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Composted organic materials used to stabilize roadside embankments in Texas promote rapid revegetation of soils disturbed
by construction activities. Yet, adding compost to soil may increase total and soluble plant nutrients available for loss in runoff
water. Composted municipal biosolids and dairy manure products were applied to soils in Texas according to prescribed Texas
Department of Transportation specifications for stabilizing roadside soils. The specifications included a method for incorporating
compost into soils prior to seeding or applying a compost and woodchip mix over a disturbed soil and then seeding. Applying
compost and woodchips over the soil surface limited sediment losses (14 to 32 fold decrease) compared to incorporating compost
into the soil. Yet, the greatest total phosphorus and nitrogen losses in runoff water occurred from soils where the compost and
woodchip mix was applied. The greatest losses of soluble phosphorus also occurred when the compost and woodchip mix was
applied. In contrast, nitrate-nitrogen losses in runoff were similar when compost was incorporated in the soil or applied in the
woodchip mix. Compost source affected the nutrient losses in runoff. While the composted municipal biosolids added greater
nutrient loads to the soil, less nutrient loss in runoff occurred.

1. Introduction

State Departments of Transportation (SDOT) are mandated
to manage highway construction sites as potential nonpoint
pollution sources. Soil particulate loads are often the greatest
fraction of soil components in runoff from highway con-
struction sites [1]. Soil erosion can occur when disturbed
soils are unprotected from rainfall and flowing water. Silt
fences, straw mulch, and material blankets are among several
practices used to control erosion [2]. Additionally, com-
posted biosolids and blends of biosolids with yard waste are
among materials top-dressed or incorporated on constructed
soil slopes to control erosion and enhance vegetation estab-
lishment [3–5]. Persyn et al. [5] reported 5 or 10 cm blankets
of composted biosolids, yard waste, or industrial waste
reduced runoff water and sediment compared to exposed
subsoil or imported topsoil to high-way construction sites.
In a complementary report, Glanville et al. [3] reported
top-dressing composted materials decreased nutrient loss in

runoff water during a simulated 30 min rain event compared
to excavated soil alone.

Specifications for the composition and application of
composted materials to soil on construction sites vary among
SDOTs [6]. Generally, application rates are depth- or vol-
ume-based and include limits on the maximum rate which
can be applied. Composted materials are required to meet
standards for Class A biosolid, but requirements or limits on
mineral nutrient concentrations or rates in applied materials
are not often specified [7]. Large volume-based rates may
have the potential to increase total nutrient concentrations
in amended soil above requirements for establishment and
maintenance of vegetation and contribute to nonpoint
source losses in surface runoff [8].

In Texas, the Department of Transportation (TxDOT)
developed three specifications for top-dressed and incorpo-
rated amendments on high-way construction sites. A top-
dressed layer of compost on excavated soil, termed erosion
control compost (ECC), is comprised of a 5 cm depth of
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a blend of equal volumes of compost and woodchips [7].
Top dressing of a 0.6 cm depth of 100% compost on existing
vegetation was defined as general use compost. In contrast
to top-dressed treatments, compost-manufactured topsoil
(CMT) was composed of a mixture of 0.25 m3 compost
m−3 soil. The compost is incorporated with soil on-site or
premixed and applied at a depth specified by engineers after
excavation of a site.

The CMT and ECC specifications were developed to
enable construction contractors a method to control sed-
iment loss in runoff water and minimize the duration of
vegetation reestablishment. Both composted dairy manure
(CDM) and blends of municipal biosolids and yard waste
(CMB) were among materials construction contractors used
to comply with the TxDOT specifications [9]. Systems
integrating compostuse with soil stabilization of roadsides
offer an option for recycling composts, but total nutrient
rates can exceed agronomic recommendations for crops or
establishing vegetation [10]. Specifications for volume-based
rates typically do not change with respect to compost source
and composition.

Similar to concerns about CDM applications to agricul-
tural fields, volume-based rates specified of ECC or CMT
could increase soil nutrient concentrations and contribute
to nonpoint-source runoff losses. Previous reports indicated
runoff concentrations and losses of dissolved P were directly
related to concentrations in top-dressed amendments [11,
12]. Incorporation of CDM or CMB at volume-based rates
increased concentrations of extractable soil P and dissolved
P in runoff [13–15]. Variation of nutrient concentration
and form among composted materials, including CDM and
CMB, and amended soils needs to be evaluated in relation
to nonpoint-source losses [12, 16]. In some cases, manure
applications increase dissolved P loss more than inorganic
fertilizers [17, 18]. Yet a dense layer of crop residues or
established vegetation on amended surfaces can limit runoff
loss of P from applied manure or compost [18, 19].

The goal of this research was to evaluate TxDOT spec-
ifications for amending roadside soils with CDM and
CMB. The specific objectives were (1) quantify nutrient
loading rates in soil amended according to CMT and ECC
specifications, (2) compare runoff concentration and losses
of sediment P and N among CMT and ECC treatments
during natural storm events, and (3) relate P loss in runoff
water to soil P concentrations.

2. Materials and Methods

2.1. Experimental Design. A randomized complete block de-
sign was comprised of three replications of seven treatments
to compare and contrast treatment effects. Six treatments
represented TxDOT specifications for application of CDM or
CMB on roadsides [7]. Compost sources were incorporated
at a rate of 0.125 and 0.25 m3 m−3 into a 50 mm depth of
a sandy clay loam soil (Table 1) for four CMT treatments.
A compost/woodchip blend (1 : 1) utilizing both compost
sources was top-dressed onto an excavated soil for two ECC
treatments. An established stand of common bermudagrass
(Cynodon dactylon L.) was used as the one control treatment.

Table 1: Characteristics of two compost sources used to amend soils
according to TxDOT specifications for stabilizing soils affected by
highway construction (n = 2 for each compost source).

N (%) P (%) Dry mass (%)

Composted dairy manure 0.54 0.32 77.2

Composted municipal biosolids 1.73 1.66 65.5

Treatments were imposed on a Boonville fine sandy loam
previously graded to an 8.5% slope [18, 20]. The excavated
slope was located at the Texas A&M University Turfgrass
Field Laboratory, College Station, TX. The 4 m by 1.5 m
plots were oriented parallel to the slope. A 100 mm width of
1.9 mm sheet metal was inserted 25 mm into soil along the
perimeter of each plot to channel runoff through an H-flume
into an uncovered 311 L holding tank.

The compost products used in the study are characterized
in Table 1. Both products were aerobically composted and
produced in Texas. The mass of soil and compost or wood-
chips and compost mixes were measured, and sampled prior
to application (Table 2). A seed mixture of 50 g common
bermudagrass and 70 g T-587 Bluestem (Andropogon ger-
ardii, Vitman) was broadcast over each plot area on 22 April
2003. The soil and compost and the woodchip and compost
mixes were smoothed and packed to optimize seed to soil
contact. The plots were irrigated daily to minimize water
stress during seed germination and establishment. Care was
taken to not produce runoff when irrigation water was
applied. The bluestem/bermudagrass mixture was clipped on
26 June and 29 July. The mass of freshly clipped grass was
measured and samples were collected to measure dry matter
yields. Soil core samples were collected after the final rain
event. A 20 mm diameter soil probe was used to sample soil
to a 50 mm depth at eight randomly selected points within
each plot. Soil cores were homogenized for each plot and
prepared for analysis.

2.2. Runoff Sampling and Analysis. Captured runoff was
measured and sampled after each of 10 natural rainfall events
that produced measurable runoff from all plots. Rain depth
was measured using an onsite rain gauge. Rainfall depth
was subtracted from water depths in the uncovered tanks
before runoff volumes were calculated. Tank volumes were
mixed thoroughly before collecting 500 mL samples at the
conclusion of rainfall events or before tanks overflowed.
After collection, water samples were stored at 4◦C and
filtered through glass fiber filters (<0.7 μm) under vacuum
within a 24 hr period. Samples were frozen if stored for
more than 24 hr before filtering. The mass of the sediment
was calculated by subtracting the filter mass from the filter
plus sediment mass after filtering was complete. Filters and
sediment were ground and digested for analysis of total N
and P after selected rain events [21].

Total and dissolved forms of P and N in the filtrate were
analyzed for all runoff events. Inductively coupled plasma
optical emission spectroscopy (ICP) was used to measure
total TDP in digests of filtrate and total P (TP) in digests
of sediment [22]. Total Kjeldahl nitrogen (TKN) in digests
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Table 2: Effect of rates of compost and associated total N (TN) and P (TP) on TN, TP, soil-test P (STP), and water-extractable P (WEP)
concentrations in soil on an 8.5% slope. Composted dairy manure (CDM) and municipal biosolids (CMB) were incorporated at volume-
based rates in compost-manufactured topsoil (CMT) or mixed with wood chips in erosion-control compost (ECC) as specified by the Texas
Department of Transportation. The control was established perennial grass.

Rates applied as compost Concentration within 5 cm sampling depth

Treatment Compost Rate Mass TP TN TP TN STP WEP

(m3 m−3) (Mg ha−1) (kg ha−1) (kg ha−1) (mg kg−1) (mg kg−1) (mg kg−1) (mg kg−1)

Control NA NA 254 e 1188 cd 80 e 17 d

CMT CDM 0.125 62 d‡ 199 f 320 f 537 de 725 e 264 de 34 cd

CMT CMB 0.125 28 f 408 d 468 e 875 cd 1035 de 439 cd 29 d

CMT CDM 0.25 109 b 337 e 566 d 761 d 1059 de 496 cd 50 bc

CMT CMB 0.25 50 e 810 b 865 c 1201 c 1515 c 623 c 33 cd

ECC CDM 0.50 185 a 611 c 944 b 1773 b 2759 b 1115 b 77 a

ECC CMB 0.50 100 c 1773 a 1712 a 5121 a 5212 a 2203 a 55 b
†

Different letters in columns represent significant differences using Fisher’s LSD means separation test.

of filtrate and sediment were measured colorimetrically
[23, 24], and NO3

−-N in filtrate was quantified through
cadmium reduction in an autoanalyzer [25]. As filtrate
concentrations of TKN dropped below 10 mg L−1, Kjeldahl
digestions of filtrate were discontinued and the ICP was
used to measure TDP in filtrate. Nutrient concentrations
in filtrate were adjusted to account for dilution from rain-
fall in the uncovered tanks. A malachite-green assay was used
to quantify dissolved reactive phosphorus (DRP) concentra-
tions in filtrate within 72 hr after filtering and storage at 4◦C
[26].

Concentrations of total and extractable forms of P and
N in soil samples were analyzed in Texas AgriLife Extension’s
Soil, Water, and Forage Testing Laboratory, College Station,
TX. An acidified NH4OAc-EDTA extraction method was
used to measure soil-test P (STP) [27]. In addition, 1 g soil
was extracted in 10 mL distilled water for 1 hr on an orbital
shaker to determine water extractable P concentration. The
ICP was used to measure STP and WEP. Soil nitrate was
extracted and analyzed as described by Dorich and Nelson
[23].

2.3. Statistical Analysis. The General Linear Model (GLM)
procedure of SAS [28] was used for analysis of variance
of runoff depth, nutrient concentration in soil and runoff,
and mass loss of sediment and nutrients among treatments
over ten runoff events. Fisher’s least significant difference
(LSD) was used to compare treatment means [28]. Treatment
means were determined to be significantly different at the
α = 0.05 level. Regression analysis was used to relate var-
iation of total and extractable P within CMT and ECC
to mass loss in runoff over 10 runoff events during grass
establishment. A t-test was performed to detect significant
differences between CMB sources by comparing the slopes of
the regression lines [29].

3. Results and Discussion

3.1. Soil. The mass of the compost and soil or woodchip
mixes was different due to the differences in bulk density

of the compost sources. The bulk density of CDM was
1.34 Mg m−3, and the bulk density of CMB was 0.79 Mg m−3

which contributed to a greater mass of CDM than CMT in
the volume-based rates applied as CMT and ECC (Table 2).
The comparatively greater bulk density of CDM was
attributed to soil scraped and hauled with raw manure from
confined animal dry lots [30]. Yet the physical difference in
mass did not translate into greater nutrient loading from the
CDM since the nutrient concentrations were lower relative
to CMB (Table 1). For each treatment with contrasting
compost sources and application rates, the TP applied
was over two times greater for the CMB than the CDM
(Table 2). The TN application rate was also greater when
CMB was used to amend soils rather than CDM (Table 2). In
general, adding CDM or CMB as a soil amendment increased
total P and N, STP, and WEP compared to the control.
However, applying CDM at 0.125 m3 m−3 did not increase
the nutrient concentration above the control for any soil
nutrient characteristic tested (Table 2). Additionally, nutrient
concentrations in the blended soil or woodchip mixes at
the 0.125 m3 m−3 rate were not considered different between
contrasting compost sources. Soil nutrient concentrations
in the surface 50 mm layer were different for TP and TN
when compost was blended at the 0.25 m3 m−3 volume-based
rate. A large difference in concentration of soil nutrients
became apparent when the compost sources were blended
with woodchips for the ECC treatment. Total P and STP
concentrations were nearly twice as great when CMB was
used in the blend rather than CDM. The concentration of
STP exceeded the concentration required to supply sufficient
P for grass growth for each treatment included in the soil of
the control plots. Grass plants used for turf are not expected
to increase yield due to added P when STP concentrations are
greater than 45 mg kg−1 [31]. Increasing STP concentrations
relative to the critical concentration for plant response may
relate to elevated P in runoff [32].

3.2. Grass Response. Bluestem seedlings emerged quickly and
composed most of the biomass clipped from all treatments
on two harvest dates. At 63 d after seeding, dry biomass yields
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Table 3: Above-ground dry-mass yield (g m−2) of a bermudagrass,
Cynodon dactylon L., and big bluestem, Andropogon gerardii,
Vitman grass mix grown on soils amended with composted dairy
manure (CDM) or composted municipal biosolids (CMB) using
TxDOT specifications for stabilizing soils affected by highway
construction. See Table 2 caption for description of treatments.

Treatment Compost
Rate 1st harvest 2nd harvest

(m3 m−3) (g m−2) (g m−2)

Control NA NA 35 c 58 c

CMT CDM 0.125 56 bc 244 ab

CMT CMB 0.125 103 abc 272 ab

CMT CDM 0.25 42 bc 284 ab

CMT CMB 0.25 113 abc 211 bc

ECC CDM 0.50 184 a 215 bc

ECC CMB 0.50 130 ab 382 a
†

Different letters in columns represent significant differences using Fisher’s
LSD means separation test.

were similar between the established grass control and CMT
comprising either CDM or CMB (Table 3). In contrast, the
yield of dry biomass was greater for ECC composed of either
CDM or CMB than for the established grass control. At
98 d after seeding, comparative biomass yields between the
control and CMT were dependent on the compost source.
Clipping yields of CMT amended with CDM were greater
than the control for both of the volume-based rates (0.125
and 0.25 m3 m−3). Similarly, clipping yields from the CMT
composed of 0.125 m3 CMB m−3 soil were greater than
the established grass control, but yields were comparable
between the higher CMB rate and control. In addition, yields
were similar between ECC amended with either CDM or
CMB and the established grass control on the second harvest.
Developing deficiencies of available N or other mineral
nutrients could have limited grass growth and differences in
biomass yield between ECC and the established grass control
at the second harvest date [33].

In a previous study of grass establishment after mixing
CMB with soil at 0.25 m3 m−3, grass coverage was 14%
greater with compared to without a top-dressing of fertilizer
N (50 kg ha−1) at 56 d after sprigging [34]. Over a similar
phase of wheat (Triticum aestivum L.) establishment, N
deficiency symptoms and reduced dry matter production
occurred for soil with up to 44 Mg ha−1 CMB compared to
fertilized soil without CMB [33]. Wheat establishment was
deterred even though 100 mg kg−1 of fertilizer N was applied
to supplement the total N applied as CMB. Incubation
studies with and without CMB in the same study indicated
N immobilization could limit availability to crops established
in soils amended with CMB at rates comparable to the CMT
and ECC in the present study.

3.3. Runoff Loss of Sediment and Total N and P. The cumula-
tive depth of rainfall for the ten recorded events was 281 mm.
Total runoff loss for the ten events ranged between 137 mm
for the ECC using CMB to 206 mm for the 0.25 m3 m−3 CMT
using the CDM (Table 4). Only the runoff loss from the latter

treatment was greater than runoff loss from the established
grass control. Generally, each specification for amending
constructed soils was equally effective at controlling runoff
water loss; however, compost source did result in differences
in runoff. Runoff water losses were lower when CMB
was incorporated into soil or mixed with woodchips and
topdressed. The difference was most apparent for the ECC-
treated plots (Table 4). The variation of runoff depth among
treatments under the 10 natural rain events was substantially
less than observed previously under 30 min of simulated
rain. Persyn et al. [5] reported that 50 or 100 mm depths of
biosolids mixed with yard waste achieved major delays and
volume reductions in runoff compared to exposed subsoil
under the brief simulated rain event.

Similar to evaluations of ECC comprising a 3 : 1 mixture
of CDM and wood chips [10], sediment loss from ECC in
the present study was comparable to established perennial
grass (Table 4). On a 33% roadside embankment without
vegetation, a 50 or 100 mm depth of biosolids mixed with
yard waste reduced interrill erosion 77% compared to ex-
posed subsoil [35]. Seeding and establishment of vegetation
reduced interrill erosion from the 33% slope, but erosion
remained 70% less for biosolid mixed with yard waste than
for exposed subsoil. Over the period of grass establishment
in the present study, incorporation of CDM or CMB in soil
controlled sediment loss less effectively than ECC. In addi-
tion, sediment loss from CMT amended with 0.25 m3 m−3

of compost was greater for CDM than for CMB (Table 4).
As the greater weight of applied CDM indicated (Table 1),
soil made up a larger portion of CDM than CMB, which
could have diminished CMT effects on sediment loss. In the
previous study on a steep slope (33%), interrill erosion was
comparable between exposed subsoil and a 150 mm depth of
topsoil applied over subsoil with or without seeding [5].

Treatment effects on sediment loss were reflected in vari-
ation of runoff loss of TKN in sediment. Runoff loss of sedi-
ment TKN was low and similar between ECC and established
grass (Table 4). In addition, runoff loss of sediment TKN
from ECC was less than two of the four CMT treatments
even though TN concentrations within the top-dressed ECC
layer were greater than CMT or established grass (Tables 2
and 4). On a steep embankment (33%), low runoff volume
prevented sediment TN loss from top-dressed biosolids and
yard waste during a 30 min. simulated rain event despite a
doubling of sediment TN concentration [3].

Although ECC prevented loss of sediment TKN similar
to established grass, sediment TP loss was greater for ECC
than established grass and the lower rate (0.125 m3 m−3) of
CDM in CMT (Table 4). In addition, runoff loss of sediment
TP from ECC composed of CDM was greater than all other
treatments, including ECC derived from CMB. This result is
likely due to the relatively higher TP concentration in the
ECC when CDM was used in the compost/woodchip mix
(Tables 2 and 4).

3.4. TDP and NO3
−-N Concentrations in Runoff. Runoff

events were analyzed separately to accommodate significant
(α = 0.001) interactions between treatment and rain event
for variation of TDP and NO3-N concentrations in filtrate
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Table 4: Total runoff and the sum of mass loss of runoff sediment and associated total P and N over 10 rain events during grass establishment
on roadside slope amended with composted dairy manure (CDM) and composted municipal biosolids (CMB). See Table 2 caption for
description of treatments.

Treatment Compost
Rate Runoff Sediment Total P TKN

(m3 m−3) (mm) (g m−2) (mg m−2) (mg m−2)

Control NA NA 156 bc 111 cd 328 c 115 b

CMT CDM 0.125 194 ab 525 b 361 c 554 ab

CMT CMB 0.125 178 ab 398 b 439 bc 1373 a

CMT CDM 0.25 206 a 872 a 646 b 1380 a

CMT CMB 0.25 168 abc 469 b 454 bc 664 ab

ECC CDM 0.50 178 ab 44 d 965 a 60 b

ECC CMB 0.50 137 c 11 d 681 b 16 b
†

Different letters in columns represent significant differences using Fisher’s LSD means separation test.

Table 5: Comparison of runoff concentration of total dissolved P (TDP) among contrasting roadside treatments for selected rain events on
an 8.5% slope. Rain amounts for the respective events were 23, 5, 18, 29, and 50 mm. See Table 2 caption for description of treatments and
compost sources.

Rain event

Treatment Compost Rate 1 (5 Jun) 3 (14 Jun) 6 (4 Jul) 8 (11 Aug) 10 (31 Aug)

(m3 m−3) (mg L−1) (mg L−1) (mg L−1) (mg L−1) (mg L−1)

Control NA NA 1.9 d 2.2 d 1.8 c 3.2 b 2.6 c

CMT CDM 0.125 2.7 d 3.2 cd 2.4 c 3.4 b 2.6 c

CMT CMB 0.125 2.6 d 2.8 d 2.1 c 3.8 b 3.3 c

CMT CDM 0.25 5.2 c 6.0 c 2.8 c 3.9 b 3.3 c

CMT CMB 0.25 3.2 cd 3.4 cd 2.7 c 4.2 b 3.2 c

ECC CDM 0.50 17.1 a 17.3 a 11.4 a 11.0 a 11.2 a

ECC CMB 0.50 9.6 b 13.0 b 8.0 b 11.4 a 8.3 b
†

Different letters in columns represent significant differences using Fisher’s LSD means separation test.

of runoff. Five of the 10 runoff events were selected to
illustrate variation of runoff concentrations of TDP and
NO3

−-N among treatments during the period of bluestem
establishment (Tables 5 and 6). As anticipated from variation
of runoff loss of sediment TP among treatments (Table 4),
runoff concentrations of TDP were consistently greater for
ECC than CMT or the established grass control (Table 5).
Similarly, incorporation reduced runoff concentrations of
dissolved P compared to top-dressed application of livestock
manures [11, 36]. In contrast, a previous study indicated
TDP concentration in runoff from ECC was less or similar
to that from CMT during the first two rain events after
these CDM-amended treatments were applied and seeded
[10].

In the present study, incorporation of CDM at
0.25 m3 m−3 with soil did increase TDP concentrations in
runoff compared to established grass during rain events 1
and 3 (Table 5). In addition, CDM contributed to greater
TDP concentrations in runoff than the CMB mixed with
wood chips in ECC on four of the five selected rain events.
Yet TDP concentrations in runoff were similar among three
of the four CMT treatments during events 1 and 3. In
addition, runoff concentrations of TDP were similar among

all four CMT treatments and the grass control as bluestem
establishment progressed during rain events 6 through 10
(Table 5).

After the initial rain event, filtrate concentration of
NO3

−-N declined and remained low and similar between
CMT and the established grass control over the remaining
events (Table 6). Comparable results were observed pre-
viously using two soil types and CDM to apply CMT
amendments at 0.25 m3 m−3 [10]. In the previous and
present study, runoff NO3-N concentration was greater for
CMT amended with CDM or CMB at 0.25 m3 m−3 of soil
than established grass during the initial rain event (Table 6).
After the first rain event, NO3

−-N concentrations in runoff
were similar (0.57 mg L−1) to those reported for grassland
soils mixed with poultry litter [28]. Runoff concentrations
of NO3-N were greater for ECC than CMT on rain events
8 and 10, but runoff concentrations were well below the EPA
drinking water standard [37]. Both bluestem uptake and slow
mineralization from compost could have minimized NO3-
N concentrations in amended soil and runoff [33]. Glanville
et al. [3] similarly reported low NO3

−-N concentrations in
runoff (0.2 mg L−1) from a surface application of biosolids
mixed with yard waste on a roadside embankment.
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Table 6: Comparison of runoff concentration of NO3-N among contrasting roadside treatments for selected rain events on an 8.5% slope.
Rain amounts for the respective events were 23, 5, 18, 29, and 50 mm. See Table 2 caption for description of treatments and compost sources.

Rain event

Treatment Compost Rate 1 (5 Jun) 3 (14 Jun) 6 (4 Jul) 8 (11 Aug) 10 (31 Aug)

(m3 m−3) (mg L−1) (mg L−1) (mg L−1) (mg L−1) (mg L−1)

Control NA NA 0.59 d 0.22 a 0.25 a 0.55 b 0.25 bc

CMT CDM 0.125 1.20 bcd 0.48 a 0.51 a 0.64 b 0.23 c

CMT CMB 0.125 1.10 cd 0.32 a 0.17 a 0.41 b 0.21 c

CMT CDM 0.25 2.38 a 0.69 a 0.40 a 0.41 b 0.23 c

CMT CMB 0.25 1.65 abc 0.47 a 0.25 a 0.40 b 0.21 c

ECC CDM 0.50 1.41 bcd 0.28 a 0.46 a 1.15 a 0.30 ab

ECC CMB 0.50 2.01 ab 0.45 a 0.45 a 1.42 a 0.34 a
†

Different letters in columns represent significant differences using Fisher’s LSD means separation test.

Table 7: Mass runoff loss of total dissolved P (TDP), dissolved reactive P (DRP), NO3-N, and dissolved total Kjeldahl N (TKN) during grass
establishment on roadside soils amended with composted dairy manure (CDM) and composted municipal biosolids (CMB) over 10 natural
rainfall events. See Table 2 caption for description of treatments.

Treatment Compost
Rate TDP DRP NO3

−-N TKN

(m3 m−3) (mg m−2) (mg m−2) (mg m−2) (mg m−2)

Control NA NA 301 d 165 e 45 b 775 b

CMT CDM 0.125 450 cd 303 d 86 b 786 b

CMT CMB 0.125 428 cd 272 de 59 b 815 b

CMT CDM 0.25 637 c 450 c 140 a 1025 b

CMT CMB 0.25 440 cd 308 d 78 b 770 b

ECC CDM 0.50 1845 a 1321 a 75 b 1756 a

ECC CMB 0.50 1050 b 841 b 71 b 1549 a
†

Different letters in columns represent significant differences using Fisher’s LSD means separation test.

3.5. Nutrient Losses. Variation of cumulative runoff loss of
TDP among treatments over the 10 rainfall events reflected
variation of runoff concentrations of TDP for events 1 and 3
(Tables 5 and 7). Similar to benefits reported for agricultural
soils, incorporating CDM or CMB into the 0 to 50 mm
soil depth (CMT) reduced TDP losses in runoff compared
to top-dressed ECC [17]. Except for CDM incorporated
at 0.25 m3 m−3 soil, CMT limited cumulative runoff loss
of TDP during grass establishment as effectively as the
established grass control (Table 7). In contrast, cumulative
mass loss of TDP during grass establishment was greater
for ECC than for CMT or the established grass control. In
addition, cumulative TDP loss from ECC was greater for
CDM than for CMB even though TP concentration was
nearly 3 times greater in CMB than CDM incorporated with
soil (Tables 2 and 7). Greater cumulative TDP loss from
ECC amended with CDM did reflect the greater total runoff
depth over 10 rainfall events for CDM-compared to CMB-
amended ECC (Tables 4 and 7). Glanville et al. [3] reported
runoff volume effects on runoff loss of soluble and adsorbed
P forms were even greater between top-dressed biosolids and
excavated soil during a simulated 30 min storm. Runoff loss
of soluble plus adsorbed P was 8 times greater for exposed
soil than for the top-dressed biosolids layer. Conversely,
respective concentrations were 81 and 20 times greater
for soluble P (3.1 mg L−1) and sediment P (17.3 g L−1) in

runoff from top-dressed biosolids than from exposed soil
[3].

The dissolved reactive fraction of P (DRP) contributed
64% or more of the runoff loss of TDP over the 10
runoff events during establishment of the seeded bluestem
(Table 7). Similarly, DRP accounted for 64% of total P loss in
simulated runoff from soils amended with manure sources
of P [11]. For both simulated and natural rainfall in the
previous and present study, runoff loss of DRP was lower
for incorporated compared to top-dressed raw manure,
CDM, or CMB (Table 5). In addition, incorporation of the
lower rate of CMB (0.125 m3 m−3) reduced DRP runoff
loss to amounts comparable to the grass control. Similar
to TDP losses in runoff from ECC over 10 runoff events,
greater runoff loss of DRP from CDM than from CMB was
attributed to differences in cumulative runoff depth and
WEP concentration (Tables 2 and 7). Importantly, DRP is
the fraction of P in surface water considered most avail-
able to aquatic plants and could contribute to accelerated
eutrophication at concentrations orders of magnitude less
than observed in this study [8].

High runoff volume contributed to relatively high ru-
noff loss of NO3-N from CMT amended with CDM at
0.25 m3 m−3 of soil, but losses from ECC and other CMT
treatments reflected low NO3-N concentrations in runoff
(Tables 6 and 7). Although ECC prevented sediment and
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associated TKN loss similar to the grass control, ECC was
a major nonpoint source of dissolved TKN. In contrast to
treatment differences in runoff loss of sediment TKN, loss
of dissolved TKN was greater for ECC than for CMT or
established perennial grass over the 10 runoff events (Tables
4 and 7). Conversely, runoff loss of dissolved TKN from CMT
was comparable to the established grass control (Table 7).
The ECC did not lower runoff volume sufficiently to reduce
dissolved TKN in runoff compared to CMT or the grass
control during the 10 natural rainfall events in the present
study. In contrast, Glanville et al. [3] reported lower runoff
volume during a 30 min simulated rain reduced total N in
runoff from top-dressed biosolid and yard waste to 0.1% of
that from the exposed subsoil.

3.6. Relationship between Soil and Runoff P. Similar runoff
depths among five of the seven treatments indicated vari-
ation of nutrient concentrations in soil, and runoff con-
tributed a major portion of variation of mass loss of nutrients
among treatments [13, 14, 17, 18, 35]. Regression analysis
was used to relate variation of soil P concentration to
variation of P runoff losses among roadside amendments and
between compost sources. Relationships between soil and
runoff P, though soil specific, enable evaluation of ECC and
CMT effects on water quality for both site and watershed
scales [14, 15, 38, 39]. In the present study, the sum of TDP
and sediment P losses for each treatment was accumulated
over 10 rainfall events and related to P concentrations in
soil sampled after the final event. Linear relationships were
observed between mass runoff losses of TP for the control,
CMT, and ECC treatments of each compost source and mean
WEP, STP, and TP in the 0 to 50 mm soil depth (Figures
1, 2, and 3). Slopes of regression relationships between
soil WEP and TP runoff loss were similar between CDM
and CMB (Figure 1). In contrast, slopes of relationships
between STP (Figure 2) or soil TP (Figure 3) and runoff
TP varied markedly between CDM and CMB sources used
to amend soil. Although the volume-based rates of CMB
increased soil total P and STP concentrations compared
to respective CDM rates, soil WEP concentrations were
greater for CDM-amended treatments. Similar to previous
comparisons among varied sources of livestock manure
[16], WEP was the most effective environmental indicator
of nonpoint-source runoff loss of P from the roadside
amendments.

4. Conclusions

Runoff and nutrient losses during grass establishment on
an excavated slope revealed similarities and differences be-
tween ECC and CMT treatments. The ECC enhanced early
establishment of bluestem compared to CMT, but both ECC
and CMT yielded biomass comparable to or greater than
established grass after 98 d. Although ECC more consistently
limited runoff loss of sediment and associated TKN, loss of
dissolved TKN was greater for ECC than CMT or established
grass. Incorporation of CDM or CMB in CMT reduced loss
of TDP and sediment and dissolved TKN to levels compara-
ble to established grass. However, the interaction between the
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Figure 1: The mean sums of total P (total P) loss in runoff water
over 10 rain events compared to mean water-extractable P con-
centration in 0 to 50 mm depth of contrasting roadside treatments
on an 8.5% slope. Soil was sampled from established perennial
grass, compost-manufactured topsoil, and erosion-control compost
treatments after the final rain event.
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Figure 2: Relationship between the mean sum of total P (TP) loss
in runoff water over 10 rain events and mean soil-test P within
0 to 5 mm depth of contrasting roadside treatments on an 8.5%
slope. Soil was sampled from established perennial grass, compost-
manufactured topsoil, and erosion-control compost after the final
rain event.

compost products used and soil properties affecting nutrient
losses in runoff is likely influenced by the soil type used in
this study. Variation of nutrient concentration in amended
depths of ECC and CMT and in runoff contributed to a
major portion of variation of P loss in runoff. Variation of
TP loss in runoff was directly related to variation of WEP,
STP, and TP within the 0 to 5 cm depth of treatments.
For the CDM and CMB sources used in ECC and CMT,
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Figure 3: The mean sums of total P (TP) loss in runoff water over 10
rain events compared to mean total P concentration in 0 to 50 mm
depth of contrasting roadside treatments on an 8.5% slope. Soil was
sampled from established perennial grass, compost-manufactured
topsoil, and erosion-control compost treatments after the final rain
event.

variation of WEP within amended soil depths was the best
indicator of variation of TP runoff loss. Compost needs to
be analyzed and rates and application method managed to
keep WEP and other water-soluble nutrient concentrations
in CMT at levels that prevent nonpoint-source losses in
runoff. Additional research is needed to quantify long-term
water quality impacts of CMT and ECC composed of CDM
or CMB and the interaction differing soil types may have on
those impacts.

Abbreviations

ECC: Erosion control compost
CMT: Compost manufactured topsoil
N: Nitrogen
P: Phosphorus
CDM: Composted dairy manure
CMB: Composted municipal biosolids
TKN: Total Kjeldahl N
TDP: Total dissolved phosphorus
WEP: Water extractable phosphorus
TP: Total phosphorus
TxDOT: Texas Department of Transportation.
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