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Soybean and corn strip cropping takes full advantage of the root characteristics and plant height differences between soybean and corn, which can improve crop photosynthesis and nutrient uptake as well as capitalize on the marginal effect of corn. However, there is not enough in-depth research on the effects of soybean and corn strip cropping modes on inter-root microbial communities and crop yield traits and their correlations, and the functional genes of inter-root microbes. In this study, the structural composition and functional genes of soil inter-root microbial communities under different strip cropping patterns of soybean and maize, Mode 1, Mode 2, and Mode 3, were studied using macro-genome high-throughput sequencing, and the yield traits of soybean and maize were determined and the correlation was understood, taking Zhonglian Soybean 1505 and Tiyu 108 maize as test materials at the experimental base of the Research Institute of Agricultural and Livestock Sciences, Xing'anmeng, Inner Mongolia. correlation between the two. The following results were found. Redundancy analysis found that rhizosphere microorganisms are mainly bacteria, followed by viruses, followed by archaea, and fungi are the least. Relatively speaking, viruses and bacteria are more susceptible to the influence of planting patterns than fungi. Alpha diversity analysis shows that the diversity index changes significantly during the peak flowering period. There is no difference between the other two stages. The diversity of maize rhizosphere microorganisms under Mode 1 or Mode 2 modes is higher than that under Mode 3 modes, while the diversity of soybean rhizosphere microorganisms under Mode 3 modes is higher than the other two modes. Profiling analysis found that different growth periods and planting patterns lead to varying degrees of changes in community structure. The dominant bacterial phyla include Pseudomonas, Actinobacteria, Bacteroidetes, and Streptococcus. The dominant genera of bacteria are rhizobia, pseudomonas, erythrobacteria, and pseudomonas. The relative abundance of slow root rhizobia in the three growth stages of maize rhizosphere is relatively low. The results of yield traits showed that corn yield under Mode 1 and Mode 2 planting was significantly higher than that under pattern III; soybean yield under pattern III planting was significantly higher than that under the other two patterns, indicating that pattern I or II planting is suitable for corn production, while Mode 3 planting mode is more suitable for soybean production. Correlation analysis showed that S_Massilis_putida was significantly and positively correlated with maize yield, and S_lysobacter_capsici was highly significantly and significantly positively correlated with the number of soybean plants per square meter, and the number of plants in 2 square meters. This study contributes to our further understanding of the classification of inter-root microorganisms and their functional relationships in maize and soybean under different conditions.
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1 Introduction

Intercropping is a planting pattern that diversifies crops in agricultural ecosystems worldwide. There is a long history in agricultural production in China (Li, 2016; He et al., 2023). Reasonable intercropping can fully utilize resources such as light, space, and soil, reduce resource input, and utilize mutually beneficial factors between crops to create natural environmental conditions that are more conducive to crop growth and development, improve field ecological diversity (Brooker et al., 2015), effectively prevent and control the occurrence of diseases and pests, reduce environmental pollution and adverse factors, further improve crop resource utilization, increase crop replanting index, crop yield, and nutrient utilization rate (Hauggaard-Nielsen and Jensen, 2005).

The intercropping mode between leguminous crops and rhizobia can fully utilize the symbiotic nitrogen fixation effect of leguminous crops and rhizobia, change soil enzyme activity, enhance soil fertility, reduce nitrogen fertilizer application in leguminous crops, and improve the agricultural ecological environment. This mode is widely accepted by farmers as an efficient ecological planting mode (Zou et al., 2015; Lin et al., 2022; Tang et al., 2022). Belt planting is developed on the basis of traditional intercropping 36. Belt planting of soybean and corn fully utilizes the advantages of intercropping between grasses and beans. By utilizing the root characteristics and plant height differences of soybean and corn, it can not only improve crop photosynthesis and nutrient absorption, but also fully utilize the marginal effects of corn. It is one of the main autumn crop planting modes promoted by the Ministry of Agriculture and Rural Affairs of China (Lv et al., 2014; Liang et al., 2021; Wang et al., 2023). Therefore, there have been many studies on the yield, photosynthesis, intercropping corn density, mechanization, the impact of soybean at different maturity stages on intercropping, the interaction between soybean and corn, and pests and diseases in soybean corn intercropping (Wang et al., 2007; Cai et al., 2021; Feng et al., 2021). However, there is limited research on the impact on soil microbial communities and the correlation between soil microbial community structure and production performance. Soil health is one of the most important essential conditions for crop growth in the agricultural system. The changes in community structure and diversity of soil microorganisms can reflect the internal stability of the soil ecosystem, the buffering ability of the soil to ecological degradation, and the nutritional status of the soil. It is considered one of the most sensitive potential biological indicators (Sun et al., 1997; Elasa et al., 2006; Jiang et al., 2016).

To investigate the response of the rhizosphere microbial community structure and production performance of corn and soybean to strip planting mode and their correlation, this study focused on the rhizosphere soil of Zhonglian Bean 1505 and Tianyu 108 corn planted in the experimental soybase of the Agricultural and Animal Husbandry Science Research Institute in Xing'an League Inner Mongolia, under different planting modes. High-throughput metagenomic sequencing technology was used to analyze the diversity and community structure of rhizosphere microorganisms in maize and soybean under modes 1, 2, and 3, determine their production traits, and perform correlation analysis between the two. To provide theoretical basis for maize and soybean strip planting and soil health, and achieve sustainable agricultural development.



2 Materials and methods


2.1 Overview of experimental materials and sites

The experimental materials were Tianyu 108 corn and Zhonglian bean1505, as shown in Table 1.


TABLE 1 Detailed information of experimental materials.
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The experimental site was located in Tumen Gacha, Ergetu Town, Keyouqian Banner, Xing'an League, and Inner Mongolia. The geographical location was 46 ° 15'50.35 “N, 122 ° 24'17.35” E, with an altitude of 296 meters. It belongs to a temperate continental monsoon climate, with sufficient sunshine and an average annual temperature of 4.2°C. The terrain was characterized by shallow mountains and hills, high in the north and low in the south. The frost free period in 2022 is 142 days, and the rainfall during the growth period is 316 millimeters. The average temperature in summer ranges from 13 to 26°C, with an active accumulated temperature of 2872.6°C. Soil was mainly composed of black calcareous soil and chestnut calcareous soil, with a pH value of neutral or slightly alkaline. Organic matter (34.76 g/kg), total nitrogen 3.437 g/kg, total potassium 2.22%, alkaline nitrogen 0.253 g/kg, available phosphorus 0.021 g/kg, and available potassium 0.089 g/kg.



2.2 Experimental design

Liu (2016) research has found that when the bandwidth is 200 cm, the row spacing between soybean and corn is 60 cm, and the row spacing between soybean and soybean is 40 cm, the land equivalent ratio of corn soybean strip composite planting can reach 1.42. Based on the local characteristics, corn and soybean strip planting Modes 1, 2, and 3 have been established.

Mode 1 set as: 2 rows of corn and 4 rows of soybean, with a width of 2.70 meters for multiple cropping, a row spacing of 0.40 meters for corn, a density of 7–9 plants/square meter, and a plant spacing of 0.09–0.10 meters. The row spacing of soybeans was 0.30 meters, the plant spacing was 0.06 meters, the planting density of 28 plants/square meter and the strip spacing between corn and soybeans was 0.70 meters.

Mode 2 set as: 2 rows of corn and 3 rows of soybeans, with a width of 2.20 meters for multiple cropping, a row spacing of 0.40 meters for corn, a density of 7–9 plants/square meter, and a plant spacing of 0.11–0.12 meters. The spacing between soybean rows was 0.30 meters, the spacing between plants was 0.06 meters, planting density of 28 plants/square meter and the spacing between corn and soybean bands was 0.60 meters.

Mode 3 set as: 4 rows of corn and 6 rows of soybeans. Corn was planted in narrow and wide rows with a spacing of 0.40 meters between narrow rows and 0.80 meters between wide rows, with a density of 6–7 plants/square meter and a spacing of 0.09–0.11 meters between plants. Soybeans adopt double seedling belts on ridges, Soybeans adopt double seedling belts on ridges, plant spacing of 0.06 meters, with row spacing is 0.10–0.12 meters and a ridge spacing of 0.60 meters, planting density of 28 plants/square meter. The distance between the corn belt and the soybean belt was 0.60 meters; The width of corn is 2.40 meters, the width of soybeans is 3.60 meters, and the total width is 6.00 meters.



2.3 Experimental methods

Soil sampling and treatment: WHY for corn and WHD for soybeans (W represented the abbreviation of the experimental site; H represents strip planting, Y represented corn and D represented soybeans). Due to the shorter growth period of soybeans compared to corn, specific sampling periods were selected based on the growth stage of soybeans to ensure that the sampled products were divided into seedling stage (627), flowering stage (728), and podding stage (819) during the growth period of both crops. There were a total of 9 combinations, each with 3 replicates. The specific numbers are shown in Table 2. Sample number 627 with table on June 27th is the seedling stage of the crop, sample number 728 with table on July 28th is the flowering stage of the crop, sample number 819 with table on August 19th is the podding stage of the crop. Soybeans and corn have been processed separately.


TABLE 2 Sampling numbers for corn and soybean strip planting.
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To ensure that the DNA source in the sampled soil was from rhizosphere soil microorganisms, dead branches and fallen leaves were removed from the ground and surface soil. Soil samples from corn and soybean roots were processed separately. The specific details were to excavate the soil at a depth of 10–20 centimeters from the plant roots and shake it to remove large pieces of soil and debris. Then, by vigorously shaking the root system and using flame disinfection forceps to scrape off a thin layer of soil (<0.1 cm) attached to the crop root system, a sterile 0.2 cm sieve was used as a sample to screen the rhizosphere soil samples were placed in sterile bags and sent to Nanjing Jisihuiyuan Biotechnology Co., Ltd. for DNA extraction and high-throughput metagenomic sequencing.

DNA extraction was performed using the HiPure universal DNA extraction kit.

Metagenomes were sequenced using shotgun sequencing.



2.4 Measurement indicators of production performance

The production performance of corn:

The number ears (ear/m2): the total number of ears actually harvested per unit area, counted at harvest.

Ear weight (kg): The total harvested ear weight per unit area, measured using an electronic platform scale with an accuracy of 0.05.

20Axle weight (kg): Weigh the axle weight of 20 ears after threshing using an electronic platform scale with an accuracy of 0.05.

Seed yield (%): Seed yield (%) = [20 ear weight (kg) - axle weight (kg)]/20 ear weight (kg).

Moisture: moisture meter was used to measure the moisture content of seeds during harvest, with three measurements taken for each treatment and the average value taken.

Yield (kg/hm2): Yield (kg/hm2) = panicle weight (kg) /unit harvest area (hm2) × 10000 × Seed yield (%) × [1–Moisture (%)] ÷ (1–14%) (14% was the default moisture value for corn).

The production performance of soybeans:

Two square meters of plants: avoiding the boundaries of planting areas, a 5-point sampling method was adopted, with a sampling area of 2 square meters per point. Calculate the actual number of plants received within 2 square meters.

Plants per square meter: Plants per square meter = Plants per square meter =2 square meters of plants/2.

Number of grains per plant: within a sampling area of 2 square meters, three complete plants were randomly selected and the average number of grains per plant was calculated.

100 seeds weight (g): 100 seeds were randomly selected and weighed using an electronic platform scale with an accuracy of 0.05 g, and the average value was taken three times.

Moisture content (%): Use a moisture meter to measure the moisture content at harvest, measure 3 times for each treatment, and take the average value.

Theoretical yield (kg/hm2): number of plants per square meter × 1000 × number of grains per plant × Weight of 100 grains (g) × 10−5 × 0.9 (0.9 was the coefficient of theoretical yield).



2.5 Raw data processing

The brief steps of raw data processing included sample DNA library construction, bridge PCR, high throughput genome sequencing. Firstly, the sequencing data is optimized through filtering and quality pruning to improve the quality and accuracy of data. Then, Megahit splicing software (version: v1.2.9) is used to splice and assemble the clean sequence according to different KMER sizes. Then, the predicted gene sequences were clustered using CD-HIT software (version 4.8.1 CD HIT set specifically designed for metagenomes), with a default identity of 95% and a coverage rate of 90%. Selecting the longest sequence as the representative sequence to construct an initial non redundant gene set to avoid fragmentation and prevent information loss. Compare the Clean Data of each sample with the initial non redundant gene set using BWA (version 0.7.71), and count the number of gene reads and gene abundance information for each sample in the corresponding sample comparison. Select genes with a reading of ≤2 from each sample to obtain the final non redundant gene set. Use Kraken (version 2.1.2) software to annotate the sequencing sample data and obtain species classification and abundance information. Compare Unigenes with KEGG functional database using DIAMOND software (version 2.0.6) (blast, evaluation ≤ 1e-5) and provide functional annotations. ANOVA using SPSS 17.0 and correlation analysis using Paisennuo's cloud platform (P < 0.05).




3 Results and analysis


3.1 Raw data analysis

Table 3 shows the original data, with the meanings represented by each column. Sample ID: sample name; Read Number: The total number of pair end reads in Clean Data; Number: Assembly sequence number Base Number: Clean Data total base number; A (%): The proportion of A bases; C (%): The proportion of C bases; G (%): The proportion of G bases; T (%): The proportion of T bases; GC (%): The GC content in Clean Data, which refers to the percentage of G and C bases in Clean Data to the total number of bases; Q30 (%): The percentage of bases with a Clean Data quality value ≥30. Table 4 shows the number of non-redundant genes among groups.


TABLE 3 Statistical table for evaluation of sample sequencing data.
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TABLE 4 Number of genes between groups.
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3.2 Differences in the structure and diversity of rhizosphere microbial communities under strip planting mode

This study measured that there are four communities of rhizosphere microorganisms under strip planting mode: bacteria, fungi, viruses, and archaea. Differences in community structure of rhizosphere microorganisms at the phylum level among different planting modes. Corn rhizosphere viruses at the phylum level (Figure 1A) showed during the flowering period, the virus abundance in Mode 2 was the highest and showed a significant difference from Mode 1, while there was no difference between Modes 2 and 3. During the podding stage, the virus abundance in mode 1 is the highest, with a significant difference from modes 2 and 3. There is no difference between modes 2 and 3. At the phylum level (Figure 1A), among the three planting modes, there was no significant difference in the virus abundance of soybean at each growth stage. During the peak flowering period of corn, the virus abundance in Mode 2 is the highest, significantly higher than that in Mode 1. During the podding stage, the virus abundance in Mode 1 is the highest, and there is a significant difference compared to Modes 2 and 3. There is no significant difference between Modes 2 and 3. At the phylum level (Figure 1B), Mode 2 showed higher bacterial abundance in corn at all growth stages compared to other modes. There is a significant difference between the peak flowering period and Mode 3. During the flowering period, the abundance of phylum bacteria in soybean in Mode 2 was lower than that in other planting modes, and there was no significant difference in the abundance of phylum bacteria among the three modes during the pod setting period (Figure 1B). During the corn seedling stage, there was no significant difference between Mode 1, Mode 2, and Mode 3, but Mode 1 had a higher abundance of archaea. During the flowering period, there was no difference in the abundance of archaea among the three modes. During the pod setting period, the abundance of archaea in Mode 3 corn is lower than that in the other two models. There was no difference in the abundance of archaea among the three soybean seedling stages. Mode 3 during the peak flowering period is significantly lower than Mode 1. The abundance of archaea in pod setting Mode 2 was not significantly different from the other two modes, but higher than the other two planting modes (Figure 1C). At the phylum level, there was no significant difference in fungal abundance between corn and soybean rhizosphere fungi under different planting modes and periods (Figure 1D).


[image: Figure 1]
FIGURE 1
 Horizontal differences in rhizosphere microbial communities between groups. a, in the figure: virus; b, bacteria; c, archaea; d, fungi. At the phylum level (A), the abundance of corn rhizosphere viruses was highest in Mode 2 during the peak flowering period, and there was a significant difference compared to Mode 1. At the phylum level (B), the total bacterial count of corn rhizosphere bacteria was highest in Mode 2 during the three stages, but there was a significant difference compared to Mode 1 and Mode 3 during the seedling and pod stages. At the phylum level (C), the abundance of soybean rhizosphere archaea was basically the same in the seedling stage. At the phylum level, there was no significant difference in the abundance of corn and soybean rhizosphere fungi among different planting modes and stages (D).




3.3 Differences in community structure of rhizosphere microorganisms at the genus level under different planting modes

From Figure 2, it can be seen that there are differences among different microorganisms in different groups, including bacteria, archaea, and viruses. At the genus level (Figure 2A), compared to other planting modes, the abundance of corn rhizosphere viruses is highest in seedling stage mode 3 (Figure 2A), but the differences among the three modes are not significant. There were significant differences among the three modes during the blooming period, with Mode 2 > Mode 1 > Mode 3. During the podding period, Mode 2 had the highest abundance and was significantly higher than Mode 1, but there was no significant difference between Mode 3 and Mode 1. Soybean rhizosphere virus during the seedling stage, Mode 3 had the highest level. There was no significant difference among the three modes during the blooming period, but Mode 1 had the highest. There was no significant difference among the three modes during the podding stage, but Mode 3 had the highest. At the genus level (Figure 2B), the bacteria in the corn rhizosphere were the most abundant in Type 2 during all three periods. There was no significant difference among the three modes during the seedling stage, but Mode 2 had the highest; During the flowering period, Mode 1 and Mode 2 were significantly higher than Mode 3, but the difference between Mode 1 and Mode 2 was not significant. During the podding period, Mode 2 was higher than Mode 1 and Mode 3, but the differences among the three modes were not significant. At the genus level (Figure 2B), soybean rhizosphere bacteria in seedling stage Mode 3 were significantly higher than Mode 2, but there was no significant difference compared to Mode 1, and there was no significant difference between Mode 1 and Mode 2. During the flowering period, Mode 1 was significantly higher than Modes 2 and 3, but the difference between Modes 2 and 3 was not significant. There is no significant difference among the three modes during the podding stage.
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FIGURE 2
 Differences in the Genus Levels of Rhizosphere Microbial Communities between Groups. a, in the figure: virus; b, bacteria; c, archaea; d, fungi. At the genus level (A), the abundance of maize rhizosphere viruses is highest in seedling stage mode 3, with significant differences compared to other modes, At the genus level (B), the bacteria in the maize rhizosphere were the most abundant in Type 2 at all three stages; At the genus level (B), the rhizosphere bacteria in soybean showed significantly higher levels in mode 3 during the seedling stage compared to mode 2, At the genus level, there was no significant difference among the three patterns of corn rhizosphere archaea in the three stages, but the abundance of pattern 3 was the lowest.


At the genus level, there were no significant differences among the three patterns of corn rhizosphere archaea in the three stages, but the abundance of Mode 3 was the lowest. At the genus level, there were no significant differences among the three patterns of soybean root soil archaea in the three stages. There was no significant difference in the abundance of archaea among the three modes during the seedling and pod stages of soybean. However, during the peak flowering period, Mode 1 is significantly higher than Mode 3 (Figure 2C). There was no significant difference in fungal abundance between corn and soybean in different planting modes and periods (Figure 2D).



3.4 Microbial communities in the rhizosphere of different planting modes alpha diversity analysis

Alpha diversity analysis refers to the method of evaluating the diversity of microbial communities within an individual sample. Usually, the diversity evaluated by this method includes species richness and species evenness. Typical Alpha diversity indices include Shannon index, Simpson index, Chao1 index, etc. These indices describe the degree of species diversity in a single sample by calculating information such as microbial species types and relative species abundance. Observed specifications mainly calculate the number of organisms included in a community. The Good coverage index mainly refers to the coverage rate of microorganisms. The larger the value, the less likely it is that the biological information in the sample has not been detected. This index can actually reflect whether the measured results represent the true situation of the sample. The Simpson index is a commonly used ecological index used to measure the richness and evenness of species diversity. The higher the Chao1 index, the greater the species richness. The larger the Shannon index, the more species there are. In this study, the ace index, chao1 index, and Shannon index of rhizosphere microorganisms in corn planted in seedling stage Mode 1 were higher than those in other modes during the same period. The ace index and chao1 index of rhizosphere microorganisms in soybean planting Mode 3 and corn planting Mode 2 during blooming stage were higher than those in other modes during the same period. The ace index, chao1 index, and Shannon index of rhizosphere microorganisms in soybean planting Mode 1 during the blooming period were higher than those in other modes. The ace index of rhizosphere microorganisms in corn planted in podding stage Mode 2 was higher than that in other modes during the same period. Goods_coverage index of WHY3.728 is significantly smaller than other groups.

However, except for the significant differences between the WHY3.728 indices and other components, and between the WHD2.728 and WHD3.728 indices and other components, all other differences are not significant (Table 5).


TABLE 5 Microbial communities in the rhizosphere between groups alpha diversity analysis.
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3.5 Profiling bar chart analysis of rhizosphere microbial community species in different planting

The response of rhizosphere microorganisms at the phylum level to different planting modes are shown in the profiling bar chart in Figure 3A. Pseudomonas, Actinobacteria, Bacteroidota, and Myxococcota are all dominant phyla in the rhizosphere soil of soybean and corn under different strip planting patterns. During various stages of growth, the relative abundance of Pseudomonas is the highest. Under the three planting modes, there was no specific pattern of changes in Pseudomonas, Actinobacteria, and Bacteroidota. During the seedling and pod stage, the abundance pattern of Pseudomonas in the corn rhizosphere is Mode 3 > Mode 2 > Mode 1, while the abundance pattern of Actinobacteria is exactly the opposite. During the flowering period, the abundance of Pseudomonas aeruginosa in Mode 3 is the lowest. The abundance of Pseudomonas during the flowering and podding stages of soybeans is Mode 3 > Mode 2 > Mode 1, while the abundance of Actinobacteria is the opposite. During the seedling stage, the abundance of Pseudomonas in the rhizosphere of Mode 1 was the highest. The abundance of actinomycetes in the rhizosphere of Mode 3 is the highest.


[image: Figure 3]
FIGURE 3
 Bar chart of microbial community species profiling between groups. (A) in the figure refers to the level of the door; (B) Genus level.


The differences in microbial communities in the rhizosphere of crops under different planting modes at the genus level are shown in the rofiling bar chart in Figure 3B. A total of 20 main bacterial genera (relative abundance >1%) were detected in the rhizosphere of corn and soybean under three banded planting modes, including Bradyrhizobium, Sphingomonas, Rhodanobacter, and Pseudomonas, Variovorax and Streptomyces are both dominant genera in soybeans and corn.

The relative abundance of Bradyrhizobium in the rhizosphere of soybean follows this pattern: flowering stage > seedling stage > podding stage. With Mode 2 having the highest abundance in each growth stage; The relative abundance of Bradyrhizobiumin the three growth stages of corn rhizosphere is similar, but the content is relatively low. The relative abundance of Rhodanobacter genus is relatively high during the flowering and seedling stages of maize, during these two periods, the abundance of Mode 2 was higher. Except for Mode 3 and Mode 1 during the seedling stage, the abundance in the soybean rhizosphere is relatively low. During the seedling stage, the abundance of Pseudomonas genus in corn is higher than that in other stages of maize, and soybeans planted under Mode 3 of seedling stage have a higher abundance of Pseudomonas genus.



3.6 Top 20 phylum, genus abundance clustering heatmap analysis of rhizosphere microorganisms in different planting patterns

The top 20 phylum clustering of rhizosphere microbial communities in different planting patterns at the phylum level is shown in Figure 4. A total of 18 samples are clearly clustered into 2 major categories, and each major category is further clustered into three sub categories. In each group, the main dominant bacteria are Pseudomonas, Actinobacteria, and Bacteroidetes in order. The top 20 genus clustering heatmap of the differences in rhizosphere microbial communities at the genus level among different planting modes is shown in Figure 5. Pseudomonas has a relatively high abundance in WHD2.728, WHD3.728, WHD1.728, WHD2.627, WHD3.627, and WHD1.627, and the distance between WHD2.728 and WHD3.728, WHD1.728 and WHD2.627, WHD3.627 and WHD1.627 is relatively close. The abundance of Pseudomonas in WHD2.819, WHD1.819, WHY1.819, WHD3.819, WHY2.819, WHY3.728, and WHY3.819 is relatively high, and the distance between WHD2.819 and WHD1.819 is also relatively close. At the genus level, 18 samples were clustered into two categories, WHY3.627 alone, and the other groups were in the same category.


[image: Figure 4]
FIGURE 4
 Top 20 species clustering diagram at the phylum level among groups.



[image: Figure 5]
FIGURE 5
 Top 20 species cluster diagram at genus level among groups.




3.7 KEGG functional annotation analysis of rhizosphere microorganisms under different planting modes

Based on the KEGG database, the gene annotation results of rhizosphere microorganisms under different planting modes are shown in Figure 6. The relative abundance under 9 treatments is from high to low, followed by cellular processes, human diseases, and organic systems. The relative abundance of KEGG functional annotations at level 1 is shown in Figure 6, which shows that at level 1 (Figure 6A), six metabolic pathways are enriched, including metabolism, environmental information processing, cellular processes, genetic information processing The functional systems related to human diseases and organic systems did not show significant changes between different groups. Among them, metabolism has the highest abundance in each group and the lowest abundance in the biological system. Among them, metabolism has the highest abundance in each group and the lowest abundance in the biological system. At the second level (Figure 6B), the metabolic pathways enriched to the top 10 in abundance include carbohydrate metabolism, amino acid metabolism, signal transduction, energy metabolism, cofactor and vitamin metabolism, cell community prokaryotes, membrane transport, lipid metabolism, nucleotide metabolism, and other amino acid metabolism. Among them, carbohydrate metabolism has the highest gene abundance, followed by amino acid metabolism, and other amino acid metabolism has the lowest gene abundance.


[image: Figure 6]
FIGURE 6
 Relative abundance bar chart of KEGG functional annotations at level 1 (A) and level 2 (B).


Based on KEGG data analysis, select the top 35 functional genes with abundance ranking and their abundance information in each group to draw a heatmap, and perform cluster analysis from the perspective of functional differences (Figure 7). For the rhizosphere of corn seedlings, K06147 (ABCB-BAC) has the highest abundance in Mode 1, while K02014 (iron complex outer membrane receptor protein) has the highest abundance in Mode 2; The highest abundance in Mode 3 is K03406mcp (methyl receptor chemotactic protein). For the rhizosphere of corn at its peak flowering stage, the highest abundance in both mode 3 and mode 2 is K00525 (E1.17.4.1A, nrdA, nrdE). For the rhizosphere of corn during the podding stage, both Mode 3 and Mode 2 have the highest abundance of K01322 (proliyl oligopeptidase). For the rhizosphere of soybean seedlings, K01652 (E2.2.1.6L, ilvB, ilvG, ilvI; acetyllactate synthase I/II/III major subunit [EC: 2.2.1.6]) has the highest abundance in Mode 1, while K21573 (susC; TonB dependent starch binding outer membrane protein SusC), K20276 (bapA; large repeat protein), and K00059 (fabG, OAR1; 3-oxoacyl - [acyl carrier protein] reductase [EC: 1.1.100]) have the highest abundance in Mode 2. For the rhizosphere of soybean at its peak flowering stage, the highest abundance in Mode 1 is K02035 (peptide/nickel transport system substrate binding protein), and the highest abundance in Mode 2 is K03046 (rpoC; deoxyribonucleic acid polymerase) β The subunits [EC: 2.7.7.6] have the highest abundance in Mode 3, with K01652, K07497 (putative transposase), and K03469 (rnhA, RNASEH1; ribonuclease HI [EC: 3.1.26.4]). For the rhizosphere of soybean during the podding stage, the enriched gene abundance is relatively low, with K006147 having the highest abundance in Mode 1, K01652 having the highest abundance in Mode 2, and K0189 having the highest abundance in Mode 3.


[image: Figure 7]
FIGURE 7
 KEGG based clustering heatmap of TOP35 functional gene abundance among different groups.




3.8 Production performance of corn under different strip planting modes

Under different belt planting modes, there was no significant difference in corn axial weight and water content. Mode 3 had more ears, which was significantly different from Mode 2 and Mode 1. Mode 1 has a higher seed yield and is significantly different from the other two modes. Mode 1 and Mode 2 have higher yields, with significant differences compared to Mode 3 (Table 6).


TABLE 6 Measurement of corn production performance under different belt planting patterns.
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3.9 Production performance of soybean under different strip planting modes

Under different strip planting modes, there was no significant difference in 100 seed weight and water content of soybeans. Mode 3 had more plants per square meter, trees per square meter, and seeds per plant, which were significantly different from Mode 2 and Mode 1. The yield of Mode 3 is significantly higher than that of Mode 1, and the yield of Mode 1 is significantly higher than that of Mode 2 (Table 7).


TABLE 7 Measurement of soybean production performance under different belt planting patterns.
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3.10 Correlation analysis between microbial abundance and crop production performance in different banded plantations

To clarify whether the microbial community structure is truly related to corn production traits, we conducted a correlation analysis between the dominant bacteria of TOP 20 and corn ear number (ear/m2), ear weight (g), axle weight (g), seed yield (%), moisture content (%), and yield (kg/hm2). There are 6 types of microorganisms related to the yield and traits of large corn. S_Massilia_putida, S_Bradyrhizobium_ottawaense, S_Bradyrhizobium_japonicum, S_Bradyrhizobium_sp._TM102 are positively correlated with ear number, ear weight, axle weight, seed yield, and yield. Among them, the correlation between S_Massilia_putida and yield is significantly positive. There is a significant positive correlation between the ear number and the moisture content in S_Bradyrhizobium_ottawaense andS_Bradyrhizobium_sp._TM102. There is a significant positive correlation between S_Bradyrhizobium_japonicum, and seed yield. The S_Pseudomonas_fluorescens is significantly positively correlated with moisture content and negatively correlated with ear number. There is a significant positive correlation between S_M icilaginibacter_gossypii and moisture content (Figure 8A).
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FIGURE 8
 (A) Correlation analysis between top 20 microbial abundance and corn production traits. (B) Correlation analysis between top 20 microbial abundance and soybean production traits.


In order to clarify whether the microbial community structure is truly related to soybean production traits, we used the dominant bacteria of TOP 20 and soybean crop yield (kg/hm2), number of plants per 2 square meters, weight per 100 grains (g), moisture content (%), number of grains per plant A correlation analysis was conducted between the Number of plants per square meter, and it can be seen from Figure 8B that there are 6 types of microorganisms that are correlated with soybean yield and traits. Among them, there is a negative correlation between S_ Bradyrhizobium_sp.TM02 and yield. There is a significant negative correlation between S_ Massilis_putida and weight per 100 grains. There is a significant positive correlation between S_Ramlibacter_tataouinens is and the number of plants per square meter, as well as the number of plants per 2 square meters. S_lysobacter_capsici is significantly positively correlated with the number of plants per square meter and 2 square meters, and negatively correlated with significant moisture content. S_Mucilaginibacter_gossypii is significantly negatively correlated with the number of plants per square meter and the number of plants per 2 square meters. There is a significant positive correlation between the number of plants per square meter and the number of plants in 2 square meters, as well as the number of plants in S_Rhodanobacter_thioxydan (Figure 8B).




4 Discussion


4.1 Relationship between different strip planting methods and rhizosphere microbial communities

Rhizosphere microorganisms have been a hot field of soil environmental research in recent years. They can significantly affect and participate in the growth and development of plants/crops, the absorption and transportation of effective nutrients in the soil, and the decomposition of plant/crop litter and residues. Different planting modes can have an impact on crop rhizosphere microorganisms. Macrogenomics technology focuses on microbial diversity, population structure, evolutionary relationships, functional activity, collaborative relationships, and relationships with the environment, avoiding traditional microbial isolation and cultivation methods to directly extract total DNA from environmental samples. By constructing and screening a metagenomic library, new functional genes and bioactive substances are obtained. In this study, we used metagenomic sequencing methods to analyze the diversity and composition of rhizosphere microbial communities in soybean and corn under different strip planting conditions. It was found that bacteria were the main microbial phyla and genus levels, followed by viruses, followed by archaea, and fungi were the least. Fungi are almost unaffected by planting patterns. Viruses and bacteria are relatively influenced by planting patterns.

Liu et al. (2020) showed that the diversity of bacterial communities is more susceptible to the influence of planting patterns, as evidenced by the variation of microbial community richness and diversity index under different banded planting patterns without significant changes (Hu et al., 2022; Yi et al., 2022). The dominant groups of soil microbial communities may vary depending on planting patterns, fertilizer management, and crop development stages. This study found that the dominant phylum and genus of rhizosphere bacterial and fungal communities in soybean and corn under different strip planting modes are basically the same. The dominant bacterial phyla in all treatments are Pseudomonas and Actinobacteria, which are close to the results reported by Liu et al. (2020).

The differences in growth period and planting mode result in changes in community structure. A total of 37 Actinobacteria is a typical beneficial microbial population in agricultural soil, which can produce some antibiotics and numerous secondary metabolites, promote plant growth, and inhibit the infection of soil borne pathogenic microorganisms as the main microbial resource (Crits-Christoph et al., 2018). High abundance of actinomycetes is beneficial for crop growth. The lowest abundance of Pseudomonas in the rhizosphere of corn and soybean during the seedling and podding stages, and the highest abundance of Actinomyceta in the rhizosphere of corn during the full flowering stage, is in Mode 1, indicating that the growth of corn in Mode 1 is better. A total of 20 main bacterial genera were detected in the rhizosphere (with relative abundance >1%), among which the dominant genera of soybean and corn were Bradyrhizobium, sphaeromonas, Rhodobacterium, Pseudomonas, Aphagia, and Streptomyces. There is no significant difference in the relative abundance of slow rooted rhizobia in the rhizosphere of corn during the three growth stages, and the content is relatively low, which is related to the low nitrogen fixation ability of corn.

Saccharomycetes is an aromatic compound degrading bacterium that can protect plants by degrading harmful aromatic compounds. In this study, its abundance is relatively high, which may be related to the application of certain herbicides and the crops being herbicide tolerant genetically modified crops. The root system secretes certain substances that are beneficial for recruiting microorganisms that degrade harmful aromatic compounds. In this study, the abundance of Pseudomonas increased with the extension of the growth period, indicating that the longer the crop growth period, the stronger the protective ability. The abundance of Pseudomonas in Mode 1 of corn is relatively high, indicating that Mode 1 is more conducive to the growth of corn than other modes.

From the alpha diversity index of rhizosphere microorganisms, in this study, the ace index, chao1 index, and Shannon index of corn rhizosphere microorganisms in seedling stage Mode 1 were higher than those in other modes during the same period. The ace index and chao1 index of rhizosphere microorganisms in soybean planting Mode 3 and corn planting Mode 2 during seedling stage were higher than those in other modes during the same period. The ace index and chao1 index of rhizosphere microorganisms in soybean planting Mode 1 during the flowering period were higher than those in other modes. The Shannon index of soybean in Mode 3 during the seedling and podding stages is higher than that of other modes. The ace index of rhizosphere microorganisms in corn planted in podding stage Mode 2 was higher than that of other modes during the same period. From the perspective of microbial diversity, for corn, Mode 1 or Mode 2 has relatively high microbial diversity and is more suitable for corn cultivation, which is consistent with the highest seed yield and yield per hm2 of Mode 1 corn in Table 5. For soybeans, Modes 3 is more suitable for soybean production, which is consistent with the 2 square meter number of plants, trees per square meter, seeds per plant, and highest yield in Table 6 Soybean Mode.



4.2 The impact of different planting modes on crop production traits

The different configuration modes of corn and soybean strip planting have a significant impact on crop yield. Soybean corn intercropping mainly aims to increase soybean yield without reducing corn yield as much as possible, thereby increasing the land equivalent ratio and economic output value per unit area of land. A reasonable intercropping model of soybean and corn can improve the microclimate and soil nutrient structure in the field, increase the light energy utilization efficiency and photosynthetic rate of crops, increase the accumulation of dry matter per spike, and thus gain yield advantages (Zhu et al., 2016; Zhang et al., 2019; Wang T. et al., 2020) research found that the spacing between soybean plants and rows remains unchanged. Increasing the spacing between soybean and corn belts in the intercropping system will increase soybean yield, and the population yield will first increase and then decrease. However, when the spacing is <40 cm, corn will significantly inhibit the formation of effective soybean pods and grains. The soybean density remains unchanged, and when the total bandwidth of soybean and corn remains unchanged, the soybean yield increases with the increase of soybean rows; When the row ratio of soybean and corn remains constant, expanding the spacing between the corn and soybean belts increases the number of soybean plants per unit area, reduces the spacing between soybean plants, strengthens intra specific competition, and leads to a decrease in soybean yield. After dense planting of corn, the weight of 100 grains, number of rows per ear, and number of grains per row of corn decrease, leading to a decrease in yield per plant, a decrease in quality, and a weakening of the yield increasing effect of dense planting; Simultaneously inhibiting soybean growth, resulting in a decrease in grain quality and yield (Hu, 2018; Luo, 2020; Jiang et al., 2022).

Liu (2023) found in his study on the impact of corn soybean intercropping on crop yield that intercropping 2 rows of corn and 5 rows of soybean yields the highest yield per mu of soybean; The intercropping of two rows of corn and two rows of soybeans resulted in the highest yield per mu of corn and the highest total yield. Yan et al. (2023) found in their analysis of the impact of different field configurations and cultivation modes on yield and economic benefits of corn soybean that the maize soybean 2:4 intercropping mode has the highest land productivity and obvious intercropping advantages, resulting in higher economic benefits (Yan et al., 2023).

Studies by Feng et al. (2021) have shown that intercropping corn and soybean can increase economic benefits. When the intercropping ratio of soybean to maize is 2:2, the population yield of corn and soybean is significantly increased, and when the intercropping ratio of soybean to corn is 4:2, the ecological benefits are better. In this study, there was no significant difference in corn yield between Mode 1 and Mode 2, but both were significantly higher than Mode 3; However, there are significant differences among the three soybean modes, with the order of yield from high to low being Mode 3 > Mode 1 > Mode 2. From the perspective of corn production, Mode 1, which means corn and soybean with a ratio of 2:4, has the highest economic benefits, consistent with research conducted by Feng Liang and others; from the perspective of soybean production, Mode 3 is the most favorable for soybean production, which is consistent with the research results of Liu Fuming and others.



4.3 Correlation between root soil microorganisms and crop yield traits

Plants can select soil microorganisms related to their growth and development through root exudates or litter, which in turn affect plant nutrient absorption, root morphology construction, and resistance to biotic or abiotic stress (Mo et al., 2023; Du et al., 2024). Plant growth is closely related to soil microorganisms (Wagg et al., 2011; Barker et al., 2018; Zhalnina et al., 2018) found in their study on the mixed cultivation of black wheat grass and red clover that AMF (arbuscular mycorrhizal fungi) promoted the growth of red clover, reduced the inhibitory effect of black wheat grass on it, and improved the mixed cultivation productivity (Wang X. et al., 2020). In the intercropping of sorghum/flax, AMF increased the growth of flax in the intercropping, but had no significant impact on sorghum, but could increase intercropping productivity (Walder et al., 2012). In the intensive ecosystem of farmland, fully understanding the mechanism of plant microbial interaction, optimizing management and precise regulation, exerting the positive feedback effect of beneficial microorganisms, inhibiting or removing the negative feedback effect of pathogenic bacteria on host plants, can improve crop yield and resource utilization efficiency, and promote green and sustainable development of agriculture.

In order to clarify whether the rhizosphere microbial community structure of corn and soybean in strip planting is truly related to the production performance of corn and soybean, this study conducted a correlation analysis between the dominant bacteria of TOP20 and the production performance related indicators of corn and soybean. It was found that 6 microbial abundances are correlated with the production performance indicators of corn and soybean, and 6 microorganisms are correlated with the production performance indicators of soybean. S_Massilis_putida is significantly positively correlated with Corn yield. S_ lysobacter_capsici shows a highly significant positive correlation with the number of plants per square meter and the number of plants per 2 square meters of soybeans. Therefore, in the belt planting of corn and soybean, it can be attempted to achieve further yield increase by adjusting the microbial community.




5 Conclusion

Article uses metagenomic high-throughput sequencing technology to study the diversity and community structure of rhizosphere microorganisms in Zhongliandou 1505 and Tianyu 108 corn under Modes 1, 2 and 3, and to determine their production traits and understand the correlation between the two. Redundancy analysis revealed that the richness order of rhizosphere microbial communities under different strip planting modes was bacteria > viruses > archaea > fungi. Bacteria and viruses are more affected by planting patterns than fungi, and fungi are almost unaffected by planting patterns. Alpha diversity analysis index shows that it has a significant impact on diversity during the peak flowering period, while the other two periods have no significant impact.

The high diversity of rhizosphere microorganisms in corn under Modes 1, 2, and 3 is beneficial for maize, while the high diversity of microorganisms in soybean under Mode 3 is beneficial for soybean. The profiling analysis found that Pseudomonas, Actinobacteria, Bacteroidota, and Myxococcota are all dominant bacterial phyla in the rhizosphere soil of soybean and corn under different strip planting modes. The dominant genera of soybeans and corn are Bradyrhizobium, Rhodanobacter, Pseudomonas, and others. With different growth periods and planting mode, the community structure undergoes varying degrees of change. There is no significant difference in the relative abundance of Bradyrhizobium in the rhizosphere of corn during the three growth stages, and the content is relatively low, which is related to the low nitrogen fixation ability of corn. There was no significant difference between the six metabolic pathway groups enriched by KEEG functional annotation at the first level, but at the second level, it enriched the top 10 metabolic pathways with abundances such as carbohydrate metabolism and amino acid metabolism. There is no significant difference in corn yield between Mode 1 and Mode 2, but both are significantly higher than Mode 3; The soybean yield in Mode 3 is significantly higher than that in Mode 2, and Mode 2 is significantly higher than that in Mode 1. Correlation analysis shows that there is a correlation between the abundance of 12 microorganisms and corn production performance indicators, and a correlation between 10 microorganisms and soybean production performance indicators. S_Massilis_putida is significantly positively correlated with Corn yield. S_ lysobacter_capsici shows a highly significant positive correlation with the number of plants per square meter and the number of plants per 2 square meters of soybeans.which are expected to become biological fertilizers. In summary, if corn production is the main consideration, the Mode 1 or Mode 2 is the best, and if soybean production is the main consideration, the Mode 3 is better.
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Planting 2 square meters

mode

Number of
plants per
square meter

Number of
grains per
plant

Weight of
100 grains (g)

Moisture
content (%)

Theoretical
yield
(kg/hm?2)

1 34.67 £ 32148 17.33 + 1.614% 56.97 5528 18.43 % 0.50% 11.63 +0.15*% 1796.72 % 256.05"
2 2567 £3.51° 12.83 + 1.76" 41.21 45345 19.73 & 0.64% 12.60 & 0.35% 939.90 + 41.70¢
3 41.00 = 2.00* 20.50 = 1.00* 97.94 4 9.26% 17.85 4 0.26° 11.07 = 0.49° 371872 = 389.70%

Groups with the same letter indicate a non-significant difference, and no same letter indicates a significant difference.
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Cropping Ear number Ear weight Axle weight Seed yield (%) Moisture Yield

pattern (ear/m?) (kg) (kg) content (%) (kg/hm?)

1 5.58 £ 0454 1.03 £ 0.10% 0.66  0.13% 8228 +0.654 2183+ 1.0° 771821 & 597.29%
2 55440324 1.07 £ 0.05% 0.77 £ 0.05% 80.23 +0.74% 22440754 7764.26 + 444.60*
3 536+ 0.524 0.80 £ 0.04% 0.61 % 0.08% 79.61 £ 0.62% 24.60 +2.1% 5581.02 & 294.15%

Groups with the same letter indicate a non-significant difference, and no same letter indicates a significant difference.
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Sample ID Read Number Base G (%) C (%) N (%) GC (%)

number number

WHD1.1.627 33650328 647046 10095098400 223 21.96 27.92 27.81 0 55.73 91.66
WHD1.1.728 38269694 539563 11480908200 18.98 18.85 3L13 31.04 0 62.17 9321
WHD1.1.819 40048453 536626 12014535900 18.59 18.46 3151 3144 0 62.95 9279
WHDI1.2.627 34598654 700630 10379596200 22.58 2225 27.64 27.53 0 55.17 91.46
WHD1.2.728 42735257 570392 12820577100 18.52 18.39 3159 3151 0 63.09 9254
WHD1.2.819 45783741 702677 13735122300 18.37 1825 3172 3165 0 6337 92.96
WHD1.3.627 34838575 713317 10451572500 2312 275 27.13 27 0 54.13 91

WHD13.728 40221021 631968 12066306300 19.67 19.54 3043 30.35 0 60.78 93.36
WHD1.3.819 41914442 542700 12574332600 18.42 1829 3169 316 0 63.29 92.01
WHD2.1.627 37204023 487315 11161206900 19.58 19.39 3056 3047 0 61.03 9153
WHD2.1.728 33089537 572488 9926861100 22.61 2238 27.56 27.45 0 55.01 92.98
WHD2.1.819 44521109 575446 13356332700 18.83 18.65 3129 3124 0 62.52 90.08
WHD2.2.627 40470145 516538 12141043500 19.58 19.39 3055 3048 0 61.03 92.07
WHD2.2.728 35118024 518449 10535407200 2153 2116 28.79 2852 0 57.31 92.02
WHD2.2.819 52717960 688901 15815388000 18.74 18.56 3137 3132 0 62.69 90.25
WHD2.3.627 38638969 376522 11591690700 19.95 19.82 3015 30.08 0 60.23 91.99
WHD2.3.728 37553548 624800 11266064400 26.44 2577 24.13 23.66 0 47.79 90.12
WHD2.3.819 55100992 780782 16530297600 18.46 1829 3166 3159 0 6325 89.97
WHD3.1.627 41918546 532180 12575563800 18.68 18.55 3141 3135 0 6276 9232
WHD3.1.728 37236157 738404 11170847100 22.95 262 27.29 27.14 0 54.43 9152
WHD3.1.819 53863077 673198 16158923100 18.52 18.35 3158 3154 0 63.12 90.78
WHD3.2.627 37894794 722227 11368438200 22.85 2259 2734 27.22 0 5455 9231
WHD3.2.728 32193635 632909 9658090500 256 24.68 25.07 2465 0 49.72 91.03
WHD3.2.819 57580414 743119 17274124200 18.65 18.49 3146 314 0 62.86 90.97
WHD33.627 36568989 467210 10970696700 19.8 19.59 3034 3027 0 60.61 9238
WHD33.728 32115539 504797 9634661700 20.96 20.69 29.23 29.12 0 58.35 92.33
WHD3.3.819 50995633 631863 15298689900 18.78 1857 3136 313 0 62.65 89.92
WHY1.1.627 40803368 515893 12241010400 19.29 19.14 3084 3073 0 61.56 9143
WHYL.1.728 33976433 385460 10192929900 18.77 18.62 3135 3127 0 62.61 9165
WHYL1.819 37168656 435847 11150596800 18.89 187 3125 3116 0 6241 9118
WHY1.2.627 37220537 447134 11166161100 19.52 19.37 3061 305 0 61.11 9137
WHY12.728 35131967 399357 10539590100 18.84 18.66 313 312 0 625 91.86
WHY1.2.819 45818234 591860 13745470200 18.64 18.46 3148 3142 0 62.9 90.89
WHY1.3.627 43480817 547493 13044245100 19.12 18.96 31 30.92 0 61.92 914
WHY1.3.728 39241398 466065 11772419400 18.85 18.72 3125 3118 0 6243 91.09
WHY1.3.819 33206324 344703 9961897200 18.76 1851 314 3133 0 6273 90.3
WHY2.1.627 39937291 574162 11981187300 19.5 19.34 3062 3053 0 61.16 9115
WHY2.1.728 42258368 522497 12677510400 19.22 19.03 3091 30.84 0 6175 9133
WHY2.1.819 41012932 520678 12303879600 19.02 18.85 3109 31.04 0 62.13 91.87
WHY2.2.627 40052293 513620 12015687900 19.19 19.03 30.93 30.84 0 61.78 91.45
WHY2.2.728 46440044 643717 13932013200 19.01 18.87 311 31.02 0 62.12 9164
WHY2.2.819 36027952 429184 10808385600 188 18.6 3134 3126 0 62.61 91.82
WHY2.3.627 37685495 526664 11305648500 19.77 19.62 3035 3025 0 60.6 9L15
WHY2.3.728 39182798 544279 11754839400 19.13 18.98 31 30.88 0 61.89 9156
WHY2.3.819 38669257 468705 11600777100 18.99 18.78 3114 31.09 0 6223 91.06
WHY3.1.627 147235867 730120 14170760100 19.36 19.22 3075 30.68 0 61.42 92.76
WHY3.1.728 35584145 366925 10675243500 18.86 18.69 3127 3118 0 6245 92.22
WHY3.1.819 37752269 410477 11325680700 18.78 18.56 3136 3129 0 62.65 91.06
WHY3.2.627 42967133 562790 12890139900 2028 20.12 29.84 2976 0 59.59 9238
WHY3.2.728 33897887 329543 10169366100 18.92 18.71 3124 3113 0 6237 91.93
WHY3.2.819 35792930 414906 10737879000 18.85 18.65 3129 3121 0 625 914
WHY3.3.627 35222351 463551 10566705300 19.48 19.31 3066 3055 0 612 91.96
WHY3.3.728 34079063 314400 10223718900 19.01 18.81 3114 31.04 0 6218 9129
WHY3.3.819 37216114 432259 11164834200 18.92 18.73 3122 3113 0 62.35 91.57
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Variety name

Transformant

Transformed
gene

Source

Character

Corn Tianyul08 DBN9936 crylAb and epsps Da Bei Nong Biotechnology Company Insect resistant and glyphosate resistant
herbicides
Soybean Zhonglian 1505 Zhong Huang 6106 g2-epsps andgat Institute of Crop Science, Chinese Glyphosate resistant herbicide

Academy of Agricultural Sciences
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