Pre prints.org

Article Not peer-reviewed version

Soil Organic Carbon Stock Dynamics
Under Different Conservation Practices
from 1980-2022 in the Mollisol Region
of Northeast China: A Meta-Analysis
Combined with Random Forest Model

Yue Zhang "and Yumei Long
Posted Date: 13 August 2025
doi: 10.20944/preprints202508.0894 v1

Keywords: SOC stocks; conservation practices; meta-analysis; random forest; Mollisol region

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/498255

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0894.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Soil Organic Carbon Stock Dynamics Under
Different Conservation Practices from 1980-2022
in the Mollisol Region of Northeast China:

A Meta-Analysis Combined with Random
Forest Model

Yue Zhang 23* and Yumei Long !

1 College of Resources and Environment, Jilin Agricultural University, 130118 Changchun, China

2 Key Laboratory of Soil Resource Sustainable Utilization for Jilin Province Commodity Grain Bases, Jilin
Agricultural University, 130118 Changchun, China

3 Key Laboratory of Straw Comprehensive Utilization and Black Soil Conservation, Ministry of Education,
130118 Changchun, China

* Correspondence: lisa_ling7892002@163.com

Abstract

Soil organic carbon (SOC) stocks is one of the most important indicators of soil health and C sequestration.
Understanding how conservation practices affect the SOC stocks in the agricultural soils is important for
soil carbon sequestration and climate change mitigation. However, limited studies have been conducted
to investigate the SOC dynamics under different conservation practices and their interactions with
climatic variables, as well as the relative importance of each explainable factor. In this study, we evaluated
the response of SOC stocks to different conservation measures (e.g., no-tillage, reduced tillage, deep
tillage, and straw return) based on collected field data (871 observations) with a meta-analysis method.
Additionally, we further investigated how SOC dynamics are affected by the conservation practices with
various climatic variables and soil properties (e.g., soil pH, bulk density, depth, initial SOC, and texture)
and duration period. The results show that the change rate of the SOC stock in the Mollisol region of
Northeast China significantly increased from 1980 to 2022, with an average annual increase rate of 0.16-
14.17%. The SOC stock change was significantly affected by the conservation practices. Moreover, the
changes in SOC stock due to conservation practices were found to be greatly affected by various climatic
variables, soil properties, and duration period. In addition, the initial SOC stock was identified as the most
important factor for SOC stock, with the relative importance values of 33.4%, 29.4%, 29.0%, and 34.1%,
respectively. Our findings provide some recommendations for enhancing SOC sequestration in
agricultural regions by implementing conservation practices.

Keywords: SOC stocks; conservation practices; meta-analysis; random forest; Mollisol region

1. Introduction

Agricultural soil is one of the most active carbon pools in the global terrestrial ecosystem, and it
has short carbon sequestration period and large carbon storage [1]. As an important factor of soil
health and C sequestration, soil organic carbon (SOC) storage is getting increasingly attention due to
its potential in removing greenhouse gases from the atmosphere [2]. As growing studies
demonstrated, farm management practices play an important role in mitigating the threat of climate
change and ensuring food security by sequestering carbon [3,4]. Additionally, it has been identified
that grain production could be increased by 30% through improving soil management practices and
fertilizer applications based on the global yield gap analysis results [5]. Therefore, in order to obtain
the effective and sustainable conservation practices for successful SOC sequestration in the farmland,
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it is essential to clarify the mechanisms of SOC dynamics with the changes in diverse management
practices over time and space.

Conservation practices are defined as the practices that increase the productivity of croplands,
including multiple cropping, fertilizer application, irrigation, and crop rotation regimes[6]. Cropping
is the soil preparation method which causes soil disturbance, such as no tillage and traditional tillage
[7]; Fertilizer application is the most common conservation practice, which can significantly modify
plant growth and important soil properties such as microbial composition and functions [8] ;
Irrigation is a management practice which can apply water at the optimum time according to crop
needs [9]; Crop rotation is a crop plantation system compared with monoculture. Numerous studies
have demonstrated the positive effect of management practices such as reduced tillage and cover
cropping on the build-up of SOC and the improvement of grain yield through long-term
experimental fields [10,11] . However, some studies have indicated the weaker effects or opposing
results. For example, Pittelkow [12] claimed that if conservation agriculture is not properly
conducted, no yield gains would be got in the short term and in irrigated regions. Rosinger [13]
clearly showed that soil texture and physico-chemical attributes were the most significant shaping
factor for SOC sequestration potential, rather than the conservation practices. Since soil carbon stocks
is subject to many factors, including soil properties, local environment and management practices,
the effect of conservation practices on SOC stocks remains variable according to different climate
conditions, topographic features, and soil attributes.

Previous studies have focused on the effects of different conservation practices on SOC stocks
by designing various management practices in experiment fields or using the meta-analyses method
[14-16], with the failure to link so many conservation practices in improving soil carbon sequestration
and improving grain yield, and had led to a lack of understanding of the synergies of how
conservation practices and environment conditions affect soil carbon sequestration in the cropland.
Moreover, previous meta-analyses studies have not involved deriving the hiding relationships
between SOC storage and the explanatory variables (e.g., conservation practices and climatic
changes.), and leaves the questions of how conservation practices affects SOC, how climate change
affects SOC, and the interactions of the practices and climatic conditions on SOC. Machine learning
have recently emerged as a powerful tool for deriving the associations and patterns from complex
datasets, and it can handle the “big-data” with greater flexibility compared with traditional statistical
analysis methods. Meanwhile, its independence on experimental designs and prior assumptions can
overcome the limitations of meta-analysis methods. Therefore, if the combination of meta-analysis
and machine learning models can help to understand how conservation practices affect soil carbon
storage changes, and few studies have revealed the hidden relationships between cropland SOC
stocks and the management practices under climate change background over a long-time scale.

As one of the four major black soil areas all over the world, the Mollisol region of Northeast
China has been praised as the “Corn Belt” of China, accounting for 41% national maize production
[17]. However, traditional intensive cultivation had resulted in severe soil degradation and threat the
national food security. In recent years, conservation practices such as no-tillage and residue cover
were applied to improve soil carbon storage, but the effect of different conservation practices on the
SOC stocks in agricultural soils is not clear in this region.

Therefore, the main objective of this study was to (1) Quantify the SOC stock changes under
different management practices; (2) evaluate the effect of tillage practices (no-tillage, deep tillage, and
reduced tillage) and straw return on SOC stocks with different climate conditions, soil properties and
time period; (3) quantitatively identify the contributions of different environmental factors on SOC
sequestration in the Mollisol region of Northeast China by using random forest (RF) models.
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2. Materials and Methods

2.1. Literature Review and Data Collection

To investigate the effects of conservation practices on SOC stocks in the Mollisol region of
Northeast China, the relevant articles were searched in the available databases including Web of
Science (https://www.webofscience.com/), Elsevier (http://www.sciencedirect.com/), and China
National Knowledge Infrastructure (https://www.cnki.net/) with the key words “Northeast China”,
and “black soil region” or “Mollisol region”, and “organic carbon” or “soil carbon”, and “straw” or
“crop cover”, and “chemical fertilizer” or “manure fertilizer”, and “conservation tillage”, and “no-
tillage”, and “deep tillage”, and “reduced tillage”. These experiments should meet the following
criteria: (1) all studies were conducted on the farmland of Northeast China; (2) provide the means
and standard deviation of SOC content or stocks with three or more duplicates; (3) provide the test
information clearly, such as location, time, experiment replicates, and soil properties. Based on the
above criteria, 100 articles with 871 paired observations for the period between 1980 and 2022 were
used in this study, and groups of data were available for comparison and summary.

2.2. Data Preparation

For each prepared article, the SOC stock and the following parameters related to the
conservation practices and environmental variables were identified, including the location (latitude
and longitude), MAT, MAP, soil pH, bulk density, soil depth, initial SOC stock, texture, management
practices (no-tillage (NT), reduced tillage (RT), deep tillage (DT), and straw return (SR), and the
duration period. If some key environmental information or soil properties were lacking in a study,
other published articles were also searched to supplement relevant information from the same site
and similar years. Meanwhile, the missing data also can be collected from the World Soil Database
and Meteorological Database based on the latitude and longitude information. For each observation
collected in this study, the mean and SD values of SOC stocks were obtained from tables or extracted
from figures using GetData Graph Digitizer 2.26 software (version: 2.6). If only SE is shown in the
literature, it can be converted to SD by:

SD = SE\n (1)

When SD or SE is not available in a study, the SD is assigned as 1/10 of the mean [18].

To reveal the SOC stock response to different conservation practices affected by the environmental
factors, the collected data were classified into different groups according to the data distribution
characteristics of explanatory factors for each conservation practice. There was no consistent classification
standards for each environmental factor. In addition, the data used in RF models need to be compiled to
the consistent forms, including SOC stock, MAT, MAP, soil pH, bulk density, soil depth, initial SOC stock,
soil texture, and duration period for the above seven conservation practices. Notably, soil texture is
regarded as a category value, and other variables were continuous data values.

2.3. Data Analysis

Firstly, the carbon sequestration rate was calculated as following:

ASOC, = socT—YsocCK @)
Where SOC; and SOCx are the SOC stocks with conservation practices versus the control
respectively, and is the time after applying management practices.

Then, a standard meta-analysis method was conducted to evaluated the effect of conservation
practices on soil organic carbon stocks [19]. In this paper, a random effects model was chosen to
investigate the impact of conservation practices on SOC. The logarithm (InRR) was used to represent
the impact of farm management on SOC changes, and it was calculated as the effect size as follows:

InRR = In (X,/X.) 3)
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Where X, and X, are the mean SOC values with farm management and no farm management,
respectively. The variance (v) of was calculated as follows:

52 52
2 nex?

v(InRR) = 4)

neX¢
where S, and S, are the SD for farm management and on management, and and are the sample
sizes for the SOC stock treatment and the control, respectively.
The overall response ratio of the SOC treatment and control was evaluated by the random effect
model, with the weight of each observation. The weight factor (w) and the mean effect size (RR*) were
calculated as follows:

1
wi = (5)

_ YiWiInRR;

Xiw;

RR* (6)
where is the weighted effect size, represents the th observation.
The 95% CI was calculated as:

95%CI = InRR + 1.96S(InRR) (7)

where S(InRR) is the SE of InRR, and it was calculated as:

S(InRR) = {1/ X;w; (®)

The meta-analysis was performed in MetaWin 3.08 software. A bootstrap approach with 999
iterations was employed to calculate the mean values and their 95% confidence interval (CI). If the
95% CI overlapped 0, the explanatory factor did not effect SOC stock; if not, the explanatory had a
significant effect on SOC stock.

2.4. Machine Learning

The RF model is an integrated machine learning algorithm and it is employed to predict the SOC
stocks to different conservation practices associated with climatic variables and soil properties in this
study. The advantages of RF model include high accuracy, reduced overfitting, no feature
normalization requirement, and good noise immunity [20]. In addition, RF model can calculate the
relative importance of each explainable factor (e.g., conservation practices, climatic variables, and soil
properties. and reveal the underlying rules between predictors and explainable factors. Here, the RF
model was used to quantify the relative importance of explanatory factors on SOC dynamics collected
from the published articles. Several explanatory factors including MAT, MAP, soil pH, bulk density,
soil depth, initial SOC, soil texture, and duration period, were selected to establish the RF models for
each conservation practice. The datasets were divided into two parts including training sets (70%),
and test sets (30%), and the predictive performance of the model was evaluated by the determination
coefficient (R2) and root mean square error (RMSE). RF model was conducted by using the
randomPForest package in R software (R Development Core Team, 2008).

3. Results
3.1. SOC Stocks Changes and Sequestration Rate in 1980-2022

Tillage practices generally increased SOC stock and sequestration rate in the Mollisol region of
Northeast China during 1980-2022, except the NT practice in 20-40 cm depth (Table 1). The increased
SOC stock under straw return practices was higher than that with different tillage measures. For 0-
20 cm soil depth, SR increased SOC stock by 14.17+1.56 % compared with SO. Compared with PT, the
increase of SOC stock in NT and DT and RT systems was 8.05+1.17%, 4.51+1.52%, and 7.43+1.69%,
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respectively. The SOC sequestration rate changes were not as similar as the SOC stock changes in
response to different tillage practices at 0-20 and 20-40 cm depths. The greatest increasing of 0.80+0.38
g kg-1 yr'' was observed when RT was practiced at the 20-40 cm depth, followed by the increasing of
0.71+0.10 g kg-1 yr! when SR was practiced at the 0-20 cm depth. The increase in SOC sequestration
rate presented no obvious trends between 0-20 and 20-40 cm depths.

Table 1. Averaged change in SOC stock and sequestration rate under different conservation practices at 0-20
and 20-40 cm soil depths in Northeast China.

SOC stock (g kg) SOC sequestration rate (g kg'yr?)
Conservation Soil depth
. Mean
practices (cm) n SE n Mean SE
change (%)

0-20 154 8.05 1.17 154 0.28 0.08
PT to NT

20-40 35 0.16 2.06 35 0.01 0.04

0-20 50 7.43 1.69 50 0.41 0.11
PT to RT

20-40 20 9.37 4.40 20 0.80 0.38

0-20 61 4.51 1.52 61 0.31 0.18
PT to DT

20-40 24 7.28 2.71 24 0.68 0.33

0-20 380 14.17 1.56 380 0.71 0.10
S0 to SR

20-40 117 11.21 1.18 117 0.39 0.08

Note: PT, plow tillage; NT, no tillage; RT, reduced tillage; DT, deep tillage; SO, no straw retained; SR, straw return. n

represents the pairs of mean and standard deviation values for the data samples; SE, data standard error.
3.2. Responses of SOC Stock to the Management Practices and Environmental Variables

3.2.1. Tillage Management

The SOC stock response to no tillage management and its environmental factors are presented
in Figure 1la. The significantly positive responses of SOC stock to no tillage were observed in MAT,
MAP (500-600 mm and >600 mm), pH (<7), BD (<1.3 g cm?® and >1.5 g cm-3), SD (0-5 cm), ISOC,
Texture (sandy), and Duration (1-5y and 5-15y). The largest increase in SOC stock reached 13.9% in
BD (>1.5 g cm?) group, and followed by the 15.5% SOC stock increase in SD (0-5 cm) group. The
increase in SOC stock has no raised trend with the increasing of MAT, while the larger increase
reached 9.29% in the MAT (<3°C) group. No distinct variations were exhibited between different
groups in MAP for the response of SOC stock to the adoption of no tillage management, and the effect
size ranged from 6.1% (500-600 mm) to 7.7% (>600 mm). Regarding soil properties, the significantly
increase in SOC were observed in the relevant groups of initial SOC (3.4%-8.1%), SD (15.5%), BD
(8.6%-13.9%), pH (6.5%), and soil texture (8.3%), respectively.

The SOC stock response to reduced tillage management and its environmental factors are presented
in Figure 1b. The significantly positive responses of SOC stock to reduced tillage were observed in MAT,
MAP (<500 mm and 500-600 mm), pH, BD, SD, ISOC (10-20 g kg, 20-30 g kg, and >30 g kg™), Texture,
and Duration (<5y and 5-10y). The largest increase in SOC stock reached 17.1% in soil texture (clay) group,
and followed by 14.8% in soil pH (<6.7) group and 14.4% in soil BD (<1.2 g cm?) group, respectively. The
duration period have no distinct variations in different groups for the response of SOC to the adoption of
reduced tillage, and the effect size was 9.8% in the group (<5y) and 10.1% in the group (5-10y), respectively.
The SOC stock significantly increased by 8.4% and 12.1% in MAT >3 °C and <3 °C groups, while it
increased by 8.8% and 9.6% in MAP 500-600 mm and <500 mm groups, respectively.

After reduced tillage management, the increase in SOC stock gradually decreased with the
increasing of the initial SOC stock, and it increased by 12.3%, 7.8%, and 4.6% in the 10-20 kg, 20-30
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kg1, and >30 kg group, respectively. In addition, a positive relationship was observed between soil
depth and the response of SOC to reduced tillage management, with the effect size 8.1% and 9.2% in
>20 cm and 0-20 cm group, respectively.

The SOC stock response to deep tillage management and its environmental variables are
presented in Figure 1. The significantly positive responses of SOC stock to deep tillage were observed
in MAT (<3 °C and 3-6 °C), MAP (<500 mm and 500-600 mm), pH (<7), BD (<1.3 g cm*® and >1.5 g cm
%), SD (0-20 cm and 20-40 cm), ISOC, Texture (loam), and Duration. Regarding climatic factors, the
increase in SOC stock raised with the increasing of MAT, and it increased by 3.4% and 8.1% in the
<3°C and 3-6°C group, respectively. Meanwhile, there was little variation between the MAP groups
on the SOC stock response to deep tillage management, with the effect size 5.8% and 6.4% in the <500
mm and 500-600 mm group, respectively. For soil properties, the largest increase in SOC stock
reached 9.9% in BD (>1.5 g cm?) group, and followed by 8.1% in the soil texture (loam) group, while
the smallest increase in SOC stock reached 2.4% in in the soil texture (sandy) group. After deep tillage
management, the increase in SOC stock raised with the increasing of the duration period, and it
increased from 5.3% to 9.3% in the <5y and >5y group, respectively.
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Figure 1. Response of SOC stock to different tillage managements and environmental variables. (a) no tillage (NT),
(b) reduced tillage (RT), (c) deep tillage (DT), (d) straw return (SR). The numbers in the graph represent the number
of comparisons (controls+treatments). The points and error bars represent the mean and 95% confidence intervals.
Abbreviations: SOC, soil organic carbon, MAT, mean annual temperature (°C), MAP, mean annual precipitation
(mm), BD, bulk density (g cm?), SD, soil depth (cm), ISOC, initial soil organic carbon stock (g kg*).

3.2.2. Straw Return

The SOC stock response to straw return management and its environmental factors are shown
in Figure 1d. Except the MAT group (<3°C) and SD group (>40 cm), a significantly positive
relationship was identified between all other environmental variables and the response of SOC stock
to straw return management. The largest increase in SOC stock reached 75.5% in soil pH (>8) group,
and followed by 72.6% in initial SOC stock (<5 g kg ) group, which were maximal increasing values
across all the conservation practices in this study. Climatic factors, i.e., MAT and MAP, indicated
positive increased effect on SOC response to straw return management with the increasing of the two
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factors. For instance, the increase in SOC stock raised from 6.6% to 14.3% in the <500 mm and 500-
600 mm MAP group, respectively. Meanwhile, the increase in SOC stock raised with the increasing
of soil pH values, and the effect size was 5.8%, 10.7%, and 75.5% in the <6, 6-8, and >8 group,
respectively. After straw return management, the larger increase in SOC stock reached 12.4% in BD
(<1.3g cm®) group, 20.6% and 17.8% in soil depth (0-5 cm and 30-40 cm) group, 16.5% in soil texture
(loam) group respectively, and there was no distinct variations among other groups for the above
environmental factors. Regarding the duration period, the largest increase in SOC stock has no raised
trend with the increasing of duration period, while it reached 22.2% in the <1y group, and followed
by 11.7% in the >11y group and 8.8% in the 2-10y group, respectively.

3.3. SOC Stock Prediction Using RF Model

Eight environmental factors, including MAT, MAP, soil pH, bulk density, soil depth, initial SOC,
texture, and duration period, were selected to establish the RF models for SOC stock prediction. As
shown in Figure 2, the fit coefficient between the observed and predicted SOC for the test dataset was
0.73, 0.83, 0.95, and 0.86, and the corresponding RMSE was 2.59 g kg1, 2.34 g kg, 1.87 g kg1, and 2.48
g kg for NT, RT, DT, and SR practices, respectively. The scatter plots were all distributed around the
1:1 line for the four management practices. It was indicated that the RF models had high prediction
accuracy and good performance.
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Figure 2. Scatter plots of the predicted SOC versus observed SOC by the RF model under different management
practices. (a) no tillage (NT), (b) reduced tillage (RT), (c) deep tillage (DT), and (d) straw return (SR).

3.3. Relative Importance of Explanatory Factors

The relative importance of each environmental variable for the increasing of SOC stock in
response to different management practices was presented in Figure 3. The initial SOC stock was
identified as the most important factor for SOC stock, with the relative importance values of 33.4%,
29.4%, 29.0%, and 34.1%, respectively. MAT also had a important impact on the SOC stock under the
four management practices, with the importance scores ranged from 12.2% to 14.9%. In addition, BD
showed important impact on the enhancing of SOC stock under NT and SR practice, with the
importance scores of 14.4% and 14.2%, respectively. Soil texture had the smallest impact on the SOC
across different practices, with the scores 4.0%, 5.5%, 4.0%, and 5.3% for NT, RT, DT, and SR,
respectively.
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Figure 3. Relative importance of the environmental factors under different management practices. (a) no tillage
(NT), (b) reduced tillage (RT), (c) deep tillage (DT), and (d) straw return (SR).

4. Discussion
4.1. Changes in SOC Stock Under Different Management Practices

The overall SOC stock change in response to different management practices ranged from 4.51%
to 14.17% (Table 1). This result was similar to previous studies, which showed the ranges of 5-19 %
with tillage practices [10,21], and 11-16 % with straw return practices[14,22]. The largest SOC stock
change was observed in SR (14.17%) at 0-20 cm depth, followed by SR (11.21%) at 20-40 cm depth.
This is because straw cover contributes to biomass production and microbial activities, which can
promote soil aggregation and enhance water holding capacity, thus it has a significant effect on soil
Cinput [23]. The maximum SOC sequestration rate was observed in RT (0.80 g kg yr') at 20-40 cm
depth, followed by SR (0.71 g kg1 yr?) at 0-20 cm depth and DT (0.68 g kg-1 yr1) at 20-40 cm depth.
It was indicated that DT and RT had great potential to improve SOC sequestration rate at the deeper
soil depths. The results also presented that NT enhanced SOC stock by 8.05%, and followed by RT
(7.43%) and DT (4.51%) at the 0-20 cm depth. Conservation tillage measures, such as no-tillage and
reduced tillage, can reduce soil disturbance and increase straw C input and enhance SOC
sequestration [24,25]. In addition, the DT practice showed more potential to increase SOC stock at the
20-40 cm depth than that at the 0-20 cm depth. That is because that deep tillage tills deeper and bury
the straw in the topsoil into the 20-40 cm deep layer. Meanwhile, DT can facilitate the root
development and increase root-derived C input into the deep soil layer, thus it enhances more C
storage relative to the topsoil C stock [26].

4.2. Effect of Climatic Factors on SOC Stock

Climatic factors, such as MAT and MAP, can influence SOC accumulation and storage through
affect the decomposition rate of organic matter, biomass production, and microbial activities [27].
The Mollisol region of Northeast China is mostly located in the high-latitude areas, and the heat
resource is the main constraint factor for soil C sequestration. The results in this study demonstrated
that climatic factors had more effect on the increasing of SOC stock under straw return practice than
that under the tillage practices. The result was consistent with the previous studies such as Liu et al.
and Qin et al. [28,29]. With the increase of temperature and precipitation, the microbial
decomposition of straw cover increases and enhances SOC sequestration, meanwhile high rainfall
also promote crop residue C input into the soil. Compared with other environmental factors (e.g., soil
properties and duration period), climatic factors did not show distinct advantage for the enhancing
of SOC storage in the response of SOC to the tillage and straw return practices. Since the climatic
conditions varied differently across the Mollisol region of Northeast China, and the increasing of SOC
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stock also depend on the balance of water and heat resources. The unbalance of MAT and MAP in
such high-latitude regions generally become the constraint factors for soil C accumulation in the
study area.

4.3. Effect of Soil Properties on SOC Stock

Soil properties, e.g., soil pH, BD, depth, initial SOC, and texture, all affected the SOC stocks
under different tillage and straw return practices. Regarding to straw return practice, all soil
properties across different groups showed significantly positive effect on the increasing of SOC stock,
except the >40 cm group in soil depth. Therefore, it is suggested that straw return is an effective
conservation practice which is suitable for most soil conditions in the Mollisol region of Northeast
China. A significant improvement of SOC stock can be observed in the case of the soil pH >8 and
ISOC<5 g kg-1 category that has shown an increasing of SOC stock by 75.5% and 72.6%, respectively.
The SOC sequestration under straw return practice increased with the increasing with soil pH values,
as the microbial activity may be restricted in the acidic soil conditions and influencing the
decomposition process of organic matter [30].

The soil BD can reflect soil structure and function of soil microbial communities, and generally
the BD of clay soil is the highest, while that of sandy soil is the lowest, and that of loam soil falls in
between [31]. The NT and DT showed more effective on SOC stock with high BD than that with low
BD. Our results also found that straw return is more effective in enhancing SOC stock in loam soils,
and it was consistent with the results in Wang [32]. In addition, the relative lower effect on SOC
sequestration was found in the clay group. Since clay soil has finer soil particles than sandy and loam
soils, and it tend to preserve rich organic matter and C storage [33].

Soil depth provides different effect on SOC stock in response to these management practices. In
our work, NT and RT had more impact upon SOC than DT practice. Our results also indicated that
NT had a significantly positive effect (15.5%) on SOC stock compared to conventional tillage in the
Mollisol region of Northeast China, especially at the 0-5 cm depth. That is because the reduced tillage
practices offers less disturbance in the surface of soil compared with conventional tillage, and provide
more opportunity to store C and reduce C mineralization to the atmosphere [34]. Compared with the
tillage practices, straw return adds crop residue to the soil directly and takes time to improve soil C
sequestration, therefore it had more effect on the increasing of SOC stock than the tillage practices,
especially at the 0-5 cm depth.

Based on the RF model results, the relative importance of initial SOC on the increasing of SOC
stock under different tillage and straw return practices was the maximum across all the
environmental factors. Furthermore, all the tillage and straw return practices enhanced more SOC
stock under low initial SOC than under high SOC in our work. The consistent result was found in
Georgiou and Wang [35,36]. It was easy to understand that the soil with low initial SOC stock had
more increasing potential to change to the high SOC soil compared with the soils of relative high
initial SOC, under the same management practices.

4.4. Effect of Duration Period on SOC Stock

The duration period of the management practices upon agricultural soils demonstrated various
effect on soil C sequestration in this study. Previous studies stated that the soil properties require
several decades to respond to the management practices [37,38]. However, in our study, it can be
observed that the management practices have a positive effect on SOC stock with much shorter
period, with the increasing of SOC 4.6% under NT practice and 9.8% under RT practice and 9.3%
under DT practice, all in the case of short term (<5y) respectively. Our results was similar to the
previous studies [39,40], in which the results demonstrated that the management practices would
take 3-7 years to achieve the changes in soil C stocks. That is because that SOC sequestration is a
dynamic process with new C input and old C output, and whatever the decomposition of organic
matter and SOC mineralization both require several years to result in any noticeable changes,
especially in the high-latitude regions. Interestingly, our meta-analysis found that the response of
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SOC stock to straw return was all significant for the <ly, 2-10y, and >11y period, and the maximum
effect size (22.2%) was reached when the period was shorter than 1 year. Soil erosion caused by high-
intensity agricultural practices and extreme weather conditions is considered as the primary factor
affecting soil C storage and soil degradation in Northeast China [41]. The straw cover can help to
protect soil from the water and wind erosion in the initial periods of straw return implementation.
This explains the significantly positive effect of straw return on SOC stock in such short period in our
results. However, the low temperature and cold climate in Northeast China will make the straw
decomposition process slow down [42], therefore a decrease in the effect of straw return on the
increasing of SOC stock was observed over time.

5. Conclusions

In this study, the combination of meta-analysis and RF model was demonstrated to be a
powerful approach for investigating the response of SOC stock in agricultural soils to different
conservation practices and their interactions with climatic conditions and soil properties. The
findings showed that the conservation practices (e.g., no-tillage, reduced tillage, deep tillage, and
straw return) caused a 0.16-14.17% increase in SOC stock in the Mollisol region of Northeast China.
The results from meta-analysis confirmed that the conservation practices can significantly enhanced
the SOC stock. Straw return practice was proven to reach the maximum increase in SOC stock,
especially for the soil with lower initial SOC storage. The SOC stock changed not only with climatic
variables and soil properties, but also with different duration periods. The results from the RF models
indicated that the initial SOC was the most important factor affecting SOC stock, and SOC stock
increased with the increasing of initial SOC stock. In the future, the optimized management practice
need to be commended for different environmental conditions and agricultural regions, and it would
provide a effective method to achieve the 4%otarget through the conservation practices.
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