatography 
and infrared CO₂ analysis. In this method, one end of a tube container without a bottom and no 
cover is inserted into the soil. After a period of stabilization, a cover is added, a needle connector 
is used to draw a gas sample into the vacuum container at a certain time interval, and gas 
chromatography is used. The instrument or infrared analyzer measures the concentration of 
CO₂, and calculates the rate of CO₂ emission. The equipment cost of the air chamber method is 
relatively high. 

(2) Dynamic chamber method 

The dynamic method is to use CO2 free air or the known concentration of CO2 at a certain rate 
through the surface of the soil sample covered by a closed container, and then use an infrared 
gas analyzer to measure the CO2 content of the gas. Calculate the soil respiration rate based on 
the difference in the concentration of CO₂ in and out of the container. 

The dynamic air chamber method usually includes a dynamic closed air chamber method and 
an open air flow infrared CO₂ analysis method. Because the dynamic method is more accurate 
than the static method in determining the true value of soil CO₂ emissions, it is more suitable 
for measuring the rate of CO₂ emissions in the instant and the whole time. The representative 
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instrument is LI-8100 soil flux measurement system of American LI-COR company. The main 
advantages are accurate measurement, high degree of automation, not affected by the weather, 
high stability, consistency, and low volatility of air flow during measurement. The disadvantage 
of this method is the negative impact of the air circulation rate and the pressure difference 
between the inside and outside of the gas chamber on the measurement. For example, when the 
airflow passes through the soil surface in the gas chamber, the oxygen input rate increases, 
resulting in more CO₂ being sucked out of the soil The metabolism has increased. In addition, 
because the equipment required for this method is expensive and must have power supply, its 
use in the field is subject to certain restrictions. 

(3) Micrometeorology 

The vorticity correlation method is based on the principle of micrometeorology to measure 
the surface gas emission flux. Generally, within the allowable plant canopy height range, the 
vortex correlation method for measuring CO₂ emissions is not limited by the type of ecosystem. 
It is particularly suitable for measuring soil CO₂ emissions on a large scale, where water vapor, 
CO₂, and energy between the soil plant system and the atmosphere The measurement scales of 
all are more than 1 km. Another advantage of this method is that it hardly interferes with the 
soil system. However, the vorticity correlation method requires that the heterogeneity of the 
soil surface and the terrain conditions are relatively simple, and the accuracy of the 
measurement of soil CO₂ emissions is largely affected by the atmosphere, soil surface, and 
equipment. 

3. EFFECTS OF SOIL MOISTURE AND TEMPERATURE ON SOIL RESPIRATION 

Soil moisture and temperature are important factors affecting soil respiration. At present, the 
effect of soil moisture and temperature on soil respiration is the most common among all 
studies on soil respiration, and the results obtained are also the most clear among many. 

3.1. Effect of Soil Moisture on Soil Respiration 

Due to the inseparable relationship between water and microorganisms in crops and soil. The 
growth of wheat and corn and the life activities of microorganisms are inseparable from water. 
The source of soil respiration is mainly the roots of plants and the respiration of 
microorganisms. In general, the optimal water condition is usually close to the maximum field 
water holding capacity. When the soil is too dry or too wet, soil respiration will be inhibited. 
The mechanism of the effect of changes in water content on soil respiration is soluble organic 
matter The permeability, microbes and plant root life activities all change correspondingly with 
different soil moisture conditions. Therefore, the effect of water on soil respiration is significant. 
Regarding the relationship between soil moisture and soil respiration, different researchers 
have conducted experiments in different aspects. Papendick et al. Pointed out that the soil 
respiration rate is the highest at the optimum soil water content, and the optimum water 
content is usually close to the field water holding capacity [2, 3]. Too low soil water content will 
inhibit soil respiration [4]. 

With the proposal and verification of the view that water affects soil respiration, some 
scholars have studied soil respiration in terms of irrigation methods. Different irrigation 
methods and levels will affect soil respiration in wheat and corn fields. For example, Shufang 
Guo and Yuchun Qi studied the respiration of wheat fields under different irrigation methods: 
under the micro-spraying method, the microbial heterotrophic respiration flux and cumulative 
emissions of the soil during the wheat growing season were greater than that of flood irrigation, 
and the primary productivity of the micro-spraying method was also greater than that of flood 
irrigation [5]. The research results of Huijing Hou and others showed that the lack of irrigation 
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treatment during the summer corn planting resulted in a significant reduction of soil CO₂ 
emissions [6]. 

3.2. Effect of Soil Temperature on Soil Respiration 

As early as the end of the 19th century, temperature was considered by some researchers as 
one of the influencing factors of soil respiration rate. Under natural conditions, the soil includes 
both psychrophilic microorganisms, mesophilic microorganisms and thermophilic 
microorganisms. In a fairly wide temperature range, the response of soil respiration to 
temperature changes exponentially. Studies have found that the maximum respiration of soil 
microorganisms is at 23 ℃. Xiaoping Zhou's team found that on the daily scale, soil respiration 
is mainly affected by soil temperature; on the seasonal scale, the seasonal variation of soil 
respiration is mainly affected by soil temperature and humidity [7]. 

After many studies, there is a certain correlation between temperature and soil respiration, 
and a large part of the temperature changes indicate the daily and seasonal changes in soil 
respiration rate. For example, Yan Liu of Nanjing University of Information Science and 
Technology studied the effects of simulated warming on soil respiration and the key processes 
of soil carbon and nitrogen cycling in winter wheat-soybean rotation farmland. The seasonal 
variation is consistent with the variation of soil temperature, and with the duration of warming 
time, there is a good positive correlation between soil respiration rate and soil temperature at 
a certain stage [8]. 

3.3. Interaction of Soil Moisture and Temperature 

Current research on moisture and temperature on soil respiration finds that the two interact 
with each other in terms of impact on soil respiration. Some studies have found that the effect 
of temperature on soil respiration rate only works under certain water conditions. Through 
field control experiments, Yangzhou Wu's team found that a 30% reduction in water and an 
increase in temperature of 2 °C reduced the average rate of soil respiration by 22.4%, indicating 
that the combined treatment of water and temperature has produced an ecology different from 
single-factor treatment for farmland ecosystem effect [9]. 

4. EFFECTS OF TILLAGE METHODS ON SOIL RESPIRATION 

There are many farming methods, the main farming methods are tillage, no-till and rotary 
tillage. Tillage refers to shoveling, loosening, and dredging the land to make the land flat and 
loose. It is the most preliminary process of farming by farmers. Tillage can allow seeds to 
breathe in the soil and grow easily. No-till is a type of tillage that does not turn the topsoil and 
leaves crop residues on the soil surface that are sufficient to protect the soil throughout the year. 
The types include no tillage, strip tillage, stubble mulch and other tillage measures that do not 
turn the topsoil. Rotary tillage is a kind of land preparation method using a rotary tiller. The 
rotary tiller rotates around a vertical axis, so that the cutter cuts the soil to reach the crushed 
soil and functions as a slurry. It is suitable for paddy fields and paddy fields. 

Because of the different cultivation methods, the pores between the soil particles of the 
farmland soil are different. Therefore, farming methods will affect the soil respiration of 
farmland to a certain extent. The team of Yu Zhang from China Agricultural University explored 
the effects of different tillage methods on the soil respiration component and carbon balance of 
winter wheat farmland, and compared the carbon sink intensity of the farmland under different 
tillage methods. It appears as a "sink" of atmospheric CO2 emissions, but the farmland carbon 
sink strength is different under different tillage methods, which is shown as no-till> rotary 
tillage> tillage [10]. The relationship between soil respiration and moisture and temperature in 
wheat field under different tillage measures. The team of Aizhong Yu pointed out that soil 
respiration is not sensitive to soil moisture under different tillage measures. Under different 
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tillage measures, soil respiration of winter wheat farmland is mainly controlled by the soil 
temperature of the plough layer [11]. Xue Wang's team conducted a study combining no-tillage 
and fertilization. Based on 8 consecutive years of field trials, they studied and analyzed the 
seasonal changes and influencing factors of soil respiration in winter wheat farmland under 
different tillage and fertilization measures. The results show that different tillage and 
fertilization treatments can significantly affect the soil respiration rate. Compared with 
traditional tillage, no-tillage mulch treatment significantly reduced the soil respiration rate of 
dryland farmland; under the same tillage treatment, the application of organic fertilizer will 
significantly increase the soil respiration rate It shows that tillage and application of organic 
fertilizer can promote soil respiration [12]. 

5. EFFECT OF FERTILIZATION ON SOIL RESPIRATION 

Fertilizer plays a vital role in the growth of crops. Proper fertilization will promote the growth 
of crops, and improper proportions will affect the growth of crops. The growth of crops 
determines the respiration of crop roots. Fertilizers also affect the microorganisms in the soil, 
so fertilization will have a certain effect on the soil respiration of farmland. General fertilizers 
are fertilizers with nitrogen, phosphorus and potassium as ingredients. Different fertilizers 
have different effects on crops. Nitrogen fertilizer promotes the vigorous growth of the stems 
and leaves of the plants, and the leaves are dark green. Nitrogen fertilizer promotes the vigorous 
growth of the stems and leaves of the plants, and the leaves are dark green. Phosphate fertilizer 
promotes the development of plant roots, enhances cold and drought resistance, promotes 
flower bud differentiation, and matures early. Potash fertilizer promotes robust growth of 
plants and thick stems. Therefore, the respiration of different fertilizers on farmland soil is also 
worth studying. The carbon input of farmland ecosystems is not only related to irrigation and 
fertilization, but also to the types of fertilization and their interactions [13]. 

Nitrogen fertilizer application is a key factor affecting farmland carbon source and sink [15]. 
Nitrogen application will affect soil microbial respiration and root respiration [14]. The 
research results of the Wanyu Jin team showed that the addition of nitrogen fertilizer promoted 
plant growth and increased biomass, thereby increasing the soil respiration rate of winter 
wheat farmland [16]. The Chinese Academy of Sciences Jianmin Li et al. Concluded that the 
average soil respiration rate under nitrogen treatment was significantly higher than that under 
nitrogen treatment, with an increase of 17.7%, especially during the heading and flowering 
periods of corn [17]. The Agricultural College of Hebei Agricultural University has studied the 
effect of long-term fertilization on soil respiration of spring corn farmland in the northeast of 
China. It is concluded that long-term application of organic fertilizer can increase soil 
respiration and increase soil organic carbon content, which is conducive to the improvement of 
farmland productivity and sustainable farmland utilization [18]. In order to understand the 
effect of different fertilization measures on the soil respiration process, the Huijun Wu team 
studied the soil respiration characteristics in the wheat growing season of Chao soil. The results 
showed that soil respiration had obvious diurnal and seasonal changes; soil respiration and soil 
temperature showed an exponential relationship; organic fertilizer and straw returning to the 
field significantly increased soil respiration rate in the late growth period, but only NPK 
combined application decreased Soil respiration rate [19]. 

6. EFFECT OF INTERCROPPING ON SOIL RESPIRATION 

Intercropping refers to the method of planting two or more crops on the same field and in the 
same growth period, with branches or sub-zones planted alternately. Intercropping can 
improve land utilization, and the crop complex formed by intercropping can increase the 
interception and absorption of sunlight and reduce the waste of light energy; at the same time, 
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two crops intercropping can also produce complementary effects, such as wide and narrow row 
intercropping or band intercropping The high pole crops have certain edge advantages, and the 
intercropping of legumes and gramineae is beneficial to supplement the consumption of soil 
nitrogen. However, there are often fierce competitions for sunlight, moisture and nutrients 
among different crops during intercropping. Therefore, it is helpful to improve the effect of 
intercropping by properly arranging crops with different plant heights and slightly varying 
growth periods and arranging planting rows with different widths in the field. Because the two 
crops differ in nutrient consumption and root respiration, soil respiration is different between 
intercropping and monocropping. The Wenjuan Liu team used the Li-8100 soil respiration 
automatic observation system to study the soil respiration rate of the pomegranate-wheat 
intercropping system located in the hilly area of northern China in Jiyuan City, Henan Province, 
which is higher than that of the wheat monocropping system [20]. 

7. CONCLUSION 

Farmland ecosystem soil respiration is an important part of the terrestrial ecosystem carbon 
cycle. Wheat and corn account for a large proportion of crops. Therefore, a large amount of 
carbon dioxide will be generated during the cultivation of wheat and corn, which will seriously 
affect global climate problems. It is necessary to study soil respiration in wheat and corn 
farmland. At present, most researches on soil respiration are biased towards single factors, and 
comprehensive research should be focused on multi-factors in order to gain an in-depth 
understanding of the interaction between various factors of soil respiration. In-depth research 
on field soil respiration under wheat and corn rotation conditions can help coordinate the 
contradiction between agricultural emission reduction and development, determine the 
appropriate farming, water and fertilizer methods, and thus contribute to food security, 
agricultural green development and global carbon emission reduction. 
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