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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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Population characteristics
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Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

The dataset generated in this study has been deposited in the database under accession code on Figshare at hhttps://doi.org/10.6084/m9.figshare.24793563.
Source data are provided with this paper.
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This experiment was a randomized complete block design with six treatments. It is a single-factor experiment. The six treatments
were randomized in each of three replicates, resulting in 18 experimental units. The six treatments are six different rotations,
involving sweet potato, soybean, peanut, ryegrass, sorghum and spring maize as previous crops before cereal crops and the
conventional winter wheat-summer maize rotation; the crops in the six rotations were repeated on their respective plots each year
from October 2016 to October 2022.

Plants , soil, and soil microbial samples were taken from each treatment in each of three replications each year from October 2016 to
October 2022. The rationale is to allow for the verification and validation of study findings.

All field studies require multiple replications. In this study, we used three replications for each treatment; the sample size (i.e., three
replicates) was determined based on the sample size principle of statistical requirements (SPSS version 21). The three replication
data were used in the analyses of ANOVA, PCA, RDA and Pearson's Correlation.

Each crop was harvested at maturity, with biomass, crop yield, and yield components measured of each plot. Soil greenhouse gas
emissions (N2O and CH4 fluxes) were measured using the static chamber method and were collected about once every 7 days from
sowing to harvest, with more frequent measurements (every 3 days) after N fertilizer application and precipitation events. Gas
samples were analyzed using a gas chromatograph. Each item of crop cultivation input was recorded for indirect greenhouse gas
emission calculations. Soil samples (0–20 cm depth) were collected at the beginning of the experiment (October 2016) and at the end
of summer maize harvest in October 2022 to measure soil physicochemical properties: including soil pH; bulk density; soil water
content; total nitrogen (TN); dissolved organic carbon (DOC); soil nitrate-N (NO3–-N) and ammonium-N (NH4+-N); available
phosphorus (AP); and microbial biomass carbon and nitrogen (MBC and MBN, respectively). Soil organic carbon (SOC) concentrations
in the 0–90 cm soil layer (0–10, 10–20, 20–30, 30–50, 50–70, and 70–90 cm increments) were measured after each crop harvest
from October 2016 to October 2022, in samples collected by auger at five random locations per plot. Soil samples of 0-20 cm were
also collected before the start of the experiment (October 2016) and during the final summer maize harvest (October 2022) for DNA
sequencing and microbial community composition and diversity measurements. Detailed in Methods and supplementary materials.

All the data were measured and collected using equipment and tools from authors' laboratories and recorded by authors using
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Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport

Field conditions

Location

Access & import/export

Disturbance

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Microsoft Excel.

The database were collected from each of three replicates in each of six years of field experiments (from October 2016 to October
2022). The rationale is to provide the appropriate timing and spatial scales.

No data was excluded from the analysis.

The field experiment can be replicated or performed independently any time. The study is fully reproducible using the methods and
procedures detailed in the manuscript and supplementary material.

Six rotation treatments were randomized in each of the three blocks.

Blinding is not relevant to our study

The field experiment was established in October 2016. The experimental area experiences a warm, temperate zone, semi-humid,

monsoon climate with a frost-free period of 200 days. The annual mean air temperature was 14.70 ± 1.0℃ over the last 20 years,
and the annual average precipitation was 472 ± 161 mm over the last 62 years. The experimental field has loam soil with sandy loam
in the surface layers, light/medium loam at 40–80 cm depth, and light clay below 80 cm. The 0–10 cm soil layer has pH 7.6 ± 0.15,
240 ± 42 µS cm-1 EC, 1.49 ± 0.07 g cm-3 bulk density, 0.42 ± 0.03 cm3 cm-3 field capacity, 0.10 ± 0.02 cm3 cm-3 wilting point, 1.06 ±
0.14 g kg-1 total N content, 11.5 ± 0.38 g kg-1 SOC concentration, 9.33 ± 3.12 mg kg-1 available phosphorous, and 109.6 ± 24 mg kg-1
available potassium.

The field experiment was conducted at the Luancheng Agro-Ecosystem Station of the Chinese Academy of Sciences (37°50# N, 114°
40# E; altitude, 50.1 m) in Luancheng County, Hebei Province, which represents the agricultural production and climate conditions of
the North China Plain.

All plant and soil samples were collected and measured in a responsible manner and in compliance with local, national and
international laws.

Not aware of any disturbance involved in this study.




