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Abstract 

Soil water retention is a critical aspect of agricultural management, especially in areas such as the 
Lower Mississippi River Alluvial Valley that face potential water shortages in the near future. Pre-
vious studies have linked changes in soil water retention characteristics to agricultural manage-
ment practices, especially as they affect the accumulation of soil organic matter (SOM). Therefore, 
the objective of this study was to determine the relationship between soil water potential and gra-
vimetric soil water content in the top 7.5 cm as affected by nitrogen (N) fertilization/residue level 
(high and low), residue burning (burning and non-burning), tillage (conventional and no-tillage), 
and irrigation (irrigated and non-irrigated) after 12 complete cropping cycles in a wheat (Triticum 
aestivum L.)-soybean [Glycine max (L.) Merr.], double-crop production system in the Delta region 
of eastern Arkansas using soil wetting curves. The soil investigated was a Calloway silt loam (fine 
silty, mixed, active, thermic Glossaquic Fraglossudalf). The slope characterizing the relationship 
between the natural logarithm of the soil water potential and the gravimetric soil water content 
was only affected (P < 0.05) by the N-fertilization/residue-level treatment, while the intercept 
was unaffected by any field treatment. Averaged across tillage, burning, and irrigation, soil 
water contents under the high- exceeded those under low-N-fertilization/residue-level treat-
ment at the same water potential, with the greatest differences observed at water contents > 
0.12 g∙g−1. Understanding the ways in which alternative residue management practices affect 
soil water retention characteristics is an important component of conserving irrigation water 
resources. 
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1. Introduction 
Agronomic management practices that promote the formation of soil organic matter (SOM) and soil aggregation, 
such as reduced tillage and diversifying crop rotations, can increase plant available water in the soil [1] and 
likely have many more positive, long-term effects on soil water characteristics. For example, significant differ-
ences have been observed between soil water retention curves in the top 10 cm for native prairie (SOM = 22 
g∙kg−1) and cultivated agricultural soil (SOM = 10.8 g∙kg−1) in eastern Arkansas [2]. Specifically, the native 
prairie soil contained a greater soil water content than the cultivated agricultural soil at the same water potential, 
indicating a possible correlation between increased SOM and water retention. Similarly, decreased soil water 
retention under conventional tillage (CT) management was reported compared to increased soil water retention 
and unsaturated hydraulic conductivity under no-tillage (NT) management in a continuous corn (Zea mays L.) 
study on Mollisols in Iowa [3]. Verkler et al. [4] reported slower soil dry down after wetting under non-burned 
management compared to burned residue management, as well as slower soil dry down under NT compared to 
CT when examining soil water content dynamics in a wheat (Triticum aestivum L.)-soybean [Glycine max (L.) 
Merr.], double-crop system on a silt-loam soil in eastern Arkansas after three years and four complete cropping 
cycles. Clearly, residue and field management practices influence soil water retention characteristics, which may 
be related to agricultural management effects on soil aggregation and SOM.  

Increases in SOM have been associated with increased infiltration, greater hydraulic conductivity, and in-
creased water retention [5]. Therefore, management practices such as tillage and nitrogen (N) fertilization that 
may affect the accumulation of SOM may also affect soil water retention characteristics. In a previous study of 
alternative residue management practice effects on near-surface soil properties in a wheat-soybean, double-crop 
production system on a silt-loam soil in eastern Arkansas, Amuri et al. [6] reported increasing soil carbon (C) 
and SOM over time in the top 10 cm across all treatment combinations over the course of six years and seven 
complete wheat-soybean cropping cycles following conversion to alternative management practices, where 
trends were likely due to the increase in crop residue returned to the soil as a result of converting from mono-
culture soybean to a wheat-soybean double-crop system. Smith et al. [7] reported that the abundance of wa-
ter-stable aggregates was significantly affected by tillage, irrigation, and N-fertilization treatments. Nitrogen fer-
tilization promotes wheat biomass, which may eventually contribute to an increase in SOM and soil aggregation. 
Therefore, N fertilization, and other management practices that promote SOM and soil aggregation, may affect 
the relationship between soil water potential and the soil water content, hence soil water retention. For example, 
Bowman and Halvorson [8] reported significant increases in soil organic C (SOC), and therefore SOM, in the 
top 5 cm under increased N-fertilization management. Similarly, SOC and SOM increased at a greater rate under 
a high (134 kg∙N∙ha−1∙yr−1) than under low N-rate (<90 kg∙N∙ha−1∙yr−1) treatments in a wheat-containing rotation 
managed consistently for 10 yr near Akron, Colorado [9].  

An understanding of traditional and alternative residue management practices on soil water retention is criti-
cal to determining the best management practices in highly productive agricultural regions, especially in areas 
such as the Delta region of eastern Arkansas that face potential water shortages in the future. Scott et al. [10] 
used a regression equation based on annual water use rate to determine that 75% of the Alluvial Aquifer, the 
shallowest aquifer underlying most of the Delta region of eastern Arkansas, will be depleted from large irriga-
tion withdrawls by 2041. Therefore, the objective of this study was to examine the effects of N fertilization/re- 
sidue level (high and low), residue burning (burning and non-burning), tillage (conventional and no-tillage), and 
irrigation (irrigated and non-irrigated) on the relationship between soil water potential and gravimetric soil water 
content in the top 7.5 cm after 12 complete cropping cycles in a wheat-soybean, double-crop production system 
in eastern Arkansas using soil wetting curves. It was hypothesized that water contents under NT will be greater 
than that under CT at the same water potential due to effects on aggregation and that the history of irrigation or 
dryland production will have little effect on soil water retention using the wetting curve approach. It was also 
hypothesized that the cumulative effects of 12 years of residue burning would render soil water retention in the 
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burned treatment lower than that in the non-burned treatment due to the hydrophobic characteristics of the added 
ash. In addition, it was hypothesized that increased above and belowground biomass inputs would contribute to 
greater water retention in the high than in the low N-fertilization/residue-level treatment.  

2. Materials and Methods 
2.1. Site Description 
A field study was initiated in Fall 2001 at the Lon Mann Cotton Branch Experiment Station (N34˚44'2.26''; 
W90˚45'51.56'') [11] in the Lower Mississippi River Alluvial Valley near Marianna, AR. The study site lies 
within the Southern Mississippi Valley Loess [Major Land Resource Area (MLRA) 134] [12]. This region con-
sists of a series of loess covered hills and alluvial terraces. Despite being prone to erosion, this region has been 
highly agriculturally productive for decades [12]. The field site is on a Calloway silt loam (fine silty, mixed, ac-
tive, thermic Glossaquic Fraglossudalf) [13], which consists of 16% sand, 73% silt, and 11% clay in the top 10 
cm [14]. The 30-yr mean air annual temperature of the region is 15.6˚C and the 30-yr mean annual precipitation 
is 128 cm [15]. The 30-yr mean maximum and minimum air temperatures of the region are 32.8˚C in July and 
2.4˚C in January, respectively [15]. This study follows a series of several previous studies at this same study site 
that have evaluated a variety of short- and long-term effects of alternative management practices effects on plant 
and soil properties [6] [7] [16]. 

2.2. Experimental Design 
Between Fall 2001 and Spring 2005, the study consisted of a three-factor, split-strip-plot, randomized complete 
block experimental design with six replications of each of eight treatment combinations [11]. The three experi-
mental factors were i) N fertilization/residue level (i.e., a high N fertilization/residue level, achieved with a split 
application of N fertilizer, and a low N/fertilization/residue level, achieved with minimal to no N additions); ii) 
residue burning (i.e., burning or non-burning); and iii) tillage (i.e., CT or NT) [11]. However, an irrigation factor 
was introduced in 2005 by dividing the site into an irrigated half and a non-irrigated half [4]. Since 2005, the 
experimental area has consisted of 48, 3- × 6-m plots with six replications for every N-fertilization/residue-lev- 
el-burning-tillage treatment combination and three replications for every N-fertilization/residue-level-burning- 
tillage-irrigation treatment combination (Figure 1) [6]. 

 

 
Figure 1. Experimental layout at the Lon Mann Cotton Branch Experiment Station in eastern Arkansas depicting 48, 3- × 
6-m plots under residue-level [high (H) and low (L)], burn, tillage [conventional tillage (CT) and no-tillage (NT)], and irriga-
tion treatments.                                                                                         
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2.3. Field Management 
Prior to the initiation of the study, the site was managed as a continuous, mono-cropped soybean system using 
CT [11]. Due to the consistent field management prior to beginning this long-term study in 2001, near-surface 
soil properties throughout entire study area were assumed uniform and any subsequent observed differences in 
measured soil and/or plant properties were assumed be to the result of imposed field treatments rather than in-
herent differences among plots [14]. 

To prepare for this study, initial field preparations in Fall 2001 involved disking twice followed by broadcast 
applications of N, phosphorous, potassium, and pelletized limestone at rates of 20, 22.5, 56, and 1120 kg∙ha−1, 
respectively, prior to wheat planting. Wheat was drill seeded with a 19-cm row spacing each fall thereafter. All 
plots were manually broadcast fertilized in early March 2002 through 2004 with urea (46% N) at the rate of 101 
kg∙N∙ha−1. High-N-fertilization/residue-level plots (n = 24) were manually broadcast fertilized in late March at 
approximately the late-jointing stage with an additional 101 kg∙N∙ha−1 to produce different levels of wheat resi-
due. No N-fertilizer was applied in Spring 2005 due to a failure to establish wheat stands caused by prolonged 
wet soil conditions in Fall 2004. Since 2006, initial applications of 56 kg∙N∙ha−1 as urea were broadcast on high- 
N-fertilization/residue-level plots in approximately late February, followed by a split application of an additional 
56 kg∙N∙ha−1 at the late-jointing stage in approximately late March. Since 2006, the low-N-fertilization/residue- 
level plots have received no N fertilization in order to achieve the desired residue-level difference.  

Wheat was harvested using a plot combine in approximately early June each year. Wheat residue left behind 
the plot combine was uniformly spread by hand over each plot immediately following wheat harvest. Any re-
maining wheat stubble was mowed with a rotary mower to a height of ~3 cm from the soil surface in order to 
achieve a uniform residue-covered surface for soybean planting. Following mowing, the burning treatment was 
imposed on half of the plots by propane flaming. The residue-burning treatment was not able to be imposed in 
2005, 2007, and 2012 due to the absence of a wheat stand in Spring 2005, prolonged wet soil conditions in 
Spring 2007, and overly weedy conditions in 2012. Imposition of the burning treatment was followed by impos 
ing the tillage treatment each year. The CT plots were disked at least twice with a tandem disk to a depth of ~10 
cm followed by seedbed smoothing with at least three passes of a soil conditioner. The CT practices used in this 
study are representative of widely used pre-soybean-planting tillage operations throughout the region. 

A glyphosate-resistant soybean cultivar, maturity group 5.3 or 5.4, was drill-seeded with 19-cm row spacing 
at a rate of approximately 47 kg seed ha−1 in early to mid-June each year. Potassium fertilizer was applied ac-
cording to recommended rates [17] when the previous year’s soil test indicated potassium was needed. In 2002 
through 2004, all plots were furrow-irrigated as needed, three to four times each soybean-growing season. A le-
vee was created in 2005 to exclude furrow-irrigation water from the non-irrigated (i.e., dryland) treatment, 
which received only natural rainfall. Weeds and insects were managed consistently throughout the entire study 
area as necessary based on University of Arkansas Cooperative Extension Service’s recommendations, which 
generally consisted of herbicide and insecticide applications during both the wheat- and soybean-growing sea-
sons [17]. Soybean were harvested with a plot combine from late October to early November each year. Each 
year within two weeks of soybean harvest, the subsequent wheat crop was sown into the soybean residue, which 
was left in place without any manipulations. 

2.4. Plant Sample Collection and Processing 
To verify achievement of the N-fertilization/residue-level treatment, immediately following wheat harvest and 
rotary mowing and before residue burning each year, aboveground residue was assessed. A residue sample was 
collected from within a 0.25-m2 metal frame, oven-dried for 3 to 7 days at 55˚C, and weighed to obtain an esti-
mate of aboveground residue mass into which soybean were subsequently planted. 

2.5. Soil Sample Collection and Processing 
Consistent with prior annual soil sampling conducted at this field site [6] [7] [14] [16], at wheat harvest in May 
2014, a single soil sample was collected from the top 10 cm in each plot using a 4.8-cm-diameter stainless steel 
core chamber beveled to the outside to minimize compaction. Soil samples were oven-dried for 48 hr at 70˚C, 
weighed for bulk density determinations, ground to pass through a 2-mm mesh screen, and analyzed for selected 
soil chemical properties. Soil pH was determined potentiometrically in a 1:2 (w/v) soil-to-water suspension. Soil 
OM was determined by weight-loss-on-ignition after 2 hr at 360˚C. Total soil C and N were determined by 
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high-temperature combustion with an Elementar VarioMAX Total C and N Analyzer (Elementar Americas Inc., 
Mt. Laurel, NJ). All measured soil C was assumed to be organic given the lack of effervescence upon treatment 
with dilute hydrochloric acid [14]. The soil C: N ratio was calculated from measured C and N concentrations. 
Total C and N and SOM contents (kg∙m−2) were calculated from measured concentrations (g∙kg−1) and measured 
bulk densities in the top 10 cm from the May 2014 soil sampling. 

To assess field treatment effects on the relationship between soil water potential and soil water content, 12, 
~2-cm-diameter soil samples were collected from the top 7.5 cm of each plot at wheat harvest in May 2014 and 
combined into one composite soil sample per plot. Each sample was manually homogenized and air-dried for 
approximately 5 d, ground, and sieved to pass through a 2-mm mesh screen. Subsamples were weighed, 
oven-dried at 70˚C for 48 hr, and reweighed to obtain the initial moisture content of the air-dried sample. Fol-
lowing the procedures of Brye [2], seven, 5 ± 0.01-g subsamples of air-dried soil from each of the 48 plots were 
added to small mixing cups. Drops of distilled water (i.e., 2, 4, 6, 10, 12, 15, and 20 drops) were added to each 
of the seven mixing cups with an eyedropper and manually mixed with a spatula to achieve a range of gravime-
tric soil water contents. The moist soil in each mixing cup was transferred to small plastic instrument cups, 4 cm 
in diameter by 1 cm tall, and lightly packed to a uniform bulk density of ~0.7 g∙cm−3. The plastic instrument 
cups were capped and allowed to equilibrate overnight to room temperature (i.e., ~20˚C). The next morning after 
over-night temperature equilibration, the water potential was subsequently measured with a WP4 Dewpoint Po-
tentiaMeter (Decagon Devices, Inc., Pullman, WA), which was calibrated using a standard potassium chloride 
solution. After the water potential was recorded, each instrument cup was weighed, oven-dried at 70˚C for 48 hr, 
then reweighed for gravimetric water content determinations. Measured water potentials were natural-logarithm 
transformed to facilitate statistical analyses. 

In addition, to determine actual residue management effects on near-surface bulk density, a third set of soil 
cores were collected between 8 and 10 weeks after soybean planting in 2014, similar to previous annual bulk 
densities assessments [6] [7] [14] [16]. A single 4.8-cm-diameter soil core was extracted from the top 10 cm in 
each plot using a stainless steel core chamber and slidehammer. Samples were oven-dried at 70˚C for 48 hr, and 
weighed for an additional bulk density measurement. 

2.6. Statistical Analyses 
An analysis of variance (ANOVA) was conducted using SAS (version 9.3, SAS Institute, Inc., Cary, NC) to 
evaluate the N-fertilization/residue-level treatment effect on aboveground residue mass for annual measurements 
conducted between 2007 and 2014. In addition, an ANOVA was also conducted using SAS, based on the strip- 
split-plot experimental layout of the field treatments (Figure 1), to evaluate the effects of N fertilization/residue 
level, burning, tillage, irrigation, and their interactions on soil pH, SOM, total N, and C contents, C:N ratio, and 
bulk density in the top 10 cm measured in 2014, which represents the cumulative effects of 12 consecutive years 
of consistent management. Due to practical limitations of the study area, the addition of the irrigation treatment 
since 2005 was superimposed on the burning treatment (Figure 1). Therefore, irrigation and burning treatments 
could not be simultaneously analyzed within this experimental design. Therefore, two separate ANOVAs were 
conducted, each excluding one of the confounding factors (i.e., burning and irrigation). When appropriate, 
treatment means were also separated by least significant difference (LSD) at the 0.05 level. 

To evaluate field treatment effects on soil water retention, an analysis of covariance (ANCOVA) was con-
ducted using SAS to examine the long-term effects of N fertilization/residue level, burning, tillage, irrigation, 
and their interactions on the linear relationship between the natural logarithm (log) of the measured soil water 
potential and the gravimetric water content from the soil wetting-curve data. For the purposes of simultaneously 
evaluating all field treatments and their interactions, the experimental design was assumed to be completely 
random with three replications of each of 16 treatment combinations. The full ANCOVA model was reduced 
using a hierarchal principle to remove non-significant terms, and non-significant terms were only included the 
final model when they participated in higher-order, complex treatment interactions. When appropriate, treatment 
means for slopes and intercepts from the log-transformed relationships were separated by LSD at the 0.05 level. 

3. Results and Discussion 
3.1. Aboveground Residue Levels 
Following the 13 wheat crops produced in this study between 2002 and 2014, the N-fertilization scheme used 
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annually produced numerically greater aboveground residue amounts, into which the subsequent soybean crop 
was planted, in the high than in the low N-fertilization/residue-level treatment in 12 of the 13 years, with 2002 
being the exception [6] [18]. In addition, significantly (P < 0.05) greater aboveground residue amounts were 
produced in the high than in the low N-fertilization/residue-level treatment in 10 of the 13 years, with 2002, 
2004 [6], and 2010 being the exceptions [18]. Therefore, it is clear that the intended residue-level differences 
were achieved in more than the majority of the 13 years to justify the N-fertilization/residue-level treatment. 

3.2. 2014 Soil Properties 
After 13 complete wheat-soybean cropping cycles (i.e., 2001 to 2014) and 12 years of consistent management, 
soil C and N contents, soil C:N ratio, and soil pH in the top 10 cm were affected (P < 0.05) by field treatments. 
When irrigation was excluded from the model, soil C content (P = 0.038) and soil C: N ratio (P = 0.033) dif-
fered between burn treatments in 2014. Averaged across tillage, N fertilization/residue level, and irrigation, soil 
C content averaged 1.22 and 1.42 kg∙m−2, while the soil C:N ratio averaged 9.2 and 10.2 under burning and non- 
burning, respectively. However, when burning was excluded from the model, soil N content (P = 0.032) and the 
C:N ratio (P = 0.021) differed between the N-fertilizer/residue-level treatments (Table 1). Averaged across til-
lage, burning, and irrigation, soil N content averaged 0.14 and 0.13 kg∙m−2 under the high and low N-fertiliza- 
tion/residue-level treatments, respectively. Similarly, averaged across tillage, burning, and irrigation, the soil C: 
N ratio averaged 9.4 and 10.0 under the high and low N-fertilization/residue-level treatments, respectively.   

In 2014, soil pH in the top 10 cm differed (P = 0.021) between irrigation treatments within N-fertilizer/resi- 
due-level treatments (Table 1) when burning was excluded from the model. Averaged across tillage and burning, 
soil pH was greater under irrigation regardless of N-fertilization/residue level, where soil pH averaged 7.26 un-
der the high and 7.28 under the low N fertilization/residue level, than that under the dryland treatment, where 
soil pH averaged 6.67 under the low, which was greater than that under the high N fertilization/residue level (i.e., 
pH averaged 6.48). However, all soil pH values, regardless of management, exceeded the minimum soil pH 
threshold of 6.0, below which soybean yield reductions can be expected on silt-loam soils in eastern Arkansas 
[19]. Therefore, the differences in soil pH among irrigation and N-fertilization/residue-level treatment combina-
tions were agronomically non-significant with regards to soybean production on silt-loam soils in eastern Ar-
kansas. 

In contrast to other initial soil properties, after 13 complete wheat-soybean cropping cycles (i.e., 2001 to 2014) 
and 12 years of consistent management, bulk density and SOM contents were unaffected (P > 0.05) by any of 
the field treatments in 2014 regardless of whether burning (Table 1) or irrigation (data not shown) were ex-
cluded in the statistical model. Therefore, bulk density averaged 1.21 g∙cm−3 [standard error (SE) = 0.01] and 
SOM content averaged 2.9 kg∙m−2 (SE = 0.06) across all field treatments in 2014. 

 
Table 1. Analysis of variance summary of the effects of N-fertilization/residue level (residue level), tillage, irrigation, and 
their interactions on soil bulk density, pH, soil organic matter (SOM), total carbon (TC), total nitrogen (TN), and the soil C: 
N ratio in the top 10 cm from spring 2014 after 12 complete cropping cycles in a wheat-soybean, double-crop production 
system in eastern Arkansas.                                                                                

Source of Variation Bulk Density pH SOM TC TN C:N 

 P 

Residue level ns† ns ns ns 0.032 0.021 

Tillage ns ns ns ns ns ns 

Irrigation ns 0.023 ns ns ns ns 

Residue level × tillage ns ns ns ns ns ns 

Residue level × irrigation ns 0.021 ns ns ns ns 

Tillage × irrigation ns ns ns ns ns ns 

Residue level × tillage × irrigation ns ns ns ns ns ns 

†Not significant (ns, P > 0.05). 
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3.3. Soil Water Retention 
As was expected, the relationship between soil water potential and gravimetric water content across all data and 
treatment combinations followed a curvilinear pattern, where the water potential increased exponentially as gra-
vimetric soil water content increased (Figure 2). Though soil properties, and water retention, were assumed to 
be uniform at the beginning of the study site in 2001, after 13 complete wheat-soybean cropping cycles (i.e., 
2001 to 2014) and 12 years of consistent management, the slope characterizing the linear relationship between 
the natural logarithm of water potential and gravimetric water content in the top 7.5 cm was affected (P = 0.007) 
by only the N-fertilization/residue-level treatment (Table 2; Figure 3), and was unaffected (P > 0.05) by tillage, 
burning, irrigation or any of their interactions (Table 3). The intercept characterizing the linear relationship be-
tween the natural logarithm of water potential and gravimetric water content was unaffected (P > 0.05) by any 
field treatment (Table 2; Figure 3). Averaged across tillage, burning, and irrigation, the slope for the low was 
greater (i.e., more negative) than that for the high N-fertilization/residue-level treatment (Table 3). This result 
indicated that, on average, there was a greater change in water content per unit change in water potential asso-
ciated with the soil from the low compared to the high N-fertilization/residue-level treatment. The greatest dif-
ferences between high and low N-fertilization/residue treatments were observed at water contents > ~0.12 g∙g−1 
(Figure 3). Conversely, as soil water potential decreased, gravimetric soil water contents became increasingly 
similar under both N-fertilization/residue-levels treatments.  

The results of this study on a silt-loam, loessial soil from the Delta region of eastern Arkansas were similar to 
the soil moisture characteristic curve results reported by Brye [2] using a similar wetting-curve approach. Brye 
[2] demonstrated that soil water contents in both native prairie and cultivated agricultural silt-loam soils in east- 
central Arkansas became increasingly similar as soil water potential approached permanent wilting point (i.e., 
−1.5 MPa), regardless of field treatments imposed. Verkler et al. [4] also reported numerically greater maximum 
soil water contents at the 7.5 cm depth under the high compared with the low N-fertilization/residue-level treat-
ment, although the differences were statistically non-significant. Management practices that increase the amount 
of crop residue returned to the soil, such as with greater above- and belowground biomass achieved with diffe-
rential N fertilization, have been shown to increase infiltration, bulk density, and water storage capacity [20]. 

Though N fertilization/residue level did not significantly affect SOM or C contents in the top 10 cm in 2014 
after 13 years of consistent residue management, one possible explanation for the significant effect of N fertili- 

 

 
Figure 2. Raw data from all treatment combinations depicting the relationship between soil water 
potential and gravimetric soil water content from soil wetting curves for the top 7.5 cm in a 
wheat-soybean, double-crop system in eastern Arkansas after 13 years (i.e., 2001 to 2014) of 
consistent residue management.                                                       



R. Norman et al. 
 

 
206 

Table 2. Analysis of covariance summary of the effects of N-fertilization/residue level (residue level), burning (burn), tillage, 
irrigation, and their interactions on the linear relationship between the natural logarithm of soil water potential and gravime-
tric soil water content using a soil wetting curve approach from the top 7.5 cm after 12 complete cropping cycles in a 
wheat-soybean, double-crop production system in eastern Arkansas.                                                

Source of variation† P 

Intercept term  

Residue level ns†† 

Burn ns 

Tillage ns 

Irrigation ns 

Residue level × burn ns 

Residue level × tillage ns 

Residue level × irrigation ns 

Burn × tillage ns 

Burn × irrigation ns 

Tillage × irrigation ns 

Residue level × burn × tillage ns 

Residue level × burn × irrigation ns 

Residue level × tillage × irrigation ns 

Burn × tillage × irrigation ns 

Residue level × burn × tillage × irrigation ns 

Liner term  

Water content <0.001 

Residue level × water content 0.007 

Burn × water content ns 

Tillage × water content ns 

Irrigation × water content ns 

Residue level × burn × water content ns 

Residue level × tillage × water content ns 

Residue level × irrigation × water content ns 

Burn × tillage × water content ns 

Burn × irrigation × water content ns 

Tillage × irrigation × water content ns 

Residue level × burn × tillage × water content ns 

Residue level × burn × irrigation × water content ns 

Residue level × tillage × irrigation × water content ns 

Burn × tillage × irrigation × water content ns 

Residue level × burn × tillage × irrigation × water content ns 

†Non-significant interactions (P > 0.05) were removed in the final model, except when non-significant terms participated in higher-order, complex 
treatment combinations. ††Not significant (ns, P > 0.05). 
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Figure 3. Influence of residue level [high (H, _____) and low (L, -----)] on the relationship between the natural logarithm (LN) 
of the water potential and the gravimetric soil water content from soil wetting curves for the top 7.5 cm in a wheat-soybean, 
double-crop system in eastern Arkansas after 13 years (i.e., 2001 to 2014) of consistent residue management.                  

 
Table 3. Summary of estimated regression parameters for the N-fertilization/residue-level [High (H) and Low (L)] treatment 
for the linear relationship between the natural logarithm of soil water potential (−MPa) and gravimetric soil water content 
(g∙g−1) in the top 7.5 cm after 12 complete cropping cycles in a wheat-soybean, double-crop production system in eastern 
Arkansas. Coefficient estimates with the same lower case letter do not differ (P > 0.05).                                 

Regression Term Treatment Coefficient Estimate P† 

Intercept 
High 3.108 a <0.001 

Low 3.357 a 0.002 

Linear 
High −39.712 a <0.001 

Low −45.207 b 0.001 

†P < 0.05 indicates coefficient estimate was significantly different from 0. 
 

zation/residue level on the relationship between the natural logarithm of water potential and the gravimetric soil 
water content was that the high N-fertilization/residue-level treatment promoted increased soil structure devel-
opment and SOM more than the low N-fertilization/residue-level treatment. While it was concluded in a pre-
vious study analyzing soil properties in the same plots used in the current study that N fertilization/residue level 
alone had no obvious, observable effects on the trend in SOM content in the top 10 cm over time between 2007 
and 2014, N fertilization/residue level did affect (P < 0.05) the trend in SOM content over time as part of com-
plex treatment combinations [18]. 

It is also possible that the N-fertilization/residue-level treatment may have impacted SOM content and soil 
aggregates in the top 7.5 cm differently than in the top 10 cm due to the greater accumulation of both above- and 
below-ground plant biomass concentrated near the soil surface. A previous study analyzing soil aggregation in 
the top 10 cm in the same plots used in the current study reported that the concentration of water-stable aggre-
gates was 11% greater in the top 5 cm than in the 5 to 10 cm depth interval after 7 years of consistent manage-
ment [7] suggesting that SOM and soil aggregates may be more concentrated in the 7.5-cm depth samples used 
for the current study than in the 10-cm depth samples used for previous studies [6] [18]. Therefore, it is possible 
that the N-fertilization/residue-level treatment affected the <2-mm-sized soil aggregates, which may have oc-
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cluded SOM, in the top 7.5 cm, without clearly and obviously affecting SOM contained in the aggregate size 
classes larger than 2 mm in the top 10 cm. Such an increase in occluded SOM in smaller aggregates might ac-
count for an increase in soil water content [5] [21]. For example, Brye [2] reported greater soil water contents in 
the top 10 cm of a native prairie soil than soil water contents of cultivated agricultural soils at the same water 
potential and ascribed at least a partial explanation to the greater SOM content in the prairie soil (SOM = 22 
g∙kg−1) compared wo the cultivated agricultural soil (SOM = 10.8 g∙kg−1) examined. 

Somewhat surprisingly, neither burning nor tillage had an observable effect (P > 0.05; Table 2) on the rela-
tionship between the natural logarithm of water potential and the gravimetric soil water content after 13 years of 
consistent residue management and 12 complete cropping cycles. These results were in contrast with the original 
hypothesis that tillage would strongly affect the relationship between soil water potential and soil water content, 
such that soil water content under NT would exceed that under CT at the same water potential. Similarly, these 
results were in contrast to the original hypothesis that residue burning would render soil retention in the burned 
treatment lower than that in the non-burned treatment due to cumulative effects of hydrophobic ash additions. It 
is possible that any potential effects of burning and/or tillage on water retention characteristics were masked as a 
result of the sample preparation procedure (i.e., grinding and sieving to ≤2 mm), which rendered the soil struc-
ture and natural aggregation and porosities highly disrupted from their in-situ, undisturbed state. As hypothe-
sized, the cumulative effects of irrigation or dryland soybean production had no effect on resulting water reten-
tion characteristics as determined using soil wetting curves.   

In contrast to the results of this study, other soil water retention studies have reported significant correlations 
between cultivation and near-surface soil water retention characteristics [2] [3] [5], likely due to the increased 
hydraulic conductivity and infiltration rates associated with relatively undisturbed NT compared to highly dis-
turbed CT soils. Verkler et al. [4] reported that residue burning significantly affected maximum soil water con-
tents during irrigation events, and that the mean maximum soil water content was 3% (v/v) greater under residue 
burning compared with non-burning. However, the water content measurements conducted by Verkler et al. [4] 
were made in-situ (i.e., in undisturbed soil in the field), and are therefore fundamentally different from the oven- 
dried, ground, sieved, and rewetted soil samples used in the current study. 

4. Conclusion 
Following conversion to alternative residue and water management practices and after 13 consecutive years (i.e., 
2001 to 2014) of management, N fertilization/residue level, but not burning, tillage, or irrigation treatments, sig-
nificantly affected the linear relationship between the natural logarithm of water potential and the gravimetric 
soil water content as determined by soil wetting curves. The wetting-curve procedure provided a simple, repli-
catable, and useful approach to evaluate long-term effects of various field treatment on soil water retention. It 
can be inferred from the results of this study that differences in N-fertilization/residue-level management can 
have a cumulative effect on soil water retention characteristics, possibly as a result of the increased soil aggrega-
tion and occluded SOM associated with increased crop residue inputs, both above-and belowground, under a 
high compared to a low residue-level management scheme. Consideration of soil water retention characteristics 
is vital to planning sustainable use of irrigation water, especially in areas such as the Delta region of eastern Ar-
kansas that will face potential water shortages in the near future. 
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