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Abstract 
A well-structured soil is paramount for a healthy, productive soil. Soil struc-
ture can be improved by applying organic amendments, such as poultry litter 
(PL) and can be quantified as water-stable aggregate (WSA) concentration. 
The objective of this field study was to evaluate the effects of PL rate on the 
change in WSA concentration across several loamy soils in eastern Arkansas. 
Soil core samples were collected in 2022 and 2024 at three locations (i.e., Haig-
wood, Distretti, and Burris). Soil bulk density decreased over time (P < 0.05) 
at Haigwood in the two largest PL-rate treatments, but not the lowest, and 
increased over time (P < 0.05) at Distretti in at least one PL rate at each loca-
tion. Averaged across soil depth (i.e., 0 - 5 and 5 - 10 cm), WSA concentration 
at Distretti decreased over time (P < 0.05) in the >4 mm aggregate-size class 
and increased over time (P < 0.05) in the 0.25 - 0.5, 0.5 - 1, 1 - 2, and 2 - 4 mm 
size classes. At Haigwood, WSA concentrations increased over time (P < 0.05) 
in the 0.25 - 0.5 and 0.5 - 1 mm size classes in the 5 - 10 cm soil depth and 
increased over time (P < 0.05) in the > 4 mm size class in the 0 - 5 cm soil 
depth. At Haigwood, total WSA concentration increased over time (P < 0.05) 
in the smallest PL rate (4.49 Mg·ha−1). Differential PL application rates can 
affect WSA concentrations in as little as two years demonstrating WSA as a 
dynamic soil property. 
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1. Introduction 

Soil erosion has become one of the, if not the most, concerning soil-degrading 
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processes of modern times. As of the late 1990s and early 2000s, soil erosion was 
estimated to cost the United States (US) $30 to 44 billion annually [1]. Cultivated 
agriculture is a land use that often perpetuates soil erosion via excessive tillage, 
over-grazing, and/or mechanical soil disturbances. However, as the global human 
population continues to grow, large-scale production agriculture must respond to 
the necessary increased demand for food production, which means adjusting ag-
ricultural management practices for improved soil structure and resistance to de-
stabilizing forces, such as raindrop impacts. Eroded soil can lead to both on- and 
off-site damages, including a decline in soil fertility and general soil quality, de-
creased crop yield, and reduction in soil microbial activity, as well as river sedi-
mentation and increased water turbidity and eutrophication of local water bodies. 

Many methods have been adopted to control soil erosion. Such methods in-
clude cover cropping, conservation tillage, increasing soil organic matter (SOM) 
and/or adding organic soil amendments. Cover cropping facilitates decreased soil 
erosion, as cover crops (CC) protect the soil from erosive water flow, add OM, 
and often increase plant-essential nutrients, such as nitrogen (N) and phosphorus 
(P), to help sustain plant growth. Bare soils are prone to erosion; thus, planting 
CC as off-season protection contributes to reducing the erosion potential. 

Conventional tillage has been shown to mechanically degrade soil structure, in-
crease carbon dioxide (CO2) production and release into the atmosphere, reduce 
infiltration, and decrease microorganism populations in the soil [2]. Conservation 
tillage helps minimize erosion from agricultural lands, improves soil structure, 
increases soil water-holding capacity, and can sequester soil carbon (C) [3]. With 
decreased tillage disturbance, SOM can increase, which, in turn, can help stabilize 
the soil through improved soil structure and a greater proportion of water-stable 
aggregates (WSA). The ability of soil aggregates to maintain stability in wet-soil 
conditions is crucial to promote infiltration and reduce runoff [4]. 

Applying organic soil amendments, such as recycled animal wastes, can decrease 
soil bulk density, improve porosity, prevent crusting, and can improve overall soil 
tilth and productivity. Many of the realized benefits of organic soil amendments 
are the results of improved aggregate stability [5]. As the driver of aggregate sta-
bility improvement [5], OM is a key soil attribute to mitigating soil erosion through 
improved soil structure and increased soil aggregation. 

Poultry litter (PL) is an animal waste material that is abundant in regions of in-
tense poultry production, namely Arkansas. Poultry litter consists of a mixture of 
feathers, feeds, feces, and bedding material, typically saw dust or rice (Oryza sativa) 
hulls [6]. Poultry litter can be an exceptional source of water-soluble plant nutri-
ents, such as N, P, calcium (Ca), and potassium (K) [7]. Arkansas is one of the top 
five poultry-producing states in the US, producing about 1.03 billion broilers in 
2024 [8]. Consequently, in Arkansas, using poultry litter (PL) as an organic soil 
amendment is accessible for producers. However, minimal research has been con-
ducted on PL effects on water-stable aggregation in Arkansas. 

Though little has been done in Arkansas, many studies have been conducted on 
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PL effects on soil properties and organic-soil-amendment effects on WSA [6] [7] 
[9]-[11]. Li et al. [9] concluded that PL use generally benefited WSA in sandy loam 
collected from the top 15 cm depth in Mississippi. However, as Arkansas has al-
most double the poultry head count compared to Mississippi [8], evaluating the 
effects of PL in more intense poultry production regions is necessary. McMullen 
et al. [6] reported that PL additions increase plant productivity but also soil CO2 
production and release in a highly weathered, silt-loam-textured Ultisol in the 
Ozark Highland region of northwest Arkansas, thereby decreasing SOM and C 
contents that may decrease soil aggregation.  

Other research in Arkansas has evaluated various effects on WSA. Motschen-
bacher et al. [12] concluded that adding large-residue-producing crops, when put 
into a rice-based rotation in Stuttgart, Arkansas on silt-loam soil, will increase the 
total WSA (TWSA)-sequestered C and N in the absence of tillage. However, 
Motschenbacher et al. [12] also reported that repeated soil saturation did affect 
the abundance of soil macroaggregates along with their C and N concentrations 
compared to a less routinely flooded crop rotation. In the Delta region of eastern 
Arkansas, on a Calloway silt-loam soil, Smith et al. [13] showed that TWSA con-
centrations were greater under dryland conditions. Additionally, Smith et al. [13] 
reported TWSA concentrations were reduced under a high-fertility/high-residue 
treatment, which was concluded to be due to added mineral-N that led to in-
creased microbial decomposition rates from the greater amounts of OM. Ander-
son et al. [10] assessed the effects of different land management practices and re-
ported that less managed land use, such as Conservation Reserve Program (CRP) 
practices, resulted in greater TWSA compared to row-cropped agroecosystems on 
fine-textured loessial and alluvial soils in the Delta region of eastern Arkansas. 
Anderson et al. [10] also reported that soil in the upper 5 cm had greater aggregate 
stability compared to soil in the 5- to 10-cm depth interval.  

In the Lower Mississippi River Valley region of eastern Arkansas on loamy soils, 
Lebeau et al. [14] showed that TWSA concentrations were unaffected by a CC 
treatment. In a study to assess various fertilizer effects on near surface aggregate 
stability, Brye et al. [15] showed that the WSA concentrations under a non-stru-
vite-P fertilizer treatment had similar WSA concentrations to struvite-fertilizer-P 
treatments. Similarly, Brye et al. [15] also reported that WSA concentrations 
among aggregate-size classes were unaffected by various fertilizer-P treatments, 
but that WSA concentrations differed by soil depth in raised beds of furrow-irri-
gated rice. Near Dumas, Arkansas on a Herbert silt-loam soil, Lebeau et al. [16] 
evaluated CC treatments and sample/measurement placement effects on near sur-
face soil properties and reported that WSA concentrations for wheel-track and 
non-wheel-track combinations were lower than in the raised bed. Result also 
showed that CC-wheel-track and CC-no wheel-track combinations had greater 
WSA than the no-CC treatment in the same placements [16]. Most recently, Fan-
ning et al. [17] reported that CC did not decrease soil bulk density and did not 
increase WSA compared to no CC. However, CC increased TWSA in the top 5 cm 
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across various loamy soils in the Lower Mississippi River Valley [17].  
As soil erosion continues to threaten areas of intensive, cultivated agriculture, 

particularly in the historically highly productive, row-crop region of eastern Ar-
kansas, evaluating soil amendments that can potentially mitigate soil erosion 
through improved soil structure is essential. Furthermore, considering the lack of 
prior research on PL effects on WSA in Arkansas, investigating soil aggregation 
as affected by PL application is warranted. Therefore, the objective of this field 
study was to evaluate the effects of PL rate on the change in WSA concentration 
across several loamy soils in eastern Arkansas. It was hypothesized that annual 
application of PL will decrease soil bulk density and increase WSA concentration 
in some aggregate-size fractions and total WSA concentration over time and differ 
among soil depths. 

2. Materials and Methods 
2.1. Site Descriptions 

Research was conducted at three private producers’ farms in the Delta region of 
eastern Arkansas: Haigwood, Distrettri, and Burris (Figure 1). Each farm con-
sisted of several PL-rate treatments. The Haigwood Farm, hereafter referred to as 
Haigwood, consisted of three separate fields, each with a different PL rate. One 
field had two series mapped with silt-loam surface textures, Amagon (fine-silty, 
mixed, active, thermic Typic Endoaqualfs) and Egam (fine, mixed, active, thermic 
Cumulic Hapludolls), and was managed as furrow-irrigated rice with minimum 
tillage from 2020 through 2024. While the other two fields were managed under 
flood-irrigated rice with minimum tillage from 2020 through 2024, where the sec-
ond field was mapped with a combination of Amagon and Egam soil series and 
the third field was mapped with a combination of Amagon, Egam, Dexter (fine-
silty, mixed, active, thermic Ultic Hapludalfs), and Dundee (fine-silty, mixed, ac-
tive, thermic Typic Endoaqualfs) soils. Winter CC were not used in any of the 
three fields. After harvest, rice stubble was burned. Raised beds were reformed 
post-harvest, where necessary, in the furrow-irrigated rice field. All three fields 
were land leveled to a surface grade of 0.1% in 2021.  

The Distretti Farm, hereafter referred to as Distretti, consisted of four separate 
fields, each with a different PL rate, generally cropped in a furrow-irrigated soy-
bean (Glycine max)-corn (Zea mays L.) rotation. One field was mapped with a 
combination of Calloway (fine-silty, mixed, active, thermic Aquic Fraglossudalfs) 
and Calhoun (fine-silty, mixed, active, thermic Typic Glossaqualfs) silt-loam soils) 
and was cropped to soybean in 2022 and 2024 and corn in 2021 and 2023. The 
second field was mapped with a combination of Calhoun, Calloway, and Hille-
mann (fine-silty, mixed, active, thermic Albic Glossic Natraqualfs) silt-loam soils 
and was cropped to soybean in 2021 and 2023 and corn in 2022 and 2024. The 
third field was mapped as Hillemann silt loam and was cropped to soybean in 
2022 and 2024 and corn in 2021 and 2023. The fourth field was mapped as a com-
bination of Calloway and Oaklimeter (coarse-silty, mixed, active, thermic 
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Fluvaquentic Dystrudepts) silt-loam soils and was cropped to soybean in 2021 and 
2023 and corn in 2022 and 2024. No-tillage and winter CC were used on all four 
fields.  

 

 
Figure 1. Geographic distribution of the three farm locations used in this study (i.e., 
Haigwood, Distretti, and Burris) in northeast Arkansas. 

 
The Burris Farm, hereafter referred to as Burris, consisted of four PL treatments 

as separate, large strips, with areas consisting of 19.4 (~230 m wide), 17.4 (~220 
m wide), 7.7 (~215 m wide), and 5.3 (~110 m wide) ha, in a single field that used 
center-pivot irrigation. No-tillage soybean was grown in 2021 and 2022, but, in 
2023, the field was transitioned to hay production, where Bermudagrass (Cyno-
don dactylon L.) was planted in the northern part and sorghum sudangrass (Sor-
ghum bicolor x S. bicolor var. sudanese) was planted in the southern part of the 
field. The field was mapped with a combination of Beulah (coarse-loamy, mixed, 
active, thermic Typic Dystrudepts), Mcrory (fine-loamy, mixed, active, thermic 
Albic Glossic Natraqualfs), and Tuckerman (fine-loamy, mixed, active, thermic 
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Typic Endoaqualfs) soil series with sandy-loam surface textures. 

2.2. Treatments and Experimental Design 

Poultry litter rates of 4.49, 6.73, and 8.97 Mg·ha−1 (i.e., 2, 3, and 4 T·ac−1, respec-
tively) were applied annually at Haigwood. Poultry litter rates of 2.24, 3.36, 4.49, 
and 5.61 Mg·ha−1 (1, 1.5, 2, and 2.5 T·ac−1, respectively) were applied annually at 
Distretti. Poultry litter rates of 2.24, 4.49, 6.73, and 8.97 Mg·ha−1 (1, 2, 3, and 4 
T·ac−1, respectively) were applied annually at Burris. With inconsistent PL rates 
and cropping systems among the three farm locations, measured response varia-
bles were analyzed separately by farm assuming a completely random design for 
PL treatments at each farm location. 

2.3. Soil Sampling and Processing 

One set of soil samples was collected at the beginning of the project in each field 
to characterize initial soil properties. Multiple soil samples were collected manu-
ally with a 2-cm-diameter push probe from the top 10 cm of each 0.4-ha (1 acre) 
block in each field and combined for one composite sample per 0.4-ha block from 
each field. Locations were sampled on 27 October 2021 (Haigwood), 9 April 2021 
(Burris), and 16 March 2022 (Distretti). Samples were oven-dried at 70˚C for 48 
hr, ground, and sieved through a 2-mm mesh screen for soil property determina-
tions.  

Sand, silt, and clay percentages were determined with a modified 12-hour hy-
drometer procedure [18]. For soil pH, a 1:2 soil mass: water volume suspension 
was prepared and measured potentiometrically [19]. Soil organic matter was meas-
ured via loss-on-ignition. Mehlich-3-extractable soil nutrients [i.e., Ca, magne-
sium (Mg), and iron (Fe)] were extracted in a 1:10 soil mass:extractant volume 
suspension, filtered [20], and analyzed by inductively coupled, argon-plasma spec-
trometry (Spectro Arcos ICP, Spectro Analytical Instruments, Inc. Wilmington, 
MA [15]. 

A second set of soil core samples was collected with a 4.8-cm-inside-diameter, 
stainless steel core chamber and slide hammer from the top 10 cm at five random 
locations within each PL treatment. Haigwood samples were collected in June 
2022 and again in October 2024. Distretti samples were collected in June 2022 and 
again in July 2024. Burris samples were collected in July 2022 and again in October 
2024. Samples were oven-dried at 70˚C for 48 hr and weighed for bulk density 
determination. 

A third separate set of soil core samples was collected for aggregate stability 
from five random locations within each PL treatment. Following similar recent 
procedures [13] [15]-[17], a 7.4-cm-inside-diameter, stainless steel core chamber 
with no inner sleeve, and a slide hammer were used to collect an intact core from 
the top 10 cm. Each soil core was divided into 0- to 5- and 5- to 10-cm depths. 
Samples for the Haigwood fields were collected in June 2022 and again in Novem-
ber 2024. At Distretti, intact cores from all fields were collected in June 2022 and 
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again in 2024, where two fields were sampled in July 2024, while the other two 
fields were sampled in October 2024. At Burris, all samples were collected initially 
in July 2022 and again in October 2024. All aggregate stability samples were man-
ually moist-sieved through a 6-mm mesh screen, then air-dried at room temper-
ature (i.e., ~21˚C) for 7 days. All soil samples were collected at random locations 
throughout the PL-rate treatment area at each location. 

Water-stable aggregates were determined according to original procedures of 
Yoder [21] and more recent procedures used by Brye et al. [15], Lebeau et al. [14], 
and Anderson et al. [10]. Approximately 150 (±0.1) g of air-dry soil were placed 
into a 5-sieve nest of decreasing mesh size (i.e., >4, 2 - 4, 1 - 2, 0.5 - 1, and 0.25 - 
0.5 mm) that was suspended in a wet-sieve apparatus. The wet-sieve apparatus 
mechanically oscillated at a rate of 15 oscillation per 30 sec, which was set to run 
for 5 min. At the end of the 5 min, the 5-sieve nest was removed from the wet-
sieve apparatus, the sieves were separated, and the soil that remained on top of 
each sieve was transferred into a pre-weighed aluminum tray. The aluminum trays 
were left for at least 30 min to allow the suspended soil to settle. Excess water in 
each tray was decanted before being oven-dried at 70˚C for 24 hours. After 24 hr, 
each tray was weighed. Trays that held the soil from the 4- and 2-mm sieves were 
manually processed to pick out the >2-mm coarse fragments, which were weighed, 
and the mass was subtracted from the mass of the oven-dry soil aggregates. The 
WSA concentration (g·g−1) was determined for each aggregate-size class, on a 
sample-by-sample basis to retain replication, by dividing the oven-dry soil mass 
retained on each sieve by the initial soil mass. Total WSA concentration (g·g−1) 
was calculated as the sum of the WSA concentrations >0.25 mm on a sample-by-
sample basis to retain replication.  

2.4. Statistical Analyses 

Based on a completely random design, using the PROC GLIMMIX procedure in 
SAS (version 9.4, SAS Institute, Inc.), a one-factor analysis of variance (ANOVA) 
was conducted to evaluate the effect of PL rate on initial soil properties (i.e., sand, 
silt, clay, SOM, pH, and Mehlic-3-extractable soil Ca, Mg, and Fe) separately by 
farm location. A gamma distribution was used for all initial soil properties.  

Similar to recent procedures by Fanning et al. [17], a one-factor ANOVA was 
also conducted in SAS to evaluate the effect of PL treatment on the change in soil 
bulk density over time, which was calculated as the 2024 measurement minus the 
2022 measurement, such that a positive result represented an increase, while a 
negative result represented a decrease, over time. A three-factor ANOVA con-
ducted to evaluate the effects of PL treatment, soil depth (i.e., 0 - 5 and 5 - 10 cm), 
aggregate-size class (i.e., 0.25 - 0.5, 0.5 - 1, 1 - 2, 2 - 4, and >4 mm), and their 
interactions on the change in WSA concentration over time [17]. In addition, a 
two-factor ANOVA was conducted to evaluate the effects of PL treatment, soil 
depth, and their interaction on TWSA concentration change over time [17]. All 
statistically evaluated response variables representing changes over time, for 
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which the values could be positive or negative, were analyzed with a normal dis-
tribution. For all analyses, significance was judged at P ≤ 0.05. When appropriate, 
means were separated by least significant difference at the 0.05 level. 

3. Results and Discussion 
3.1. Initial Soil Properties 

Several soil properties at each of the three farms differed (P < 0.05) among pre-
assigned PL rates before PL was applied (Table 1). At Haigwood, SOM concen-
tration, pH, and Mehlich-3-extractable soil Ca and Fe in the top 10 cm differed 
among pre-assigned PL rates (Table 1). Soil organic matter concentration was 
greater in the pre-assigned 4.49 than in the pre-assigned 6.73 and 8.97 Mg PL ha−1 
treatments, while SOM concentration was also greater in the 6.73 than in the 8.97 
Mg PL ha−1 treatment (Table 1). Soil pH and Mehlich-3-extractable soil Ca were 
greater in the pre-assigned 8.97 than in the pre-assigned 4.49 and 6.73 Mg PL ha−1 
treatments, which did not differ (Table 1). Mehlich-3-extractable soil Fe was 
greater in the pre-assigned 6.73 and 8.97, which did not differ, than in the pre-
assigned 4.49 Mg PL ha−1 treatment (Table 1). In contrast, sand, silt, and clay and 
Mehlich-3-extractable soil Mg did not differ among pre-assigned PL rates at Haig-
wood (Table 1). 

 
Table 1. Analysis of variance summary of the initial (2021 or 2022) soil properties in the top 10 cm at three locations in eastern 
Arkansas in pre-assigned poultry-litter (PL)-rate treatment areas. 

Location 
PL rate 

(Mg·ha−1) 
Sand 

(g·g−1) 
Silt 

(g·g−1) 
Clay 

(g·g−1) 
SOM† 

(%) 
pH 

M3 Ca† 
(mg·kg−1) 

M3 Mg† 
(mg·kg−1) 

M3 Fe† 
(mg·kg−1) 

Haigwood 

4.49 11.8a†† 61.1a 27.2a 2.4a 5.86a 1620a 276.9a 157.7b 

6.73 11.5a 59.5a 29.0a 2.2b 5.89a 1611a 265.3a 183.4a 

8.97 14.5a 58.0a 27.5a 1.8c 5.43b 1245b 267.1a 188.1a 

P-value 0.40 0.20 0.70 <0.01 <0.01 <0.01 0.37 <0.01 

Distretti 

2.24 35.1a 61.8c 3.1a 2.0b 7.13a 1267a 102.8c 216.5a 

3.36 27.4b 68.6b 4.0a 1.8c 6.94a 1049a 72.8d 207.2a 

4.49 22.4c 74.3a 3.3a 2.3a 5.95b 789.5b 155.0a 248.0a 

5.61 25.7bc 69.9ab 4.4a 1.7c 6.15b 615.2c 126.2b 186.4a 

P-value <0.01 <0.01 0.19 <0.01 <0.01 <0.01 <0.01 0.17 

Burris 

2.24 88.1a 8.6c 3.3a - 5.89a 383.6b 67.6b 127.6b 

4.49 85.7a 12.1ab 2.2a - 6.01a 509.8a 81.0a 119.4b 

6.73 86.1a 11.7b 2.2a - 5.69b 374.8b 58.1b 118.1b 

8.97 81.1b 14.9a 3.8a - 5.58b 379.5b 64.0b 169.1a 

P-value <0.01 <0.01 0.22 - <0.01 <0.01 <0.01 <0.01 

†SOM, soil organic matter; M3 Ca, Mehlich-3 calcium; M3 Mg, Mehlich-3 magnesium; M3-Fe, Mehlich-3 iron, ††Means in a column 
within a location with different lower-case letters are different at P < 0.05. 
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Similar to Haigwood, at Distretti, SOM concentration, pH, and Mehlich-3-ex-
tractable soil Ca in the top 10 cm differed among pre-assigned PL rates, while, in 
contrast to Haigwood, sand, silt, and Mehlich-3-extractable soil Mg also differed 
among pre-assigned PL rates (Table 1). Soil organic matter concentration was 
greater in the pre-assigned 4.49 than in the other three pre-assigned PL treat-
ments, while SOM concentration was also greater in the 2.24 than in the 3.36 and 
5.61 Mg PL ha−1 treatments, which did not differ (Table 1). Soil pH was greater in 
the pre-assigned 2.24 and 3.36, which did not differ, than in the pre-assigned 4.49 
and 5.61 Mg PL ha−1 treatments, which did not differ (Table 1). Mehlich-3-ex-
tractable soil Ca was greater in the pre-assigned 2.24 and 3.36, which did not dif-
fer, than in the other two pre-assigned PL treatments, while Mehlich-3-extractable 
soil Ca was also greater in the 4.49 than in the 5.61Mg PL ha−1 treatments (Table 
1). Mehlich-3-extractable soil Mg differed among all four pre-assigned PL treat-
ments, with: 4.49 > 5.61 > 2.24 > 3.36 Mg·ha−1 (Table 1). Sand concentration was 
greater in the pre-assigned 2.24 than in the other three pre-assigned PL treat-
ments, while sand concentration was also greater in the pre-assigned 3.36 than in 
the 4.49 Mg·ha−1, where sand in the 5.61 was intermediate and was similar to both 
the pre-assigned 3.36 and 4.49 Mg·ha−1 PL treatments (Table 1). Silt concentration 
was greater in the pre-assigned 4.49 and 5.61, which did not differ, than in the 
pre-assigned 2.24 Mg·ha−1 treatment, while silt in the 3.36 was also greater than in 
the 2.24, but was similar to that in the 5.61 Mg·ha−1 PL treatment (Table 1). In 
contrast, clay and Mehlich-3-extractable soil Fe did not differ among pre-assigned 
PL rates at Distretti (Table 1).  

Similar to Distretti, at Burris, sand, silt, pH, and Mehlich-3-extractable soil Ca 
and Mg in the top 10 cm differed among pre-assigned PL rates, while, in contrast 
to Distretti, Mehlich-3-extractable soil Fe also differed among pre-assigned PL 
rates (Table 1). At Burris, sand concentration was greater in the pre-assigned 2.24, 
4.49, 6.73, which did not differ, than in the pre-assigned 8.97 Mg PL ha−1 treat-
ments (Table 1). Silt concentration was greater in the pre-assigned 4.49 and 8.97, 
which did not differ, than in the pre-assigned 2.24 Mg PL ha−1 treatment, while 
silt concentration was also greater in the 6.73 than in the 2.24 Mg PL ha−1 treat-
ment, but was similar to that in the 4.49 Mg PL ha−1 treatment (Table 1). Soil pH 
was greater in the pre-assigned 2.24 and 4.49, which did not differ, than in the 
pre-assigned 6.73 and 8.97 Mg PL ha−1 treatments, which did not differ (Table 1). 
Mehlich-3-extractable soil Ca and Mg were both greater in the pre-assigned 4.49 
than in the pre-assigned 2.24, 6.73, and 8.97 Mg PL ha−1 treatments, which did not 
differ (Table 1). Mehlich-3-extractable soil Fe was greater in the pre-assigned 8.97 
than in the pre-assigned 2.24, 4.49, and 6.73 Mg PL ha−1 treatments, which did not 
differ (Table 1).  

Since there were some differences in initial soil properties among fields/treat-
ment areas, the change over time was calculated and statistically analyzed for soil 
bulk density, WSA, and TWSA. Analyzing and presenting change-over-time re-
sults allows any identified treatments differences to be attributable to actual PL 
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treatments rather than being confounded by the various differences in initial soil 
properties.  

3.2. Change in Bulk Density over Time 

The change in bulk density over time in the top 10 cm differed (P < 0.02) among 
PL rates at Haigwood and Distretti, but the change in bulk density over time was 
unaffected (P = 0.76) by PL rate at Burris (Table 2). At Haigwood, soil bulk den-
sity in the two largest PL rates (i.e., 6.73 and 8.97 Mg·ha−1) decreased over time 
and did not differ between one another, while bulk density did not change over 
time in the lowest PL rate (i.e., 4.94 Mg·ha−1; Table 2).  

 
Table 2. Analysis of variance summary of the effect of poultry litter (PL) rate on the change 
in soil bulk density (ΔBD) in the top 10 cm over time (2022 to 2024) at three locations in 
eastern Arkansas.  

Location 
PL Rate 

(Mg·ha−1) 
∆BD†  

(g·cm−3) 

Haigwood 

4.49 0.02 a 

6.73 −0.25 b* 

8.97 −0.38 b* 

P-value <0.01 

Distretti 

2.24 −0.09 b 

3.36 0.12 a 

4.49 −0.10 b 

5.61 0.13 a* 

P-value 0.02 

Burris 

2.24 −0.08 a 

4.49 −0.13 a 

6.73 0.40 a 

8.97 −0.11 a 

P-value 0.76 

†Means within a location with different lower-case letters are different at P < 0.05. * Aster-
isks (*) indicate a significant change over time (i.e., a positive value indicates an increase 
and a negative value indicates a decrease over time). 

 
At Distretti, soil bulk density in the largest PL rate (i.e., 5.61 Mg·ha−1) increased 

over time and was similar to the change from the second smallest PL rate (i.e., 3.36 
Mg·ha−1), which did not change over time (Table 2). Soil bulk density did not 
change over time in the other two PL rates (i.e., 2.24 and 4.49 Mg·ha−1), which was 
similar to one another and was lower than from the 3.36 and 5.61 Mg·ha−1 PL rates 
(Table 2). At Burris, soil bulk density did not change over time and did not differ 
among any of the four PL rates (Table 2).  

Soil bulk density decreased over time in the two largest PL rates at Haigwood, 
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which aligned with the hypothesis that the addition of PL will decrease bulk den-
sity and increase soil porosity. Soil bulk density in the lowest PL rate treatment 
(4.49 Mg·ha−1) at Haigwood likely did not change over time due to having the 
largest initial SOM concentration among the three fields (Table 1), suggesting that 
not enough PL was applied to significantly affect soil bulk density with an already-
large SOM concentration. Results of the current study were similar to that of Brye 
et al. [7], who concluded that greater PL rate applications (i.e., >4 Mg·ha−1) are 
needed to reduce bulk density in silt-loam soils in the Lower Mississippi River 
Valley region of eastern Arkansas. Similarly, Tisdall and Oades [5] concluded that, 
in soils with initially large SOM concentrations, adding polysaccharides to soil, 
such as PL, would be ineffective.  

Contrary to that hypothesized, soil bulk density increased over time at Distretti 
in the largest PL treatment (Table 2), but the low initial soil Ca concentration was 
likely a contributing factor. Lime (i.e., calcium carbonate) additions are generally 
known to promote flocculation and aggregation [22]. However, low soil Ca levels 
can potentially lead to deflocculation and dis-aggregation [22] [23], also poten-
tially leading to decreased porosity and increased bulk density, as was measured 
in the current study. In contrast, soil bulk density decreased more in the 2.24 and 
4.49 than in the 3.36 Mg·ha−1 PL rate (Table 2), likely due to the larger initial Mg 
and Fe concentrations in the 2.24 and 4.49 Mg PL ha−1 treatment areas (Table 1). 
Results of the current study reflect results from Chaudhari et al. [24], where the 
increase in secondary macronutrients, such as Ca, Mg and Fe, contributed to de-
creased soil bulk density from improved soil structure. However, the lack of 
change in bulk density over time in the 2.24, 3.36 and 4.49 Mg PL ha−1 treatments 
were similar to Brye et al. [25], who reported that bulk density was unaffected even 
with increased Mg and Fe concentrations in loamy soils of northeastern Arkansas.  

The lack of PL treatment effects on bulk density at Burris was likely due to the 
sandy soil-surface texture (i.e., >80%) in the top 10 cm among all four PL-treat-
ment areas (Table 1). A sandy texture is generally not conducive to flocculation 
or aggregation, as sand particles do not possess charged surfaces, thus do not pos-
sess requisite Van der Waal forces that could otherwise contribute to binding 
other soil particles together [26]. 

3.3. Change in Water-Stable Aggregates over Time 

The change in WSA concentration over time was affected (P < 0.02) by one or 
more of the treatment factors evaluated (i.e., PL rate, soil depth, and/or aggregate-
size class; Table 3). At Haigwood, the change in WSA concentration was unaf-
fected by PL rate but differed among soil depth-size-class combinations (Table 3). 
Averaged across PL rates, WSA concentration increased over time in the 0.25 - 0.5 
mm/5 - 10 cm, 0.5 - 1 mm/5 - 10 cm, and >4 mm/0 - 5 cm combinations, which 
did not differ among one another and did not differ from the change in WSA in 
the 1 - 2 mm size class in both soil depths (Figure 2). Water-stable aggregate con-
centration did not change over time in all other soil depth-size-class combinations 
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(Figure 2). The change in WSA was greater in the 5 - 10 than in the 0 - 5 cm depth 
in the 0.25 - 0.5- and 0.5 - 1-mm size classes, while the change in WSA was unaf-
fected by soil depth in the other three size classes (Figure 2).  

 
Table 3. Analysis of variance summary of the effects of poultry litter (PL) rate, soil depth 
(Depth), aggregate size class (Class), and their interactions on the change in water-stable-
aggregate concentration over time (2022 to 2024) at three locations in eastern Arkansas.  

Source of Variation 
Location 

Haigwood Distretti Burris 

 P 

PL rate 0.19 <0.01 0.76 

Depth 0.05 0.4 0.33 

Size class 0.96 <0.01 <0.01 

PL rate × depth 0.60 0.45 0.09 

PL rate × size class 0.72 <0.01 0.63 

Depth × size class <0.01 0.02 0.43 

PL rate × depth × size class 0.74 0.48 0.79 

 

 

Figure 2. Change in water-stable aggregate (∆WSA) concentration over time as affected by 
soil depth and aggregate-size class for the Haigwood and Distretti Farms in northeast 
Arkansas. Different letters associated with bars within a panel are different at P ≤ 0.05. An 
asterisk (*) indicates that the change was significantly different (P ≤ 0.05) from a change of 
0. 

 
Similar to Haigwood, averaged across PL rates, at Distretti, WSA concentration 
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increased the most over time in the 0.25 - 0.5 mm/5 - 10 cm and 0.5 - 1 mm/0 - 5 
and 5 - 10 cm depths, which did not differ, while WSA concentration did not 
change over time in the 1 - 2 mm/5 - 10 and 2 - 4 mm/5 - 10 cm combinations 
(Figure 2). Water-stable aggregate concentration also increased over time in the 
0.25 - 0.5 mm/0 - 5, 1 - 2 mm/0 - 5, and 2 - 4 mm/0 - 5 cm combinations, which 
did not differ, and were similar to that in the 0.5 - 1 mm/0 - 5 and 5 - 10 cm 
combinations (Figure 2). The change in WSA was greater in the 5 - 10 than in the 
0 - 5 cm depth only in the 0.25 - 0.5 mm size classes, while the change in WSA was 
greater in the 0 - 5 than in the 5-10 cm depth only in the 2 - 4 mm size classes and 
was unaffected by soil depth in the other three size classes (Figure 2). In contrast 
to the other four size classes, WSA concentration decreased over time only in the > 
4 mm/0 - 5 and 5 - 10 cm, which did not differ (Figure 2).  

 
Table 4. Summary of the combined effects of poultry litter rate and aggregate-size class on 
the change in water-stable aggregate (ΔWSA) concentration over time (2022 to 2024) at 
one location (Distretti) in eastern Arkansas.  

Poultry Litter Rate (Mg·ha−1) Aggregate-size Class (mm) ΔWSA† (g·g−1) 

2.24 

0.25 - 0.5 0.005 def 

0.5 - 1 0.041 bc* 

1 - 2 0.033 bcd* 

2 - 4 0.035 bcd* 

>4 −0.062 g* 

3.36 

0.25 - 0.5 0.008 cdef 

0.5 - 1 0.004 def 

1 - 2 −0.012 ef 

2 - 4 −0.014 ef 

> 4 −0.063 g* 

4.49 

0.25 - 0.5 0.015 bcde 

0.5 - 1 0.049 b* 

1 - 2 0.043 b* 

2 - 4 0.017 bcde 

> 4 −0.024 f 

5.61 

0.25 - 0.5 0.096 a* 

0.5 - 1 0.041 bc* 

1 - 2 0.004 def 

2 - 4 −0.022 f 

> 4 −0.074 g* 

† Means in the column with different lower-case letters are different at P < 0.05, * Asterisks 
(*) indicate a significant change over time (i.e., a positive value indicates an increase and a 
negative value indicates a decrease over time). 
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In addition, and in contrast to Haigwood and Burris, the change in WSA over 
time at Distretti differed among PL rate-size-class combinations (Table 4). Aver-
aged across soil depths, the change in WSA concentration was most positive in 
the smallest aggregate-size class (i.e., 0.25 - 0.5 mm) with the largest PL rate (i.e., 
5.61 Mg·ha−1). The most negative change in WSA concentration occurred in 
the >4 mm size class with the largest PL rate, which did not differ from the change 
in WSA concentration in the >4 mm size class with the two lowest PL rates (Table 
4).  

The WSA concentrations increased over time in the 0.5 - 1, 1 - 2 mm, and 2 - 4 
mm size classes with the 2.24 Mg·ha−1 PL rate, increased over time in the 0.5 - 1- 
and 1 - 2-mm size classes with the 4.49 Mg·ha−1 PL rate, and increased over time 
in the 0.25 - 0.5 and 0.5 - 1 mm size classes with the 5.61 Mg·ha−1 PL rate (Table 
4). In contrast, WSA concentration decreased over time in the >4 mm size class 
with the 2.24, 3.36, and 5.61 Mg·ha−1 PL rates (Table 4). The WSA concentration 
did not change over time for all other PL-rate/size-class combinations (Table 4).  

In contrast to Haigwood and Distretti, at Burris, the change in WSA differed 
among aggregate-size classes only but was unaffected by PL rate and soil depth 
(Figure 3). Averaged across PL rate and soil depth, WSA concentrations decreased 
over time in the >4 mm size class and was similar to that in the 0.5 - 1 mm size 
class, while, in all other size classes, WSA concentration did not change over time 
and was similar to one another (Figure 3). 

 

 

Figure 3. Change in water-stable aggregate (∆WSA) concentration over time as affected by 
aggregate-size class for the Burris Farm in northeast Arkansas. Different letters associated 
with bars are different at P ≤ 0.05. An asterisk (*) indicates that the change was significantly 
different (P ≤ 0.05) from a change of 0. 

 
In contrast to that hypothesized, WSA concentrations were unaffected by PL 

rate at Haigwood, likely due to the initially large SOM and clay concentrations at 
Haigwood (Table 1) that impacted greater effects on WSA than the three consec-
utive years of PL addition. Similar to Tisdall and Oades [5], the application of 
polysaccharides in organic materials, like those in PL, to soils with already-large 
SOM concentrations tend to be less effective than when applied to low-SOM soils. 
Water-stable aggregate concentrations also increased over time in the two small-
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est aggregate size-classes in the 5 - 10 cm depth at Haigwood, likely as at least a 
partial result of slaking due to the flood- and furrow-irrigation management [23]. 
In contrast, flood- and furrow-irrigation management likely contributed to the 
increase in WSA concentration over time in the largest aggregate-size class in the 
0 - 5 cm depth at Haigwood, as Igwe and Stahr [27] and Watanabe and Furusaka 
[28] both concluded that microbial activity increases after flooding or water-logged 
conditions cease. After consistent wetted conditions, microbial activity tends to 
thrive and increase aggregate stability [27]. Naylor et al. [29] and Anders et al. [30] 
also reported that microbial activity is more prominent near the soil surface. At 
Distretti, WSA concentrations increased over time the most in the smaller aggre-
gate-size classes as a result of the largest aggregate size class breaking down and 
creating the smaller aggregate-size classes [31].  

At Burris, WSA concentrations were unaffected by PL rates, likely due to the 
sandy surface texture (i.e., >80%) in the top 10 cm among all four PL-treatment 
areas. As Amezketa [23] explained, for aggregation to occur, clay particles are 
needed to facilitate flocculation and aggregation. Aggregation is also promoted 
with SOM and soil Ca, Mg, and/or Fe, depending on the soil pH [23]. Though 
SOM was not measured and formal comparison of initial soil properties among 
the three research locations was not conducted, the four strips in one field at Bur-
ris generally had numerically lower initial extractable soil Ca, Mg, and Fe in the 
top 10 cm compared to the other two locations (Table 1). The extractable soil 
nutrients act as binding agents for particles within the soil to promote floccula-
tion, but with little to no physical and/or chemical binding agents in the soil, soil 
aggregation tends to be low [5]. The large proportion of sand particles in the top 
10 cm at the  

Burris sites lacked the ability to form coherent and stable soil aggregates due to 
sand particles’ inability to bind with each other without the sufficient presence of 
other binding agents, such as clay particles, OM, and Fe, Ca, and/or Mg. Conse-
quently, sandy soils tend to be inherently less responsive to aggregate-promoting 
soil amendments, such as PL, compared to other loamy soils.  

3.4. Change in Total Water-Stable Aggregates over Time 

The change in TWSA concentration was unaffected by soil depth (P > 0.05) at all 
three locations, but, at Distretti, the change in TWSA concentration differed (P = 
0.02) among PL rates (Table 5; Figure 4). At Burris, the change in TWSA concen-
tration did not differ among PL rates and did not change over time (Figure 4). 
Similar to Burris, at Haigwood, the change in TWSA concentration did not differ 
among PL rates, but, in contrast to Burris, TWSA increased over time in the 4.49 
Mg·ha−1 PL rate (Figure 4). In contrast to Burris and Haigwood, at Distretti, the 
change in TWSA concentration was largest among the 2.24, 4.49, and 5.61 Mg·ha−1 
PL rates, which did not differ, but TWSA increased over time only in the 4.49 
Mg·ha−1 PL rate, while TWSA decreased over time in the 3.36 Mg·ha−1 PL rate 
(Figure 4). 
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Table 5. Analysis of variance summary of the effects of poultry litter (PL) rate, soil depth 
(Depth), and their interactions on the change in total-water-stable-aggregate concentration 
over time (2022 to 2024) at three locations in eastern Arkansas.  

Source of Variation 
Location 

Haigwood Distretti Burris 

 P 

PL rate 0.36 0.02 0.90 

Depth 0.12 0.60 0.89 

PL rate × depth 0.72 0.69 0.38 

 

 

Figure 4. Change in total water-stable aggregate (∆TWSA) concentration over time as 
affected by poultry litter (PL) rate for the Haigwood, Distretti, and Burris Farms in northeast 
Arkansas. Different letters associated with bars within a panel are different at P ≤ 0.05. An 
asterisk (*) indicates that the change was significantly different (P ≤ 0.05) from a change of 
0. 
 

The increase in TWSA over time in the 4.49 Mg·ha−1 PL rate at Haigwood can 
likely be explained by the summation of the individual WSA concentrations 
among the five aggregate-size classes. Even though the WSA concentration in the 
individual size classes did not change over time, the accumulation of WSA among 
the individual size classes was enough to change the TWSA concentration [10]. 
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At Distretti, TWSA concentration decreasing over time in the 3.36 Mg·ha−1 PL 
rate, while increasing over time in the 4.49 Mg·ha−1 PL rate, reflects WSA concen-
trations among individual aggregate-size classes. Within the 3.36 Mg·ha−1 PL 
treatment, when significant, WSA concentrations only decreased over time, while, 
within the 4.49 Mg·ha−1 PL treatment, when significant, WSA concentrations only 
increased over time at Distretti (Table 4). In silt-loam soils across several ecosys-
tems in eastern Arkansas, Anderson et al. [10] showed that TWSA reflected the 
trends in individual WSA concentrations among individual aggregate-size classes. 
Similar to bulk density and WSA concentrations, at Burris, TWSA did not differ 
among PL treatments or change over time due to the sandy soil-surface texture 
(Table 1), where sandy soils generally have few colloidal surfaces for binding silt 
and clay particles and SOM [26]. 

4. Conclusions 

This study evaluated the effects of various PL rates on the change in soil bulk den-
sity and WSA concentration over time at three different locations with loamy soils 
in eastern Arkansas. Similar to that hypothesized, soil bulk density in the top 10 
cm decreased over time in the two largest PL-rate treatments at one location (Haig-
wood). However, in contrast to that hypothesized, soil bulk density increased over 
time in the largest PL-rate treatment at a second location (Distretti), while at the 
third location (Burris), soil bulk density did not change over time and was unaf-
fected by PL rate.  

Contrary to that hypothesized, WSA concentrations only differed among soil 
depth-size-class combinations at one location (Haigwood) and were unaffected by 
PL rate at two locations (Haigwood and Burris). However, similar to that hypoth-
esized, at a second location (Distretti), WSA concentration decreased over time in 
the largest aggregate-size classes, while increased over time in the smaller aggre-
gate-size classes. Similar to that hypothesized, TWSA concentration increased 
over time in select aggregate-size classes at two locations (Haigwood and Dis-
tretti), but, in contrast to that hypothesized, was unaffected by PL rate at the third 
location (Burris). Poultry litter application affected TWSA concentrations more 
than WSA concentrations among aggregate-size classes, partially supporting the 
original hypothesis, thus demonstrating the benefit of PL as an organic soil amend-
ment on soil structure. Furthermore, differential PL application rates can affect 
WSA concentrations in a little as two years demonstrating WSA as a dynamic soil 
property. 
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