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Introduction
Iowa's egg industry continues to grow each year. In 2001, Iowa became the number one egg
producing state in the US, producing 8.69 billion eggs (USDA, 2003; USDA 2002). Iowa
broke its record the following year producing 10.1 billion eggs which it topped again in 2003
producing 10.1 billion eggs, thus maintaining its position as number one egg producing state in
the US (USDA, 2003; USDA, 2004). With this success comes the added weight of maintaining
this status, as well as, managing for all the manure that is generated by being the number one
producer. Poultry manure can be a valuable soil amendment for adding organic matter and
nutrients to farm fields , but if not managed properly, it can also impact the environment by
deteriorating water quality. Lakes, rivers , and streams can receive excessive nutrient loads and be
contaminated by surface runoff and subsurface drain water. It is the purpose of this study to gain
a better understanding on how poultry manure applied to Iowa soils impacts crop growth, soil
nutrients, and water quality.
Materials and Methods
This study was conducted at the Iowa State University Agronomy and Agricultural Engineering
Research Center located on US highway 30 between Ames and Boone, Iowa. Eleven field plots
and six lysimeters were utilized having soils of the Clarion-Nicollet-Webster soil association.
The field plots vary in size from 0.19 ha (0.4 7 ac) to 0.42 ha (1.04 ac). These field plots were
established in 1984 and each is drained by a single subsurface tile drain that runs through the
center of the plot and is intercepted by a sump containing monitoring devices for measuring
water flow and collecting samples for water quality analysis (Kanwar et al. , 1988; Blanchet,
1996). The sump for the control (check) plot was not installed until fall1999. The lysimeters
used in this study were constructed in 1992. The lysimeters are arranged in two rows of three
with each lysimeter being 381 em (12.5 ft) apart from each other. Details on the construction
and installation of the field plots and lysimeters are given in Kanwar et al. (1988) and Blanchet
(1996), respectively.
The poultry manure used in this experiment was obtained from a laying hen farm located in
Humboldt, Iowa. Treatments applied on the field plots were as follows: i) 168 kg Nlha from urea
ammonium nitrate (UAN), ii) 168 kg N!ha from poultry manure (PM) , iii) 336 kg Nlha from
poultry manure (PM2), and iv) 0 kg N!ha (control treatment). These treatments were randomly
assigned to each field plot, but due to the number of field plots available , the treatments were
unbalanced with the UAN treatment having four replicates, PM treatment having three replicates,
the PM2 treatment having three replicates, and the control treatment having one replicate.
The manure was applied to the field plots by surface broadcast on one half of the plots , which
was planted in corn. The other half of each field plot that was planted to soybeans received
no manure or N fertilizer. After manure or UAN fertilizer was applied to the field plots, it was
incorporated into the soil that day or the day after by tilling/disking the soil down to a depth of
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about 15 em (6 inches). This was done to help minimize N losses through volatilization. Similar
treatments were applied to the lysimeters.
The field plots were planted to a corn-soybean rotation in such a way that both corn and
soybeans were planted on the same field plot in the same year. Using the center tile drain in the
middle of each field as a dividing line, one half of the field plot was planted to corn and the other
half was planted to soybeans. Each subsequent year, the corn and soybeans were rotated within
each field plot. Lysimeters were planted to continuous corn with each lysimeter having 12 plants.
Data on subsurface drain flow rates and surface runoff were collected from the field plots and
lysimeters as soon as the subsurface drains started flowing in spring and whenever there was a
runoff event. Tile flow in each field plot was measured using a flow meter, which recorded the
amount of water in the sump that was pumped to the outflow tile. The meters were checked
weekly and after major rain events. For every gallon of water pumped to the outflow tile, a small
fraction of water was stored in a glass collection bottle using an automated sampling system.
From this collection bottle, two water samples for N0 3 -N and PO 4 -P analysis were collected,
acidified, and stored in a cooler at 4 degrees C until analysis.
For surface runoff measurements, two plots were instrumented with ISCO flow meters on Hflumes to automatically measure surface runoff and collect surface runoff water samples for water
quality analysis. These H-flumes were installed in plots having two different N application rates
from poultry manure only.
Results and Discussion

Data in Table 1 show that in field plots, the poultry manure applications at a rate of 336 kgN/ha (300 lb/ac) resulted in significantly higher corn yields in comparison with the UAN and
poultry manure applications of 168 kg-N/ha (150 lb/ac). There were no significant differences
in yields between the UAN and poultry manure treatments for the lysimeters. Also, corn yields
from lysimeters were much lower than those obtained from the field plots. This was due to the
fact that conditions in the lysimeters, for growing corn, were different in comparison with the
field plots. Soybean yields from field plots show that the control treatment had the lowest yields
. whereas the poultry manure treatment of 336 kg-N/ha produced the highest soybean yields
(Table 1).
Data on nitrate concentrations in the corn stalk are given in Table 1. These data show that in field
plots with 336 kg-N/ha treatment, stalk N concentrations were statistically higher in comparison
with the UAN and other poultry manure treatments. The lysimeter data show similar results on
corn stalk N concentrations.
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Table 1. Six-year average for crop yields, corn stalk N, and grain quality (1998-2003).
Field Plots

Lysimeters

Parameters

Check§

UAN

PM

PM2

UAN

PM

PM2

Crop Yields_
Corn (kg/ha)
Soybeans (kg/ha)

5339***
2537

8785b*
2961 a

9860ab
3333a

10045a
3391a

5297b
**

6146b

8982a

Corn Stalk N (ppm)

27

1406b

1391b

4565a

235a

28a

154a

Check: 0 kg N/ha; UAN: 168 kg N/ha from UAN fertilizer; PM: 168 kg N/ha from poultry manure; PM2: 336 kg N/ha from poultry
manure.
·Mean values for each variable in the same row followed by the same letter are not significantly different at significance level of
p =0.05.
**Means no data.
***Only one replicate for check plot data, therefore were not included in the statistical analysis and is included in table for
numeric comparison only.
§

The six-year average N0 3-N concentrations in subsurface drain water and runoff water are given
in Table 2. Field plot results for subsurface drain N0 3 -N concentrations indicated that the 336
kg-N/ha treatment resulted in significantly higher N0 3 -N concentrations in comparison to the
PM and UAN treatments. Numerically, the control N0 3-N concentration was the lowest of all
the treatments. Data on N0 3 -N concentration from lysimeters showed that the 336 kg-N/ha
treatment resulted in significantly higher N0 3 -N concentration in tile water in comparison with
the 168 kg-N/ha treatment.
Field plot subsurface drain data showed that the total N0 3 -N losses from the 168 kg-N/ha
treatment were significantly lower than from the 336 kg-N/ha treatment. The N0 3 -N losses from
UAN and 168 kg-N/ha treatments were not significantly different from each other although the
N0 3-N losses from the 168 kg-N/ha treatment were much lower in comparison with the N0 3 -N
loss from the UAN treatment. Lysimeter results showed no significant differences in N0 3 -N losses
between treatments. The N0 3 -N losses from runoff showed that the 336 kg-N/ha treatment
resulted in higher N0 3 -N losses in comparison with the 168 kg-N/ha treatment but differences
were not significant.
The six-year average PO4 -P concentrations in subsurface drain water and runoff water are
given in Table 2. The field plot subsurface drain results indicated that the PM2 treatment had
a significantly higher PO4 - P concentration in comparison with the PM treatment. The PO 4 - P
concentration from the UAN treatment was not significantly different compared to the PM and
PM2 treatment effects. Although no phosphorus fertilizer was applied to the UAN plots, these
plots had relatively high soil PO 4 -P because of continuous application of P-fertilizer since 1969.
The lysimeter PO 4 - P concentration results indicated that no significant differences were observed
between treatment effects. P0 4 -P concentrations in runoff water numerically showed that PM2
treatment resulted in higher PO4 - P concentrations in comparison with the PM treatment.
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Table 2. Six-year averages for subsurface drain and surface runoff flows, N0 3 -N and P0 4-P
concentrations, and N0 3 -N and P0 4 -P losses (1998-2003).
Field Plots

lysimeters

Check§

UAN

PM

PM2

UAN

PM

PM2

15.79**

11.15b*

8.41 a

10.35ab

26.31a

24.17a

25.53a

Average N0 3-N
7.79
Concentrations (mg/L)

19.49b

17.39b

27.52a

14.84ab

7.73b

15.63a

Total Yearly N0 3-N Losses
(kg/ha)

13.39

22.97ab

15.43b

28.07a

42.68a

20.31a

42.10a

Average P0 4-P
Concentrations (~/L)

5

6ab

5b

15a

38a

29a

20a

Total Yearly P0 4-P Losses
(kg/ha)

0.0135

0.0129a

0.0076a

0.0202a

0.1092a

0.0782a

0.0600a

0.59

0.54

Average N0 3-N
Concentrations (mg/L)

9.32

11.67

Total Yearly N0 3-N Losses
(kg/ha)

0.55

0.63

Average P0 4-P
Concentrations

980

1213

0.0578

0.0655

Parameters
Subsurface Drain
Total Yearly Tile Flow (em)

Surface Runoff***
Total Yearly Runoff (em)

****

(~/L)

Total Yearly P0 4-P Losses
(kg/ha)

Conclusions
The objective of this research was to understand how poultry manure applied to crop fields
can impact the balance between high crop yields and water quality Overall results of this study
indicated that crop yields from plots under the 168 kg N!ha poultry manure treatment were
slightly higher in comparison with the 168 kg N!ha UAN treatment even although no statistical
differences in yields were found between the treatments. The 336 kg N!ha poultry manure
treatment showed higher crop yields in comparison with the 168 kg-N!ha poultry manure
and UAN treatments but differences were not statistically significant. Even though many of the
treatment averages were significantly similar but 168 kg-N!ha application rate was causing less
nutrient concentrations and losses in subsurface drain and runoff waters in comparison with the
UAN application at the same rate. Therefore, as long as poultry manure is applied at reasonable
nitrogen application rates (of 168 kg N!ha) , it can make a good soil amendment, would give
better crop yields, and will result in lower N0 3-N concentrations in subsurface drain water
compared to 168 kg N!ha application rate from UAN and 336 kg N!ha from poultry manure.
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