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Abstract: Recent efforts to reduce phosphorus (P) content of corn grain fed to poultry
have led to the development of low-phytic-acid corn. Research is needed to evaluate
the environmental impact of the application to cropland of manure from animals fed
low-phytic-acid corn. The purpose of this research was to determine P losses in
runoff from a bare Piedmont soil (cecil clay loam; clayey, kaolinitic, thermic, Typic
Kanhapludult) in the southeastern United States receiving surface applications of
broiler litter from birds fed a low-phytic-acid corn (HAP broiler litter). The HAP
litter was applied at rates of 0, 8, 16, 33, 49, 66, and 82kgPha ' Simulated
rainfall was applied at a rate of 7.6 cm hr™ ! on the same day the litter sources were
applied to the plots. Runoff volumes were measured, and samples were collected at
5-min intervals for 30 min and analyzed for reactive P (RP), algal-available P
(AAP), and total P (TP). Flow-weighted concentrations and mass losses of P
increased linearly with litter application rate (r* values = 0.99). Flow-weighted con-
centrations of RP in runoff increased from 2.2 to 15.4 mg RP L™, and mass loss of
TP in runoff ranged from 1.3 to 7.3 kg Pha™' over all application rates based on
linear regression. Runoff volume losses were 47% greater after litter applications
compare to the O application rate treatment. Reduced infiltration resulting from litter
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particles blocking pores in the soil surface is likely the reason for the increased runoff
volumes.

Keywords: Algal-available phosphorus, broiler litter, HAP corn, reactive phosphorus,
runoff, total phosphorus

INTRODUCTION

Phosphorus (P) loss to surface waters via runoff from lands receiving animal
waste applications is an environmental concern because of eutrophication
(Sharpley, Daniel, and Edwards 1993). The introduction of high available P
(HAP) (Pioneer Hi-Bred International, Inc.) corn into animal feeds potentially
offers a major advance in P management from animal manures. As HAP corn
becomes more widely available as an animal feed, it is important to under-
stand the environmental fate of P in manure and the most appropriate
agronomic management practices required to optimize the value of this
nutrient.

Corn and many grains used for animal feed contain most of the P in the
form of phytic acid (myo-inositol 1,2,3,4,5,6-hexa-kisphosphate), also
referred to as phytate. For example, phytate P represents approximately
80% of the total P contained in the seed in many corn varieties
(Ravindran, Ravindran, and Sivalogan 1994). Monogastric animals such as
swine and poultry digest only 10 to 20% of the phytate P because of a
lack of phytase enzyme in their digestive system (Ertl, Young, and Raboy
1998). Raboy and Gerbasi (1996) developed a nonlethal corn mutant that
stores most of its seed P as inorganic P rather than phytate. This corn is
often referred to as HAP corn. Specifically, the mutants Lpa2-1 and
Lpal-1 had phytate P reductions of 50 and 60%, respectively, compared
to traditional corn varieties. These mutants maintain the same total P
content as traditional varieties by storing more P as inorganic P (Ertl,
Youns, and Reboy 1998).

A typical broiler feed ration contains 65% corn and 25% soybean. By
lowering the phytic acid contribution from 0.29% to 0.11% with the low-
phytic-acid corn (Lpal-1), a decrease in phytic acid of approximately 35%
can be achieved assuming a typical phytic acid content of 0.38% in soybean
(Ertl, Young, and Raboy 1998). The use of HAP corn as a feed source also
reduces the requirement for inorganic P supplements in poultry diets. Huff
et al. (1998) reported P supplements could be reduced by 21% compared
with traditional corn-based diets while maintaining excellent bird growth.
The introduction of HAP corn into animal feeds potentially offers a major
advance in P management from animal manures. More digestible P in HAP
corn will potentially allow animal farmers to improve their management of
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manure to reduce adverse environmental impacts on surrounding surface water.
Because more P is available for animal uptake in HAP corn compared to con-
ventional corn, and HAP litter has a higher N:P ratio, there is a potential for
decreased risk of P losses from application HAP manures compared to conven-
tional litters when applied at the same N application rate.

Losses of P in runoff following manure application to the soil surface
have been found to increase (Tarkalson and Mikkelsen 2004; Edwards and
Daniel 1993; Smith, Jackson, and Pepper 2001) and not increase (Bengtson,
Selim, and Ricard 1998) as application rates increase. Variation in site-
specific conditions and management (e.g., the physical and chemical compo-
sition of manure, soil characteristics, rainfall, and cropping management)
influence the likelihood of P loss from a given location.

The objective of this research was to examine losses of P in runoff after
surface application of litter derived from broiler fed HAP corn at different
application rates.

METHODS
Research Site and Experimental Design

Eighteen 9-m? plots (3-m by 3-m) with a 1-m border were arranged on 0.12 ha
located on the North Carolina State University Lake Wheeler Farm in Raleigh,
N.C. The area selected for this study had to a uniform slope (2 to 3%) and
surface soil texture (Cecil clay loam; clayey, kaolinitic, thermic, Typic
Kanhapludult). The surface soil (2.5 cm) contained 32% clay.

The treatments consisted of broiler litter from birds fed diets of HAP corn.
The HAP litter was added to the soil surface at application rates of 0, 8, 16, 33,
49, 66, and 82 kg P kg~ '. The application rates were replicated three times in
a completely randomized design. The total N (TN) and TP content of the HAP
litter were 22.8 g N kg~ ' and 7.9 g P kg~ ' on a dry-weight basis, respectively.
The HAP litter was uniformly hand applied onto the soil surface of the plots,
and rainfall simulation occurred on the same day.

A variable-rate rainfall simulator (Joerns Inc., West Lafayette, Ind.) was
used to apply rainfall at a rate of 7.6 cm hr™ ' to a 4-m* (2-m by 2-m) plot
area outlined by a steel frame inserted to a depth of 10 cm. This rainfall
rate was based on the runoff simulation protocols of the National Phosphorus
Research Project (National Phosphorus Research Project 1999), and is slightly
higher than the average rainfall rate for the 1-hour, 10-year return period storm
in the Piedmont region of North Carolina (6.4 cm hr'). Runoff was inter-
cepted at the bottom of the plot with a plastic gutter buried in the ground
and directed to a buried 19-L polycarbonate collection vessel. During the
30-min rainfall event, runoff water was collected at 5-min intervals after the
start of runoff, the volume recorded, and water subsampled for subsequent lab-
oratory analysis.
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Analytical Methods

Water samples were refrigerated at 4°C while awaiting chemical analysis. Water
samples were filtered through a 45-pum filter and extracted for RP (Haygarth and
Sharpley 2000). Algal-available P (AAP) was extracted from unfiltered samples
using 0.11 M sodium hydroxide (NaOH) (Sharpley, Troeger, and Smith 1991),
and TP was extracted from unfiltered samples using a sulfuric acid (H,SO,)
and ammonium persulfate [(NH,4),S,Og] digestion (Greenberg et al. 1992). Con-
centrations of RP, AAP, and TP in runoff were determined using a colorimetric
procedure (Murphy and Riley 1962). Mass losses of P were determined for each
5-min sampling interval by multiplying the measured concentration of P by the
recorded runoff volume during the 5-min interval. Mass losses of P were summed
over the six 5-min intervals to give a total mass loss over the 30-min rainfall
event. Measured concentrations of RP, AAP, and TP in runoff were flow-
weighted by dividing the total 30-min mass losses of RP, AAP, and TP by the
total runoff volume over the 30-min rainfall period.

Statistical Analysis

Analysis of variance and least significant difference was used to compare the
differences in runoff rates for the different HAP litter application rates. Linear
regression was used to develop equations to predict RP, AAP, and TP concen-
tration and mass losses in runoff (dependent variables) from cropland at different
surface application rates (independent variable) of HAP litter. All statistical
analysis procedures were conducted using Statistix 8 (Analytical Software
2003). Significance was determined for all analysis at the 0.05 probability level.

RESULTS AND DISCUSSION
Runoff Volume and Rate

The addition of litter at all application rates increased runoff volumes
compared to the O application rate treatment (Figure 1). The O application
rate treatment on average had runoff volumes 47% less than all the other
litter application rate treatments. The increased runoff after surface appli-
cations was possibly due to litter particles blocking pores at the soil surface,
resulting in decreased infiltration. More research is needed to verify this
theory. These results are contrary to other studies that showed reduced
runoff after manure applications compared to no manure (Wortmann and
Walters 2006; McDowell and Sharpley 2003). However, there were some
differences between this study and the other studies that may explain the dis-
crepancies. The timing of manure application, rainfall timing and rainfall
intensity differed from this study compared to the other cited studies. In the
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Figure 1. Runoff volume for HAP litter application rates of 0, 8, 16, 33, 49, 66, and
82 kg Pha '. Data was summed over the 30 min runoff event and is the average of
three replications. Columns with the same letter are not significantly different at the
0.05 probability level using LSD.

study conducted by Wortmann and Walters (2006), manure had been applied
(surface and incorporated) for three consecutive years prior to the initiation of
the study, and the runoff was measured during natural precipitation events.
This study only assessed runoff the day of application with an intense
rainfall event. These studies report that the manure improved soil structure,
thus increasing infiltration rates. The improved soil structure likely occurs
over time as the manure has time to interact with the soil.

Runoff rate increased over time for all application rates (Figure 2). The
infiltration rate during the initial stages of the rainfall event was higher
because of the attraction of the water to the soil matrix, but as the rainfall
event proceeded, the soil pores were filled and the infiltration decreased.
Runoff rates for the 0 application rate treatment were always lower than for
the other litter application rates (Figure 2).

Runoff Phosphorus Concentrations and Mass Losses

The concentrations of RP and mass losses TP in runoff over the 30-min
runoff event for all application rates are presented in Figure 2. Generally, con-
centrations of RP, AAP, and TP in runoff decreased over time for most
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Figure 2. Runoff rate, RP concentration, and TP mass losses at each runoff time from
plots treated with HAP broiler litter at rates of 0, 8, 16, 33, 49, 66, and 82 kg P ha™'. All
values are the average of three replications. Error bars are the standard errors of the
treatment means. Some standard errors are not visible because of the small standard
error being masked by the size of the symbols.
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application rates. There was an increase in mass losses of RP, AAP, and TP in
runoff from the initiation of rainfall to the 10-min sampling time for all appli-
cation rates. The mass losses of RP, AAP, and TP in runoff either stabilized or
slightly decreased after the 10-min sampling time for all application rates.
The relationships between P application rate and flow-weighted average
concentrations and cumulative mass losses of RP, AAP, and TP in runoff
were all statistically significant (Figures 3 and 4). The concentrations and

(RP)
309 y=0.178x +0.755
35 | 0099w

(AAP)

y = 0.206x + 1.793
251 =099

(TP)
y=0283x +2.384
25 4 - ={).99%*=*

Flow-Weighted Runoff P Concentration {mg P Ll

20 40 60 80 100

o

Application Rate (kg P ha-l}

Figure 3. Relationship between surface-applied P application rates of HAP broiler
litter and the reactive phosphorus (RP), algal-available phosphorus (AAP), and total
phosphorus (TP) flow-weighted concentrations in runoff. Data was averaged over the
30 min runoff event. Values are the average of three replications. Error bars are the
standard error of the application rate means. *** denotes slopes significantly different
from O at the 0.01 probability level.
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Figure 4. Relationship between surface-applied P application rates of HAP broiler
litter and the reactive phosphorus (RP), algal-available phosphorus (AAP), and total
phosphorus (TP) mass losses in runoff. Data was summed over the 30-min runoff
event. Values are the average of three replications. Error bars are the standard error
of the application rate means. *** denotes slopes significantly different from O at the
0.01 probability level.

mass losses of P in runoff linearly increased as application rates increased
from plots receiving HAP broiler litter. Previous research has shown that
high surface application rates of broiler litter (typical when application is
based on the N requirement of crops) can result in higher runoff P concen-
trations compared to inorganic P fertilizer (Tarkalson and Mikkelsen 2004).

Concentrations of P in runoff from plots receiving HAP broiler litter at
application rates of 8 to 82 kg Pha™ ' ranged from 2.2 to 15.4 mg RPL ™',
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3410 18.7mg AAPL ™', and 4.6 to 25.6 mg TP L™ based on linear regression
equations (Figure 3). Mass losses of P in runoff from plots receiving HAP
broiler litter application rates of 8 to 82kgPha ' ranged from 0.65 to
44kgRPha~' 1.0to 5.3 mg AAPha ', and 1.3 to 7.3 kg TP ha™' (Figure 4).
Both concentration and mass losses in runoff in this study were comparable to
losses from conventional broiler litter applied at the same site and under the
same simulated rainfall conditions, and they were greater than inorganic fertilizer
(Tarkalson and Mikkelsen, 2004).

CONCLUSIONS

The concentrations and mass losses of P in runoff from plots receiving HAP
broiler litter at various P application rates were measured under a worst-
case scenario (surface application onto bare soils and immediate application
of rainfall). The results from this study provide an estimation of the
maximum potential losses of P in runoff from agricultural land with similar
rainfall and soil characteristics. The concentrations and mass losses of P in
runoff increased as application rate increased. Implementation of selected
best management practices can potentially reduce P losses in runoff
compared to the losses reported from this study. This research suggests that
intense rainfall events shortly after surface applications of manure can
increase runoff volumes and rates over no application of manure, escalating
P loss potential.

The concentration and mass losses of P in runoff from surface appli-
cations of HAP broiler litter were similar to conventional broiler litter
applied at the same rates but higher than inorganic fertilizer (Tarkalson and
Mikkelsen 2004).
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