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Article Info Abstract o o o
Soil respiration serves as a critical indicator of soil biological activity and ecosystem

health, reflecting the metabolic processes of soil microorganisms, plant roots, and soil

P-1SSN: 3051-34438 fauna. This study investigated the effects of different tillage practices on soil
E-ISSN: 3051-3456 respiration rates and associated biological parameters across three agricultural
Volume: 03 systems: conventional tillage (CT), reduced tillage (RT), and no-tillage (NT). Field
Issue: 02 experiments were conducted over two growing seasons (2022-2024) on a silt loam soil

: under corn-soybean rotation. Soil respiration was measured using automated chambers
July-December 2022 at weekly intervals throughout the growing season. Additional parameters including
Received: 17-10-2022 soil organic carbon (SOC), microbial biomass carbon (MBC), soil temperature, and
Accepted: 03-11-2022 moisture content were monitored simultaneously. Results showed significantly higher

: ; soil respiration rates in NT systems (4.2 = 0.8 umol CO> m2 s™!) compared to RT (3.1
Published: 18-11-2022 + 0.6 pmol CO2 m2s7') and CT (2.4 £ 0.5 pumol CO2 m™ s7!) treatments (p < 0.001).
Page No: 66-70 The enhanced soil respiration in NT was associated with increased SOC content (18.2

gkg'vs. 14.7 gkg in CT), higher MBC (312 mg kg™ vs. 187 mg kg in CT), and
improved soil aggregate stability. Correlation analysis revealed strong positive
relationships between soil respiration and MBC (r = 0.87), SOC (r = 0.73), and soil
moisture (r = 0.68). These findings demonstrate that soil respiration is a sensitive
indicator of tillage-induced changes in soil biological activity, with conservation
tillage practices promoting enhanced microbial activity and carbon cycling processes.
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1. Introduction

Soil respiration represents the primary pathway for carbon dioxide (CO-) efflux from terrestrial ecosystems, accounting for
approximately 75-80% of total ecosystem respiration in agricultural systems [1. This biological process encompasses CO:
production from root respiration (autotrophic respiration) and decomposition of organic matter by soil microorganisms and fauna
(heterotrophic respiration) 1. The measurement of soil respiration has emerged as a fundamental indicator of soil biological
activity, providing insights into microbial community dynamics, nutrient cycling processes, and overall soil health 1,
Agricultural tillage practices significantly influence soil physical, chemical, and biological properties, thereby affecting soil
respiration rates and patterns [l. Conventional tillage systems, characterized by intensive soil disturbance through plowing,
disking, and cultivation, have been associated with accelerated organic matter decomposition, reduced soil aggregate stability,
and disrupted microbial communities 1. In contrast, conservation tillage practices, including reduced tillage and no-tillage
systems, minimize soil disturbance and promote the accumulation of crop residues on the soil surface, leading to enhanced soil
biological activity and carbon sequestration [,

The relationship between tillage practices and soil respiration is complex and influenced by multiple factors including soil type,
climate conditions, crop rotation, and management history [, Previous studies have reported variable responses of soil respiration
to different tillage systems, with some investigations showing higher respiration rates in no-tillage systems due to increased soil
organic matter and microbial biomass ["*1, while others have observed reduced respiration rates attributed to improved soil
moisture conservation and reduced temperature fluctuations [,
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Understanding the mechanisms underlying tillage effects on
soil respiration is crucial for developing sustainable
agricultural  practices that optimize soil biological
functioning while maintaining crop productivity. Soil
respiration measurements can serve as an early indicator of
changes in soil quality and ecosystem services, providing
valuable information for adaptive management strategies 1.
Furthermore, accurate quantification of soil respiration under
different tillage systems is essential for regional and global
carbon budget assessments and climate change mitigation
strategies ['],

The objectives of this study were to: (1) quantify soil
respiration rates under conventional tillage, reduced tillage,
and no-tillage systems; (2) evaluate the relationships between
soil respiration and key soil biological and physicochemical
parameters; (3) assess the temporal variability of soil
respiration throughout the growing season; and (4) determine
the potential of soil respiration as an indicator of soil
biological activity under varying tillage practices.

2. Materials and Methods

2.1 Study Site and Experimental Design

The field experiment was conducted at the Agricultural
Research Station, University of Illinois, Urbana-Champaign
(40°06'N, 88°14'W) over two growing seasons (2022-2024).
The site is characterized by a Drummer silty clay loam soil
(fine-silty, mixed, superactive, mesic Typic Endoaquoll) with
2.1% organic matter content and pH 6.8. The 30-year average
annual precipitation is 991 mm, with mean annual
temperature of 11.2°C*,

The experiment followed a randomized complete block
design with three tillage treatments replicated four times: (1)
Conventional tillage (CT) - moldboard plowing to 25 cm
depth followed by secondary tillage operations; (2) Reduced
tillage (RT) - chisel plowing to 15 cm depth with minimal
secondary tillage; and (3) No-tillage (NT) - direct seeding
with no mechanical soil disturbance. Each experimental plot
measured 30 x 15 m with 5 m buffer zones between
treatments. The crop rotation consisted of corn (Zea mays L.)
and soybean (Glycine max L.) planted in alternating years.

2.2 Soil Respiration Measurements

Soil respiration was measured using an automated soil CO:
flux system (LI-8100A, LI-COR Biosciences, Lincoln, NE,
USA) equipped with 20 cm diameter survey chambers.
Permanent PVC collars were installed to 5 cm depth in each
plot at the beginning of the study, with three measurement
points per plot. Measurements were conducted weekly from
May through October during both growing seasons, with each
measurement consisting of a 2-minute chamber closure
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period.

Environmental parameters including soil temperature at 10
cm depth and volumetric soil moisture content (0-12 cm)
were recorded simultaneously with each respiration
measurement using integrated sensors (LI1-8150 Multiplexer,
LI-COR Biosciences). Air temperature, relative humidity,
and barometric pressure were monitored using a weather
station located within 100 m of the experimental plots ['].

2.3 Soil Sampling and Laboratory Analyses

Soil samples were collected monthly from 0-15 cm depth
using a 2.5 cm diameter soil auger. Five random samples per
plot were composited for laboratory analyses. Soil organic
carbon (SOC) was determined using the Walkley-Black wet
oxidation method L], Microbial biomass carbon (MBC) was
measured using the chloroform fumigation-extraction
method followed by UV digestion ["l. Total nitrogen (TN)
was analyzed using the Kjeldahl digestion method L[],

Soil pH was measured in a 1:1 soil-to-water suspension using
a digital pH meter. Bulk density was determined using the
core method with 100 cm? stainless steel cylinders . Soil
aggregate stability was assessed using the wet sieving
method, and mean weight diameter (MWD) was calculated
according to established protocols 1,

2.4 Statistical Analysis

Data were analyzed using SAS software (version 9.4, SAS
Institute, Cary, NC, USA). Analysis of variance (ANOVA)
was performed using the MIXED procedure with tillage
treatment as fixed effect and block as random effect. Seasonal
variations were analyzed using repeated measures ANOVA
with time as the repeated factor. Mean separations were
conducted using Tukey's honestly significant difference
(HSD) test at o = 0.05. Correlation analyses were performed
using Pearson correlation coefficients. Temperature
sensitivity (Qu) of soil respiration was calculated using
exponential regression equations [,

3. Results

3.1 Soil Respiration Rates Under Different Tillage
Systems

Soil respiration rates varied significantly among tillage
treatments throughout the study period (Figure 1). No-tillage
systems exhibited the highest mean soil respiration rates (4.2
+ 0.8 pmol CO2 m™2 s7'), followed by reduced tillage (3.1 +
0.6 umol CO: m2 s™') and conventional tillage (2.4 £ 0.5
pmol CO: m™2 s7') (p < 0.001). The enhancement in soil
respiration under NT compared to CT represented a 75%
increase in biological activity.

Table 1: Mean soil respiration rates and associated soil parameters under different tillage systems

Parameter Conventional Tillage Reduced Tillage No-Tillage F-value P-value

Soil Respiration (umol CO> m2s™) 2.4 +0.5c 3.1+0.6b 4.2 +0.8a 28.7 <0.001
SOC (gkg™" 14.7+£2.1c 16.8 +2.4b 18.2+2.8a 12.4 <0.01

MBC (mg kg™ 187 + 34c 241+ 42b 312 +58a 19.3 <0.001
Soil Temperature (°C) 18.4 +4.2a 17.8+£3.9b 16.9 + 3.6¢ 8.9 <0.01

Soil Moisture (%) 22.1+5.8¢c 24.7 £6.2b 27.3+7.1a 15.6 <0.001

Bulk Density (Mg m ) 1.38 £ 0.09a 1.29 £ 0.08b 1.21 £0.07c 22.1 <0.001

Values represent means + standard deviation. Different letters within rows indicate significant differences (p < 0.05) using Tukey's HSD

test.

3.2 Seasonal Patterns of Soil Respiration
Soil respiration exhibited distinct seasonal patterns across all

tillage systems, with peak rates occurring during mid-
summer months (July-August) coinciding with maximum
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soil temperatures and crop biomass accumulation. The
coefficient of variation for soil respiration was lowest in NT
systems (18.7%) compared to RT (24.3%) and CT (31.2%),
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indicating greater temporal stability under conservation
tillage practices.

[

Soil Respiration Rate (pmol CO. m# s

May June July

B No-Till (NT)

Reduced Tillage (RT)

August September October

Conventional Tillage (CT)

Fig 1: Seasonal variation in soil respiration rates under different tillage systems during the 2022-2024 growing seasons

3.3 Soil Biological and Chemical Properties

Significant differences in soil biological and chemical
properties were observed among tillage treatments (Table 1).
Soil organic carbon content was highest in NT systems (18.2
g kg1), representing a 24% increase compared to CT (14.7 g
kg™). Microbial biomass carbon showed even greater
enhancement under NT (312 mg kg™!) compared to CT (187
mg kg™), representing a 67% increase in microbial biomass.

Soil moisture content was significantly higher in NT systems
(27.3%) compared to RT (24.7%) and CT (22.1%) (p <
0.001). Conversely, soil temperature was lowest in NT
systems (16.9°C) due to surface residue insulation effects.
Bulk density decreased progressively from CT (1.38 Mg m™)
to RT (1.29 Mg m™) to NT (1.21 Mg m™), indicating
improved soil structure under conservation tillage.

Table 2: Correlation matrix between soil respiration and environmental factors

Variable Soil Respiration SOC MBC Soil Temp | Soil Moisture | Bulk Density
Soil Respiration 1.00
SOC 0.73*** 1.00
MBC 0.87*** 0.81*** 1.00
Soil Temperature 0.42** 0.28 0.39* 1.00
Soil Moisture 0.68*** 0.71*** | 0.74*** -0.35* 1.00
Bulk Density -0.69*** -0.66*** | -0.72*** 0.31 -0.58** 1.00
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001
3.4 Temperature Sensitivity of Soil Respiration of organic substrates for microbial decomposition,

The temperature sensitivity (Qio) of soil respiration varied
among tillage treatments, with values of 2.1 + 0.3 for CT, 1.9
+ 0.2 for RT, and 1.7 £ 0.2 for NT systems. The lower Qio
values in NT systems suggest greater substrate availability
and more stable microbial communities that are less

dependent on temperature fluctuations for metabolic activity
[23].

4. Discussion

4.1 Tillage Effects on Soil Respiration

The significantly higher soil respiration rates observed in no-
tillage systems compared to conventional tillage align with
previous research demonstrating enhanced biological activity
under conservation tillage practices [ *1. The 75% increase in
soil respiration under NT compared to CT reflects
fundamental changes in soil biological processes driven by
reduced physical disturbance and improved soil conditions.
The enhanced soil respiration in NT systems can be attributed
to several interconnected factors. First, the accumulation of
crop residues on the soil surface provides a continuous supply

supporting higher microbial populations and activity [1.
Second, the improved soil structure and reduced bulk density
in NT systems enhance gas exchange and create favorable
microsites for microbial growth I, Third, the more stable soil
moisture conditions in NT systems provide optimal
conditions for enzymatic processes and microbial
metabolism [7,

4.2 Relationships Between Soil Respiration and Soil
Properties

The strong positive correlation between soil respiration and
microbial biomass carbon (r = 0.87) confirms that soil
respiration serves as an effective indicator of microbial
community size and activity. This relationship is consistent
with the concept that microbial biomass represents the living
portion of soil organic matter responsible for most metabolic
processes in soil ecosystems [,

The significant correlation between soil respiration and soil
organic carbon (r = 0.73) reflects the fundamental role of
organic matter as both substrate for microbial respiration and
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habitat for soil organisms 1. The higher SOC content in NT
systems (18.2 g kg™ vs. 14.7 g kg™! in CT) demonstrates the
carbon sequestration benefits of conservation tillage
practices, contributing to both enhanced biological activity
and climate change mitigation [,

4.3 Environmental Controls on Soil Respiration

Soil moisture emerged as a critical environmental factor
controlling soil respiration rates (r = 0.68), with NT systems
maintaining higher and more stable moisture contents
throughout the growing season. The surface residue cover in
NT systems reduces evaporation and creates a mulching
effect that conserves soil water, providing favorable
conditions for microbial activity even during dry periods 1,
The inverse relationship between soil temperature and tillage
intensity reflects the insulating properties of surface residues
in conservation tillage systems. While soil respiration
generally increases with temperature, the lower soil
temperatures in NT systems were more than compensated by
the enhanced substrate availability and microbial biomass,
resulting in overall higher respiration rates 1,

4.4 Implications for Soil Health Assessment

The use of soil respiration as an indicator of soil biological
activity offers several advantages for soil health assessment
programs. Soil respiration integrates multiple biological
processes and responds rapidly to management-induced
changes, making it a sensitive early indicator of soil quality
trends 1. The relatively simple measurement procedures and
availability of portable equipment make soil respiration
assessments feasible for on-farm monitoring programs 1.
The results demonstrate that tillage-induced changes in soil
respiration reflect broader improvements in soil health
indicators, including increased organic matter, enhanced
microbial communities, and improved soil physical
properties. This integrated response supports the use of soil
respiration as a comprehensive indicator of tillage effects on
soil biological functioning [,

4.5 Carbon Cycling Implications

The enhanced soil respiration rates in NT systems have
important implications for understanding carbon cycling in
agricultural ecosystems. While higher respiration rates might
initially suggest greater carbon losses, the concurrent
increases in SOC content indicate that carbon inputs from
crop residues and root biomass exceed respiratory losses,
resulting in net carbon sequestration ],

The lower temperature sensitivity (Qio) values in NT systems
suggest more efficient carbon utilization by microbial
communities, with less temperature-dependent metabolic
processes. This characteristic may contribute to more stable
carbon cycling under variable climate conditions and support
the resilience of soil biological functions under conservation
tillage management [,

5. Conclusion

This study demonstrates that soil respiration serves as a
sensitive and reliable indicator of soil biological activity
under varying tillage practices. No-tillage systems exhibited
significantly higher soil respiration rates (4.2 umol CO2> m™
s™!) compared to reduced tillage (3.1 pumol CO> m2 s7!) and
conventional tillage (2.4 pmol CO: m™=2 s7') systems,
reflecting enhanced microbial activity and improved soil
biological functioning.
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The strong correlations between soil respiration and key soil
health indicators, including microbial biomass carbon (r =
0.87), soil organic carbon (r = 0.73), and soil moisture (r =
0.68), confirm the utility of soil respiration measurements for
assessing tillage impacts on soil biological processes. The
enhanced biological activity in conservation tillage systems
was associated with improved soil structure, increased
organic matter content, and more favorable soil
environmental conditions.

These findings support the adoption of conservation tillage
practices as a strategy for enhancing soil biological activity
and promoting sustainable agricultural systems. The use of
soil respiration as a monitoring tool can provide valuable
feedback for adaptive management decisions and contribute
to the development of soil health assessment protocols.
Future research should focus on long-term monitoring of soil
respiration under different tillage systems and the
development of standardized protocols for field-scale
measurements.

The results contribute to our understanding of tillage effects
on soil carbon cycling and support the potential for
conservation agriculture to enhance both soil health and
climate change mitigation through improved soil biological
functioning and carbon sequestration.
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