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Abstract: Assessment of the effects of crop management practices on soil physical properties is
largely limited to soil moisture content, air content or bulk density, which can take considerable time
to change. However, soil pore space indices evolve rapidly and could quickly detect changes in soil
properties resulting from crop management practices, but they are not often measured. The objective
of this study was to investigate how soil pore space indices—relative gas diffusion coefficient (Ds/Do)
and pore tortuosity factor (τ)—are affected by tillage system (TL), cover crop (CC) and crop rotation
(CR). A study was conducted on silt loam soil at Freeman farm, Lincoln University of Missouri
during the 2011 to 2013 growing seasons. The experiment design was a randomized complete block
with two tillage systems (no tillage or no-till vs conventional tillage), two cover crops (no rye vs cereal
rye (Secale cereale L.)) and four crop rotations (continuous corn (Zea mays L.), continuous soybean
(Glycine max L.), corn–soybean and soybean–corn successions). All the treatments were replicated
three times for a total of 48 experimental units. Soils were collected from two sampling depths
(SD), 0–10 and 10–20 cm, in each treatment and soil physical properties, including bulk density
(BD), air-filled porosity (AFP, fa) and total pore space (TPS, Φ), were calculated. Gas diffusivity
models following AFP and/or TPS were used to predict Ds/Do and τ values. Results showed that,
overall, Ds/Do was significantly increased in no-tilled plots planted to cereal rye in 2012 (p = 0.001)
and in 2013 (p = 0.05). No-tilled continuous corn, followed by continuous soybean and no-tilled
soybean–corn rotations had the highest Ds/Do values, respectively. In magnitude, Ds/Do was
also increased in no-till plots at the lower depth (10–20 cm). No-tilled plots planted with cereal rye
significantly reduced τ in 2012 (p = 0.001) and in 2013 (p = 0.05). Finally, at the upper depth (0–10 cm),
the no-tilled corn–soybean rotation and the tilled soybean–corn rotation had the lowest τ. However,
at the lower depth (10–20 cm), the four crop rotations were not significantly different in their τ values.
These results can be useful to quickly assess the changes in soil physical properties because of crop
management practices and make necessary changes to enhance agricultural resilience.

Keywords: corn–soybean rotation; no tillage; pore tortuosity factor; relative gas diffusion coefficient;
soil management

1. Introduction

A comprehensive understanding of the impact of crop management practices on soil
properties is important in farm management to derive recommendations for optimal and
sustainable utilization of land resources [1,2]. Nowadays, climate change-related threats
and effects on agriculture are leading to increasingly urgent calls for farmers to adopt
agricultural practices which can contribute to mitigating its impact and increase resilience
and agricultural sustainability [3]. Some of the most common practices include the use of
crop rotation, cover crops and no-tillage systems as essential elements of agroecosystem
resilience [4]. The literature shows the varying magnitudes of the effects of conventional
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tillage on soil physical, chemical and biological properties [5–7]. When a tillage system
in soil is changed from conventional to a no- or less-tillage system with crop residues
that have been left behind on the surface, it may affect nearly all physical, chemical and
biological properties [8,9]. However, there is much variability in the literature regarding
soil bulk density (BD). Pikul et al. [10] carried out tillage research at eight different locations
and found an increased, decreased or unchanged BD in surface soil.

Similarly, the inclusion of a cover crop in a cropping system is a source of organic
matter from biomass produced, which enhances biological activities and subsequently
improves soil quality [11–13]. However, the literature also contains the evidence of no
changes in soil structural properties due to addition of cover crops [14]. The use of cover
crops increases the diversity and intensity of crop rotations [15,16]. Besides inclusion
of cover crops, crop rotation also can include slow-decomposition plants with a high
potential for dry matter production, e.g., corn, as well as legumes with high potential
for biological nitrogen fixation and with faster decomposition, e.g., soybean, providing
numerous benefits for any cropping system [17]. For example, crop rotation reduces the
incidence of pests and diseases, improves nutrient use and reduces weed pressure [18,19].
Some other crop rotation studies suggested that the improvement of soil structural porosity
to enhance hydraulic behavior [20] and water retention [21] was due to the presence of
crop species. Hence, designing an appropriate crop rotation is a mix of art and science
to maximize its benefit along with the tillage system and/or inclusion of cover crops.
However, there are very few studies which have reported a combination of tillage system,
crop rotation and cover crop effects on soil properties.

The soil pore system is a primary structural component controlling the air and water
exchange in soil [22], and which is dominated by pore size abundance, tortuosity and
continuity [23]. These pores influence soil biodiversity by providing a habitat for microor-
ganisms and govern many soil processes [13]. Soil aeration and compaction are common
problems that farmers face frequently which indirectly affect soil productivity and environ-
mental quality. While the pore space is critical to any changes in soil and crop management
practices, it has always received little attention and assessing the effects of soil and crop
management practices is largely limited to soil properties such as moisture content or bulk
density [24,25].

Gas movement in soil is a phenomenon that occurs mainly by diffusion. Large pores
allow more rapid movement of gases compared to small pores. For instance, greenhouse
gases produced in soil travel through the pore space before being emitted to the atmo-
sphere [26]. Gas diffusivity for a given gas in soil (Ds) is a commonly expressed relative to
the diffusivity of this same gas in free air (Do) and is commonly known as relative diffusion
coefficient (Ds/Do). A quantity that characterizes the convoluted nature of the porous
pathways followed by diffusing species is known as pore tortuosity factor (τ) [27]. The
actual path length through a porous material can be calculated from measurements of
other parameters only and having a lower value of τ indicates a shorter pathway in a pore
space [28]. Soil pore space indices include both gas diffusion and tortuosity properties
of pore spaces [29]. Agricultural practices can bring about changes in these variables
and cause great fluctuation in the retention and movement of water and gas exchange
between soil and atmosphere [30,31]. Quantification of pore space indices can provide
clear information about retention and movement of air and water in soil [32].

The direct measurement of Ds/Do and τ in the field are tedious, expensive and
time consuming [33]. There are many predictive models/equations which describe soil
diffusivity processes for undisturbed soils in the vadose zone. As an example, some models
are based on air-filled porosity (AFP) alone and are linear, some are a combination of
AFP and total porosity (TPS) and are nonlinear, while others use saturated hydraulic
conductivity, soil water curve, etc. [26,34]. However, there is still no clear information
that which model(s) can predict indices better to soil processes following different crop
management practices. Hence, the objective of the current study was to explore the
effectiveness of a combination of tillage system, cover crop and crop rotation on selected
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soil physical properties, i.e., bulk density and pore space indices—Ds/Do and τ—in a silt
loam soil.

2. Materials and Methods
2.1. Experimental Field and Treatment

A research experiment was conducted at the Freeman farm, Callaway County of
the Lincoln University of Missouri, United States. The experimental site coordinates are
38◦34′55.8′ ′ N, 92◦06′26.9′ ′ W. The soil of experimental site is Waldron silt loam which
belongs to the soil order Entisol (Aeric Fluvaquents), 1–2% slopes, 6.7 pH and around 1.7%
organic matter. During three years of study (2011–2013), the mean annual temperature
and precipitation was 13 ◦C, with January as coldest and July as warmest months and
990.6 mm, respectively [35]. The year of 2012 was a comparatively dry year with an annual
mean precipitation of 752.1 mm. Crops used in the study were corn, soybean and cereal
rye. The choice of cereal rye cover crop in this research was according to the Sustainable
Corn Project protocol as it is the most widely adapted cover crop across the 8-state project
in the United States.

An experimental design was set up in a three-factor factorial design and arranged in
a randomized complete block with three replications. The three factors/treatments were
(i) tillage at two levels: no tillage vs conventional tillage (using a moldboard plow at a
depth of 10–20 cm), (ii) cover crop at two levels (cereal rye vs no rye) and (iii) cropping
rotation or sequence at four levels (continuous corn, continuous soybean, corn–soybean
and soybean–corn rotations). There were 48 experimental plots (Figure 1) and each plot
was 12.2 m in width and 21.3 m in length.

Figure 1. Experimental field at Freeman farm, Lincoln University of Missouri. Treatment-wise, there were three factors
(tillage system, cover crop and crop rotation). However, the figure shows only cover crop at two levels.

Every year, 24 plots were used for growing corn (12 continuous corn and 12 corn–
soybean rotations) and the remaining 24 plots for soybean (12 continuous soybean and
12 soybean–corn rotations). Following it, 24 plots were used for cereal rye and another
24 plots for the no-rye cover crop. Fields were prepared in the spring season, corn was
planted in May and soybeans in June, both crops were harvested in October. Cereal rye was
planted in October after the harvest of corn and soybean and was terminated in early May
each year. No tillage, no rye, continuous corn and continuous soybean were considered as
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control treatments. Fertilizers were applied at a rate of 26.3:67.3:89.7 kg NPK ha−1 in all
corn and soybean plots every year as a basal dose before planting. Additional N in from
urea incorporation, as an injection into the no-tillage plots, was applied in corn plots at the
rate of 201.8 kg N ha−1.

2.2. Soil Sampling and Measurements

Soil sampling protocol for the current study was reported by Kladivko et al. [36].
Every year after planting and the full emergence of the crop seeds, soil samples were
collected from two depths: surface or 0–10 cm and sub-surface or 10–20 cm, at 3 random
locations (representing samples from furrow and ridge sections in between two rows of
corn or soybean around the center of each plot with no trafficking) in the field with the
help of a cylindrical core sampler (volume of core was 311.57 cm3). Soil fresh weights were
measured and then soil samples were dried at 105 ◦C for 72 h in oven. Later, soil BD (in
g cm−3), AFP (in %) and TPS (in cm3 cm−3) were calculated.

The Ds/Do (in m2 s−1 m−2 s or dimensionless) and the τ (in m1 m−1 or dimensionless)
were predicted by the following five equations based on AFP (fa) (see Marshall [37] and
Buckingham [38]) or a combination of AFP and TPS (Φ) (see Sallam et al. [39], Milling-
ton [40] and Jin and Jury [41]) which are described by Nkongolo et al. [29] as below: Ds/Do
either as a function of air-filled porosity alone:

Ds/Do = fa
1.5 (Marshall [37])

Ds/Do = fa
2 (Buckingham [38])

or as a quotient of air-filled porosity over total porosity (Φ):

Ds/Do = fa
3.1/Φ2 (Sallam et al. [39])

Ds/Do = fa
3.33/Φ2 (Millington [40])

Ds/Do = fa
2/Φ2/3 (Jin and Jury [41])

τ either as a function of air-filled porosity alone:

τ = 1/fa
0.5 (Marshall [37])

τ = 1/fa (Buckingham [38])

or as a quotient of total porosity (Φ) over air-filled porosity:

τ = Φ2/fa
2.1 (Sallam et al. [39])

τ = Φ2/fa
2.33 (Millington [40])

τ = Φ2/3/fa (Jin and Jury [41])

2.3. Statistical Analysis

The effects of treatment (tillage system, cover crop, crop rotation, including sampling
depth) on measured variables were tested by analysis of variance (ANOVA) in Statistix
10.0 software. Means were compared using the least significant difference (LSD) multiple
range tests. Statistical significance was evaluated at p < 0.05. All graphs were produced in
SigmaPlot 13.0 software.

3. Results and Discussion
3.1. Effect of Tillage System, Cover Crop and Crop Rotation on Bulk Density

The effects of tillage system (TL), cover crop (CC) and crop rotation (CR), including
sampling depth (SD) on BD from the study period is shown in Table 1. In 2011, which was
also the first year of study, only TL and SD were considered for BD measurement. This
was because the effect of CC and CR treatments would be more reasonable to observe the
changes in soil physical properties in subsequent years. In 2011, there was a significant
effect of SD on BD (Table 1). The BD was higher (by 7.1%) at 10–20 cm than at 0–10 cm
depths. As seen in the literature, BD increases with the increase in soil depth because
subsurface layers have reduced organic matter, soil aggregation, and root penetration
compared to surface layers, resulting in less pore space availability [42–44]. In contrast,
the expansion of crop roots, as well as the accumulation of plant residues on soil surface
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layers, can improve productivity of soil by enhancing aggregate stability, pore space
and organic matter and reduces the BD [45,46]. Biopores produced from the dead root
are important not only for lowering BD but also for improving gas exchange and water
infiltration [47]. Broadly, depth increments of soil sampling also affect BD differences [31],
and large depth increment samples might obscure those differences compared to small
depth increments [48].

Table 1. Analysis of variance (ANOVA) results with means for bulk density as affected by tillage
system, cover crop, crop rotation and sampling depth and their interactions.

Source of Variation
Bulk Density, Mg m−3

2011 2012 2013

Treatment

Tillage system (TL)
No tillage 1.3 1.4 1.3

Conventional tillage 1.3 1.4 1.3
Significance NS NS NS

Cover crop (CC)
No rye - 1.5 1.3

Cereal rye - 1.3 1.3
Significance * NS

Crop rotation (CR)
Continuous Corn - 1.4 1.3

Continuous Soybean - 1.4 1.3
Corn–Soybean - 1.5 1.3
Soybean–Corn - 1.4 1.3

Significance NS NS

Sampling depth (SD)
0–10 cm 1.3b † 1.4 1.3

10–20 cm 1.4a 1.5 1.3
Significance * * NS

Interactions
TL × SD NS NS NS
CC × SD - * NS
CR × SD - NS NS
TL × CC - NS *
TL × CR - NS NS
CC × CR - NS *

TL × CC × SD - NS NS
TL × CR × SD - NS NS
CC ×CR × SD - NS NS

TL × CC × CR × SD - NS NS
† Means in a column followed by same lowercase letter are not significantly different. * p < 0.05 and
NS = not significant.

A significant interaction effect of CC × DS on BD was observed in 2012 (Table 1).
Cover crop with cereal rye at 0–10 and 10–20 cm soil depths had the lowest and highest
value of BD, respectively (Figure 2a). Though we did not measure soil compaction after
the treatment was applied, it favors root activity, nutrient uptake and air, water and heat
flow through soil profile when there is inclusion of cereal rye as cover crop than no cover
crop [49]. Wagger and Denton [50] reported that when cover crops are actively growing, it
depletes more soil moisture just before subsoiling and planting operations, increases the
AFP (by reducing soil compaction) and ultimately reduce the BD of soil [51,52].
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Figure 2. Interaction effect of different treatments on means of bulk density: (a) cover crop × sampling depth in 2012,
(b) cover crop × tillage system and (c) cover crop × crop rotation in 2013. Means followed by the same lowercase letter are
not significantly different.

Similarly, there were significant interaction effects of TL × CC and CC × CR on BD in
2013 (Table 1). Cereal rye with conventional tillage had a higher BD compared to cereal
rye and no-tillage or no-rye and no-tillage (Figure 2b). Inclusion of cereal rye in contin-
uous soybean and soybean–corn rotations had the highest and lowest BD, respectively
(Figure 2c). Bulk density under cereal rye varied by continuous soybean rotation and
conventional tillage. Conventional tillage favors the breakdown of macro-aggregates in the
soil system [53]. However, the inclusion of cover crops for breaking up macro-aggregates
and compact layers instead of implementing mechanical or conventional tillage has been
strongly articulated in many findings [47,54,55]. Results conclude that the addition of
cereal rye as a cover crop under a no-tillage system in a soybean–corn rotation remained
an effective mechanism for reducing BD in cropping land. Nevertheless, our field studies
showed uncertainties around the continuation of interaction effects present in 2013 from
2012. It is difficult to predict the soil’s physical properties adequately and accurately,
including BD, due to the complex nature of soil and crop management practices [51,56].
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By following five diffusivity equations to estimate changes on soil pore space indices
due to TL, CC and CR practices over time, we found that Marshall and Millington equations
predicted the strongest Ds/Do and τ, respectively. These equations also had the lowest
coefficient of variation compared to other equations (data not shown). Henceforth, Ds/Do
and τ values are presented based on Marshall and Millington equations, respectively. More
information about the comparison of equations using diffusivity models and calculations
can be found in Panday and Nkongolo [26].

3.2. Effects of Tillage System, Cover Crop and Crop Rotation on Relative Gas Diffusion Coefficient

There was a significant effect of SD, as well as a significant interaction effect of
TC × CR on the relative gas diffusion coefficient (Ds/Do) in 2011 (Table 2). The Ds/Do was
higher at 0–10 cm than at 10–20 cm depths. Similarly, Ds/Do was the highest and lowest
in continuous corn and soybean–corn rotations under a no-tillage system, whereas no
significant difference was observed in CR under conventional tillage. The Ds/Do ranged
from 0.07–0.13 m2 s−1 m−2 s (Figure 3a). All evaluated three- or four-way interaction
effects of treatment(s) on Ds/Do were insignificant. Surface soil, in the presence or ab-
sence of tillage, increases evaporation of soil moisture compared to the sub-surface and
increases the AFP [51]. Since conventional tillage breaks many macropores and cracks
compared to undisturbed no-tillage soils [57], except for the soybean–corn rotation, all
other combinations had a higher or equal Ds/Do in soil.

Table 2. ANOVA results with means for relative gas diffusion coefficient as affected by tillage system,
cover crop, crop rotation and sampling depth and their interactions.

Source of Variation
Relative Gas Diffusion Coefficient, m2 s−1 m−2 s

2011 2012 2013

Treatment

Tillage (TL)
No tillage 0.11 0.11a † 0.10a

Conventional tillage 0.10 0.07b 0.08b
Significance NS *** *

Cover crop (CC)
No rye 0.11 0.10 0.09

Cereal rye 0.10 0.08 0.08
Significance NS NS NS

Crop rotation (CR)
Continuous Corn 0.11 0.08 0.10

Continuous Soybean 0.10 0.11 0.09
Corn–Soybean 0.11 0.08 0.08
Soybean–Corn 0.09 0.08 0.09

Significance NS NS NS

Sampling depth (SD)
0–10 cm 0.13a 0.10a 0.10a

10–20 cm 0.08b 0.08b 0.08b
Significance *** * **

Interactions
TL × SD NS NS NS
CC × SD NS NS NS
CR × SD NS NS NS
TL × CC NS * **
TL × CR ** NS NS
CC × CR NS NS NS



Soil Syst. 2021, 5, 38 8 of 14

Table 2. Cont.

Source of Variation
Relative Gas Diffusion Coefficient, m2 s−1 m−2 s

2011 2012 2013

TL × CC × SD NS ** ***
TL × CR × SD NS NS NS
CC × CR × SD NS NS NS

TL × CC × CR × SD NS NS NS
† Means in a column followed by same lowercase letter are not significantly different. * p < 0.05, ** p < 0.01,
*** p < 0.001 and NS = not significant.

Figure 3. Interaction effect of different treatments on means of relative gas diffusion coefficient: (a) tillage system × crop
rotation in 2011, (b) tillage system × cover crop × sampling depth at 10–20 cm in 2012 (note: tillage system × cover crop ×
sampling depth at 0–10 cm in 2012 was not significant at p < 0.05) and (c) tillage system × cover crop × sampling depth in
2013. Means followed by the same lowercase letter are not significantly different.
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The Ds/Do was significantly affected by interactions of TL× CC× SD in 2012 (Table 2
and Figure 3b). For Ds/Do, TL × CC interaction effect was significant only at 10–20 cm,
but not at 0–10 cm (p = 0.71). The study year 2012 was comparatively drier than other years.
Although not significant in Ds/Do, residues of cereal rye, as well as corn from the previous
year, could help in the reduction of evapotranspiration from surface soil, indicating a
potential increase in bio-pores [51,58]. Similar results were reported by Nielson et al. [59]
and Basche et al. [60] that cover crops can reduce water availability for the next crops in
water-limiting conditions. Figure 3b shows that the inclusion of a cereal rye and no tillage
increased Ds/Do at 10–20 cm depth compared to other treatment combinations. However,
cereal rye under conventional tillage was not significant on Ds/Do, which could be due to
the heterogeneity of soil at 10–20 cm depth [61]. For example, conventional tillage as well
as wet soil conditions increases the soil compactness and hence decrease Ds/Do [62].

Similarly, the Ds/Do was significantly affected by interactions of TL × CC × SD in
2013 (Table 2 and Figure 3c). No tillage with no inclusion of cereal rye increased Ds/Do
regardless of SD and there were no significant differences in Ds/Do among other treatment
combinations (Figure 3c). Except for 2011, all other years had three-way TL × CC × SD
interaction effects on Ds/Do, which is strong evidence to evaluate soil aeration, diffusion
and biodegradation of greenhouse gases emissions [26,51,63]. At the same time, soil and
crop management practices and their complex interactions warrant a long-term study to
predict their effects on Ds/Do.

3.3. Effects of Tillage System, Cover Crop and Crop Rotation on Pore Tortuosity Factor

There was a significant main effect of SD, as well as an interaction effect of TL × CR
on pore tortuosity factor (τ) in 2011 (Table 3). However, the τ was higher at 10–20 cm than
at 0–10 cm depths. Possibly because it was the first year of the study, a minimal significant
difference was observed in soybean–corn rotation or continuous corn under a no-tillage
system, as well as continuous corn or continuous soybean under a conventional tillage
system. The τ ranged from 8.11–13.68 m m−1 (Figure 4b), although it is not clear that there
is a higher τ value in sub-surface than surface soil, which could be due to relatively higher
soil compaction and lower macro-porosity at a 10–20 cm depth [64]. The BD results from
2011 (Table 2) showed a direct relationship to these results, which aligns with the study of
Chou et al. [65].

There was a significant interaction effect of TL × CC on τ in 2012 (Table 3 and
Figure 4a). Results suggest that treatment combinations of no rye, with or without having
tillage, increased τ compared to cereal rye under no tilled plots. This suggests a change in
aeration due to microbial movement in undisturbed soils [49,66] and cereal rye roots may
have contributed to improvement of soil porosity [51,67]. All evaluated three- or four-way
interaction effects of treatment(s) on τ were insignificant in 2011 and 2012.

Similarly, there was a significant interaction effect of TL × CR × SD on τ in 2013
(Table 3 and Figure 4c). The differences found amongst the different CR and TL practices
on the surface had disappeared in the sub-surface soils (Figure 4c). Pore tortuosity factor in
2013 was almost two times higher compared to its value in 2012 and three times higher from
2011 at 0–10 cm depth (Table 3). However, no such difference was observed at 10–20 cm
depth. Tillage operations can destroy pore continuity; the higher the τ, the lower the gas and
water fluxes and there can be a possible detrimental impact on soil functionality [13,68]. On
the other hand, the lack of difference between no-till and conventional tillage in τ at 0–10 cm
depth in 2013 may be due to the biosphere remaining functional after crop harvest, which
coincided with the soil sampling time [67]. In the present study, corn–soybean rotation
under conventional tillage and soybean–corn rotation under no tillage had a higher τ at
0–10 cm depth. One of the pitfalls studies presented Ds/Do and τ in a calculation based
on different equations. Girei et al. [33] predicted both the highest Ds/Do and lowest τ
based only on AFP, suggesting that the complexity involved in both AFP and TPS in the
AFP + TPS (i.e., fa + Φ) may result in the poor performance of the model. It is possible that,
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if a similar diffusivity model were used, the result would have been similar in respect to
applied treatments and their interactions [69].

Figure 4. Interaction effect of different treatments on means of pore tortuosity factor: (a) tillage system × cover crop in 2012,
(b) tillage system X crop rotation in 2011 (left) and 2013 (right) and (c) tillage system × crop rotation × sampling depth in
2013. Means followed by same lowercase letter are not significantly different.
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Table 3. ANOVA results with means for pore tortuosity factor as affected by tillage system, cover
crop, crop rotation and sampling depth and their interactions.

Source of Variation
Pore Tortuosity Factor, m m−1

2011 2012 2013

Treatment

Tillage system (TL)
No tillage 10.38 12.33 15.71

Conventional tillage 11.60 13.00 19.14
Significance NS *** *

Cover crop (CC)
No rye 10.65 12.33 19.05

Cereal rye 11.34 13.00 15.80
Significance NS NS NS

Crop rotation (CR)
Continuous Corn 10.62 12.36ab † 13.01

Continuous Soybean 11.18 10.50b 14.11
Corn–Soybean 10.47 12.19ab 22.91
Soybean–Corn 11.70 15.60a 19.67

Significance NS NS NS

Sampling depth (SD)
0–10 cm 7.88b 11.45 20.74

10–20 cm 14.11a 13.87 14.11
Significance *** NS NS

Interactions
TL × SD NS NS NS
CC × SD NS NS NS
CR × SD NS NS NS
TL × CC NS * NS
TL × CR ** NS *
CC × CR NS NS NS

TL × CC × SD NS NS NS
TL × CR × SD NS NS *
CC × CR × SD NS NS NS

TL × CC × CR × SD NS NS NS
† Means in a column followed by same lowercase letter are not significantly different. * p < 0.05, ** p < 0.01,
*** p < 0.001 and NS = not significant.

4. Conclusions

The soil physical properties reported in the current study indicate interactions between
tillage systems x cover crop and cover crop x crop rotation (majorly in 2012 and 2013); the
effect of the cover crop was more apparent in no-tillage and in rotations than in monoculture
at 0–10 cm depth. After 3 years of study, cover crop improved pore space indices (increased
Ds/Do and reduced τ) at 0–10 cm depth. We can therefore conclude that no tillage, cover
crop and crop rotation have positive effects on soil pore space indices. Our results can be
helpful to the farmers of central Missouri and other regions with similar soil to decide on
crop management practices which can enhance agricultural resilience.
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