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Abstract. The highly weathered, mineral, and often eroded and acidic soils of the Ozark
Highlands region of northwest Arkansas generally have low soil organic matter (SOM)
concentrations as a result of rapid organic matter turnover rates in the warm, moist
climate. Orchard management practices that can improve SOM may also improve other
soil quality-related variables for sustained production, which is an explicit goal for the
National Organic Program (NOP). Therefore, beginning in Mar. 2006 and continuing for
seven seasons, annual applications of municipal green compost, shredded office paper,
wood chips, and mow-blow grass mulch groundcover management systems (GMS) in
combination with composted poultry litter, commercial organic fertilizer, or a non-
fertilized control as a nutrient source were implemented to evaluate their ability to alter
near-surface soil quality in a newly established, organically managed apple orchard in the
Ozark Highlands region of northwest Arkansas. The SOM concentration in the top 10 cm
averaged 1.5% across all treatments at orchard establishment in 2006, but by 2012, SOM
concentration had increased in all GMS and more than doubled to 5.6% under green
compost. Similarly, soil bulk density in the top 6 cm, which averaged 1.34 g·cmL3 among
treatment combinations in 2006, decreased in all GMS by 2012. Either green compost or
shredded paper had the largest concentration of total water-stable aggregates across all
aggregate size classes in the top 7.5 cm, whereas no differences among GMS were observed
in the 7.5- to 15-cm soil depth. Green compost applied alone or in combination with
commercial fertilizer had the largest estimated plant-available water (17.9% v/v) among all
treatment combinations. Many soil quality-related variables measured in the various
organic GMS had numerically greater values compared with an adjacent conventionally
managed orchard on the same soils. Implementation of these GMS appears to provide
apple producers in the Ozark Highlands and similar regions a tangible means of meeting
NOP requirements for improving soil quality concurrent with production of certified
organic crops. The findings also have implications for conventionally managed orchards,
which have maintaining or improving soil quality as a management goal.

The U.S. Department of Agriculture
(USDA) NOP soil fertility and crop nutrient
management practice standard (§205.203)

requires agriculture production systems 1)
to ‘‘select and implement tillage and cultiva-
tion practices that maintain or improve the
physical, chemical, and biological condition
of soil and minimize soil erosion’’; 2) to
‘‘manage crop nutrients and soil fertility
through rotations, cover crops, and the appli-
cation of plant and animal materials’’; and 3)
to ‘‘manage plant and animal materials to
maintain or improve soil organic matter
content in a manner that does not contribute
to contamination of crops, soil, or water by

plant nutrients, pathogenic organisms, heavy
metals, or residues of prohibited substances’’
(USDA Agricultural Marketing Service,
2012). Many studies support opinions held
by producers that increases in SOM enhance
physical and chemical soil properties and
management practices that favor the aggra-
dation of SOM result in plant growth and
productivity benefits (Kimble, 2007). Merwin
et al. (1994) suggested comparisons between
organic, or integrated orchard management sys-
tems, and conventional orchard management
practices may reveal measurable differences in
SOM levels. Qualitative characterizations of
conventionally managed orchard soils reflect
lower soil quality for the soil ecosystem than for
organic or integrated systems (Reganold et al.,
2001), whereas greater soil quality in organic
and integrated systems is attributed to or-
ganic residue additions to the soil surface
through the use of various GMS. Such GMS
provide continuous additions of SOM to the
soil and likely have a positive effect on
overall soil quality in organic orchards.

The addition of SOM to mineral soil is a
recognized beneficial practice from the stand-
point of increasing the capacity of the soil to
store plant-available water (Bhogal et al., 2009;
Hudson, 1994; Jordán et al., 2010; Mulumba
and Lal, 2007). Organic constituents from crop
residues, manures, and composts tend to absorb
water as water moves through a soil profile,
thus enhancing the soil’s water-holding
capacity.

Likewise, applications of organic material,
including applied mulches, incorporation of
green manure crops, livestock manure, and
compost, increase soil porosity and reduce soil
bulk density (BD) and potential compaction
(Celik et al., 2010; Jordán et al., 2010; Soane,
1990; Stock and Downes, 2008). Soil BD is
related to other soil physical properties and
has been described as an indicator of soil and
environmental quality (Arshad and Coen,
1992; Doran et al., 1996; Lal and Kimble,
2001). Decreases in soil BD may be achieved
as soil aggregation improves, where the
beneficial aspects of well-aggregated soils
include protection of SOM within the aggre-
gate (Tisdall and Oades, 1982), increased
diversity of the soil microbial community
(Fliebach et al., 2006), enhanced soil, air,
and water movement (Deurer et al., 2009),
and a reduction of surface crusting, runoff,
and soil erosion (Carter, 2002; Karlen et al.,
1992; Kemper and Rosenau, 1986).

Surface crusting and erosion may be re-
duced or eliminated in orchards with appli-
cation of non-living groundcover mulches.
Mulches useful for organic apple (Malus ·
domestica Borkh.) production include wood-
chips, municipal green compost, shredded
paper, and mow-blow green mulch (Rom
et al., 2010). Other researchers have used
hay-straw and living groundcovers, including
white clover (Trifolium repens L.) and red
clover (Trifolium pratense L.), all of which
contribute to SOM reserves (Granatstein and
Mullinix, 2008; Merwin et al., 1994, 1995,
1999; Sanchez et al., 2003) and favor forma-
tion of water-stable soil aggregates.
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An important constituent for binding ag-
gregates into water-stable forms and support-
ing maintenance and growth of a healthy soil
food web is carbon (C). Soil aggregates are
instrumental in storing and protecting C
mineralized from decomposed residues. Car-
bon in soil aggregates exists in a variety of
forms, from decomposing, labile particulate
organic matter bound into aggregates by fine
roots and hyphae to stable, humidified plant
residues occluded within small microaggre-
gates and unavailable to the soil microbial
community (Kay, 1998; Tisdall and Oades,
1982). Furthermore, polysaccharides and mu-
cilages exuded from soil micro-organisms may
also be tightly adsorbed onto mineral soil
particles, thereby strengthening aggregate frac-
ture zones and decreasing the potential for
slaking (Kay, 1998).

Tisdall and Oades (1982) categorized soil
aggregates as either macroaggregates (i.e.,
greater than 0.25 mm diameter) or micro-
aggregates (i.e., less than 0.25 mm diameter).
Macroaggregates are usually bound by plant
roots and fungal hyphae and tend to decline
in number as SOM declines (Jastrow and
Miller, 1991; Karlen et al., 1992; Tisdall and
Oades, 1982). Microaggregates are fixed by
polysaccharides and organo-mineral com-
plexes to form relatively stable structures
largely unaffected by soil management prac-
tices (Six et al., 2004; Tisdall and Oades,
1982).

The porous nature of well-aggregated
soils affects the rate at which water enters
the soil profile (i.e., infiltration) and the
extent to which water can enter a soil impacts
the amount of water runoff. Greater runoff
increases the erosion potential (Lado et al.,
2004; Le Bissonnais, 1996; Stern et al., 1991;
Wakindiki and Ben-Hur, 2002) and decreases
the water that can be stored in the soil for
plant growth (Merwin et al., 1994).

To reduce water droplet impact and pro-
mote the formation of stable aggregates, land
management strategies that concentrate resi-
dues at the soil surface are often recommen-
ded, and greater water-stable aggregate
content can improve infiltration by slowing
crust formation during a rain or irrigation
event (Albrecht and Sosne, 1944; Boyle et al.,
1989; Freebairn et al., 1991; Lal, 1993; Le
Bissonnais, 1996; Le Bissonnais and Arrouays,
1997). The arrangement of macroaggregates
with respect to one another creates macropores
(Deurer et al., 2009), and pore size and pore
volume per volume of soil dictate the rate at
which water can infiltrate into the soil (Arshad
and Coen, 1992).

Studies have shown application of mulches
in apple orchards increased infiltration rates
(Goh et al., 2001; Granatstein and Mullinix,
2008) and soil aggregate stability (Deurer
et al., 2008). Mulches provide additional
benefit of permitting water infiltration into the
soil and greater retention as a result of reduc-
tions in evaporation, thereby reducing irrigation
requirements (Granatstein and Mullinix, 2008).
After 6 years of orchard research, Merwin
et al. (1994) documented decreased SOM
and water infiltration in plots treated with

pre-emergence herbicides and tillage as com-
pared with those managed with living and
inert mulches.

The southeastern United States has expe-
rienced increased interest in orchard estab-
lishment and fruit production, especially
small-scale and organically managed farms.
A considerable amount of information is
available on the efficacy and suitability of
using GMS systems as an orchard floor
management tool in other, more northern
regions of the United States, but no research
exists that shows their effects on physical
properties of the old, highly weathered soils
of the Ozarks Highlands and similar regions.
Furthermore, the impact of organic nutrient
sources on organically managed orchard soils
in the Ozark Highlands or south has not been
documented. Therefore, the objectives of this
study were 1) to evaluate the impact of
groundcover management system and nutri-
ent source on soil quality-related variables
such as SOM, BD, plant-available water,
water-stable aggregation, saturated hydraulic
conductivity, and water infiltration in an
organically managed apple orchard; and 2)
to qualitatively compare soil quality in an
organic apple orchard with those to an adja-
cent conventionally managed orchard on
a highly weathered soil in the Ozark Highlands
region of northwest Arkansas. It was hypoth-
esized that use of GMS that increase SOM will
also increase water-stable soil aggregation,
which will lead to an overall increase in water
infiltration and plant-available water. It was
further hypothesized that organic nutrient
sources will enhance SOM, water-stable ag-
gregation, infiltration, and water-holding ca-
pacity and result in decreased BD.

Materials and Methods

This study was part of a long-term study
examining the impacts of GMS and nutrient
sources on tree development, health, and
productivity and insect, disease, and compet-
itive vegetation management in an organically
managed apple orchard (Choi et al., 2009).
The 0.4-ha experimental orchard was located
at the University of Arkansas, Division of
Agriculture System, Arkansas Agricultural
Research and Extension Center in Fayetteville,
AR (lat. 36� N, long. 94� W) and situated on
two soil series. Two-thirds of the experimental
orchard was on a Pickwick silt loam (fine-silty,
mixed semiactive, thermic Paleudult) with the
remainder of the area located on a Captina silt
loam (fine-silty siliceous, active, mesic Typic
Fragiudult; USDA, 1969). Soil survey descrip-
tions for both soils specify low to moderate
natural fertility, low SOM concentrations, low
to moderate soil pH, and moderate to high
plant-available water (USDA, 1969). The
Captina series has a root- and water-limiting
fragipan in the subsoil. Both soils are well
suited for fruit production. Similarly, both soils
typify highly weathered, mineral upland soils
of the Ozark Highlands (Brye et al., 2013).

The experimental organic orchard site
had been in horticultural crop production
for�75 years. Before orchard establishment,

the site was prepared and cultivated in 2005
(described in Mays et al., 2014). Using
soil test results, soil pH was adjusted with
agricultural lime and 5 t·ha–1 of composted
manure was applied to prepare the planting
beds. In 2006, ‘Enterprise’/M26 apple trees
were planted with 2 m between trees and 4 m
between rows to achieve an approximate
tree density of 1485 trees/ha and trained to
a two-wire trellis with vertical tree supports
in a modified vertical axis system. Orchard
management followed NOP regulations for
certification. Plots were planted with tripli-
cate trees with measurement trees in each
treatment combination being the center tree
and buffered from adjacent treatment effects
by guard trees on either side that were
managed identically to the measurement tree.
Guard trees were established along the out-
side ends and rows of the orchard. Drive-row
alleys between tree rows were perennially
managed with established ‘Kentucky-31’ tall
fescue (Festuca arundinacea Schreb.) and
native herbaceous plants that were naturally
present.

Beginning in Mar. 2006 and annually
thereafter, four GMS treatments were applied
as 1) shredded paper; 2) wood chips; 3) green
compost; and 4) mow-blow and three nutrient
source treatments as follows: 1) commercial
fertilizer; 2) poultry litter; and 3) non-fertilized
control. The GMS treatments were applied
under the tree canopy in a 2-m width and
approximate 4- to 10-cm deep band extending
across both sides of the tree row and extending
across the entire nine-tree GMS plot. The
depth of treatment varied with difference in
soil surface terrain, amount of material to
cover vegetation, and seasonal differences.
The nutrient source treatments were applied
uniformly under the tree canopy in a 2-m
width band extending the entire three-tree
subplot. The single sample plot was 2 m
across row width · 2 m in-row strip. The
experimental design was a randomized com-
plete block factorial replicated six times,
where each block contained all 12 of the
possible treatment combinations with GMS
as the main plot and nutrient source as the
subplot factor.

Shredded office paper was obtained from
the University of Arkansas and the wood
chips, originating from primarily hardwood
species, were obtained from the city of
Fayetteville, AR. The green compost mate-
rial, derived of urban vegetative waste (i.e.,
grass clippings, wood prunings, and yard
waste) and composted for between 90 and
120 d, was obtained from the city of Fayette-
ville, AR, and used through the 2011 growing
season. Beginning in 2012, the green com-
post material used was obtained from PC
Turnkey, Springdale, AR, and consisted of
grass clippings, leaves, and wood chips com-
posted using an active-pile process. The
mow-blow green mulch treatment, which
served as an informal control, was applied
to the treatment area within the tree row by
rotary mower in late May and three to five
times throughout the summer each year
depending on drive-row vegetative growth.
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The commercial fertilizer used from the
initiation of the study through the 2011
application was certified organic material
from poultry manure (Perdue AgriRecycle,
Seaford, DE; 4N–2P–3K analysis; Mays,
2013). The originally selected commercial
fertilizer production was subsequently dis-
continued and an alfalfa-based commercial
organic product (Bradfield Organics, Feed
Solutions, St. Louis, MO; 3N–1P–5K analysis;
Mays, 2013) was applied beginning in 2012.
The composted poultry litter was obtained
from a local source (Mays, 2013). The only
nutrition the non-fertilized control treatments
received came from the GMS treatments.
Nutrient source treatments of the commercial
fertilizer and poultry litter were applied at 50 g
of actual nitrogen per tree per year in March
of each year before application of the GMS
treatments.

Soil samples were collected from the
treatment area underneath the tree canopy
from the top 10 cm in Mar. 2012, after 6
consecutive years of consistent management
but before the 2012 applications, oven-dried
at 105 �C for 24 h, and ground and sieved
through a 2-mm mesh screen. Subsamples
were burned in a muffle furnace at 500 �C for
6 h for SOM concentration determination by
loss-on-ignition.

Four soil core samples (5.4 cm diameter)
were collected from the top 6 cm in all
treatment combinations in the organic or-
chard in June 2012 for BD and particle size
analysis. Mulches were raked away to expose
the mineral soil surface and rings were driven
into the soil until the top edge of the ring was
flush with the soil surface. Soil cores were
dried for 3 d at 50 �C in a forced-air oven.
Two cores were used to determine BD and
soil from two cores was ground and sieved
through a 2-mm screen for particle size
analysis following the 2-h hydrometer
method of Arshad et al. (1996).

Field moisture capacity and permanent
wilting point water contents and saturated
hydraulic conductivity (Ksat) were estimated
based on regression relationships established
among soil particle size distribution, BD, and
SOM (Saxton and Rawls, 2005). Measured sand,
silt, and clay concentrations, BD, and SOM
concentration were used to estimate these
variables on a plot-by-plot basis. Plant-available
water was then calculated, on a plot-by-plot
basis, as the difference between estimates of
field moisture capacity and permanent wilt-
ing point.

Soil samples were also collected from the
top 15 cm in Nov. 2011 using a 7.3-cm
diameter core chamber and slide hammer to
determine water-stable soil aggregates. Soil
from all replications of the treatment combi-
nations on the Pickwick soil was sampled
(i.e., four of six total blocks). Replications on
the Captina series were not evaluated for this
portion of the study as a result of the close
similarities between the Captina and Pickwick
soils. Groundcovers were raked away to expose
the mineral soil, and two cores were extracted
from beneath each treatment tree. Each core
was divided in half resulting in a 0- to 7.5-cm

surface layer and 7.5- to 15-cm subsurface
layer. The respective layers from both repli-
cate cores were mixed, constituting an upper
depth and lower depth sample for each plot,
and passed through a 6.35-mm2 screen before
drying. Samples were subsequently air-dried
for 5 d in a ventilated greenhouse and stored
in unsealed plastic bags until wet sieving was
conducted. Moisture content was not deter-
mined before wet sieving; however, it was
assumed that all samples had air-dried to
roughly the same water content. All soil
sampling was conducted within 0.75 m of
the treatment tree trunk.

Wet sieving followed the procedure de-
scribed by Yoder (1936) and recently used
by Brye and Riley (2009) for soils from the
Ozark Highlands. The wet-sieving apparatus
consisted of a 31-cm wide · 76-cm tall
polyvinyl chloride column and an electric
motor, which powered a plunge arm. A set of
nested sieves with mesh openings of 4, 2, 1,
0.5, and 0.25 mm was attached to the plunge
arm and adjusted to its bottom reach inside
the cylinder. Water was added to the cylinder
to the depth of the upper rim of the top sieve.
Approximately 300 g of air-dried soil were
weighed and placed in the top sieve. Wet
sieving was allowed to proceed for 5 min at
130 cycles/min. While wet sieving occurred,
successively smaller mineral soil particles
and water-stable soil aggregates passed
through the screens until the aggregate or
mineral soil particle size exceeded the screen
size. Water-stable aggregates and mineral
soil particles less than 0.25 mm in diameter
were collected at the bottom of the water
cylinder. After 5 min, the wet-sieve apparatus
was stopped and the sieves were removed
from the water column. The contents of each
sieve were rinsed individually into small,
aluminum sample tins. Because each GMS
was replicated in triplicate blocks with
nutrient source treatments, samples were
sieved in triplicate according to GMS and
soil depth and nutrient treatment, and the
water column was drained and refilled be-
tween samples from different groundcover
treatment samples.

All sample tins and their contents were
placed into an 80 �C forced-air oven for 24 h.
On removal from the oven, coarse fragments
were removed by hand from the tins con-
taining the contents of the 4- and 2-mm
mesh screens, and the tins and contents were
weighed. Because potential coarse frag-
ments retained on the remaining screens
were too small to remove by hand, the mass
of material remaining on the 1-, 0.5-, and
0.25-mm mesh screens reflects that of any
small coarse fragments and actual water-stable
aggregates. Total water-stable soil macroag-
gregate fraction was calculated as the sum of
aggregate masses retained on each sieve
divided by the initial air-dry soil mass.
Size-separated, water-stable soil macroag-
gregate fraction was calculated as the mass
of aggregates retained on each sieve divided
by the initial air-dry soil mass.

To assess GMS effects on water move-
ment, surface infiltration rates were measured

in May 2012. On 18 May, tree rows were
irrigated for 8 h at the rate of 45 L·h–1

to achieve relatively uniform soil moisture
conditions. Infiltration measurements were
conducted on 21 May from treatment combi-
nations on the Pickwick soil and on 22 May
from treatment combinations on the Captina
soil. Only the non-fertilized GMS treatment
combinations were selected for infiltration
measurements. Infiltration data were collected
using a double-ring infiltrometer with an inner
ring diameter of 16 cm. Surface mulches were
removed at a distance of 0.5 to 1 m from the
trunk under the canopy of treatment trees to
expose the mineral soil surface. Vegetation
growing in the mow-blow treatment was re-
moved with a string trimmer to expose the
mineral soil surface. As a result of the pres-
ence of rodent burrowing under the shredded
paper treatments, an area void of burrows at
the soil surface was selected as the represen-
tative portion of the tree row for infiltration
measurements.

Infiltration measurements were performed
using the technique outlined by Reynolds et al.
(2002). Initial soil volumetric water contents
were determined immediately after mulch
removal by the average of three measurements
using a Field Scout TDR300 soil moisture
meter (Spectrum Technologies, Inc., Plain-
field, IL) equipped with 6-cm long probes. The
outer ring of the infiltrometer was filled to
within�1 cm of the top of the ring. The inner
ring was then filled, and the water height was
immediately recorded. Water height mea-
surements were subsequently recorded at
1, 3, 6, 9, 12, 15, and up to 18 min if complete
infiltration did not occur earlier. The average
infiltration rate over the entire 18 min
allowed for infiltration and the specific in-
filtration rate, determined based on the time
required for all water to drain from the
infiltrometer if that occurred before the
18-min mark, were calculated.

Statistical analyses were performed on
soil quality-related measured variables using
the PROC MIXED procedure in SAS (Ver-
sion 9.2; SAS Institute Inc., Cary, NC).
Analysis of variance (ANOVA) was used to
evaluate the effects of GMS (whole-plot
factor), nutrient source (split-plot factor),
and their interaction on SOM concentration,
BD, and estimated field moisture capacity,
permanent wilting point, plant available wa-
ter, and Ksat. An ANOVA was conducted to
evaluate the effects of GMS (whole-plot
factor), nutrient source (split-plot factor), soil
depth (split-split-plot factor), and their in-
teractions on total water-stable aggregate
fractions. An ANOVA was conducted to
evaluate the effects of GMS (whole-plot
factor), nutrient source (split-plot factor), soil
depth (split-split-plot factor), aggregate size
class (split-split-split-plot factor), and their
interactions on water-stable aggregate frac-
tions. An ANOVA was conducted to evaluate
the effect of GMS on average and specific
water infiltration rates using the GLM pro-
cedure in SAS. When appropriate, means
were separated by the least significant differ-
ence at the 0.05 level.

HORTSCIENCE VOL. 50(2) FEBRUARY 2015 297



In addition, an analysis of covariance was
conducted to evaluate the effects of GMS on the
relationship between natural log-transformed
infiltration rate and time. As a result of large
expected inherent variability associated with
soil hydraulic properties, significance was
judged at the 0.1 level for all infiltration data
analyses.

A conventionally managed orchard, estab-
lished in 1989 and used for cultivar evaluation
trials through 2012, was located on the same
Pickwick and Captina soils �20 m from the
organic orchard. Because the conventionally
managed orchard was not included as part of
the organic orchard research project, a formal
statistical comparison was not conducted be-
tween data collected from each site. However,
because no organic amendments had been
added to the conventional orchard after its
establishment, qualitative inferences were
drawn regarding the effects of GMS on soil
quality indicators as evaluated in both
orchards.

Competitive vegetation management with-
in the tree row in the conventional orchard con-
sisted of pre-emergence and contact herbicide
applications made as needed three to five times
annually. Water-soluble, inorganic fertilizers,
generally ammonium nitrate, were applied
annually at rates of 50 to 75 g nitrogen per tree
based on annual foliar nutrient analyses. Syn-
thetic insecticides and fungicides were applied
as needed using integrated pest management
protocols at commercially recommended ap-
plication rates and timing intervals (Univer-
sity of Arkansas Cooperative Extension
Service, 2013a, 2013b). Before 2012, irriga-
tion had been applied, but trees were not
irrigated in 2012 in the conventional orchard.

Soil organic matter, BD, field moisture
capacity, permanent wilting point, plant-
available water, Ksat, and water-stable soil
aggregation were determined in the conven-
tional orchard on the same dates and using the
same methods as previously described for the
organic orchard. Because the conventionally
managed orchard was not irrigated in 2012,
infiltration measurements were delayed until
after rainfall occurred to approximate soil mois-
ture conditions created in the organic orchard
after irrigation. Infiltration was measured on
6 June 2012, 2 d after a 4.8-cm precipitation
event. All data analyses from the conventional
orchard were limited to descriptive statistics,
including means and standard errors.

Results and Discussion

Soil organic matter has often used as
a soil quality indicator (Fliebach et al., 2006;
Granatstein and Mullinix, 2008; Gregorich
et al., 1994; Karlen et al., 1992; Loveland
and Webb, 2003; Merwin et al., 1994, 1995),
and changes in SOM have been linked to
changes in other soil properties and pro-
cesses. The near-surface SOM, total C, and
total nitrogen (N) concentrations and con-
tents, C:N ratios, and BD did not differ (P >
0.05) among GMS–nutrient source treatment
combinations at the initiation of the study
(Mays, 2013) indicating that soil conditions

were as uniform throughout the study area as
could reasonably be expected at the time of
organic orchard establishment. Therefore, it
was reasonably assumed that differences
observed among treatments over the subse-
quent years were the result of the treatments
rather than inherent differences.

Previously, we have reported that SOM
in the top 10 cm increased over time in all
GMS with the largest increase occurring in
the green compost treatment (Mays et al.,
2014). Furthermore, despite initial unifor-
mity in 2006 before planting where SOM
concentration averaged 1.5% across all treat-
ments, by 2012, SOM concentration differed
among nutrient sources within GMS (Mays
et al., 2014). Soil organic matter concentra-
tion was greater across all nutrient sources in
the green compost compared with the same
nutrient source in each of the other three
GMS. Whereas differences in SOM concen-
tration among nutrient sources within the
other three GMS were relatively minor (i.e.,
less than 0.7%), SOM concentration under
green compost was 1.3% lower with poultry
litter than the commercial fertilizer and the
non-fertilized control, which did not differ
(Mays et al., 2014). Previous studies have
also shown that integrated or organic orchard
floor management practices using living and
plant residue-based groundcovers increase
SOM. Wells (2011) determined the combi-
nation of poultry litter and crimson clover
(Trifolium incarnatum L.) increased SOM
compared with an untreated control in pecan
[Carya illinoeninsis (Wangenh.) K. Koch]
production. Deurer et al. (2009) determined
that soil organic C was 32% greater in the top
10 cm of an organically managed apple
orchard receiving annual applications of
compost than that in an integrated orchard
in which herbicides were used to control
competitive vegetation. Peck et al. (2011)
documented greater SOM accumulation in
an integrated apple orchard receiving bark
mulch applications and occasional herbicide
applications than in an organically managed
apple orchard treated with tillage and com-
posted poultry litter. Conversely, Merwin
et al. (1995) observed no differences in
SOM concentrations between plant-based
mulches and tree rows receiving plastic
mulches and managed with herbicides.

Similar to SOM, soil BD measured at
orchard establishment in 2006 was unaf-
fected by GMS or nutrient source and aver-
aged 1.34 g·cm–3; however, in contrast to
SOM, BD decreased in all GMS treatments
over time in the first 6 years of the study
(Mays, 2013). We have reported that BD
differed among GMS and among nutrient
sources after 6 years of consistent manage-
ment (Mays et al., 2014). In 2012, averaged
across nutrient sources, BD was greater (P =
0.016) under shredded paper and mow-blow
(1.15 g·cm–3), which did not differ, than
under wood chips and green compost (1.01
g·cm–3), which did not differ. Nutrient source
also affected BD. Averaged over GMS, soil
BD was lowest from commercial organic
fertilizer applications (1.03 g·cm–3) and

differed (P = 0.022) from that in the
non-fertilized control (1.12 g·cm–3). Al-
though Granatstein and Mullinix (2008) did
not observe differences in BD between or-
ganic and conventionally managed orchards,
other studies have shown that organic or-
chard floor management practices can result
in decreased soil BD. Glover et al. (2000) and
Goh et al. (2001) reported decreased BD
in organic apple orchards implementing
mulches as an orchard floor management
tool. Deurer et al. (2009) observed greater
macroporosity in an organic apple orchard
receiving compost and maintained under
grass cover than in an integrated system using
herbicides for orchard floor management.
Results were attributed to the activity of roots
and soil fauna as well as increases in soil
aggregate stability, microbial biomass, and
subsequent increases in macropore stability
(Deurer et al., 2009). In the present study,
decreases in BD since 2006 were attributable
to a dilution of the mineral soil component
with organic residues and aggregation of soil
within the top 6 cm, although burrowing
animals and soil macrofauna may have also
contributed.

Soil water characteristics are related to
soil texture (i.e., the distribution of sand, silt,
and clay). Although no differences were ob-
served in clay concentration and a few minor,
yet nonagronomically significant differences
in sand and silt concentration among GMS
treatments were observed (Mays, 2013).
Therefore, it was concluded that minute dif-
ferences in the sand and silt fractions did not
vary appreciably among treatment combina-
tions and the relatively large differences in
estimated soil water characteristics were at-
tributed to treatment effects on other soil
quality factors such as SOM.

Estimated field moisture capacity, perma-
nent wilting point, and plant-available water
in the top 10 cm differed among nutrient
sources within GMS treatments (P < 0.002).
The estimated volumetric water content at
field moisture capacity was greater under
green compost with commercial fertilizer
and in the non-fertilized control (26.2%) than
in any other treatment combination, which
ranged from 21.1% in the wood chips with
commercial fertilizer to 22.6% in the green
compost with poultry litter (Table 1). Simi-
larly, estimated volumetric water content at
permanent wilting point was greater under
green compost with commercial fertilizer
treatments and in the non-fertilized control
(8.4%) than in any other treatment combina-
tion, which ranged from 4.7% in the
non-fertilized mow-blow to 6.7% in the green
compost with poultry litter (Table 1).

Consequently, plant-available water, de-
termined as the difference in the water con-
tents at field moisture capacity and permanent
wilting point, was greatest under green com-
post with commercial fertilizer and in the
non-fertilized control (17.9%) than in any
other treatment combination, which ranged
from 15.9% in the wood chips with commer-
cial fertilizer to 17.0% in the mow-blow with
poultry litter (Table 1).
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These results follow the treatment ef-
fects on SOM concentration among GMS
and nutrient source treatment combina-
tions (Mays et al., 2014). These results also
corroborate the assertion of Hudson (1994)
that increased SOM may correspond to in-
creased plant-available water. Deurer et al.
(2008) determined that plant-available water
was slightly greater deeper in the soil profile
than in the top 10 cm under organic orchard
management. Greater soil water availability
was observed with wood chip applications
or under straw mulch compared with other
groundcover management options (Merwin
et al., 1994, 1995). Emerson (1995) con-
cluded that increases in soil water content
were correlated to the magnitude of soil C
change resulting from storage of water in
polysaccharide gels. Results of this study
support previous work suggesting water
availability is positively affected by organic
production methods and subsequent in-
creases in soil C levels (Mays, 2013).

Saturated hydraulic conductivity in the
top 10 cm was also estimated in a similar
manner as were field moisture capacity and
permanent wilting point. Similar to other soil
water characteristics, Ksat also differed among
nutrient sources within GMS (P < 0.004).
Estimated Ksat was greater under green com-
post with commercial fertilizer and in the
non-fertilized control (101.3 mm·h–1) than in
any other treatment combination, which
ranged from 51.7 mm·h–1 in the mow-blow
with commercial fertilizer to 86.1 mm·h–1 in
the green compost with poultry litter (Table
1). Although saturated soil conditions are
unlikely to exist for any length of time in an
orchard, knowledge of water movement dur-
ing saturated soil conditions may be helpful

in evaluating and monitoring soil quality.
These results were similar to that observed
for SOM concentration (Mays et al., 2014)
and demonstrated that Ksat can be altered by
GMS, particularly by the application of green
compost as an undercanopy management
technique.

The formation of water-stable soil aggre-
gates was impacted by GMS and soil depth
(P # 0.001) but was unaffected by nutrient
source (P > 0.05). Total water-stable soil
aggregate fraction in the top 7.5 cm was
greater under green compost than under
mow-blow, whereas total water-stable soil
aggregate fraction under wood chips and
shredded paper was intermediate and similar
to that under both green compost and
mow-blow (Fig. 1). Total water-stable soil
aggregate fraction also did not differ among
GMS in the 7.5- to 15-cm soil depth. Total
water-stable soil aggregate fraction was
greater in the top 7.5 cm than in the 7.5- to
15-cm soil depth under green compost,
whereas total water-stable soil aggregate
fraction did not differ between soil depths
in any of the other GMS (Fig. 1). The lack of
differences in total water-stable aggregate
fraction between soil depths in each of the
other three GMS highlights the positive in-
fluence the green compost had on water-stable
soil aggregate formation.

Similar to total water-stable aggregate
fraction, water-stable aggregation also dif-
fered between soil depths among GMS as
well as differed among aggregate size classes
(P = 0.001). Soil aggregates larger than 4 mm
rarely withstood the wet-sieving process, and
those that were retained on the 4-mm screen
were almost exclusively from the green
compost GMS. For this reason, water-stable

aggregates in the greater than 4-mm size class
were not included in the subsequent analysis.
In the top 7.5 cm, water-stable aggregate
fraction in each size class was always greater
under green compost than under any other
GMS with the exception that water-stable
aggregate fraction under shredded paper
was similar to that under green compost in
the 0.25- to 0.5-mm size class (Table 2).
Although less total residue was applied,
water-stable aggregation was greater in soil
under shredded paper than under wood chips
in the upper 7.5 cm. This observation could
be the result of the rate at which the shredded
paper mulch decomposed with a greater por-
tion of the shredded paper visibly decaying
by the end of each growing season compared
with the wood chips, thereby contributing
more C to the soil food web to contribute to
soil aggregate formation.

Water-stable aggregate fraction was gen-
erally greater in the top 7.5 cm than in the 7.5-
to 15-cm soil depth (Table 2). Furthermore,
water-stable aggregate fraction was also
greater in the 0.25- to 0.5-mm size class in
the top 7.5 cm than in any other size class and
tended to decrease as aggregate size class
increased (Table 2). These results were sim-
ilar to that reported by Motschenbacher
(2012) and Smith (2013) for fine-textured
alluvial soils in the Mississippi River Delta
region of eastern Arkansas under row-crop
cultivation. Although other differences in
water-stable aggregate fraction existed among
GMS within the four aggregate size classes,
differences were always less than 0.02 g·g–1

(Table 2). Similar to that for total water-stable
aggregate fraction, there were no differences
in water-stable aggregate fraction among
GMS within any aggregate size class al-
though in total, green compost treatments
resulted in greater aggregation than mow and
blow treatments (Table 2).

Tisdall and Oades (1982) suggested that
macroaggregates larger than 2 mm are held
together by fine roots and hyphae in soils with
more than 2% organic matter. Green compost
treatments contained the greatest SOM con-
centration (5.6%) of all GMS, a condition
that correlates to greater aggregate stability
(Lado et al., 2004). As a result of prior
composting activity and its low C:N ratio
(Mays, 2013), green compost may have been
humidified and incorporated into the rhizo-
sphere more quickly than other GMS treat-
ments included in this study, thereby
stimulating enough growth of fine roots and
fungi whose hyphae readily enmeshed smaller
aggregates (Jastrow and Miller, 1998). Be-
cause of its composted nature, the physical
and chemical characteristics of the green
compost should have allowed greater soil
micro-organism activity, thereby increasing
production of polysaccharide gels important
to the formation of water-stable aggregates
(Kay, 1998). On the contrary, all other GMS
had a larger C:N ratio than the green compost
(Mays, 2013), and when applied at the
mulching rates used in this study, soil micro-
bial activity may have been reduced as
a result of N immobilization, thereby limiting

Table 1. Summary of the effects of groundcover management system (GMS) and nutrient source
treatments on estimated field moisture capacity, permanent wilting point, plant-available water, and
saturated hydraulic conductivity of the top 10 cm in an organically managed apple orchard on a silt-
loam soil in the Ozark Highlands of northwest Arkansas.z

Estimated soil property/GMS

Nutrient source treatment

Non-fertilized Poultry litter Commercial fertilizer

Field moisture capacity (%)
Shredded paper 21.6 Byax 21.8 ABa 21.8 Ba
Wood chips 22.0 Bab 22.8 Aa 21.1 Bb
Mow-blow 21.8 Ba 21.4 Ba 21.4 Ba
Green compost 26.3 Aa 22.6 ABb 26.2 Aa

Permanent wilting point (%)
Shredded paper 5.2 Ba 5.2 Ba 5.1Ba
Wood chips 5.5 Bab 6.2 Aa 5.1 Bb
Mow-blow 4.7 Ba 4.8 Ba 4.9 Ba
Green compost 8.3 Aa 6.7 Ab 8.5 Aa

Plant-available water (%)
Shredded paper 16.4 Ba 16.7 ABa 16.7 Ba
Wood chips 16.5 Ba 16.6 ABa 15.9 Ba
Mow-blow 16.7 Ba 17.0 Aa 16.5 Ba
Green compost 18.1 Aa 16.0 Bb 17.7 Aa

Saturated hydraulic conductivity (mm·h–1)
Shredded paper 57.7 Ba 60.6 Ba 67.0 Ba
Wood chips 57.8 Bb 68.2 Ba 64.6 Bab
Mow-blow 57.1 Ba 60.4 Ba 51.7 Ca
Green compost 100.0 Aa 86.1 Ab 102.6 Aa

zEstimates of soil water characteristics were derived from Saxton and Rawls (2005).
yMeans within a column for nutrient source treatment for a particular property followed by different upper
case letters are significantly different at the 0.05 level. n = 6.
xMeans within a GMS across nutrient sources followed by different lower case letters are significantly
different at the 0.05 level. n = 6.
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bacterial-induced water-stable aggregate for-
mation in the three GMS other than green
compost.

Other studies have shown that applica-
tions of plant-based residues increase aggre-
gate stability in orchard soils. Peck et al.
(2011) observed greater aggregate stability
under bark mulches. Glover et al. (2000) also
observed increases in soil aggregation in an
integrated apple production system that used
bark mulch and limited herbicide application
over conventional management implement-
ing herbicide applications. Similarly, Deurer
et al. (2008) showed greater aggregate sta-
bility with an organic production system and
compost applications than with an integrated
orchard floor managed by herbicide applica-
tions. Like in the present study, the findings
of Glover et al. (2000) suggested GMS systems
that protect the soil surface with relatively
large amounts of organic residues can lead to
increased formation of water-stable aggre-
gates. Orchard floor management systems

such as cultivation, which disturbs the soil,
or herbicide applications, which leave the
soil surface bare, appear less conducive to
soil aggregation and maintenance of the soil
structure.

The effects of GMS on water infiltration
were assessed after 6 years of annual organic
orchard floor management, but only in the
non-fertilized control treatment. The average
infiltration rate, as determined by the amount
of infiltration over the 18-min duration of the
measurement, did not vary among GMS
treatments (Fig. 2). However, the specific
infiltration rate, as determined by the amount
of infiltration over the actual time for all
water to infiltrate up to a maximum of 18 min,
was greater (P < 0.05) under shredded paper
than under wood chips or mow-blow, which
did not differ (Fig. 2). The specific infiltration
rate under green compost was intermediate
and similar to that under both shredded paper
and wood chips and mow-blow (Fig. 2).
Granatstein and Mullinix (2008) also reported

a greater infiltration rate after shredded paper
treatment than after other mulch treatments.
However, infiltration rates after wood chip
treatment did not differ from that after
shredded paper treatment (Granatstein and
Mullinix, 2008).

The relationship between infiltration rate
and time followed an expected pattern, start-
ing high and exponentially decreasing over
time for all four GMS. Analysis of covariance
revealed that GMS did not affect (P > 0.05)
the slope of the relationship between natural
log-transformed infiltration rate and time.
However, the intercept of the relationship
between natural log-transformed infiltration
rate and time differed (P < 0.05) among
GMS, indicating the initial infiltration rates
varied among GMS treatments immediately
after infiltration began. Similar to specific
infiltration rates, wood chip applications
resulted in the smallest intercept (i.e., slowest
initial infiltration rate), whereas intercepts
were larger and similar among the other three
GMS.

Observable differences were noted in the
greater number of shredded paper plots that
had complete infiltration within 18 min com-
pared with the other GMS. Visible differ-
ences in soil structure were noted under
shredded paper and green compost with both
having a more granular appearance than that
observed under wood chips and mow-blow
treatments.

The shredded paper GMS appeared to
provide a habitat preferred by rodents, as
evidenced by apparent increased burrowing
observed under shredded paper than under
the other three GMS (data not presented).
This concurs with an increase in vole tree
damage under the mow-blow and paper
GMS compared with wood chips (Rom,
personal communication). Merwin et al.
(1999) observed significant meadow vole
(Microtus pennsylvanicus Ord.) activity when
straw mulch and crown vetch (Coronilla varia
L.) were used as a GMS compared with
orchard floor management including herbi-
cide applications, managed sod production,
and tillage, indicating rodents may prefer
burrowing beneath lighter weight ground-
covers. The significantly and numerically
greater specific infiltration rate under shred-
ded paper and green compost, respectively,
than under wood chips and mow-blow were
similar to the results observed for water-
stable soil aggregation (Fig. 1; Table 2)
demonstrating that greater aggregation leads
to greater infiltration.

At the time infiltration measurements were
conducted, more earthworms were observed
under the shredded paper and green compost
mulches than under wood chips and mow-
blow treatments, which may have contributed
to the results of this study (Lee and Foster,
1991). Deurer et al. (2009) attributed increased
incidence of stable macropore formation at-
tributable in part to greater earthworm tun-
neling in an organically managed orchard
compared with an integrated system using her-
bicides for management of weed growth. Sim-
ilarly, Jamar et al. (2010) and van Rhee (1977)

Fig. 1. Total water-stable soil aggregate fraction as affected by groundcover management system [GMS;
shredded paper (SP), wood chips (WC), mow-blow (MB), and green compost (GC)] and soil depth in
an organically managed apple orchard in the Ozark Highlands region of northwest Arkansas. Means
with different upper case letters atop bars within the same soil depth across GMS are significantly
different at the 0.05 level. Means with different lower case letters atop bars within the same GMS
between soil depths are significantly different at the 0.05 level. n = 4.

Table 2. Summary of the effects of groundcover management system (GMS), soil depth, and size class on
water-stable soil aggregate fractions in an organically managed apple orchard on a silt-loam soil in the
Ozark Highlands of northwest Arkansas.

GMS Depth

Water-stable aggregate fraction (g·g–1)

Aggregate size class

0.25 to 0.5 mm 0.5 to 1 mm 1 to 2 mm Greater than 2 mm

Shredded paper 0 to 7.5 cm 0.06 Azayax 0.04 Bab 0.02 Bag 0.001 Bad
7.5 to 15 cm 0.03 Aba 0.02 Abb 0.01 Aab <0.001 Aag

Wood chip 0 to 7.5 cm 0.04 Baa 0.02 BCab 0.02 Bab 0.002 Bag
7.5 to 15 cm 0.03 Aba 0.02 Aab 0.01 Aab <0.001 Aag

Mow-blow 0 to 7.5 cm 0.04 Baa 0.02 Cab 0.02 Bab <0.001 Bag
7.5 to 15 cm 0.03 Aba 0.02 Aab 0.01 Aab <0.001 Aag

Green compost 0 to 7.5 cm 0.06 Aaa 0.05 Aab 0.06 Aaab 0.03 Aag
7.5 to 15 cm 0.03 Aba 0.02 Abb 0.02 Abb 0.001 Abg

zMeans within a column for the same soil depth followed by different upper case letters are significantly
different at the 0.05 level. n = 4.
yMeans within a column between soil depths within the same GMS followed by different lower case letters
are significantly different, 0.05 level. n = 4.
xMeans among size classes within the same GMS and the same soil depth followed by different Greek
letters are significantly different at the 0.05 level. n = 4.
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documented increased earthworm abundance
when application of agricultural chemicals was
minimized, like in organic production.

Increasing the amount of water entering
the soil profile decreases the likelihood of
runoff during heavy rain events, and greater
use of rainfall is advantageous for reducing or
delaying irrigation. Groundcovers increase
the roughness of the soil surface, slowing
the movement of water, and permitting more
water to enter the soil. Groundcover manage-
ment systems may also contribute to increased
infiltration rates by creating conditions pro-
moting macrofaunal colonization of the
rhizosphere and, as a result, stimulate mac-
ropore formation. Considering GMS af-
fected infiltration, more efficient use of
rainfall and irrigation would also be
expected when using organic orchard floor
management practices that include mulches
(Goh et al., 2001; Merwin et al., 1994;
Reganold et al., 2001).

Comparisons to an adjacent conventional
orchard. Although not a formal, statistical
component of this field study, the adjacent
conventionally managed orchard offers a
unique opportunity to make comparisons to
organic orchard management. After seven
seasons of organic management, the SOM
concentration in the top 10 cm under green
compost in the organic orchard was numer-
ically double that in the adjacent convention-
ally managed orchard, whereas SOM under
all other organic GMS were similar to that in
the conventional orchard (Table 3). It is noted
that the SOM in the conventionally managed
orchard and treatments other than green
compost were relatively low (0.03 g·g–1).
The lack of SOM contribution from the paper
mulch was expected because it tended to
break down and decay on the soil surface,
almost disappearing by the end of the season.
The wood chips GMS treatment resulted in
a season-to-season remaining detritus under

the tree, which may over a longer time period
contribute to increased SOM. Other studies
have also demonstrated greater SOM under
organic GMS than under conventional or-
chard management (Amiri and Fallahi, 2008;
Glover et al., 2000; Reganold et al., 2001).
Differences between this study and previous
studies may be the result of the hot humid
conditions of the test site resulting in greater
organic matter turnover than in other sites
reporting contradictory results.

Bulk density was numerically greater in
the conventional orchard than in all GMS
treatments (Table 3) indicating that porosity
was lower in the conventionally managed
system, which likely affects other soil prop-
erties and processes. Similar to SOM, field
moisture capacity and permanent wilting
point were numerically greater under green
compost organic management than under
conventional management, whereas that for
the other three GMS were similar to under
conventional management (Table 3). How-
ever, plant-available water was numerically
larger and similar between green compost
organic and conventional management than
that in the other three organic GMS (Table 3).
These results demonstrate the positive value
of increasing SOM on soil water characteris-
tics. Estimated Ksat was also nearly numeri-
cally double that under green compost than
under conventional orchard management,
whereas that under the other three organic
GMS was numerically similar to that under
conventional management (Table 3).

Total water-stable soil aggregate fraction
in the top 7.5 cm of the soil profile was
numerically greater for shredded paper and
green compost in the organic orchard than in
the conventional orchard (Table 3). There-
fore, it is probable that aggregation in the
conventional orchard was reduced as a result
of the absence of annual additions of plant
residues at the soil surface, which in turn
reduced micro-organism and macrofaunal
activity in the rhizosphere. Similarly, re-
duced soil aggregation in the conventional
orchard may also be related to lower SOM
(Carter, 2002). However, total water-stable
aggregate fraction in the 7.5- to 15-cm soil
depth was similar among all organic GMS
and the conventional orchard with the excep-
tion of that in the mow-blow GMS (Table 3).

Volumetric soil water contents deter-
mined in the conventional orchard before
conducting infiltration measurements were
comparable to values obtained in the organic
orchard after an 8-h irrigation cycle; thus,
infiltration rates measured in the conven-
tional orchard were assumed to be justifiably
comparable to those measured in the organic
orchard. Specific and average infiltration
rates associated with the shredded paper,
mow-blow, and green compost treatments
in the organic orchard were numerically
greater than those measured in the conven-
tional orchard. However, specific and aver-
age infiltration rates under wood chips were
numerically lower than those measured in the
conventional orchard. These results indicate
that, with the exception of wood chip

Fig. 2. The influence of groundcover management system [GMS; shredded paper (SP), wood chips (WC),
mow-blow (MB), and green compost (GC)] on the specific infiltration rate, determined based on the
actual time it took for all initial water to infiltrate up to 18 min, and average infiltration rate, determined
based on the 18-min duration of the infiltration experiment, in an organically managed apple orchard in
the Ozark Highlands region of northwest Arkansas. Means with different upper case letters atop bars
for specific infiltration rate are significantly different at the 0.05 level. Means with different lower case
letters atop bars for average infiltration rate are significantly different at the 0.05 level. n = 6.

Table 3. Informal comparison of soil quality indicators among four groundcover management systems
[i.e., shredded paper (SP), wood chips (WC), mow-blow (MB), green compost (GC)] in an organically
managed with that from an adjacent conventionally managed apple orchard on a silt-loam soil in the
Ozark Highlands region of northwest Arkansas.z

Soil quality indicator

Groundcover management system in organic orchard

Conventional orchardSP WC MB GC

SOM (g·g–1) 0.03 (<0.01) 0.03 (<0.01) 0.03 (<0.01) 0.06 (<0.01) 0.03 (<0.01)
BD (g·cm–3) 1.13 (0.03) 1.01 (0.04) 1.17 (0.02) 1.02 (0.02) 1.3 (0.03)
FMC (%) 21.7 (0.3) 22.0 (0.4) 21.5 (0.2) 25.1 (0.6) 22.3 (0.4)
PWP (%) 5.1 (0.2) 5.6 (0.4) 4.8 (0.3) 7.8 (0.4) 5.1 (0.4)
PAW (%) 16.6 (0.1) 16.4 (0.2) 16.7 (0.1) 17.3 (0.4) 17.2 (0.3)
Ksat (mm·h–1) 61.8 (2.3) 63.5 (3.5) 56.4 (2.4) 96.2 (3.4) 53.1 (2.9)
WSA0–7.5 cm (g·g–1) 0.12 (0.01) 0.08 (0.01) 0.07 (0.01) 0.2 (0.03) 0.06 (<0.01)
WSA7.5–15 cm (g·g–1) 0.07 (<0.01) 0.05 (0.01) <0.01 (<0.01) 0.07 (0.01) 0.06 (<0.01)
IR_0 (mm·min–1) 10.1 (3.0) 3.2 (0.9) 5.3 (1.2) 5.6 (1.6) 3.5 (1.1)
IR_18 (mm·min–1) 3.2 (0.3) 2.5 (0.4) 3.3 (0.5) 3.2 (0.8) 2.8 (0.4)
zSoil quality indicators include soil organic matter (SOM) concentration, bulk density (BD), estimated
field moisture capacity (FMC), permanent wilting point (PWP), plant-available water capacity (PAW), and
saturated hydraulic conductivity (Ksat); specific infiltration rate (IR_0) and average infiltration rate
(IR_18); and total water-stable soil aggregate (WSA) concentrations from two soil depths. Estimates of
soil water characteristics were derived from Saxton and Rawls (2005). Data shown are means (± SE). n = 6.
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applications, organic GMS facilitate greater
water infiltration than conventional orchard
management.

Conclusions

The soil properties and processes evalu-
ated collectively in this study demonstrate the
effects and benefits of organic orchard floor
management using various GMS and organic
nutrient sources on near-surface soil quality
under apple production in the Ozark High-
lands region of northwest Arkansas and in
comparable climates and soils. Significant
changes in SOM concentration were achieved
after only 6 years of consistent organic man-
agement as a result of application of GMS and
nutrient source treatments, which conse-
quently impacted all other soil quality indica-
tors evaluated in this study. Nutrient source
treatments positively affected some soil qual-
ity indicators, but their magnitude of impact
and consistency were lower than for the GMS.
Based on the results of this study, the addition
of organic residues to an orchard floor ben-
efits water-stable aggregate formation, and
mulches with a low C:N ratio show potential
to benefit the orchard soil structure. Among
the organic GMS, green compost had the
greatest positive impact on soil quality of all
treatment combinations investigated. Simi-
larly, organic green compost often showed
the largest benefit to soil quality compared
with soil properties observed in the conven-
tionally managed orchard. Increased infiltra-
tion rates, as observed for several organic
GMS over the conventional management,
may benefit orchard production during the
hot, dry summer months in the Ozark High-
lands. This study also demonstrates that the
use of plant residue-based GMS favors soil
aggregation in highly weathered, Ozark High-
land soils and that soil structure may be
improved relatively quickly as GMS materials
decompose. Therefore, it appears that the
GMS and nutrient source combinations eval-
uated in this study provide a viable set of
management options for apple producers in
the Ozark Highlands and similar regions while
also satisfying the USDA-NOP requirement to
simultaneously improve soil quality with crop
production.
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