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GENERAL INTRODUCTION 

Utilization ofliquid swine (Sus scrofa domesticus) manure nutrients for com (Zea 

mays L) and soybean [Glycine max (L.) Merr.] production is oflarge concern in Iowa as well 

as other areas of the Midwest and USA. The growing number of concentrated swine 

facilities, and resulting large amount of manure nutrients, provides a good opportunity for 

use of liquid swine manure as a nutrient resource for raising crops. In Iowa as an example, 

approximately 11,820,000 market hogs have the potential to generate about 40,247,100 kg 

crop available-N per year as manure (Killom and Lorimor, 1999; assumed 50% of manure 

nutrients recoverable and 50% crop-available in the first year). The numbers for P and K 

would be 43,198,554 and 64,395,360 kg crop available P20 5 and K20 per year. This large 

amount of manure nutrients produced statewide, as well as those in local geographic areas, 

needs good management (Bitzer et al., 1988) for economic and agronomic crop production, 

and for reducing the risk of potential deterioration of water quality (Powers et al., 1975). 

Nitrogen is one of the most important nutrients to manage for com production 

because of frequent applications and large crop use. Problems associated with uncertainty in 

crop availability ofN from liquid swine manure have not been completely resolved. Also 

there is need for improving producer confidence in crop availability of Nin manure, and the 

ability to produce high yields solely with manure application. Therefore, the demand for 

more research about swine manure-N to determine correct application rates for economic and 

agronomic crop production is evident. 

The variability ofmanure-N content from different manure sources imposes an extra 

challenge to the manure management practices. In their study, Randall et al. (1999) found it 

was necessary to consider each of their sites differently because of the variability in swine 
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manure nutrient analysis, and the resultant nutrient application rates. This highlights the risk 

of using a book value for manure nutrient content, and the uncertainty in regard to actual 

application rates. Therefore, there is a need to better understand manure nutrient content prior 

to application and for calibration of application rates. 

As soybean occupies large acreage in Iowa, the potential of soybean to utilize liquid 

swine manure nutrients is an important issue. Soybean has traditionally been accepted as a 

crop that satisfies it's N needs from N-fixation when soil inorganic-N is not sufficient to 

meet crop needs. Liquid swine manure application to soybean can provide needed P and K. 

However, research is necessary to understand the fate ofN added with manure. If not used by 

the soybean crop, the added manure-N converted to inorganic nitrate could be detrimental to 

the environment (Schmidt et al., 2000). With demand for nutrient management planning, it is 

necessary to understand effects on soybean production with liquid swine manure application 

and at the same time the potential environmental consequences from nitrate (Schmidt et al., 

2000). It has been shown that soybean can act as an N sink and actively use inorganic-N 

available in soil (for example Varvel et al., 1992). They reported grain N removal of 150-200 

kg N ha-1 at yields of 2.5 to 3.4 Mg ha-1. In recent soybean N fertilization studies, Sawyer and 

Barker (2001) found soybean aboveground biomass Nat the R6 growth stage of 185 to 290 

kg N ha-1 and an average 45 kg ofN per Mg soybean grain. Schmidt et al. (2000) reported 

that liquid swine manure application to a nodulating soybean variety did not affect maximum 

yield, irrespective if no N, sufficient N, or excess N was applied. 

The main objective of this study was to determine effect ofliquid swine manure-Non 

com and soybean production in producers' fields. In addition, an objective was to determine 

second-year residual manure-N effects on com and soybean crops. 
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THESIS ORGANIZATION 

The thesis is organized with a general introduction, two papers that will be submitted 

to the Agronomy Journal, and an overall conclusion. Each individual paper has an abstract, 

introduction, materials and methods, results and discussion, and conclusion. 
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LIQUID SWINE MANURE AS A NITROGEN SOURCE FOR CORN PRODUCTION 

A paper to be submitted to Agronomy Journal 

Sudipta Rakshit and John E. Sawyer 

Abstract 

Liquid swine (Sus scrofa domesticus) manure is a large crop nutrient resource in 

Iowa, but one that must be appropriately managed to gain maximum effectiveness. A multi-

year project was initiated on producers' fields to document com (Zea mays L) productivity 

based on manure-N, and compare response to additional fertilizer-N. Three calibrated liquid 

swine manure rates were applied in replicated strips across field length. The rates were zero, 

low and high based on manure total-N: target of 0, 84, 168 kg total-N ha-1 for com following 

soybean [Glycine max (L.) Merr.], and 0,112, and 224 kg total-N ha-1 for com following 

com.). The liquid swine manure was injected except for two sites where manure was 

broadcast applied with incorporation the next day. Four fertilizer-N rates (0, 45, 90, 135 kg N 

ha-1 for com following soybean, and 0, 67, 135, and 202 kg N ha-1 for com following com) 

were applied in small split-plots to each manure strip to measure response to additional N 

application. The experimental design was a randomized complete block with a split-plot 

treatment arrangement. In both years com yield showed large increase to low manure-N 

rates, and frequent but smaller additional yield increases with high manure-N rates, except at 

non-responsive sites or sites where the low manure-N rate was adequate to meet com N 

needs. The non-responsiveness of two sites was attributed to a high manure application 

history and a dry growing season. Com typically produced highest yield response to 
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additional fertilizer-N with the no-manure rate, frequent increase with the low manure-N 

rates, and no response with the high manure-N rates (except for one site in 2001 where 

manure-N was suspected to be lost through volatilization during broadcast application and 

before incorporation). Liquid swine manure provided adequate to above adequate-N to corn 

with the high manure-N rate and occasionally with the low manure-N rate. The sites showed 

similar variability in their responsiveness to both manure and fertilizer-N. Post-harvest soil 

profile nitrate was not increased by swine manure application, except when sites were non-

responsive or more than adequate manure plus fertilizer-N was applied. Liquid swine manure 

was shown to readily supply crop-available N and that the manure total-N is highly crop-

available. Because of this, best management should consider practices that optimize 

application rates, minimize potential for loss, and estimate optimal rates of needed N. 

Introduction 

Liquid swine manure is an important resource to fulfill corn nutrient needs. However, 

problems associated with uncertainty in crop availability of nutrients like N from liquid 

swine manure have not been completely resolved. Likewise, there is need for improving 

producer confidence in crop availability of Nin manure, and the ability to produce high 

yields solely with manure application. Sometimes producers, being uncertain about correct 

manure application rates, tend to over-apply manure; or they apply additional fertilizers to be 

certain about desired soil nutrient supply. This triggers problems related to reduction of 

producers' profit and potential deterioration of water quality (Powers et al., 1975). 

In Iowa as an example, approximately 11,820,000 market hogs have the potential to 

generate about 40,247,100 kg crop available N per year as manure (Killorn and Lorimor, 
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1999; assumed 50% of manure nutrients recoverable and 50% crop available for the first 

year). This large amount of available N necessitates good management practices (Bitzer and 

Sims, 1988) to achieve adequate com production for high profit, and to avoid degradation of 

water quality. 

Nitrogen is one of the most important nutrients to manage for com production 

because of frequent application and large crop use. Producer interest has increased in using 

animal manures as a N source, and best management for improving com yields (Sutton et al., 

1982). Jokela (1992), for example, found that com yield increased significantly compared to 

check plots with application of dairy manure at a rate of9 Mg dry matter ha-1, and additional 

N fertilization on top of the manure application did not significantly enhance com yield. In 

that study, manure-N availability to com was reported at 27 to 44%, which was similar to 73 

to 122 kg fertilizer-N ha-1 in terms of yield response. 

There is need to compare the N availability from manure to commercial fertilizer to 

help achieve most efficient nutrient management for com production. More research is 

needed regarding the potential ofmanure-N to supply crop N needs, and to help farmers 

understand the economic rate of manure application. Adeli and Varco (2001) found similar 

dry matter yield for forage grasses with application of swine lagoon effluent compared to 

commercial fertilizer, indicating both sources were equal in availability ofN and Pat the 

specific rate used. Eghball and Power (1999) reported that beefmanure and compost 

application resulted in similar grain yield compared to inorganic fertilizers except for one 

year in a four-year field study. Killom (1998) reported evidence of higher com yield with 

liquid swine manure compared to N only fertilizer when no response to other nutrients would 
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be expected. In addition, results of the study suggested that for liquid swine manure stored in 

anaerobic pits, the total-N content could be considered plant-available. 

Nitrogen use efficiency ofmanure-N has been an important issue. Nitrogen loss from 

manure through denitrification and leaching is critical for understanding manure nitrogen 

availability. McCormick et al. (1984) reported that use of a nitrification inhibitor generally 

had no significant effect in increasing com yield with spring applied swine manure, but did 

have a significant effect in increasing com yield with fall applied swine manure indicating 

potential for less chance of manure-N loss with spring application. Sawyer et al. (1991) 

reported that use of nitrification inhibitors did not consistently increase yield significantly 

with spring applied liquid beef manure application. With good manure-N management 

(injection, spring application), they found the estimate of 75% oftotal-N worked well for 

estimating crop availability ofliquid beef manure-N. Randall et al. (1999) in Minnesota 

found liquid swine manure applied in spring resulted in greater grain yields than when 

applied in fall. However, results varied among sites depending on the rainfall amount and 

temperature. 

The variability ofmanure-N content from different manure source imposes an extra 

challenge to manure nutrient management. In their study, Randall et al. (1999) found it 

necessary to consider each of their sites separately because of the variability in swine manure 

nutrient analysis, and resultant nutrient application rates. This highlights the risk of using a 

book value for manure nutrient content, and the uncertainty in regard to actual application 

rates. Therefore, there is a need to better understand manure nutrient content prior to 

application and for calibration of application rate. 
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The main objective of this project was to determine the effect ofliquid swine manure-

N on com production in producers' fields and to determine com response to fertilizer-Nin 

addition to applied manure-N. 

Materials and Methods 

This study was conducted at five producer field sites in 2000 and six sites in 2001 

across Iowa. The previous crop for all the sites in 2000 was soybean. In 2001, four sites were 

com following soybean, with two sites com following com. Site characteristics are given in 

Table 1. The soil types listed in Table 1 correspond to the strips and split plot area. 

The experimental design was a randomized complete block with a split-plot treatment 

arrangement (Fig. 1 ). The main plots were three liquid swine manure rates applied in strips 

across the field length with producer equipment or custom application equipment. The 

planned manure application rates were a check or 0 kg N ha-1, low or 84 kg total-N ha-1, and 

high or 168 kg total-N ha-1 at most of the com following soybean sites. At some sites manure 

was applied based on other planned rates. At the Washington-1 site in 2000, the intended 

high rate was 224 kg total-N ha-1. At the Washington-1 site no low manure rate was applied. 

The low rate at the Hardin-1 site in 2000 and low and high rates at Cerro Gordo-1 site in 

2001 were P based. At the com following com sites, the intended low and high application 

rates were P and N based, respectively. The intended high N rate for these sites (Hardin-3 

and Cerro Gordo-2) was 224 kg total-N ha-1• The actual applied manure rates varied among 

sites due to differences in manure-N concentration and applicator constraints (at the 

Plymouth-1 site, the actual application rates were considerably higher than intended because 
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of manure applicator flow and tractor speed constraints, which limited the lowest rate 

possible to the one reported for the low rate, Table 2). The strip width and length ranged 

between 150-760 m x 9-18 m with size depending on the manure applicator width, combine 

header width, and field length (Table 2). 

The split plots were four fertilizer-N rates (0, 45, 90 and 135 kg N ha-1 for com 

following soybean, and 0, 67, 135 and 202 kg N ha-1 for com following com) arranged in a 

set of four small plots (approximately 12 m x 3 m) within each manure main-plot strip. The 

small fertilizer-N split plots were set at a distance of approximately 24 m from the beginning 

of the strip. Ammonium nitrate was surface broadcast shortly after com emergence. The split 

N application allowed measurement of com response to the applied manure and to additional 

fertilizer-N. Blanket P and K fertilizers (67 kg P20 5 ha-1 and 67 kg K20 ha-1) were broadcast 

applied to the split-plot area before final spring tillage to mask the effect of P and K applied 

with manure. 

No N, P or K fertilizer was applied to the field strip area, except at Cerro Gordo-1 and 

Cerro Gordo-2. At Cerro Gordo-1, fertilizer was applied across all strips at a rate of 13 kg N, 

45 kg P20 5, and 134 kg K20 ha-1 in the fall. At Cerro Gordo-2, P and K were applied (at 

unknown rate) in the fall and starter fertilizer was applied at a rate of 11 kg N ha-1 and 38 kg 

P205 ha-1• Producers used common cultural practices for the geographic area. 

The manure sources were from confined swine production facilities. The manure 

storage structure was under building pits at all sites except Plymouth-1 where the storage was 

an outdoor cement tank. Manure was injected below the soil surface using knife-injection or 

disk-soil covering at application, except the Clay-1 site and Clay-3 sites (Table 1) where 
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manure was surface broadcast applied and incorporated within 24 hr. Application timing was 

spring pre-plant, except at the Washington-I and Washington-2 sites, where application was 

in the fall (Table 2). 

Manure application rates were determined by pre-application manure sampling and 

laboratory chemical analysis (Table 2), and manure applicator calibration. The calibration 

procedure was accomplished by first weighing the applicator when it was full, and then 

weighing again after application through a known area at a set speed. The rate was calculated 

from the difference of these two weights. Some of the applicators had flow control rate 

monitors to set the rate of application, although the same calibration procedure was followed 

for these applicators. Speed or flow was adjusted if needed, and calibration determined again. 

Pre-application manure samples were collected approximately 2-3 weeks before 

planned application from the producers' storage structures. Samples were either dipped off 

the manure surface, or collected from a probe of the storage profile. Manure was then 

transferred to plastic bottles with a soup ladle during continuous stirring. The manure 

samples were analyzed for total-N, P, and K (APHA, 1995) by the Iowa State University 

Analytical Service Laboratory. These pre-application samples were used, in conjunction with 

the applicator calibration, to set manure application rates. Manure samples were collected 

from multiple loads (every load at most of the sites) during application and analyzed for 

total-N, P, and K (Table 2). These samples were used to confirm as-applied nutrient content, 

and in conjunction with applicator calibration to determine total manure nutrient application 

rates. 
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Before manure application, 0-15 cm composite soil samples (8 cores per sample) 

were taken from the split-plot area and control strips. Each strip was flagged at 

approximately 46 m intervals to create strip points. This distance varied among sites, but was 

constant within sites. The soil cores were collected from within the control strip, and within 6 

m of the point along the strip length. These soil samples were analyzed for soil test P, K, pH, 

and organic matter in Iowa State University Soil Testing Laboratory. Soil extractable P was 

determined colorimetrically with the Mehlich-3 P availability index (Frank et al., 1998). Soil 

extractable K was determined with the 1 M ammonium acetate extractant (Warncke and 

Brown, 1998). Soil pH was determined on a 1: 1 water soil paste using an electronic pH meter 

(Watson and Brown, 1998). Organic carbon was determined using dry combustion 

(Matejovic, 1997) with a LECO CHN-2000 and converted to organic matter by multiplying 

with a standard numerical factor. 

When com was about 15-30 cm tall (late May to mid June), soil samples (Blackmer et 

al., 1997) from the strip points and selected small plots (0 and 90 kg N ha-1 rate for com 

following soybean and 0 and 135 kg N ha-1 rate for continuous com) were collected at depth 

of 0-30 cm for nitrate-N analysis. The soil samples were collected following the procedure 

described by Blackmer et al. (1997). Nitrate-N was analyzed with a colorimetric procedure 

using Lachat flow injection (Lachat Instruments, Milwaukee, WI) (Gelderman and Beegle, 

1998). Soil nitrate-N from the strip sample points were arranged to obtain a single value for 

each manure treatment strip. 

When com plants were at the Rl growth stage (Ritchie et al., 1986), chlorophyll 

meter readings were taken from both the strips and in the fertilizer-N split-plots with a 
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Minolta 502 SP AD meter (Peterson et al., I 993). The chlorophyll meter readings were taken 

from the leaf opposite and below the primary ear leaf, and at a point one-half the distance 

from the leaf tip to the collar, and halfway between the leaf margin and the leaf midrib using 

the procedure of Peterson et al. (I993). In the fertilizer-N split-plots, fifteen random readings 

were averaged from plants in the middle two rows. In the strips, fifteen readings were taken 

randomly from the middle four rows within a distance of 12 m centered along the length of 

each strip point and the individual plant readings averaged. Values from each strip sample 

points were averaged to obtain a single value for each manure treatment strips. No 

chlorophyll meter readings were collected at the Washington-I site. 

Stalk samples were collected from the split fertilizer-N plots after com physiological 

maturity using the procedure discussed by Blackmer and Mallarino (I996). Collected 

samples were dried at 60° C and ground to pass a I .O mm screen. Samples were then 

analyzed for nitrate-N concentration (Binford at al., I992). 

After com physiological maturity, ears were hand harvested from the middle two 

rows (6 m length) of the fertilizer-N split-plots to determine grain yield. Split plot yields 

were not reported for the Plymouth-I site because dry weather conditions caused extreme 

yield variability across the location of the split plots. Grain yields were adjusted to I55 g kg-1 

moisture content. The com was machine harvested from the center of each field-length strip 

by the cooperating producers and the yield data collected using a yield monitor at the Hardin-

I, Webster-I, Clay-I, and Washington-I sites in 2000; and the Wright-I, Hardin-3, Clay-3, 

and Washington-2 sites in 2001. At Cerro Gordo-I and Clay-2R sites in 200I, the strip yield 

data was collected using weigh wagon because the yield monitor was not available at these 
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sites. The yield from the split-plot portion of each strip was discarded at sites using yield-

monitor data, except at Washington-1in2000, to calculate the strip yields. Weigh wagon 

yields include the split-plot portion of the strips. The width harvested from the strips varied 

depending on the combine header width available at each site, but harvest widths were 

narrower than the overall strip width. 

After harvest, profile soil samples from the 0 and 90 kg fertilizer-N ha-1 split-plots 

(for com following soybean sites) and 0 and 135 kg fertilizer-N ha-1 split-plots (for com 

following com sites) were collected at depths of0-30, 30-60, 60-90, 90-120 cm to determine 

residual soil nitrate. In 2000, samples were collected only from 0 kg fertilizer-N ha-1 split-

plots. The samples were analyzed for nitrate-N using a colorimetric Lachat flow injector 

method (Gelderman and Beegle, 1998). The nitrate-N concentration was converted from mg 

nitrate-N kg-1 to kg nitrate-N ha-1 soil by adjusting for bulk density at each depth using 

assumed bulk densities (Dr. Tom Fenton, personal communication). 

Com grain samples were digested using the procedure of Hach et al. (1987). Finely 

ground grain samples were heated at 440° C for 4 min in a Hach digester in 100 ml 

volumetric flasks with concentrated (18 M) H2 S04, and then 10 ml H20 2 was added and 

heated until a clear solution was obtained. More H20 2 was added if needed to clear the 

solution. After cooling, the solution was made up to volume in the volumetric flask, and an 

aliquot analyzed for nitrate-Nin using a colorimetric Lachat flow injection (Gelderman and 

Beegle, 1998). 

Analysis of variance was carried out with the Statistical Analysis System (SAS 

Institute, 1992) using the GLM and Mixed procedures. Single degree of freedom contrasts 
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were used to compare response to fertilizer-N. When appropriate, means were separated by 

Fisher's protected LSD. 

Results and Discussion 

Field Strip Application 

Grain yields, chlorophyll meter readings, and late spring soil nitrate-N concentrations 

were measured in the strips to monitor com response to liquid swine manure application 

(Table 3). Data were analyzed separately from each site and then discussed based on crop 

rotation (com following soybean and com following com). 

Com Following Soybean Sites 

Com grain yields were increased significantly (P:::; 0.10) with liquid swine manure 

application at seven of nine sites in 2000 and 2001. Yield increase could be due to any of the 

nutrients (N, P, or K) applied with manure. However, from the soil test phosphorus (STP) 

and soil test potassium (STK) levels across the field sites, it is evident that at the responsive 

sites, except Clay-3 (STP 7 mg kg-1), the P and K added with manure would not be expected 

to cause yield increase. At the Clay-3 site, yield increase with the low manure rate could be 

from a combination ofN and P. Yield increases from low to high manure application rates 

were significant (P:::; 0.10) only at Clay-1in2000 and at Wright-1 and Clay-3 sites in 2001. 

The reasons for non-responsiveness of the Hardin-1 and Plymouth-1 sites are explained later. 

Yield did not increase from the low to high manure rates at the other sites. This could be 

attributed to the fact that the low rate provided adequate N. These low manure rates at 

Webster-1 in 2000, Cerro Gordo-1, and Washington-2 in 2001were78, 103, and 118 kg 
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total-N ha-1, respectively. Conversely, at Clay-I in 2000 and Wright-I and Clay-3 in 200I, 

the yield increased from the low to high manure rates (low manure-N rates of 86, I 02 and 80 

kg-N ha-1, respectively). This indicates inadequate manure-N supply at the low rates. 

Although the yield increase at Clay-3 could be from additional Padded with the high manure 

rate, more likely it is due to N because as discussed later with fertilizer-N response in the 

split-plots (where effect of other nutrients was masked by addition of P20 5 and K20) both 

additional fertilizer-N and manure increased yields. 

At the Hardin- I site, com yield did not increase with manure application. This might 

be attributed to a high manure application history in that field, which was suspect because of 

producer information regarding past applications, high soil test values for P and K (STP, and 

STK were I23 and 269 mg kg-1, respectively). Likewise, at the Plymouth-I site yield did not 

increase with manure application. This could be explained by a dry growing season at that 

location, uneven yield across the split plot locations, and possible high manure rate 

application history indicated by a high late spring soil nitrate concentration in the no-manure 

check strips (24 mg kg-1). 

Chlorophyll meter readings from the leaf opposite and below the ear leaf were taken 

as a measure of N sufficiency in the plant (Table 3). In most cases, the lowest reading within 

a site was related to lowest yield (other than the Hardin- I and Plymouth- I sites in 2000) 

documenting N deficiency in check strips. The values ranged between sites from 

approximately 43-52, 5I-58 and 53-60 for the no-manure check, low, and high manure 

application strips, respectively. Differences between sites indicate different soil N supply 

(variation between no-manure strips and differences in response between low and high rates) 
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and com hybrids. Chlorophyll meter readings increased significantly (P :5 0.10) from check 

to low and high manure rates at all N responsive sites, indicating N uptake and response to 

manure-N. This was consistent with yield increase. However, at the Hardin-1 and Plymouth-

1 sites, there was an increase in the leaf chlorophyll meter reading from the check to low 

manure rate. This was not consistent with yield responses at these sites, however, the 

chlorophyll meter readings were high (Piekielek et al., 1992) in the no-manure check strips, 

indicating high available soil-N status. 

At N responsive sites, chlorophyll meter readings significantly increased from the low 

to high manure rate (although sometimes by small amounts) indicating additional N uptake. 

However, the yield increase did not always follow the same trend. This may occur because 

leaf greenness at the Rl stage (Ritchie et al., 1986) may not fully reflect season-long crop N 

need (Piekielek et al., 1992) or late season impacts of soil-N supply. Or, some other factor 

besides N influenced leaf greenness. 

In 2000, late spring soil nitrate-N concentrations in 0-30 cm soil samples collected in 

late May to early June were low(< 10 mg kg-1) in check strips for all sites except Plymouth-I 

(Table 3), indicating potential N-responsiveness of the sites. The soil nitrate-N level was low 

at the Hardin-1 site, but com yield did not respond to manure application. Other than Hardin-

1 and Plymouth-1, where soil nitrate levels were high, soil nitrate-N values ranged among 

sites from 14-15 mg kg-1 in the low manure application strips and from 20-30 mg kg-1 in the 

high manure application strips. Moreover, the soil nitrate concentrations followed the optimal 

range of20-25 mg kg-1 (Blackmer et al., 1989) with the high manure rate, indicating 

adequate N present for com. However, at the Webster-1 site, the yield did not increase 
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significantly (P :S 0.10) from the low to high manure application rate even though the soil 

nitrate-N concentration increased from below optimum level in the low manure rate to 

marginally adequate with the high manure rate. This indicates that soil nitrate-N 

concentrations below the optimal range with manure application did not always relate to low 

N supply. At the Hardin-1 and Plymouth-I sites, the manure application history and high 

manure total-N application rates were reflected in high soil nitrate values. 

Late spring soil nitrate-N concentrations were low in the no-manure check strips 

(ranged 3-8 mg kg-1 among sites) and increased with low and high manure application rates 

at all sites in 2001 showing potential N-responsiveness of the sites. The soil nitrate-N 

concentrations ranged among sites from about 8-16 mg kg-1 and 11-20 mg kg-1 in the low and 

high manure-N rates, respectively. However, the soil nitrate-N concentrations with manure 

application were not consistent with application rates and were below the critical range. For 

example, the low manure application rates were 103, 102, 80, and 118 kg total-N ha-1 and the 

strip average soil nitrate concentrations were 16,10, 15, and 8 mg kg-1• In addition, below 

critical level soil nitrate-N concentrations with the high manure-N rates did not consistently 

correspond to N deficiency, as reflected by yield or chlorophyll meter readings. For example, 

at Washington-2 in 2001, the soil nitrate value was the lowest of any site with the high 

manure rate (11.9 mg kg-1), but there was no significant yield difference between the low and 

high rates. Also, the yield was highest (11.13 Mg ha-1) of any sites. This was similar at the 

Cerro Gordo-1 site. The trend of low late spring soil nitrate-N concentrations with high swine 

manure rates was not necessarily unexpected as this potential problem is mentioned for swine 

manure application rates greater than 168 kg N ha-1 by Blackmer et al. (1997). Late spring 

soil nitrate-N concentrations tended to be lower in 2001 than 2000, perhaps a reflection of a 
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cooler and more moist spring. Other reasons might be that the applied manure-N was still in 

ammonium form at the time of sampling, nitrate-N leached below the sampling depth, or the 

sampling protocol was not adequate to correctly represent the soil nitrate-N status because 

manure was injection applied. 

Com Following Com Sites 

Strip yield was not collected by the producer at the Cerro Gordo-2 com following 

com site in 2001. At the Hardin-3 com following com site, yield increased significantly (P :'.S 

0.10) with the low manure rate, but there was no further significant yield increase with the 

high rate. From STP and STK values, yield increases would be due mostly to addition of 

manure-N, with some potential increase due to manure-K addition. 

At the Hardin-3 site in 2001, com ear leaf chlorophyll meter readings increased from 

the check to low, and from the low to high manure rates indicating manure-N uptake by com. 

The N deficiency in the check strip is indicated by the low chlorophyll meter reading and 

confirmed by the yield increases with manure application. However, from low to high rates 

of manure-N, despite the chlorophyll meter readings increasing, the yield increase was not 

significant (P::; 0.10). 

At the Cerro Gordo-2 site, the no-manure check strips showed high leaf chlorophyll 

meter readings indicating presence of a large soil N-supply. Part of the N-supply was from 

the starter fertilizer, but the rate was low (11 kg N ha-1). The chlorophyll meter readings 

increased only slightly in the low and high rates of manure indicating leaf greenness was near 

maximum with the no-manure check. 
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The late spring soil nitrate-N concentrations followed a similar trend as measured at 

the com following soybean sites in 2001. Low soil nitrate-N levels were measured in the 

control strips at both sites, but levels did not consistently match yield response, leaf 

chlorophyll readings, or changes in leaf greenness with manure application. Soil nitrate-N 

levels with high manure rates were not substantially increased, despite large manure-N being 

applied. At the Hardin-3 site, for example, the soil nitrate-N concentration was below 20 mg 

kg-1 with212 kg total manure-N ha-1• 

Fertilizer-N Responses 

The fertilizer-N rates applied to small split-plots within each manure application strip 

were designed to measure responses to Nin addition that applied with the manure. To mask 

potential response from P and K applied with manure, P and K were added at a uniform rate 

to all split-plot fertilizer-N rates (including zero fertilizer-N rates). The data were analyzed 

individually from each site and then discussed based on crop rotation. 

Com Following Soybean Sites 

The com yields and associated statistical analysis for the com following soybean sites 

in 2000 and 200I are shown in Tables 4 and 5. Among the com following soybean sites, the 

Hardin- I site in 2000 did not show N responsiveness, i.e. yield did not increase with manure-

N, fertilizer-N, or manure plus fertilizer-N. The same trend was obtained in the strip manure 

applications (Table 3). These results confirm the non-responsiveness of the Hardin-I site. As 

was explained earlier, the non-responsiveness of the Hardin-I site could be due to past 

manure application history and large soil-N supply. At the Plymouth-1 site in 2000, yield 

data was not collected from fertilizer-N split-plots because of severe drought that caused 
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extreme yield variability, and some zero yields. All other sites in 2000 and 2001 showed N-

responsiveness, that is fertilizer-N increased yield significantly (N rate significant at PS 

0.10) in no manure check plots. Although the N rate was not significant at the Cerro Gordo-1 

site (Table 5), the contrast (Co vs. CN), N rate quadratic, and manure by N rate interactions 

(linear and residual) were significant (PS 0.10) indicating N responsiveness of that site. 

Grain yield was increased with both low and high rates of manure at all N-responsive 

sites in 2000 and 2001 (Tables 4 and 5). Additional fertilizer-N increased yields with the low 

manure rates (contrasts Lo vs. LN, or manure by N rate interactions were significant at PS 

0.10) at all the responsive sites (low manure rate was not applied at Washington-I site in 

2000) indicating manure-N did not supply adequate N with the low manure rates. The effect 

ofmanure-N applied at the low rate on com can be compared with that of fertilizer-N by 

using the yield data in the no-manure fertilizer-N check plots and the yield with the low 

manure rate when no additional fertilizer-N was applied. At the Webster-1 and Clay-1 sites 

in 2000, the low manure rate (78 and 86 kg total-N ha-1, respectively) compared to 

approximately between 45 to 90 and 90 kg fertilizer-N ha-1, respectively. In 2001 at Cerro 

Gordo-1, Wright-1, Clay-3, and Washington-2 sites, the low manure rates (103, 102, 80 and 

118 kg total-N ha-1) compared to approximately 90 to 135, 45, 45, and 90 to 135 kg fertilizer-

N ha-1, respectively. At the Webster-1, Clay-1, and Cerro Gordo-I sites, an additional 45 kg 

fertilizer-N ha-1 resulted in approximate maximum yields (compared to highest yield 

response to fertilizer-N without manure application). At the Wright-1 and Clay-3 sites (these 

being more responsive), an additional 90 kg fertilizer-N ha-1 was required. 
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Additional fertilizer-N application did not increase yield in either year at any site with 

the high manure except at Clay-3 in 2001. This indicates adequate or more than adequate-N 

supply from manure-N and that no additional-N was required. At the Clay-3 site, fertilizer-N 

application increased yield significantly (P :'.S 0.10) in the high manure application strips 

indicating additional N need. This could be partially a result of the manure being surface 

broadcast applied on a hot and windy day, and no incorporation until the next day (that is 

volatile N loss reducing the manure-N remaining in the soil). This could be a factor in the 

large fertilizer-N response measured for both manure rates, and low apparent manure-N 

supply. This was not seen at Clay-1 site in 2000. That site had the same broadcast 

application, but conditions were cool and not conducive to volatile loss before manure 

incorporation. Another contributing factor to the low manure-N response could be yield 

variability in the split-plots as a result of barren stalks and soil wetness variability within the 

location of the split-plots. 

Both absolute and relative com ear leaf chlorophyll meter readings from the com 

following soybean sites are shown in Tables 6, 7, 8, and 9 (chlorophyll meter readings were 

not collected at the Washington- I 2000 site). Chlorophyll meter readings, other than at 

Hardin-1 in 2000, reflected N deficiencies in the no-manure check plots when no fertilizer-N 

was applied. Lower readings were always related to lower soil (Tables 10 and 11) and stalk 

nitrate concentrations (Tables 12 and 13), and lower com grain yield (Tables 4 and 5). For 

example, at the Wright-1 2001 site, the lowest reading (42.9) related to lowest yield (8.27 Mg 

ha-1) and lower soil and stalk nitrate concentrations (4 and 33 mg N kg-1, respectively). At all 

the N responsive sites, additional fertilizer-N increased chlorophyll meter readings 

significantly (N rate significant at P :'.S 0.10) in the no manure check strips, with the increase 
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being consistent with yield increase. Likewise, the low and high rates of manure-N with no 

additional fertilizer-N, resulted in increased chlorophyll meter readings, indicating com N-

uptake of the applied manure-N. 

Relative chlorophyll meter readings (Tables 8 and 9) were calculated using the 

chlorophyll meter reading at the highest applied N rate (high manure-N rate plus 135 kg 

fertilizer-N ha-1) at each site as 100%. At all sites the relative chlorophyll meter readings in 

the no-manure, no-fertilizer split-plots were at or below the critical level value of 93% 

reported by Piekielek et al. (1995) and the 95% critical level reported by Peterson et al. 

(1993), indicating N deficiency in those plots. At the Hardin-1 site in 2000, the no-manure 

plots (at any rate) had relative chlorophyll meter readings at or below reported critical levels. 

These low relative chlorophyll meter readings at Hardin-1 were mainly a result of the very 

high chlorophyll meter readings used as a reference. Overall at that site, chlorophyll meter 

readings were high and indicated N deficiency at the Rl stage with the no N check plots was 

slight to none. Also, there was no yield response to applied fertilizer-Nor manure-N. Perhaps 

the com greenness responded to other constituents in the manure, or late-season N supply 

compensated for crop N needs. The same response was noted in the strips at the Hardin-1 

site. 

Relative chlorophyll meter readings increased with manure application and were 

greater than critical levels in five of seven sites with both the low and high manure rates. 

Relative chlorophyll meter readings increased from the low to high manure rates at several 

sites indicating additional manure-N supply and plant uptake. Additional fertilizer-N 

applications in the no-manure check plots and low manure rate plots increased chlorophyll 
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meter readings (eventually going above critical levels), with the increases generally 

corresponding to yield increases. On the other hand, at the high manure-N rate, additional 

fertilizer-N sometimes increased the chlorophyll meter readings, but this was not consistent 

with yield increase. The readings were typically high with the high manure-N rate (with no 

fertilizer-N), and increases in readings were not large with additional N. The exception was 

the Clay-3 site, where fertilizer-N response was measured with all manure-N rates. 

Late spring soil nitrate-N concentrations in 0-30 cm soil samples collected in late 

May to mid June were low (and below the critical level of 20-25 mg kg-1, Blackmer et al., 

1989) in no-manure, no fertilizer-N check plots at all sites in 2000 and 2001. This indicates 

potential N responsiveness of the sites (Tables 10 and 11 ). Despite the Hardin- I site having 

soil nitrate-N concentration below 20 mg kg-1, yield was not increased with N application. 

Liquid swine manure application increased the late spring soil nitrate-N 

concentrations in both the low and high rates, with greater increases with high rates. In 2000, 

the soil nitrate-N concentrations with the low manure-N rate (except at Hardin-I site) would 

indicate expectation of yield response to applied N, and this occurred. Additional fertilizer-N 

in the check and low manure-N plots increased the soil nitrate-N concentration with 

corresponding yield increase. With the high rates of manure-N, soil nitrate-N concentration 

was above the critical range and additional fertilizer-N did not increase yield. 

In 2001, the soil nitrate-N concentrations were generally low (without fertilizer-N), 

and especially so considering the amount ofmanure-N applied. Values were lower than 

measured in 2000, and even with high manure-N application, nitrate-N concentrations were 

low and below the critical range of 20-25 mg nitrate-N kg-1• Also, the soil nitrate-N 
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concentrations were not very differentiating between non-responsive, responsive, and highly 

responsive situations (that is, approximately the same soil nitrate-N concentrations were 

found at non-responsive to responsive sites with manure application). Fertilizer-N application 

increased soil nitrate-N concentrations much more than swine manure-N. Additional 

fertilizer-N (90 kg N ha-1 rate) increased soil nitrate-N concentrations in low manure-N rates 

to or above the critical range at all locations, indicating additional N-needs at low manure-N 

rates. Moreover, at high manure rates additional fertilizer-N did not increase yields other than 

Clay-3, even though the soil nitrate concentrations were well below the critical range at these 

rates. Unlike 2000, data obtained in 2001 suggest that soil nitrate-N concentrations were not 

accurately related to yield. According to Blackmer et al. (1997), caution is urged in using the 

soil nitrate-Nin cases when manure is applied above a rate of 168 kg total-N ha-1. However, 

the problem of obtaining low concentrations was observed even in cases when manure was 

applied at or below a rate of 168 kg total-N ha-1. For example, at the Washington-2 site in 

2001, the high manure-N rate (212 kg total-N ha-1) resulted in soil nitrate-N concentration of 

12 mg kg-1, which was increased to 22 mg kg-1 with 90 kg ha-1 fertilizer-N, yet yield was not 

increased significantly (Tables 2, 5, and 11). A similar lack of yield response to additional 

fertilizer-N, but low soil nitrate-N concentration with high manure-N rates, was found for the 

Cerro Gordo-1 and Wright-I sites in 2001. The specific reasons for the low soil nitrate-N 

concentrations with manure application in 2001 is unknown, but could be related to the 

manure being injected in concentrated bands (difficult to uniformly sample), a cool spring 

limiting manure organic-N mineralization, or nitrate movement below the 30 cm soil depth 

(not measured by the test) but remaining in the root zone. 
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Interestingly, despite low late spring soil nitrate-N levels with manure application at 

some sites, com stalk nitrate-N levels were not correspondingly low (below the optimal 

range). This indicates that stalk nitrate may be a better reflection of plant available-N from 

swine manure than soil nitrate-N concentrations. Or the soil nitrate-N levels considered 

deficient with swine manure application are not so. Randall et al. (1999) also noted that soil 

nitrate critical levels were lower with swine manure compared to published values derived 

from fertilizer application. This is also reflected in com N fertilizer recommendations based 

on soil nitrate testing (Blackmer et al., 1997). 

At all sites in 2000 and 2001, com stalk nitrate-N concentrations (Tables 12 and 13) 

were below the optimal range ( < 700-2000 mg kg-1, Binford et al., 1992) in the no-manure 

check plots indicating crop-N deficiency. Addition of fertilizer-N increased stalk nitrate-N 

concentrations, with concentration increases generally related to the yield response to N. 

However, specific fertilizer-N rates where yield no longer was increased did not always 

relate to concentrations at or above the optimal range. 

Stalk nitrate-N concentrations increased with manure application, indicating 

increased N supply from the manure-N. However, concentrations often did not reflect the 

large differences in manure-N rates (for example Cerro Gordo-1 and Clay-3 in 2001 and 

Hardin-1 and Washington-1 in 2000). The most consistent trend was for very high stalk 

nitrate-N concentrations(> 2000 mg kg-1) when manure and fertilizer was supplying Nat 

rates greater than crop need; which occurred when manure was applied and there was no N 

response (Hardin-1in2000), or fertilizer-N was above the maximal yield response (occurred 

at all sites except at Washington-2 in 2001). It is clear that com stalk nitrate-N reflects 
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overall N supply from fertilizer or manure because the trend in stalk nitrate was for lowest 

values with no-manure and fertilizer, to highest values with the high manure-N plus 135 kg 

fertilizer-N ha-1 rates. If producers are applying high rates of swine manure, and 

supplementing with additional fertilizer-N, the com stalk nitrate-N test should provide 

positive feed back that too much available-N is being placed into the soil system. 

At all sites both years (except the non-responsive sites), the total amount ofpost-

harvest 0-120 cm soil profile nitrate-N showed little to no increase with low or high manure 

application rates (Tables 14 and 15). Low amounts in the check treatments reflect uptake of 

soil nitrate-N by the com crop, and would be expected if no manure-Nor fertilizer-N was 

applied. The largest amount ofresidual nitrate-N was usually in the top 30-cm soil depth. 

Application of fertilizer-Nin conjunction with manure-N tended to result in more uniform 

nitrate-N throughout the 120-cm depth. 

In 2000, the large amount of profile nitrate-Nin the no-manure check plots at the 

Hardin-1 and Plymouth-1 site reflected the high manure application history, apparent large 

soil N supply, and the non-responsiveness to applied manure or fertilizer-N. At the 

Plymouth-1 site, high profile nitrate was also present because of dry growing-season 

conditions and large manure-N applications. Both low and high manure rates accumulated 

significant amounts ofnitrate-N, indicating N not used by com. This was corroborated by 

lack of yield response to applied-N. At Webster-1, Clay-1, and Washington-1 sites in 2000, 

the amount of profile nitrate-N at high manure rates was significantly higher than the no-

manure check, but the values were sufficiently low as to not raise an environmental concern 
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(Schmidt et al., 2000). These higher amounts would not be expected because of N 

deficiencies that developed in the check plots. 

In 2001, the post-harvest profile soil samples were collected from both the zero N and 

90 kg N ha-1 fertilizer applications for all three manure rates. The samples were collected 

only from the Wright-1 and Washington-2 sites. At these sites, the amount of profile nitrate-

N was quite low in both the low and high manure rates (without N-fertilizer applied) 

indicating N-uptake by com. This was supported by high yields at these sites and response to 

applied N. Nitrate-N was higher in the soil profiles with the 90 kg N ha-1 fertilizer 

application, and with fertilizer-N plus manure-N application. This documents N-supply from 

the manure-N application, and more than adequate N supply in some instances. 

Grain N concentrations (Tables 16 and 17) increased significantly (P ::::; 0.10) with 

both the low and high rates of manure at all com-soybean rotation sites in 2000 and 2001. 

However, in 2000 the grain-N increase did not always correspond to yield increase, whereas 

it tended to in 2001. Additional fertilizer-N increased grain-N concentration with low manure 

rates at all sites, with the high rate at several sites indicating increased N-uptake and N 

movement to com grain, even with N supplied in excess. Increases in grain N concentration 

with fertilizer-N application on top ofmanure-N applications were not as large as when no 

manure was applied, and were low or not significant with the high manure rates at many 

sites. The grain N concentration response to applied N followed a similar trend as with plant 

N status measurements, like stalk nitrate and leaf chlorophyll meter readings. Larger 

increases from fertilizer-Non the no-manure plots indicated the N responsiveness of the 

sites. 
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Com Following Com Sites 

Com grain yields and associated statistical analyses for the com following com sites 

are shown in Table 18. Com grain yields were increased significantly (P :S 0.10) with liquid 

swine manure application at both sites in 2001. Additional fertilizer-N increased yield 

significantly in the no-manure check strips at both sites, indicating the N responsiveness of 

these sites. At Hardin-3, additional fertilizer-N increased yield significantly (Lo vs. LN 

significant at P :S 0.10) with the low manure-N rate (77 kg total-N ha-1) indicating more crop 

N need than supplied by the low manure-N rate. Conversely, at Cerro Gordo-2, additional 

fertilizer-N did not increase yield significantly with the low manure-N rate (105 kg total-N 

ha-1) indicating adequate crop N supply with that manure rate. At both sites, addition of 

fertilizer-N did not increase yield with the high manure-N rates (212 and 236 kg total-N ha-' 

at the Hardin-3 and Cerro Gordo-2 sites, respectively) indicating adequate or above N supply 

with these rates. 

The comparison between fertilizer-N and manure-N can be done is the same way as 

was done with the com following soybean sites. At Hardin-3, the low manure-N rate 

compared approximately to the 67 kg fertilizer-N ha-1 rate. The Cerro Gordo-2 site was not 

very N responsive, so the manure-N to fertilizer-N comparison was not clear, but appears that 

the low manure-N rate supplied adequate N (105 kg total manure-N ha-1). Since fertilizer-N 

did not increase yield in conjunction with the high manure-N rates, it is not possible to 

compare fertilizer-equivalence of the high manure-N rates. 

Chlorophyll meter readings of the com ear leaf at the Rl growth stage (Ritchie et al., 

1986) and calculated relative values are shown in Tables 19 and 20. At both sites, the no-
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manure, no fertilizer check plots had the lowest chlorophyll meter readings, thus indicating N 

deficiency at these sites. The relative chlorophyll meter readings (89 and 90 at Hardin-3 and 

Cerro Gordo-2, respectively) being below the reported critical levels of 93% (Piekielek et al., 

1995) and 95% (Peterson et al., 1993) confirmed this. Additional fertilizer-N increased the 

relative chlorophyll meter readings in the no-manure check plots at both sites, indicating N-

responsiveness of the sites. 

Similar chlorophyll meter reading response occurred with manure applications. The 

fertilizer-N rate where yield response became plateau was essentially the same rate where 

relative chlorophyll meter values increased to the 95%. The low manure-N rate (with no 

fertilizer-N) at Hardin-3 had relative chlorophyll meter readings below the critical level, and 

values increased with fertilizer-N application. At Cerro Gordo-2, the readings and relative 

values with the low manure-N rate were high and above the critical level. This indicates the 

low manure rate supplied adequate Nat the Cerro Gordo-2 site, but not at Hardin-3. Yield 

data showed the same trend. At both sites the chlorophyll meter readings and relative values 

with the high manure-N rate were high and above the critical level, indicating adequate 

manure-N supply. This is similar to the yield response. Although leaf greenness usually does 

not continue to increase with above-adequate N supply, the combination ofmanure-N and 

fertilizer-N resulted in increased chlorophyll meter readings. A similar trend was observed at 

the com-soybean sites. It is unknown what caused this situation to occur, but it could be 

related to other factors influenced by manure application. 

The late spring soil nitrate-N concentrations are shown in Table 21. At the Hardin-3 

site, the soil nitrate-N concentration was low in the no manure check plots indicating N 
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deficiency at that site. Addition of fertilizer-Nat a rate of 135 kg N ha-1 increased the soil 

nitrate concentration above the optimal range (Blackmer et al., 1989). The low and high 

manure rates increased soil nitrate-N concentration, but they were below and stayed below 20 

mg kg- 1, especially for the low manure-N rate. Grain yield and plant greenness responded to 

fertilizer-N with the low manure-N rate, but did not respond to the high manure-N rate; 

despite fairly low soil nitrate-N with the high manure-N rate and soil nitrate-N increased with 

fertilizer-N application. At the Cerro Gordo-2 site, the no-manure check plots had higher soil 

nitrate-N concentration than the Hardin-3 site, and yield response to fertilizer and manure 

was smaller. The low manure-N rate (without fertilizer-N) had below optimal soil nitrate-N 

concentration, yet the addition of fertilizer-N did not significantly increase grain yield. This 

same trend was found in 2001 at several com-soybean sites. 

Com stalk nitrate-N concentrations showed similar trends as measured at the com-

soybean sites (Table 22), and indicated when N supply was deficient, and when it was greater 

than crop need. As at the com-soybean rotation sites, the trend was for low values in the no-

manure, no fertilizer-N, to very high levels at high manure-N plus high fertilizer-N 

application. The concentrations increased linearly (NRL significant at P::::; 0.10) with 

fertilizer-N application at both sites. At the Hardin-3 site, the low manure rate (with no 

fertilizer-N) had low concentrations, and the high manure rate had above optimal 

concentrations, indicating inadequate N supply from the low manure-N rate, but above 

adequate N from the high rate. At the Hardin-3 site, when the fertilizer-N rate, or low 

manure-N rate plus fertilizer-N rate, was at a level to achieve plateau yield, the stalk nitrate-

N concentrations fell within the optimal range. At Cerro Gordo-2, as expected in relation to 

results measured with yield, chlorophyll meter and soil nitrate concentrations, the stalk 



32 

nitrate-N levels were within the optimal range with low manure-N application. Since stalk 

nitrate-N concentration trends for the com-com rotation sites were similar to those found 

with the com-soybean rotation sites, similar interpretations could be used for fertilizer-N, 

manure-N, and crop rotation systems. 

At both the Hardin-3 and Cerro Gordo-2 sites in 2001, the low and high manure rates 

(with no fertilizer-N applied) did not result in a significant (P :S 0.10) increase in post-harvest 

profile nitrate-N compared to the no-manure check rate (Table 23). This indicates the 

manure-N supply was not excessive (although leaching or other losses were not measured). 

Comparatively, the amount of post-harvest profile nitrate-N increased markedly (though not 

statistically significant) with 135 kg N ha-1 fertilizer-N applications, especially in conjunction 

with the manure applications. This was evident especially at Cerro Gordo-2, where the soil N 

supply was more adequate and needed N achieved at a lower N application rate. 

Grain N concentrations were increased with fertilizer-N (no manure applied) and with 

manure-N application (Table 24). Additional fertilizer-N application increased grain N 

concentrations in the no-manure plots and the low manure-N rate (linear increase). 

Additional fertilizer-N did not increase grain-N concentration significantly with the high 

manure rates. 

Conclusion 

In general, liquid swine manure application provided N that was highly crop 

available. Adequate N to meet com N needs was supplied in the field-length strips with the 

high manure rate, and occasionally with the low manure rate. Similar impacts of manure-N 
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on com production were noted across fields in com-soybean and com-com rotations. Leaf 

chlorophyll meter readings, stalk nitrate-N concentrations, amount of profile nitrate-N, and 

grain N concentrations supported the availability of manure-N to com, and the com N status 

following manure application. However, late spring soil nitrate-N concentrations did not 

adequately reflect the manure-N application rates, or manure-N supply. Late spring soil 

nitrate values tended to be low with manure application, and increased less than for 

equivalent fertilizer-N application rates. Addition of fertilizer-N did not increase com grain 

yield with the high manure-N rate, but did when the low manure-N rates were not adequate 

to meet com requirements. The low manure-N rate in conjunction with 45 to 90 kg fertilizer-

N ha-1 resulted in optimal yield. However, it can be hard to predict a specific liquid swine 

manure-N rate needed at a site due to differences in site N requirements. This difficulty is the 

same for determining fertilizer-N requirements. While it was not possible in this study to 

determine the specific first-year availability ofliquid swine manure-N, we found no reason to 

suspect it is much different from fully crop available. The amount of residual soil profile 

nitrate-N resulting from the manure application rates used in this study did not increase 

significantly. Additional fertilizer-N applied on top of the high manure rates significantly 

increased the amount of post-harvest profile nitrate-N. Because of the high crop availability 

ofliquid swine manure-N, it is an excellent source for com production and one that should be 

managed carefully to obtain full agronomic benefit. 
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Table 18. Corn grain yield response to manure-N, fertilizer-N, and manure plus 
fertilizer-N in 2001, corn following corn sites. 

Fertilizer Hardin-3 Cerro Gordo-2 
N Rate ct Lt Ht Mean C L H Mean 

kg N ha-1 - - - - - - - - - - - - - - - - - Mg ha-1 - - - - - - - - - - - - - - - - -

0 9.95 10.74 11.83 10.84 10.64 11.08 11.20 10.97 
67 11.55 11.50 11.45 11.50 11.41 10.82 11.00 11.08 
135 11.83 11.77 11.72 11.77 12.04 11.58 11.88 11.83 
202 11.39 12.28 12.27 11.98 12.02 11.24 11.62 

Mean 11.18 11.57 11.82 11.53 11.18 11.43 

Source dft -----------P >F-----------

Manure (M) 2 0.0786 0.1149 
Rep 2 0.4457 0.0074 
N Rate (NR) 3 0.0007 0.0006 
NRunear(L) 1 <0.0001 0.0003 

N~uadratic(Q) 1 0.2163 0.2614 

NRResidual(R) 1 0.6997 0.0160 
MxNR 6 0.0401 0.2170 
MxNRL 2 0.1957 0.0728 
MxN~ 2 0.0075 0.4651 
MxNRR 2 0.8259 0.4532 
Contrasts§ 
C0 vs. CN 1 <0.0001 0.0004 
L0 vs. LN 1 0.0045 0.6257 
H0 vs. HN 1 0.9547 0.2770 
t C, L, and H represent check, low and high rates of manure. 
tDegrees of freedom for Hardin-3 Rep was 3. 
§Subscript 0 and N represent without and with fertilizer-N applied. 
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Table 19. Com ear leaf chlorophyll meter reading response to manure-N, 
fertilizer-N, and manure plus fertilizer-Nin 2001, com following com sites. 

Fertilizer Hardin-3 Cerro Gordo-2 
NRate ct Lt Ht Mean c L H 

kgNha·1 

0 51.9 52.1 57.1 53.7 54.5 58.3 57.9 
67 52.4 52.5 56.7 53.9 58.4 60.3 59.9 
135 55.l 54.7 58.5 56.l 58.7 60.6 59.6 
202 54.8 54.3 58.2 55.7 59.4 60.9 60.9 

Mean 53.5 53.4 57.6 57.8 60.0 59.6 

Source dft -----------P >F-----------

Manure (M) 2 0.0236 0.3078 
Rep 2 0.2987 0.3445 
N Rate (NR) 3 0.0008 <0.0001 
NRunear(L) 1 0.0003 <0.0001 
N~uadratic(Q) 1 0.5532 0.0343 
NRResidual(R) 1 0.0297 0.0802 
MxNR 6 0.9275 0.7522 
MxNRL 2 0.4576 0.2342 
MxN~ 2 0.9121 0.4320 
MxNRR 2 0.9747 0.8178 
Contrasts§ 
C0 vs. CN 1 0.0244 <0.0001 
L0 vs. LN 1 0.0692 0.0106 
H0 vs. HN 1 0.4303 0.0102 
t C, L, and H represent check, low and high rates of manure. 
tDegrees of freedom for Hardin-3 Rep was 3. 

Mean 

56.9 
59.5 
59.6 
60.4 
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Table 20. Relative corn ear leaf chlorophyll meter reading 
response to manure-N, fertilizer-N, and manure plus 
fertilizer-Nin 2001, corn following corn sites. 
Fertilizer Hardin-3 Cerro Gordo-2 

Nrate ct Lt Ht C · L H 
kgNha·1 

0 
67 
135 
202 

-------------%-------------
89.2 89.5 98.1 89.5 95.7 95.1 
90.0 90.2 97.4 95.9 99.0 98.4 
94.7 94.0 100.5 96.4 99.5 97.9 
94.2 93.3 100.0 97.5 100.0 100.0 

t C, L, and H represent check, low and high rates of manure. 
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Table 21. Effect of manure-N, fertilizer-N, and manure plus fertilizer-Non 
the late spring soil nitrate concentration in 2001, com following com sites. 

Fertilizer Hardin-3 Cerro Gordo-2 
Nrate ct Lt Ht Mean C L H Mean 

kg N ha-1 - - - - - - - - - - mg NOrN kg- 1 - - - - - - - - - - - - - -. 
0 8 10 19 12 16 17 23 19 

135 
Mean 

Source dfi 

Manure (M) 2 
Rep 2 
MxRep 4 
N Rate (NR) 1 
MxNR 2 

29 31 38 33 29 40 37 35 
19 21 29 23 29 30 

----------P >F----------

0.0775 
0.3344 
0.5042 

<0.0001 
0.9616 

0.2681 
0.4745 
0.4956 
0.0029 
0.4548 

t C, L, and H represent check, low and high rates of manure. 
iDegrees of freedom for Hardin-3 Rep was 3. 



59 

Table 22. Effect of manure-N, fertilizer-N, and manure-N plus fertilizer-N 
on stalk nitrate concentration in 2001, corn following corn sites. 

Fertilizer Hardin-3 Cerro Gordo-2 
N Rate ct Lt Ht Mean C L H Mean 

kgNha-1 

0 
67 
135 
202 

Mean 

Source dft 

Manure (M) 2 
Rep 2 
NRate (NR) 3 
NRLinear(L) 1 

NJlouadratic(Q) 1 

NRResidual(R) 1 
MxNR 6 
MxNRL 2 
MxNJlo 2 
MxNRR 2 

- - - - - - - - - - - - - mg NOrN kg-1 - - - - - - - - - - - -

71 309 3760 1380 146 1927 1510 1194 
778 2560 4290 2543 3303 5667 7953 5641 

2565 3445 4833 3614 
3458 5685 6840 5328 
1718 3000 4931 

5970 10663 10020 8884 
9273 10853 11400 10509 
4673 7278 7721 

----------P >F------------

0.0417 0.0562 
0.1314 0.2018 

<0.0001 <0.0001 
<0.0001 <0.0001 
0.2395 0.0389 
0.4802 0.8851 
0.0521 0.5394 
0.0225 0.9605 
0.3672 0.2518 
0.1725 0.3667 

t C, L, and H represent check, low and high rates of manure. 
tnegrees of freedom for Hardin-3 Rep was 3. 
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Table 24. Effect of manure-N, fertilizer-N, and manure plus fertilizer-Non 
corn grain-Nin 2001, corn following corn sites. 

Fertilizer Hardin-3 Cerro Gordo-2 
N Rate ct Lt Ht Mean C L H Mean 

kg N ha·1 - - - - - - - - - - - - - - g N kg-1 - - - - - - - - - - - - - - -

0 11.7 12.6 13.4 12.6 13.1 14.5 14.8 14.1 
67 12.9 12.8 13.7 13.1 15.1 16.0 15.3 15.5 
135 13.4 13.6 13.1 13.4 14.7 15.3 16.0 15.3 
202 13.7 13.7 13.3 13.6 15.2 15.2 15.6 15.3 

Mean 13.0 13.2 13.4 14.5 15.2 15.4 
+ 

Source df+ -----------P >F-----------

Manure (M) 2 0.1308 0.1062 
Rep 2 0.2748 0.1033 
N Rate (NR) 3 <0.0001 0.0039 
NRLinear(L) 1 <0.0001 0.0067 
N~uadratic(Q) 1 0.1347 0.0137 
NRResidual(R) 1 0.6712 0.1485 
MxNR 6 0.0001 0.3611 
MxNRL 2 <0.0001 0.2373 
MxN~ 2 0.3004 0.8586 
MxNRR 2 0.1225 0.1906 
Contrasts§ 
C0 vs. CN 1 <0.0001 0.0010 
L0 vs. LN 1 0.0040 0.0632 
H0 VS. HN 1 0.7786 0.1216 
t C, L, and H represent check, low and high rates of manure. 
tDegrees of freedom for Hardin-3 for Rep was 3. 
§Subscript 0 and N represent without and with fertilizer-N applied. 
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Strip Width 

Check 
Low Manure High Manure 

Check High Manure Low Manure Check Low Manure High Manure 
Rate Rate Rate Rate Rate Rate 

I ~:~I ~::I I ~::I ~:~I I ~:~I ~:!I I~:! I ~:;I I ~:~I ~::I I ~:~I ~:!I I~:: I ~:;I I ~:~I ~::I I ~:~I ~:!I 

I Replication-I I I Replication-2 I I Replication-3 I 

Fig. 1. Example manure field-strip application design and split-plot fertilizer-N rates (N-1, N-2, N-
3, and N-4 represent the four fertilizer-N rates). 
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IMPACT OF LIQUID SWINE MANURE APPLICATION ON SOYBEAN 

PRODUCTION AND RESIDUAL-YEAR CORN 

A paper to be submitted to Agronomy Journal 

Sudipta Rakshit and John E. Sawyer 

Abstract 

The growing number of concentrated swine (Sus scrofa domesticus) production 

facilities necessitates the sound manure management practices to utilize liquid swine manure. 

Swine manure is typically applied to com (Zea mays L.) to utilize the manure-N component. 

However, there is interest in utilizing other crops and land for manure application. In Iowa, 

soybean [Glycine max (L.) Merr.] is the second largest crop grown, and therefore is receiving 

attention for manure application and use of swine manure nutrients. Manure P and Kuse by 

soybean has been studied, but the fate ofmanure-N applied to soybean needs to be resolved. 

A multi-year project was initiated on producers' fields in 2000 and 2001 to study liquid 

swine manure effects on soybean production. In addition, the effect ofresidual-year manure 

was studied on com and soybean. Liquid swine manure was applied at zero, low and high 

rates oftotal-N (target of 0, 112, and 224 kg total-N ha-1) in replicated strips across field 

lengths. In the residual manure year, four fertilizer-N rates were applied in small split-plots to 

each residual manure strip to measure N response. In both years soybean yield was not 

adversely affected by liquid swine manure application. At three sites, soybean yield increased 

with manure application. The increase could be due to P or K response (potential indicated at 

two sites because of optimal to low soil test levels), N response, or some unknown factor. 
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Post-soybean harvest soil profile nitrate-N did not show elevated accumulation. A residual-

year manure-N response was measured at one of two sites in com where a high manure rate 

(255 kg total-N ha-1) had been applied to the prior-year soybean crop. Residual profile 

nitrate-N was highest at that site. At lower swine manure-N rates applied to soybean (less 

than 225 kg total-N ha-1), no residual-year impact was measured in the com crop. It appears 

that if liquid swine manure rates applied to soybean are not excessive (suggested at less than 

grain-N removal or above ground plant accumulation at maximum yield), then soybean 

yields should be maintained, or positively increased, with limited potential for N carryover 

past the soybean crop or for nitrate loss. 

Introduction 

Soybean is a crop known to satisfy N needs through symbiotic N-fixation when soil 

inorganic-N is not sufficient to meet crop needs. Therefore, addition ofN to soybean is not a 

common practice. The growing number of concentrated swine facilities necessitates sound 

manure nutrient management practices for minimizing environmental risks associated with 

land application, including over application. The search for alternate crops, or a larger base 

other than land in com production, could be helpful for the utilization of liquid swine manure 

nutrients. As soybean occupies large acreage in Iowa, the potential of soybean to utilize 

manure nutrients is an important issue. Liquid swine manure application to soybean can 

provide needed P and K. However, research is necessary to understand the fate ofN added 

with manure. If not used by the soybean crop, the applied manure-N remains as inorganic 

nitrate and could be leached to tile lines or groundwater. 
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There is need for building producer confidence that economic soybean production can 

be achieved with liquid swine manure application and at the same time minimize 

environmental consequences. It has been recognized by researchers that symbiotic-N fixation 

alone does not produce optimum yield for soybean, and there is need for N from soil or other 

sources (Harper, 1974). Schmidt et al. (2000) reported that liquid swine manure application 

to nodulating soybean did not affect maximum yield, irrespective if no N, sufficient N, or 

excess N was applied. Bhangoo and Albritton (1975) reported that symbiotic-N fixation was 

inhibited and approached zero with 224 kg fertilizer-N ha-1• They acknowledged that 

optimum yield of soybean could only be achieved with symbiotically fixed-N together with 

soil derived or applied-N. However, quantifying the balance between symbiotic-N fixation 

and applied-N is intricate. 

In addition to efficient soybean Nuse, environmental concern about nitrate-N loss 

after manure application to soybean is an important issue. It has been shown that soybean can 

act as a N-sink and actively uses inorganic-N available in the soil (Varvel et al., 1992). 

Soybean can remove approximately 150-200 kg N ha-1 at grain yield levels of2.5 to 3.4 Mg 

ha-1 (Varvel et al., 1992). Therefore, soybean has the potential to use large quantities of 

applied manure-N and potentially not cause environmental risks from large profile buildup or 

nitrate loss to the environment. Schmidt et al. (2000) reported an average 191 kg-N ha-1 

accumulation in above ground biomass at the R6 growth stage (Ritchie et al., 1988) with 

swine manure-Nor fertilizer-N application to nodulating soybean, thus supporting the ability 

of soybean to act as a large manure-N sink. However, they found fertilizer-Nor manure-N 

applied in excess of what a soybean crop could use created a build up of profile nitrate 

remaining after harvest. 
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No direct adverse effect on soybean yield was observed in the Schmidt et al. (2000) 

research, even with excessive manure or fertilizer-N. In some instances yield was increased 

by manure application, even though soil test indicated no response was expected. These 

increases in yield were not consistent between sites and varieties (Schmidt et al., 2000, 

2001). They speculated that yield increase could be associated with manure-N, forms ofN in 

the manure, continuous NH/-N release, N-release characteristics, other manure nutrients, or 

some other factor or factors. In one instance grain yield was decreased with swine manure 

application due to disease development, and at some sites lodging was increased (Schmidt et 

al., 2000, 2001 ). 

Depending upon the manure source, first-year crop availability varies but typically is 

not the total amount. It is important to know the first-year soybean uptake of applied liquid 

swine manure-N, and the potential for manure-N to be available in the following crop year. 

This could be different than when manure is applied before a non-fixing crop, like com. This 

would not only give an idea about manure-N availability to the next crop, but would also 

help understand potential for residual-N build up. Many studies have been carried out with 

different manure sources. For example, Motavalli et al. (1989) reported a range of 12-63% 

first-year dairy manure-N availability. They suggested additional need for more information 

on crop availability and manure-N-availability indexes. Eghball (2000) found estimated 

residual-year beefmanure-N availability at 4%. In another study Eghball and Power (1999) 

reported second-year beef manure-N availability at 8%. However, more field research with 

specific manure sources, and specifically com following soybean, is needed to better 

understand the second-year manure-N availability. 
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The objectives ofthis study are to one, determine the effect ofliquid swine manure 

application on yield and soil profile nitrate when liquid swine manure is applied to the 

soybean crop; and two, determine second-year residual manure-N availability when com 

follows soybean. 

Materials and Methods 

Soybean 

Liquid swine manure application to soybean was studied at six producers' fields in 

2000 and 2001 across Iowa. Site characteristics are given in Table I. The previous crop was 

com at all sites. Liquid swine manure was applied in the spring before soybean planting at 

each site. At the Webster-IR site (the R indicates second-year residual) in 200I, liquid swine 

manure had been applied in the spring before the previous year com crop. Therefore, the 

Webster-IR site in 200I measures the residual-year manure nutrient supply to soybean. 

The treatments were three intended liquid swine manure rates (check or no manure 

applied, low or I I2 kg total-N ha-1, high or 224 kg total-N ha-1) applied in three replicated 

strips (these were replications of each manure treatment) across the field length with 

producer equipments or custom applicator. The calculated manure rates varied among sites 

due to differences in manure-N concentration and application constraints. The strip width and 

length ranged between I52-790 m x 9-I8 min size (Table 2) depending on the manure 

applicator width, combine header width, and field length. Except for no N, P, or K fertilizer 

application, producers used common cultural practices for the geographic area. 
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The manure sources were confined swine production facilities. The manure storage 

structure was under-building pits at all sites. Liquid swine manure was used in this study at 

all locations. Manure was injected below the soil surface using knife-injection or disk-soil 

covering at application, except the Hardin-2, Clay-2, and Clay-4 sites (Table 2) where 

manure was surface broadcast and incorporated within 24 hour. 

Manure application rates were determined by pre-application manure sampling and 

laboratory chemical analysis (Table 2), and manure applicator calibration. The calibration 

procedure was accomplished by first weighing the applicator when it was full, and then 

weighing again after application through a known area at a set speed. The rate was calculated 

from the difference of these two weights. Some of the applicators had flow control rate 

monitors to set the rate of application, although the same calibration procedure was followed 

for these applicators. Speed or flow was adjusted if needed, and calibration determined again. 

Pre-application manure samples were collected approximately 2-3 weeks before 

planned application from the producers' storage structures. Samples were either dipped off 

the manure surface, or collected from a probe of the storage profile. Manure was then 

transferred to plastic bottles with a soup ladle during continuous stirring. The manure 

samples were analyzed for total-N, P, K (APHA, 1995) by the Iowa State University 

Analytical Service Laboratory. These pre-application samples were used, in conjunction with 

the applicator calibration, to set manure application rates. Manure samples were collected 

from multiple loads (every load at most of the sites) during application and analyzed for 

total-N, P, and K (Table 2). These samples were used to confirm as-applied nutrient content, 
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and in conjunction with applicator calibration, to determine total manure nutrient application 

rates. 

Before manure application, 0-15 cm composite soil samples (8 cores per sample) 

were taken from the field-length strips. The number of samples varied from four to ten 

depending upon strip length. Each strip replicate was flagged at approximately 46 m intervals 

to create strip sample points. This distance varied among sites but constant within sites. 

These soil samples were analyzed for soil test P, K, pH, and organic matter at the Iowa State 

University Soil Testing Laboratory. Soil extractable P was determined with the Mehlich 3-P 

availability index (Frank et al., 1998). Soil extractable K was determined with the 1 M 

ammonium acetate extractant (Warncke and Brown, 1998). Soil pH was determined on a 1: 1 

water soil paste using an electronic pH meter (Watson and Brown, 1998). Organic carbon 

was determined using dry combustion method (Matejovic, 1997) in LECO CHN-2000, and 

converted to soil organic matter multiplying by a numerical standard factor. 

In the fall, post-harvest profile soil samples were collected from each strip at depths 

of 0-30, 30-60, 60-90, 90-120 cm to determine residual soil nitrate. The samples were 

analyzed for nitrate-Nat the Iowa State University Soil Testing Lab with a colorimetric 

procedure using lachat flow injection (Gelderman and Beegle, 1998). The nitrate-N 

concentration was converted from mg kg-1 to kg nitrate-N ha-1 soil by adjusting for bulk 

density at each sample depth using assumed bulk densities for each soil and depth obtained 

from soil survey characterization (Dr. Tom Fenton, personal communication). 

The cooperating producers harvested the soybean treatment strips, with yield 

determined by yield monitor or weigh wagon (Clay-4 site). Yields were corrected to standard 



70 

13% moisture. The width harvested varied depending on the combine header width, with one 

pass from the center portion being harvested to determine strip yield. Weigh wagon data 

included the split-plot portion of the yield, whereas, yield monitor data was cleaned to not 

including the split plot area. 

The experimental design was a randomized complete block. Analysis of variance was 

determined with the GLM procedure (Statistical Analysis System, SAS Institute, 1992). 

Significant differences between treatment means were determined by Fisher's protected 

LSD. 

Corn 

The second-year effect ofliquid swine manure-N was studied at two sites (Webster-

2R and Clay-2R) cropped to com in 2001. At these sites manure had been spring-applied the 

previous year before a soybean crop. The experimental design was a randomized complete 

block, with a split-plot treatment arrangement (Fig 1). The main plots were three prior-year 

liquid swine manure rates (planned rates of check or 0 kg N ha-1, low or 112 kg total-N ha-1, 

and high or 224 kg total-N ha-1) applied in strips across the field length to soybean crops. The 

actual applied manure rates varied among sites due to differences in manure-N concentration 

and application constraints (Table 2). The strip width and length in the previous year ranged 

between 354-365 m x 9-12 m with size depending on the manure applicator width, combine 

header width, and field length. The split-plots were four fertilizer-N rates (0, 45, 90, and 135 

kg total-N ha- 1) arranged in a set of four small plots (approximately 12 m x 3 m) within each 

manure main-plot strip. Ammonium nitrate was surface broadcast applied shortly after com 

emergence. The split-plot N application allowed measurement of com response to the applied 
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residual manure-N and to additional fertilizer-N. Blanket P and K fertilizers (67 kg P20s and 

K20 ha-1) were broadcast applied to the split-plot area before final spring tillage to mask the 

effect of P and K applied with the prior-year manure application. 

When com was about 15-30 cm tall (late May to mid June), soil samples from all the 

strip points and selected small plots (0 and 90 kg N ha-1) were collected at depth of 0-30 cm 

for nitrate-N analysis. The soil samples were collected following the procedure described by 

Blackmer et al. (1997). Nitrate-N was analyzed in Iowa State University Soil Testing Lab 

with a colorimetric procedure using a lachat flow injection (Lachat Instruments, Milwakee, 

WI) (Gelderman and Beegle, 1998). Soil nitrate-N values from the strip sample points were 

averaged to obtain a single value for each manure treatment strip. 

When com plants were at the Rl growth stage (Ritchie et al., 1986), chlorophyll 

meter readings were taken from both the strips and in the fertilizer-N treatments with Minolta 

502 SPAD meter (Peterson et al., 1993). The chlorophyll meter readings were taken from the 

leaf opposite and below the primary ear-leaf, and at a point one-half the distance from the 

leaf-tip to the collar, and halfway between the leaf margin and the leaf midrib using the 

procedure of Peterson et al. (1993). In the small plots, fifteen random readings were averaged 

from the middle two rows (which were selected for hand harvest). In the strips, fifteen 

readings were taken randomly from the middle four rows within a distance of 12 m centered 

along the length of each strip point and the individual plant readings averaged. Values from 

each strip points were averaged to obtain a single value for each manure treatment strip. 

Stalk samples were collected after com physiological maturity from the split 

fertilizer-N using the procedure discussed by Blackmer and Mallarino, (1996). Collected 
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samples were dried at 60° C and ground to pass a 1.0 mm screen. Samples were then 

analyzed for stalk nitrate-N concentration (Binford at al., 1992) 

After com physiological maturity, ears were hand harvested from the middle two 

rows (length of 6 m) of the split-plots to determine grain yield. Grain yields were adjusted to 

155 g kg-1 moisture content. Field length-strip treatments were machine harvested by the 

cooperating producers. Yield was determined using a weigh wagon at Clay-2R. The width 

harvested varied depended upon the combine header width, with one pass from each strip 

center being harvested to determine yield. Strip yield data were lost at the Webster-ZR site 

due to yield monitor malfunction and failure to store yield data. Weigh wagon data include 

the split-plot portion of each strip. 

Com grain samples were digested using the procedure of Hach et al. (1987). Finely 

ground grain samples were heated at 440° C for 4 min in a Hach digester in a 100 ml 

volumetric flask with concentrated (18 M) H2 S04, and then 10 ml H202 was added and 

heated until a clear solution was obtained. More H20 2 was added if needed to get a clear 

solution. After cooling, the solution was made up to volume in the volumetric flask, and an 

aliquot was analyzed colorimetrically for nitrate-N using Lachat flow injection (Gelderman 

and Beegle, 1998). 

Analysis of variance was carried out with the Statistical Analysis System (SAS 

Institute, 1992), using the GLM and Mixed procedures. Single degree of freedom contrasts 

were used to compare response to fertilizer-N. When appropriate, means were separated by 

Fisher's protected LSD. 
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Results and Discussion 

Soybean Yield 

Soybean grain yield was increased significantly (P ~ 0.10) by liquid swine manure 

application at three of five sites (Table 3). Overall, the yield increases were not large even 

though some of the increments were statistically significant. At the residual-year site, 

soybean yield was also increased from the previous manure application (Table 3). Soybean 

yield was not decreased with liquid swine manure application at any site in 2000 or 2001. 

These results correspond with research in Minnesota and Iowa where swine manure and 

fertilizer-N application to soybean either enhanced (swine manure) or had no effect on yield 

(Killom, 1998; Schmidt et al., 2000; 2001; Sawyer et al., 2001). The finding of no adverse 

effect on yield was similar to results of Schmidt et al. (2000; 2001) where liquid swine 

manure was applied at rates of78 to 255 kg N ha-I (a similar range used in this study). 

In 2000, the largest soybean yield increase (0.15 Mg ha-I) occurred at the Webster-2 

site in the high manure application rate. In 2001, the largest yield increases were in the high 

manure rate, but the increase was greatest (0.29 Mg ha-I) at the Washington-3 site. The yield 

increase was minimal and not significant from low to high manure application rate at the 

sites. 

It is assumed that soybean yield increases associated with swine manure application 

were due to Nor other factors as discussed by Schmidt et al. (2000). Soil test P (STP) and 

soil test K (STK) levels were high enough that no to only small yield response to added P and 

K would be expected. Only at Clay-4 and Washington-3 where STP was low to optimal 
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might a response to P application occur (Voss et al., 1999). Across Iowa soils, response to 

other manure nutrients would not generally be expected. 

At the second-year residual Webster-IR site (manure applied before the previous com 

crop), yield was increased with both manure rates over the control yield. Soil test K was low 

enough (Voss et al., 1999) that the residual effect could be due to response to manure-K, 

especially at the high manure application rate. 

Post-Harvest Profile Nitrate 

The post-harvest profile nitrate-N amount (samples were not collected at the Webster-

lR 2001 site) did not increase significantly (P :S 0.10) with low or high manure application 

rates (Tables 4 and 5). This indicates potential N uptake and use by the soybean crop. At the 

Hardin-2 low manure-N rate and Clay-1 high manure-N rate in 2000, the amount of profile 

nitrate (though not statistically significant) was increased compared to the no-manure check. 

Liquid swine manure-N rates were 93 and 215 at Hardin-2, and 128 and 255 kg total-N ha-1, 

respectively for low and high rates. The high profile nitrate-Nat Hardin-2 site could be 

associated with a high manure application history and at Clay-2 with a large N application at 

the high rate. The range of post-harvest profile nitrate-Nat all .sites in 2000 and 2001 was 

from 28 to 132 kg N ha-1, all below the 158 kg N ha-1 profile nitrate-N amount reported by 

Schmidt et al. (2000) as an upper level not expected to represent a large accumulation of 

nitrate-N and potential loss due to leaching following swine manure application to soybean. 

However, manure application rates less than approximately 200 kg total-N ha-1 more closely 

matched soybean Nuse with little increase of post-harvest soil nitrate-N (Schmidt et al., 

2000). This represents the approximate range of most manure-N rates applied in this study, 
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with the result being no significant measured-increase in profile nitrate-N. Varvel et al. 

(1992) reported soybean at a grain yield level of 2.5-3.4 Mg ha-1 could remove 150-200 kg-N 

ha-1. The soybean yields in our study fall in that range, indicating potential removal of 

significant manure-N. This was corroborated by the low amount of post-harvest profile 

nitrate-N measured. 

Other than one instance, the amount of post-harvest profile remaining after manure-N 

rates> 200 kg total-N ha- 1 was quite low and basically equivalent to the non-manured levels. 

This indicates that liquid swine manure application at the rates used in this study for soybean 

production should not build up residual nitrate in soil profiles that could cause potential for 

large nitrate-N loss. For conservative reasons, if swine manure-N application rates were 

limited to grain removal levels (generally< 200 kg total-N ha-1), then soybean uptake should 

be high and environmental impact minimized. 

Residual-Year Corn Yield 

At the Webster-2R and Clay-2R sites, manure had been applied to the prior-year 

soybean (Tables 1 and 2). These sites were used to determine the second-year effect of 

manure on com production. Strip yield was not collected at the Webster-2R site due to yield 

monitor failure to record data. At the Clay-2R site, com yield was significantly higher (Table 

6) in both the low and high rates of manure compared to the no-manure check. This indicates 

an impact of the previous-year manure. This might be due to manure-N carryover from the 

previous year, which is indicated by high post-harvest profile nitrate-N remaining after the 

soybean crop (Table 4). Soil test P and K suggest that yield increases would not be due to 
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residual supply from applied manure P or K. The site did have root lodging due to extended 

rootworm diapose, which may have influenced yields and treatment effects. 

Chlorophyll meter readings of the com ear leaf and and late spring soil nitrate-N 

concentrations (Table 6) indicate enhanced N supply from previous-year manure 

applications. However, increases were not large, and are at the levels that indicate N 

deficiency (Piekielek et al., 1995). At the Clay-2R site, increases in leaf chlorophyll and late 

spring soil nitrate-N concentrations correspond to the strip yield increases, and although not 

significant, to the higher post-harvest profile nitrate-N (taken in the prior-year after soybean 

harvest). At the Webster-2R site, post-harvest profile nitrate-N (taken in the prior-year after 

the soybean harvest) was not greatly influenced by manure application, and this was reflected 

in the leaf chlorophyll meter and late spring soil nitrate-N concentrations. 

Fertilizer-N Responses In Residual-Year Corn 

At the Webster-2R site, there was no significant yield response to the prior-year low 

or high manure-N rates (Table 7). Yield response to fertilizer-N rate was the same for the 

check, low, and high prior-year manure rates. This indicates no residual-year manure effect 

from the prior-year manure-N application before soybean. 

The Clay-2R site behaved differently than the Webster-2R site. Yield was increased 

by the prior-year manure application (Table 7) indicating residual manure-N carryover (the 

same trend in yield increase was observed in the field-length strips). Yield increase to 

fertilizer-N rate was similar for the no-manure check and low prior-year manure-N rate, but 

was less with the high prior-year manure-N rate. Also, yield increase from applied fertilizer-

N was much larger than the residual manure-N effect. This indicates some residual manure-N 
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availability, but only up to approximately 45 kg N ha"1 with the high prior-year manure-N 

rate (yield with 45 kg fertilizer-N ha-1 on the no-manure check was about the same as that 

with the prior-year high manure rate). This trend of yield response to the prior-year manure 

application tends to follow the amount of post-harvest profile nitrate-N measured after the 

soybean crop. 

Com ear leaf chlorophyll meter readings are shown in Table 8. Calculated relative 

chlorophyll meter readings are shown in Table 9. At the Webster-2R site, chlorophyll meter 

readings were similar in the no-manure check, low, and high prior-year manure rates with no 

additional fertilizer-N. This indicates no additional N uptake from the prior-year low and 

high manure rates. The chlorophyll meter readings and calculated relative readings were 

quite high. Absolute and relative chlorophyll meter reading response to fertilizer-N rate was 

the same for the no-manure check, low, and high prior-year manure rates. This indicates no 

residual-year manure-N effect at that site. This followed the trend in yield response. 

At the Clay-2R site, the chlorophyll meter readings and relative values were low for 

all prior-year manure rates when no fertilizer-N was applied (Tables 8 and 9). These values 

indicate N deficiency, with values below reported critical levels (Peterson et al., 1993; 

Piekielek et al., 1995). Low and high rates of prior-year manure increased absolute and 

relative chlorophyll meter readings, indicating some residual manure-N effect. This was 

similar to the yield increases. Increases in ear leaf chlorophyll meter readings were larger 

with fertilizer-N application than for residual manure-N rates. Increases in readings with 

fertilizer-N application were similar for the no-manure check and prior-year low rate, but 

smaller with high prior-year rate. This suggests a greater possibility ofresidual manure-N 
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carryover from the high manure rate than the low rate. As noted with the yield increases, the 

amount of carryover effect from the high manure rate was not large, perhaps around 45 kg N 

h -1 a . 

At both sites, the late spring soil nitrate concentrations (Table 10) were obtained for 

the check, low and high prior-year manure application rates when no additional fertilizer-N 

was applied. At the Clay-2R site, the levels measured indicate that the late spring soil nitrate 

test did not discern the crop available-N carried over from the previous year application. At 

both sites, addition of 90 kg fertilizer-N ha-1 increased soil nitrate-N concentrations the same 

with all prior-year manure rates. The levels would indicate deficient N supply (with the 90 kg 

N ha-1 ), but yield response and leaf chlorophyll meter readings did not indicate this. The late 

spring soil nitrate test appears not to be sensitive to residual-N availability from liquid swine 

manure. 

Com stalk nitrate-N concentrations shown in Table 11 were very low for all 

treatments at both sites, and the com stalk nitrate concentrations were not sensitive to 

differences in residual-year manure-N supply as found with leaf chlorophyll meter readings 

or grain yields. Additional fertilizer-N increased stalk nitrate concentrations in the no-manure 

check, low, and high prior-year manure-N rates at both sites. However, none of the sites had 

stalk nitrate-N concentrations in the optimal range or higher, other than with 135 kg 

fertilizer-N ha-1 at the Webster-ZR site (that is not in the 700-2000 mg nitrate-N kg-1 range or 

higher). With the higher residual manure-N supply, this would have been expected at the 

Clay-2R site, but did not occur. 
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At the Webster-2R site, grain N (Table 12) did not increase considerably from the 

prior-year manure application, thus indicating little to no residual manure-N supply. 

Additional fertilizer-N increased grain N concentration, especially in the check and high 

prior-year manure rate. At the Clay-2R site, grain-N concentration increased in response to 

the prior-year manure rates. Additional fertilizer-N increased grain N concentration at all 

prior-year manure rates. This indicates some residual manure-Nat that site, but as found for 

yield and other com N status indicators, only a small amount. 

Conclusion 

Liquid swine manure application did not adversely affect soybean yield, even when 

applied at rates greater than 200 kg total N ha-I. Soybean yield increase was minimal at all 

the sites, though was statistically significant at three of the five sites with manure applied to 

the soybean crop and at one site where manure had been applied the year before to a com 

crop. Post-soybean harvest soil profile nitrate-N levels did not show large increase from 

manure-N application, or levels that would pose risk of large nitrate-N accumulation and 

potential for loss. A small residual-year manure-N response in com was measured at one site 

(for com grown after manured soybean) where a high manure-N rate (255 kg-N ha-I) had 

been applied to the prior-year soybean crop. At lower manure-N rates, no residual-year effect 

was measured in the com crop that followed manured soybean. It appears that if liquid swine 

manure-N rates applied to soybean are limited to no more than expected grain-N removal, or 

plant accumulation at maximum yield (generally 150-200 kg N ha-I), then soybean uptake of 

applied manure-N should be high, soybean yields not adversely affected (may be increased), 
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and residual-N accumulation minimized. However, if soybean yields are not increased, then 

economic loss of manure-N occurs. 
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Table 3. Effect of liquid swine manure application 
in field-length strips on soybean grain yield and the 
residual-year manure effect on soybean yield at 
soybean following com sites. 

Site 

Hardin-2 
Webster-2 
Clay-2 

2001 
Webster-IR§ 
Clay-4 
Washington-3 

Grain Yield 

- - - - - - - - Mg ha-1- - - - - - - -

3.75at 3.82a 3.76a 
2.85a 2.92b 3.00b 
3.2la 

2.33a 
3.17a 
3.27a 

3.26a 

2.39b 
3.40b 
3.44b 

3.33a 

2.52c 
3.44b 
3.56b 

t C, L, H represent check, low and high rates of 
manure applied before the soybean crop, or the 
previous year com crop. 
tMeans followed by same letter within a site are not 
significantly different (P ::::; 0.10). 
§Manure was applied to the previous crop com. 
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Table 7. Com grain yield response to residual manure-N, fertilizer-N, and 
residual manure-N plus fertilizer-Nin 2001, com following soybean sites. 

Fertilizer Webster-2R Clay-2R 
N Rate ct Lt Ht Mean C L H Mean 

kg N ha·1 - - - - - - - - - - - - - - - - - Mg ha·1 - - - - - - - - - - - - - - - - -

0 10.83 11.16 10.99 10.99 6.23 6.53 7 .87 6.88 
45 12.81 12.54 12.41 12.59 7.51 8.18 10.68 8.79 
90 13.08 13.50 13.88 13.49 9.36 9.24 10.19 9.60 
135 

Mean 

Source df 

Manure (M) 2 
Rep 2 
N Rate (N) 3 
NLinear(L) 1 

NQuadratic(Q) 1 
NResidual(R) 1 
MxN 6 
MxNL 2 
MxN0 2 
MxNR 2 
Contrastsi 
C0 vs. CN 1 

13.75 14.37 14.12 14.08 
12.24 12.40 12.43 

8.42 9.55 10.80 9.59 
7.70 7.98 9.58 

-------------P >F-------------

0.7770 0.0211 
0.2003 0.6319 

<0.0001 <0.0001 
<0.0001 <0.0001 
0.0398 0.0006 
0.7017 0.7703 
0.7840 0.1597 
0.7328 0.7278 
0.7397 0.6846 
0.4075 0.0238 

<0.0001 <0.0002 
L 0 vs. LN 1 <0.0001 <0.0001 
H0 vs. HN 1 <0.0001 <0.0001 

t C, L, and H represent check, low and high rates of manure applied before 
soybean in 2001. 
tsubscript 0 and N represent without and with fertilizer-N applied. 
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Table 8. Corn ear leaf chlorophyll meter reading response to residual 
manure-N, fertilizer-N, and residual manure-N plus fertilizer-Nin 2001, 
corn following sol'.bean sites. 

Fertilizer Webster-2R Clay-2R 
NRate ct Lt Ht Mean c L H Mean 

kg N ha·1 

0 57.0 59.6 58.2 58.2 41.2 46.7 49.8 45.9 
45 60.1 60.4 58.9 59.8 47.2 49.4 53.4 50.0 
90 61.3 60.2 61.7 61.1 51.5 51.7 54.7 52.6 
135 61.1 60.9 61.2 61.1 51.3 54.3 56.3 54.0 

Mean 59.9 60.3 60.0 47.8 50.5 53.6 

Source df ---------P >F---------

Manure (M) 2 0.9511 0.0197 
Rep 2 0.6992 0.1428 
N Rate (N) 3 0.0072 <0.0001 
Nunear(L) 1 0.0013 <0.0001 
N Quadratic(Q) 1 0.1918 0.0051 
N Residual(R) 1 0.7138 0.9410 
MxN 6 0.5009 0.0263 
MxNL 2 0.2772 0.0232 
MxN0 2 0.5227 0.0313 
MxNR 2 0.4999 0.5413 
Contrastst 
C0 vs. CN 1 0.0033 <0.0001 
L 0 vs. LN 1 0.4264 <0.0001 
H0 vs. HN 1 0.0489 <0.0001 

t C, L, and H represent check, low and high rates of manure applied before 
soybean in 2000. 
+ +subscript 0 and N represent without and with N-fertilizer applied. 
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Table 9. Relative chlorophyll meter reading response to 
residual manure-N, fertilizer-N, and residual manure-N plus 
fertilizer-Nin 2001, com following soybean sites. 
Fertilizer Webster-2R Clay-2R 

Nrate ct Lt Ht C L H 
kgNha-1 

0 
45 
90 
135 

------------%-------------
93.1 97.4 95.1 73.2 82.9 88.5 
98.2 98.7 96.2 83.8 87.7 94.8 
100.2 98.4 100.8 91.5 91.8 97.2 
99.8 99.5 100.0 91.1 96.4 100.0 

t C, L, and H represent check, low and high rates of manure 
applied before soybean in 2000. 
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Table 10. Effect of residual manure-N, fertilizer-N, and residual manure-N 
plus fertilizer-Non the late spring soil nitrate concentration in 2001, com 
following soybean sites. 

Fertilizer 
Nrate 

kgN ha-1 

0 
90 

Mean 

Source 

Manure (M) 
Rep 
N Rate (N) 
MxN 

df 

2 
2 
1 
2 

Webster-2R Clay-2R 
d 0 Ht Mean C L H Mean 
- - - - - - - - - - - - - - mg NOrN kg- - - - - - - - - - - - - - -
9 9 9 9 8 7 8 8 

21 15 17 18 18 17 17 17 
15 12 13 13 12 13 

-----------P >F------------

0.1639 0.9536 
0.5431 0.4498 
0.0031 0.0025 
0.4139 0.9898 

t C, L, and H represent check, low and high rates of manure applied before 
soybean in 2000. 
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Table 11. Effect ofresidual manure-N, fertilizer-N, and manure-N plus 
fertilizer-Non stalk nitrate concentration in 2001, com following soybean 
sites. 

Fertilizer Webster-2R Clay-2R 
NRate ct Lt Ht Meap c L H Mean 

kg N ha-1 - - - - - - - - - - - - - - mg NOrN kg-1 - - - - - - - - - -

0 29 16 10 18 10 10 10 10 
45 46 30 58 45 10 10 236 85 
90 260 149 616 342 17 72 131 73 
135 956 1023 2917 1632 135 239 495 290 

Mean 323 305 900 43 83 218 

Source df ---------P >F---------

Manure (M) 2 0.2285 0.0603 
Rep 2 0.3922 0.3856 
N Rate (N) 3 <0.0001 0.0311 
NLinear(L) 1 <0.0001 0.0089 

N Quadratic( Q) 1 0.0051 0.2794 

N Residual(R) 1 0.4249 0.2779 
MxN 6 0.0725 0.7359 
MxNL 2 0.0141 0.3858 
MxN0 2 0.2350 0.9876 
MxNR 2 0.9081 0.4884 
t C, L, and H represent check, low and high rates of manure applied before 
soybean in 2000. 
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Table 12. Effect ofresidual manure-N, fertilizer-N, and residual manure-N 
plus fertilizer-Non corn grain-Nin 2001, corn following soybean sites. 

Fertilizer Webster-2R Clay-2R 
N Rate ct Lt Ht Mean C L H Mean 

kg N ha-1 - - - - - - - - - - - - - - - - - g N kg-1 - - - - - - - - - - - - - - - -

0 10.01 11.25 10.77 10.68 9.28 9.89 10.72 9.96 
45 10.97 12.08 11.63 11.56 10.34 10.78 11.97 11.03 
90 12.04 11.96 12.03 12.01 11.33 11.76 12.12 11.74 
135 11.71 11.68 12.16 11.85 11.91 12.07 12.87 12.28 

Mean 11.18 11.74 11.65 10.72 11.13 11.92 

Source df -----------P >F-----------

Manure (M) 2 0.0454 0.0788 
Rep 2 0.0115 0.9731 
N Rate (N) 3 0.0086 0.0004 
NLinear(L) 1 0.0030 <0.0001 

N Quadratic(Q) 1 0.0583 0.4220 

NResidual(R) 1 0.8874 0.8867 
MxN 6 0.6631 0.9829 
MxNL 2 0.2274 0.8086 
MxNQ 2 0.9074 0.9983 
MxNR 2 0.7103 0.7596 
Contrastst 
C0 vs. CN 1 0.0073 0.0073 
L 0 vs. LN 1 0.3126 0.0076 
H0 vs. HN 1 0.0360 0.0209 
t C, L, H represent check, low and high rates of manure applied before 
soybean in 2000. 
+ 
+subscripts 0 and N represent without and with fertilizer-N applied. 
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Strip Width 

Check Low Manure High Manure 
Check High Manure Low Manure 

Check 
Low Manure High Manure 

Rate Rate Rate Rate Rate Rate 

I ~:~I ~:~I I ~::I ~:~I l~:~l~:!I I ~:!I ~:~I I ~:~I ~:~I I ~:~I ~:!I I ~::I ~:~I I ~:~I ~:~I I ~:~I ~:!I 

I Replication-I I I Replication-2 I I Replication-3 I 

Fig. 1. Example manure field-strip application design and split-plot fertilizer-N rates in residual 
year com sites (N-1, N-2, N-3, and N-4 represent the four fertilizer-N rates). 
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GENERAL CONCLUSIONS 

The objectives of these studies were to: one, determine the effect ofliquid swine 

manure-N on com and soybean production in producers' fields; and two, determine second 

year effect of residual manure-N when com follows soybean. 

Liquid swine manure application was able to provide adequate-N to com in field-

length strips across production fields. The high manure total-N rate consistently provided all 

of the com N needs, and perhaps more than adequate-Nin some instances. The low manure 

total-N rates frequently did not supply enough N because the low rate applied was not 

sufficient to meet com N needs at those specific sites. Addition of fertilizer-N did not 

increase com grain yield in combination with the high manure rate but often did with the low 

manure rate. As with prediction of needed fertilizer-N rates, it is difficult to predict liquid 

swine manure-N application rates because of differences in specific site N requirements. This 

was noted in our study where different fertilizer-N requirements and differential response to 

manure-N rates occurred between different sites. The amount of post-harvest soil profile 

nitrate-N (total in 120 cm) did not increase significantly with manure application when rates 

were not excessive. Addition of fertilizer-Non top of the highest manure rates increased the 

amount of residual profile nitrate-N significantly. Results clearly showed that liquid swine 

manure-N is highly crop available, and that only when manure-N rates are not adequate to 

meet com-N needs is supplemental fertilizer-N application is needed. 

Liquid swine manure application did not decrease soybean yield, even when applied 

at rates greater than 200 kg total-N ha-1• Soybean grain yield was significantly increased at 

several sites, but the yield increase was minimal. Because soil test P (STP) and soil test K 

(STK) was optimal to low at some sites, yield increase could be due to manure P and K 
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application, or residual P or K, at these sites. However, when STP and STK were high to 

very high, reasons for yield increase are not known. Post-soybean harvest soil profile nitrate-

N levels did not show large increase from manure-N application, except when total manure-

N application was well over soybean N uptake and grain removal. When rates ofmanure-N 

were at or below expected grain N removal, there was no build up of residual profile nitrate 

and therefore should not pose an enhanced risk of nitrate-N loss. 

A residual-year manure-N response was measured at one site (for com grown after 

manured soybean) where a high manure-N rate (255 kg total-N ha-1) had been applied to the 

previous soybean crop. However, the estimated amount of residual N was low 

(approximately 45 kg N ha-1). At lower manure total-N rates, no residual-year effect was 

measured in the com crop that followed manured soybean. Generally, if liquid swine manure 

total-N application rates to soybean are limited to no more than expected grain N removal 

amounts, or plant accumulation at maximum yield (generally 150-200 kg N ha-1), then 

soybean uptake of applied manure-N should be high, soybean yields not adversely affected 

(may be increased), and residual nitrate-N accumulation minimized. However, if not 

monitored by soil testing, soil test P could increase to environmentally problematic levels 

with high manure rates or frequent application in the com-soybean rotation. 

This on-farm study has shown that liquid swine manure is an excellent source ofN 

for com production. Management should consider that the manure total-N is highly crop 

available, and because of this best management should consider practices that minimize 

potential for loss (late spring application, injection, etc.) and that consider estimates of 

needed N. 
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