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Abstract

Inorganic fertilizers are widely used to provide crops with significant amounts of nitrogen (N) and phosphorus (P), but can
exacerbate soil carbon (C) limitation and acidification. Crop residues with distinct ecological stoichiometry from inorganic
fertilizers can help balance soil ecological stoichiometry and thus increase soil organic matter accumulation. The combined
use of inorganic fertilizers and crop residues is expected to alleviate the metabolic limitations of organisms and enhance
soil C, N, and P sequestration, hence increasing grain yields. However, the effects of this practice on soil C, N, and P stocks
and grain yield remain unclear. In this study, we conducted a meta-analysis of 806 paired data to investigate the impact
of crop residue return combined with inorganic fertilizer on soil and grain yield across different land uses (paddy, upland,
paddy-upland rotation) and soil profiles (0—-60 cm). Our findings indicate that crop residue return significantly enhances soil
C (8-13%) stocks across all soil layers, particularly in the topsoil (0-20 cm). Soil N (9%) and P (5%) stocks also increase
significantly in the topsoil. In uplands, crop residue return can mitigate soil acidification and increase grain yield (by 7%).
Moreover, the soil C and N stocks increase depending on the initial soil pH, C and N levels, and C:N ratio. In contrast, the
soil P stock increase depends on rainfall, while the grain yield increase is closely linked to the soil texture and fertilizer rate.
Our study highlights that crop residue return can increase topsoil C, N, and P stocks, which can benefit crop growth and
environmental mitigation efforts. Furthermore, this practice can increase C stocks in deeper soil horizons (below 20 cm),
providing a long-term solution to mitigate climate change.

Keywords Organic fertilizer - Nutrient balance - Soil profile - Food security - Climate change - Land use - Crop residue
return

1 Introduction

Soil is the largest available reservoir of carbon (C), nitro-
gen (N), and phosphorus (P) on land, not only providing
fertility for crop growth but also mitigating environmental
disturbances (Pefiuelas et al. 2013). In the face of climate
change and increasing soil nutrient losses, it is essential to
sequester more C, N and P in soils (Liu et al. 2020a; Alewell
et al. 2020; Zhang et al. 2017). Soil C, N, and P seques-
tration in natural ecosystems has become relatively stable
and even saturated in some areas, but agroecosystems still
have great potential to stock more C, N, and P through sus-
tainable agronomic management (Yu et al. 2018; Liu et al.
2023). Whereas the topsoil C, N, and P stocks are relatively
high and closely related to climate change and agronomic

Extended author information available on the last page of the article

management, the deeper soil C, N, and P stocks and driving
mechanisms are poorly understood (Balesdent et al. 2018;
Liu et al. 2021; Chen et al. 2022). Furthermore, while top-
soil C, N, and P stocks are generally in the form of organic
matter with a close linkage of a simultaneous increase or
decrease, there is little understanding of whether the C, N,
and P in deeper soil are also closely linked, and the underly-
ing mechanisms are less understood.

Inorganic fertilizer (chemical fertilizer) is an almost irre-
placeable agronomic management practice to supply crops
with nutrients, having contributed to a 30-50% increase in
grain yield in the last half century (Yu et al. 2019). Howeyver,
the limited efficiency of crops in utilizing inorganic fertilizer
has increased the residual N and P in the soil, resulting in an
imbalance in soil ecological stoichiometry (Abbruzzini et al.
2019; Liu et al. 2021, 2023). This leads to microbes being
in C-limited environments, exacerbating soil organic matter
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mineralization to maintain their ecological stoichiomet-
ric homeostasis (Liu et al. 2023; Zechmeister-Boltenstern
et al. 2015). Furthermore, these inorganic forms of N and P
are typically not retained in the topsoil for a long time and
are eventually lost in biogeochemical processes (Liu et al.
2020a; Martinez-Mena et al. 2020). Consequently, several
environmental problems can arise, such as increased green-
house gas emissions and water eutrophication (Shen et al.
2014; Fischer et al. 2017; Liu et al. 2022). Thus, the applica-
tion of inorganic fertilizer alone depletes soil organic matter,
threatening the eco-environment with respect to greenhouse
gas emissions at a global and water quality degradation at
a local scale.

Crop residue has a distinct ecological stoichiometry com-
pared to inorganic fertilizer and is characterized by a high
C:N(P) ratio (Liu et al. 2021, 2023; Tempesta et al. 2022).
Because crop residues contain low N (1.7%) and P (0.4%)
concentrations and are characterized by lignocellulosic bio-
mass that is difficult to decompose, they are often burned
in conventional agriculture, emitting large amounts of car-
bon-dioxide into the atmosphere and contributing to global
warming (Liu et al. 2021; Deligios et al. 2021; Kaur et al.
2022). Given the high C concentrations of crop residue, it
can alleviate soil C limitation caused by inorganic fertilizer
application, thus slowing organic matter mineralization and
increasing grain yield (Zechmeister-Boltenstern et al. 2015;
Liu et al. 2021). Moreover, unlike the rapid leaching of
inorganic N and P (especially nitrate-N), crop residue tends
to increase stable soil organic matter (humic compounds),
which can increase the soil exchangeable capacity, contribut-
ing to the better retention and slow release of nutrients, thus
increasing its potential use efficiency (Liu et al. 2020b; Hud-
dell et al. 2020). Crop residue return is expected to balance
the soil ecological stoichiometry imbalance caused by inor-
ganic fertilizer alone, thereby increasing soil organic matter
accumulation. With the increase in soil organic matter accu-
mulation, soil C, N, and P can be increased to mitigate the
environmental problems caused by conventional agriculture,
thus achieving a win-win situation for both environmental
mitigation and food security.

Despite the growing interest in promoting crop residue
return, uncertainties still exist regarding the sequestration
of soil C, N, and P and the resulting increase in grain yield,
especially in different soil layers and agroecosystems. Previ-
ous research has focused mainly on the effects of crop resi-
due return on topsoil (0—20 cm), which is critical for provid-
ing nutrients for crop growth. However, the impact on deeper
soil horizons (below 20 cm) requires further investigation
(Chen et al. 2022; Liu et al. 2021). Deep soil horizons not
only have more stable C storage, but there is also increasing
evidence that soil N and P enrichment/legacy at deep soil
horizons is the primary driver of water quality pollution in
agricultural catchments (Balesdent et al. 2018; Gao et al.
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2021; Liu et al. 2022). Moreover, paddy fields (flooded by
long-term artificial irrigation) and uplands (water recharge
mainly by rainfall) have distinct field water management
practices, and differences in soil moisture affect not only
the formation and decomposition of organic matter in the
topsoil but also the potential for the downward leaching of
C, N, and P under water saturation (Chen et al. 2021; Zheng
et al. 2021). Thus, understanding the extent and mechanisms
of soil C, N, and P stock responses across land uses and soil
layers is crucial for promoting crop residue return strategies.

Currently, there is limited knowledge on the effects of
crop residue return on soil C, N, and P stocks and grain
yield under different land uses (paddy, upland, paddy-upland
rotation) and in different soil horizons (topsoil: 0-20 cm;
subsoil: 20-40 cm; deep soil: 40-60 cm). This knowledge
gap leads to uncertainty in evaluating crop residue effects at
large scales. To address these issues, we conducted a meta-
analysis of 806 paired data from 261 publications (Fig. 1).
Our study aimed to (1) quantify the effects of combined
crop residue return and inorganic fertilization (CR) versus
inorganic fertilizer application (IF) treatments on soil C, N,
and P stocks; (2) explore the linkages between these effects
and environmental variables; and (3) elucidate the effects of
altered soil C, N, and P stocks on grain yield.

2 Methods
2.1 Data collection

Peer-reviewed articles published until August 2022 were
searched from Web of Science (https://www.webofscience.
com/), Google Scholar (https://scholar.google.com/), and
China National Knowledge Infrastructure (https://oversea.
cnki.net/index/) for related field studies on soil C, N, and P
concentrations and ratios and grain yields following IF and
CR treatments (Fig. S1) (References of the meta-analysis).
All studies included in the final dataset had to meet the fol-
lowing criteria: (1) This study used 100% or > 80% of the
crop residual return treatments (in some studies, there were
no 100% return treatments) as CR; (2) the experimental period
covered at least one complete crop cycle; (3) land use type
and crop species were described or could be searched from
related articles; (4) the IF and CR treatments should be spa-
tially neighboring to ensure that there are no significant dif-
ferences in microclimate and soil properties; (5) total N and
P inputs for the IF and CR treatments were same or similar
(since crop residues introduce some N and P, and few studies
have been able to subtract the corresponding additional N
and P brought in by crop residues from the chemical fertilizer
inputs at the same time, it would result in the total amount of
N and P inputs from CR treatments are slightly higher than
that from IF treatments. In this study, to reduce uncertainty,
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Fig. 1 Sampling location (a) and soil carbon, nitrogen, and phosphorus stocks, pH, and grain yield density (b), at different land uses (c), and at
different soil depths (d). IF, inorganic fertilizer; CR, combined crop residue return and inorganic fertilization.

we selected only studies that had a surplus of N and P of no
more than 10% for CR treatments compared to IF treatments
for inclusion in the statistics), where the IF treatment was
treated as the control; (6) postharvest soil properties were
recorded for use in statistical analysis. As a result, we found
806 independent paired observations from 236 peer-reviewed
studies globally (Fig. 1). The selected observations covered
the most of climate zones except for tundra and tropical rain-
forests (Fig. 1).

Data extracted from the studies comprised (1) land use type,
categorized as paddy (long-term flooded cropland used for
the cultivation of aquatic crops, such as rice), upland (rain-
fed cropland, with no irrigation facilities), and paddy-upland
rotations; (2) crop type (species); (3) experimental duration;
(4) latitude and longitude; (5) climatic variables (mean annual
rainfall/precipitation (MAP); mean annual air temperature
(MAT); aridity index, (Al)); (6) initial soil physical proper-
ties (sand, silt, clay concentrations; bulk density (BD)); (7)
initial soil chemical properties (total organic C (TOC), soil
total N (TSN), and soil total P (TSP) concentrations; soil
pH); (8) rate of inorganic fertilizer N, P, and potassium (K)

inputs; (9) number of experimental replicates and soil sample
depth; 10) crop postharvest soil C, N, and P concentrations (g
kg™!) and stoichiometric ratio (molar ratio; if only absolute
masses or mass ratios were reported, we converted the data to
molar ratios) as well as errors for the IF and CR treatments;
and (11) grain yields and soil pH as well as errors for the IF
and CR treatments. We extracted data from tables and text
directly, while data reported in figures were extracted using
GetData Graph Digitize software (version 2.25.0.32). If the
MAT and MAP were not reported, they were obtained from
the 1970-2000 mean climate data from the World Climate
Database (https://worldclim.org) using ArcGIS 10.2 software.
Missing soil BD was extracted from the Harmonized World
Soil Database v 1.2 (https://iiasa.ac.at/models-tools-data/
hwsd). Soil C, N, and P stocks were calculated based on soil
C, N, and P concentrations and BD:

TOC(TSN;TSP)stock = TOC(TSN;TSP) x BD x % 1)

where TOC/TSN/TSP is the soil C/N/P concentration (g
kg™!) and BD is the treatment-specific soil BD (g cm™).
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The numbers 20 and 10 are the soil depth (cm) and area
conversion factor, respectively.

The missing AI was derived from the Global Aridity
Index and Potential Evapotranspiration Climate Database
v2 (Zomer et al. 2022) and was calculated as follows:

2?5’,3((;%) @)

Al =

where i denotes the ith year of study and R; and PET, are
the rainfall and potential evapotranspiration in year i,
respectively.

2.2 Data analysis

The classical meta-analysis of response ratios (RR)
(Hedges et al. 1999) was used to evaluate the effects of
CR vs. IF treatments on soil C, N, and P stocks and grain
yields. Soil pH is critical to soil organic matter formation
and nutrient availability and is an essential variable for
statistical analysis. The natural logarithm of RR, which
was used to represent the effect sizes of the soil C, N, and
P properties, soil pH, and grain yields, was calculated as
follows:

_ o
RR = m(%) 3)

where X and X, are the respective means of the IF and CR
treatments (standardized by year). Variance was calculated
as follows:

SD;.  SDy.
var(RR) = i — )
Npx;  Nex,

where SD% and SDZT are the standard deviations and N and
N are the sample sizes for the control and crop residue treat-
ments, respectively. When the standard error (SE) was given
instead of SD in the selected studies, we converted the SE to
SD using the following formula:

SD = 4/nxXSE (%)

The weighting factor (W) for each RR was calculated
using the following equation:

1
Wi = SRy ©

The weighted response ratio (RR, ) and standard error
of RR . (S) were calculated from the RR values of the
same subgroup by weighting as follows:
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where m is the number of studies in the subgroup and k is the
number of experimental replicates in the study.

The interpretation of RR, . was facilitated by transform-
ing the mean values and the confidence intervals (CIs) to
percentages:

(eRf++ — 1) x 100% 9)

This study used the standard error (SE) to represent the indi-
cator errors. The weighted effect sizes for the CR compared to
the IF treatments were calculated using a random effects model,
along with 95% Cls using the “Metafor” package in R. Values >
0 and < 0 indicated positive and negative effects, respectively,
and CIs that overlapped with 0 indicated a nonsignificant effect.
Subgroup categories were based on land use patterns and soil
layers. Pearson correlation analysis was used to test for asso-
ciations between environmental variables and soil C, N, and P
stocks and soil pH and grain yield using the “GGally” package
in R. The Koppen climate classification was used to group the
data for climate zone analysis (A, tropical; B, arid; C, temper-
ate; D, cold). No samples were located in polar zones (Beck
et al. 2018). The Wilcoxon test was used to test for significant
differences between climate zones. The random forest model
was performed using the “randomForest” package in R (Brei-
man 2001) to quantify the relative contribution of environmen-
tal variables associated with crop residue impacts, and variables
that did not contribute significantly to the random forest model
were removed. Furthermore, a partial least squares pathway
model was used to establish pathway relationships between
RR-Yield/RR-TOC and environmental variables (all variables
with loadings less than 0.7 were removed) (Russolillo 2012).
In addition, the stepwise multivariate fit model (two-way) was
conducted using the “MASS” package in R (Venables and Rip-
ley 2002) to identify the most parsimonious predictor variables
for the random forest model. The above statistical analyses were
performed using R 4.0.3 (R Development Core Team 2020).

3 Results

3.1 Theresponses of soil C, N, and P stocks, pH,
and grain yield to crop residue return

Crop residue return increased the soil C, N, and P stocks
along the soil profile, but the increases in the N and P
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stocks in subsoil and deep soil horizons were insignificant
(Fig. 2). Overall, the average crop residue return increased
the C stock by 11.8% (CI: 30.9+0.7-34.4+0.7 t ha™!), which
increased significantly among soil layers (Fig. 1). Taking all
data together, we observed that the soil C stock increased
by 12.7% in the topsoil, 8.2% in the subsoil horizon, and
9.5% in the deep soil horizon. Moreover, crop residue
return contributed differently to soil C stocks under various
land use types, with the highest increase in soil C stocks
in the paddy-upland rotation (12.1%), followed by upland
(11.9%) and paddy (11.1%) fields. The average increase in
soil N (8.8%; 3.28+0.23-3.59+0.26 t ha™!) and P (5.2%;
1.86+0.11-1.95+0.11 t ha™"') stocks were due to crop resi-
due return. The increased soil N and P stocks were observed
mainly in the topsoil, where the values increased by 10.2%
and 5.9%, respectively. While the soil N stock (11.7%)
increased the most in paddy fields, the soil P stock (9.4%)
increased the most in paddy-upland rotations and did not
differ significantly among land use types.

Crop residue return also changed the soil ecological stoi-
chiometry due to different rates of C, N, and P increases. The
soil C:N, C:P, and N:P ratios increased by 2.9%, 8.3%, and
3.0%, respectively, in the overall data. The increases in the
C:N (4.3%) and C:P (10.3%) ratios were more evident in the
upland areas, while the N:P ratio (5.9%) was more evident
in paddy fields. Although overall crop residue return did not
significantly affect soil pH, there was increase in the uplands
(1.7%; 5.86 to 6.07) and topsoil (1.0%; 6.64 to 6.69) (Fig. 2g).

The return of crop residue to the field increased the aver-
age grain yield by 6.9% (CI=5.6-8.1%), with the greatest
improvement in uplands (7.5%), followed by paddy-upland
rotations (5.8%) and paddy fields (5.6%).

3.2 Environmental drivers of crop residue return

The improvement in the soil C, N and P stocks as well as the
pH and grain yield by crop residue return depended mainly

a b c d
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Fig.2 Weighted effect values (RR) of soil carbon (TOC), nitrogen (TSN), and phosphorus (TSP) stocks (a—c) and ratios (d—f), pH (g), yield (h)
under different land uses and in different soil layers. The value on the right (left) side of the error bar is the sample size.
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on the initial soil properties and rainfall conditions (R* =
0.27-0.62; p < 0.05) (Figs. 3 and 4). The potential soil C and
N stocks were influenced mainly by the initial soil pH and C
and N concentrations, while rainfall conditions mainly drove
the soil P stocks. In addition, soil texture contributed more to
grain yield improvement than did the fertilizer rate, climatic
conditions, and soil chemical properties. In particular, a sig-
nificant positive correlation was found for the increased soil
C, N, and P stocks, which implied that crop residue return
increased the soil organic matter accumulation.

The partial least squares pathway model suggested that
the increased soil C stock from crop residue return could
further enhance grain yield (goodness of fit = 0.48; n =
99) (Figs. 5, S8, and S9). Although the increased soil C
stock (total effect = 0.14) had a significant increasing effect
on grain yield, the initial soil texture (total effect = 0.15)
was more critical for the grain yield potential. Furthermore,
whereas crop residue return led to increased C stocks across
all soil layers, only an increase in the topsoil significantly
enhanced the grain yield (Fig. S10).

Crop residue return had significant spatial-temporal
heterogeneity with respect to soil C, N, and P sequestra-
tion and grain yield improvement (Fig. S11, S12 and S13).
The soil C and N stocks reached saturation approximately
20 years after the successive return of crop residues (p <
0.01), whereas the P stocks showed no significant tempo-
ral trend. In contrast, soil pH continued to trend upward
for more than 30 years (p < 0.01). Spatially, crop residue

Fig.3 Correlation analysis
between weighted effect values
(RR) of soil carbon (TOC),

return was most effective for C sequestration in the trop-
ics (21.8%) (p < 0.05). Although crop residue return in the
tropics (17.8%) resulted in higher N sequestration than that
in the cold regions (p < 0.05), there was no significant dif-
ference compared to other climatic zones.

4 Discussion

4.1 Soil Cstocks increase across the soil profile,
but N and P stocks increase only in the topsoil

Our study demonstrates that the return of crop residues to
the soil can increase the soil C stocks across the soil profile,
while the increase in the N and P stocks is limited to the
topsoil (Fig. 2). Our quantitative analysis shows that crop
residue return increases the topsoil C stock by 11.8%, which
supports previous evaluations based on increased soil C con-
centrations (10.5-14.9%) (Liu et al. 2023; Xia et al. 2018).
Crop residues have high amounts of C organic matter that
can mitigate soil C limitation caused by inorganic fertilizer
application (Liu et al. 2023; Zechmeister-Boltenstern et al.
2015). Then, crop residue return both slows microbial min-
eralization of organic matter and acts as an additional C
input compared to inorganic fertilizer treatments. Moreover,
we found that crop residue return increased the C stock in
subsoil and deep soil horizons, and this increase was gener-
ally stable and essential for climate mitigation. Although
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most of the C in the soil exists in the form of organic mat-
ter, especially in agroecosystems and acidic soils, microbial
mineralization processes can decompose organic matter into
inorganic C (Liu et al. 2021; Lal 2004). The microbial C use
efficiency is only 30-50%, which means that a large pro-
portion of inorganic C will be released into the atmosphere
or leached into the deeper soil layers (Chen et al. 2020).
Crop residue return mitigates C limitation in the topsoil, as
shown by the increased soil C:P and C:N ratios. This can
further reduce soil biological C use efficiency, increasing

40
Silt (%)

inorganic C infiltration and C stocks in the subsoil and deep
soil horizons.

Despite the low N concentration (0.4-0.9%) of the crop
residues themselves (Christensen 1986; Liu et al. 2021),
their return was still able to increase the soil N stock by
10.2%, a percentage similar to the increase in the topsoil
C stock (12.7%) (Fig. 2a and b). This suggests that crop
residue return not only immobilizes the organic N input
but also sequesters inorganic N to form additional organic
matter and decreases N loss. As a result of the additional
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C input, the microbes sequester more inorganic N and P,
forming organic matter and maintaining their homeostasis
(Liu et al. 2023; Penuelas et al. 2019). This finding is sup-
ported by our long-term field trials based on consecutive
6-year experiments with crop residue return, with an aver-
age increase in crop N use of 0.07 t ha™! year™!, which is
higher than the crop residue N input of 0.04 t ha=! year™!,
and the topsoil N stock increased by 0.18 t ha™! relative to
the inorganic fertilizer treatment in paddy fields (Liu et al.
2021). Unlike the high percentage increase in soil C and N
stocks, the increased in the soil P stock was relatively low
in the topsoil (Fig. 2c). This is because most of the soil P
exists in the form of inorganic P, and the contribution of
organic matter that is increased by crop residue return is
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relatively weak to the soil P stock, which depends more on
the initial soil inorganic P (mainly orthophosphate) back-
ground value (Goyne et al. 2008; Liu et al. 2023). Addi-
tionally, our study revealed that crop residue return had a
limited impact on deeper soil N and P stocks. Although
crop residue return increased the topsoil N and P, most
of the N and P was in the form of organic matter, which
also reduced the potential for the downward leaching of
inorganic N and P, thus limiting the impact of crop residue
return on the deeper soil N and P stocks. Given that the
sequestered C, N and P are contained in the topsoil in the
form of organic matter, this will not increase the risk of N
and P leaching into groundwater while providing long-term
nutrients for crop growth.
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4.2 Variability in soil C, N, and P stocks across land
uses

Crop residue return resulted in a higher increase in the soil
C stock in uplands and paddy-upland rotations than in paddy
fields, while the soil N stock increased more than in paddy
fields (References of the meta-analysis) (Fig. 2). Generally,
C and N constitute the largest concentration of soil organic
matter excluding water, and they are tightly coupled with
their accumulation and reduction in topsoil (Cleveland and
Liptzin 2007; Li et al. 2012). However, our study shows that
agronomic management should strongly mediate the top-
soil C and N coupling relationship, particularly in anaero-
bic environments caused by flooding (Fig. 1a and b). Paddy
fields are subjected to prolonged flooding, which limits the
inhibition of aerobic microbial activity and the consequent
production of critical enzymes such as phenol oxidase and
hydrolase (Freeman et al. 2001). As a result, the mineraliza-
tion rate of organic matter is lower in paddy fields than in
uplands due to the thermodynamic limit of microbial decom-
position (Chen et al. 2021). Simultaneously, the formed
iron-organic associations contribute to soil C preservation
through the adsorption of organic compounds or coprecipita-
tion with iron oxides during frequent alternations of flooding
and draining (Wei et al. 2022). These mechanisms result
in 39-127% higher soil C in paddy fields than in adjacent
uplands (Chen et al. 2021). Due to the soil C accumula-
tion saturation mechanism, it is relatively difficult to further
increase soil C in areas with a high soil C background (Liu
et al. 2023; Craig et al. 2021). Therefore, the percentage
increase in organic C due to crop residue return was more
significant in uplands than in paddy fields.

On the other hand, an anaerobic environment can limit
the activity of aerobic microbes, such as nitrifying bacteria
(Tranckner et al. 2008), inhibiting the nitrification process, and
further reduces N gas losses during denitrification in paddy
fields (Fig. 2b). Moreover, the N:P ratio needed for crops to
maintain their metabolism is approximately 16:1 (Liu et al.
2023), and soil N limitation (C:N < 16) is more severe in paddy
fields (8) than in uplands (14), resulting in a higher crop N
use efficiency and thus reducing the loss of inorganic N during
metabolism. Therefore, the increase in the N stock by crop resi-
due return is more significant in paddy fields than in to uplands.

The effect of crop residue return on P stocks was not sig-
nificantly different across land use types and is subject to
large errors (Fig. 2c). This was due to P cycle not existing
in the form of gas emission, so flooding management does
not affect the gas loss of P. Moreover, the organic P imported
by crop residue is hydrolyzed by phosphatase enzymes to
release soluble phosphate with poor mobility, which is eas-
ily adsorbed, complexed, and precipitated by soil particles,
organic matter and minerals, as well as absorbed and immo-
bilized by soil microbes, and so hardly leaches to the deeper

soil layers (Liu et al. 2020a; Yan et al. 2018). As a result,
most of the P imported from crop residues is immobilized
in topsoil, and biogeochemical cycles induced by flooding
management have a limited effect on P stocks.

Our findings suggest that crop residue return across
all land uses can enhance soil fertility and environmental
mitigation by increasing the soil C, N, and P stocks. How-
ever, the potential for mitigating global warming through
C sequestration is most pronounced in uplands, while the
possibility of mitigating regional water quality through N
sequestration is most pronounced in paddy fields.

4.3 Environmental driving mechanisms of soil C, N,
and P stocks

The impact of crop residue return on P stocks was affected
primarily by rainfall, while the effect on soil C and N stocks
was influenced mainly by the initial soil properties (Figs. 3
and 4). The soil C stock is mainly driven by soil pH due to
the greater potential for accumulation with inhibited micro-
bial decomposition of organic matter in alkaline soils (Kem-
mitt et al. 2006; Li et al. 2021). The soil N stock is mainly
influenced by soil C and N concentrations and their ratio.
Soils with low soil C and N concentrations have a higher
potential for organic matter accumulation, while soils with
low C:N ratios tend to be N-limited, where microbes can use
N more efficiently to form organic matter and maintain their
homeostasis (Zechmeister-Boltenstern et al. 2015; Liu et al.
2023). Thus, crop residue return is more favorable for soil
C sequestration in areas with a low soil pH, while it is more
favorable for soil N sequestration in areas with low soil C
and N concentrations and C:N ratios.

In areas with high rainfall, crop residues return can effec-
tively avoid soil erosion caused by rainfall directly wash-
ing over the soil surface, while the organic P input from
crop residues is more difficult to move with hydrology than
inorganic P (Liu et al. 2020a). Thus, promoting crop resi-
due return in areas with higher rainfall has more potential
for soil P sequestration. Notably, the effect of crop residue
return on soil C and N stocks is mainly based on biochemi-
cal processes, while soil P stocks depend on physical and
chemical processes.

4.4 Enhanced soil properties further improve grain
yields

Crop residue return not only sequestered more soil C,
N, and P but also reduced soil acidification, especially
in upland areas (Fig. 2, 3, and Table S1). We found that
16.6% of upland soils are acidified, and crop residue return
could increase soil pH in these areas. Upland soils have
lower organic matter concentrations and cation exchange
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capacity than paddy soil, resulting in a lower acid-base
buffering capacity (Guo et al. 2018). Thus, upland soils
have a lower buffering effect on soil acidification than
paddy and paddy-upland ecosystems, but crop residue
return can mitigate this trend. Our study further revealed
that the mitigation of soil acidification by crop residue
return decreased with increasing soil P, which may be due
to two mechanisms. First, crop residues release organic
acids during decomposition, which cause P mobilization
in the soil phosphate minerals and lower the soil pH (Roy
et al. 2018; Kpomblekou-A and Tabatabai 2003); second,
organic C input in soils with high P concentrations pro-
motes heterotrophic microbial nitrification, leading to soil
acidification (O’Neill et al. 2021). Crop residue return alle-
viates upland soil acidification, improving the soil nutrient
supply, as evidenced by higher grain yield increases rela-
tive to those in paddy and paddy-upland rotations.

Soil physical properties are crucial in driving the effects
of crop residue return on grain yield and are subject to
climatic conditions, field management, and fertilizer input
(Fig. 5). Although our results have showed that crop resi-
due return generally increased grain yield, there is criti-
cal uncertainty. This is because the slow decomposition
of crop residue can affect the rooting of the current sea-
son’s crop, resulting in stiff seedlings and decaying roots
(Alvaro—Fuentes et al. 2013; Liu et al. 2021). In addition,
the lignin in crop residue is difficult to decompose and
remains in the soil for a long time, hindering soil aera-
tion and the rooting of the next season’s crop (Chen et al.
2021). Our research showed that crop residue return effec-
tively avoided the adverse effects mentioned above in areas
with clay soil due to high soil porosity. Furthermore, we
noted that crop residue return in regions with high inor-
ganic fertilizer input had a limited impact on grain yield
increases. This was due to the surplus supply of soil nutri-
ents caused by excessive fertilizer application (Liu et al.
2020a), while the nutrients supplied by organic matter
accumulation were less significant. Accordingly, we rec-
ommend crop residue return in clay soil areas to reduce
the uncertainty of grain yield increases. Additionally, crop
residue return can be an appropriate substitute for inor-
ganic fertilizer input.

4.5 Implications and uncertainties

Our study found that returning crop residues to soil can
increase the C, N, and P stocks, particularly in the topsoil
(Fig. 6). Although the increase in the C stock in subsoil or
deep soil horizons was less than that in topsoil, it was still
higher than the 0.4% increase required to achieve climate
mitigation effects and food security goals (Minasny et al.
2017). Considering the global cropland area (1.56 billion
ha, https://www.fao.org/), returning crop residues to soil
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could sequester approximately 6.24 billion t C, 0.48 billion
t N, and 0.14 billion t P, thereby mitigating climate warm-
ing and water eutrophication. Our study further showed that
most of the sequestered C, N, and P was stored as organic
matter in the topsoil, which can mitigate soil acidification
and improve soil fertility for crops. Therefore, crop residue
return can have a dual benefit of environmental mitigation
and food security.

However, given the global heterogeneity of spatial and
temporal environmental variables, it is essential to target
and scale up crop residue return strategies. Our results sug-
gest that there is a nonlinear saturation mechanism affecting
the increase in soil C and N stocks by crop residue return
with time (Fig. S11). Soil C and N sequestration tended to
saturate approximately 20 years after crop residue returns,
while the mitigating effect on soil acidification continued.
Furthermore, the increasing trends of the soil C, N, and P
stocks across soil profiles were mostly not statistically sig-
nificant on the temporal scale (Fig. S12). However, both
soil C and N stocks had a positive slope over time, and the
slope was greater for subsoil and deep soil horizons than for
topsoil. Therefore, different soil layers should have differ-
ent time thresholds for soil C and N saturation. In the long
term, we can expect a greater potential for C sequestration
in subsoil and deep soil horizons, which are more stable and
essential for long-term climate change mitigation. Spatially,
our study highlights that crop residue return in the tropics

Upland
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Paddy
+5.89%

+12.7%  +10.2%

+8.24% I +2.23%

| | +1.84% “
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Fig.6 Effect of crop residue return on soil carbon, nitrogen, and
phosphorus stocks in different soil layers and the increased grain
yield.
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had higher benefits for soil C and N stocks (Fig. S13). Given
that the tropics have more frequent cropping ecosystems due
to favorable hydrothermal conditions for crops, crop residue
return in the tropics should be prioritized to maintain soil
fertility and improve the ecological-environment.

In the past, crop residue return experiments have
focused primarily on field-scale grain production and
nutrient cycling comparative experiments. It is widely
accepted that topsoil contributes more to grain produc-
tion and greenhouse gas emissions than subsoil or deep
soil horizons. Thus, the environmental variables of the
topsoil were more fully reported than those of subsoil or
deep soil horizons. However, recent studies have shown
that subsoil and deep soil horizons have distinct environ-
mental conditions from topsoil (Chen et al. 2022, 2023),
which may lead to different accumulation mechanisms of
soil C, N, and P in different soil layers. Further research
on the mechanisms of deep soil C, N, and P stocks could
help in the understanding of elemental cycling and reduce
their upward release as greenhouse gases and downward
leaching into groundwater, thereby reducing environmen-
tal pollution.

5 Conclusion

In this study, by combining meta-analysis with machine
learning models and path analysis models, we quantified,
for the first time, the impacts of crop residue return com-
bined with inorganic fertilizer versus inorganic fertilizer
application on soil C, N, and P stocks in different land uses
and soil profiles at the global scale, and we also identified
the driving mechanisms. The study results showed that crop
residue return increased C stocks across the soil profile, but
increased P stocks only in the topsoil. Flooding manage-
ment caused differential soil C and N accumulations in dif-
ferent land uses, while the percentage increase in C stocks
was higher in uplands and paddy-upland rotations, whereas
the percentage increase in N was higher in paddy fields.
Moreover, crop residue return also mitigated soil acidifica-
tion in upland soils, and combined with the increased soil
C, N, and P, increased the grain yields in cropland. Further-
more, the soil C and N stocks increased depending on the
initial soil pH, C and N levels, and C:N ratio. In contrast, the
soil P stock increase depended on rainfall, while the grain
yield increase was closely linked to the soil texture and fer-
tilizer rate. Our study highlights that crop residue return can
increase topsoil C, N, and P stocks, which can benefit crop
growth and environmental mitigation efforts. Furthermore,
this practice can increase C stocks in deeper soil horizons
(below 20 cm), providing a long-term solution to mitigate
climate change.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13593-023-00928-2.

Acknowledgements We are grateful to the editors-in-chief, process-
ing associate editors, and reviewers for their valuable suggestions for
improving the article.

Authors' contributions Conceptualization: Ji Liu. Methodology: Ji
Liu, Tianyi Qiu. Investigation: Ji Liu, Hai Wang. Visualization: Ji Liu.
Supervision: Linchuan Fang, Ji Chen, Josep Penuelas. Writing—origi-
nal draft: Ji Liu. Writing—review and editing: Ji Liu, Linchuan Fang,
Tianyi Qiu, Ji Chen, Hai Wang, Muxing Liu, Jun Yi, Hailin Zhang,
Cong Wang, Jordi Sardans, Li Chen, Min Huang, Josep Penuelas.

Funding Ji Liu is funded by the National Natural Science Foundation
of China (42207107), the Open Fund of Key Laboratory of Agro-eco-
logical Processes in Subtropical Region, Chinese Academy of Sciences
(ISA2021101), and the Alexander von Humboldt Foundation. Linchuan
Fang is funded by the Strategic Priority Research Program of Chinese
Academy of Sciences (XDB40020202) and the Natural Science Foun-
dation of Hubei Province, China (2020CFA013).

Data availability All data used in this study are available at Figshare
(https://doi.org/10.6084/m9.figshare.22707691).

Code availability Not relevant for this research.

Declarations
Ethics approval Not relevant for this research.
Consent to participate Not relevant for this research.

Consent for publication The authors confirm that all the participants
gave their informed consent to participate in the study.

Competing interests The authors declare no competing interests.

References

Abbruzzini TF, Davies CA, Toledo FH, Cerri CEP (2019) Dynamic
biochar effects on nitrogen use efficiency, crop yield and soil
nitrous oxide emissions during a tropical wheat-growing season.
J Environ Manag 252:109638. https://doi.org/10.1016/j.jenvman.
2019.109638

Alewell C, Ringeval B, Ballabio C, Robinson DA, Panagos P, Bor-
relli P (2020) Global phosphorus shortage will be aggravated by
soil erosion. Nat Commun 11(1):4546. https://doi.org/10.1038/
s41467-020-18326-7

Alvaro-Fuentes J, Morell FJ, Madejon E, Lampurlanés J, Arrue JL,
Cantero-Martinez C (2013) Soil biochemical properties in a semi-
arid Mediterranean agroecosystem as affected by long-term tillage
and N fertilization. Soil Tillage Res 129:69-74. https://doi.org/10.
1016/j.sti11.2013.01.005

Balesdent J, Basile-Doelsch I, Chadoeuf J, Cornu S, Derrien D, Feki-
acova Z, Hatte C (2018) Atmosphere—soil carbon transfer as a
function of soil depth. Nature 559(7715):599-602. https://doi.org/
10.1038/s41586-018-0328-3

Beck HE, Zimmermann NE, McVicar TR, Vergopolan N, Berg A,
Wood EF (2018) Present and future Koppen-Geiger climate clas-
sification maps at 1-km resolution. Sci Data 5:180214. https://doi.
org/10.1038/sdata.2018.214

INRAZ 2 spnge


https://doi.org/10.1007/s13593-023-00928-2
https://doi.org/10.6084/m9.figshare.22707691
https://doi.org/10.1016/j.jenvman.2019.109638
https://doi.org/10.1016/j.jenvman.2019.109638
https://doi.org/10.1038/s41467-020-18326-7
https://doi.org/10.1038/s41467-020-18326-7
https://doi.org/10.1016/j.still.2013.01.005
https://doi.org/10.1016/j.still.2013.01.005
https://doi.org/10.1038/s41586-018-0328-3
https://doi.org/10.1038/s41586-018-0328-3
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.1038/sdata.2018.214

78 Page 12 of 23

J.Liuetal.

Breiman L (2001) Random forests. Mach Learn 45:5-32. https://doi.
org/10.1023/A:1010933404324

Chen X, Xia Y, Rui Y, Ning Z, Hu Y, Tang H, He H, Li H, Kuzyakov Y,
Ge T, WuJ, Su Y (2020) Microbial carbon use efficiency, biomass
turnover, and necromass accumulation in paddy soil depending on
fertilization. Agric Ecosyst Environ 292:106816. https://doi.org/
10.1016/j.agee.2020.106816

Chen X, Hu Y, Yinhang X, Zheng S, Ma C, Rui Y, He H, Huang
D, Zhang Z, Ge T, Wu J, Guggenberger G, Kuzyakov Y, Su Y
(2021) Contrasting pathways of carbon sequestration in paddy
and upland soils. Glob Chang Biol 27(11):2478-2490. https://
doi.org/10.1111/gcb.15595

Chen J, Luo Y, Kitterer T, Olesen JE (2022) Depth-depend-
ent responses of soil organic carbon stock under annual
and perennial cropping systems. Proc Natl Acad Sci U S A
119(28):€2203486119. https://doi.org/10.1073/pnas.2203486119

Chen J, Luo Y, Sinsabaugh RL (2023) Subsoil carbon loss. Nat Geosci
16:284-285. https://doi.org/10.1038/s41561-023-01164-9

Christensen BT (1986) Barley straw decomposition under field condi-
tions: effect of placement and initial nitrogen content on weight
loss and nitrogen dynamics. Soil Biol Biochem 18(5):523-529

Cleveland CC, Liptzin D (2007) C:N: P stoichiometry in soil: is there
a “Redfield ratio” for the microbial biomass? Biogeochemistry
85(3):235-252. https://doi.org/10.1007/s10533-007-9132-0

Craig M, Mayes M, Sulman B, Walker A (2021) Biological mecha-
nisms may contribute to soil carbon saturation patterns. Glob
Chang Biol 27(12):2633-2644. https://doi.org/10.1111/gcb.15584

Deligios PA, Farina R, Tiloca MT, Francaviglia R, Ledda L (2021)
C-sequestration and resilience to climate change of globe arti-
choke cropping systems depend on crop residues manage-
ment. Agron Sustain Dev 41(2):20. https://doi.org/10.1007/
$13593-021-00680-5

Fischer P, Pothig R, Venohr M (2017) The degree of phosphorus satu-
ration of agricultural soils in Germany: current and future risk of
diffuse P loss and implications for soil P management in Europe.
Sci Total Environ 599-600:1130-1139. https://doi.org/10.1016/].
scitotenv.2017.03.143

Freeman C, Ostle N, Kang H (2001) An enzymic “latch” on a global
carbon store. Nature 409:149. https://doi.org/10.1038/35051650

Gao J, Wang S, Li Z, Wang L, Chen Z, Zhou J (2021) High nitrate
accumulation in the vadose zone after land-use change from crop-
lands to orchards. Environ Sci Technol 55(9):5782-5790. https://
doi.org/10.1021/acs.est.0c06730

Goyne KW, Jun HJ, Anderson SH, Motavalli PP (2008) Phosphorus
and nitrogen sorption to soils in the presence of poultry litter-
derived dissolved organic matter. J Environ Qual 37(1):154-163.
https://doi.org/10.2134/jeq2007.0141

Guo X, Li H, Yu H, Li W, Ye Y, Biswas A (2018) Drivers of spatio-
temporal changes in paddy soil pH in Jiangxi Province, China
from 1980 to 2010. Sci Rep 8:2702. https://doi.org/10.1038/
$41598-018-20873-5

Hedges L, Gurevitch J, Curtis P (1999) The meta-analysis of response
ratios in experimental ecology. Ecology 80:1150-1156. https://
doi.org/10.2307/177062

Huddell AM, Galford GL, Tully KL, Crowley C, Palm CA, Neill C,
Hickman JE, Menge DNL (2020) Meta-analysis on the potential
for increasing nitrogen losses from intensifying tropical agricul-
ture. Glob Chang Biol 26(3):1668-1680. https://doi.org/10.1111/
gcb.14951

Kaur M, Malik DP, Malhi GS, Sardana V, Bolan NS, Lal R, Siddique
KHM (2022) Rice residue management in the Indo-Gangetic
Plains for climate and food security. A review. Agron Sustain
Dev 42(5):92. https://doi.org/10.1007/s13593-022-00817-0

Kemmitt SJ, Wright D, Goulding KWT, Jones DL (2006) pH regula-
tion of carbon and nitrogen dynamics in two agricultural soils.

2 swer INRA@

Soil Biol Biochem 38:898-911. https://doi.org/10.1016/j.soilbio.
2005.08.006

Kpomblekou-A K, Tabatabai MA (2003) Effect of low-molecular
weight organic acids on phosphorus release and phytoavailabilty
of phosphorus in phosphate rocks added to soils. Agric Ecosyst
Environ 100:275-284. https://doi.org/10.1016/S0167-8809(03)
00185-3

Lal R (2004) Soil carbon sequestration impacts on global climate
change and food security. Science 304(5677):1623-1627. https://
doi.org/10.1126/science.1097396

Li Y, Wul, Liu S, Shen J, Huang D, Su 'Y, Wei W, Syers JK (2012)
Is the C:N: P stoichiometry in soil and soil microbial biomass
related to the landscape and land use in southern subtropical
China? Glob Biogeochem Cycles 26:4002. https://doi.org/10.
1029/2012GB004399

Li Z, Reichel R, Xu Z, Vereecken H, Briiggemann N (2021) Return of
crop residues to arable land stimulates N20 emission but miti-
gates NO3— leaching: a meta-analysis. Agron Sustain Dev 41:66.
https://doi.org/10.1007/s13593-021-00715-x

LiuJ, Ouyang X, Shen J, Li Y, Sun W, Jiang W, Wu J (2020a) Nitrogen
and phosphorus runoft losses were influenced by chemical ferti-
lization but not by pesticide application in a double rice-cropping
system in the subtropical hilly region of China. Sci Total Environ
715:136852. https://doi.org/10.1016/j.scitotenv.2020.136852

LiuJ, Wang Y, Li Y, Liu X, Jiang Y, Fu Y, Jin W, Wu J (2020b) Eco-
system N: P stoichiometric ratios determine the catchment surface
water N: P ratio through subsurface hydrological processes. CAT-
ENA 194:104740. https://doi.org/10.1016/j.catena.2020.104740

Liu J, Jiang B, Shen J, Zhu X, Yi W, Li Y, Wu J (2021) Contrasting
effects of straw and straw-derived biochar applications on soil
carbon accumulation and nitrogen use efficiency in double-rice
cropping systems. Agric Ecosyst Environ 311:107286. https://doi.
org/10.1016/j.agee.2020.107286

Liu J, Liu X, Wang Y, Li Y, Li Y, Yuan H, Fang L, Wu J (2022)
Upstream 2000 ha is the boundary of the stream water nitrogen
and phosphorus saturation concentration threshold in the subtropi-
cal agricultural catchment. CATENA 211:105960. https://doi.org/
10.1016/j.catena.2021.105960

Liu J, Qiu T, Penuelas J, Sardans J, Tan W, Wei X, Cui Y, Cui Q, Wu C,
Liu L, Zhou B, He H, Fang L (2023) Crop residue return sustains
global soil ecological stoichiometry balance. Glob Chang Biol
29(8):2203-2226. https://doi.org/10.1111/gcb.16584

Martinez-Mena M, Carrillo-Lépez E, Boix-Fayos C, Almagro M,
Garcia Franco N, Diaz-Pereira E, Montoya I, de Vente J (2020)
Long-term effectiveness of sustainable land management practices
to control runoff, soil erosion, and nutrient loss and the role of
rainfall intensity in Mediterranean rainfed agroecosystems. CAT-
ENA 187:104352. https://doi.org/10.1016/j.catena.2019.104352

Minasny B, Malone BP, McBratney AB, Angers D, Arrouays D, Cham-
bers A, Chaplot V, Chen Z-S, Cheng K, Das B, Field D, Gimona
A, Hedley CB, Hong S-Y, Mandal B, Marchant B, Martin M,
McConkey BG, Mulder VL, Winowiecki L (2017) Soil carbon 4
per mille. Geoderma 292:59-86. https://doi.org/10.1016/j.geode
rma.2017.01.002

O’Neill RM, Krol DJ, Wall D, Lanigan GJ, Renou-Wilson F, Rich-
ards KG, Jansen-Willems AB, Miiller C (2021) Assessing the
impact of long-term soil phosphorus on N-transformation path-
ways using 15N tracing. Soil Biol Biochem 152:108066. https://
doi.org/10.1016/j.s0ilbi0.2020.108066

Penuelas J, Fernandez-Martinez M, Ciais P, Jou D, Piao S, Ober-
steiner M, Vicca S, Janssens I, Sardans J (2019) The bioele-
ments, the elementome, and the biogeochemical niche. Ecology
100. https://doi.org/10.1002/ecy.2652

Pefiuelas J, Poulter B, Sardans J, Ciais P, van der Velde M, Bopp
L, Boucher O, Godderis Y, Hinsinger P, Llusia J, Nardin E,
Vicca S, Obersteiner M, Janssens IA (2013) Human-induced


https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1016/j.agee.2020.106816
https://doi.org/10.1016/j.agee.2020.106816
https://doi.org/10.1111/gcb.15595
https://doi.org/10.1111/gcb.15595
https://doi.org/10.1073/pnas.2203486119
https://doi.org/10.1038/s41561-023-01164-9
https://doi.org/10.1007/s10533-007-9132-0
https://doi.org/10.1111/gcb.15584
https://doi.org/10.1007/s13593-021-00680-5
https://doi.org/10.1007/s13593-021-00680-5
https://doi.org/10.1016/j.scitotenv.2017.03.143
https://doi.org/10.1016/j.scitotenv.2017.03.143
https://doi.org/10.1038/35051650
https://doi.org/10.1021/acs.est.0c06730
https://doi.org/10.1021/acs.est.0c06730
https://doi.org/10.2134/jeq2007.0141
https://doi.org/10.1038/s41598-018-20873-5
https://doi.org/10.1038/s41598-018-20873-5
https://doi.org/10.2307/177062
https://doi.org/10.2307/177062
https://doi.org/10.1111/gcb.14951
https://doi.org/10.1111/gcb.14951
https://doi.org/10.1007/s13593-022-00817-0
https://doi.org/10.1016/j.soilbio.2005.08.006
https://doi.org/10.1016/j.soilbio.2005.08.006
https://doi.org/10.1016/S0167-8809(03)00185-3
https://doi.org/10.1016/S0167-8809(03)00185-3
https://doi.org/10.1126/science.1097396
https://doi.org/10.1126/science.1097396
https://doi.org/10.1029/2012GB004399
https://doi.org/10.1029/2012GB004399
https://doi.org/10.1007/s13593-021-00715-x
https://doi.org/10.1016/j.scitotenv.2020.136852
https://doi.org/10.1016/j.catena.2020.104740
https://doi.org/10.1016/j.agee.2020.107286
https://doi.org/10.1016/j.agee.2020.107286
https://doi.org/10.1016/j.catena.2021.105960
https://doi.org/10.1016/j.catena.2021.105960
https://doi.org/10.1111/gcb.16584
https://doi.org/10.1016/j.catena.2019.104352
https://doi.org/10.1016/j.geoderma.2017.01.002
https://doi.org/10.1016/j.geoderma.2017.01.002
https://doi.org/10.1016/j.soilbio.2020.108066
https://doi.org/10.1016/j.soilbio.2020.108066
https://doi.org/10.1002/ecy.2652

Crop residue return achieves environmental mitigation and enhances grain yield: a global...

Page 130f23 78

nitrogen—phosphorus imbalances alter natural and managed
ecosystems across the globe. Nat Commun 4:2934. https://doi.
org/10.1038/ncomms3934

R Development Core Team (2020) A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing,
Vienna.

Roy T, Biswas DR, Datta SC, Sarkar A (2018) Phosphorus release from
rock phosphate as influenced by organic acid loaded nanoclay
polymer composites in an Alfisol. Proc Natl Acad Sci India Sect B
Biol Sci 88:121-132. https://doi.org/10.1007/s40011-016-0739-6

Russolillo G (2012) Non-metric partial least squares. Electron J Stat
6:1641-1669. https://doi.org/10.1214/12-EJS724

Shen J, Tang H, Liu J, Wang C, Li Y, Ge T, Jones DL, Wu J (2014)
Contrasting effects of straw and straw-derived biochar amend-
ments on greenhouse gas emissions within double rice cropping
systems. Agric Ecosyst Environ 188:264-274. https://doi.org/10.
1016/j.agee.2014.03.002

Tempesta M, Pennisi G, Gianquinto G, Hauser M, Tagliavini M (2022)
Contribution of cauliflower residues to N nutrition of subse-
quent lettuce crops grown in rotation in an Italian Alpine envi-
ronment. Agron Sustain Dev 42(2):25. https://doi.org/10.1007/
$13593-022-00756-w

Trénckner J, Wricke B, Krebs P (2008) Estimating nitrifying biomass
in drinking water filters for surface water treatment. Water Res
42(10-11):2574-2584. https://doi.org/10.1016/j.watres.2008.01.
007

Venables WN, Ripley BD (2002) Modern Applied Statistics with S.
Modern Applied Statistics with S, Springer, New York, New York,
NY. https://doi.org/10.1007/978-0-387-21706-2

Wei L, Zhu Z, Razavi B, Xiao M, Dorodnikov M, Fan L, Yuan H, Yur-
taev A, Luo Y, Cheng W, Kuzyakov Y, Wu J (2022) Visualization
and quantification of carbon “rusty sink” by rice root iron plaque:
mechanisms, functions, and global implications. Glob Chang Biol
22(28):6711-6727. https://doi.org/10.1111/gcb.16372

Xia L, Lam S, Wolf B, Kiese R, Chen D, Butterbach-Bahl K (2018)
Trade-offs between soil carbon sequestration and reactive nitrogen
losses under straw return in global agroecosystems. Glob Chang
Biol 12(24):5919-5932. https://doi.org/10.1111/gcb.14466

Yan P, Shen C, Fan LC, Li X, Zhang LP, Zhang L, Han WY (2018)
Tea planting affects soil acidification and nitrogen and phosphorus
distribution in soil. Agric Ecosyst Environ 254:20-25. https://doi.
org/10.1016/j.agee.2017.11.015

Yu Q, Duan L, Yu L, Chen X, Si G, Ke P, Ye Z, Mulder J (2018)
Threshold and multiple indicators for nitrogen saturation in sub-
tropical forests. Environ Pollut 241:664—673. https://doi.org/10.
1016/j.envpol.2018.06.001

Yu C, Huang X, Chen H, Godfray HCJ, Wright JS, Hall J, Gong P,
Ni S, Qiao S, Huang G, Xiao Y, Zhang J, Feng Z, Ju X, Ciais P,
Stenseth NC, Hessen DO, Sun Z, Yu L, Cai W, Fu H, Huang X,
Zhang C, Liu H, Taylor J (2019) Managing nitrogen to restore
water quality in China. Nature 567:516-520. https://doi.org/10.
1038/541586-019-1001-1

Zechmeister-Boltenstern S, Keiblinger KM, Mooshammer M, Pefiue-
las J, Richter A, Sardans J, Wanek W (2015) The application of
ecological stoichiometry to plant—microbial-soil organic matter
transformations. Ecol Monogr 85(2):133-155. https://doi.org/10.
1890/14-0777.1

Zhang K, Song C, Zhang Y, Dang H, Cheng X, Zhang Q (2017)
Global-scale patterns of nutrient density and partitioning in forests
in relation to climate. Glob Chang Biol 24(1):536-551. https://doi.
org/10.1111/gcb.13860

Zheng S, Xia Y, Hu Y, Chen X, Rui Y, Gunina A, He X, Ge T, WuJ,
Su 'Y, Kuzyakov Y (2021) Stoichiometry of carbon, nitrogen, and
phosphorus in soil: effects of agricultural land use and climate at
a continental scale. Soil Tillage Res 209:104903. https://doi.org/
10.1016/j.sti11.2020.104903

Zomer RJ, Xu J, Trabucco A (2022) Version 3 of the Global Arid-
ity Index and Potential Evapotranspiration Database. Sci Data
9(1):4009. https://doi.org/10.1038/s41597-022-01493-1

References of the meta-analysis. Data from the Web
of Science, Google Scholar

Akhtar K, Wang W, Khan A, Ren G, Zaheer S, Sial TA, Feng Y, Yang
G, Aitkenhead M (2019a) Straw mulching with fertilizer nitro-
gen: an approach for improving crop yield, soil nutrients and
enzyme activities. Soil Use Manag 35(3):526-535. https://doi.
org/10.1111/sum.12478

Akhtar K, Wang W, Ren G, Khan A, Feng Y, Yang G, Wang H
(2019b) Integrated use of straw mulch with nitrogen fertilizer
improves soil functionality and soybean production. Environ Int
132:105092. https://doi.org/10.1016/j.envint.2019.105092

Ashraf MN, Hu C, Wu L, Duan Y, Zhang W, Aziz T, Cai A, Abrar MM,
Xu M (2020) Soil and microbial biomass stoichiometry regulate
soil organic carbon and nitrogen mineralization in rice-wheat
rotation subjected to long-term fertilization. J Soil Sediment
20(8):3103-3113. https://doi.org/10.1007/s11368-020-02642-y

Bai W, Sun Z, Zheng J, Liu Y, Hou Z, Feng L, Qian C, Yang N, Chen F,
Zhe Z (2016) The combination of subsoil and the incorporation
of corn stover affect physicochemical properties of soil and corn
yield in semi-arid China. Toxicol Environ Chem 98(5-6):561—
570. https://doi.org/10.1080/02772248.2015.1133379

Bandyopadhyay PK, Saha S, Mallick S (2011) Comparison of soil
physical properties between a permanent fallow and a long-
term rice—wheat cropping with inorganic and organic inputs in
the humid subtropics of eastern India. Commun Soil Sci Plan
42(4):435-449. https://doi.org/10.1080/00103624.2011.542358

Banerjee B, Aggarwal PK, Pathak H, Singh AK, Chaudhary A (2006)
Dynamics of organic carbon and microbial biomass in alluvial
soil with tillage and amendments in rice-wheat systems. Envi-
ron Monit Assess 119(1):173-189. https://doi.org/10.1007/
s10661-005-9021-8

Baruah A, Baruah KK, Bhattacharyya P (2016) Comparative effective-
ness of organic substitution in fertilizer schedule: impacts on
nitrous oxide emission, photosynthesis, and crop productivity in
a tropical summer rice paddy. Water Air Soil Pollut 227(11):410.
https://doi.org/10.1007/s11270-016-3111-9

Bedi P, Dubey Y (2009) Long-term influence of organic and inor-
ganic fertilizers on nutrient build-up and their relationship with
microbial properties under a rice-wheat cropping sequence in an
acid Alfisol. Acta Agron Hung 57(3):297-306. https://doi.org/
10.1556/AAgr.57.2009.3.5

Benbi DK, Brar K, Toor AS, Sharma S (2015) Sensitivity of labile soil
organic carbon pools to long-term fertilizer, straw and manure
management in rice-wheat system. Pedosphere 25(4):534-545.
https://doi.org/10.1016/S1002-0160(15)30034-5

Bhardwaj AK, Rajwar D, Mandal UK, Ahamad S, Kaphaliya B, Min-
has PS, Prabhakar M, Banyal R, Singh R, Chaudhari SK, Sharma
PC (2019) Impact of carbon inputs on soil carbon fractionation,
sequestration and biological responses under major nutrient
management practices for rice-wheat cropping systems. Sci Rep
9(1):9114. https://doi.org/10.1038/s41598-019-45534-z

Bhattacharyya P, Roy KS, Neogi S, Adhya TK, Rao KS, Manna MC
(2012) Eftects of rice straw and nitrogen fertilization on green-
house gas emissions and carbon storage in tropical flooded soil
planted with rice. Soil Till Res 124:119-130. https://doi.org/10.
1016/j.stil1.2012.05.015

Bhattacharyya R, Pandey AK, Gopinath KA, Mina BL, Bisht JK, Bhatt
JC (2016) Fertilization and crop residue addition impacts on
yield sustainability under a rainfed maize—wheat system in the

INRAZ 2 spnge


https://doi.org/10.1038/ncomms3934
https://doi.org/10.1038/ncomms3934
https://doi.org/10.1007/s40011-016-0739-6
https://doi.org/10.1214/12-EJS724
https://doi.org/10.1016/j.agee.2014.03.002
https://doi.org/10.1016/j.agee.2014.03.002
https://doi.org/10.1007/s13593-022-00756-w
https://doi.org/10.1007/s13593-022-00756-w
https://doi.org/10.1016/j.watres.2008.01.007
https://doi.org/10.1016/j.watres.2008.01.007
https://doi.org/10.1007/978-0-387-21706-2
https://doi.org/10.1111/gcb.16372
https://doi.org/10.1111/gcb.14466
https://doi.org/10.1016/j.agee.2017.11.015
https://doi.org/10.1016/j.agee.2017.11.015
https://doi.org/10.1016/j.envpol.2018.06.001
https://doi.org/10.1016/j.envpol.2018.06.001
https://doi.org/10.1038/s41586-019-1001-1
https://doi.org/10.1038/s41586-019-1001-1
https://doi.org/10.1890/14-0777.1
https://doi.org/10.1890/14-0777.1
https://doi.org/10.1111/gcb.13860
https://doi.org/10.1111/gcb.13860
https://doi.org/10.1016/j.still.2020.104903
https://doi.org/10.1016/j.still.2020.104903
https://doi.org/10.1038/s41597-022-01493-1
https://doi.org/10.1111/sum.12478
https://doi.org/10.1111/sum.12478
https://doi.org/10.1016/j.envint.2019.105092
https://doi.org/10.1007/s11368-020-02642-y
https://doi.org/10.1080/02772248.2015.1133379
https://doi.org/10.1080/00103624.2011.542358
https://doi.org/10.1007/s10661-005-9021-8
https://doi.org/10.1007/s10661-005-9021-8
https://doi.org/10.1007/s11270-016-3111-9
https://doi.org/10.1556/AAgr.57.2009.3.5
https://doi.org/10.1556/AAgr.57.2009.3.5
https://doi.org/10.1016/S1002-0160(15)30034-5
https://doi.org/10.1038/s41598-019-45534-z
https://doi.org/10.1016/j.still.2012.05.015
https://doi.org/10.1016/j.still.2012.05.015

78 Page 140f 23

J.Liuetal.

Himalayas. Proc Natl Acad Sci India Sect B Biol Sci 86(1):21—
32. https://doi.org/10.1007/s40011-014-0394-8

Cao H, Jia M, Song J, Xun M, Fan W, Yang H (2021) Rice-straw mat
mulching improves the soil integrated fertility index of apple
orchards on cinnamon soil and fluvo-aquic soil. Sci Hortic
278:109837. https://doi.org/10.1016/j.scienta.2020.109837

Cao B, Qu C, Guo Y, Liu C, Liang Z, Jiao Y, Shi J, Tian X (2022)
Long-term nitrogen and straw application improves wheat pro-
duction and soil organic carbon sequestration. J Soil Sci Plant Nut
22(3):3364-3376. https://doi.org/10.1007/s42729-022-00892-y

Chaudhary S, Dheri GS, Brar BS (2017) Long-term effects of NPK
fertilizers and organic manures on carbon stabilization and man-
agement index under rice-wheat cropping system. Soil till Res
166:59-66. https://doi.org/10.1016/j.stil1.2016.10.005

Chen Z, Hou H, Zheng Y, Qin H, Zhu Y, Wu J, Wei W (2012) Influence
of fertilisation regimes on a nosZ-containing denitrifying com-
munity in a rice paddy soil. J Sci Food Agric 92(5):1064-1072.
https://doi.org/10.1002/jsfa.4533

Chen S, Zhang X, Shao L, Sun H, Niu J, Liu X (2020a) Effects of straw
and manure management on soil and crop performance in North
China Plain. CATENA 187:104359. https://doi.org/10.1016/j.
catena.2019.104359

Chen X, Xia Y, Rui Y, Ning Z, Hu Y, Tang H, He H, Li H, Kuzyakov
Y, Ge T, Wu J, Su Y (2020b) Microbial carbon use efficiency,
biomass turnover, and necromass accumulation in paddy soil
depending on fertilization. Agr Ecosyst Environ 292:106816.
https://doi.org/10.1016/j.agee.2020.106816

Chen Q, Liu Z, Zhou J, Xu X, Zhu Y (2021a) Long-term straw mulch-
ing with nitrogen fertilization increases nutrient and microbial
determinants of soil quality in a maize—wheat rotation on China’s
Loess Plateau. Sci Total Environ 775:145930. https://doi.org/10.
1016/j.scitotenv.2021.145930

Chen S, Gao R, Xiang X, Yang H, Ma H, Zheng T, Xiao Y, Zhang X, Li
H, Fan G, Yu Y (2021b) Straw mulching and nitrogen application
altered ammonia oxidizers communities and improved soil qual-
ity in the alkaline purple soil of southwest China. AMB Express
11(1):52. https://doi.org/10.1186/s13568-021-01211-x

Chen W, Yuan W, Wang J, Wang Z, Zhou Z, Liu S (2022) No-tillage
combined with appropriate amount of straw returning increased
soil biochemical properties. Sustainability 14(9):4875. https://
doi.org/10.3390/su14094875

Cheng W, Padre AT, Sato C, Shiono H, Hattori S, Kajihara A, Aoyama
M, Tawaraya K, Kumagai K (2016) Changes in the soil C and
N contents, C decomposition and N mineralization potentials in
a rice paddy after long-term application of inorganic fertilizers
and organic matter. Soil Sci Plant Nutr 62(2):212-219. https://
doi.org/10.1080/00380768.2016.1155169

Choudhary M, Datta A, Jat HS, Yadav AK, Gathala MK, Sapkota
TB, Das AK, Sharma PC, Jat ML, Singh R, Ladha JK (2018a)
Changes in soil biology under conservation agriculture based
sustainable intensification of cereal systems in Indo-Gangetic
Plains. Geoderma 313:193-204. https://doi.org/10.1016/j.geode
rma.2017.10.041

Choudhary M, Jat HS, Datta A, Yadav AK, Sapkota TB, Mondal S,
Meena RP, Sharma PC, Jat ML (2018b) Sustainable intensifi-
cation influences soil quality, biota, and productivity in cereal-
based agroecosystems. Appl Soil Ecol 126:189-198. https://
doi.org/10.1016/j.aps0il.2018.02.027

Cui Y-f, Meng J, Wang Q-x, Zhang W-m, Cheng X-y, Chen W-f
(2017) Effects of straw and biochar addition on soil nitrogen,
carbon, and super rice yield in cold waterlogged paddy soils
of North China. J Integr Agric 16(5):1064—1074. https://doi.
org/10.1016/S2095-3119(16)61578-2

Dai W, Gao H, Sha Z, Penttinen P, Fang K, Wang J, Cao L (2020)
Changes in soil organic carbon fractions in response to wheat
straw incorporation in a subtropical paddy field in China. J

2 swer INRA@

Soil Sci Plant Nut 184(2):198-207. https://doi.org/10.1002/
jpIn.202000200

Dai W, Wang J, Fang K, Cao L, Sha Z, Cao L (2021) Wheat straw
incorporation affecting soil carbon and nitrogen fractions in
Chinese paddy soil. Agriculture 11(8):803. https://doi.org/10.
3390/agriculture11080803

Dong D, Yang M, Wang C, Wang H, Li Y, Luo J, Wu W (2013)
Responses of methane emissions and rice yield to applica-
tions of biochar and straw in a paddy field. J Soil Sediment
13(8):1450-1460. https://doi.org/10.1007/s11368-013-0732-0

Dong Z, Zhu B, Zeng Z (2014) The influence of N-fertilization
regimes on N20O emissions and denitrification in rain-fed
cropland during the rainy season. Environ Sci Process Impacts
16(11):2545-2553. https://doi.org/10.1039/c4em00185k

Fan F, Yu B, Wang B, George TS, Yin H, Xu D, Li D, Song A (2019)
Microbial mechanisms of the contrast residue decomposition
and priming effect in soils with different organic and chemical
fertilization histories. Soil Biol Biochem 135:213-221. https://
doi.org/10.1016/j.50i1bi0.2019.05.001

Fan C, Zhang W, Chen X, Li N, Li W, Wang Q, Duan P, Chen M
(2021) Residual effects of four-year amendments of organic
material on N20O production driven by ammonia-oxidizing
archaea and bacteria in a tropical vegetable soil. Sci Total
Environ 781:146746. https://doi.org/10.1016/j.scitotenv.2021.
146746

Fan Y-F, Gao J-L, Sun J-Y, Liu J, Su Z-J, Hu S-P, Wang Z-G, Yu X-F
(2022) Potentials of straw return and potassium supply on maize
(Zea mays L.) photosynthesis, dry matter accumulation and yield.
Sci Rep 12(1):799. https://doi.org/10.1038/s41598-021-04508-w

Farooq N, Igbal M, Farooq M, Zahir Z (2018) Interactive effects of
synthetic fertilizer and organic residue inputs on soil fertility
and wheat crop under various moisture regimes. Int J Agric Biol
21:244-250. https://doi.org/10.17957/1JAB/15.0888

Feiziene D, Janusauskaite D, Feiza V, Putramentaite A, Sinkeviciene
A, Suproniene S, Seibutis V, Kadziene G, Deveikyte I, Lazaus-
kas S, Janusauskaite D, Povilaitis V (2015) After-effect of long-
term soil management on soil respiration and other qualitative
parameters under prolonged dry soil conditions. Turk J Agric For
39:633-651. https://doi.org/10.3906/tar-1405-88

Feng X, Gao H, Lal R, Zhu P, Peng C, Deng A, Zheng C, Song Z,
Zhang W (2019) Nitrous oxide emission, global warming poten-
tial, and denitrifier abundances as affected by long-term ferti-
lization on Mollisols of Northeastern China. Arch Agron Soil
Sci 65(13):1831-1844. https://doi.org/10.1080/03650340.2019.
1578959

Francis JL, Andrew FO, Paul RD (2012) Residual effects of top-
soil replacement depths and onetime application of organic
amendments in natural gas wellsite reclamation. Can J Soil Sci
92(6):883—-891. https://doi.org/10.1139/CJISS2012-028

Fu X, Wang J, Sainju UM, Zhao F, Liu W (2019) Soil microbial com-
munity and carbon and nitrogen fractions responses to mulching
under winter wheat. Appl Soil Ecol 139:64-68. https://doi.org/
10.1016/j.aps0il.2019.03.018

Gai X, Liu H, Liu J, Zhai L, Wang H, Yang B, Ren T, Wu S, Lei Q
(2019) Contrasting impacts of long-term application of manure
and crop straw on residual nitrate-N along the soil profile in the
North China Plain. Sci Total Environ 650:2251-2259. https://
doi.org/10.1016/j.scitotenv.2018.09.275

Gaind S, Nain L (2007) Chemical and biological properties of wheat
soil in response to paddy straw incorporation and its biodeg-
radation by fungal inoculants. Biodegradation 18(4):495-503.
https://doi.org/10.1007/s10532-006-9082-6

Gami SK, Lauren JG, Duxbury JM (2009) Soil organic carbon and
nitrogen stocks in Nepal long-term soil fertility experiments.
Soil till Res 106(1):95-103. https://doi.org/10.1016/j.still.
2009.10.003


https://doi.org/10.1007/s40011-014-0394-8
https://doi.org/10.1016/j.scienta.2020.109837
https://doi.org/10.1007/s42729-022-00892-y
https://doi.org/10.1016/j.still.2016.10.005
https://doi.org/10.1002/jsfa.4533
https://doi.org/10.1016/j.catena.2019.104359
https://doi.org/10.1016/j.catena.2019.104359
https://doi.org/10.1016/j.agee.2020.106816
https://doi.org/10.1016/j.scitotenv.2021.145930
https://doi.org/10.1016/j.scitotenv.2021.145930
https://doi.org/10.1186/s13568-021-01211-x
https://doi.org/10.3390/su14094875
https://doi.org/10.3390/su14094875
https://doi.org/10.1080/00380768.2016.1155169
https://doi.org/10.1080/00380768.2016.1155169
https://doi.org/10.1016/j.geoderma.2017.10.041
https://doi.org/10.1016/j.geoderma.2017.10.041
https://doi.org/10.1016/j.apsoil.2018.02.027
https://doi.org/10.1016/j.apsoil.2018.02.027
https://doi.org/10.1016/S2095-3119(16)61578-2
https://doi.org/10.1016/S2095-3119(16)61578-2
https://doi.org/10.1002/jpln.202000200
https://doi.org/10.1002/jpln.202000200
https://doi.org/10.3390/agriculture11080803
https://doi.org/10.3390/agriculture11080803
https://doi.org/10.1007/s11368-013-0732-0
https://doi.org/10.1039/c4em00185k
https://doi.org/10.1016/j.soilbio.2019.05.001
https://doi.org/10.1016/j.soilbio.2019.05.001
https://doi.org/10.1016/j.scitotenv.2021.146746
https://doi.org/10.1016/j.scitotenv.2021.146746
https://doi.org/10.1038/s41598-021-04508-w
https://doi.org/10.17957/IJAB/15.0888
https://doi.org/10.3906/tar-1405-88
https://doi.org/10.1080/03650340.2019.1578959
https://doi.org/10.1080/03650340.2019.1578959
https://doi.org/10.1139/CJSS2012-028
https://doi.org/10.1016/j.apsoil.2019.03.018
https://doi.org/10.1016/j.apsoil.2019.03.018
https://doi.org/10.1016/j.scitotenv.2018.09.275
https://doi.org/10.1016/j.scitotenv.2018.09.275
https://doi.org/10.1007/s10532-006-9082-6
https://doi.org/10.1016/j.still.2009.10.003
https://doi.org/10.1016/j.still.2009.10.003

Crop residue return achieves environmental mitigation and enhances grain yield: a global...

Page 150f23 78

Gao W, Yang J, Ren S-r, Hailong L (2015) The trend of soil organic
carbon, total nitrogen, and wheat and maize productivity under
different long-term fertilizations in the upland fluvo-aquic soil
of North China. Nutr Cycl Agroecosyst 103(1):61-73. https://
doi.org/10.1007/s10705-015-9720-7

Gao H-J, Chen XW, Liang A-Z, Peng C, Zhu P, Zhang X-Z (2022)
Combined effects of straw returning and nitrogen fertilizer
application on crop yield and nitrogen utilization in the Cher-
nozem of northeast China. Appl Ecol Env Res 20(1):893-903.
https://doi.org/10.15666/aeer/2001_893903

Ghosh M, Ashiq W, Bhogilal Vasava H, Gamage DNV, Patra PK,
Biswas A (2021) Short-term carbon sequestration and changes
of soil organic carbon pools in rice under integrated nutrient
management in India. Agriculture 11 (4). https://doi.org/10.
3390/agriculture11040348

Govaerts B, Sayre KD, Ceballos-Ramirez JM, Luna-Guido ML,
Limon-Ortega A, Deckers J, Dendooven L (2006) Convention-
ally tilled and permanent raised beds with different crop resi-
due management: effects on soil C and N dynamics. Plant Soil
280(1):143-155. https://doi.org/10.1007/s11104-005-2854-7

Gu S, Guo X, Cai Y, Zhang Z, Wu S, Li X, Zhang H, Yang W (2018)
Residue management alters microbial diversity and activity
without affecting their community composition in black soil,
Northeast China. PeerJ 6:5754. https://doi.org/10.7717/peerj.
5754

Guo Z, Liu H, Wan S, Hua K, Wang D, Guo X, He C (2019a) Fertilisa-
tion practice changes rhizosphere microbial community structure
in the agroecosystem. Ann Appl Biol 174(2):123-132. https://
doi.org/10.1111/aab.12478

Guo Z, Zhang Z, Zhou H, Wang D, Peng X (2019b) The effect of
34-year continuous fertilization on the SOC physical fractions
and its chemical composition in a Vertisol. Sci Rep 1:2505.
https://doi.org/10.1038/s41598-019-38952-6

Gupta Choudhury S, Srivastava S, Singh R, Chaudhari SK, Sharma
DK, Singh SK, Sarkar D (2014) Tillage and residue manage-
ment effects on soil aggregation, organic carbon dynamics and
yield attribute in rice-wheat cropping system under reclaimed
sodic soil. Soil Till Res 136:76-83. https://doi.org/10.1016/j.still.
2013.10.001

Han Y, Ma W, Zhou B, Yang X, Salah A, Li C, Cao C, Zhan M, Zhao
M (2020) Effects of straw-return method for the maize-rice rota-
tion system on soil properties and crop yields. Agronomy 10 (4).
https://doi.org/10.3390/agronomy 10040461

Hansen V, Miiller-Stover D, Imparato V, Krogh PH, Jensen LS, Dolmer
A, Hauggaard-Nielsen H (2017) The effects of straw or straw-
derived gasification biochar applications on soil quality and crop
productivity: a farm case study. J Environ Manag 186:88-95.
https://doi.org/10.1016/j.jenvman.2016.10.041

Hao XX, Han XZ, Zou WX, Wang SY, Kwaw-Mensah D (2020)
Changes in soil organic carbon and its fractions after 13 years
of continuous straw return in a soybean-maize cropping system.
Appl Ecol Env Res 18(6):8267-8284. https://doi.org/10.15666/
aeer/1806_82678284

Haque MM, Kim SY, Kim GW, Kim PJ (2015) Optimization of removal
and recycling ratio of cover crop biomass using carbon balance to
sustain soil organic carbon stocks in a mono-rice paddy system.
Agric Ecosyst Environ 207:119-125. https://doi.org/10.1016/].
agee.2015.03.022

He J, Kuhn NJ, Zhang XM, Zhang XR, Li HW (2009) Effects of 10
years of conservation tillage on soil properties and productivity
in the farming-pastoral ecotone of Inner Mongolia, China. Soil
Use Manag 25(2):201-209. https://doi.org/10.1111/j.1475-2743.
2009.00210.x

He J, Du L, Zhai C, Guan Y, Wang J, Zhang Z, Wu S, Ogundeji OA,
Gu S (2020) Physicochemical properties and stoichiometry of
Mollisols in responses to tillage and fertilizer management. Arch

Agron Soil Sci 67(8):1034-1045. https://doi.org/10.1080/03650
340.2020.1775198

Heinze S, Oltmanns M, Joergensen RG, Raupp J (2011) Changes in
microbial biomass indices after 10 years of farmyard manure
and vegetal fertilizer application to a sandy soil under organic
management. Plant Soil 343(1):221-234. https://doi.org/10.1007/
s11104-010-0712-8

Hiel M-P, Barbieux S, Pierreux J, Olivier C, Lobet G, Roisin C, Garré
S, Colinet G, Bodson B, Dumont B (2018) Impact of crop residue
management on crop production and soil chemistry after seven
years of crop rotation in temperate climate, loamy soils. PeerJ
6:e4836. https://doi.org/10.7717/peerj.4836

Hu Y, Xia Y, Sun Q, Liu K, Chen X, Ge T, Zhu B, Zhu Z, Zhang
Z, Su Y (2018) Effects of long-term fertilization on phoD-har-
boring bacterial community in Karst soils. Sci Total Environ
628-629:53-63. https://doi.org/10.1016/].scitotenv.2018.01.314

Hu Y, Sun B, Wu S, Feng H, Gao M, Zhang B, Liu Y (2021) After-
effects of straw and straw-derived biochar application on crop
growth, yield, and soil properties in wheat (Triticum aestivum
L.) -maize (Zea mays L.) rotations: a four-year field experiment.
Sci Total Environ 780:146560. https://doi.org/10.1016/j.scito
tenv.2021.146560

Huang R, Wang Y, LiuJ, LiJ, Xu G, Luo M, Xu C, Ci E, Gao M (2019)
Variation in N20O emission and N20 related microbial functional
genes in straw- and biochar-amended and non-amended soils.
Appl Soil Ecol 137:57-68. https://doi.org/10.1016/j.apsoil.2019.
01.010

Huang R, Liu J, He X, Xie D, Ni J, Xu C, Zhang Y, Ci E, Wang
Z, Gao M (2020a) Reduced mineral fertilization coupled with
straw return in field mesocosm vegetable cultivation helps to
coordinate greenhouse gas emissions and vegetable produc-
tion. J Soil Sediment 20(4):1834-1845. https://doi.org/10.1007/
s11368-019-02477-2

Huang R, Wang Y, Liu J, Gao J, Zhang Y, Ni J, Xie D, Wang Z, Gao
M (2020b) Partial substitution of chemical fertilizer by organic
materials changed the abundance, diversity, and activity of nirS-
type denitrifying bacterial communities in a vegetable soil. Appl
Soil Ecol 152:103589. https://doi.org/10.1016/j.apsoil.2020.
103589

Huang X, Kang W, Wang L, Yu G, Ran W, Hong J, Shen Q (2020c)
Preservation of organic carbon promoted by iron redox trans-
formation in a rice-wheat cropping system. Appl Soil Ecol
147:103425. https://doi.org/10.1016/j.apso0il.2019.103425

Huang W, Wu J-F, Pan X-H, Tan X-M, Zeng Y-J, Shi Q-H, Liu T-J,
Zeng Y-H (2021) Effects of long-term straw return on soil
organic carbon fractions and enzyme activities in a double-
cropped rice paddy in South China. J Integr Agric 20(1):236—
247. https://doi.org/10.1016/S2095-3119(20)63347-0

Huang Q, Zhang G, Ma J, Song K, Zhu X, Shen W, Xu H (2022)
Dynamic interactions of nitrogen fertilizer and straw application
on greenhouse gas emissions and sequestration of soil carbon and
nitrogen: a 13-year field study. Agr Ecosyst Environ 325:107753.
https://doi.org/10.1016/j.agee.2021.107753

Jiang CM, Yu WT, Ma Q, Xu YG, Zou H (2017) Alleviating global
warming potential by soil carbon sequestration: a multi-level
straw incorporation experiment from a maize cropping system
in Northeast China. Soil Till Res 170:77-84. https://doi.org/10.
1016/j.stil1.2017.03.003

Karami A, Homaee M, Afzalinia S, Ruhipour H, Basirat S (2012)
Organic resource management: Impacts on soil aggregate sta-
bility and other soil physico-chemical properties. Agric Ecosyst
Environ 148:22-28. https://doi.org/10.1016/j.agee.2011.10.021

Larney FJ (2005) Soil responses to topsoil replacement depth and
organic amendments in wellsite reclamation. Can J Soil Sci
85(2):307-317. https://doi.org/10.4141/S04-035

INRAZ 2 spnge


https://doi.org/10.1007/s10705-015-9720-7
https://doi.org/10.1007/s10705-015-9720-7
https://doi.org/10.15666/aeer/2001_893903
https://doi.org/10.3390/agriculture11040348
https://doi.org/10.3390/agriculture11040348
https://doi.org/10.1007/s11104-005-2854-7
https://doi.org/10.7717/peerj.5754
https://doi.org/10.7717/peerj.5754
https://doi.org/10.1111/aab.12478
https://doi.org/10.1111/aab.12478
https://doi.org/10.1038/s41598-019-38952-6
https://doi.org/10.1016/j.still.2013.10.001
https://doi.org/10.1016/j.still.2013.10.001
https://doi.org/10.3390/agronomy10040461
https://doi.org/10.1016/j.jenvman.2016.10.041
https://doi.org/10.15666/aeer/1806_82678284
https://doi.org/10.15666/aeer/1806_82678284
https://doi.org/10.1016/j.agee.2015.03.022
https://doi.org/10.1016/j.agee.2015.03.022
https://doi.org/10.1111/j.1475-2743.2009.00210.x
https://doi.org/10.1111/j.1475-2743.2009.00210.x
https://doi.org/10.1080/03650340.2020.1775198
https://doi.org/10.1080/03650340.2020.1775198
https://doi.org/10.1007/s11104-010-0712-8
https://doi.org/10.1007/s11104-010-0712-8
https://doi.org/10.7717/peerj.4836
https://doi.org/10.1016/j.scitotenv.2018.01.314
https://doi.org/10.1016/j.scitotenv.2021.146560
https://doi.org/10.1016/j.scitotenv.2021.146560
https://doi.org/10.1016/j.apsoil.2019.01.010
https://doi.org/10.1016/j.apsoil.2019.01.010
https://doi.org/10.1007/s11368-019-02477-2
https://doi.org/10.1007/s11368-019-02477-2
https://doi.org/10.1016/j.apsoil.2020.103589
https://doi.org/10.1016/j.apsoil.2020.103589
https://doi.org/10.1016/j.apsoil.2019.103425
https://doi.org/10.1016/S2095-3119(20)63347-0
https://doi.org/10.1016/j.agee.2021.107753
https://doi.org/10.1016/j.still.2017.03.003
https://doi.org/10.1016/j.still.2017.03.003
https://doi.org/10.1016/j.agee.2011.10.021
https://doi.org/10.4141/S04-035

78 Page 16 of 23

J.Liuetal.

Larney F, Janzen H, Olson A (2011) Residual effects of one-time
manure, crop residue and fertilizer amendments on a desurfaced
soil. CanJ Soil Sci 91:1029-1043. https://doi.org/10.4141/cjss1
0065

Li L, Zhang X, Zhang P, Zheng J, Pan G (2007) Variation of organic
carbon and nitrogen in aggregate size fractions of a paddy soil
under fertilisation practices from Tai Lake Region, China. Sci
Food Agric 87(6):1052-1058. https://doi.org/10.1002/jsfa.2806

Li F, Chen L, Zhang J, Yin J, Huang S (2017) Bacterial community
structure after long-term organic and inorganic fertilization
reveals important associations between soil nutrients and specific
taxa involved in nutrient transformations. Front Microbiol 8:187.
https://doi.org/10.3389/fmicb.2017.00187

Li C-X, Ma S-C, Shao Y, Ma S-T, Zhang L-L (2018a) Effects of long-
term organic fertilization on soil microbiologic characteristics,
yield and sustainable production of winter wheat. J Integr Agric
17(1):210-219. https://doi.org/10.1016/S2095-3119(17)61740-4

LiJ, Wu X, Gebremikael MT, Wu H, Cai D, Wang B, Li B, Zhang J,
Li Y, XiJ (2018b) Response of soil organic carbon fractions,
microbial community composition and carbon mineralization to
high-input fertilizer practices under an intensive agricultural sys-
tem. PLoS ONE 13(4):e0195144. https://doi.org/10.1371/journ
al.pone.0195144

LiJ, Li H, Zhang Q, Shao H, Gao C, Zhang X (2019a) Effects of fer-
tilization and straw return methods on the soil carbon pool and
CO2 emission in a reclaimed mine spoil in Shanxi Province,
China. Soil Till Res 195:104361. https://doi.org/10.1016/j.still.
2019.104361

Li S, Li X, Zhu W, Chen J, Tian X, Shi J (2019b) Does straw return
strategy influence soil carbon sequestration and labile fractions?
Agron J 111(2):897-906. https://doi.org/10.2134/agronj2018.
08.0484

Li B, Chen X, Shi X, Liu J, Wei Y, Xiong F (2021) Effects of ridge
tillage and straw mulching on cultivation the fresh faba beans.
Agronomy 11 (6). https://doi.org/10.3390/agronomy 11061054

Liang Y, Al-Kaisi M, Yuan J, Liu J, Zhang H, Wang L, Cai H, Ren J
(2021) Effect of chemical fertilizer and straw-derived organic
amendments on continuous maize yield, soil carbon sequestra-
tion and soil quality in a Chinese Mollisol. Agric Ecosyst Envi-
ron 314:107403. https://doi.org/10.1016/j.agee.2021.107403

Limon-Ortega A, Govaerts B, Sayre KD (2009) Crop rotation, wheat
straw management, and chicken manure effects on soil quality.
Agron J 101(3):600-606. https://doi.org/10.2134/agronj2008.
0036x

Lisboa IP, Cherubin MR, Satiro LS, Siqueira-Neto M, Lima RP,
Gmach MR, Wienhold BJ, Schmer MR, Jin VL, Cerri CC, Cerri
CEP (2019) Applying soil management assessment framework
(SMAF) on short-term sugarcane straw removal in Brazil. Ind
Crops Prod 129:175-184. https://doi.org/10.1016/j.indcrop.2018.
12.004

Liu E, Yan C, Mei X, He W, Bing SH, Ding L, Liu Q, Liu S, Fan T
(2010) Long-term effect of chemical fertilizer, straw, and manure
on soil chemical and biological properties in northwest China.
Geoderma 158(3):173-180. https://doi.org/10.1016/j.geoderma.
2010.04.029

Liu M, Li Z-P, Zhang T-L, Jiang C-Y, Che Y-P (2011) Discrepancy
in response of rice yield and soil fertility to long-term chemi-
cal fertilization and organic amendments in paddy soils cul-
tivated from infertile upland in subtropical China. Agric Sci
China 10(2):259-266. https://doi.org/10.1016/S1671-2927(11)
60003-5

Liu W, Hussain S, Wu L, Qin Z, Li X, Lu J, Khan F, Cao W, Geng M
(2016) Greenhouse gas emissions, soil quality, and crop pro-
ductivity from a mono-rice cultivation system as influenced
by fallow season straw management. Environ Sci Pollut Res
23(1):315-328. https://doi.org/10.1007/s11356-015-5227-7

2 swer INRA@

Liu X, Liu C, Gao W, Xue C, Guo Z, Jiang L, Li F, Liu Y (2019)
Impact of biochar amendment on the abundance and structure
of diazotrophic community in an alkaline soil. Sci Total Environ
688:944-951. https://doi.org/10.1016/j.scitotenv.2019.06.293

Liu J, Jiang B, Shen J, Zhu X, Yi W, Li Y, Wu J (2021a) Contrasting
effects of straw and straw-derived biochar applications on soil
carbon accumulation and nitrogen use efficiency in double-rice
cropping systems. Agric Ecosyst Environ 311:107286. https://
doi.org/10.1016/j.agee.2020.107286

Liu Z, Zhou H, Xie W, Yang Z, Lv Q (2021b) Long-term effects of
maize straw return and manure on the microbial community in
cinnamon soil in Northern China using 16S rRNA sequencing.
PLoS ONE 16(4):024988. https://doi.org/10.1371/journal.pone.
0249884

Liu W-S, Liu W-X, Kan Z-R, Chen J-S, Zhao X, Zhang H-L (2022)
Effects of tillage and straw management on grain yield and
SOC storage in a wheat-maize cropping system. Eur J Agron
137:126530. https://doi.org/10.1016/j.€ja.2022.126530

Loke Palo F, Schimper Johannes J, Kotzé E, du Preez CC (2021) Long-
term wheat production management effects on soil fertility indi-
cators in the semi-arid eastern Free State, South Africa. S Afr
J Plant Soil 38(2):93-106. https://doi.org/10.1080/02571862.
2020.1858512

Luo S, Gao Q, Wang S, Tian L, Zhou Q, Li X, Tian C (2020) Long-
term fertilization and residue return affect soil stoichiometry
characteristics and labile soil organic matter fractions. Pedo-
sphere 30(5):703-713. https://doi.org/10.1016/S1002-0160(20)
60031-5

LvY, Wang Y, Wang L, Zhu P (2019) Straw return with reduced nitro-
gen fertilizer maintained maize high yield in northeast China.
Agronomy 9 (5). https://doi.org/10.3390/agronomy9050229

MalL, Yang L-Z, Xia L-Z, Shen M-X, Yin S-X, Li Y-D (2011) Long-
term effects of inorganic and organic amendments on organic car-
bon in a paddy soil of the Taihu Lake region, China. Pedosphere
21(2):186-196. https://doi.org/10.1016/S1002-0160(11)60117-3

MaN, Zhang L, Zhang Y, Yang L, Yu C, Yin G, Doane TA, Wu Z, Zhu
P, Ma X (2016) Biochar improves soil aggregate stability and
water availability in a Mollisol after three years of field applica-
tion. PLoS ONE 11(5):e0154091. https://doi.org/10.1371/journ
al.pone.0154091

Ma Z, Zhang X, Zheng B, Yue S, Zhang X, Zhai B, Wang Z, Zheng
W, Li Z, Zamanian K, Razavi BS (2021) Effects of plastic and
straw mulching on soil microbial P limitations in maize fields:
dependency on soil organic carbon demonstrated by ecoenzy-
matic stoichiometry. Geoderma 388:114928. https://doi.org/10.
1016/j.geoderma.2021.114928

Mahajan GR, Manjunath BL, Morajkar S, Desai A, Das B, Paramesh V
(2021) Long-term effect of various organic and inorganic nutri-
ent sources on rice yield and soil quality in west coast India
using suitable indexing techniques. Commun Soil Sci Plan
52(15):1819-1833. https://doi.org/10.1080/00103624.2021.
1900221

Maltas A, Kebli H, Oberholzer HR, Weisskopf P, Sinaj S (2018) The
effects of organic and mineral fertilizers on carbon sequestration,
soil properties, and crop yields from a long-term field experiment
under a Swiss conventional farming system. Land Degrad Dev
29(4):926-938. https://doi.org/10.1002/1dr.2913

Marschner P, Kandeler E, Marschner B (2003) Structure and function
of the soil microbial community in a long-term fertilizer experi-
ment. Soil Biol Biochem 35(3):453-461. https://doi.org/10.1016/
S0038-0717(02)00297-3

Meena MD, Joshi PK, Jat HS, Chinchmalatpure AR, Narjary B, Sheo-
ran P, Sharma DK (2016a) Changes in biological and chemical
properties of saline soil amended with municipal solid waste
compost and chemical fertilizers in a mustard—pearl millet


https://doi.org/10.4141/cjss10065
https://doi.org/10.4141/cjss10065
https://doi.org/10.1002/jsfa.2806
https://doi.org/10.3389/fmicb.2017.00187
https://doi.org/10.1016/S2095-3119(17)61740-4
https://doi.org/10.1371/journal.pone.0195144
https://doi.org/10.1371/journal.pone.0195144
https://doi.org/10.1016/j.still.2019.104361
https://doi.org/10.1016/j.still.2019.104361
https://doi.org/10.2134/agronj2018.08.0484
https://doi.org/10.2134/agronj2018.08.0484
https://doi.org/10.3390/agronomy11061054
https://doi.org/10.1016/j.agee.2021.107403
https://doi.org/10.2134/agronj2008.0036x
https://doi.org/10.2134/agronj2008.0036x
https://doi.org/10.1016/j.indcrop.2018.12.004
https://doi.org/10.1016/j.indcrop.2018.12.004
https://doi.org/10.1016/j.geoderma.2010.04.029
https://doi.org/10.1016/j.geoderma.2010.04.029
https://doi.org/10.1016/S1671-2927(11)60003-5
https://doi.org/10.1016/S1671-2927(11)60003-5
https://doi.org/10.1007/s11356-015-5227-7
https://doi.org/10.1016/j.scitotenv.2019.06.293
https://doi.org/10.1016/j.agee.2020.107286
https://doi.org/10.1016/j.agee.2020.107286
https://doi.org/10.1371/journal.pone.0249884
https://doi.org/10.1371/journal.pone.0249884
https://doi.org/10.1016/j.eja.2022.126530
https://doi.org/10.1080/02571862.2020.1858512
https://doi.org/10.1080/02571862.2020.1858512
https://doi.org/10.1016/S1002-0160(20)60031-5
https://doi.org/10.1016/S1002-0160(20)60031-5
https://doi.org/10.3390/agronomy9050229
https://doi.org/10.1016/S1002-0160(11)60117-3
https://doi.org/10.1371/journal.pone.0154091
https://doi.org/10.1371/journal.pone.0154091
https://doi.org/10.1016/j.geoderma.2021.114928
https://doi.org/10.1016/j.geoderma.2021.114928
https://doi.org/10.1080/00103624.2021.1900221
https://doi.org/10.1080/00103624.2021.1900221
https://doi.org/10.1002/ldr.2913
https://doi.org/10.1016/S0038-0717(02)00297-3
https://doi.org/10.1016/S0038-0717(02)00297-3

Crop residue return achieves environmental mitigation and enhances grain yield: a global...

Page170f23 78

cropping system. CATENA 140:1-8. https://doi.org/10.1016/j.
catena.2016.01.009

Meena MD, Joshi PK, Narjary B, Sheoran P, Jat HS, Chinchmalatpure
AR, Yadav RK, Sharma DK (2016b) Effects of municipal solid
waste compost, rice-straw compost and mineral fertilisers on bio-
logical and chemical properties of a saline soil and yields in a
mustard—pearl millet cropping system. Soil Res 54(8):958-969.
https://doi.org/10.1071/SR15342

Mi W, Wu L, Brookes PC, Liu Y, Zhang X, Yang X (2016) Changes
in soil organic carbon fractions under integrated management
systems in a low-productivity paddy soil given different organic
amendments and chemical fertilizers. Soil Till Res 163:64-70.
https://doi.org/10.1016/j.sti11.2016.05.009

Mi W, Wu Y, Zhao H, Wu L, Liu Y (2018) Effects of combined organic
manure and mineral fertilization on soil aggregation and aggre-
gate-associated organic carbon in two agricultural soils. J Plant
Nutr 41(17):2256-2265. https://doi.org/10.1080/01904167.2018.
1500591

Mohammad W, Shah S, Shehzadi S, Shah S (2012) Effect of tillage,
rotation and crop residues on wheat crop productivity, fertilizer
nitrogen and water use efficiency and soil organic carbon status
in dry area (rainfed) of north-west Pakistan. J Soil Sci Plant Nutr
12:715-727. https://doi.org/10.4067/S0718-95162012005000027

Moharana PC, Biswas DR, Ghosh A, Sarkar A, Bhattacharyya R,
Meena MD (2020) Effects of crop residues composts on the
fractions and forms of organic carbon and nitrogen in subtropi-
cal Indian conditions. Soil Res 58(1):95-108. https://doi.org/10.
1071/SR19091

Morais MC, Ferrari BM, Borges CD, Cherubin MR, Tsai SM,
Cerri CC, Cerri CEP, Feigl BJ (2019) Does sugarcane straw
removal change the abundance of soil microbes? Bioenergy Res
12(4):901-908. https://doi.org/10.1007/s12155-019-10018-5

Moulin AP (2011) Soil quality as affected by amendments in bean-
potato rotations. Can J Soil Sci 91(4):533-542. https://doi.org/
10.4141/cjss10011

Nayak AK, Gangwar B, Shukla AK, Mazumdar SP, Kumar A, Raja
R, Kumar A, Kumar V, Rai PK, Mohan U (2012) Long-term
effect of different integrated nutrient management on soil organic
carbon and its fractions and sustainability of rice—wheat system
in Indo Gangetic Plains of India. Field Crops Res 127:129-139.
https://doi.org/10.1016/j.fcr.2011.11.011

Nguyen-Sy T, Cheng W, Kimani SM, Shiono H, Sugawara R, Tawaraya
K, Watanabe T, Kumagai K (2019) Stable carbon isotope ratios
of water-extractable organic carbon affected by application of
rice straw and rice straw compost during a long-term rice experi-
ment in Yamagata, Japan. Soil Sci Plant Nutr 66(1):125-132.
https://doi.org/10.1080/00380768.2019.1708209

Nie J, Zhou J-M, Wang H-Y, Chen X-Q, Du C-W (2007) Effect of
long-term rice straw return on soil glomalin, carbon and nitro-
genl 1Project supported by the National Key Basic Research
Support Foundation of China (No.2002CB410810). Pedosphere
17(3):295-302. https://doi.org/10.1016/S1002-0160(07)60036-8

Qiu S, Gao H, Zhu P, Hou Y, Zhao S, Rong X, Zhang Y, He P, Christie
P, Zhou W (2016) Changes in soil carbon and nitrogen pools
in a Mollisol after long-term fallow or application of chemical
fertilizers, straw or manures. Soil Till Res 163:255-265. https://
doi.org/10.1016/j.stil1.2016.07.002

Rahman F, Rahman MM, Rahman GKMM, Saleque MA, Hossain
ATMS, Miah MG (2016) Effect of organic and inorganic fer-
tilizers and rice straw on carbon sequestration and soil fertility
under a rice—rice cropping pattern. Carbon Manag 7(1-2):41-53.
https://doi.org/10.1080/17583004.2016.1166425

Rong Q-1, Li R-n, Huang S-w, Tang J-w, Zhang Y-c, Wang L-y (2018)
Soil microbial characteristics and yield response to partial sub-
stitution of chemical fertilizer with organic amendments in

greenhouse vegetable production. J Integr Agric 17(6):1432—
1444. https://doi.org/10.1016/S2095-3119(18)61946-X

Samahadthai P, Vityakon P, Saenjan P (2010) Effects of different qual-
ity plant residues on soil carbon accumulation and aggregate for-
mation in a tropical sandy soil in Northeast Thailand as revealed
by a 10-year field experiment. Land Degrad Dev 21(5):463—473.
https://doi.org/10.1002/1dr.982

Sandhu PS, Walia SS, Gill RS, Dheri GS (2020) Thirty-one years study
of integrated nutrient management on physico-chemical proper-
ties of soil under rice—wheat cropping system. Commun Soil
Sci Plan 51(12):1641-1657. https://doi.org/10.1080/00103624.
2020.1791156

Sharma RC, Banik P (2015) Sustaining productivity of baby corn-rice
cropping system and soil health through integrated nutrient man-
agement. Commun Soil Sci Plan 47(1):1-10. https://doi.org/10.
1080/00103624.2015.1089260

Sharma S, Singh P, Kumar S (2020) Responses of soil carbon pools,
enzymatic activity, and crop yields to nitrogen and straw incor-
poration in a rice-wheat cropping system in north-western India.
Front Sustain Food Syst 4:532704. https://doi.org/10.3389/fsufs.
2020.532704

Shi J, Wang S, Li S, Tian X (2022) Increasing soil organic carbon
sequestration and yield stability by no-tillage and straw-returning
in wheat-maize rotation. AgronJ 114(2):1534-1545. https://doi.
org/10.1002/agj2.21016

Singh VK, Yadvinder S, Dwivedi BS, Singh SK, Majumdar K, Jat
ML, Mishra RP, Rani M (2016) Soil physical properties, yield
trends and economics after five years of conservation agriculture
based rice-maize system in north-western India. Soil Till Res
155:133-148. https://doi.org/10.1016/j.stil1.2015.08.001

Sodhi GPS, Beri V, Benbi DK (2009) Soil aggregation and distribu-
tion of carbon and nitrogen in different fractions under long-
term application of compost in rice—wheat system. Soil Till Res
103(2):412-418. https://doi.org/10.1016/j.stil1.2008.12.005

Soma DM, Kiba DI, Ewusi-Mensah N, Gnankambary Z, Lompo F,
Sedogo MP, Abaidoo RC (2017) Changes in sorghum produc-
tion, soil P forms and P use efficiency following long-term appli-
cation of manure, compost and straw in a Ferric Lixisol. Acta
Agric Scand B 68(5):401-411. https://doi.org/10.1080/09064
710.2017.1414871

Song ZW, Zhu P, Gao HJ, Peng C, Deng AX, Zheng CY, Mannaf
MA, Islam MN, Zhang W1J (2015) Effects of long-term fertiliza-
tion on soil organic carbon content and aggregate composition
under continuous maize cropping in Northeast China. J Agric Sci
153(2):236-244. https://doi.org/10.1017/S0021859614000100

Sousa Junior JGdA, Cherubin MR, Oliveira BG, Cerri CEP, Cerri CC,
Feigl BJ (2018) Three-year soil carbon and nitrogen responses
to sugarcane straw management. Bioenergy Res 11(2):249-261.
https://doi.org/10.1007/s12155-017-9892-x

Stehlikové I, Madaras M, Lipavsky J, Simon T (2016) Study on some
soil quality changes obtained from long-term experiments. Plant
Soil Environ 62(2):74-79. https://doi.org/10.17221/633/2015-pse

Subehia SK, Sepehya S, Rana SS, Negi SC, Sharma SK (2013) Long-
term effect of organic and inorganic fertilizers on rice (Oryza
sativa L.)-wheat (Triticum aestivum L.) yield, and chemical
properties of an acidic soil in the Western Himalayas. Exp Agric
49(3):382-394. https://doi.org/10.1017/S0014479713000173

Sun R, Zhang X-X, Guo X, Wang D, Chu H (2015) Bacterial diver-
sity in soils subjected to long-term chemical fertilization can be
more stably maintained with the addition of livestock manure
than wheat straw. Soil Biol Biochem 88:9-18. https://doi.org/
10.1016/j.s0ilbio.2015.05.007

Surekha K, Padma Kumari AP, Narayana Reddy M, Satyanarayana
K, Sta Cruz PC (2003) Crop residue management to sustain

INRAZ 2 spnge


https://doi.org/10.1016/j.catena.2016.01.009
https://doi.org/10.1016/j.catena.2016.01.009
https://doi.org/10.1071/SR15342
https://doi.org/10.1016/j.still.2016.05.009
https://doi.org/10.1080/01904167.2018.1500591
https://doi.org/10.1080/01904167.2018.1500591
https://doi.org/10.4067/S0718-95162012005000027
https://doi.org/10.1071/SR19091
https://doi.org/10.1071/SR19091
https://doi.org/10.1007/s12155-019-10018-5
https://doi.org/10.4141/cjss10011
https://doi.org/10.4141/cjss10011
https://doi.org/10.1016/j.fcr.2011.11.011
https://doi.org/10.1080/00380768.2019.1708209
https://doi.org/10.1016/S1002-0160(07)60036-8
https://doi.org/10.1016/j.still.2016.07.002
https://doi.org/10.1016/j.still.2016.07.002
https://doi.org/10.1080/17583004.2016.1166425
https://doi.org/10.1016/S2095-3119(18)61946-X
https://doi.org/10.1002/ldr.982
https://doi.org/10.1080/00103624.2020.1791156
https://doi.org/10.1080/00103624.2020.1791156
https://doi.org/10.1080/00103624.2015.1089260
https://doi.org/10.1080/00103624.2015.1089260
https://doi.org/10.3389/fsufs.2020.532704
https://doi.org/10.3389/fsufs.2020.532704
https://doi.org/10.1002/agj2.21016
https://doi.org/10.1002/agj2.21016
https://doi.org/10.1016/j.still.2015.08.001
https://doi.org/10.1016/j.still.2008.12.005
https://doi.org/10.1080/09064710.2017.1414871
https://doi.org/10.1080/09064710.2017.1414871
https://doi.org/10.1017/S0021859614000100
https://doi.org/10.1007/s12155-017-9892-x
https://doi.org/10.17221/633/2015-pse
https://doi.org/10.1017/S0014479713000173
https://doi.org/10.1016/j.soilbio.2015.05.007
https://doi.org/10.1016/j.soilbio.2015.05.007

78 Page 18 0f 23

J.Liuetal.

soil fertility and irrigated rice yields. Nutr Cycl Agroecosyst
67(2):145-154. https://doi.org/10.1023/A:1025543810663

Tahir N, LiJ, Ma Y, Ullah A, Liu H (2021) A 20-year long term study
of yield sustainability and soil fertility affected by fertilization
and apsim climatic change model of Urumqi, Xinjiang, China.
Appl Ecol Env Res 19:1827-1855. https://doi.org/10.15666/aeer/
1903_18271855

Tang H, Xiao X, Tang W, Li C, Wang K, Li W, Cheng K, Pan X
(2018) Long-term effects of NPK fertilizers and organic manures
on soil organic carbon and carbon management index under a
double-cropping rice system in Southern China. Commun Soil
Sci Plan 49(16):1976-1989. https://doi.org/10.1080/00103624.
2018.1492600

Tang Z, Fan F, Wang X, Shi X, Wang D (2021) Understanding the
effects of long-term different fertilizer applications on methyl-
mercury accumulation in rice (Oryza sativa L.) plants. Sci Total
Environ 777:146125. https://doi.org/10.1016/j.scitotenv.2021.
146125

Tang H, Cheng K, Shi L, Li C, Wen L, Li W, Sun M, Sun G, Long Z
(2022) Effects of long-term organic matter application on soil
carbon accumulation and nitrogen use efficiency in a double-
cropping rice field. Environ Res 213:113700. https://doi.org/10.
1016/j.envres.2022.113700

Thuithaisong C, Parkpian P, Shipin OV, Shrestha RP, Naklang K,
DeLaune RD, Jugsujinda A (2011) Soil-quality indicators for
predicting sustainable organic rice production. Commun Soil
Sci Plan 42(5):548-568. https://doi.org/10.1080/00103624.
2011.546930

Tian J, Li S, Xing Z, Cheng S, Liu Q, Zhou L, Liao P, Hu Y, Guo B,
Wei H, Zhang H (2022) Seedling establishment and yield per-
formance of dry direct-seeded rice after wheat straw returning
coupled with early nitrogen application. Agriculture 12(4):565.
https://doi.org/10.3390/agriculture 12040565

Verhulst N, Kienle F, Sayre KD, Deckers J, Raes D, Limon-Ortega A,
Tijerina-Chavez L, Govaerts B (2011) Soil quality as affected
by tillage-residue management in a wheat-maize irrigated bed
planting system. Plant Soil 340(1):453—466. https://doi.org/10.
1007/s11104-010-0618-5

Villenave C, Saj S, Pablo A-L, Sall S, Djigal D, Chotte J-L, Bonzi M
(2010) Influence of long-term organic and mineral fertilization
on soil nematofauna when growing Sorghum bicolor in Burkina
Faso. Biol Fertil Soils 46(7):659-670. https://doi.org/10.1007/
s00374-010-0471-y

Walia MK, Walia SS, Dhaliwal SS (2010) Long-term effect of inte-
grated nutrient management of properties of Typic Ustochrept
after 23 cycles of an irrigated rice (Oryza sativa L.) — wheat
(Triticum aestivum L.) system. J Sustain Agric 34(7):724-743.
https://doi.org/10.1080/10440046.2010.507519

Wang Q, Bai Y, Gao H, He J, Chen H, Chesney RC, Kuhn NJ, Li H
(2008) Soil chemical properties and microbial biomass after 16
years of no-tillage farming on the Loess Plateau, China. Geo-
derma 144(3):502-508. https://doi.org/10.1016/j.geoderma.2008.
01.003

Wang X, Jia Z, Liang L, Yang B, Ding R, Nie J, Wang J (2015) Maize
straw effects on soil aggregation and other properties in arid land.
Soil Till Res 153:131-136. https://doi.org/10.1016/j.still.2015.
05.001

Wang J, Fu X, Sainju UM, Zhao F (2018a) Soil carbon fractions
in response to straw mulching in the Loess Plateau of China.
Biol Fertil Soils 54(4):423-436. https://doi.org/10.1007/
s00374-018-1271-z

Wang S-C, Zhao Y-W, Wang J-Z, Zhu P, Cui X, Han X-Z, Xu M-G,
Lu C-A (2018b) The efficiency of long-term straw return to
sequester organic carbon in Northeast China’s cropland. J
Integr Agric 17(2):436-448. https://doi.org/10.1016/S2095-
3119(17)61739-8

2 swer INRA@

Wang P-X, Yang Y-D, Wang X-Q, Zhao J, Peixoto L, Zeng Z-H, Zang
H-D (2020) Manure amendment increased the abundance of
methanogens and methanotrophs but suppressed the type I meth-
anotrophs in rice paddies. Environ Sci Pollut Res 27(8):8016—
8027. https://doi.org/10.1007/s11356-019-07464-1

Wang L, Wang C, Feng F, Wu Z, Yan H (2021a) Effect of straw appli-
cation time on soil properties and microbial community in the
Northeast China Plain. J Soil Sediment 21(9):3137-3149. https://
doi.org/10.1007/s11368-021-03009-7

Wang Y, Huang R, Xu G, Li J, Wang Z, Ci E, Gao M (2021b) Soil
alkaline phosphatase activity and bacterial phoD gene abundance
and diversity under regimes of inorganic fertilizer reduction with
straw. J Soil Sediment 21(1):388-402. https://doi.org/10.1007/
s11368-020-02748-3

Wang K, Ren T, Yan J, Zhu D, Liao S, Zhang Y, Lu Z, Cong R, Li X,
Lu J (2022) Straw returning mediates soil microbial biomass
carbon and phosphorus turnover to enhance soil phosphorus
availability in a rice-oilseed rape rotation with different soil
phosphorus levels. Agric Ecosyst Environ 335:107991. https://
doi.org/10.1016/j.agee.2022.107991

Wei T, Zhang P, Wang K, Ding R, Yang B, Nie J, Jia Z, Han Q (2015)
Effects of wheat straw incorporation on the availability of soil
nutrients and enzyme activities in semiarid areas. PLoS ONE
10(4):e0120994. https://doi.org/10.1371/journal.pone.0120994

Wu T, Schoenau JJ, Li F, Qian P, Malhi SS, Shi Y (2005) Influence of
fertilization and organic amendments on organic-carbon fractions
in Heilu soil on the loess plateau of China. J Plant Nutr Soil Sci
168(1):100-107. https://doi.org/10.1002/jpIn.200321295

Wu F, Dong M, Liu Y, Ma X, An L, Young JPW, Feng H (2011) Effects
of long-term fertilization on AM fungal community structure and
Glomalin-related soil protein in the Loess Plateau of China. Plant
Soil 342(1):233-247. https://doi.org/10.1007/s11104-010-0688-4

Wu XH, Wang W, Xie XL, Yin CM, Hou HJ (2018) Effects of rice
straw mulching on N20O emissions and maize productivity in a
rain-fed upland. Environ Sci Pollut Res 25(7):6407-6413. https://
doi.org/10.1007/s11356-017-0989-8

Wu L, Ma H, Zhao Q, Zhang S, Wei W, Ding X (2020) Changes in soil
bacterial community and enzyme activity under five years straw
returning in paddy soil. Eur J Soil Biol 100:103215. https://doi.
org/10.1016/j.ejsobi.2020.103215

Xia L, Wang S, Yan X (2014) Effects of long-term straw incorporation
on the net global warming potential and the net economic benefit
in a rice—wheat cropping system in China. Agric Ecosyst Environ
197:118-127. https://doi.org/10.1016/j.agee.2014.08.001

Xiao W-1, Wang Z-x, Wu F-z, Zhou X-g (2018) Effects of soil improve-
ment technology on soil quality in solar greenhouse. Environ
Sci Pollut Res 25(24):24093-24100. https://doi.org/10.1007/
s11356-018-2321-7

Xionghui J, Jiamei W, Hua P, Lihong S, Zhenhua Z, Zhaobing L, Faxi-
ang T, Liangjie H, Jian Z (2012) The effect of rice straw incorpo-
ration into paddy soil on carbon sequestration and emissions in
the double cropping rice system. J Sci Food Agric 92(5):1038-
1045. https://doi.org/10.1002/jsfa.5550

Xiu L, Zhang W, Sun Y, Wu D, Meng J, Chen W (2019) Effects of
biochar and straw returning on the key cultivation limitations of
Albic soil and soybean growth over 2 years. CATENA 173:481—
493. https://doi.org/10.1016/j.catena.2018.10.041

Xu'Y, Chen W, Shen Q (2007) Soil organic carbon and nitrogen pools
impacted by long-term tillage and fertilization practices. Com-
mun Soil Sci Plant Anal 38(3-4):347-357. https://doi.org/10.
1080/00103620601172332

Xu M, Hao X, Xiong Z, Liao H, Wang L, Zhang T, Luo X, Chen W,
Huang Q (2021) Soil amendments change bacterial functional
genes more than taxonomic structure in a cadmium-contaminated
soil. Soil Biol Biochem 154:108126. https://doi.org/10.1016/].
s0ilbio.2020.108126


https://doi.org/10.1023/A:1025543810663
https://doi.org/10.15666/aeer/1903_18271855
https://doi.org/10.15666/aeer/1903_18271855
https://doi.org/10.1080/00103624.2018.1492600
https://doi.org/10.1080/00103624.2018.1492600
https://doi.org/10.1016/j.scitotenv.2021.146125
https://doi.org/10.1016/j.scitotenv.2021.146125
https://doi.org/10.1016/j.envres.2022.113700
https://doi.org/10.1016/j.envres.2022.113700
https://doi.org/10.1080/00103624.2011.546930
https://doi.org/10.1080/00103624.2011.546930
https://doi.org/10.3390/agriculture12040565
https://doi.org/10.1007/s11104-010-0618-5
https://doi.org/10.1007/s11104-010-0618-5
https://doi.org/10.1007/s00374-010-0471-y
https://doi.org/10.1007/s00374-010-0471-y
https://doi.org/10.1080/10440046.2010.507519
https://doi.org/10.1016/j.geoderma.2008.01.003
https://doi.org/10.1016/j.geoderma.2008.01.003
https://doi.org/10.1016/j.still.2015.05.001
https://doi.org/10.1016/j.still.2015.05.001
https://doi.org/10.1007/s00374-018-1271-z
https://doi.org/10.1007/s00374-018-1271-z
https://doi.org/10.1016/S2095-3119(17)61739-8
https://doi.org/10.1016/S2095-3119(17)61739-8
https://doi.org/10.1007/s11356-019-07464-1
https://doi.org/10.1007/s11368-021-03009-7
https://doi.org/10.1007/s11368-021-03009-7
https://doi.org/10.1007/s11368-020-02748-3
https://doi.org/10.1007/s11368-020-02748-3
https://doi.org/10.1016/j.agee.2022.107991
https://doi.org/10.1016/j.agee.2022.107991
https://doi.org/10.1371/journal.pone.0120994
https://doi.org/10.1002/jpln.200321295
https://doi.org/10.1007/s11104-010-0688-4
https://doi.org/10.1007/s11356-017-0989-8
https://doi.org/10.1007/s11356-017-0989-8
https://doi.org/10.1016/j.ejsobi.2020.103215
https://doi.org/10.1016/j.ejsobi.2020.103215
https://doi.org/10.1016/j.agee.2014.08.001
https://doi.org/10.1007/s11356-018-2321-7
https://doi.org/10.1007/s11356-018-2321-7
https://doi.org/10.1002/jsfa.5550
https://doi.org/10.1016/j.catena.2018.10.041
https://doi.org/10.1080/00103620601172332
https://doi.org/10.1080/00103620601172332
https://doi.org/10.1016/j.soilbio.2020.108126
https://doi.org/10.1016/j.soilbio.2020.108126

Crop residue return achieves environmental mitigation and enhances grain yield: a global...

Page 190f23 78

Yadav GS, Datta R, Imran Pathan S, Lal R, Meena RS, Babu S, Das
A, Bhowmik SN, Datta M, Saha P, Mishra PK (2017) Effects of
conservation tillage and nutrient management practices on soil
fertility and productivity of rice (Oryza sativa L.)-rice system in
north eastern region of India. Sustainability 9(10):1816. https://
doi.org/10.3390/su9101816

Yadav D, Vishwakarma AK, Sharma NK, Biswas AK, Ojasvi PR,
Kumar D, Kumawat A, Singh D (2021) Sustaining the properties
of black soil in Central India through crop residue management
in a conservation-agriculture-based soybean—wheat system. Land
Degrad Dev 32(10):2906-2921. https://doi.org/10.1002/1dr.3891

Yadvinder S, Gupta RK, Gurpreet S, Jagmohan S, Sidhu HS, Bijay S
(2009) Nitrogen and residue management effects on agronomic
productivity and nitrogen use efficiency in rice-wheat system in
Indian Punjab. Nutr Cycl Agroecosys 84(2):141-154. https://doi.
org/10.1007/s10705-008-9233-8

Yaliang L, Yan G, Chunsheng W, Hongxiang Z, Wenhe H, Chen X,
Xifeng C (2022) Short-term straw returning improves quality
and bacteria community of black soil in northeast China. Pol J
Environ Stud 31(2):1869-1883. https://doi.org/10.15244/pjoes/
142480

Yan L, Li H, Zhang J, Zhang Z, Zhu P, Gao Q, Lu W (2016) Response
of organic nitrogen in Black Soil to long-term different fertiliza-
tion and tillage practices in Northeast China. Soil Water Res
11(2):124-130. https://doi.org/10.17221/32/2015-swr

Yang C, Lu S (2022) Straw and straw biochar differently affect phos-
phorus availability, enzyme activity and microbial functional
genes in an Ultisol. Sci Total Environ 805:150325. https://doi.
org/10.1016/j.scitotenv.2021.150325

Yang X, Ren W, Sun B, Zhang S (2012) Effects of contrasting soil man-
agement regimes on total and labile soil organic carbon fractions
in a loess soil in China. Geoderma 177-178:49-56. https://doi.
org/10.1016/j.geoderma.2012.01.033

Yang H, Zhou J, Feng J, Zhai S, Chen W, Liu J, Bian X (2019a) Chap-
ter Five - Ditch-buried straw return: a novel tillage practice com-
bined with tillage rotation and deep ploughing in rice-wheat rota-
tion systems. Adv Agron 154:257-290. https://doi.org/10.1016/
bs.agron.2018.11.004

Yang L, Bai J, Zeng N, Zhou X, Liao Y, Lu Y, Rees RM, Nie J, Cao
W (2019b) Diazotroph abundance and community structure are
reshaped by straw return and mineral fertilizer in rice-rice-green
manure rotation. Appl Soil Ecol 136:11-20. https://doi.org/10.
1016/j.aps0il.2018.12.015

Yang FK, He B, Zhang L, Zhang G, Gao Y (2020) An approach to
improve soil quality: a case study of straw incorporation with a
decomposer under full film-mulched ridge-furrow tillage on the
semiarid Loess Plateau, China. J Soil Sci Plant Nut 20(1):125—
138. https://doi.org/10.1007/s42729-019-00106-y

Ye G, Lin Y, Liu D, Chen Z, Luo J, Bolan N, Fan J, Ding W (2019)
Long-term application of manure over plant residues mitigates
acidification, builds soil organic carbon and shifts prokaryotic
diversity in acidic Ultisols. Appl Soil Ecol 133:24-33. https://
doi.org/10.1016/j.aps0il.2018.09.008

Yi Q, Fan X, Tang S, Huang Q, Moustafa-Farag M, Zhang M, Pang
Y (2019) Short-term changes in chemical and microbial char-
acteristics of paddy soil in response to consecutive addition of
organic ameliorants in a rice-rice—vegetable rotation system. J
Soil Sci Plant Nut 65(4):393-400. https://doi.org/10.1080/00380
768.2019.1625285

Yu-peng W (2017) Changes in the soil N potential mineralization and
nitrification in a rice paddy after 20 yr application of chemi-
cal fertilizers and organic matter. Can J Soil Sci 97(2):290-299.
https://doi.org/10.1139/cjss-2016-0065

Zahid A, Ali S, Ahmed M, Igbal N (2020) Improvement of soil
health through residue management and conservation tillage

in rice-wheat cropping system of Punjab, Pakistan. Agronomy
10(12):1844. https://doi.org/10.3390/agronomy 10121844

Zha Y, Wu X-P, Gong F-F, Xu M-G, Zhang H-M, Chen L-M, Huang
S-M, Cai D-X (2015) Long-term organic and inorganic fertili-
zations enhanced basic soil productivity in a fluvo-aquic soil. J
Integr Agric 14(12):2477-2489. https://doi.org/10.1016/S2095-
3119(15)61191-1

Zhang M, Sparrow S, Lewis C, Knight C (2007) Soil properties and
barley yield under a twenty-years experiment of tillage, straw
management and nitrogen application rate in the sub-arctic area
of Alaska. Acta Agric Scand Sect B Soil Plant Sci 57(4):374—
382. https://doi.org/10.1080/09064710601160110

Zhang W, Xu M, Wang B, Wang X (2009) Soil organic carbon, total
nitrogen and grain yields under long-term fertilizations in the
upland red soil of southern China. Nutr Cycl Agroecosyst
84(1):59-69. https://doi.org/10.1007/s10705-008-9226-7

Zhang W, Xu M, Wang X, Huang Q, Nie J, Li Z, Li S, Hwang SW,
Lee KB (2012) Effects of organic amendments on soil carbon
sequestration in paddy fields of subtropical China. J Soil Sedi-
ment 12(4):457—-470. https://doi.org/10.1007/s11368-011-0467-8

Zhang JJ, Li H, Gao HJ, Zhu P, Gao Q, Wang LC (2014) Effects of
long-term fertilization and cropping regimes on total nitrogen
and organic nitrogen forms in a Mollisol of Northeast China.
Plant Soil Environ 60(12):544-549. https://doi.org/10.17221/
447/2014-pse

Zhang P, Chen X, Wei T, Yang Z, Jia Z, Yang B, Han Q, Ren X (2016a)
Effects of straw incorporation on the soil nutrient contents,
enzyme activities, and crop yield in a semiarid region of China.
Soil Till Res 160:65—72. https://doi.org/10.1016/j.still.2016.02.
006

Zhang Y, Li C, Wang Y, Hu Y, Christie P, Zhang J, Li X (2016b) Maize
yield and soil fertility with combined use of compost and inor-
ganic fertilizers on a calcareous soil on the North China Plain.
Soil Till Res 155:85-94. https://doi.org/10.1016/j.still.2015.08.
006

Zhang L, Wang J, Pang HC, Zhang JT, Guo JJ, Dong GH, Cong P,
Aitkenhead M (2018) Effects of pelletized straw on soil nutrient
properties in relation to crop yield. Soil Use Manag 34(4):479—
489. https://doi.org/10.1111/sum.12450

Zhang J, Wei Y, LiuJ, Yuan J, Liang Y, Ren J, Cai H (2019) Effects of
maize straw and its biochar application on organic and humic car-
bon in water-stable aggregates of a Mollisol in Northeast China:
A five-year field experiment. Soil Till Res 190:1-9. https://doi.
org/10.1016/j.stil1.2019.02.014

Zhang C, Rees RM, Ju X (2021a) Fate of 15N-labelled urea when
applied to long-term fertilized soils of varying fertility. Nutr
Cycl Agroecosyst 121(2):151-165. https://doi.org/10.1007/
$10705-021-10166-1

Zhang H, Hobbie EA, Feng P, Zhou Z, La N, Duan W, Hao J, Hu
K (2021b) Responses of soil organic carbon and crop yields to
33-year mineral fertilizer and straw additions under different till-
age systems. Soil Till Res 209:104943. https://doi.org/10.1016/].
still.2021.104943

Zhao'Y, Wang P, LiJ, Chen Y, Ying X, Liu S (2009) The effects of two
organic manures on soil properties and crop yields on a temper-
ate calcareous soil under a wheat—maize cropping system. Eur
J Agron 31(1):36-42. https://doi.org/10.1016/j.eja.2009.03.001

Zhao S, He P, Qiu S, Jia L, Liu M, Jin J, Johnston AM (2014) Long-
term effects of potassium fertilization and straw return on soil
potassium levels and crop yields in north-central China. Field
Crops Res 169:116-122. https://doi.org/10.1016/j.fcr.2014.09.
017

Zhao Y-N, Zhang Y-Q, Du H-X, Wang Y-H, Zhang L-M, Shi X-J
(2015) Carbon sequestration and soil microbes in purple paddy
soil as affected by long-term fertilization. Toxicol Environ Chem

INRAZ 2 spnge


https://doi.org/10.3390/su9101816
https://doi.org/10.3390/su9101816
https://doi.org/10.1002/ldr.3891
https://doi.org/10.1007/s10705-008-9233-8
https://doi.org/10.1007/s10705-008-9233-8
https://doi.org/10.15244/pjoes/142480
https://doi.org/10.15244/pjoes/142480
https://doi.org/10.17221/32/2015-swr
https://doi.org/10.1016/j.scitotenv.2021.150325
https://doi.org/10.1016/j.scitotenv.2021.150325
https://doi.org/10.1016/j.geoderma.2012.01.033
https://doi.org/10.1016/j.geoderma.2012.01.033
https://doi.org/10.1016/bs.agron.2018.11.004
https://doi.org/10.1016/bs.agron.2018.11.004
https://doi.org/10.1016/j.apsoil.2018.12.015
https://doi.org/10.1016/j.apsoil.2018.12.015
https://doi.org/10.1007/s42729-019-00106-y
https://doi.org/10.1016/j.apsoil.2018.09.008
https://doi.org/10.1016/j.apsoil.2018.09.008
https://doi.org/10.1080/00380768.2019.1625285
https://doi.org/10.1080/00380768.2019.1625285
https://doi.org/10.1139/cjss-2016-0065
https://doi.org/10.3390/agronomy10121844
https://doi.org/10.1016/S2095-3119(15)61191-1
https://doi.org/10.1016/S2095-3119(15)61191-1
https://doi.org/10.1080/09064710601160110
https://doi.org/10.1007/s10705-008-9226-7
https://doi.org/10.1007/s11368-011-0467-8
https://doi.org/10.17221/447/2014-pse
https://doi.org/10.17221/447/2014-pse
https://doi.org/10.1016/j.still.2016.02.006
https://doi.org/10.1016/j.still.2016.02.006
https://doi.org/10.1016/j.still.2015.08.006
https://doi.org/10.1016/j.still.2015.08.006
https://doi.org/10.1111/sum.12450
https://doi.org/10.1016/j.still.2019.02.014
https://doi.org/10.1016/j.still.2019.02.014
https://doi.org/10.1007/s10705-021-10166-1
https://doi.org/10.1007/s10705-021-10166-1
https://doi.org/10.1016/j.still.2021.104943
https://doi.org/10.1016/j.still.2021.104943
https://doi.org/10.1016/j.eja.2009.03.001
https://doi.org/10.1016/j.fcr.2014.09.017
https://doi.org/10.1016/j.fcr.2014.09.017

78 Page 20 of 23

J.Liuetal.

97(3-4):464-476. https://doi.org/10.1080/02772248.2015.10502
00

Zhao B, Zhang J, Yu Y, Karlen DL, Hao X (2016a) Crop residue
management and fertilization effects on soil organic mat-
ter and associated biological properties. Environ Sci Pol-
lut Res 23(17):17581-17591. https://doi.org/10.1007/
s11356-016-6927-3

Zhao S, Li K, Zhou W, Qiu S, Huang S, He P (2016b) Changes in
soil microbial community, enzyme activities and organic matter
fractions under long-term straw return in north-central China.
Agric Ecosyst Environ 216:82-88. https://doi.org/10.1016/j.agee.
2015.09.028

Zhao J, Ni T, Xun W, Huang X, Huang Q, Ran W, Shen B, Zhang
R, Shen Q (2017) Influence of straw incorporation with and
without straw decomposer on soil bacterial community struc-
ture and function in a rice-wheat cropping system. Appl Micro-
biol Biotechnol 101(11):4761-4773. https://doi.org/10.1007/
s00253-017-8170-3

Zhao S, Qiu S, Xu X, Ciampitti IA, Zhang S, He P (2019a) Change in
straw decomposition rate and soil microbial community composi-
tion after straw addition in different long-term fertilization soils.
Appl Soil Ecol 138:123-133. https://doi.org/10.1016/j.apsoil.
2019.02.018

Zhao X, Yuan G, Wang H, Lu D, Chen X, Zhou J (2019b) Effects of
full straw incorporation on soil fertility and crop yield in rice-
wheat rotation for silty clay loamy cropland. Agronomy 9 (3).
https://doi.org/10.3390/agronomy9030133

Zhao Y, Zhang Y, Zhang Y, Xie J, Chen X, Shi X (2020) Effects of
22-year fertilisation on the soil organic C, N, and theirs frac-
tions under a rice-wheat cropping system. Arch Agron Soil Sci
67(6):767-777. https://doi.org/10.1080/03650340.2020.1757659

Zheng Y, Han X, Li Y, Yang J, Li N, An N (2019) Effects of biochar
and straw application on the physicochemical and biological
properties of paddy soils in northeast China. Sci Rep 9(1):16531.
https://doi.org/10.1038/541598-019-52978-w

Zheng L, Chen H, Wang Y, Mao Q, Zheng M, Su Y, Xiao K, Wang K,
Li D (2020) Responses of soil microbial resource limitation to
multiple fertilization strategies. Soil Till Res 196:104474. https://
doi.org/10.1016/j.stil1.2019.104474

Zhu H, Wu J, Huang D, Zhu Q, Liu S, Su 'Y, Wei W, Syers JK, Li Y
(2010) Improving fertility and productivity of a highly-weathered
upland soil in subtropical China by incorporating rice straw. Plant
Soil 331(1):427-437. https://doi.org/10.1007/s11104-009-0263-z

Data from China Knowledge Resource Integrated
Database

Cai T, Huang Y, Huang H, JiaZ, Li L, Yang B, Han S (2011) Soil labile
organic carbon and carbon pool management index as affected
by different years no-tilling with straw mulching. Chin J Ecol
9(30):1962-1968. https://doi.org/10.13292/.1000-4890.2011.
0328

Cai L, Zhang J, Liu J, Gai Z, Zhao G, Zhang W, Gong Z, Ma C (2015)
Effects of corn stalk amount returning to field on the soil nutrient
and soybean yields under alternate year no-till corn-soybean rota-
tion. Crops 5:107-110. https://doi.org/10.16035/j.issn.1001-7283.
2015.05.020

Chen S, Zhu Z, Liu D, Shu L, Wang C (2008) Influence of straw mulch-
ing with no-till on soil nutrients and carbon pool management
index. J Plant Nutr 4:806-809. https://doi.org/10.3724/SP.J.1005.
2008.01083

Cheng C, Wang J, Cheng H, Luo K, Zeng Y, Shi Q, Shang Q (2018)
Effects of straw returning and tillage system on crop yield and
soil fertility quality in paddy field under double-cropping-rice

2 swer INRA@

system. Acta Pedol Sin 1(55):247-257. https://doi.org/10.11766/
trxb201707090275

Cheng M, Xie W, Yang Z, Zhou H (2019) Effects of long-term straw
return on corn yield, soil nutrient contents and enzyme activi-
ties in dryland of the Loess Plateau, China. Chin J Eco-Agric
10(27):1528-1536. https://doi.org/10.13930/j.cnki.cjea.190235

Gao R, Zhao S, Gao Yu, Han Y, Ren Y, Zhao P (2019) Effects of straw
mulching on soil nutrient characteristics and maize yield in loess
plateau of Inner Mongolia. J Northern Agric 4(47):52-56. https://
doi.org/10.3969/j.issn.2096-1197.2019.04.09

Gao R, Zhao P, Han Y, Liu X, Du E, Gao Y, Liang G (2020) Effect of
forward application of nitrogen fertilizer on corn yield and soil
nutrient under straw returning condition. Mod Agric Sci Tech
19:1-5. https://www.cnki.com.cn/Article/CJFDTOTAL-ANHE2
02019001.htm. Accessed 19 Oct 2023

Ge L, Ma Y, Bian J, Wang Z, Liu L (2013) Effects of returning maize
straw to field and site- specific nitrogen management on grain
yield and quality in rice. Chin J Rice Sci 2(27):153-160. https://
doi.org/10.3969/j.issn.1001-7216.2013.02.007

Gu M, Tang G, Ge C, Ma H, Zhang Z, Xu W (2016) Effects of straw
incorporation modes on microbial activity and functional diversity
in sandy soil. Chin J Eco-Agric 4(24):489-498. https://doi.org/10.
13930/j.cnki.cjea.150882

Gu K, Zhang C, Gu D, Zhang S, Shi Z, Yang S (2017) Effects of dif-
ferent straw returning and tillage methods on annual yield and
soil nutrients under rice-wheat rotation system in short-term.
Southwest China J Agric Sci 6(30):1408-1413. https://doi.org/
10.16213/j.cnki.scjas.2017.6.029

Guo T, Lian G, Zhou W, Liu D, Wang X, Sun J, Li S, Hu C (2016)
Effect of fertilizer management on greenhouse gas emission and
nutrient status in paddy soil. J Plant Nutr Fertil 2(22):337-345.
https://doi.org/10.11674/zwyf.14557

Han X, Zhu L, Yang M, Yu Q, Bian X (2012) Effects of different
amount of wheat straw returning on rice growth, soil microbial
biomass and enzyme activity. J Agro-Environ Sci 11(31):2192-
2199. https://kns.cnki.net/kcms/detail/detail.aspx ?FileName=
NHBH201211021&DbName=CJFQ2012. Accessed 19 Oct 2023

Han S, Wu J, Li M, Chen F, Wang Y, Lu C (2020) Deep tillage with
straw returning increase crop yield and improve soil physicochem-
ical properties under topsoil thinning treatment. J Plant Nutr Fertil
2(26):276-284. https://doi.org/10.11674/zwyf. 19154

Hao X, Hu R (2010) Effects of long-term fertilization on paddy soil
organic nitrogen, microbial biomass and microbial functional
diversity. Chin J Appl Ecol 21(6): 1477-1484. http://www.cjae.
net/CN/abstract/article_3728.shtml. Accessed 19 Oct 2023

Hao X, Yang C, Jang H (2013) Effects of continuous straw returning
on organic carbon content in aggregates and fertility of black soil.
Chin Agric Sci Bull 35 (29):7. https://www.cnki.com.cn/Article/
CJFDTotal-ZNTB201335045.htm. Accessed 19 Oct 2023

Hu H-X, Cheng Y, Ma Y-H, Yu X-S, Xiang J-X (2012) Decomposition
characteristics of returned rapeseed straw in soil and effects on
soil fertility. Chin J Eco-Agric 3(20):297-302. https://doi.org/10.
3724/SP.J.1011.2012.00297

Hu N, Han X, Yang M, Zhang Z, Bian X, Zhu L (2015) Short-term
influence of straw return on the contents of soil organic carbon
fractions, enzyme activities and crop yields in rice-wheat rotation
farmland. J Plant Nutr Fertil 2(21):371-377. https://doi.org/10.
11674/zwyf.2015.0211

Hu C, Chen Y, Qiao Y, Liu D, Zhang S, Li S (2016) Effect of return-
ing straw added with straw-decomposing inoculants on soil
melioration in low-yielding yellow clayey soil. J Plant Nutr Fertil
1(22):59-66. https://doi.org/10.11674/zwyf.14311

Huo H, LiJ, Yuan L, Xie H, Zhang X (2020) Effects of different straw
returning amount on the potential gross nitrogen transformation


https://doi.org/10.1080/02772248.2015.1050200
https://doi.org/10.1080/02772248.2015.1050200
https://doi.org/10.1007/s11356-016-6927-3
https://doi.org/10.1007/s11356-016-6927-3
https://doi.org/10.1016/j.agee.2015.09.028
https://doi.org/10.1016/j.agee.2015.09.028
https://doi.org/10.1007/s00253-017-8170-3
https://doi.org/10.1007/s00253-017-8170-3
https://doi.org/10.1016/j.apsoil.2019.02.018
https://doi.org/10.1016/j.apsoil.2019.02.018
https://doi.org/10.3390/agronomy9030133
https://doi.org/10.1080/03650340.2020.1757659
https://doi.org/10.1038/s41598-019-52978-w
https://doi.org/10.1016/j.still.2019.104474
https://doi.org/10.1016/j.still.2019.104474
https://doi.org/10.1007/s11104-009-0263-z
https://doi.org/10.13292/j.1000-4890.2011.0328
https://doi.org/10.13292/j.1000-4890.2011.0328
https://doi.org/10.16035/j.issn.1001-7283.2015.05.020
https://doi.org/10.16035/j.issn.1001-7283.2015.05.020
https://doi.org/10.3724/SP.J.1005.2008.01083
https://doi.org/10.3724/SP.J.1005.2008.01083
https://doi.org/10.11766/trxb201707090275
https://doi.org/10.11766/trxb201707090275
https://doi.org/10.13930/j.cnki.cjea.190235
https://doi.org/10.3969/j.issn.2096-1197.2019.04.09
https://doi.org/10.3969/j.issn.2096-1197.2019.04.09
https://www.cnki.com.cn/Article/CJFDTOTAL-ANHE202019001.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-ANHE202019001.htm
https://doi.org/10.3969/j.issn.1001-7216.2013.02.007
https://doi.org/10.3969/j.issn.1001-7216.2013.02.007
https://doi.org/10.13930/j.cnki.cjea.150882
https://doi.org/10.13930/j.cnki.cjea.150882
https://doi.org/10.16213/j.cnki.scjas.2017.6.029
https://doi.org/10.16213/j.cnki.scjas.2017.6.029
https://doi.org/10.11674/zwyf.14557
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=NHBH201211021&DbName=CJFQ2012
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=NHBH201211021&DbName=CJFQ2012
https://doi.org/10.11674/zwyf.19154
http://www.cjae.net/CN/abstract/article_3728.shtml
http://www.cjae.net/CN/abstract/article_3728.shtml
https://www.cnki.com.cn/Article/CJFDTotal-ZNTB201335045.htm
https://www.cnki.com.cn/Article/CJFDTotal-ZNTB201335045.htm
https://doi.org/10.3724/SP.J.1011.2012.00297
https://doi.org/10.3724/SP.J.1011.2012.00297
https://doi.org/10.11674/zwyf.2015.0211
https://doi.org/10.11674/zwyf.2015.0211
https://doi.org/10.11674/zwyf.14311

Crop residue return achieves environmental mitigation and enhances grain yield: a global...

Page210f23 78

rates of fertilized Mollisol. Chin J Appl Ecol 12(31):4109-4116.
https://doi.org/10.13287/1.1001-9332.202012.026

Li H, Liu S (2018) Effects of continuous no-till and straw return on soil
nutrient content. Jiangsu Agric Scil5 (46):5-11. https://doi.org/
10.15889/j.issn.1002-1302.2018.15.061

LiJ,Lul, Li X, Ren T, Liu K (2013) Effect of wheat straw returning
with different organic matter decomposing inoculants (OMIs) on
the yield of rice, the decomposition of straw and soil nutrients.
Chin Agric Sci Bull 29 (35):270-276. https://www.cnki.com.cn/
Article/CJIFDTOTAL-ZNTB201335046.htm. Accessed 19 Oct
2023

Li W, Li Z, Liu M, Jian C, Wu M, Chen X (2016a) Enzyme activities
and soil nutrient status associated with different aggregate frac-
tions of paddy soils fertilized with returning straw for 24 years.
Sci Agric Sini 20(49):3886-3895. https://doi.org/10.3864/j.issn.
0578-1752.2016.20.003

Li X, Guo H, Zhu Z, Dong H, Yang L, Zhang X (2016b) Effects of
different straw return modes on contents of soil organic carbon
and fractions of soil active carbon. Trans Chin Soc for Agric Eng
9(32):130-135. https://doi.org/10.11975/.issn.1002-6819.2016.
09.018

LiR, Hou X, Wu P, Li P, Wang X (2019) Effect of straw returning with
nitrogen application on soil properties and water use efficiency.
Trans Chin Soc for Agric Mach 8(50):289-298. https://doi.org/
10.6041/j.iss.1000-1298.2019.08.032

Li F, Zhou F, Huang Y, Xu Y, Cheng L, Geng M, Huang L (2020)
Effects of Chinese milk vetch and straw returning on soil nutrient
and active organic carbon under reduced application of chemical
fertilizer. ] Huazhong Agric Univ 1 (39):67-75. https://www.cnki.
com.cn/Article/CJIFDTOTAL-HZNY202001010.htm. Accessed
19 Oct 2023

Liu W, Huang L, Lu J, Li X (2015a) Effects of conservation tillages on
soil nutrients, structure and crop yield. Chin J Soil Sci 2(46):420-
427. https://doi.org/10.19336/j.cnki.trtb.2015.02.025

Liu W, Zhao Q, Yang Y (2015b) Straw returning: effects on soil physi-
cal and chemical properties and maize yield. Chin Agric Sci Bull
2(46):428-432. https://www.cnki.net/kcms/doi/10.19336/j.cnki.
trtb.2015.02.026.html. Accessed 19 Oct 2023

Liu W, Tian W, Chen L, Liu Y, Yu H, Gu Y (2019) Effects of differ-
ent straw returning methods on soil enzyme activity and maize
yield. Soils Fert Sci Chin 5:25-29. https://doi.org/10.11838/sfsc.
1673-6257.18482

Ma C, Zhou J, Liu M, Zheng X, Cui J, Li H, Kang B (2013) Effects
of incorporation of pre-treated straws into field on soil nutrients
and labile organic carbon in Shajiang black soil. Acta Pedol Sini
5(50):915-921. https://doi.org/10.11766/trxb201205040163

Pang C, Qin J, Li H, Liu J (2013) Effects of rice straw incorporation
and permanent fallow on soil nutrient of paddy field in north-
eastern Jiangxi Province. Soils 4(45):604—609. https://doi.org/10.
13758/j.cnki.tr.2013.04.005

Peng Y, Wu J, Cai L, Qi P, Zhang R, Luo Z (2021) Effects of no-
tillage and straw mulching on carbon, nitrogen, and phosphorus
ecological stoichiometry in spring wheat and soil. Chin J Ecol
4(40):1062-1072. https://doi.org/10.13292/j.1000-4890.202104.
028

Ren X, Chen C, Chen X, Qu C, Han Z, Zhang X, Meng Z (2018)
Effects of straw returning depth on nutrients and physical proper-
ties of yellow brown soil. Bull Soil Water Conserv 2(38):58—64.
https://doi.org/10.13961/j.cnki.stbctb.2018.02.010

Sheng Z, Ding N, Li L, Yuan J, Che Z, Zhou H, Shang L (2018) Rela-
tionship of crop yield and soil organic carbon and nitrogen under
long-term fertilization in black loessial soil region on the Loess
Plateau in China. Chin J Appl Ecol 12(29):4047—4055. https://doi.
org/10.13287/.1001-9332.201812.028

Sui P, Zhang X, Wen X, You D, Tian P, Qi H (2016) Effects of till-
age and straw management on nutrient contents and enzyme

activities of brown soil. Chin J Appl Ecol 8(35):2038-2045.
https://doi.org/10.13292/j.1000-4890.201608.012

Sun Z, Li M, Han S, Bu R, Zhu L (2020) Effects of organic partial
replacement of inorganic fertilizers and inorganic fertilizers
with straw returning on yield, nutrient absorption and soil fer-
tility of double-cropping rice. J Anhui Agric Univ 6(47):1012—
1016. https://doi.org/10.13610/j.cnki.1672-352x.20210112.023

Tan D, Jin J, Huang S, Chen Z (2009) Study on effect of long-term
application of K fertilizer and returning straw to soil on soil
nutrient and wheat yield in the region of Castanozem. Agric
Res Arid Areas 2(27):194-198. https://www.cnki.com.cn/Artic
le/CJFDTOTAL-GHDQ200902036.htm. Accessed 19 Oct 2023

Tang W, Xiao X, Tang H, Zhang H, Chen F, Chen Z, Xue J, Yang
G (2015) Effects of long-term tillage and rice straw returning
on soil nutrient pools and Cd concentration. Chin J Appl Ecol
1(26):168-176. https://doi.org/10.13287/j.1001-9332.20141
029.011

Wang D, Peng J, Xu C, Zhao F, Zhang X (2012) Effects of rape
straw manuring on soil fertility and rice growth. Chin J Rice Sci
1(26):85-91. https://doi.org/10.3969/j.issn.1001-7216.2012.01.
014

Wang W, Zhu L, Wang W, Zhang Z, Bian X (2015) Effects of differ-
ent treatments of fertilization and irrigation on rice yield and soil
fertility and enzyme activity in wheat straw amendment field. Bull
Soil Water Conserv 4(35):43-48. https://doi.org/10.13961/j.cnki.
stbctb.2015.04.010

Wang N, Zhu F, Zhang C, Jia H, Zhu B, Meng Q, Song Y (2016)
Effect of different returning method of straw to soil on soil chemi-
cal property and soybean yield. Soils Fertil Sci China 1:94-97.
https://doi.org/10.11838/sfsc.20160116

Wang B, Cheng W, Chen G, Shen Y, Zhang H (2019) Effect of straw
returning and nitrogen reduction on soil, nutrition carbon pool and
rice yield in rice field. Acta Agric Zhejiangensis 4(31):117-123.
https://doi.org/10.3969/j.issn.1004-1524.2019.04.15

Wang X, Liu X, Hao L, Xie H, Zhang G, Chen Z, Zhang Y (2020)
Effects of straw returning in conjunction with different nitrogen
fertilizer dosages on corn yield and soil properties. Chin J Ecol
2(39):507-516. https://doi.org/10.13292/.1000-4890.202002.012

Wul, Ji X, Peng H, Shi L, Liu Z, Tian F, Huo L, Zhu J (2011) Carbon
sequestration effects of rice straw return in double season paddy
field in Southern China. Chin J Appl Ecol 12(22):3196-3202.
https://doi.org/10.13287/1.1001-9332.2011.0446

Wu Y, Hao X, Tian X, Chen Y, Zhang C, Cheng H, Li H, Qin Y, Zhao
S (2018) Effects of reduction of NPK fertilizer application rates
plus rice straw return on soil nutrient, enzyme activities and wheat
yield in rice-wheat rotation system. Southwest China J Agric Sci
5(31):998-1005. https://doi.org/10.16213/j.cnki.scjas.2018.5.020

XulJ, Yin S, Hu N, Gu Z, Wang B, Zhu L (2015) Effects of annual straw
returning on soil nutrients, microbial activity and yield effects of
annual straw returning on soil nutrients, microbial activity and
yield in a rice-wheat rotation system. Chin J Appl Environ Biol
6(21):1100-1105. https://doi.org/10.3724/sp.j.1145.2015.04005

Xu J, Hu N, Zhang Z, Zhu L (2016a) Effects of continuous straw
returning on soil nutrients and carbon pool in rice-wheat rota-
tion system. Soils 1(48):71-75. https://doi.org/10.13758/j.cnki.
tr.2016.01.011

XuJ, Hu N, Zhu L (2016b) Effect of amount of annual straw returning
on soil nutrients and yield in winter wheat field. J Tritic Crops
2(36):215-222. https://doi.org/10.7606/j.issn.1009-1041.2016.
02.12

Xu Y, Tang H, Cheng A, Li Y, Wang Y (2017) Effects of different
long-term fertilizer managements on soil nutrients and rice yield
in double cropping paddy field. Acta Agri Boreali-Sin 6(32):192—
197. https://doi.org/10.7668/hbnxb.2017.06.028

Yang M, Zhu L, Han X, Gu K, Hu N, Zhang Z, Bian X (2013) Effects of
tillage and crop residues incorporation on soil nutrient, microbial

INRAZ 2 spnge


https://doi.org/10.13287/j.1001-9332.202012.026
https://doi.org/10.15889/j.issn.1002-1302.2018.15.061
https://doi.org/10.15889/j.issn.1002-1302.2018.15.061
https://www.cnki.com.cn/Article/CJFDTOTAL-ZNTB201335046.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-ZNTB201335046.htm
https://doi.org/10.3864/j.issn.0578-1752.2016.20.003
https://doi.org/10.3864/j.issn.0578-1752.2016.20.003
https://doi.org/10.11975/j.issn.1002-6819.2016.09.018
https://doi.org/10.11975/j.issn.1002-6819.2016.09.018
https://doi.org/10.6041/j.iss.1000-1298.2019.08.032
https://doi.org/10.6041/j.iss.1000-1298.2019.08.032
https://www.cnki.com.cn/Article/CJFDTOTAL-HZNY202001010.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-HZNY202001010.htm
https://doi.org/10.19336/j.cnki.trtb.2015.02.025
https://www.cnki.net/kcms/doi/10.19336/j.cnki.trtb.2015.02.026.html.
https://www.cnki.net/kcms/doi/10.19336/j.cnki.trtb.2015.02.026.html.
https://doi.org/10.11838/sfsc.1673-6257.18482
https://doi.org/10.11838/sfsc.1673-6257.18482
https://doi.org/10.11766/trxb201205040163
https://doi.org/10.13758/j.cnki.tr.2013.04.005
https://doi.org/10.13758/j.cnki.tr.2013.04.005
https://doi.org/10.13292/j.1000-4890.202104.028
https://doi.org/10.13292/j.1000-4890.202104.028
https://doi.org/10.13961/j.cnki.stbctb.2018.02.010
https://doi.org/10.13287/j.1001-9332.201812.028
https://doi.org/10.13287/j.1001-9332.201812.028
https://doi.org/10.13292/j.1000-4890.201608.012
https://doi.org/10.13610/j.cnki.1672-352x.20210112.023
https://www.cnki.com.cn/Article/CJFDTOTAL-GHDQ200902036.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-GHDQ200902036.htm
https://doi.org/10.13287/j.1001-9332.20141029.011
https://doi.org/10.13287/j.1001-9332.20141029.011
https://doi.org/10.3969/j.issn.1001-7216.2012.01.014
https://doi.org/10.3969/j.issn.1001-7216.2012.01.014
https://doi.org/10.13961/j.cnki.stbctb.2015.04.010
https://doi.org/10.13961/j.cnki.stbctb.2015.04.010
https://doi.org/10.11838/sfsc.20160116
https://doi.org/10.3969/j.issn.1004-1524.2019.04.15
https://doi.org/10.13292/j.1000-4890.202002.012
https://doi.org/10.13287/j.1001-9332.2011.0446
https://doi.org/10.16213/j.cnki.scjas.2018.5.020
https://doi.org/10.3724/sp.j.1145.2015.04005
https://doi.org/10.13758/j.cnki.tr.2016.01.011
https://doi.org/10.13758/j.cnki.tr.2016.01.011
https://doi.org/10.7606/j.issn.1009-1041.2016.02.12
https://doi.org/10.7606/j.issn.1009-1041.2016.02.12
https://doi.org/10.7668/hbnxb.2017.06.028

78 Page 22 of 23

J.Liuetal.

biomass and enzyme activity under rice-wheat rotation. J Soil
Water Conserv 2(27):272-275. https://doi.org/10.13870/j.cnki.
stbexb.2013.02.044

Yang F, He B, Zhang L, Gao Y (2015) Effects of double mulched
furrow-ridge cropping with film and straw on soil nutrients
balance and maize yield in semiarid area of China. Pratac Sci
11(32):1892-1901. https://doi.org/10.11829/j.issn.1001-0629.
2015-0061

Yin Z, Huang L, Xue B, Huang Y, Li X, Lu J (2017) Effect of con-
servation tillage on soil fertility under rice-rape rotation system.
Chin J Eco-Agric 11(25):1604-1614. https://doi.org/10.13930/j.
cnki.cjea.170433

You D, Tian X, Ba Y, Nan X (2012) Effects of different models of straw
returning to fields on soil carbonstock, soil nutrients and crop
yield in wheat -maize cropping system). J Northwest Sci Tech
Univ Agric For (Nat Sci Ed) 7(40):167-172. https://doi.org/10.
13207/j.cnki.jnwafu.2012.07.018

You J, Wang J, Hu H, Wang H, Ye L (2020) Effects of straw returning
on soil organic carbon components in ratoon rice field. J Plant
Nutr Fertils 8(26):1451-1458. https://www.cnki.com.cn/Article/
CJFDTOTAL-ZWYF202008008.htm. Accessed 19 Oct 2023

Zhang M, Liu Y, Sheng R, Qin H, Wu Y, Wei W (2013) Effects of
rice straw returning on the community structure and diversity
of nitrogen-fixing gene ( nifH) in paddy soil. Chin J Appl Ecol
8(24):2339-2344. https://doi.org/10.13287/j.1001-9332.2013.
0388

Zhang J, Chi F, Kuang E, Liu B (2016) Effect of different straw return-
ing ways on soil physical and chemical properties. Heilongjiang
Agric Sci 9:30-34. https://doi.org/10.11942/j.issn1002-2767.
2016.09.0030

Zhang C, Mu P, Shang J (2018a) Effects of continuous returning corn
straw on soil chemical properties, enzyme activities and yield
trait. Res Soil Water Conserv 1(25):92-98. https://doi.org/10.
13869/j.cnki.rswe.2018.01.016

Zhang J, Fan T, Zhao G, Dang Y, Wang L, Li S, Cheng W (2018b)
Effect of long-term fixed application of different material replac-
ing partly chemical nitrogenous fertilizer on soil nutrition in dry
land of eastern Gansu province. Soils Fertil Sci China 3:85-91.
https://doi.org/10.11838/sfsc.20180314

2 swer INRA@

Zhang H, Bai N, Zheng X, Li S, Zhang J (2021) Effects of straw return-
ing and fertilization on soil bacterial and fungal community struc-
tures and diversities in rice-wheat rotation soil. Chin J Eco-Agric
3(29):531-539. https://doi.org/10.13930/j.cnki.cjea.200502

Zhao S, Cao C, Li K, Qiu S, Zhou W, He P (2014a) Effects of long-
term straw return on soil fertility, nitrogen pool fractions and crop
yields on a fluvo-aquic soil in North China. J Plant Nutr Fertil
6(20):1441-1449. https://doi.org/10.11674/zwyf.2014.061410.
11674/zwyf.2014.0614

Zhao 'Y, Xue Z, Guo H, Mu X, Li C (2014b) Effects of tillage and crop
residue management on soil respiration and its mechanism. Trans
Chin Soc Agric Eng 19(30):155-165. https://doi.org/10.3969/j.
issn.1002-6819.2014.19.019

Zhao Y, Guo H, Xue Z, Mu X (2015) Effects of tillage and straw man-
agement on nutrient contents and enzyme activities of brown soil.
Chin J Appl Ecol 6(26):1785-1792. https://doi.org/10.13287/;.
1001-9332.20150331.001

Zhao J, Zhang C, Zhang J (2016) Effect of straw returning via deep
burial coupled with application of fertilizer as primer on soil
nutrients and winter wheat yield. Acta Pedol Sin 2(53):438-449.
https://doi.org/10.11766/trxb201506010162

Zhu H, Gao M, Long Y, Xu G, Wang F, Wang Z (2020) Effects of
fertilizer reduction and application of organic fertilizer on soil
nitrogen and phosphorus nutrients and crop yield in a purple soil
sloping field. Environ Sci 4(41):1921-1929. https://doi.org/10.
13227/j.hjkx.201909153

ZhuJ, Zhang S, Ran C, Wang X, Geng Y, Guo L, Shao X, Jin F (2021)
Effects of straw returning on soil nutrient and yield of paddy field
in soda saline-alkali soil in the west of Songnen Plain. J Northeast
Agric Sci 1(46):42-46. https://doi.org/10.16423/j.cnki.1003-8701.
2021.01.011

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.13870/j.cnki.stbcxb.2013.02.044
https://doi.org/10.13870/j.cnki.stbcxb.2013.02.044
https://doi.org/10.11829/j.issn.1001-0629.2015-0061
https://doi.org/10.11829/j.issn.1001-0629.2015-0061
https://doi.org/10.13930/j.cnki.cjea.170433
https://doi.org/10.13930/j.cnki.cjea.170433
https://doi.org/10.13207/j.cnki.jnwafu.2012.07.018
https://doi.org/10.13207/j.cnki.jnwafu.2012.07.018
https://www.cnki.com.cn/Article/CJFDTOTAL-ZWYF202008008.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-ZWYF202008008.htm
https://doi.org/10.13287/j.1001-9332.2013.0388
https://doi.org/10.13287/j.1001-9332.2013.0388
https://doi.org/10.11942/j.issn1002-2767.2016.09.0030
https://doi.org/10.11942/j.issn1002-2767.2016.09.0030
https://doi.org/10.13869/j.cnki.rswc.2018.01.016
https://doi.org/10.13869/j.cnki.rswc.2018.01.016
https://doi.org/10.11838/sfsc.20180314
https://doi.org/10.13930/j.cnki.cjea.200502
https://doi.org/10.11674/zwyf.2014.061410.11674/zwyf.2014.0614
https://doi.org/10.11674/zwyf.2014.061410.11674/zwyf.2014.0614
https://doi.org/10.3969/j.issn.1002-6819.2014.19.019
https://doi.org/10.3969/j.issn.1002-6819.2014.19.019
https://doi.org/10.13287/j.1001-9332.20150331.001
https://doi.org/10.13287/j.1001-9332.20150331.001
https://doi.org/10.11766/trxb201506010162
https://doi.org/10.13227/j.hjkx.201909153
https://doi.org/10.13227/j.hjkx.201909153
https://doi.org/10.16423/j.cnki.1003-8701.2021.01.011
https://doi.org/10.16423/j.cnki.1003-8701.2021.01.011

Crop residue return achieves environmental mitigation and enhances grain yield: a global... Page 23 of 23

78

Authors and Affiliations

JiLiu2® . Linchuan Fang?

Cong Wang? - Jordi Sardans®

>

>4

Linchuan Fang

flinc629 @hotmail.com

Ji Chen

ji.chen@agro.au.dk

Ji Liu

liujil7 @mails.ucas.ac.cn
Tianyi Qiu

qiutianyi @nwafu.edu.cn

Hai Wang

wanghai @mails.ccnu.edu.cn
Muxing Liu

liumuxing @mail.ccnu.edu.cn
Jun Yi

yijun@ccnu.edu.cn

Hailin Zhang

hailzhang@ccnu.edu.cn

Cong Wang
wangcong @ccnu.edu.cn

Jordi Sardans
j-.sardans @creaf.uab.cat

Li Chen
chenlixkd@163.com

- Tianyi Qiu*

- Hai Wang? - Muxing Liu? - Jun Yi? - Hailin Zhang? -
-Li Chen? - Min Huang® - Josep Penuelas®’

Min Huang
huangmin@whut.edu.cn

Josep Penuelas
josep.penuelas@uab.cat

State Key Laboratory of Loess and Quaternary Geology,
Institute of Earth Environment, Chinese Academy
of Sciences, Xi’an 710061, China

Hubei Province Key Laboratory for Geographical Process
Analysis and Simulation, Central China Normal University,
‘Wuhan 430079, China

Hubei Key Laboratory of Mineral Resources Processing
and Environment, Wuhan University of Technology, Luoshi
Road 122, Wuhan 430070, China

State Key Laboratory of Soil Erosion and Dryland
Farming on the Loess Plateau, Northwest A&F University,
Yangling 712100, Shaanxi, China

Department of Agroecology, Aarhus University, Blichers
Allé 20, 8830 Tjele, Denmark

CSIC, Global Ecology Unit CREAF-CSIC-UAB,
08193 Bellaterra, Catalonia, Spain

CREAF, Cerdanyola del Valles, 08193 Bellaterra, Catalonia,
Spain

INRAZ 2 spnge


http://orcid.org/0000-0003-2496-9521
http://orcid.org/0000-0003-1923-7908
http://orcid.org/0000-0002-5778-0592
http://orcid.org/0000-0001-7026-6312
http://orcid.org/0000-0003-2478-0219
http://orcid.org/0000-0002-7215-0150

	Crop residue return achieves environmental mitigation and enhances grain yield: a global meta-analysis
	Abstract
	1 Introduction
	2 Methods
	2.1 Data collection
	2.2 Data analysis

	3 Results
	3.1 The responses of soil C, N, and P stocks, pH, and grain yield to crop residue return
	3.2 Environmental drivers of crop residue return

	4 Discussion
	4.1 Soil C stocks increase across the soil profile, but N and P stocks increase only in the topsoil
	4.2 Variability in soil C, N, and P stocks across land uses
	4.3 Environmental driving mechanisms of soil C, N, and P stocks
	4.4 Enhanced soil properties further improve grain yields
	4.5 Implications and uncertainties

	5 Conclusion
	Anchor 17
	Acknowledgements 
	References


