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Abstract
Assessing the spatial distribution of organic matter and total nitrogen in soil is essential for management
and optimum utilization of fertilizers in order to obtain better crop yield with minimum fertilizers cost.
Subsequently, this �eld experiment has studied the impact of different planting patterns arrangements of
maize and soybean strip relay intercropping on spatial distribution of soil total nitrogen and organic
matter contents. The planting was arranged in a manner that soil sampling could be done from
continuous maize/soybean relay strip intercropping (MS1), maize/soybean relay strip intercropping in
rotations (MS2), Traditional maize/soybean intercropping (MS3), sole maize (M), sole soybean (S), and
fallow land (FL) from 2018 to 2020. The results showed signi�cant variations for soil organic matter and
total nitrogen under different planting patterns of maize and soybean in intercropping. The highest soil
organic matter (29.19 g/kg) and total nitrogen (10.19 g/kg) were MS2. In contrast the minimum organic
matter (1.69 g/kg) and total nitrogen (0.64 g/kg) were FL. Soil organic matter and total nitrogen in MS2
increased by 186.45% and 164.06%, respectively, compared with FL. Furthermore, under MS2, the spatial
distribution of soil organic matter was higher in both maize and soybean crop rows as compared with
other cropping patterns, whereas the soil total nitrogen was higher under soybean rows as compared with
maize in all other treatment. However, the correlation analysis of the treatments showed variations for
organic matter. It can be concluded that different planting patterns can have other effects on soil organic
matter and total nitrogen distribution under intercropping. Moreover, it is recommended from this study
that MS2 is a better planting pattern for strip intercropping, that can increase spatial distribution of soil
organic matter and total nitrogen, consequently it can improving the soil fertility and C:N ratio.

1. Introduction
China feeds approximately 20 percent of the world's population, with less than 9 percent of the world's
arable land[1]. The world's population is increasing rapidly. Therefore, it must produce more from the
limited arable land to meet the needs of the growing population[2, 3]. Strengthening the utilize of chemical
fertilizer is an essential step in expanding crop yields[4, 5], nevertheless, the indiscriminate use of fertilizers
has led to raised soil nutrients imbalance in various regions of the world, notably many Asian countries[6,

7]. In economically developed areas of China, a markedly disproportionate dose of fertilizers is being
administered. That is averaging 339kg/hm2, which was 1.29 times the national average of 262kg/hm2,
while in economically underdeveloped areas, the fertilizing amount was only 178kg /hm2[8, 9].
Additionally, in soil organic matter areas, the limited fertilizer resources are markedly wasted and lead to
environmental pollution[10]. Regarding the limited utilization of fertilizer resources, China adopted the
concept of ecological agriculture in the last century[11, 12]. In this regard, a lot of research on soil nutrient
status has been carried out. Similarly, intercropping of different crops was one of the priorities.
Intercropping is a cropping pattern in which two or more crops are cultivated simultaneously on the same
piece of farmland[13], which proved to be economically, ecologically, and socially pro�table[14, 15].
According to statistics, the universal intercropping area is more than 1,109 hm2, which is about 3% of the
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total cultivated area[16, 17]. The common intercropping patterns principally comprise intercropping or relay
strip intercropping, and strip intercropping refers to growing two or more crops, strips within a speci�c
bandwidth allowing alternate planting of different crops. It is determined by intercropping and relay
intercropping. The main difference between intercropping and strip intercropping is: In strip intercropping,
different kinds of crops are not grown in a single row, but two or more rows of the same crop are grown
together, the one crop is formed "Strip" and interval cultivated with another "Strip" of crop, having
relatively �xed line number, line spacing and strip width (bandwidth), which can make full use of the
limited land resources, improve the nutrient absorption and utilization e�ciency of crops, and improve
soil fertility and quality[18, 19].

Soil organic matter and total nitrogen are important indexes to evaluate soil fertility and soil quality. They
are essential sources and sinks of the global carbon cycle and have become one of the research hotspots
in soil and environmental sciences[14, 20]. Although they only account for a small part of the total soil
volume, they play a vital role balancing the soil fertility, environmental protection, and sustainable
agricultural development[21]. Under intercropping, soil organic matter and total nitrogen, like other soil
characteristics, have high spatial variability in various regions. Similarly in China, there are signi�cant
differences in soil organic matter and nitrogen contents at different spatial locations at the same time[22,

23]. The changes of SOM and TN are dependent on farming practices such as fertilization, incorporation
of crop residues, crop rotations, soil utilization, and tillage method[24]. The Tillage method had a great
in�uence on soil organic matter and total nitrogen content. It was discovered that intercropping could
enhance the distribution and content of soil organic matter and total nitrogen[24]. Cereal/legume
intercropping is widely recognized as a sustainable agricultural production system, and it can improve the
symbiotic nitrogen �xation of legumes and reduce the input of chemical fertilizers[25] Intercropping of
maize and soybean represents a new cereal/legume pattern that farmers are rapidly adopting in
Southwest of China[25]. However, there is no available literature on soil organic matter and total nitrogen
spatial distribution in the maize/soybean relay strip-intercropping system. Whereas, information is
needed to identify better management practices that can optimize land use e�ciency and to understand
the mechanism underlying the increased soil fertility under maize/soybean relay strip intercropping
systems, especially Southwest China and similar areas. Furthermore, The main objectives of this three-
year study were to quantify the relationship between soil organic matter and total nitrogen content and
planting patterns in a maize/soybean strip relay intercropping system. We speculate that maize/soybean
relay strip intercropping systems can improve soil organic matter and total nitrogen content with planting
patterns in maize/soybean relay strip intercropping system.

2. Materials And Methods
2.1. Experimental location

Field experiments were conducted from 2018 to 2020 at the teaching and research farm of Sichuan
Agricultural University site in Ya'an city, and the site is located in Southwest Sichuan Province of China
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(101°56′26″E, 28°51′10″N). This region has hilly and mountainous mainly (Fig. 1). The climate is humid
subtropical monsoon, with the average annual temperature of 16.2℃, rainfall 1250 to1750 mm, sunshine
duration 1005 hours, and frost-free period of 300 days. The soil type is Gley soils  according to FAO-
UNESCO 1988[26] having pH 6.6, organic matter 29.8 g·kg-1, total nitrogen 1.6g·kg-1, total phosphorus
g·kg-1, and total potassium 14.28g·kg-1.

2.2. Experimental design and treatments

The experimental design was a randomized block design with three replications ( Fig. 2). In this
experiment, maize variety Denghai-605(Shandong Denghai Seeds Co., Ltd)and soybean variety Nandou-
12(Nanchong Academy of Agricultural Sciences) were used. Treatments were arranged as MS1=
continuous maize/soybean relay strip intercropping, MS2= maize-soybean relay strip intercropping in
rotations, MS3 = Traditional maize/soybean intercropping (MS3: A conventional planting method in
Southwest of China), M = Sole maize, S  = Sole soybean, FL= Fallow land. The size of the experimental
plots under MS1, MS2, MS3, M, and S was 6×6 (36m2), whereas the plot size for FL was 2×6 (12m2). The
total bandwidth of MS1 and MS2 was “160 cm + 40 cm” maize wide-narrow-row sowing, i.e., the relay
intercropping combination of two crop strips with a total width of 200 cm, consisting of two rows of
maize and two rows of soybean with a 40-cm row width for maize and soybean, and 60-cm spacing
between the adjacent rows of maize and soybean. Traditional intercropping (MS3) has a total bandwidth
of 100cm with a 1:1 row ratio and distance between maize/soybean rows of 50 cm. Insole planting of
maize and soybean, the distance between two rows was 100 cm for maize and 50 cm for soybean,
respectively (Note: The difference between MS2 treatment and MS1 treatment is that the maize belt and
soybean belt will be rotated in MS2 means that maize belts turn into soybean, soybean belts turn into
maize each year.). 

The fertilizers were used as Urea (including 46% N), Calcium superphosphate (including 14% P2O5), and
Potassium chloride (including 52% K2O), all fertilizers for maize and soybean were used as basal
fertilizers. Maize was fertilized with pure nitrogen at 120 kg/ha, P2O5 105 kg/ha, and K2O 135 kg/ha,
soybean was fertilized with pure nitrogen at 60 kg/ha, P2O5 63 kg/ha and K2O 52.5 kg/ha in 2018, 2019,
and 2020. Maize crop was sown on 24th March, 23rd March, and 29th March, in 2018, 2019, and 2020,
respectively, and harvested on 25th July, 6th August, and 8th August in 2018, 2019, and 2020,
respectively. Soybeans were sown on 7th June, 8th June, and 13th June,  in 2018, 2019, and 2020,
respectively, and harvested on 30th October, 23rd October, and 22nd October 22 in 2018, 2019, and 2020,
respectively.

2.3. Sampling and measurements

In this experiment, the soil samples from all the cropping patterns were collected after soybean
harvesting. For soil sampling, the �xed-point sampling procedure was adopted to collect the soil sample
from 0-20 cm soil layer (Fig. 3). To collect the piece, the soil core was inserted vertically into the ground.
All the collected soil samples were mixed, and approximately 1kg of soil was taken for further analysis.

file:///C%3A/Users/Administrator/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html#/javascript%3A;
file:///C%3A/Users/Administrator/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html#/javascript%3A;
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The undisturbed soil samples were placed in the tray and stored in a clean indoor ventilation area for
natural air drying. After drying, samples were put into a sample bag for determination of soil organic
matter and total nitrogen. All the sample bags were labeled with a number, sampling place, soil type,
sampling depth, sampling date, and time.

A maize-soybean relay strip intercropping (Continuous and rotation cropping), B Traditional maize-
soybean intercropping; C maize monoculture, D soybean monoculture, E fallow land. M maize, S soybean,
·soil sample sites;● For the soil sample collection point.

2.3.1. Soil organic matter and total nitrogen content determination

The Soil organic matter(SOM as abbreviation) determination was done by potassium dichromate
volumetric method - external heating method[27].

SOM =  (1)

Where c (mol/L) is the molar concentration of consuming ferrous sulfate, V0 is the volume (ml) of
consuming ferrous sulfate in blank test, V is the volume (ml) of consuming ferrous sulfate in titrating soil
sample, 0.003 is ¼ mmol/grams of carbon, 10172 is the conversion coe�cient from soil organic carbon
to organic matter, 1.1 is correction factor (The oxidation rate in this method is 90%), m (g) is air dry soil
quality, k is the coe�cient of drying soil to drying soil.

The total nitrogen(TN as abbreviation) was determined by the Kjeldahl method[28].

TN =    (2)

Where V0 is the volume (mL) of standard acid used for titrating the sample, V is the volume (mL) of
normal acid used for titrating the blank, C is normal acid concentration (mol/L), 14 is N molar mass
(g/mol), W is the sample weight (g).

2.3.2. Soil organic matter and total nitrogen reference standards

At present, there are many soil nutrient grading standards in China, and each of them has soil nutrient
grading standard[27]. The results of this experiment mainly refer to the national soil nutrient classi�cation
standard (Table 1). Chinese soil nutrient classi�cation standard divides soil organic matter and soil
nutrient into six grades from 1 to 6. Soil organic matter and soil nutrient are the highest in grade 1, and
the most minor in grade 6[28]. Furthermore, the spatial variation of soil organic matter and nutrient
availability in China is relatively high. For example, soil organic matter in China can be as high as
200g/kg or more, and as low as 5g/kg or less, and the total nitrogen content can be as high as 35g/kg
and as low as 5g/kg[29]. Therefore, further re�nement of soil organic matter and soil nutrient grade is
needed to compare differences in soil nutrient grade in China[30].
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Table 1. Nation soil nutrient standard grade

Standard gradea Nutrient elements

Organic matter (g/kg) Total nitrogen (g/kg)

1 >40.0 >2.00

2 30.1-40.0 1.51-2.00

3 20.1-30.0 1.01-1.50

4 10.1-20.0 0.76-1.00

5 6.0-10.0 0.50-0.75

6 <6.0 <0.50

a1, 2, 3, 4, 5, 6 represent the First standard, Second standard, Third standard, Fourth standard, Fifth
standard, Sixth standard, respectively.

The classi�cation of coe�cient of variation: coe�cient of variation is considered weak under <10%,
moderate variation between 10% and 100%, and strong variation when it is > 100%[31,32] .

2.4. Statistical analyses

All the experimental data were managed by Microsoft Excel 2016, and the �gures were constructed with
Origin Pro 2018. Differences between intercropping systems and soil organic matter and total nitrogen
content were identi�ed by analyzing variance (ANOVA) using SPSS 22.0 software (SPSS Inc., Chicago, IL,
USA). The mean values were compared with a least signi�cant difference (LSD) test at the P <
0.01 signi�cance level. Linear regression techniques were used to describe the relationships between soil
organic matter and total nitrogen. The effectiveness of cropping patterns was determined by regression
equations analysis with P-values (Tukey's test) and the coe�cient of determination (R2).

3. Results

3.1. Soil organic matter content and spatial distribution
The planting pattern shows signi�cant (P < 0.01) variations for soil organic matter content of both maize
and soybean at all sampling times across the three years of this experiment (Table 2 and Fig. 4). On
average, during the three years, the average value of each treatment is MS2(Maize-soybean relay strip
intercropping in rotations) > MS1(Continuous maize/soybean relay strip intercropping)>MS3(Traditional
maize/soybean intercropping) > S(Sole soybean) > M(Sole maize) > FL(Fallow land), where the smallest
average value was found in FL (10.19g/kg), and the most signi�cant value was found in MS2
(29.19g/kg)(Table 2 and Fig. 4). Furthermore, it was observed that the maximum soil organic matter
(39.72 g kg− 1) was recorded in MS2, whereas the minimum soil organic matter (8.71 g kg− 1) was
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recorded in FL(Table 2 and Fig. 4), and soil organic matter in MS2 increased by 186.45% compared with
FL. Overall, there were more signi�cant variations in soil organic matter under MS2, as compared with
other planting patterns. The results implied that there were differences in soil organic matter content
among different treatments, which might be related to different planting methods and crop types. At the
same time, the spatial distribution of MS2 organic matter in maize and soybean rows was most dense.
This phenomenon may be due to different planting patterns and crop residues of maize and soybean in
the �eld.The results showed that the MS2 planting pattern was most bene�cial to soil organic matter
accumulation.

The obtained results were also graded by the coe�cient of variation, where we �nd that MS1, MS2, MS3,
M, and S have moderate variations when compared, while FL shows weak variation, and overall MS2
shows the most signi�cant variations(Table 2). This result might be due to the multi-year rotation of
maize and soybean, and increased organic matter over the time.

Table 2
Soil organic matter content under different planting methods of maize and soybean in 2018–2020

Treatmenta Number of samples Content range

(g/kg)

Average

(g/kg)

Coe�cient of variation

(%)

MS1 45 15.33–36.54 27.02 ± 7.98bb 29.53

MS2 45 15.51–39.72 29.19 ± 9.36a 32.06

MS3 27 14.79–34.19 25.07 ± 5.74c 22.91

M 18 17.68–24.65 20.42 ± 2.45e 12.02

S 18 14.79–27.89 22.07 ± 3.95d 17.90

FL 9 8.71–11.46 10.19 ± 0.71f 6.97

aMS1, MS2, MS3, M, S, FL represent the Continuous planting of maize/soybean relay strip inter-
cropping, Planting of maize/soybean relay strip inter-cropping in rotation, Traditional maize/soybean
inter-cropping, Sole maize planting, Sole soybean planting, Fallow land, respectively.

bValues followed by a different letter within the same column are signi�cantly different at P < 0.01.

3.2. Total soil nitrogen content and spatial distribution
Across all treatments, the soil nitrogen content of the maize/soybean intercropping systems, MS2 has
more signi�cant variation in total soil nitrogen (Table 3 and Fig. 5). On average, MS2(Maize-soybean
relay strip intercropping in rotations) > MS1(Continuous maize/soybean relay strip
intercropping)>MS3(Traditional maize/soybean intercropping) > S(Sole soybean) > M(Sole maize) > 
FL(Fallow land), The treatment shows that the minimum soil nitrogen content was under FL (0.64g/kg),
and the maximum soil nitrogen content was recorded under MS2 (1.69g/kg)(Table 3 and Fig. 5).
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However, under MS2, the spatial distribution of soil total nitrogen under soybean rows was higher in
soybean rows, as compared with maize rows (Table 3 and Fig. 5). As shown in Table 3, the maximum
total soil nitrogen (2.47 g kg− 1) was recorded in MS2, and the minimum total soil nitrogen (0.55g kg− 1)
was recorded in S and FL, and total nitrogen in MS2 increased by164.06% compared with FL. Under all
planting patterns, the spatial distribution of soil total nitrogen in maize rows was lower as compared with
soybean rows, however, the average maximum and minimum total nitrogen and organic matter was
almost identical under various planting patterns. Therefore, it can be speculated that organic matter and
total nitrogen have a strong correlation to each other.The results showed that MS2 planting pattern was
most bene�cial to soil total nitrogen accumulation.

According to correlation analysis there was moderate variation in soil total nitrogen under MS1, MS2,
MS3, M, and S, weak variation in FL, and the most signi�cant variation were observed under MS2 (R2 = 
0.96). It can be concluded that the interpretation of total nitrogen is the same as organic matter, which
indicates that the high correlation between organic matter and total soil nitrogen. Furthermore, these
results shows that the intercropping of maize/soybean can improve the organic matter and total nitrogen
content in soil.

Table 3
Total nitrogen content under different planting methods of maize and soybean in 2018–2020

Treatmenta Number of samples Content range

(g/kg)

Average

(g/kg)

Coe�cient of variation

(%)

MS1 45 0.96–2.46 1.48 ± 0.37bb 25.05

MS2 45 0.87–2.47 1.69 ± 0.53a 31.35

MS3 27 0.69–1.81 1.23 ± 0.29c 23.73

M 18 0.62–0.99 0.78 ± 0.13e 16.07

S 18 0.55–1.21 0.98 ± 0.17d 17.21

FL 9 0.55–0.71 0.64 ± 0.04f 6.35

aMS1, MS2, MS3, M, S, FL represent the Continuous planting of maize/soybean relay strip inter-
cropping, Planting of maize/soybean relay strip inter-cropping in rotation, Traditional maize/soybean
inter-cropping, Sole maize planting, Sole soybean planting, Fallow land, respectively.

bValues followed by a different letter within the same column are signi�cantly different at P < 0.01.

3.3. Correlation between soil organic matter and total
nitrogen
According to the contents of soil organic matter and total nitrogen in the six treated soils, the correlation
equation and correlation coe�cient between them can be obtained from Table 4 and Fig. 6.The
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relationship between soil organic matter (X) and total nitrogen (Y) was unevenly linear. Six linear
regression equations of soil organic matter and total nitrogen and their correlation coe�cients were
obtained respectively (Table 4), the regression equation was y = 0.06x-0.08, and the correlation coe�cient
was R2 = 0.87. Furthermore, the correlation between all treatments (planting patterns) for soil organic
matter and total nitrogen was signi�cant, where correlation of MS1, MS2, MS3, and FL were closer to 1.
These results indicated that the correlation between soil organic matter and total nitrogen in different
planting methods was signi�cant and positively correlated.

Table 4
Soil organic matter and total nitrogen correlation

Treatmenta Sample
number

Linear
regression

Correlation coe�cient
(R2)

Signi�canceb

Whole test
area

162 y = 0.06x-0.08 0.87 Very
signi�cant

MS1 45 y = 0.05x + 0.25 0.96 Very
signi�cant

MS2 45 y = 0.06x + 0.07 0.96 Very
signi�cant

MS3 27 y = 0.05x-0.01 0.94 Very
signi�cant

M 18 y = 0.04x-0.01 0.58 Very
signi�cant

S 18 y = 0.03x + 0.25 0.60 Very
signi�cant

FL 9 y = 0.06x + 0.07 0.97 Very
signi�cant

aWhole test area, MS1, MS2, MS3, M, S, FL represent the all experiment treatments(MS1 + MS2 + MS3 
+ M + S+ FL), Continuous planting of maize/soybean relay strip inter-cropping, Planting of
maize/soybean relay strip inter-cropping in rotation, Traditional maize/soybean inter-cropping, Sole
maize planting, Sole soybean planting, Fallow land, respectively.

bcontent followed by a different letter within the same column are signi�cantly different at P < 0.01.

4. Discussion

4.1. Variations in soil organic matter
Soil organic matter is one of the vital soils fertilities materials[34]. Soil organic matter not only provides
nutrients for vegetative growth but is also an important factor affecting soil structure formation and
nutrient bioavailability [35, 36]. The soil organic matter content is mainly in�uenced by land-use
management, especially, the management of different vegetation to the soil. The percentage of organic
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matter in a shrub, grassland, and forest soil with 20 cm in the soil layer with 1m depth respectively was
33%, 42%, and 50%, that was signi�cantly correlated with type of vegetation[36, 37]. Similarly, in this study,
there were differences in soil organic matter content between maize and soybean planting patterns. This
might be due to the phenomenon related of increased crop residues such leaves and roots stubbles of
maize and soybean in the �eld. Usually, the soil organic matter is determined by the balance between soil
organic matter input and mineralization rates of different organic matter types[38]. Different land-use
patterns lead to different soil cultivation, soil physical, chemical properties, and soil fertility. These
variations directly affect the decomposition and transformation of soil organic matter in different soils
[39, 40]. Furthermore, increased organic matter contents under different treatments of this study reported
that, soil organic matter plays a vital role in soil fertility, especially under relay strip intercropping.

4.2. Variations in soil total nitrogen
The soil total nitrogen content re�ects the soil potential capacity to provide nutrients for vegetation,
which, together with soil organic matter and its dynamic balance, constitute an essential index of soil
fertility[41]. Soil nitrogen content is in�uenced by natural factors (climate, topography, and vegetation) and
agricultural practices (fertilization, tillage, irrigation, and land-use practices)[42–44]. Nitrogen is considered
blood for crop growth and development because its absorption and utilization can promote crop growth
and increase crop yield[45]. The nitrogen competition among crop species was signi�cantly, however, in
the cereal/legumes intercropping system it can be promoted by the nitrogen �xation mechanism of
legumes, that can increase the nitrogen availably for absorption and utilization by cereals. Ta and
Faris[46] found that clover increased the nitrogen absorption and utilization for cereals by 25% under
intercropping. Broadbent et al.[47] reported that white clover improved the nitrogen for ryegrass absorption
and utilization by 80% under. Du et al., and Raza et al. (2019)[48, 49]found that in the maize and soybean
intercropping system, the nitrogen uptake of maize was increased by 17–21%, that was mainly attributed
to soybean nitrogen �xation. Similarly, this study �nds that soil total nitrogen in maize/soybean strip
intercropping was higher than sole cropping. It might be soybean nitrogen �xation and increased total
organic matter. Furthermore, this study showed that when legumes and non-legumes are intercropped,
legumes’ nitrogen �xation can bene�t non-legumes in nitrogen absorption and uptake, thus, promoting
the growth and development of non-leguminous crops. However, the amount of nitrogen �xation depends
upon the different legumes and non-legumes intercropping combinations and different crop varieties,
planting patterns, and growth habits of various crops. The biological nitrogen �xation of legumes can not
only improve the nitrogen absorption and utilization of non-legumes, but it can also promote growth and
development, reduce crops dependence on non-renewable resources, increase land equivalent ratio and
land interest rate[50, 7]. Similarly, this study reported that maize/soybean relay strip intercropping has a
positive effect on soil total nitrogen contents.

4.3. Relationship between soil organic matter and soil total
nitrogen
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The soil C/N plays a vital role in soil organic matter decomposition, and it is an essential factor of soil
quality evaluation, because it determines the organic matter effectiveness that improves the soil structure
and enhances the carbon �xation, and increase the soil potential as a "source/sink" of atmospheric CO2

and nitrogen regulation[51, 52]. It is generally believed that during the initial stage of mineralization,
organic matter having C/N > 30 cannot produce nitrogen. If organic matter have C/N < 15, at the
beginning of mineralization, the amount of adequate nitrogen will exceed microorganisms assimilation in
the soil. Thus can make it possible for plants to obtain an adequate nitrogen from organic matter
mineralization[53, 54].

Our result shows that the variation coe�cient of organic matter and total nitrogen in each treatment was
moderate. This might be due to the difference between organic matter and total nitrogen content.
Furthermore, that can also be in�uenced by 1. The contrast of parent material and soil texture at the
experimental site; 2. The particularity of remote terrain in the �eld; 3. Impact of crops vegetation; and 4.
Climatic factors. Meanwhile, the contents of organic matter and total nitrogen in soil samples were
compared, and it was found that the spatial difference of organic matter and total nitrogen was
signi�cant, and there was a signi�cant positive correlation between organic matter and total nitrogen.
According to the content level and spatial distribution of organic matter and total nitrogen in the soil of
the test area, it can guide the rational fertilization in agricultural production, make the proportion of
nutrients in the fertilizer structure appropriate, improve the utilization rate of nutrients, make the medium
and low yield soil get high yield, and make the high yield soil keep stable and high yield.

5. Conclusions
In this study, it was found that in different planting patterns of maize and soybean intercropping affected
nitrogen availability and total nitrogen content in soil. Under maize/soybean relay strip intercropping
system, the spatial distribution of soil organic matter and total nitrogen content were signi�cantly
increased, and the increase in soil organic matter and total nitrogen will increase the C:N ration.
Furthermore, these results indicated that spatial distribution of soil organic matter and total nitrogen
input and uptake can be increased with help of cereal/legumes intercropping. Therefore, it can be
concluded that different planting patterns have different effects on soil organic matter and total nitrogen.
Moreover, it can also be concluded that increase in soil organic matter can not only improve soil quality,
but also improves the soil fertility.

At the same time, there are still shortcomings in this study. The content and distribution of soil organic
matter and total nitrogen in the surface layer (0-20cm) under different planting patterns were only
studied, and the changes of soil organic matter and total nitrogen in different tillage layers were not
involved.
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Figures

Figure 1

Aerial view of the experimental location.MS1, Continuous planting of maize/soybean relay strip
intercropping; MS2, Planting of maize/soybean relay strip intercropping in rotation; MS3, Traditional
maize/soybean intercropping; M, Sole maize planting; S, Sole soybean planting; FL, Fallow land. Repeat 3
times.
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Figure 2

Different planting patterns.T1=MS1, Continuous planting of maize/soybean relay strip intercropping;
T2=MS2, Planting of maize/soybean relay strip intercropping in rotation; T3= MS3, Traditional
maize/soybean intercropping; T4= M, Sole maize planting; T5= S, Sole soybean planting; T6=FL, Fallow
land.
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Figure 3

Spatial distribution of soil sample sites in different cropping patterns. A, B, C, D, and E represents the
maize/soybean relay strip intercropping (continuous planting and rotation), traditional maize/soybean
intercropping, sole maize, sole soybean, and fallow land plots. M represents maize, S representssoybean.
● represents soil sample sites.
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Figure 4

Spatial distribution of soil organic matter under different planting patterns of maize and soybean,
SOM(g/kg).

Figure 5

 Spatial distribution of soil nitrogen content under different planting patterns of maize and soybean,
TN(g/kg).
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Figure 6

Soil organic matter (x) and soil total nitrogen (y) relations
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