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Abstract
By analyzing the effects of straw return on soil respiration and its temperature
sensitivity under different crop rotation patterns, this study provides a theo-
retical basis for in-depth investigation of carbon cycling in agroecosystems in
the Guanzhong region. The experiment was conducted in Yangling, Shaanxi
Province, from October 2012 to September 2014, using winter wheat-summer
maize rotation and winter wheat-summer soybean rotation as study objects.
Two treatments were established: straw return (SM) and no straw (NS). Soil
respiration, soil temperature, and soil water content were measured and ana-
lyzed for their variation trends and differences under different treatments, and
the temperature sensitivity of soil respiration (Q10) was estimated. The re-
sults showed that soil respiration exhibited obvious seasonal variation. During
most of the crop growth period, soil respiration rates under SM treatment were
significantly higher than those under NS treatment (P<0.05), and the average
soil respiration rate during the crop growth period and cumulative soil respira-
tion emissions under SM treatment were also highly significantly higher than
those under NS treatment (P<0.01). The average soil respiration rates during
different crop growth periods followed the order: summer maize > summer soy-
bean > winter wheat, while total soil respiration showed the pattern: winter
wheat > summer maize > summer soybean, and winter wheat-summer maize
rotation > winter wheat-summer soybean rotation. Soil temperature differed be-
tween winter wheat-summer maize rotation and winter wheat-soybean rotation;
specifically, during the early growth stage of winter wheat, soil temperature
in winter wheat-summer maize rotation was significantly higher than that in
winter wheat-soybean rotation. During the second season, soil temperature at 5
cm depth during the summer maize growth period was significantly lower than
that of summer soybean in the same season. Compared with NS treatment, SM
treatment increased soil temperature in winter and decreased soil temperature
in spring and summer. During periods of high temperature and low rainfall, SM
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treatment could increase the average water content of 0-30 cm soil. Different
preceding crops led to significant differences in soil water content of the tillage
layer of winter wheat between the two rotation patterns, and soil water con-
tent in the tillage layer under summer maize was significantly higher than that
under summer soybean. Correlation analysis showed that soil respiration had
highly significant positive correlations with soil temperature at both 5 cm and
10 cm, with a better correlation with soil temperature at 5 cm; however, there
was no significant correlation between soil respiration and average soil water
content at 0-30 cm. Variations in soil temperature at 5 cm and 10 cm could
explain 64.6%-67.3% and 51.5%-59.6% of soil respiration variation, respectively.
Throughout the entire study period, temperature sensitivity (Q10) ranged from
1.70 to 2.01. Temperature sensitivity in winter wheat-summer maize rotation
was significantly higher than that in winter wheat-soybean rotation, and un-
der the same rotation pattern, temperature sensitivity under SM treatment was
significantly lower than that under NS treatment. Therefore, straw return can
enhance soil respiration in cropland, reduce the temperature sensitivity of soil
respiration, and simultaneously regulate soil hydrothermal conditions.
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Abstract

Soil respiration represents the second largest carbon flux between terrestrial
ecosystems and the atmosphere, playing a critical role in regulating global soil
carbon dynamics. As soil temperature and moisture are projected to exert
stronger effects on soil respiration in the future, understanding the response
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of soil microbes to temperature change provides a novel approach for studying
drought effects on soil respiration and predicting drought-induced changes in
the terrestrial carbon cycle. Temperature sensitivity of soil respiration (Q��)
explains the relationship between soil respiration and temperature. This study
investigated how straw mulching affects the linkages between soil respiration
and temperature in agro-ecosystems in Yangling, Shaanxi Province.

A two-year field experiment (October 2012 to September 2014) was conducted
under two crop rotation systems: winter wheat–summer maize and winter
wheat–summer soybean. Two treatments—no straw (NS) and straw mulch (SM)
—were established to analyze variations in soil respiration rate, temperature,
and moisture, and to estimate temperature sensitivity (Q��). Results showed
that soil respiration exhibited clear seasonal variation. During most of the
crop growth period, SM treatment significantly increased soil respiration rate
compared with NS treatment (P < 0.05), with mean soil respiration rate and cu-
mulative emissions during the crop growth period being extremely significantly
higher under SM (P < 0.01). The mean soil respiration rate across crop growth
periods followed the order: summer maize (3.401–4.810 �mol・m�²・s�¹) > summer
soybean (3.390–3.762 �mol・m�²・s�¹) > winter wheat (2.673–3.141 �mol・m�²・s�¹).
Cumulative soil respiration differed among rotations: wheat-maize [34.68–40.81
t(CO�)・hm�²] > wheat-soybean [30.04–33.86 t(CO�)・hm�²].

Soil temperature varied significantly between rotation systems. During early
winter wheat growth, soil temperature under wheat-maize rotation was signif-
icantly higher than under wheat-soybean rotation. At 5 cm depth during the
second summer crop season, soil temperature in maize plots was significantly
lower than in soybean plots. Compared with NS treatment, SM treatment in-
creased soil temperature in winter but decreased it in spring and summer. Dur-
ing hot, dry periods, SM treatment significantly increased mean soil moisture
content in the 0–30 cm layer. Differences in preceding crops created significant
differences in topsoil moisture between the two rotations, with moisture content
under summer maize being significantly higher than under summer soybean.

Correlation analysis revealed that soil respiration was extremely significantly
positively correlated with soil temperature at both 5 cm and 10 cm depths,
with a stronger correlation at 5 cm. However, no significant correlation was
found between soil respiration and mean soil moisture content in the 0–30 cm
layer. Soil temperature at 5 cm and 10 cm depths explained 64.6%–67.3% and
51.5%–59.6% of soil respiration variation, respectively. Across the entire study
period, Q�� values ranged from 1.70 to 2.01, being significantly higher under
wheat-maize than wheat-soybean rotation. Within each rotation system, Q��
was significantly lower under SM treatment than NS treatment.

Therefore, straw mulching enhances soil respiration, reduces its temperature
sensitivity, and regulates soil hydrothermal conditions in farmland ecosystems.

Keywords: Crop rotation system; Straw mulch; Soil respiration; Temperature
sensitivity; Soil moisture and heat condition
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Introduction

Since the Industrial Revolution, rapid human development has posed unprece-
dented challenges to the natural environment, with climate change and its im-
pacts representing one of the most critical environmental issues facing humanity
today. As environmental conditions deteriorate, the carbon cycle—closely linked
to climate change—has become a major research focus worldwide. Soil carbon
pools constitute the largest carbon reservoir in terrestrial ecosystems. As the
primary form of CO� exchange between soil and atmospheric carbon pools, soil
respiration accounts for more than two-thirds of total emissions from terres-
trial ecosystems. Globally, over 75 Pg of carbon (1 Pg = 1×10¹� g) is released
annually to the atmosphere through soil respiration. Even minor changes in
soil respiration will inevitably alter atmospheric carbon concentrations, thereby
exacerbating global warming and threatening human survival and environmen-
tal sustainability. Agricultural production is estimated to contribute 21%–25%
of anthropogenic greenhouse gas emissions, and in China—a major agricultural
nation—carbon emissions from farmland increased by 93.9% between 1999 and
2009. Therefore, studying carbon emissions from agricultural production holds
significant practical importance.

Compared with other terrestrial ecosystems, farmland ecosystems experience
the greatest human disturbance. Variations in tillage, fertilization, and irriga-
tion practices create differences in soil environments that subsequently affect
soil respiration rates. Soil respiration flux measured at the soil surface generally
represents the sum of root respiration and microbial respiration. Soil respiration
intensity is closely linked to soil organic matter content and mineralization rates,
as well as to microbial community composition and activity. Straw mulching, a
widely adopted agricultural practice, is believed to improve soil hydrothermal
conditions and enhance soil aeration. Previous studies have also demonstrated
that straw mulching significantly affects soil organic matter content and mi-
crobial biomass. Extensive research has examined soil respiration responses
to straw mulching, with mixed results. Some studies indicate that no-tillage
with straw mulching increases soil organic matter content, promoting organic
matter decomposition and CO� release, thereby enhancing soil respiration rates.
Conversely, other research suggests that no-tillage with stubble retention signifi-
cantly reduces soil respiration rates, with the magnitude of reduction increasing
with stubble amount.

Soil respiration is closely associated with temperature, typically showing in-
creased CO� flux with rising temperatures. However, soil respiration also ex-
hibits thermal adaptation, which can weaken the relationship between respi-
ration and temperature changes. The strength of this adaptation depends
primarily on the temperature sensitivity of soil respiration, making Q�� (the
factor by which respiration increases with a 10°C temperature rise) a critical
parameter for understanding global carbon cycle responses to climate change.
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Researchers have developed various temperature response functions, with Q��
being the most widely used. Among the many factors influencing soil respi-
ration temperature sensitivity, temperature and moisture dominate, affecting
both microbial communities and substrate availability. Synthesized Q�� val-
ues across ecosystems range from 1.28 to 4.75. Recent studies on agricultural
ecosystems have increased, focusing primarily on how tillage and fertilization
practices alter hydrothermal conditions, nutrient content, and microbial sta-
tus, thereby changing temperature sensitivity. However, research specifically
addressing straw mulching effects remains limited, often treating it as one of
several tillage practices or examining single crops rather than rotation systems.

This study analyzes two common rotation systems in Shaanxi Province to com-
pare how straw mulching affects soil respiration temperature sensitivity across
different rotations, providing theoretical insights for carbon cycling research in
the Guanzhong region’s farmland ecosystems.

1. Materials and Methods

1.1 Study Site The experiment was conducted in the Yangling Agricultural
Demonstration Zone in Shaanxi Province (108°07�E, 34°12�N). The region has
a continental warm temperate monsoon climate with a mean annual temper-
ature of 12.9°C. Precipitation occurs mainly from July to September, with
an average annual rainfall of approximately 660 mm. The cropping system
is double-cropping per year. The experimental soil is [soil type], with basic
physicochemical properties shown in .

** Soil chemical properties of the tested field**

Soil
depth
(cm)

Organic
matter (g・
kg�¹)

Available
phosphorus
(mg・kg�¹)

Available
potassium
(mg・kg�¹)

Alkali-
hydrolysable
nitrogen (mg・
kg�¹)

0–10 8.78±0.34A 13.00±0.14A 158.12±1.87A 37.32±0.53A
10–20 6.76±0.46B 11.16±0.44B 133.17±1.81B 28.11±0.93B
20–30 4.94±0.39C 9.02±0.04C 123.81±1.81C 22.16±2.13C

Note: Soil chemical properties were measured before the experiment in 2011.

1.2 Experimental Design The experiment ran from 2012 to 2014, focusing
on two rotation systems: winter wheat (Triticum aestivum L.)–summer maize
(Zea mays L.) and winter wheat–summer soybean (Glycine max L.). Winter
wheat was sown in early October 2012 and 2013, and harvested in June 2013
and 2014. Summer maize and soybean were sown immediately after winter
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wheat harvest and harvested in early October 2013 and 2014. Wheat variety
was‘Xinong 889’, maize was‘Luodan 9’, and soybean was‘Dongdou 339’.

To avoid irrigation-induced stimulation of soil respiration that could affect mea-
surement accuracy, irrigation was minimized. Each winter wheat season re-
ceived only one winter irrigation in mid-January (during overwintering), while
summer crops received one irrigation in mid-July to alleviate drought stress,
with rainfall providing remaining water needs. All irrigation was flood irriga-
tion.

The entire experimental area was under no-tillage. Each rotation system had
two treatments: straw mulch (SM) and no straw (NS, control). In the wheat-
maize rotation, treatments were designated SM1 and NS1; in the wheat-soybean
rotation, SM2 and NS2. Each plot measured 8.6 m × 8 m, with 0.5 m spacing
between plots and three replicates per treatment. For SM treatment, crop
residues were returned directly after harvest; for NS treatment, all residues
were removed. Fertilizer application rates were: winter wheat—urea 375 kg・
hm�² + diammonium phosphate 375 kg・hm�²; summer maize—urea 375 kg・
hm�²; summer soybean—diammonium phosphate 150 kg・hm�². All fertilizers
were applied as basal dressings. Straw incorporation amounts and nitrogen
application rates are detailed in .

** Amounts of straw incorporation and nitrogen fertilizer application for differ-
ent crops**

Crop
Straw incorporation (kg・
hm�²)

Nitrogen fertilizer [kg(N)・
hm�²]

Winter wheat [value] [value]
Summer maize [value] [value]
Summer
soybean

[value] [value]

Note: Nitrogen amounts were calculated based on 46% N in urea and 17.4% N
in diammonium phosphate.

1.3 Measurements

1.3.1 Gas Measurement Soil respiration rate was measured using a GXH-
3010E1 portable infrared analyzer. After sowing, PVC chambers (10 cm height,
16 cm diameter) were installed in each plot at 5 cm depth, with three chambers
per plot arranged in a triangular pattern 1 m apart. During measurement, a
small fan was placed on top of each chamber and run for 3 minutes to homogenize
internal gas before sampling. All measurements were conducted between 9:00–
11:00.

Soil respiration rate was calculated as:
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𝑅 = 𝑘 ⋅ (𝑋2 − 𝑋1) ⋅ 𝐻
Δ𝑡

where 𝑅 is soil respiration rate (�mol・m�²・s�¹), 𝑘 is a conversion coefficient
(1.80 at 25°C and 1 standard atmosphere), 𝑋1 and 𝑋2 are initial and final CO�
concentrations (%), 𝐻 is chamber height (m), and Δ𝑡 is measurement duration
(s).

Measurements began after the first winter wheat sowing (October 2012). Due
to slow growth before regreening, measurements were taken at seedling (15 days
after sowing, DAS), tillering (50 DAS), overwintering (95 DAS), and regreening
stages (155 DAS), then every 15 days thereafter, totaling 9 measurements per
wheat season. Summer crops were measured every 15 days after sowing (7
measurements total). After rainfall events, measurements were delayed 3–5
days to minimize precipitation effects.

1.3.2 Soil Temperature Measurement Right-angle soil thermometers at
multiple depths were installed 10 cm from PVC chambers, with three sets per
treatment. Soil temperatures at 5, 10, and 15 cm depths were recorded simul-
taneously with CO� measurements.

1.3.3 Soil Moisture Measurement Soil moisture was determined by oven-
drying method. On each measurement day, soil samples were collected from 0–
30 cm depth in 10-cm increments, with three replicates per plot.

1.3.4 Cumulative Soil Respiration Cumulative soil respiration was calcu-
lated using the formula from Zhai et al.:

𝑅𝑎 = (𝑅𝑖 + 𝑅𝑖+1)
2 × 3600 × 24 × 44 × 10−8 × 𝑛

where 𝑅𝑎 is cumulative soil respiration [t(CO�)・hm�²], 𝑅𝑖 and 𝑅𝑖+1 are succes-
sive respiration rate measurements, and 𝑛 is the interval days between measure-
ments.

1.3.5 Data Analysis Soil respiration temperature response was modeled us-
ing the exponential function:

𝑅 = 𝑎 ⋅ 𝑒𝑏𝑇

where 𝑅 is soil respiration rate (�mol・m�²・s�¹), 𝑇 is soil temperature (°C), and
𝑎 and 𝑏 are regression coefficients.

Temperature sensitivity (Q��) was calculated as:
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𝑄10 = 𝑒10𝑏

Data analysis and graphing were performed using Microsoft Excel 2010, SPSS
20.0, and Origin 2016, with Duncan’s multiple range test for ANOVA.

2. Results

2.1 Dynamics of Soil Temperature Under Different Treatments As
shown in [Figure 1: see original paper], monthly mean air temperature ranged
from -1.6°C (January 2013) to 23.1°C (August 2013) during 2012–2013, and
from -1.3°C (December 2013) to 28.2°C (June 2014) during 2013–2014. In both
years, June–August temperatures exceeded 21°C. Most monthly rainfall was
below 230 mm, except in April 2013, February 2014, April 2014, and September
2014 when it exceeded 300 mm.

In both rotation systems, soil temperature during winter wheat growth showed a
decreasing then increasing trend, with the turning point at 95 DAS. At 95 DAS
in both wheat seasons, SM treatment had higher temperatures than NS at both
5 cm and 10 cm depths (0.1–0.8°C higher). During 95–230 DAS, SM treatment
had lower temperatures than NS: in wheat-maize rotation, decreases of 4.4%–
10.7% (5 cm) and 1.3%–5.3% (10 cm) in 2012–2013, and 2.5%–10% (5 cm) and
0.5%–4.2% (10 cm) in 2013–2014; similar patterns occurred in wheat-soybean
rotation.

During summer crop seasons, soil temperature in 2013 soybean decreased con-
tinuously, while maize temperature remained stable until 60 DAS then declined.
In 2014, both crops showed an increase then decrease pattern with the peak at
45 DAS. In 2013, SM treatment reduced soil temperature by 0.3%–7.7% (5 cm)
and 0.3%–7.4% (10 cm) in maize, and by 0.3%–4.4% (5 cm) and 0.7%–6.1% (10
cm) in soybean. In 2014, temperature reductions were 1.7%–9.8% (5 cm) and
0.35%–0.4% (10 cm) in maize, and 0.7%–4.6% (5 cm) and 0.7%–3.7% (10 cm)
in soybean.

Throughout the study period, wheat-maize rotation had significantly higher soil
temperature than wheat-soybean rotation during early wheat growth stages. In
the second summer crop season, 5 cm soil temperature under maize was signifi-
cantly lower than under soybean. Within each rotation, SM and NS treatments
differed significantly, and soil temperature generally decreased with depth, ex-
cept during 50–95 DAS in winter wheat.

2.2 Dynamics of Soil Moisture Under Different Treatments Mean soil
moisture in the 0–30 cm layer varied significantly between rotation systems
([Figure 3: see original paper]). During 2012–2013 wheat season at 185, 200,
and 230 DAS, SM treatment increased moisture by 9.58%, 1.77%, and 7.46%
compared with NS in wheat-maize rotation, and by 0.08%, 6.21%, and 3.53% in

chinarxiv.org/items/chinaxiv-201711.02167 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02167


wheat-soybean rotation. During 2013–2014 wheat season at 215 and 230 DAS,
SM increased moisture by 6.62% and 2.92% in wheat-maize rotation, and by
3.08% and 5.39% in wheat-soybean rotation.

During both summer maize seasons (30–90 DAS), SM treatment increased mois-
ture by 0.5%–3.18% in 2013 and 0.06%–4.17% in 2014 compared with NS. In
2012–2013 summer soybean season, SM increased moisture by 0.78%–3.50%
throughout the growth period. In 2013–2014, SM increased moisture by 0.44%–
13.85% at all times except 90 DAS.

2.3 Effects of Soil Hydrothermal Factors on Soil Respiration Pear-
son correlation analysis showed extremely significant positive correlations be-
tween soil respiration and soil temperature at both 5 cm and 10 cm depths in
both rotation systems (). Correlation coefficients ranged from 0.611 to 0.687 in
wheat-maize rotation and 0.227 to 0.397 in wheat-soybean rotation. SM treat-
ment showed stronger correlations than NS, and correlations were stronger at
5 cm than at 10 cm depth. No significant correlations were found between soil
respiration and mean soil moisture in the 0–30 cm layer.

Exponential functions explained the relationship between soil respiration and
temperature (). Soil temperature at 5 cm depth explained 64.6%–67.3% of soil
respiration variation, while temperature at 10 cm depth explained 51.5%–59.6%.

** Correlation analysis of soil respiration and soil hydrothermal factors**

Rotation
system Treatment

5 cm soil
temperature

10 cm soil
temperature

0–30 cm soil
moisture

Wheat-
maize

NS 0.631** 0.611** ns

SM 0.687** 0.670** ns
Wheat-
soybean

NS 0.286** 0.227** ns

SM 0.397** 0.374** ns

*Note: NS = no straw incorporation, SM = straw incorporation. ** indicates
significant correlation at P < 0.01 level.*

** Fitted equations of soil respiration with soil temperature**

Rotation
system Treatment Soil depth (cm) Fitted equation P-value
Wheat-maize NS 5 R=0.838e�・���� <0.001

SM 5 R=0.868e�・���� <0.001
NS 10 R=1.048e�・���� <0.001
SM 10 R=0.882e�・��³� <0.001
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Rotation
system Treatment Soil depth (cm) Fitted equation P-value
Wheat-soybean NS 5 R=0.805e�・���� <0.001

SM 5 R=1.063e�・���� <0.001
NS 10 R=0.787e�・���� <0.001
SM 10 R=0.787e�・���� <0.001

2.4 Dynamics of Soil Respiration Rate Under Different Treatments
Soil respiration rates under different treatments are shown in [Figure 4: see origi-
nal paper]. After winter wheat sowing, respiration rates decreased gradually to a
minimum at 95 DAS. During 155–230 DAS, patterns varied among treatments.
In 2012–2013, only SM treatment in wheat-soybean rotation showed continu-
ously increasing respiration, while other treatments peaked then declined. In
2013–2014, all treatments increased during 95–200 DAS then decreased during
215–230 DAS.

During summer crop seasons, respiration rates generally increased then de-
creased. In 2013, peak respiration occurred at 45 DAS in soybean and 60 DAS in
maize. In 2014, wheat-maize rotation maintained higher respiration rates than
wheat-soybean during 30–105 DAS, with all treatments peaking at 60 DAS.

In wheat-maize rotation, SM treatment significantly increased respiration rates
by 1.08%–36.53% compared with NS at most measurement times (except 230
DAS in 2012–2013 and 200 DAS in 2013–2014). In wheat-soybean rotation, SM
increased respiration by 1.51%–99.43% at all times except 95–155 DAS. During
summer maize seasons, SM increased respiration by 0.70%–56.24% at most times
(except 30 and 75 DAS in 2014). During summer soybean seasons, SM increased
respiration by 0.73%–11.64% throughout both seasons.

Mean soil respiration rates were 2.673–3.141 �mol・m�²・s�¹ for winter wheat,
3.401–4.810 �mol・m�²・s�¹ for summer maize, and 3.390–3.762 �mol・m�²・s�¹ for
summer soybean (). SM treatment significantly increased mean respiration rates
(P < 0.01) across all crops and seasons: by 14.13% and 9.35% in wheat-maize
wheat seasons, 12.61% and 7.29% in wheat-soybean wheat seasons, 16.55% and
16.70% in maize seasons, and 4.01% and 2.33% in soybean seasons.

** Mean soil respiration rates in crop growth periods (�mol・m�²・s�¹)**

Treatment

Winter
wheat
2012–2013

Winter
wheat
2013–2014

Summer
maize
2013

Summer
maize
2014

Summer
soybean
2013

Summer
soybean
2014

NS 2.673±0.028C2.801±0.016B3.401±0.017B4.731±0.030B3.113±0.029A3.090±0.023A
SM 3.113±0.029A3.090±0.023A3.964±0.017A4.810±0.020A2.745±0.004B2.774±0.006B

Note: Different letters indicate significant differences among treatments within
the same growth period at P < 0.01.
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2.5 Dynamics of Cumulative Soil Respiration Under Different Treat-
ments Cumulative soil respiration represents total CO� released during the
entire crop growth period. As shown in , cumulative respiration differed sig-
nificantly among crops: winter wheat > summer maize > summer soybean.
Consequently, wheat-maize rotation had higher total respiration [34.68–40.81
t(CO�)・hm�²] than wheat-soybean rotation [30.04–33.86 t(CO�)・hm�²]. Within
each crop, cumulative respiration was significantly higher under SM than NS
treatment (P < 0.01), consistent with mean respiration rate patterns.

** Cumulative soil respiration in crop growth periods [t(CO�)・hm�²]**

Treatment

Winter
wheat
2012–2013

Winter
wheat
2013–2014

Summer
maize
2013

Summer
maize
2014

Summer
soybean
2013

Summer
soybean
2014

NS 19.80±0.39B 20.29±0.014B15.80±0.11B18.17±0.15B21.89±0.33A21.94±0.39A
SM 21.89±0.33A 21.94±0.39A 17.46±0.17A18.80±0.14A19.85±0.21C18.88±0.29C

2.6 Variation in Soil Respiration Temperature Sensitivity (Q��) The
exponential function 𝑅 = 𝑎𝑒𝑏𝑇 was used to model the response of soil respiration
to 5 cm soil temperature across two rotation cycles, from which Q�� values were
estimated ([Figure 5: see original paper]). Across the entire study period, Q��
ranged from 1.70 to 2.01. Q�� was significantly higher in wheat-maize rotation
than in wheat-soybean rotation (P < 0.05). Within each rotation, SM treatment
had significantly lower Q�� than NS treatment (P < 0.01). Specifically, SM
reduced Q�� by 0.20 in wheat-maize rotation and by 0.16 in wheat-soybean
rotation.

[Figure 5: see original paper] Variations of temperature sensitivity
(Q��) values under different treatments

Note: Different uppercase letters indicate significant differences between treat-
ments within the same rotation system at P < 0.01.

3. Discussion and Conclusion

Soil temperature dynamics respond to air temperature changes and solar ra-
diation receipt. In this study, seasonal soil temperature patterns matched air
temperature trends, but depth-specific patterns differed: at 10 cm depth, tem-
perature was higher than at 5 cm in winter, but lower in spring and summer.
This occurs because heat transfers from deep to shallow layers when air tem-
perature is low, and from shallow to deep layers when air temperature is high.
Previous studies have confirmed that straw mulching regulates topsoil tempera-
ture, which our results support: SM treatment increased soil temperature when
external temperatures were low, but decreased it when temperatures rose.
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During winter wheat growth, different straw amounts from preceding crops
(maize vs. soybean) caused differential heat loss to the atmosphere, leading to
significant temperature differences between rotations during early wheat growth.
For summer crops, canopy differences affected soil temperature: larger maize
leaves reduced solar radiation reaching the soil surface, lowering temperature
compared with soybean.

Previous research indicates straw mulching increases soil moisture during crop
growth, though our results show this effect was not universal. During hot, dry
months with high evapotranspiration, low rainfall, and long intervals between
events, SM treatment increased topsoil moisture by reducing ineffective evapo-
ration. Additionally, maize plots had higher moisture than soybean plots, likely
because larger maize leaves reduced direct solar radiation and slowed evapora-
tion. Differences in winter wheat topsoil moisture between rotations may be
attributed to varying root systems altering infiltration rates under rotation sys-
tems.

Some studies suggest no-tillage with straw mulching reduces soil respiration,
but our no-tillage experiment showed SM significantly increased respiration,
consistent with Blanco-Canqui et al. Straw decomposition is a slow process;
unconverted carbon is released as CO� or CH�. Additionally, high nitrogen
application rates altered soil C/N ratios, favoring microbial decomposition and
increasing carbon release. The higher mean respiration rates under SM align
with previous findings.

Differences in respiration rates between rotations stem from altered microbial
community distribution, diversity, and nutrient cycling due to different crop
growth characteristics. Variations in soil temperature and moisture under dif-
ferent rotations, along with differing nitrogen application and straw amounts,
contribute to these differences. Soil temperature and moisture are key envi-
ronmental factors affecting respiration. Our study found significant positive
correlations between respiration and temperature at 5 cm and 10 cm depths,
with stronger correlations at 5 cm, consistent with Li et al. Temperature at
5 cm explained 64.6%–67.3% of respiration variation, slightly lower than the
62.31%–78.66% reported by Zhang et al. No significant correlation between res-
piration and 0–30 cm soil moisture was observed, agreeing with several previous
studies.

Q�� values (1.70–2.01) were slightly lower than the reported Chinese range
(2.25±0.28). Wheat-maize rotation had higher Q�� than wheat-soybean rota-
tion, possibly because lower temperatures in wheat-maize rotation during later
growth stages enriched microbial diversity, potentially increasing Q��. SM treat-
ment reduced Q�� compared with NS, consistent with previous research. This
may be attributed to climatic conditions: high summer temperatures and single
irrigation events may have caused drought stress, reducing temperature sensi-
tivity.

As part of a long-term experiment, our two-year study requires further vali-
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dation. Future research will continue investigating long-term effects of straw
mulching on soil respiration temperature sensitivity.

In conclusion, during 2012–2014, straw mulching under different rotations signif-
icantly affected soil respiration and its temperature sensitivity. Soil respiration
showed clear seasonal variation, with SM treatment significantly increasing res-
piration rates, mean respiration rates, and cumulative emissions compared with
NS. Cumulative respiration was higher in wheat-maize than wheat-soybean rota-
tion. Straw mulching regulated soil temperature (increasing in winter, decreas-
ing in spring/summer) and improved soil moisture during hot, dry periods. Soil
temperature was significantly positively correlated with respiration, explaining
64.6%–67.3% and 51.5%–59.6% of variation at 5 cm and 10 cm depths, respec-
tively, while moisture showed no significant correlation. Straw mulching reduced
temperature sensitivity of soil respiration, providing practical implications for
studying farmland ecosystem carbon cycling responses to global climate change.
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