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Abstract
This study investigated the effects of straw return methods on the composition,
stability, and organic carbon distribution of soil water-stable aggregates, pro-
viding a reference for crop production and straw return systems in the dryland
farming region of Northeast China. A field experiment was initiated in 2015,
with four treatments: rotary tillage with straw return (RT), rotary tillage with-
out straw return (CK1), plow tillage with straw return (PT), and plow tillage
without straw return (CK2). Soil samples collected after the 2017 harvest were
analyzed for mass fraction of different aggregate size classes, stability, soil or-
ganic carbon (SOC) distribution, and maize yields over the recent three years
were measured. The results showed that straw return treatments increased
SOC content in aggregates of all sizes in the soil surface layer and promoted
the formation and stability of macroaggregates. In the 0–10 cm soil layer, un-
der the same tillage practice, SOC content in the RT treatment increased by
13.90% compared with the CK1 treatment[WTBX] (P<0.05),[WTBZ] and the
PT treatment increased by 9.29% compared with the CK2 treatment[WTBX]
(P<0.05).[WTBZ] Under different tillage practices, compared with the PT treat-
ment, the RT treatment increased macroaggregate mass by 22.05%, increased
the mean weight diameter of aggregates ([WTBX]MWD[WTBZ]) by 7.78%, and
reduced silt + clay aggregate content by 16.81%[WTBX] (P<0.05).[WTBZ]
Comparison of maize yields across different years revealed that yields varied
with precipitation. Precipitation in 2017 was lower than in 2016, and yields of
all treatments in 2017 were lower than in 2016, but the magnitude of decrease dif-
fered among treatments. The yield reduction in RT and PT treatments (8.57%
and 9.72%) was lower than that in CK1 and CK2 treatments (10.84% and
12.13%), indicating that straw return treatments had a yield-stabilizing effect,
with the RT treatment showing a more pronounced trend. Therefore, under
conditions of full-layer straw return in the spring maize dryland farming region
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of Northeast China, rotary tillage with straw return promotes the formation of
soil water-stable aggregates, increases soil SOC content, and can provide yield
stability assurance for maize production across different precipitation years.
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Abstract

This study investigated the effects of crop residue turnover on the composition
and stability of soil water-stable aggregates and the distribution of soil organic
carbon (SOC) to provide a reference for crop production and residue manage-
ment in semi-arid regions of northeast China. A field experiment including
rotary tillage and plow tillage with/without crop residue incorporation treat-
ments (RT, CK1, PT, and CK2) was initiated in 2015. The purposes were to
explore the effects of tillage and straw management practices on the proportion
of soil aggregates of various sizes, stability of soil water-stable aggregates, distri-
bution of SOC in 2017, and maize yield from 2015 to 2017. Our results indicated
that residue incorporation significantly increased SOC content by 13.90% (RT)
and 9.29% (PT), respectively, in the 0–10 cm soil layer compared with those
without residue incorporation (P < 0.05). Compared with PT, the content
of water-stable aggregates (>2 mm) and mean weight diameter of aggregates
(MWD) were significantly increased by 22.05% and 7.78%, respectively, while
the content of water-stable aggregates (<0.053 mm) was significantly decreased
by 16.81% under RT management (P < 0.05). In addition, RT significantly
enhanced the SOC of water-stable aggregates in topsoil, with the most improve-
ment found in the >2 mm water-stable aggregates (P < 0.05). There was no
significant difference in maize yield in 2016 and 2017. Compared with the yield
in 2016, the yield reduction from RT and PT treatments (8.57%–9.72%) was
lower than that from CK1 and CK2 (10.84%–12.13%) in 2017. Therefore, rotary
tillage with residue returning practice in dryland farming is recommended with
benefits of promoting soil water-stable aggregate formation and increasing SOC
content to provide stable yield for maize production regardless of precipitation
variation in northeast China.

Keywords: tillage; residue returning; soil water-stable aggregate; soil organic
carbon; maize yield; Shenyang
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1 Materials and Methods
1.1 Study Site

The field experiment was conducted from 2015 to 2017 at the experimental sta-
tion of Shenyang Agricultural University (). The site is located in a temperate
semi-humid region with a continental monsoon climate. The annual precipita-
tion during the maize growing season was 378 mm, 929 mm, and 388 mm in
2015, 2016, and 2017, respectively [FIGURE 1]. The soil in the 0–20 cm layer
had the following properties: organic matter content of 0.91 g・kg�¹, total nitro-
gen of 0.82 g・kg�¹, available phosphorus of 22.22 mg・kg�¹, bulk density of 1.41
g・cm�³, and pH of 5.60.

1.2 Experimental Design

The experiment consisted of four treatments: rotary tillage with straw incorpo-
ration (RT), rotary tillage without straw incorporation (CK1), plow tillage with
straw incorporation (PT), and plow tillage without straw incorporation (CK2).
The rotary tillage treatments (RT and CK1) were conducted at a depth of 15
cm, while the plow tillage treatments (PT and CK2) were conducted at a depth
of 30 cm. Each plot measured 12 m in length and 0.6 m in width, with 10 rows
per plot, giving a total area of 72 m². From 2015 to 2017, maize straw was re-
turned to the RT and PT plots after harvest, while straw was removed from the
CK1 and CK2 plots. All plots received basal fertilizer applications of N (urea,
diammonium phosphate) at 75 kg・hm�², P�O� (diammonium phosphate) at 75
kg・hm�², and K�O (potassium sulfate) at 250 kg・hm�². Additional topdressing
of N (urea) at 150 kg・hm�² was applied during the growing season.

1.3 Soil Sampling

In October 2017, soil samples were collected from each plot using a soil auger.
Samples were taken from four depth intervals: 0–10 cm, 10–20 cm, 20–30 cm, and
30–40 cm. Three replicate samples were collected from each plot and composited
by depth layer. The samples were air-dried and passed through an 8 mm sieve
to remove roots and debris before aggregate analysis.

1.4 Aggregate Analysis

Water-stable aggregates were measured using the wet sieving method. Soil sam-
ples were placed on a nest of sieves with mesh sizes of 2 mm, 0.25 mm, and 0.053
mm. The sieves were immersed in deionized water for 10 minutes before oscil-
lation. The stable aggregates retained on each sieve were collected, oven-dried
at 60°C, and weighed.

1.5 Calculations

The water-stable aggregate content (WRi), mean weight diameter (MWD), and
instability index (ELT) were calculated using the following formulas:
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𝑊𝑅𝑖 = 𝑊𝑖
𝑊0.25

× 100%

𝑀𝑊𝐷 = ∑(𝑊𝑇 − 𝑊0.25) × 100%

𝐸𝐿𝑇 = (𝑊0.25 − 𝑊𝑇 ) × 100%

where 𝑊𝑖 is the weight of aggregates in each size fraction, 𝑊𝑇 is the total weight
of aggregates, and 𝑊0.25 is the weight of aggregates >0.25 mm.

1.6 Statistical Analysis

All data were processed using Microsoft Excel 2016. Statistical analysis was
performed using SPSS 18.0 software. One-way ANOVA was conducted to test
for significant differences among treatments, and Duncan’s multiple range test
was used for post-hoc comparisons at P < 0.05. Figures were created using
Origin 2017 and Excel 2016.

2 Results
2.1 Distribution of Water-Stable Aggregates

The distribution of water-stable aggregates varied significantly among tillage
treatments and soil depths [FIGURE 2]. In the 0–40 cm profile, the proportion
of >2 mm aggregates ranged from 1.32% to 9.52%, while the <0.053 mm fraction
ranged from 45.87% to 66.71%. The 2–0.25 mm fraction was the dominant
aggregate class, accounting for 45.87%–66.71% of the total. Straw incorporation
significantly increased the proportion of >2 mm aggregates and decreased the
<0.053 mm fraction compared with non-incorporation treatments (P < 0.05).
In the 0–20 cm layer, RT significantly increased the >2 mm aggregate content
compared with PT, while in the 20–30 cm layer, PT showed higher values than
RT. The ranking of treatments for aggregate stability was generally: RT > PT
> CK1 > CK2.

2.2 Mean Weight Diameter and Instability Index

The mean weight diameter (MWD) of water-stable aggregates varied signifi-
cantly among treatments [FIGURE 3]. Straw incorporation increased MWD
values compared with non-incorporation treatments (P < 0.05). In the 0–10 cm
layer, RT produced higher MWD values than PT, while in the 20–30 cm layer,
PT showed higher MWD than RT, with increases of 16.85% and 18.29%, respec-
tively. The MWD ranking in the 0–20 cm layer was: RT > PT > CK1 > CK2.
The instability index (ELT) showed the opposite trend, with lower values indi-
cating greater stability [FIGURE 4]. Across the 0–40 cm profile, CK1 and CK2
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had higher ELT values than RT and PT, indicating that straw incorporation
improved aggregate stability.

2.3 Soil Organic Carbon Content

Straw incorporation significantly increased SOC content in water-stable aggre-
gates [FIGURE 5]. In the 0–10 cm layer, RT increased SOC by 11.97%–15.78%
compared with CK1, while PT increased SOC by 5.06%–32.96% compared with
CK2 (P < 0.05). The SOC content was highest in the >2 mm aggregates
(14.69–12.24 g・kg�¹) and decreased with decreasing aggregate size [TABLE 1].
The improvement in SOC was most pronounced in the >2 mm fraction under
RT treatment. In the 20–30 cm layer, PT showed the highest SOC content in
the 2–0.25 mm aggregates.

2.4 Crop Yield

Maize yield varied among years and treatments [FIGURE 6]. In 2015, no sig-
nificant differences were observed among treatments. In 2016, yields increased
significantly due to favorable precipitation (929 mm). In 2017, drought condi-
tions (388 mm precipitation) caused yield reductions in all treatments, but the
decline was less severe in straw incorporation treatments. Compared with 2016,
yield reductions in RT and PT were 8.57%–9.72%, significantly lower than the
10.84%–12.13% reductions observed in CK1 and CK2. The yield ranking across
all years was: RT > PT > CK2 > CK1.

3 Discussion
Our results demonstrate that straw turnover significantly improves soil struc-
ture and increases SOC content in semi-arid regions. The incorporation of
crop residues promotes the formation of macroaggregates (>2 mm) through
enhanced binding agents derived from decomposing organic matter. Rotary
tillage with straw return (RT) was particularly effective in the surface layer (0–
20 cm), increasing MWD by 7.78% and reducing the proportion of unstable mi-
croaggregates (<0.053 mm) by 16.81% compared with plow tillage (PT). This
improvement in aggregate stability enhances soil water infiltration and reduces
erosion risk.

The SOC content was significantly enriched in macroaggregates under straw
incorporation treatments, with RT showing the greatest enhancement (13.90%
increase in 0–10 cm layer). This is consistent with the aggregate hierarchy
theory, which posits that macroaggregates protect and sequester SOC more
effectively than microaggregates. The preferential accumulation of SOC in >2
mm aggregates under RT treatment suggests that this practice is optimal for
carbon sequestration in the studied region.

Despite the benefits for soil quality, straw incorporation did not significantly
increase crop yield in normal years. However, during the drought year of 2017,

chinarxiv.org/items/chinaxiv-201909.00038 Machine Translation

https://chinarxiv.org/items/chinaxiv-201909.00038


RT and PT treatments maintained higher yields than non-incorporation treat-
ments, indicating improved drought resistance. The yield stability under RT
management suggests that the benefits of improved soil structure and increased
SOC content become more apparent under stress conditions.

4 Conclusion
Rotary tillage with straw incorporation is recommended as a sustainable prac-
tice for dryland farming in northeast China. This practice significantly improves
soil aggregate stability, increases SOC content, particularly in macroaggregates,
and provides yield stability under variable precipitation conditions. The com-
bination of reduced tillage intensity and residue return represents an effective
strategy for enhancing soil health and ensuring long-term agricultural produc-
tivity in semi-arid regions.
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