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Abstract– Cover crop management practices have a critical impact for long-term sustainable soil productivity
due to their positive effects on soil hydro-physical properties. The aim of the study was to evaluate the changes
of water retention, pore-size distributions, saturated hydraulic conductivity (Ks), and bulk density values of
soil samples collected before and after tillage in response to cover crop (CC) and no-cover crop (NCC) treat-
ments. Research was conducted on a silt loam soil in Chariton County, Missouri, United States. Hairy vetch
(Vicia villosa Roth.), red clover (Trifolium pretense), turnips (Brassica rapa L.), buckwheat (Fagopyrum escu-
lentum), cereal rye (Secale cereals L.), winter peas (Lathryrus hirsutus L.), barley (Hordeum vulgare L.), triti-
cale (Triticale hexaploide Lart.), radish (Raphanus sativus L. var. longipinnatus), and cowpeas (Vigna unguic-
ulata) were used as the CCs. Soil sampling was performed in two different periods (spring/summer) from six
replicate locations for each treatment using a grid sample design. Results showed that CC treatment had sig-
nificantly greater water content in first samples for some pressures (0.0, –2.5 and –1500 kPa) and in second
soil samples for all pressures. Total pores and macropores were significantly greater under CC treatment com-
pared to no-cover crop (NCC) treatment for both sampling period. Ks and bulk density values of first and
second soil samples were not significantly affected by cover crop treatment. Longer term studies are needed
to compare effects of cover crop and tillage on soil hydro-physical properties.
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INTRODUCTION
Soil resilience is the ability of soil environment to

sustain its important roles under internal and climatic
tensions. Hence, a good soil physical quality is essen-
tial for resilient soils [8, 30]. Agricultural management
practices may have direct and indirect impacts on soil
hydro-physical properties and can affect soil struc-
ture. Tillage is one of the management practices has
been performed to incorporate manures, fertilizers,
and residuals into the soil, to prepare ground for seed-
ling, and to control weeds. However, tilling the soil is
disruptive and can promote high moisture loss rates,
degradation of soil structure and depletion of soil nutri-
ents and carbon stocks [20–22, 28]. It has been very
widely accepted that no-tillage amends soil quality
parameters and offers many agroecosystem services [9].
Soil hydro-physical properties that are agronomically
important for bulk density, pore size distribution,
water retention [23, 38, 42], and saturated hydraulic
conductivity (Ks) [29, 31].

Perennial vegetative management has been shown
to enhance soil quality by improving organic matter
content, thus contributing positively to watershed res-
toration and water quality [44]. Cover crops (CCs) are

commonly used in crop rotation to improve soil qual-
ity and fertility. Most of them are grown in periods
when the field is left bare to help prime the soil for the
next cash crops [45] by influencing soil hydro-physical
properties such as bulk density, pore size distribution,
and water content. Moreover, CCs increase water
infiltration [22], moderate soil temperature and ther-
mal properties [18], improve soil microbial activity,
enhance nutrient recycling, protect soil from erosion,
and suppress weeds [10, 34]. Several researchers stud-
ied with grass hedges, grass buffers, CCs and they
found that these management practices had an
improvement of soil hydro-physical properties [11, 12,
30, 32, 33, 36, 37]. Cover cropping practices have been
reported a reduction in bulk density and increment in
macroporosity values of soil [9, 17, 40]. Hairy vetch
(Visia villosa Roth.) and rye (Secale cereale L.) crops
decreased bulk density and penetration resistance and
increased aggregate stability, total porosity, and water
content of a silt loam soil by no-till management in a
5-year study [40]. As reported in a study [11] CC
management improved water retention and Ks for the
–2.5 kPa pressure after five years cover crop establish-
ment. Likewise, CC improved macropores by 24% [19]
1446
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Table 1. Some soil physical and chemical properties of the study site

OM: Organic matter, CEC: Cation exchange capacity

Soil depth, cm
Sand Silt Clay

pH OM, %
CEC,

meq 100 g–1%

0–10 11.25 60.00 28.75 5.05 3.08 16.70
10–20 11.66 49.16 39.16 5.26 2.63 18.36
20–30 12.50 39.16 48.33 5.26 2.33 24.36
30–40 11.25 47.50 41.25 5.76 1.56 21.56
and water infiltration parameters as compared to no-
cover crop (NCC) management [22].

Despite the current knowledge on the influence of
tillage and CC management practices on soil hydro-
physical properties, there are still gaps in understanding
of the interaction effects of these management practices
on soil properties. Thus, the aim of the current study
was to assess the influences of CC on water retention,
pore-size distributions, Ks, and bulk density values of a
silt-loam soil before and after tillage management.

OBJECTS AND METHODS
Site Description

Chariton County Soil Health Farm is located
within the central eastern Chariton County, Missouri,
United States (39°50′ N and 92°72′ W). Site climatic
conditions include hot and humid summers with cold
and extended winters and the majority of annual pre-
cipitation occurring in spring and early summer.
Grundy silt loam (fine, smectitic, mesic Aquertic
Argiudolls) was the predominant soil series at the sites
selected for the study. Initial soil properties were col-
lected in 2012 before any activities and shown in Table 1.
The study site had previously been under a corn (Zea
mays L.) and soybean (Glycine max.) rotation with
chemical fertilizers/pesticides with conventional till-
age (disk-harrow, chisel plow) over 20 years. Initial
CC planting occurred during the fall of 2012 under
rotational planting of wheat (Triticum spp.), corn and
soybean rotation. CCs were terminated using herbi-
cides by ground spraying [39]. Treatment factors were
tillage at two levels (no-tillage and conventional till-
age) and CC at two levels (CC and NCC). Species
planted included hairy vetch (Vicia villosa Roth.), red
clover (Trifolium pretense), turnips (Brassica rapa L.),
cereal rye (Secale cereals L.), buckwheat (Fagopyrum
esculentum), winter peas (Lathryrus hirsutus L.), barley
(Hordeum vulgare L.), triticale (Triticale hexaploide
Lart.), radish (Raphanus sativus L. var. longipinnatus),
and cowpeas (Vigna unguiculata).

Soil Sampling and Analysis
Undisturbed soil cores measuring 76.2 mm diameter

by 76.2 mm long were collected using a sampler with
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aluminum rings in a grid sample design. First soil sam-
ples (2 treatments × 6 replicates × 2 depths = 24 cores)
were collected from the 0–10 cm and 10–20 cm
depths before tillage and cover crop termination
(since they only affect 0 to 20 cm deep) during spring
in 2017. Second soil samples (2 treatments × 6 repli-
cates × 4 depths = 48 cores) were collected after till-
age and cover crops termination from the 0–10 cm,
10–20 cm, 20–30 cm, 30–40 cm depths during sum-
mer in 2017. The second samples were taken from the
lower depths (20–30 and 30–40 cm) to have measure-
ments on these depths not affected by cover crops.

Two plastic caps and masking tape were used on
each end of the sample to secure soil inside the cylin-
ders. The cores were transported and stored in the cold
room at 4°C until further processing. Cheesecloth was
attached to the bottom of the soil core using rubber
bands, and another empty core was attached to the top
of the core for saturated hydraulic conductivity (Ks)
measurement. Soils were saturated with water in tubs
for at least 24 h before Ks and water retention were
measured. The electrical conductivity of the water was
0.68 dS m–1, and sodium absorption ratio was 2.34.
The constant-head method was used for Ks determi-
nation and the falling head method was used on some
samples with Ks values less than 1 mm h–1 [35]. For
water retention measurements, the same soil samples
were re-saturated at 0, –0.4, –1.0, –2.5, –5.0, –10.0,
and –20.0 kPa pressures using Buchner funnels as
described by [25]. Pore size distribution was computed
from the water retention data using the capillary equa-
tion [14]. Four classes of pore sizes were used: macropo-
res (>1000 μm), coarse mesopores (60 to 1000 μm), fine
mesopores (10 to 60 μm), and micropores (<10 μm) [4].
Pore size and volume estimations were calculated by
determining water content retained the following soil
water pressures: 0.0 to –0.4 kPa for macropores, –0.4
to –5.0 kPa for coarse mesopores, –5.0 to –33 kPa for
fine mesopores and –33 kPa for micropores. Total
porosity was estimated by saturated sample water con-
tent at 0.0 kPa pressure. Soil samples were air-dried at
35°C until a constant weight. The air-dried subsam-
ples were used for the next water retention measure-
ments at higher pressures (–33, –100, and –1500 kPa)
with pressure plates [14]. The soil bulk density mea-
surements were performed using the air-dried weight
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Table 2. Means and analysis of variance results of saturated
hydraulic conductivity (Ks) and bulk density (BD) of soil by
treatment and soil depth

CC = Cover crop, NCC = No-cover crop. The ANOVA table
presents significance levels among treatments and by depth for the
measured parameters. Means with different letters represent a sig-
nificant difference at the 0.05 probability level (± Standard devia-
tion).

First sampling Ks, mm h–1 BD, g cm–3

Treatment means
CC 198.53 a 1.28 ± 0.128a
NCC 96.96 a 1.25 ± 0.109a

Depth means
0–10 cm 194.40 a 1.23 ± 0.086a

10–20 cm 101.09 a 1.29 ± 0.139a
Anova

Treatment 0.197 0.496
Depth 0.234 0.208
Treatment  depth 0.550 0.126

Second sampling
Treatment means

CC 8.17 a 1.38 ± 0.074a
NCC 32.20 a 1.41 ± 0.150a

Depth means
0–10 cm 52.23 a 1.33 ± 0.117b

10–20 cm 20.31 a 1.50 ± 0.086a
20–30 cm 4.66 a 1.42 ± 0.091ab
30–40 cm 3.53 a 1.33 ± 0.090b

Anova
Treatment 0.114 0.361
Depth 0.088 <0.001
Treatment  depth 0.358 0.010
adjusted for oven-dried weight with a measured volu-
metric water content [16].

Statistical Analysis

Analysis of variance was conducted using Minitab
statistical package with the general linear model proce-
dure. Statistical differences were declared significant at
the level of 0.05 using with Tukey’s test of means.

RESULTS AND DISCUSSION
Bulk Density and Saturated Hydraulic Conductivity

Result of bulk density (BD) for the first soil sam-
ples collected before tillage and cover crop (CC) ter-
mination at two depths (0–10, 10–20 cm) are pre-
sented in Table 2. Soil BD values were not signifi-
cantly affected by treatment and depth (p < 0.05). BD
was found numerically lower 4.87% at the 0–10 cm
depth compared to the 10–20 cm depth.

BD results for the second soil samples collected
after tillage and CC termination at four depths (0–10,
10–20, 20–30, and 30–40 cm) are presented in Table 2.
No significant differences in soil BD were observed by
CC treatment as compared to no-cover crop (NCC)
treatment (p < 0.05). The mean BD values were found
significantly lower (1.33 g cm–3) at the surface 0–10 cm
and higher (1.50 g cm–3) at the 10–20 cm depth. One
possible reason for the higher BD values at 0–20 cm is
that tillage can cause a compacted “plow pan” layer
under the tilled depth. Similar to the current study
findings, other scientists [11] reported that no differ-
ences were determined under CC treatment over the
years. They also reported that the lowest soil BD val-
ues were at 0–10 cm soil depth. According to [27], soil
bulk density values were lower only in the uppermost
10 cm depth under two-year old perennial crops. This
was explained by the fact that the major part of the
roots subjected to decomposition in the first two years
was found in the uppermost soil layer.

Saturated hydraulic conductivity (Ks) can influ-
ence solute transport through soil and affect patterns
of water infiltration and runoff since Ks has an import-
ant role by controlling water movement in the soil lay-
ers. Therefore, Ks greatly dependent upon pore size
arrangement and continuity [3, 6, 19, 43]. Ks results
for the first soil samples collected before tillage and
CC termination at two depths are presented in Table 2.
Soil Ks values were not significantly affected by treat-
ment (p < 0.05). Ks values were found numerically
104.7% higher under CC treatment as compared to
NCC treatment. Some researchers were also deter-
mined that numerical differences on soil Ks under CC,
NCC, miscanthus and switchgrass treatments [10].
Many researchers have also evaluated the influence of
different management practices on Ks [3, 26, 32, 37, 46].
Results of Ks for the second soil samples collected after
tillage and CC termination at four depths are shown in
Table 2. According to these results, no significant treat-
ment and depth effects were observed (p < 0.05).
Numerically higher Ks values (32.20 mm h–1) were
obtained from NCC treatment as compared with CC
treatment.

Moreover, Ks values of both soil samples were
numerically greater at the 0–10 cm depth compared
with lower depths. Similar findings were also reported
that Ks values were greater at the 0–10 cm (33.4 mm h–1)
and 10–20 cm (33.5 mm h–1) than at the 20–30 and
30–40 cm depths [3]. It was probably because CC
management can improve soil structure and reduce
bulk density and increase the proportion of larger
pores which can led to greater Ks values at this depth.

Cover crop treatments did not significantly affect
soil Ks probably because of low densities and slow root
establishment. Many researchers were reported that
longer term studies are needed to improve soil hydrau-
lic properties [2, 11, 37, 41]. Although not statistically
different due to low cover crop density, Ks values were
numerically greater in first soil samples compared to
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020
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Table 3. Means and analysis of variance results of pore size distributions of soil by treatment and soil depth

CC = Cover crop, NCC = No-cover crop. The ANOVA table presents significance levels among treatments and by depth for the mea-
sured parameters. Means with different letters represent a significant difference at the 0.05 probability level (± Standard deviation).

Total pores
Macropores
(>1000 μm)

Coarse mesopores
(60–1000 μm)

Fine mesopores
(10–60 μm)

Micropores
(<10 μm)

m3 m–3

First sampling
Treatment means

CC 0.517 ± 0.015a 0.034 ± 0.012a 0.070 ± 0.017a 0.082 ± 0.017a 0.331 ± 0.021a
NCC 0.494 ± 0.048b 0.020 ± 0.016b 0.077 ± 0.029a 0.060 ± 0.022b 0.337 ± 0.020a

Depth means
0–10 cm 0.526 ± 0.022a 0.032 ± 0.016a 0.085 ± 0.023a 0.083 ± 0.017a 0.327 ± 0.017a

10–20 cm 0.484 ± 0.037b 0.022 ± 0.013a 0.063 ± 0.019b 0.059 ± 0.020b 0.341 ± 0.022a
Anova

Treatment 0.011 0.034 0.425 0.001 0.491
Depth <0.001 0.118 0.018 <0.001 0.111

Treatment  depth <0.001 0.647 0.074 0.030 0.368
Second sampling
Treatment means

CC 0.498 ± 0.034a 0.032 ± 0.017a 0.054 ± 0.019a 0.052 ± 0.029a 0.360 ± 0.027a
NCC 0.419 ± 0.072b 0.015 ± 0.015b 0.047 ± 0.029a 0.040 ± 0.020a 0.317 ± 0.079b

Depth means
0–10 cm 0.450 ± 0.070ab 0.024 ± 0.023a 0.067 ± 0.025a 0.048 ± 0.021ab 0.311 ± 0.065b

10–20 cm 0.434 ± 0.062b 0.029 ± 0.018a 0.039 ± 0.023b 0.031 ± 0.016b 0.334 ± 0.067ab
20–30 cm 0.455 ± 0.081ab 0.025 ± 0.019a 0.052 ± 0.020ab 0.055 ± 0.030a 0.323 ± 0.053b
30–40 cm 0.494 ± 0.050a 0.015 ± 0.009a 0.043 ± 0.025b 0.049 ± 0.028ab 0.386 ± 0.038a

Anova
Treatment <0.001 0.001 0.154 0.057 0.004
Depth 0.061 0.238 0.001 0.034 0.003
Treatment  depth 0.553 0.634 <0.001 0.001 0.015
second soil samples. Higher Ks values were expected
for the first soil samples since they were collected
before tillage and CC termination. Numerically higher
Ks results are indicative of the ability of CCs to
improve macropores and water infiltration because of
their root activities and these roots can improve soil
structure and pore connectivity [40]. Similar higher Ks
results were also found under no tillage when com-
pared with tillage [7, 24]. It was reported that the bur-
rows made by endogenic earthworms were responsible
for greater Ks values under no tillage as compared to
tillage [24]. On the other hand, other scientists sug-
gested that no tillage decreased the volume fraction of
the larger pores and increased the volume fraction of
the smaller pores with higher pore connectivity [7].

Pore Size Distributions

Water infiltration and transporting into the soil is
very important and essential for pore size distribution.
Pore size distribution results for the first soil samples
(before tillage and CC termination at two depths) are
shown in Table 3. Total pores (0.517 m3 m–3), macrop-
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020
ores (0.034 m3 m–3) and fine mesopores (0.082 m3 m–3)
were significantly higher under CC treatment com-
pared to NCC treatment. There was a significant depth
effect on total pores, coarse mesopores and fine meso-
pores. Moreover, there were some significant interac-
tions on total pores and fine mesopores between treat-
ment and depth.

Results of pore size distributions for the second soil
samples (after tillage and CC termination at four depths)
are shown in Table 3. Total pores (0.498 m3 m–3), mac-
ropores (0.032 m3 m–3), and micropores (0.360 m3 m–3)
were found significantly greater by CC treatment
compared to NCC treatment. Significant interac-
tions were observed for coarse mesopores, fine mes-
opores and micropores between treatment and depth
(p < 0.05). Moreover, some significant depth effects
were determined for all pore sizes analyzed, except
macropores. Total pores (0.494 m3 m–3) and microp-
ores (0.386 m3 m–3) were found significantly higher at
30–40 cm depth. The increment of micropores at this
depth was probably because of increasing clay content.
Likewise, [37] and [46] were evaluated that clay con-
centration of soil increased by depth which decreased
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Fig. 1. Soil water retention curves for first soil samples under cover crop (CC) and no-cover crop (NCC) treatments at (a) 0–10 cm,
and (b) 10–20 cm depths. 
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macropores and increased micropores. Generally, the
claypan soils have slower water infiltration rates due to
few numbers of macropore. Some researchers were
used legume as CCs in a clay soil, and they reported
that greater porosity and Ks values at 0–20 cm soil
depth [15].

Furthermore, there were no significant treatment
effects on coarse mesopores for both soil samples
(Table 3). Total pores and macropores of both soil
samples were affected by CC treatment. Total pores
and macropores of second soil samples (after tillage
and CC termination) were approximately 19% and
113% greater under CC treatment, respectively. This
result is similar to the findings of [20] and [40]. CCs
might increase soil pore spaces in two ways: through
root growth and through the decomposition of organic
materials. This can increase water movement within
the vadose zone. It was reported that using leguminous
cover crops decreased bulk density, improved soil
aggregation, and porosity [13]. A ten-year study was
performed on a sandy loam soil with no-till using rad-
ish and spring barley as CCs and determined greater
macroporosity values as compared to NCC treatment
with no-till [1].

Water Retention

Water retention of soil is greatly related to distribu-
tion of pore sizes [5]. Results of soil water retention
measurement for the first soil samples (before tillage
and CC termination at two depths) are presented in
Table 4. These results show treatments, depths and
treatment by depth interactions (treatment × depth)
had some significant effects on water content of soil at
some water pressures. Water retention values were
found statistically significant (p < 0.05) for the 0.0,
‒2.5, and –1500 kPa water pressures by CC treatment.
Significantly higher water retention values were
obtained from 0–10 cm depth compared with the 10–
20 cm depth at 0.0, –0.4, –1, –2.5, –10, and –1500 kPa
pressures. There were also some significant interac-
tions between 0.0 and –5 kPa pressures between treat-
ment and depth (p < 0.05). Moreover, no significant
depth effects were observed at –5, –20, –33, and
‒100 kPa pressures.

Water retention results for the second soil samples
(after tillage and CC termination at four depths) are
presented in Table 4. Soil water retention values were
significantly (p < 0.05) affected by CC treatment for all
water pressures. Besides, there was a significant treat-
ment and depth interaction on water retention at some
soil water pressures (–20, –33, –100, and –1500 kPa).
Additionally, there were significant depth effects on
soil water retention for all water pressures. Signifi-
cantly greater water content of second soil samples
were generally obtained from 30–40 cm depth as com-
pared to other depths. The reason was probably
because bulk density of these soil samples for the 30–
40 cm depth was lower than other depths due to higher
clay content and micropores through subsoil horizons.

Differences among treatments for the first soil
samples at 0–10 cm and 10–20 cm depths are given in
Fig. 1. Water content values were greater at –2.5 kPa,
–10 kPa, –100 kPa and –1500 kPa water pressures at
0–10 cm depth by CC treatment (Fig. 1a). Moreover,
these values were also higher at 10–20 cm depth under
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020
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Fig. 2. Soil water retention curves for second soil samples under cover crop (CC) and no-cover crop (NCC). treatments at (a) 0–
10 cm, (b) 10–20 cm, (c) 20–30 cm, and (d) 30–40 cm depths. 
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CC treatment for all pressures except –20 kPa, and
‒100 kPa pressures (Fig. 1b). Figure 2 shows that dif-
ferences among treatments for the second soil samples
at 0–10, 10–20, 20–30, and 30–40 cm depths. Water
retention values were found higher for the all pressures
at 0–10, 10–20 and 20–30 cm depths under CC treat-
ment as compared to NCC treatment (Figs. 2a, 2b, 2c).
This was probably due to increase pore spaces left
behind by cover crops. Higher soil water content val-
ues were also obtained from 30–40 cm depth by
CC treatment for –0.1, –0.4, –1, –2.5, and –5 kPa
water pressures (Fig. 2d). Similarly, some researchers
were reported that increases in water content of soil
samples at the 30–40 cm depth as compared with
other depths due to a claypan horizon [11, 37].
According to other researchers [9] CC treatments
increased soil water content by 4%. Similar increments
on soil water content values by CC treatments were
also determined by [11, 15, 46].
CONCLUSIONS

This study was conducted to investigate the influ-
ence of cover crop management practices on the
hydro-physical properties of the soil samples collected
before and after tillage period. The greater positive
effects of water content, pore size distribution, and Ks
were observed in first soil samples collected before till-
age and cover crop termination compared to second
soil samples collected after tillage and cover crop ter-
mination. Overall, this study demonstrated that no
significant differences were found on Ks of both soil
samples by cover crop treatment and depth. Addition-
ally, there were no significant treatment and depth
effects on soil bulk density values for both soil sam-
pling period. Total pores and macropores of both soil
samples were significantly higher under cover crop
treatment as compared with no-cover crop treatment.
Especially total pores and macropores of second soil
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020
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samples (after tillage and cover crop termination) were
found approximately 19% and 113% higher compared
to first soil samples (before tillage and cover crop ter-
mination) by cover crop, respectively. Coarse meso-
pore values of both soil samples were not significantly
affected by cover crop treatment. Changes in soil total
pores and macropores are translated into increases in
water retention properties by CC treatments. Soil
water retention of first samples was significantly
greater under cover crop treatment for the 0.0, –2.5,
‒1500 kPa water pressures and significantly affected
by soil depth at all pressures (except –5, –20, –33,
‒100 kPa). In addition, water retention values of sec-
ond soil samples were found significantly higher by
cover crop and depth for all pressures. Generally higher
water content values of second samples were deter-
mined from 30–40 cm depth for all pressures as com-
pared with other depths because of claypan horizon.

The effects of these sustainable management prac-
tices on soil hydro-physical properties take time in order
to become prevalent. Future, long-term cover crop
studies are needed to compare soil hydro-physical
properties by specific effects of cover crop and tillage.

ACKNOWLEDGMENTS
I gratefully acknowledge funding support from The Cen-

ter for Agroforestry, University of Missouri. I wish to thank
Dr. Stephen Anderson and Dr. Ranjith Udawatta from the
University of Missouri, for providing all the assistance.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

REFERENCES
1. L. Abdollahi, L. J. Munkholm, and A. Garbout, “Till-

age system and cover crop effects on soil quality:
II. Pore characteristics,” Soil Sci. Soc. Am. J. 78, 271–
279 (2014). 
https://doi.org/10.2136/sssaj2013.07.0302

2. E. Akdemir, S. H. Anderson, and R. P. Udawatta, “In-
fluence of agroforestry buffers on soil hydraulic proper-
ties relative to row crop management,” Soil Sci. 181 (8),
368–376 (2016). 
https://doi.org/10.1097/SS.0000000000000170

3. S. M. Alagele, S. H. Anderson, and R. P. Udawatta,
“Biomass and buffer management practice effects on soil
hydraulic properties compared to grain crops for claypan
landscapes,” Agrofor. Syst. 93 (5), 1609–1625 (2018). 
https://doi.org/10.1007/s10457-018-0255-1

4. S. H. Anderson, C. J. Gantzer, and J. R. Brown, “Soil
physical properties after 100 years of continuous culti-
vation,” J. Soil Water Conserv. 45 (1), 117–121 (1990).

5. R. H. Azooz and M. A. Arshhad, “Soil infiltration and
hydraulic conductivity under long term no-tillage and
conventional tillage systems,” Can. J. Soil Sci. 76, 143–
152 (1996). 
https://doi.org/10.4141/cjss96-021

6. R. Becker, M. Gebremichael, and M. Märker, “Impact
of soil surface and subsurface properties on soil saturat-
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020
ed hydraulic conductivity in the semi-arid Walnut
Gulch Experimental Watershed, Arizona, USA,” Geo-
derma 322, 112–120 (2018). 
https://doi.org/10.1016/j.geoderma.2018.02.023

7. R. Bhattacharyya, V. Prakash, S. Kundu, H. S. Gupta,
“Effect of tillage and crop rotations on pore size distri-
butions and soil hydraulic conductivity in sandy clay
loam soil of the Indian Himalayas,” Soil Tillage Res. 86
(2), 129–140 (2006). 
https://doi.org/10.1016/j.still.2005.02.018

8. H. Blanco-Canqui and C. A. Francis, “Building resil-
ient soils through agroecosystem redesign under f luctu-
ating climatic regimes,” J. Soil Water Conserv. 71,
127A–133A (2016). 
https://doi.org/10.2489/jswc.71.6.127A

9. H. Blanco-Canqui, M. M. Mikha, D. R. Presley, and
M. M. Claassen, “Addition of cover crops enhances
no-till potential for improving soil physical properties,”
Soil Sci. Soc. Am. J. 75, 1471–1478 (2011). 
https://doi.org/10.2136/sssaj2010.0430

10. H. Blanco-Canqui, T. M. Shaver, J. L. Lindquist,
C. A. Shapiro, R. W. Elmore, C. A. Francis, and
G. W. Hergert, “Cover crops and ecosystem services:
insights from studies in temperate soils,” Agron. J. 107,
2449–2474 (2015). 
https://doi.org/10.2134/agronj15.0086

11. M. Çerçioğlu, S. H. Anderson, R. P. Udawatta, and
S. Alagele, “Effects of cover crop management on soil
hydraulic properties,” Geoderma 342, 247–253 (2019). 
https://doi.org/10.1016/j.geoderma.2019.02.027

12. M. Cercioglu, S. H. Anderson, R. P. Udawatta, and
S. I. Haruna, “Effects of cover crop and biofuel crop
management on computed tomography-measured pore
parameters,” Geoderma 319, 80–88 (2018). 
https://doi.org/10.1016/j.geoderma.2018.01.005

13. R. Chikowa, M. Mapfumo, P. Nyamugafat, and
K. E. Giller, “Woody legume fallow productivity, bio-
logical nitrogen fixation and residual benefits to two
successive maize crops in Zimbabwe,” Plant Soil 262
(1–2), 303–315 (2004).

14. J. H. Dane and J. W. Hopmans, “Water retention and
storage,” in Methods of Soil Analysis, Part 4: Physical
Methods, SSSA Book Ser. No. 5, Ed. by J. H. Dane and
G. C. Topp (Soil Science Society of America, Madison,
WI, 2002), pp. 680–688.

15. Z. Demir and D. Işık, “Effects of cover crops on soil
hydraulic properties and yield in a persimmon or-
chard,” Bragantia 78 (4), 1–10 (2019). 
https://doi.org/10.1590/1678-4499.2010197

16. R. B. Grossman, and T. G. Reinsch, “Bulk density and
linear extensibility,” in Methods of Soil Analysis, Part 4:
Physical Methods, SSSA Book Series no. 5, Ed. by
J. H. Dane and G. C. Topp (Soil Science Society of
America, Madison, WI, 2002), pp. 201–228. 
https://doi.org/10.2136/sssabookser5.4.c9

17. S. I. Haruna, “Influence of winter wheat on soil ther-
mal properties of a Paleudalf,” Int. Agrophys. 33, 389–
395 (2019). 
https://doi.org/10.31545/intagr/110850

18. S. I. Haruna, S. H. Anderson, N. V. Nkongolo, T. Re-
inbott, and S. Zaibon, “Soil thermal properties influ-
enced by perennial biofuel and cover crop manage-
ment,” Soil Sci. Soc. Am. J. 81, 1147–1156 (2017). 
https://doi.org/10.2136/sssaj2016.10.0345



1454 ÇERÇIOĞLU
19. S. I. Haruna, S. H. Anderson, N. V. Nkongolo, and
S. Zaibon, “Soil hydraulic properties: influence of tillage
and cover crops,” Pedosphere 28 (3), 430–442 (2018b). 
https://doi.org/10.1016/S1002-0160(17)60387-4

20. S. I. Haruna and N. V. Nkongolo, “Effects of tillage,
rotation and cover crop on the physical properties of a
silt-loam soil,” Int. Agrophys. 29 (2), 137–145 (2015). 
https://doi.org/10.1515/intag-2015-0030

21. S. I. Haruna, and N. V. Nkongolo, “Tillage, cover crop
and crop rotation effects on selected soil chemical
properties,” Sustainability 11 (10), 2770 (2019). 
https://doi.org/10.3390/su11102770

22. S. I. Haruna, N. V. Nkongolo, S. H. Anderson,
F. Eivazi, and S. Zaibon, “In situ infiltration as influ-
enced by cover crop and tillage management,” J. Soil
Water Conserv. 73 (2), 164–172 (2018). 
https://doi.org/10.2489/jswc.73.2.164

23. R. Haverkamp, F. J. Leij, C. Fuentes, A. Sciortino, and
P. J. Ross, “Soil water retention,” Soil Sci. Soc. Am. J.
69, 1881–1890 (2005). 
https://doi.org/10.2136/sssaj2004.0225

24. M. Joschko, W. Sochtig, and O. Larink, “Functional
relationship between earthworm burrows and soil water
movement in column experiments,” Soil Biol. Bio-
chem. 24 (12), 1545–1547 (1992). 
https://doi.org/10.1016/0038-0717(92)90148-Q

25. A. Klute and C. Dirksen, “Hydraulic conductivity and
diffusivity,” in Methods of Soil Analysis, Part 1: Physical
and Mineralogical Methods (American Society of
Agronomy, Madison, WI, 1986), pp. 687–734.

26. S. Kumar, S. H. Anderson, L. G. Bricknell, R. P. Uda-
watta, and C. J. Gantzer, “Soil hydraulic properties influ-
enced by agroforestry and grass buffers for grazed pasture
systems,” J. Soil Water Conserv. 63 (4), 224–232 (2008). 
https://doi.org/10.2489/jswc.63.4.224

27. V. S. Kursakova, “The effect of perennial herbs on the
physical properties of saline soils,” Eurasian Soil Sci.
39, 748–752 (2006). 
https://doi.org/10.1134/S1064229306070088

28. F. J. Leij, T. A. Ghezzehei, and D. Or, “Modeling the
dynamics of the soil pore-size distribution,” Soil Tillage
Res. 64, 61–78 (2002). 
https://doi.org/10.1016/S0167-1987(01)00257-4

29. S. D. Logsdon, and D. B. Jaynes, “Spatial variability of
hydraulic conductivity in a cultivated field at different
times,” Soil Sci. Soc. Am. J. 60 (3), 703–709 (1996). 
https://doi.org/10.2136/sssaj1996.03615995006000030003x

30. A. Nouri, J. Lee, X. Yin, D. D. Tyler, and A. M. Saxton,
“Thirty-four years of no-tillage and cover crops improve
soil quality and increase cotton yield in Alfisols, South-
eastern USA,” Geoderma 337, 998–1008 (2019). 
https://doi.org/10.1016/j.geoderma.2018.10.016

31. M. A. Prieksat, T. C. Kaspar, and M. D. Ankeny, “Posi-
tional and temporal changes in ponded infiltration in a
corn field,” Soil Sci. Soc. Am. J. 58 (1), 181–184 (1994). 
https://doi.org/10.2136/sssaj1994.03615995005800010026x

32. A. Rachman, S. H. Anderson, C. J. Gantzer, and
E. E. Alberts, “Soil hydraulic properties influenced by
stiff-stemmed grass hedge systems,” Soil Sci. Soc. Am.
J. 68 (4), 1386–1393 (2004). 
https://doi.org/10.2136/sssaj2004.1386

33. L. M. Rankoth, R. P. Udawatta, C. J. Gantzer, S. Jose,
and K. A. Nelson, “Cover crop effects on corn plant sap
flow rates and soil water dynamics,” Crop Sci. 59 (5),

2227–2236 (2019). 
https://doi.org/10.2135/cropsci2019.04.0234

34. L. M. Rankoth, R. P. Udawatta, C. J. Gantzer, S. Jose,
K. Veum, and H. A. Dewanto, “Cover crops on tempo-
ral and spatial variations in soil microbial communities
by phospholipid fatty acid profiling,” Agron. J. 111 (4),
1693–1703 (2019b). 
https://doi.org/10.2134/agronj2018.12.0789

35. W. D. Reynolds and D. E. Elrick, “Falling head soil
core (tank) method,” in Methods of Soil Analysis, Part 4:
Physical Methods, SSSA Book Series no. 5, Ed. by
J. H. Dane and G. C. Topp (Soil Science Society of
America, Madison, WI, 2002), pp. 809–812.

36. H. Sahin, S. H. Anderson, and R. P. Udawatta, “Water in-
filtration and soil water content in claypan soils influenced
by agroforestry and grass buffers compared to row crop
management,” Agrofor. Syst. 90 (5), 839–860 (2016). 
https://doi.org/10.1007/s10457-016-9899-x

37. T. Seobi, S. H. Anderson, R. P. Udawatta, and
C. J. Gantzer, “Influence of grass and agroforestry buf-
fer strips on soil hydraulic properties for an albaqualf,”
Soil Sci. Soc. Am. J. 69 (3), 893–901 (2005). 
https://doi.org/10.2136/sssaj2004.0280

38. M. K. Shukla, “Soil physics: An introduction”. (CRC
Press, Hoboken, 2013).

39. J. S. VeVerka, R. P. Udawatta, and R. J. Kremer, “Soil
health indicator responses on Missouri claypan soils af-
fected by landscape position, depth, and management
practices,” J. Soil Water Conserv. 74 (2), 111–122 (2019). 
https://doi.org/10.2489/jswc.74.2.126

40. M. B. Villamil, G. A. Bollero, R. G. Darmody, F. W. Sim-
mons, and D. G. Bullock, “No-till corn/soybean systems
including winter cover crops: Effects on soil properties,”
Soil Sci. Soc. Am. J. 70 (6), 1936–1944 (2006). 
https://doi.org/10.2136/sssaj2005.0350

41. M. G. Wagger and H. P. Denton, “Influence of cover
crop and wheel traffic on soil physical properties in
continuous no-till corn,” Soil Sci. Soc. Am. J. 53,
1206–1210 (1989). 
https://doi.org/10.2136/sssaj1989.03615995005300040036x

42. R. T. Walczak, F. Moreno, C. S. lawi’nski, E. Fernan-
dez, and J. L. Arrue, “Modeling of soil water retention
curve using soil solid phase parameters,” J. Hydrol. 329
(3–4), 527–533 (2006). 
https://doi.org/10.1016/j.jhydrol.2006.03.005

43. Y. Wang, M. A. Shao, Z. Liu, and R. Horton, “Region-
al-scale variation and distribution patterns of soil satu-
rated hydraulic conductivities in surface and subsurface
layers in the loessial soils of China,” J. Hydrol. 487, 13–
23 (2013). 
https://doi.org/10.1016/j.jhydrol.2013.02.006

44. C. Weerasekara, R. P. Udawatta, S. Jose, R. J. Kremer,
and C. Weerasekara, “Soil quality differences in a row-
crop watershed with agroforestry and grass buffers,”
Agrofor. Syst. 90 (5), 829–838 (2016). 
https://doi.org/10.1007/s10457-016-9903-5

45. I. A. M. Yunusa and P. J. Newton, “Plants for ameliora-
tion of subsoil constraints and hydrological control: the
primer-plant concept,” Plant Soil 257, 261–281 (2003). 
https://doi.org/10.1023/A:1027381329549

46. S. Zaibon, S. H. Anderson, N. R. Kitchen, and
S. I. Haruna, “Hydraulic properties affected by topsoil
thickness in switchgrass and corn-soybean cropping sys-
tems,” Soil Sci. Soc. Am. J. 80 (5), 1365–1376 (2016). 
https://doi.org/10.2136/sssaj2016.04.0111
EURASIAN SOIL SCIENCE  Vol. 53  No. 10  2020


	INTRODUCTION
	OBJECTS AND METHODS
	Site Description
	Soil Sampling and Analysis
	Statistical Analysis

	RESULTS AND DISCUSSION
	Bulk Density and Saturated Hydraulic Conductivity
	Pore Size Distributions
	Water Retention

	CONCLUSIONS
	REFERENCES

		2020-10-19T08:20:45+0300
	Preflight Ticket Signature




