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ABSTRACT 

Soil nitrogen (N) distributions with respect to 

species and depth were determined beneath five cattle 

confinement facilities and a single irrigated field 

location in Portage county, Wisconsin. Cattle barnyards 

studied ranged in size from 0.04 to 0.97 hectares and in 

stocking density from 11 to 277 square meters per animal 

(m2/animal), respectively. The five barnyard sites were 

separated into two groups: 1.) heavily stocked yards (<80 

m2/animal), with residual manure accumulations on their 

surface; and 2.) those which were stocked at a lower rate 

(>80 m2/animal), or had minimal organic carbon (O.C.) 

accumulations. 

Data obtained from seven barnyard soils indicate that 

organic matter combined with soil compaction at a barnyard 

surface restricts water infiltration and soil-atmosphere 

oxygen transfer and controls the soil N forms. The 

presence of O.C. greater than 2% combined with stocking 

densities greater than 80 m2/animal resulted in an average 

nitrate concentration of 1.7 mg/kg at depths below 30 cm 

beneath five of seven barnyard soils studied. Beneath the 

same five barnyard soils 83% to 97% of inorganic N measured 

was in the ammonium form (NH4-N). A positive correlation 
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of NH4-N to surface O.C. was identified (r=0.879). Factors 

of manure loading and animal density are thought to 

contribute to this relationship. Potassium was also 

positively correlated to NH4-N and found to be an indicator 

as to the depth of manure loading beneath sandy barnyards 

where NH4-N was the predominent form of inorganic N 

present. 

Within two barnyards where manure sealing of the 

surface did not occur, 72% to 84% of all inorganic N was 

found in the NO3-N form. Surface infiltration data 

suggested that leaching of NO3-N occurred under these 

conditions. 

Feedlot management that insured an intact manure 

surface did not result in rapid vertical NO3-N leaching 

beneath confinement areas; runoff beyond the confinement 

areas with subsequent leaching may have posed a groundwater 

problem in these cases. Uncompacted perimeter zones near 

fences were also areas that may have contributed NO3-N to 

groundwater from mineralization of manure Nat the barnyard 

edges. Low stocking densities or manure removal practices 

yielded lower total Non barnyard surfaces, but the 

majority of inorganic N was in the mobile NO3-N form. 
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INTRODUCTION 

Groundwater is the primary drinking water source for 

residents of Central Wisconsin. In rural areas, 

essentially 100% of water supplies for human and livestock 

consumption originate from groundwater. The unique geologic 

formations of Pleistocene age sands and gravel that furnish 

this readily available supply of water cover the majority 

of Portage, Wood, Adams, Juneau, and Jackson counties. The 

term "Central Sands" is often used to describe this region; 

its geologic designation is the sand plain province (Fig. 

1). The broad areal extent, shallow depth below ground 

surface, and high transmissivity of this aquifer make it a 

readily accessible water supply source. Preservation of 

water quality in the Central Sands aquifer has recently 

been drawing significant attention. The rapidly permeable 

soils and shallow depth to groundwater also make the 

aquifer extremely susceptible to contamination. 

While great concern is currently being given to the 

relationship of intensive cash crop farming and nitrogen 

(N) in groundwater, relatively little has been done to 

investigate the potential contribution of nitrate nitrogen 

containing compounds from animal wastes on farms located in 

the same areas. The purpose of this study is to evaluate 

the potential contribution of N fractions to groundwater 

beneath cattle yards located on sandy soils in Portage 

county. 

The U.S. Environmental Protection Agency (EPA) has set 

a maximum contamination limit (MCL) for nitrate nitrogen 
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N 
Portage County 

Figure 1. Location of Portage County within the sand plain 
province, central Wisconsin. (Adapted from Saffigna, 
1978.) 
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(NO3-N) at 10 milligrams per liter (mg/L) in groundwater 

(EPA, 1986). On October 1, 1985, Wisconsin enacted a 

groundwater bill (N.R. 140) designed to aid in the 

protection of its groundwater reserves. According to the 

recommendation of the Department of Health and Social 

Services, the state of Wisconsin adopted the MCL of 10 mg/L 

for NO3-N set by the EPA as a groundwater standard and 

adopted 2 mg/1 as a preventative action level (Anderson, 

1985). As an example of how widespread the N contamination 

problem can be, a survey conducted by the Department of 

Natural Resources (DNR) during 1982 and 1983 revealed that 

of 1,020 private wells sampled in 14 western Wisconsin 

counties, 161 (15%) exceeded the enforcement standard set 

for NO3-N (Schmidt, 1985). 

The establishment of these maximum contaminant levels 

are based on medical research indicating that infant 

methemoglobinemia can be induced by ingesting drinking 

water in excess of the MCL. The condition is most often 

found in children from birth to 3 months of age. In the 

most recently published manual for drinking water criteria 

(EPA, 1986) the EPA reported that approximately 2000 cases 

of infant methemoglobinemia have been recorded in Europe 

and North America since 1945; 7 to 8 % of the affected 

infants died from the effects. 

Although few in number, incidences of ill-effects in 

livestock have also been documented. Osweiler (1973) 

isolated the fact that NO3-N levels of feed and water are 
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additive and both must be considered when evaluating a N03-

N problem. Ruminants, primarily sheep and cattle, are most 

susceptible to this kind of health impairment (Jackson and 

Webendorfer, 1983). Because of the associated health 

risks of N03-N contaminated water for humans and animals, 

this study has been implemented as an effort to evaluate 

potential for nitrate groundwater contamination from animal 

wastes on sandy soils. 

Animal wastes have previously been identified as 

potential sources for groundwater contamination (Elliot, 

et. al. 1972). Elliot cited this to be the case where 

animals are confined to small areas such as feedlots or 

limited pastures. Feed from adjacent cropland is 

transported to the confining yard as an alternative 

practice to pasture feeding and grazing. This results in 

large quantities of nutrient rich animal wastes that 

accumulate on barnyard surfaces. Of all elements besides 

carbon, hydrogen, and oxygen that are found in wastes, N is 

second in percent composition only to potassium. This 

large pool of Nin manures represents a concentrated 

source which could ultimately gain entry to a groundwater 

system. Although the extended area of groundwater impact 

from barnyards is probably limited, (Miller, 1971), the 

possibility of contaminating water supplies near farmyards 

and neighboring areas is strongly suggested. 

Animal production in Wisconsin typically centers 

around a prominent dairy industry. The number and size of 
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farms involved with animal production in the state has 

changed drastically during the past 30 years. Figure 2 

displays the relationship between total numbers of farms 

and cattle numbers over a three decade period of time. 

Total livestock farms have dropped 50%, while cattle 

numbers have remained relatively constant. This has resulted 

in an increase of the average herd size maintained on any 

given farm. 

Agriculture Census data for the Wisconsin animal 

production industry indicate that, in 1950, the average 

number of cattle per farm was 25 and it had increased to 71 

by 1982. During a 32 year period from 1950 to 1982, the 

total number of acres pastured in the state dropped by 60%. 

These statistics indicate that, to an increasing degree, 

cattle are being confined to smaller areas for housing and 

feeding purposes. The data also indicate a three fold 

increase in manure production, from 246 metric tons (T, wet 

weight) per farm to 700 T per farm, that could pose a 

greater non-point source for groundwater contamination. 

Intensive research of N distributions in soil profiles 

beneath livestock yards has been conducted in Nebraska and 

Colorado where large beef feedlots are common (Norstadt, 

1982; Schuman, 1975; Mielke, 1974; Elliot, 1973; Elliot, 

1971; and Stewart, 1967). The results of these studies may 

not be directly applicable to determine if groundwater 

contamination occurs beneath barnyards in Central 

Wisconsin. The animal stocking rates in this state are 
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Figure 2. Trends of farm and cattle numbers in Wisconsin 
over a 32 year period from 1950 to 1982. 

generally much lower than in western states, despite the 

centralization of Wisconsin herds. Annual precipitation in 

Wisconsin is also greater than amounts found in western 

states and therefore presents a greater possibility of 

leaching animal waste constituents. 

In Portage county, dairy cows, young stock, and dairy 

beef cattle are often confined on sandy soil barnyards of 

varying size and management. Interest has been directed 

toward identifying whether or not livestock facilities pose 

a groundwater problem. The criteria for defining a problem 

barnyard will be the likelihood or actual loading of 
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groundwater with N03-N above the 10 mg/L MCL. Thus, based 

on the need to investigate possible groundwater 

contamination with respect to animal wastes, the principle 

objectives of this study are the following: 

1) measure the vertical distribution and relative 
amounts of inorganic and organic nitrogen beneath five 
cattle yards; 

2) characterize the barnyard profiles for 
exchangeble calcium, magnesium, potassium, and sodium, 
pH, organic matter, and soil texture, and determine 
the relationship between these variables and parameters 
to observed nitrogen levels; 

3) evaluate the physical factors influencing 
surface infiltration on these cattle yard soils; and 

4) identify the relationship between barnyard 
animal management and N groundwater contamination 
potential between study sites. 

This paper represents a portion of a larger project 

funded by the Department of Natural Resources (DNR). The 

project was initiated as a case study to determine if five 

barnyards located on the sand plain of Central Wisconsin 

are contributing N to groundwater. This thesis discusses 

all research pertaining to soil evaluation. A separate 

thesis will review the groundwater aspect of the project. 

Thus, from the standpoint of this thesis, the potential of 

barnyards impacting groundwater is considered based on soil 

data and includes only a brief discussion of actual 

groundwater data. 
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LITERATURE REVIEW 

Groundwater Impacts of Animal Feedlots 

In 1967, Viets, Hutchinson and Kemper, working through 

the U.S. Department of Agriculture, published a study which 

investigated certain characteristics of soil profiles and 

groundwater beneath various kinds of agricultural uses. 

Their objective was to evaluate the extent to which 

different land uses contributed N to groundwater supplies. 

One aspect of their study considered N leaching beneath 

feedlot areas occupied by cattle. The findings of Viets, 

et al. (1967) were not conclusive but variable in terms of 

identifying groundwater contamination from the 47 

confinement sites studied. 

Following this classic study, awareness of 

agricultural practices that could potentially impact 

groundwater supplies increased (Mielke and Ellis, 1976). A 

substantial effort to study the effects of the beef feeding 

industry was undertaken by a number of researchers (Elliot 

and Mccalla, 1972; Mielke, 1973; Elliot et al., 1973). 

Research pertaining to animal wastes and their 

relationship to groundwater quality has been conducted in 

several parts of the country but with conflicting results. 

Nitrate-N has been found to accumulate beneath some feedlot 

areas but not others (Elliot et al., 1973). Despite the 

close proximity of N contaminants on a feedlot surface 

(silt loam) to a shallow aquifer, little evidence of 

pollution was found in the groundwater by Mielke (1973). 
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Smith (1967), studying groundwater quality in Missouri, 

attributed high NO3-N in some aquifers of that state to 

animal wastes. Although N contribution to groundwater was 

found beneath a feedlot in Alberta, Canada (Sommerfeldt 

et al., 1973), the amount was considered minimal and 

dispersion of the N was noted with greater distance from 

the source. 

Elliot et al. (1972) gathered data beneath a level 

feedlot for a one year period by means of underground soil 

water collectors. His conclusions were that some 

nitrification occurred nea~ the feedlot surface but 

subsurface NO3-N concentrations never exceeded 3 mg/1 in 

the soil profile and indicated that little, if any, NO3-N 

ever reached the groundwater from the yard surface. Mielke 

and Ellis (1976) looked at the possibility that abandoned 

cattle feeding facilities might have greater detrimental 

effects on groundwater than those operated continually 

throughout the year. They discovered that the average NO3-N 

concentration was 3.9 times greater for the abandoned 

feedlot cores than for an active feedlot; the abandoned 

feedlot posed a more significant groundwater pollution 

potential. Gillham and Weber (1960) proposed the same 

relationship as Mielke and Ellis had. 

Adriano et al. (1971) measured NO3-N, chlorides (Cl) 

and salt concentrations in soil profiles and groundwaters 

beneath dairy cattle corrals, pastures, and manure disposal 

areas in Southern California. Results showed that 
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concentrations of soil NO3-N and Cl were highest beneath 

corrals, followed by pastures, and finally cropland areas. 

Water analysis of the same constituents were highest first 

beneath pastures, followed by corrals and then by cropland. 

A study of two sandy barnyards in Wisconsin was conducted 

by Johaneson (1979). Groundwater NO3-N concentrations were 

found to be above the 10 mg/1 safe limit directly beneath 

one barnyard stocked at 36 m2/cow, but the NO3-N 

concentration was dispersed to less than 10 mg/1 a short 

distance away (30 m). The second yard studied by Johaneson 

was located over a fine textured sub-soil layer that 

appeared to limit water flow into the aquifer, promoting 

denitrification which resulted in soil solution NO3-N 

concentrations less than 2 mg/1 below the clay layer. 

The most likely reason for the varied conclusions 

regarding animal wastes causing groundwater contamination 

probably lies in the fact that for any given study, site 

conditions are variable and can produce a range of results. 

Viets (1974), suggested that NO3-N contamination beneath 

animal feedlots could occur: 

1. before an impermeable manure pack develops 
when the feedlot is first established; 

2. on abandoned lots when the manure pack is 
penetrated by weeds and the urinary load of NH4-N is 
no longer present; 

3. on lots stocked with an insufficient number of 
animals (<100 head of cattle/hectare); 

4. on lots that are cleaned of manure, thereby 
exposing soil; 

5. on lots that are used only seasonally. 
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In Central Wisconsin it is likely that any of these 

conditions or a combination of these conditions exist which 

creates situations condusive to groundwater contamination. 

Viets (1974) also indicated that the potential for 

groundwater pollution with NO3-N appears to be high in 

holding areas and in pastures stocked at much lower 

densities than modern cattle-feed yards. Areas surrounding 

animal confinement will also be potential groundwater 

contamination areas where high nutrient load runoff water 

has an opportunity to infiltrate well aerated soils. 

Physical and Chemical Characteristics of Animal 
Confinement Areas 

The management practice of concentrating cattle on 

earth-surfaced areas or barnyards creates a unique set of 

conditions that are not commonly found elsewhere. It is 

suggested that the characterization of the conditions that 

exist in confinement areas is of great importance in 

evaluating an area's potential for soil or water pollution 

(Mielke et al. 1974). 

The most significant condition is the buildup of 

residual manures over periods of time such that levels can 

exceed those of cropland where manure is regularly applied 

for disposal (Adriano et al. 1971). A 454 kg steer will 

excrete approximately 27 kg of waste daily: 6.4 kg of 

urine, and 20.6 kg of feces (Mathers et al., 1969). Since 

these wastes are about 85% water, 4 kg of dry manure is 
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produced per animal per day, or, in terms of N, 0.19 

kg/animal/day. Table 1 provides a summary of the major 

elements and components of cattle manure. To some degree 

these wastes are incorporated with the surface mineral soil 

through stirring action by cattle hoofs and downward 

leaching (Dantzman et al. 1983). 

Table 1. Mean percent composition of animal manure 
nutrients taken from 23 feedlots.* 

NUTRIENT 

Nitrogen (N) 
Phosphorus (P) 
Potassium (K) 
Sodium (Na) 
Calcium (Ca) 
Magnesum (Mg) 
Water (H2O) 

FRESH MANURE (%) 

1.34 
0.53 
1.50 
0.74 
1.30 
0.50 

85.00 

*From T.M. Mccalla, J.R. Peterson and 
C. Lue-Hing, 1977; A.C. Mathers, et al., 1969. 

The extent to which manures accumulate is a direct 

function of livestock management and what the phrase "good 

manure management" means to any given farm operator. 

Without mechanical removal, the total amount of all mineral 

elements on the surface of a yard increases with time. The 

elements of carbon and N can both be lost quickly in the 

form of volatile gases; N losses can also occur due to 

leaching. (Gillham et al. 1979). Mathers and Stewart 

(1969) found that 60% of all CO2 measured during a 90 day 

incubation study was released in the first 10 days which 
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indicated that decomposition of manure mixed with soil is 

most rapid initially, and occurred very slowly thereafter. 

Forty percent of animal feces are microbial and 

intestinal cells. According to Mccalla et al. (1971), 

once this biomass is deposited on the feedlot surface, it 

changes rapidly in chemical and microbial composition 

mainly as a result of microbial activity. Microorganisms 

convert complex carbohydrates and proteins to more simple 

compounds. Under aerobic conditions, these compounds are 

converted largely to CO2 and H20. If the organic material 

decomposes anaerobically, aromatic compounds can be 

released in the form of amines and fatty acids most of 

which can have an objectionable odor. As manure breakdown 

and accumulation proceeds, resistant byproducts to 

decomposition form stable humus compounds. 

Elemental composition of manures depend on feed stuffs 

cycled through animals (Table 1). Accumulation of manure 

on barnyard surfaces results in a buildup of mineral 

elements and a high level of soluble salts (Dantzman et al. 

1983). They found, for example, that P and K increased 50 

and 133 times, respectively, over control profiles after 10 

years. Elevated electrical conductivity of groundwaters 

beneath cattle yards was detected by Sommerfeldt et al. 

(1973) which indicated that contamination had entered the 

water table system being monitored. The pH of feedlot 

surfaces, another important chemical variable that can 

influence biological activity and nitrogen pathways, is 
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often reported to be greater than 8.0 (Norstadt et al. 

1985). 

Physical and biochemical processes all contribute to 

the formation of a feedlot surface. Mielke et al. (1974) 

discuss the fact that there are at least three identifiable 

layers that form as a result of organic accumulation 

(Fig.3). Beneath the manure surface a manure-soil 

interface begins to develop, and is uniquely different from 

the manure layer above and the top of the mineral soil 

profile below. They found this layer to be most pronounced 

at the 10-15 cm depth. Mielke suggested that the high 

potassium level of urine and manure lead to dispersion of 
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Figure 3. Volatile solids by percent weight loss by 
ignition in surface layers of a beef cattle feedlot 
(Mielke et al., 1974). 

14 



any structured clay or organic aggregates. Schuman, et al. 

(1975) found that K occupied 75% of a feedlot surface soil 

exchange capacity and could ultimately lead to 

deterioration of soil physical properties through the 

dispersion of aggregates. Cross et al. (1971) noted that 

with increasing waste applied to leaching columns, greater 

concentrations of Na and K were also measured in the 

leachate. There was also a corresponding reduction of the 

columns' hydraulic conductivity, which was attributed to 

the monovalent cation dispersal of soil colloids. 

Microbial decomposition produces various byproducts 

such as organic gels and polysaccharides that reduce water 

infiltration (Mielke et al., 1974). Hydrophilic 

substances in the manure surface swell upon wetting and 

slow water movement through the surface layers. In a study 

of a level feedlot in Nebraska, Mielke (1973) noted that 

most if not all the water reaching the lot by precipitation 

and animal wastes was lost by evaporation. A similar 

observation has been made by Sommerfeldt et al. (1973); 

Schuman et al. (1975); and Norstadt et al. (1985). 

Long time occupation of an earth-surfaced yard by 

cattle can significantly affect the bulk density (B.D.) of 

a yard surface (Mielke et al., 1974). Figure 4 is a graph 

of B.D. measurements taken from a feedlot in Nebraska. A 

density of 0.75 g/cm3 was measured at the yard surface as 

opposed to 0.4 g/cm3 outside the yard. The most compact 

layer occurred at the manure-soil interface (1.75 g/cm3). 
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When this increase in density occurs with respect to cattle 

occupancy is not completely understood. It is thought that 

the most significant stage of formation of mineral soil 

compaction is when cattle are first concentrated in an 

area prior to the organic layer accumulation. 

Infiltration measurements were attempted at the same site 

where density measurements were collected by Mielke. It 

was found that infiltration was too slow to be recorded 

over several hours. Mielke et al. (1974) set up a 20-day 

infiltration test at a different feedlot and noted no 

measurable infiltration over that period of time. Their 

conclusion was that water falling on those feedlots leaves 

as runoff or evaporation. They did state, however, that 
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any water entering the mineral soil profile could act as a 

transport medium to move chemicals in solution. 

Chemical transport of pollutants through the feedlot 

surface has been suggested to be very slow because of the 

following unique physical properties of a feedlot: 1) 

large organic matter accumulations at the feedlot surface; 

2) manure-soil interface formation; 3) deterioration of 

soil structure due to high monovalent cation accumulation; 

and 4) sub-soil compaction resulting from animal traffic. 

If vertical movement of soluble pollutants from animal 

wastes is inhibited to any extent it is probably most 

dependent on the degree to which organic accumulations have 

developed, and their effect on reducing water movenment. 

The Nitrogen Cycle of Animal Confinement Areas 

Nitrogen, of all elements involved with agricultural 

production, is probably the most widely limiting for plant 

and animal growth. Yet it is also an element which is the 

focus of much concern in the pollution of the environment. 

To fully understand the characteristics of N accumulation 

and movement in a feedlot situation it is essential to 

understand the transformations and mobility of Nin wastes 

encompassing the whole spectrum of the N cycle. 

Figure 5 is an adapted view of the nitrogen cycle from 

Elliot and Mccalla (1973). A 454 kg animal will excrete 

approximately 69 kg of N annually from both urine and 

feces. The N forms in fresh excrement are mainly NH4-N and 
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organic N (Elliot and Mccalla, 1973)--urea in urine, and 

NH4-N and organic Nin the feces. Feces will contain 

relatively small amounts of NO3-N while the urea in urine 

can represent up to 52% of the total Nin combined wastes. 

Following deposition on the ground surface, chemical change 

begins almost immediately. Urea is rapidly converted to 

CO2 and NH3-N by the microbial enzyme urease, at which 

point NH3-N can be lost to the atmosphere by volatilization 

or, on contact with free water, NH4-N is formed. Stewart 

(1970) reported the fact that when urine was added at four 

day intervals to an essentially dry silty clay loam soil, 

90% of the N was lost as ammonia gas. However, if urine 

was added every two days to moist soi 1 of the same texture 

(15% moisture), less than 25% of the N added was lost in 

this manner. According to Mielke (1973) this 

volatilization loss is a major exiting pathway for N from 

the feedlot. 

The following equations show these previously 

discussed pathways. It should also be noted that the end 

result of equation three is a base forming reaction: a 

process that can result in increased pH values over the 

life of a barnyard. This may result in additional 

volatilization loss of N as ammonia if pH values remain 

greater than 7 .O. 

urease 
1.) CO(NH2)2 + H2O --~ 2NH3 + CO2 

_____ ..., NH3 ( g) 2.) Dry soil: 
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+ 3.) Moist soil: ------- NH3 + H2O --+ NH4 + OH 

4.) Moist soil, pH >7.0: 
+ 

Organic N ~ NH4 + OH--~~NH3 + H2O 

If anoxic conditions exist in the soil surface, 

anaerobic metabolism will also result in ammonia gas 

production or odorous reduced carbon compounds such as 

amines. During both aerobic and anaerobic processes some 

of the N is retained to build microbial cells. 

Mathers and Stewart (1969) reported that approximately 

50% of the N added as manure in a 90 day incubation study 

was recovered as mineral N, thus indicating rapid 

mineralization of N from wastes. Approximately 50% of the 

mineralized N was available within 10 days. Gillham and 

Weber (1979) reported a 35%, 15%, 10%, and 5% availability 

of N from feedlot wastes for crop use in the first, second, 

third, and fourth years, respectively, following 

application. The effect of high stocking density of some 

confinement surfaces may slow the aerobic decomposition 

release rates reported in these field studies and favor the 

accumulation of organic N forms within feedlots. 

Following NH4-N production from organic N, NH4-N may 

become attached to the soil or organic matter cation 

exchange complex and be held there (Fig. 5). Normally NH4-N 

has been thought to be more closely associated with the 

negative exchange sites of soil clays and organic matter as 

opposed to NO3-N, and therefore does not have the same 
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leaching potential as N03-N. Chances of NH4-N leaching may 

be increased due to competition for exchange sites by other 

base cations which are found in higher concentrations 

beneath barnyards than under normal soil conditions. 

Nitrification is the other major pathway which NH4-N is 

subject to under most normal soil conditions. It is a 

chemo-autotrophic process requiring aerobic conditions, and 

is facilitated by the bacteria Nitrosomonas and Nitrobacter 

which results in the formation of N03-N. Equations 5 and 

6 show this two-step oxidation process: 

+ Ni trosomonas _ + 
5.) NH4 + 1 1/2 02 ---------~ N02 + H20 + 2H 

Nitrobacter -6.) N02 + 1/2 02 ---------~ N03-

If reaction 5 were suppressed, inorganic N would 

accumulate in the NH4-N form rather than N03-N (Walworth, 

1980); given an NH4-N source, nitrifying bacteria, carbon, 

and oxygen, N03-N is the form of N that would ultimately 

result. Nitrate, an anionic chemical species, is much more 

susceptible to leaching than NH4-N. In sandy soils, N03-N 

movement can be very rapid as demonstrated by Olsen (1969), 

who detected a significant pulse of N03-N through a 

Plainfield sand profile following a single application of 

NH4N03 fertilizer in the fall. 

It has been suggested by several investigators that 

high salt concentrations in addition to elevated NH3-N 

levels may inhibit nitrification (Johnson et al, 1963). 

Norstadt et al. (1982) reported this to be the case as 
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they observed buildups of NH4-N and salts in feedlot 

profiles over a four year period. Conditions lacking 

oxygen also prevent nitrification from occurring. This was 

indicated by Elliot and Mccalla (1972). They found high 

levels of methane (CH4) and low levels of NO3-N below the 

manure-soil interface and concluded that reducing 

conditions existed. Olsen, et al. (1970) also reported a 

buildup of NH4-N in excess of measurable NO3-N to a depth 

of 60 cm beneath four barnyards. The imbalance of 

NH4-N:NO3-N was assumed to stern from poor soil aeration and 

thus inefficient nitrification. 

Provided that reducing conditions do not prevail in 

the soil environment, the potential for vertical NO3-N 

migration with soil water exists, and ultimately the entry 

into a groundwater system. Sandy soils with high 

infiltration rates and relatively shallow depths to 

groundwater are conditions where the mobility of NO3-N 

is most likely to result in groundwater pollution. 

Denitrification is a pathway for NO3-N that seems to 

be very important in reducing NO3-N levels within and 

beneath feedlots. It is a bacterial reduction of NO3-N to 

nitrogenous gases which may be lost from the soil to the 

atmosphere. The following sequence of nitrogen reduction 

is suggested by Payne (1973): 

NO3 --+ NO2 --+ NO ~ N2O ~ N2 

Denitrifying bacteria are mainly aerobes of the genera 

Pseudomonas, Bacillus, Micrococcus, and Achrornobacter. 
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Besides a necessary carbon source for this process to occur 

optimally, the pH range for denitrification is slightly 

alkaline with most reports showing about 7.0-8.0 to be the 

highest (Martin and Focht, 1977) with temperatures ranging 

from 18.3-23.9 C. 

In the study by Elliot and Mccalla (1972), there was 

an apparent denitrifying environment indicated by the 

anaerobic metabolite CH4. The level of compaction and lack 

of water infiltration through the surface had apparently 

limited gaseous transfer from the atmosphere to beneath the 

feedlot. The abundant supply of carbonaceous material in 

soils beneath feedlot surfaces provide an ample energy 

source for denitrifying bacteria (Johaneson, 1979). 

Norstadt et al. (1975) found that, within a single 

feedlot, there were conditions exhibiting both aerobic and 

anaerobic characteristics. Aerobic conditions were found 

near the center of the feedlot, a low animal-use area, and 

anaerobic conditions were found adjacent to the feed bunk, 

an area subject to high animal use. Methane and elevated 

nitrous oxides were collected in gas sampling tubes beneath 

the anaerobic location but not at the other. 

A final pathway for N to leave a barnyard or feedlot 

environment would be by means of surface runoff. Any time 

that the intensity of rainfall exceeds the surface 

infiltration rate, ponding or overland flow will occur. 

Runoff from feedlots can contain solid nitrogenous 

compounds, soluble organic N and mineral forms of NH4-N and 
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NO3-N (Viets et al., 1971). The fact that several authors 

found little evidence of infiltration within feedlot soil 

profiles (Nordstadt et al., 1985; Schuman et al., 1975; 

Sommerfeldt et al., 1973) indicated that the movement of N 

in runoff to receiving areas may be significant with 

respect to groundwater pollution potential. Gilbertson et 

al. (1970) found that soil profile NO3-N levels of buffer 

areas receiving runoff were increased over those of 

feedlots one year after feed lots had been constructed. 

The N cycle of animal wastes is a complex phenomenon 

that is dynamic in nature. The constant fluctuations in 

the chemical and biological processes are driven by the 

environmental factors of temperature, moisture, and 

atmospheric exchange. These are in turn influenced 

strongly by the specific conditions of the site where the 

wastes are located. The potential for N pollution of 

groundwater beneath barnyards is related to the movements 

and transformations of N beneath these barnyards; 

therefore, management and evaluation of barnyard facilities 

should take into account the factors affecting the form and 

mobility of N present. 
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MATERIALS AND METHODS 

Study Sites 

Three Portage County dairy farms were selected for 

study (Fig. 1) based on the following two criteria: 1) the 

barnyards were located on coarse sandy soils, and 2) the 

groundwater table was within three meters of the land 

surface. Owner cooperation also was a factor. These 

criteria were chosen because they represent conditions that 

make groundwater susceptible to contamination. Two of the 

farms had two barnyard sites each, with a single site on 

the remaining farm. 

Field Assessment of Variability 

Preliminary soil sampling for N was conducted in 

November of 1985 (Table 2). Core samples were obtained by 

using a 7.5 cm diameter bucket auger; individual samples 

were ·collected in 30 cm increments from ground surface to 

the water table. Three cores were randomly augered in the 

five barnyards to identify variability, along with a single 

upgradient field core for comparison purposes. Samples 

were tested for NH4-N, NO3-N + NO2-N, and Kjeldahl-N. 

On April 28, 1986, three soil cores were augered 

within one meter of each other at two locations within site 

2 (Table 3). Thirty cm increment samples were taken in the 

same manner as described for the fall of 1985 and tested 

for NH4-N and NO3-N. 

Field Sampling 

Based on results of preliminary N data from the fall 

of 1985 and spring of 1986, the following sampling strategy 
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was established for evaluating the five barnyards. Sites 1 

and 2 each had two sampling positions. Sites 3, 4, and 5 

contained one apiece. Two positions were selected at sites 

1 and 2 to account for differences in surface soi 1 drainage 

and animal loading. The two positions within the feedlot 

conditions of site 1 were represented by: a) poor surface 

drainage, and b) moderate surface drainage with heavier 

manure loading. Site 2 sampling considered a) poor surface 

drainage with heavier manure loading, and b) good surface 

drainage. Site 3 was a poorly surface drained dairy 

barnyard. Site 4 was a well drained dairy barnyard with 

very little loading, and site 5, a well drained, heavily 

loaded dairy barnyard with manure removal on a biweekly 

basis. A further description of the barnyards will be 

given in the following chapter. In addition to the seven 

barnyard sampling positions, an irrigated field position 

was established adjacent to site 1 along with a fallowed 

soil for comparison purposes. 

The barnyard positions were sampled seven times 

between May 3 and September 2, 1986, with all samples being 

analyzed for NH4-N, N03-N + N02-N, and water content. The 

sampling intervals were structured to account for sampling 

following precipitation exceeding 2.5 cm as well as periods 

of no rainfall (Fig. 19). This was done in an attempt to 

determine what effects these conditions had on nitrogen 

movement and transformations in surface and subsurface 

soils. Samples were obtained using a bucket auger as 
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described for the fall of 1985. Depth increments of 0-15 

cm and 15-30 cm were taken at the surface with the 

remainder of the cores sampled in 30 cm increments down to 

the water table surface, with the exception of site 3 where 

coarse fragments limited sampling to 90 cm. 

Incremental samples obtained within barnyards were 

composites of five single cores combined at similar depths. 

The five single cores per composit core were taken along 

a straight transect with cores spaced one meter apart. 

Repetitive transects for composit sampling throughout the 

season were placed within a 1.5 m x 6.0 m area in an 

attempt to sample similar barnyard conditions over time. 

At the field location adjacent to site 1, samples were 

taken on June 13, Aug. 4, and Sept. 2. All bucket auger 

holes were back filled, with soil returned to its 

respective depth in the profile. The top 30 cm of the 

holes were filled with bentonite clay to prevent 

preferential infiltration. 

Laboratory Analysis 

All soil samples for N analysis were stored in an ice 

chest while in the field and maintained at 4 degrees C 

until laboratory testing could be conducted. Prior to N 

analysis, moist samples were passed through a 10 mm sieve 

to remove coarse fragments. Kjeldahl-N was determined on 

the single May 3 sample set for the barnyards and the June 

13 samples for the field profile adjacent to site 1. The 

remaining soil from these same samples were air dried and 
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had the following parameters measured: exchangeable 

potassium (K), sodium (Na), magnesium (Mg), calcium (Ca), 

pH, organic carbon, and percent sand, silt, and clay. In 

addition, distilled water, extractable chloride (Cl) 

analysis was run on a set of midseason samples for all 

sites. 

Inorganic N was determined by steam distillation as 

described by Keeny and Nelson (1982) to+/- 1.6 mg/kg for 

NH4-N and+/- 1.9 mg/kg for NO3-N of reported values at the 

95% confidence level. Amounts of NO3-N in the soil 

solution were based on soil moisture content at the time of 

sampling which was near field moisture capacity for all 

except surface samples and samples at or near groundwater 

level in the capillary fringe. The method by Bremner and 

Mulvaney (1982) was employed to measure organic N. This 

method was found to be accurate to+/- 70 mg/kg of reported 

values. Soil moisture content for all N soil samples were 

determined by drying at a temperature of 105 C for 24 to 48 

hours. 

Exchangeable cations were extracted using the ammonium 

acetate method of Thomas (1982). The filtered extract was 

analyzed for Na and K using a Perkin-Elmer 51 flame 

photometer, and for Ca and Mg on a Varian AA-475 atomic 

absorption spectrophotometer. Extractable P was determined 

colorimetrically (Olsen and Sommers, 1982). Measure of pH 

was made using a Corning glass indicating electrode linked 

to a Corning model 12 research pH meter. The procedure 
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used is as described by McLean (1982), except a 1:5 

soil:water ratio was used due to excessive water absorption 

by high organic matter samples. Organic carbon 

determinations were made with the Wakley Black method 

(Nelson and Sommers, 1982) and the hydrometer method (Day, 

1965) was used to determine the percent sand, silt, and 

clay fractions of samples. Prior to the particle size 

analysis, combustion of organic carbon in surface samples 

was accomplished using a muffle furnace to eliminate any 

organic matter influence. This was done because hydrogen 

peroxide was not found to be adequate in removing the 

organic matter influence for the hydrometer method. The 

sand fraction of each sample was further separated into two 

categories: percent very coarse to medium sand (2.00 mm-

0.25 mm}, and percent fine to very fine sand (0.25 mm-0.05 

mm) by wet sieving. 

The results of the K, Na, Mg, Ca, and P analyses were 

found to be within the range+/- al mg/kg at the 95% level 

of confidence (based on five replicate samples). Organic 

carbon, clay, and pH resulted in ranges of 0.09%, 0.5%, and 

0.24%, respectively of reported data. 

At each barnyard position, along with the field at 

site 1, a small soil pit was excavated to a depth of 54 cm, 

with the exception of site 3 (36 cm). Bulk density samples 

were taken at 6 cm intervals with a double cylinder, 

hammer-driven core sampler (Blake, 1965) to a depth of 54 

cm. Organic carbon analysis was also run on these samples. 
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Corresponding to each 6 cm depth, a mean of seven pocket 

penetrometer readings (P.R.} was recorded from the verticle 

profile face at 6 cm depth increments. A profile 

description including horizon depth, soil color, structure, 

grade, and consistence was also conducted according to Soil 

Conservation Service guidelines (U.S.D.A., 1981}. 

An estimation of surface infiltration rates at the 

seven barnyard positions and one field position was made 

using a 15 cm diameter cylinder driven to a 15 cm depth. 

A modified falling head method (Klute, 1965} was adopted 

with an initial head of 15 cm. At sites where infiltration 

was measurable, the test was run for three hours. At sites 

showing little or no infiltration the cylinder was 

monitored over a 12 hour period. 

Field Moisture Capacity (FMC} values were established 

for the surface soils of each sampling position using 

undisturbed cores taken from the center of the 0-15 cm and 

15-30 cm depths. These cores were installed in porous 

plate pressure cells and maintained at 1/3 bar until 

equilibrium was established (Klute, 1965}. FMC was 

determined by oven-drying. 

Statistical Analysis 

Statistical analysis including a two-way analysis of 

variance and simple regression, correlation were applied to 

data in this study using the MSTAT computer package 

(Nissen, 1982} along with Duncan's multiple range, mean 

separation technique (Steel and Torrie, 1960}. Using 
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Duncan's method, statistical differences were determined 

with respect to soil depth for soil NH4-N and N03-N 

concentrations and soil moisture percentages. The 

variables of K, base saturation and organic carbon were 

individually correlated to inorganic N data in order to 

define possible relationships that would aid in 

interpretation of soil N loading. 

Preliminary Sampling Results 

In order to provide justification for the soil 

sampling technique employed in this study with repect to N, 

data from a series of three sampling approaches will be 

presented involving the site 2 barnyard. 

Table 2 shows data resulting from the November 1985 

sampling where three cores were taken randomly within the 

barnyard regardless of soil conditions or manure loading. 

This method of sampling resulted in the largest standard 

deviations (S.D.) of the three approaches. Soil N was most 

variable at the soil surface in conjunction with organic 

matter and variablity decreased with depth. Soil NH4-N was 

more variable than soil N03-N. 

When three soi 1 cores were taken within one meter it 

was expected that variablity of soil N measurements would 

be reduced. The reproducibility of N data was only 

slightly better for NH4-N and not improved for N03-N when 

comparing S.D. values of Tables 2 and 3. 
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Table 2. Ammonium and NO3-N distribution of three soil 
cores randomly spaced within site 2. 

NH4-N (mg/kg) 

DEPTH (cm) SOIL CORE MEAN STD 

A B C 
0-30 92.6 68.7 6.8 56.1 36.2 

30-60 34.2 39.3 0.4 24.6 17.2 
60-90 5.6 24.6 0.6 10.2 10.3 
90-120 4.9 11.1 0.3 5.5 4.4 

120-150 2.0 19.8 0.5 7.4 8.8 

NO3-N (mg/kg) 

A B C 
0-30 15.7 20.0 5.1 13.6 6.3 

30-60 6.0 3.2 3.7 4.3 1.2 
60-90 1.0 1.6 1.5 1.4 0.3 
90-120 0.9 0.3 1.2 0.8 0.3 

120-150 3.7 0.8 2.0 2.2 1.2 

Table 3. Ammonium and NO3-N distribution of three soil 
cores spaced within one meter in site 2. 

NH4-N (mg/kg) 

DEPTH (cm) SOIL CORE MEAN STD 

A B C 
0-30 7.8 85.2 18.1 37.0 34.3 

30-60 4.3 30.4 13.0 15.9 10.9 
60-90 17.8 16.3 10.9 15.0 3.0 
90-120 9.6 3.3 5.5 6.1 2.6 

120-150 5.1 6.8 4.0 5.3 1.2 

NO3-N (mg/kg) 

A B C 
0-30 47.5 19.1 24.1 30.2 12.4 

30-60 5.3 4.2 o.o 3.1 2.3 
60-90 4.4 o.o 0.0 1.5 2.1 
90-120 0.0 0.6 1.8 0.8 0.7 

120-150 4.7 3.0 2.0 3.2 1.1 
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The third technique of sampling involved a composit of 

five single cores as described earlier in the Materials and 

Methods section. The composit increased the sampling 

intensity by five fold over the previous two approaches and 

resulted in distinct decreases in variablity for both NH4-N 

and NO3-N at all depths (Table 4). This technique of soil 

sampling proved most satisfactory of the three discussed. 

Table 4. Ammonium and NO3-N distribution of three, five 
core composites located in close proximity. 

NH4-N (mg/kg) 

DEPTH (cm) SOIL CORE MEAN STD 

A B C 
0-15 17.4 41.8 19.5 26.2 11.1 

15-30 14.8 18.4 20.1 17.8 2.2 
30-60 22.0 11.8 8.0 13.9 5.9 
60-90 12.9 4.3 8.1 8.5 3.5 
90-120 5.0 4.3 6.7 5.3 1.0 

120-150 4.0 3.7 5.5 4.4 0.8 

-----------------------------------------------------------
NO3-N (mg/kg) 

-----------------------------------------------------------
A B C 

0-15 22.9 19.9 24.7 22.5 2.0 
15-30 6.9 5.5 6.3 6.2 0.6 
30-60 0.7 0.2 0.4 0.4 0.2 
60-90 1.3 1.1 0.9 1.1 0.2 
90-120 1.5 2.8 2.0 2.1 0.5 

120-150 1.4 1.6 1.3 1.4 0.1 
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SITE DESCRIPTIONS 

The study areas are located within Portage County, 

Wisconsin, which encompasses an area of approximately 2120 

square kilometers. Thirty-six percent of the county 

contains sediments of stratified sands and gravels that 

extend to 75 min depth in some places. 

Precipitation in the county averages 80 cm over the 

entire year. In an average year, 60% of this precipitation 

falls in the form of rain from May through September. June 

is normally the wettest month with August being the driest. 

Evapotranspiration cycles the majority of the 48 cm of 

annual rainfall, while runoff and groundwater recharge is 

15 to 25 cm. Within the sand plain, an estimated 90% of the 

runoff/infiltration water makes its way to groundwater 

recharge. 

Temperatures in Portage County range from a daily 

average of 9 degrees C in January to 23 degrees C in July. 

The last spring frost is expected May 11 and the first 

frost in the fall, October l; this leaves an average frost 

free growing season of 142 days. Approximately 101 days 

per year have a snowcover of greater than 2.5 cm, with an 

average depth of 15 cm. Prevailing winds are southerly 

during the summer, and west and northwest in the winter 

months. 

The three farms to be studied were chosen in 

cooperation with the Portage County Land Conservation 

Department. General criteria included coarse textured 

soils and relatively shallow groundwater. The soils of the 
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five barnyards studied belong to the Plainfield-Friendship 

and Richford-Rosholt-Billet associations. They formed in 

coarse glacial outwash, giving characteristic rapid 

infiltration, low water holding capacity and low cation 

exchange capacity. These properties lead to their high 

susceptibility for groundwater contamination. 

The regional groundwater flow surrounding the farms is 

southwesterly with discharge ultimately into the Wisconsin 

River. Depth to groundwater varies from 1.5 to 3.5 meters 

(m) in the study areas. 

Site 1 

Site 1 is located on the George Feltz Farm, 

approximately four kilometers Northeast of Plover, 

Wisconsin in the township of Plover (SW 1/4, SE 1/4, SEC 

12, T 23N, R 8E). The cattle yard is used primarily for 

the housing of dairy young stock. Forty to 45 animals are 

maintained in this area throughout the year, depending on 

the operator's herd needs, at a stocking density of 27 

m2/animal. This facility consists of a free stall barn 

that has a feeding bunk within its confines, a concrete 

apron extending out from the east side of the structure, 

and an unimproved barnyard which makes up the remaining 

area (Fig. 6). All of the cattle's dietary requirements are 

met through the indoor feeding arrangement. 

The 0.12 ha of unimproved barnyard area is of principal 

interest to the study. This portion of the site 1 facility 
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has been managed in the same manner for approximately 

thirty years. The cattle are allowed free access to the 

outdoor yard as well as the indoor feeding and freestall 

area at al 1 times during the year. The animals spend 

approximately 40% of their time throughout the year on the 

unimproved soil area, which results in a loading of 

approximately 890 metric tons per hectare per year 

(T/ha/yr) of wet manure. 

Removal of manure from the cement portion of the 

facility is conducted on a weekly basis. Cleaning manure 

from the unimproved barnyard has occurred only once during 

the last 30 years. In 1976, 30 cm of the manure-soil 

surface was removed. This was followed by the addition of a 

comparable depth of sand fill. At the same time that this 

cleaning occurred, a surface water drainage-way was created 

along the northern edge of the site, 3 m from the fence. 

Currently, this slight depression still exists but does not 

readily conduct surface water, unless rainfall exceeds 2 cm. 

Two distinct soil surface types were observed within 

the confines of site 1 (Fig. 6). Approximately 90% of the 

yard surface is a level, moderately well drained area that 

has a relatively smooth surface that does not impede 

runoff. Along the perimeter of the concrete slab and 

continuing through the drainage area, the soils are poorly 

drained and generally marked by deep pockets from cattle 

hoofs in which standing water is often observed following 

rainfalls. 
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Close inspection at the moderately well drained 

sampling position later in the sampling year revealed the 

presence of a buried, 10 cm thick, mineral-organic layer 

beneath the sand fill; this indicates that removal of 

manure in 197'6 had not been complete at that location 

within the barnyard. 

The groundwater flow at site 1 is to the southwest, 

entering under the barnyard from beneath an upgradient 

irrigated cornfield. The water table is at a depth of 2.5 

to 3.5 m. 

Site 2 

Site 2 is a dairy-beef feeding 1 ot 1 ocated on the 

same farm as site 1 (Fig. 7). Seventy-five to 85 steers, 

averaging 454 kg, are fed out for slaughter at this 

location. The barnyard is stocked at a rate of 74 

m2/animal. On the northern end of the yard is a concrete 

slab sloping south away from the building within which 

are facilities for housing and feeding similar to those on 

site 1. The unimproved barnyard area is 0.59 ha. 

This site is unique compared to all other sites 

considered in the study due to the fact that it has only 

been in operation for five years. Prior to this time it 

was managed under row crop agriculture. The management of 

the feedlot area is identical to site 1. Cattle are 

allowed to pass freely between the barn and the unimproved 

yard, and as a result, occupy the dirt yard 90% of the time. 
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Manure is cleaned periodically from the concrete portion of 

the facility while manure has been allowed to accumulate 

for the past five years on the study area without removal 

at a rate of 1200 T/ha/yr. 

The topography of site 2 is fairly level with a 1-2% 

slope in a south-westerly direction. Within this site 

there exists two visually distinct soil types as affected 

by drainage and animal traffic (Fig. 7). The poorly 

drained and possibly more heavily used area is marked much 

of the year by hoof pockets where the cattle hoofs 

penetrate 5 to 30 cm below the soil surface, depending on 

soil wetness. This results in mixing the manure and the 

organic matter of the original Ap to a 30 cm depth by 

cattle hoof penetration. The surface remains cloddy 

during dry periods. Other isolated portions of the yard 

are also marked by these surface properties. The second 

characteristic area, which covers a larger portion of the 

yard, is well drained and firm. The cattle show preference 

to these areas only when the poorly drained soils are 

excessively wet. 

Site 2 is located 75 m south of site one. Groundwater 

flow is east to west. Depth to water ranges from 1.5 to 2.5 

m. Site 2 lies downgradient of the same irrigated field as 

site 1~ however, a large depression area east of this site 

floods during periods of high runoff or snowmelt and 

persists for up to several weeks. Runoff from the field, 

site 1, and 2 flow into the depression. 
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Site 3 

Located in the town of Sharon, Portage County (SW 1/4, 

NE 1/4, SEC 18, T 24N, R 9E) the third site under 

investigation by this study is managed as part of a 30-cow 

dairy operation (Fig. 8). Thirty milking cows occupy this 

unimproved yard area, 0.17 ha in size. It is bordered on 

the west by two pasture areas and on the east by a dirt 

surface beef pen. The upgradient land use beyond the farm 

yard is irrigated agriculture. 

The cattle have access to this site only during May 

through November during which time their feed comes from 

green chopped forage which is fed from wagons on the 

concrete or in the pasture area west of the yard. As a 

result, the cattle spend approximately 30% of their time in 

the soil barnyard creating a loading of 300 T/ha/yr of wet 

manure. This type of a management system has been in place 

during the last 20 years. 

The barnyard is level and uniform in terms of the 

surface soil type. A small mound has been constructed for 

animal comfort toward the northern end. The soil beneath 

this barnyard has a strong argillic horizon that naturally 

impedes water movement through the profile. As a practice, 

no manure is removed from this location. 

The upgradient well at site 3 is in an area of former 

barnyard. It is presently in sod. Groundwater flowing into 

this area, 2 to 3 m deep, comes from an irrigated field 

41 



. 

-
• 

-

• 

PASTURE 

""" .::.., 

ROAD 

IRRIGATED FIELD 

-
• 

UNPAVED I SOIL 
BARNYARD 6 I 

-
STUDY AREA ... 

BARN -- o-L::.. 

... 
I . . ~ I 

~ -
CONCRETE SLAB ' -

6 7 

LEGEND 

I 
6 
• 

SOIL SAMPLING POSITION 
MULTILEVEL WELL 
SINGLE DEPTH PIEZOMETER WELL 

AREA: 0.17 ha 
ANIMAL DENSITY: 
MANURE LOADING: 

57 m2/animal 
300 T/ha/yr 

SCALE 1 CM to 4.9 M 

Figure 8. Plan vieY map of Site 3, Don Gagas Farm-

42 



northeast of the farmyard. Groundwater flow is generally 

in a southwesterly direction (Fig. 8). 

Sites 4 & 5 

The two final sites addressed by this study are 

located on the Ben Klismith farm, three kilometers east of 

Stevens Point in the township of Stockton (SW 1/4, SW 1/4, 

SEC 30, T 24N, R 9E). Both sites are occupied at various 

times by the same 35-cow dairy herd, and as a result will 

be discussed together (Fig. 9). 

Site 4, 0.97 ha in size, serves as a loafing area for 

the dairy herd. Up until 1986, the herd was fed from May 

to November on site 4 in feeder wagons. In the f al 1 of 

1985 a permanent concrete feedbunk was constructed near the 

dairy barn within the perimeter of site 5; the cattle 

are currently fed at that location. Site 4 is the only 

location under study where vegetation appears. This is a 

result of the low stocking density (277 m2/animal) and the 

fact that some plant growth is given an opportunity to 

become established early in spring prior to cattle 

occupancy. Site 4 has a level topography and contains 

within its confines a sparse distribution of jackpine trees 

(Pinus banksiana) at the north end that provide shade for 

the cattle. Site 4 has an annual manure loading rate of 

143 T/ha of wet waste and does not have removal as common 

practice. 
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Site 5, in contrast to site 4, is 0.04 ha in size. 

Until the feed bunk was installed in 1985, the yard had 

been used primarily for holding cattle prior to and after 

milkings as well as an exercise yard in the winter. This 

had been the practice for approximately 30 years. During 

the months of May to November, beginning 1986, the cattle 

have been fed almost exclusively at the feeding bunk on 

site 5. This site has 15 cm of fill laid down in the 

spring as an annual practice with the surface scraped clean 

of manure every two weeks with a loader tractor. The yard 

is loaded with manure at a rate of 1490 T/ha/yr, but 

accumulation does not occur to any extent because of the 

removal that takes place on this site. The cattle spend 

approximate 1 y 3 0 % of their time in the site 5 area and the 

balance at site 4 during May to November. They have free 

access between sites when not in the milking barn. 

Site 4 and 5 consist of two yards occupied at different 

times by the same herd. During the study period, alfalfa 

was grown upgradient of the site 4 yard, and corn was grown 

upgradient of the site 5 yard. Depth to groundwater was 

1.5 to 2.5 m under both yards. Groundwater flow was 

initially determined to be to the west-southwest, but later 

found to be affected during times of high water table by a 

drainage ditch immediately west of the site 4 yard, which 

alters the flow to the west. 

Table 5 defines the method of site identification used 

by this study. The terminology referring to soil drainage 
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does not necessarily imply that soils conduct water 

vertically at various rates; it is intended to describe 

the relative wetness of the barnyard surfaces throughout 

the year as they are uniquely affected by the water removal 

factors of infiltration, evaporation, and runoff. 

Table 5. Identification of soil sampling positions by word 
description and symbol for five barnyards in Portage 
County, Wisconsin. 

Site 

1 
1 
1 
2 
2 
3 
4 
5 

Description 

poorly drained 
moderately well drained 
irrigated field 
poorly drained 
well drained 
poorly drained 
well drained 
well drained 
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lP 
lMW 
F 
2P 
2W 
3P 
4W 
SW 



Site 1. 

RESULTS AND DISCUSSION 
Physical Properties of Barnyard Soils 

Site 1 is occupied by cattle on a year-round basis (27 

m2/animal) and has had no manure removal for approximately 

10 years. Evidence of this is rev~aled by the fact that 

organic carbon (O.C.) values were found to be 7.49% in the 

0-15 cm interval of the well drained position and 5.85% in 

the poorly drained soil. This is in contrast to only 1.1% 

measured in the field profile surface for the same depth 

(Table 6). A 50% decrease in the o.c. values was noted at 

both barnyard locations in the 15-30 cm depth. It is clear 

that with organic carbon accumulations on the order of 6 to 

7 times that of the field, a definite manure-soil layer has 

developed and is most pronounced from the 0-15 cm depth. 

This agrees with the findings of Mielke et al. (1974). 

Due to the fact that the level position receives more 

animal traffic and thus more manure loading, it is 

reasonable that the surface accumulations of organic carbon 

were higher there. 

Below 90 cm, the barnyard profiles were within 0.05% 

O.C. of the field indicating that organic accumulations 

from the barnyard surface were not moving significantly 

down into the subsoil (Table 6). Mosier et al. (1972) 

could not differentiate between field and barnyard profiles 

below 60 cm when evaluating soluble organic compounds. 

A profile description of the soils to a depth of 54 cm 

was helpful in identifying unique layers of formation and 
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Table 6. Organic carbon distributions with depth for 
two barnyard soils of site 1 and an irrigated field 
soil. 

Soil 
Depth Field 

Poorly Drained 
Barnyard Soil 

Well Drained 
Barnyard Soil 

cm --------------------- % --------------------

0-15 
15-30 
30-60 
60-90 
90-120 

120-150 
150-180 
180-210 
210-240 
240-270 
270-300 

1.10 
0.55 
0.09 
0.04 
0.03 
0.02 
0.03 
0.02 
0.02 
0.02 
0.04 

5.85 
2.79 
0.14 
0.09 
0.05 
0.08 
0.04 
0.03 
0.03 
0.03 
0.02 

7.49 
3.06 
1.01 
0.14 
0.08 
0.05 
0.04 
0.05 
0.02 
0.02 
0.03 

yielded an opportunity to measure horizon depths and soil 

colors, and describe soil structure (Tables 7 and 8). At 

the time of sampling, both positions within the barnyard 

possessed a loose, dry 3-5 cm surface mixture of sand and 

manure. Beneath the surface 5 cm, there was found a firm, 

highly organic layer with strong platy structure. The 

horizontal plates were very distinct when fracturing of the 

soil was attempted. Structure of this nature had 

apparently resulted from continuous animal traffic over the 

area. 

At the depressional position, a horizon characterized 

by platy structure was measured to a depth of 31 cm with an 

abrupt boundary overlying a brittle and massive mineral 

soil. This 26 cm manure layer was quite outstanding and 19 

cm deeper than at the level position. Animal hoofs were 
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Table 7. Soil profile description of the surface 54 cm of 
the poorly drained soil within site 1. 

0-5 cm; black (lOYR 2/1) dry; loamy sand; loose, 
structureless; a layer of fine, partially decomposed fibers 
mixed with sand; clear boundary; 5.7% 0.C. 

5-31 cm; black (lOYR 2/1) moist; loamy sand; strong, 
platy, firm, a layer of highly decomposed humus mixed with 
distinct, partially decomposed fibers; abrupt boundary; 
3.5% o.c. 

31-41 cm; brown (lOYR 3/2) moist; loamy sand; strong, 
massive; very firm, brittle; mainly mineral soil, very little 
color influence from above organic layers; cJear boundary; 
0.2% o.c. 

41-51 cm; light brown (lOYR 4/3) moist; loamy sand; 
moderate subangular blocky, friable; peds shatter into 
structureless condition; wavey boundary; 0.2% 0.C. 

51+ cm; light brown (lOYR 4/4) moist; loamy sand; 
structureless, loose, singlegrained; very little 
distinguishable soil development; 0.1% 0.C. 

Surface Infiltration Rate 

< 0.1 cm/hr 

Surface FMC 

0-15 cm 42.5% 
15-30 cm 15.8% 
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Figure 10. Bulk density (B.D.), penetrometer (P.R.) and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the poorly drained soil of site 1. 
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Table 8. Soil profile description of the surface 54 cm of 
the moderately well drained soil within site 1. 

0-3 cm; dark brown (lOYR 3/1) dry; loamy sand; 
structureless, loose; a layer of fine partially decomposed 
fibers mixed with sand; clear boundary; 7.9% O.C. 

3-12 cm; dark brown (lOYR 3/1) moist; loamy sand; 
strong, platy very firm; a highly organic layer, more 
closely approximates partially decomposed manures than 
humus, fibers present; abrupt aboundary; 6.9% O.C. 

12-28 cm; dark brown (lOVR 3/1) moist; sand; strong, 
massive, extremely firm; mineral layer with a slightly 
green color; abrupt boundary; 1.2% O.C. 

28-44 cm; black (lOVR 2/1) moist; loamy sand; 
moderate, subangular blocky, friable; bands of brown sand 
interbedded; wavy boundary; 1.0% O.C. 

44-67 cm; light brown (lOYR 4/3) moist; loamy sand; 
weak, platy, friable; slightly brittle, buried organic 
horizon; clear boundary; 3.0% O.C. 

67+ cm; light brown (lOVR 4/3) moist; loamy sand; 
structureless, loose, singlegrained; 0.14% O.C. 

Surface Infiltration Rate 

<O.l cm/hr 

0 

Surface FMC 

0-15 cm 
15-30 cm 

44.9% 
8.7% 
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Figure 11. Bulk density (8.0.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the moderately well drained soil of .site 1. 
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observed to penetrate the manure-soil surface to about 30 

cm in the poorly drained barnyard areas during wet weather 

which has resulted in a relatively well mixed horizon to 

that depth. This did not occur on the higher, well drained 

area where footing was firm for the cattle despite wet 

weather. 

The depth of the dark (l0YR 2/1), manure-soil layer at 

the moderately well drained position was only 18 cm, but 

exhibited similar platy soil structure. From 18-28 cm was 

a band of massive mineral soil. The formation of 

subangular blocky structure at 28-44 cm indicates that soil 

compaction from animal traffic was moderated below 28 cm. 

A buried, organic enriched horizon (3.50% O.C.) was 

detected at 44 cm. This was presumably the depth to which 

manure was removed when the site was last cleaned. 

Based on particle size analysis the soils of the two 

positions of site 1 along with the field profile were 

similar. Sand percentages averaged 87% in the top 90 cm of 

the three profiles and below that depth were generally 

greater than 93% (Table 15). Clay contents were on the 

order of 6 % with a high value of 9% recorded at the 150 cm 

depth of the well drained core. From the standpoint of 

textural class designations, all depths in the barnyard and 

field cores were loamy sands or sands, with the loamy sands 

concentrated near the top of the profiles. 

Other physical characterization of interest to the 

soils studied were bulk density, penetrometer resistance, 
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soil moisture and soil surface infiltration rates. 

Because previous studies (Mielke et al., 1974; 

Norstadt and Duke, 1985) have indicated the presence of a 

dense or compacted layer resulting from animal traffic, two 

methods of quantification were employed to measure this 

effect: 1) bulk density (B.D.), and 2) penetration 

resistance (P.R.). Bulk density readings appeared somewhat 

sporadic and did not clearly indicate zones of compaction 

as was expected. Maximum bulk density values did not 

always correspond with maximum penetrometer readings. The 

penetrometer instrument used had a peak scale of 4.5 

kg/cm2. As a result, values are not expressed above the 

4.5 kg/ cm2 value. 

The poorly drained soil had a zone from 18-42 cm that 

exhibited penetrometer readings distinctly greater from the 

rest of the profile (Fig. 9). A similar pattern was true 

for the well drained position (Fig. 10). Density values of 

1.3 and 1.2 g/cm3 at both the poorly drained and well

drained positions, respectively, were uniform to a depth of 

18 cm. Although the surfaces of these soils appeared to be 

compacted based on structure and consistence, the low 

density of organic matter resulted in low B.D. readings. 

Once below the primary manure accumulation, B.D. and P.R. 

values both increased (Fig. 10 and 11). The well drained 

profile is complicated by the fact that removal of the 

manure-soil surface took place 10 years ago. A remnant of a 

previously compacted zone which had formed in conjunction 
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with the original barnyard surface was found from 36-48 cm. 

The currently formed compact zone can be seen in Fig. 11 

from 18-30 cm. This data would suggest that there is a 

compacted soil layer that forms near .the manure-mineral 

soil interface that will be referred to as a hoofpan. 

A similar set of data was collected for the field 

location to use for comparison purposes (Table 9, Fig. 12). 

The maximum penetration value recorded in the field profile 

was 2.5 kg/cm2, at the 18-24 cm depth. This closely 

approximates the depth of plowing on this field. The 

increase in organic carbon (0.92%) at 15 cm is likely to 

have resulted from overturn action of moldboard plowing; 

this also supports this depth to be the base of the 

plow layer. 

It is important to note that the barnyard soils, 

continuously occupied by cattle, indicate a much more severe 

level of physical alteration in the range of 18-36 cm than 

does the field soil from crop culture operations. 

Soil moisture percentages, calculated from soil 

samples taken from successive 6 cm depths, were directly 

related to organic matter contents. These two variables 

were highly correlated based on samples at all sites and 

all depths (r=0.93). Where B.D. values were found 

to increase with depth, below the organic layer, soil 

moisture contents dropped significantly to levels 

associated with the sand textures. Field moisture 

capacities (FMC) at 1/3 bar were nearly the same (43%) at 
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Table 9. Soil profile description of the surface 54 cm of 
an irrigated field soil adjacent to site 1. 

0-10 cm; brown (l0YR 3/3} moist; loamy sand; weak 
subangular blocky, very friable; fine sized, common, fine 
and medium roots, soil mixed with fragments of corn 
stubble; clean boundary; 0.99% 0.C. 

10-20 cm; brown (l0YR 3/3} moist; loamy sand; weak, 
angular blocky, friable; few, fine small roots; medium 
sized; recently tilled soil shows 20 cm to be the base of 
the plow layer; abrupt boundary; 0.91% O.C. 

20-45 cm; brown (l0YR 4/4} moist; loamy sand; weak 
subangular blocky, firm; medium sized structure; more firm 
than overlying horizons; clear boundary; 0.11% 0.C. 

45+ cm; brown (l0YR 4/4) moist; sand; loose, 
structureless, single grained; coarse sand; o·.14% 0.C. 

Surface Infiltration Rate 

2.8 cm/hr 

Surface FMC 

0-15 cm 
15-30 cm 

10.0% 
5.7% 
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Figure 12. Bulk density (8.D.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the irrigated field soil adjacent to site 1. 
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the two barnyard locations for the 0-15 cm depth. The 

higher FMC from 15-30 cm (15.8%) for the poorly drained 

position as compared to the moderately well drained soil 

(8.7%) is most likely due to the greater organic matter 

mixing to that depth. 

A one time estimate of surface infiltration rate was 

recorded following a rainfall that increased soil moisture 

in excess of FMC. A marked difference was found here 

between the field and barnyard soils. No infiltration was 

found to occur over a 12 hour period at either of the 

barnyard locations. However, an infiltration rate of 2.8 

cm/hr was recorded at the field position. Lack of 

detectable infiltration was reported by several 

investigators of feedlots in western states (Sommerfeldt 

et al., 1973; Mielke et al., 1974). They attribute their 

findings to unmeasurably low permeability of a compacted 

manure-soil interface. Such results appear to be 

consistent with the findings at site 1. 

It should be noted that a pure surface manure pack, 

described by western researchers, was not found in this 

study, but a surface which was highly enriched with manure 

and will be referred to as a manure-soil surface. The lack 

of measurable infiltration in this study is not intended to 

mean that no water movement occurred through the barnyard 

surface during the study. It suggests that if water 

conduction occurred, it was at a rate below measurement by 

the employed technique. 
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Site 2. 

Site 2 presents a similar picture to site 1 in terms 

of cattle and manure management within the barnyard. 

Occupancy of 74 m2/animal is maintained year round without 

manure removal on the unimproved soil area. Two distinct 

soil types based on animal use and surface drainage were 

identified at site 2. While comparing the two positions in 

terms of their surface profile descriptions, (Tables 10 and 

11} major differences were found. 

The poorly drained position, probably more heavily 

loaded with manure, had a 0-5 cm deep, structureless, loose 

surface containing 6.2% O.C. The well drained position at 

the center of the feedlot possessed a very distinguishable 

0-12 cm deep layer that was structureless, massive, and 

very firm. Here the O.C. was approximately half of that 

measured at the poorly drained location. Several reasons 

could account for the differences of o.c. between 

positions. Probably, most significant was the higher rate 

of manure loading and slower decomposition of organic 

matter in the poorly drained soil. Associated with the 

drier position was the observance of runoff during and 

following rain events to a topographically lower portion of 

the barnyard; this runoff water could conceivably carry 

away loose unincorporated manure from this soil area 

resulting in a lower O.C. content. Also, drier conditions 

have probably enhanced organic matter decomposition near 

the surface of the well drained soil. 
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The poorly drained location of site 2 was similar to 

the poorly drained soil of site 1 in that, given sufficient 

rainfall, the treading of cattle produced a mixing of 

organic matter down to 18-20 cm. At that depth an abrupt 

boundary distinguished the organic enriched surface from 

the top of the mineral soil profile. Viewing Figure 13, it 

can be seen that this is the vicinity of maximum compaction 

as indicated by penetrometer readings. It is reasonable 

that the high level of organic matter enhances the fluid 

properties of the soil when excessively wet. This results 

in the cattle hoofs applying a great deal of pressure to 

the top of the mineral soi 1, thus a compaction effect and 

the formation of a hoofpan. The presence of highly 

decomposed organic material being compressed against the 

top of the mineral soil profile may result in the plugging 

of large macropore spaces normally associated with sandy 

soils of this type, reducing the water conduction 

properties of the soil. 

In the 5-18 cm horizon of the poorly drained position, 

strong platy structure was described (Table 10). If cattle 

hoofs penetrate through this zone during excessively wet 

periods, much of this structure is probably destroyed. 

Upon drying, the soil begins to provide more firm footing 

for cattle and the platy structure in this depth interval 

is slowly reformed. As described, the 18-30 cm depth of 

this soil is lower in O.C. (1.4%) than the surface, and is 

massive and brittle with respect to structure. From 30-45 
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Table 10. Soil profile description of the surface 54 cm of 
the poorly drained soil within site 2. 

0-5 cm; black (lOYR 2/1) moist; loamy sand; 
structureless, loose; a layer of partially decomposed 
fibers; clear boundary; 6.2% O.C. 

5-18 cm; black (lOYR 2/1) moist; loamy sand; strong, 
platy, firm; manure enriched layer, fibers present; abrupt 
boundary; 5.2% O.C. 

18-30 cm; dark brown (lOVR 3/1) moist; loamy sand; 
weak, massive, firm, brittle; obvious smell associated with 
soil at this depth, mineral with organic staining; clear 
boundary; 1.4% O.C. 

30-45 cm; light brown (lOYR 4/1) moist; common medium 
distinct, gray-brown (2.5Y 5/1) mottles; loamy sand; 
moderate, subangular blocky, friable; transition zone of 
browns, and mottling; clear boundary; 0.5% O.C. 

45+ cm; brown (lOYR 5/3) moist; loamy sand; 
structureless, singlegrained, loose; 0.1% O.C. 

Surface Infiltration Rate Surface FMC 
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Figure 13. Bulk density (B.O.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the poorly drained soil of site 2. 
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cm, reduction mottles were recorded as well as the 

formation of subangular blocky structure. 

The well drained position at the center of the feedlot 

expressed a much different pattern in terms of its profile 

development (Fig. 14). Through the combined effects of 

lower organic matter and greater surface drainage, a very 

compacted surface 12 cm was found with an easily 

discernable lower boundary (Table 12). Maximum P.R. 

readings were obtained at the soil surface which is quite 

distinct from the other position in site 2 and the soils of 

site 1. 

As mentioned previously, visible runoff was observed 

on soil areas similar to the center of the feedlot during 

rainfall events several times throughout the sampling 

period. This is likely due to the degree of surface 

compaction and a slight surface slope (1-2%) which did not 

exist at previously described locations. The 12-26 cm 

depth of this soil manifested the same structurally massive 

characteristics as the 18-30 cm depth of the poorly drained 

position. (Although the depth of the compact layer appears 

to vary from one barnyard soil to another there exists a 

structural breakdown to a massive state in the top of the 

mineral soil profile.) The effects of cattle traffic on 

the alteration of physical soil properties at the feedlot's 

center were not apparent below 26 cm as determined by 

reduced P.R. readings and the presence of subangular blocky 

structure below the same depth. 
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Table 11. Soil profile description of the surface 54 cm of 
the well drained soil within site 2. 

0-12 cm; black (l0YR 2/1) moist; loamy sand; weak, 
massive, extremely firm; surface layer exhibiting 
characteristics of a high degree of compaction; abrupt 
boundary; 3.0% 0.C. 

12-26 cm; black (l0YR 2/1) moist; loamy sand; massive, 
firm, brittle; physical affects of surface slightly 
moderated with depth; clear boundary; 1.0% 0.C. 

26-38 cm; brown (l0YR 5/3) moist; loamy sand; weak, 
subangular blocky, friable; some small coarse fragments 
present; clear boundary; 0.4% 0.C. 

38+ cm; yellowish brown (l0YR 5/4) moist; loamy sand; 
moderate, subangular blocky, friable; picking up a slight 
increase in clay; 0.2% 0.C. 

Surface Infiltration Rate Surface FMC 

-E 
(J -
~ w 
0 
..J 

0 
VI 

<0.1 cm/hr 0-15 cm 17.5% 
15-30 cm 7.4% 

0-----------------------------. 
.-• _..---· 

-10 

-20 

-30 

-50 ---..0 

___ .4 f 

-•-• I -·-· ! 

------~ 
/ 

/ 

,, 

-60-t------r-----~------..------.-------➔ 
0 

--o--B.O. (g/cm3) 

2 

--- -P.R. (Kg/cm2) 

4 

- -4- • o.c. (") 

Figure 14. Bulk density (8.D.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the well drained soil of site 2. 
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Mechanical analysis showed that profiles within site 2 

were very similar to one another. As compared to site 1 

the profiles were slightly lower in percent sand and higher 

in the percent silt and clay catagory (Table 15). Four 

samples, two in each of the profiles of site 2, exceeded 

10% clay. 

As was expected, FMC values of the barnyard surfaces 

differed within site 2 in proportion to O.C. levels. FMC 

values were 36.0% and 17.5% for the poorly and well drained 

positions respectively. The surface 15 cm of the poorly 

drained position was 18% higher in moisture than the 

feedlot center when based on a seasonal average of moisture 

contents. Soil water content dropped off proportionately 

with o.c. to a subsurface mean of 7.4% H20 for both 

profiles as compared to 5.6% for site 1. 

Soil surface infiltration rates were assumed less than 

0.1 cm/hr following a 12 hour test at both site 2 

locations. This does not seem unreasonable due to the 

physically amended characteristics of the soils as 

discussed, and the fact that water was observed to stand 

ponded for one to two weeks at a time on certain portions 

of the barnyard surface; receding levels may have been due 

more to evaporation than soil infiltration. During an 

unusually wet period in September, a month when 27.5 cm of 

rainfall was recorded, the lower third of the barnyard was 

literally under water. This condition persisted for seven 

to ten days. Runoff water which had originated from the 
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feedlot stood three feet deep in a roadside ditch, and was 

noted to subside at a much quicker rate than ponded water 

within the barnyard. With regard to rapid leaching, the 

runoff impacts away from barnyards during and following 

such rainfall events may be more significant in terms of 

groundwater contamination than leaching directly beneath 

barnyards. 

Site 3. 

Site 3 is a barnyard that is managed differently than 

those previously discussed. While the existing barnyard 

has been used by cattle for the past 20 years, its function 

is seasonal. Site 3 would most closely approximate the 

poorly drained position of site 1 in its physical 

characterization. 

Organic carbon of 5.7% was measured in the 0-12 cm 

depth. Based on a visual description of the sandy loam 

surface of the soil, it was extremely uniform in its color 

(l0YR 2/1) and structure (Table 12). The moderate 

platiness of the soil was characteristic of this 12 cm 

depth along with the sapric state of organic matter. The 

boundary overlying the mineral soil was abrupt. Similar to 

sites 1 and 2, the 12-25 cm horizon, (having lower organic 

carbon (1.2%)) was apparently highly compacted as exhibited 

by strong platy structure. The gray colors of this horizon 

indicate reducing conditions may be present most of the 

year. Organic carbon dropping to 0.5% from 25-45 cm, and 
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Table 12. Soil profile description of the surface 36 cm of 
the poorly drained soil within site 3. 

0-12 cm; black (l0YR 2/1); sandy loam; moderate, 
platy, firm; a layer of well mixed highly decomposed 
humus, with some distinct fibers; abrupt boundary; 5.7% O.C. 

12-25 cm; dark gray (2.5Y 4/0); loamy sand; strong, 
platy, very hard; a layer exhibiting compactness mixed with 
some organic matter; clear boundar; 1.2% O.C. 

25-45 cm; gray (2.5Y 5/0); sandy loam; weak, platy, 
massive; a zone of increased silt and clay; 0.5% O.C. 

Surface Infiltration Rate Surface FMC 
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Figure 15. Bulk density (B.D.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 36 cm 
of the poorly drained soil of site 3. 
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the weak platy structure bordering on massive (Table 13), 

indicated that hoof compaction may have affected the soil to 

this depth. 

Mechanical analysis yielded overall increases in silt 

and clay for site 3 over other sites. For the samples 

taken to 90 cm, sand percentages averaged 72 for site 3 as 

compared with 90% and 84% for site 1 and 2, respectively. 

The 30-60 cm sample depth picked up the argillic horizon 

with 19.6% clay and 20.4% silt. The 60-90 cm increment had 

slightly less clay and was characterized by 15% coarse 

fragments. Although samples were not augered from below 90 

cm on a regular basis, three cores were taken to 150 cm 

(near the water table) in the fall of 1985 and the parent 

material was found to be outwash sands and gravels. The 

heavier textures associated with the mid profile depths are 

over and under lain by more coarse soil materials. 

Figure 15 displays the results of B.D. and P.R. data 

for site 3. As was detected at sites 1 and 2, an increase 

in the two measurements were recorded beneath the organic 

surface. It should be noted that there would normally be 

an increase of these numbers with depth as samples are 

taken below the organic influenced layer especially in the 

case of B.D. values. In every profile discussed to this 

point the maximum penetration data have been associated 

with massive or brittle structure and overlain by strong 

platy structure. These factors point to an unusual 

breakdown of soil structure to a massive or platy condition 
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due to the compaction effect of animal traffic. In the 

case of site 3, the hoofpan is again in association with 

the manure-soil interface, where there is a sharp decrease 

in manure related organic matter to levels uniform with the 

subsoil. 

At all barnyard sites and at all soil depths with the 

exception of sites 1 and 3, o.c. values below 60 cm were 

<0.1%. At site 3, the 30-60 and 60-90 cm intervals were 

found to have 0.24% and 0.13% o.c., respectively. It may be 

the case that the heavier soil textures at these depths 

attenuate greater amounts of o.c. or that the animal 

density has resulted in more organic loading over time. 

The 30-60 cm increment of both site 1 positions showed 

similar O.C. to that depth having an animal density and 

barnyard age similar to that of site 3. 

The FMC for the 0-15 cm and 15-30 cm sample depths for 

site 3 were 31.5% and 11.7%, respectively. Higher water 

contents with depth are listed in Table 22. Moisture 

contents in the subsurface of this profile as compared to 

other sites are primarily due to the presence of increased 

clay, not o.c. 

Based on physical characteristics similar to sites 1 

and 2, it was not surprising to report a surface 

infiltration rate of <0.l cm/hr. On two occasions during 

the sampling season, following precipitation events, 

greater than 3.0 cm, standing water could be observed for 

extended periods of time within the barnyard. On August 
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25, following a 4 cm rainfall, samples were collected at 6 

cm increments to look at the soil moisture profile from 0-

36 cm. Results showed excessively saturated soil to a 

depth of 12 cm with a moisture content of 87% as compared 

to an FMC measure of 32%. The mean value of the next three 

samples to a depth of 30 cm was only 0.9% above the FMC 

calculated for that depth range. Visual observation of the 

soil indicated that the soil was not saturated, nor did it 

appear to be conducting water through the 15-30 cm depth. 

Evidence related to leaching of water through the soil 

profile from the barnyard surface does not indicate that 

this process occurs by saturated flow. Unsaturated 

equilibrium flow may be a possible transport mechanism that 

occurs over an extended period of time. 

Site 4. 

Site 4 is stocked at 277 m2/animal, a density that is 

lowest among all sites studied. The fact that some grasses 

and perennial weeds were found growing throughout the 

summer of 1986 was evidence that site 4 represents a type 

of management very different from that of a feedlot. When 

the O.C. content was measured in a 0-15 cm sample its value 

was 3.05%. When a more shallow 0-6 cm sample was taken the 

result was 5.54%. This implies that most organic 

accumulation was near the soil surface. Below the surface 6 

cm the average O.C. content was 0.16% to 54 cm (Fig. 16) 

and decreased to a low value of 0.04% at 1.5 m. 
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Table 13. Soil profile description of the surface 54 cm of 
the moderately well drained soil within site 4. 

0-7 cm; brown (10YR 4/4) moist; loamy sand; strong, 
platy, firm; common fine roots; clear boundary; 5.5% O.C. 

7-24 cm; light brown {10YR 4/4) moist; loamy sand; 
moderate, angular blocky, friable; some fine roots; clear 
boundary; 0.2% O.C. 

24-50 cm; dark yellowish brown (10YR 4/4) moist; loamy 
sand; few distinct prominent, reddish brown (10YR 5/6) 
mottles; moderate, subangular blocky, friable; gradual 
boundary; 0.1% O.C. (slight clay increase 45 cm). 

50+ cm; dark brown (lOYR 4/3) moist; loamy sand; few, 
medium, faint grayish (2.5Y 2/1) mottles; weak, subangular 
blocky, friable; 0.1% O.C. 

Surface Infiltration Rate Surface FMC 
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Figure 16. Bulk density (B.D.). penetrometer (P.R.). and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the well drained soil of site 4. 
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Despite the low stocking density of site 4, the 

surface 7 cm exhibited strong, platy structure that had a 

firm consistence (Table 13). Also present in this surface 

were roots from the existing non-woody vegetation. Below 

the clear boundary at 7 cm was found a 17 cm horizon which 

lacked the presence of surface organic matter. Also 

lacking at this depth was the platy or massive structure 

common to sites 1-3 in this depth range. The friable, 

angular blocky structure had definable planes of cleavage 

indicating that it had not been altered by compaction. 

Some fine roots and root channels were identified at this 

depth as well. Soil from 24-50 cm was separated from soil 

deeper in the profile due to a slight increase in clay and 

the presence of prominent oxidation mottles, whereas the 

profile below 50 cm had more reduction mottles. This 

mottling effect is probably a residual characteristic of 

the soil's poor native drainage class. Presently a 

drainage ditch lies along the western fence of the barnyard 

{Fig. 9) and has maintained the water table at a fairly 

consistent depth of 1.5 m. 

Soil textures for site 4 were all classified as loamy 

sands. The surface 30 cm were dominated by fine sands; 90% 

of the sand fraction was in the fine to very fine category. 

This was approximately twice the percentage of fine sands 

found in the top 30 cm of soil at site 1, 2, or 3. The 

mean profile clay content was 8.9% with a high of 10% in 

the 60-90 cm depth. From this data it appears that site 4, 
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while similar to other sites in total percent sand 

composition, tended to have a finer size fraction of sand. 

Penetration resistance readings followed a similar 

pattern to that of other sites, increasing abruptly beneath 

the organic influenced surface. Maximum penetration 

readings were collected in the 6-18 cm depth, with a 

smaller peak at 30-36 cm (Fig. 16). The peak value (3.7 

kg/cm2) just below the surface organic horizon could likely 

be due to compaction from cattle as seen at previous sites, 

despite the fact that the animal density was much lower at 

site 4. Platy structure in the surface 6 cm did indicate 

that a departure from the typical granular surface 

structure had occurred. The effect of animal traffic in 

the form of compaction below the surface horizon was not as 

pronounced as at other sites but was measurable according 

to P.R. readings. An increase in P.R. readings at the 30-

36 cm depth was attributed to an increase in clay content 

of the soil at that depth. Bulk density data did not yield 

any valuable insight within this profile. 

The estimated laboratory FMC of the 0-15 cm depth was 

6.6% lower than the season average moisture content of 

samples taken for N analysis (Table 24). This is not 

readily explained due to the fact that with the presence of 

transpiring plants on this site, it would be expected that 

the actual field moisture data would be lower than 

laboratory tests because of evapotranspiration. Assuming 

the season average data from N sampling to be most 
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accurate, the season mean moisture content of the surface 

15 cm (30.9%) of site 1 was more than three times that of 

site 4 (8.4%). This difference illustrates the effect that 

greater manure loading has on water holding capacities of 

barnyard surfaces. The annual manure loading of site 1 is 

890 T/ha as compared to only 143 T/ha for site 4. 

The infiltration test run on site 4 yielded 1.9 cm/hr 

over a three hour period. Of the four sites discussed thus 

far this is the first to record any detectable 

infiltration, besides the field position adjacent to site 1 

(2.8 cm/hr). Reasons to account for this are based in the 

fact that animal density (277 m2/animal) was low enough to 

prevent the following from occurring: 

1) the accumulation of manures resulting in a highly 
enriched, organic barnyard surface; 

2) the formation of a manure-soil interface limiting 
water movement; 

3) the elimination of all plant growth within the 
barnyard. 

Undoubtedly, the presence of vegetation promotes the 

breakup of any hoofpan formation as well as promoting the 

movement of water along root channels. Transpiration of 

soil water, keeping the site drier, may also have promoted 

the aerobic decay of animal man~res and subsequent reduction 

of volume by CO2 evolution (Mathers and Stewart, 1969). 

The result of these factors operating at site 4 may 

enhance the conversion of organic-N and NH4-N to NO3-N and 

a greater possibilty of leaching NO3-N to groundwater. 
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Site 5. 

Site 5 represents yet another barnyard management 

practice that is typical of livestock farms in central 

Wisconsin. While this barnyard received the highest manure 

loading (1490 T/ha/yr) among those studied, the manure was 

removed by scraping the soil surface with a loader tractor 

on a bi-weekly basis. Because the 0.04 ha barnyard was the 

feeding point for a 35 cow dairy herd (animal density= 

12.6 m2/animal), and was scraped regularly, it was subject 

to a high amount of both animal and wheel traffic. 

The organic carbon profile in Fig. 17 is uniform from 

0-54 cm with a mean of 0.14%. Organic carbon data decreased 

to <0.10% below 60 cm. In all of the other barnyards, to 

varying degrees, there was a distinct mantle of accumulated 

organic matter overlying a predominantly mineral soil which 

had been impacted by cattle traffic; this is not the case 

at site 5 due to mechanical removal of manure. 

However, the hoofpan layer, which had been identified 

with the manure-soil interface at some depth at other 

sites, was found to be at ground surface at site 5. This 

was apparent by interpreting P.R. data (Fig. 17). From the 

0-18 cm there was highly compacted soil (P.R. values >4.5 

kg/cm2), with negligible amounts of organic matter. 

Penetrometer readings decreased rapidly below 18 cm to a 

low of 2.5 kg/cm2 at 54 cm. The P.R. peak at 40 cm was 

associated with an increase in clay at that depth, similar 

to site 4. 
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Table 14. Soil profile description of the surface 54 cm of 
the well drained soil within site 5. 

0-3 cm; dark brown (l0YR 3/1) moist; loamy sand; 
structureless, loose, singlegrained; a variable layer of 
manure particles mixed with loose sand; abrupt boundary; 
0.21% o.c. 

3-15 cm; brown (l0YR 3/4) moist; loamy sand; strong, 
platy, very firm; a layer clearly devoid of orgainic matter 
yet apparently compacted; 0.1% 0.C. 

15-35 cm; dark yellowish brown (l0YR 4/4) moist; loamy 
sand; structureless, massive, firm; sandy, some small 
coarse fragments present; 0.2% 0.C. 

35+ cm; dark yellowish brown (l0YR 4/4) moist; sandy 
loam; few, distinct, prominent, reddish-orange (l0YR 5/6) 
mottles; weak, subangular blocky, friable; 0.1% 0.C. 

Surface Infiltration Rate Surface FMC 
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Figure 17. Bulk density (B.D.), penetrometer (P.R.), and 
organic carbon (O.C.) distribution in the surface 54 cm 
of the well drained soil of site 5. 
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Bulk density values at all other barnyard sampling 

positions for the 0-6 cm depth, with the exception of the 

poorly drained position of site 2, yielded values of 1.2 or 

1.3 g/cm3. At site 5, 1.9 g/cm3, the highest value 

recorded at any site or depth, was found immediately at the 

barnyard surface. The 1.9 g/cm3 value was reflective of 

the lack of organic matter as well as the soil compaction 

force directly on the barnyard surface by animal hoofs, 

wheel traffic, and scraping. The site 5 profile was 

helpful in demonstrating that the P.R. readings were 

accurately refecting changes in soil compaction independent 

of how o.c. changed. 

By following the profile description (Table 11) the 

zone of compaction can be clearly seen. Beneath 3 cm of 

loose sand mixed with manure, strong, platy structure was 

found with very firm consistence extending to 15 cm. The 

lack of assimilated manure accounts for the very firm 

consistence. Massive, firm, structureless soil was 

described from 15-35 cm. Apparently the zone of moderation 

with respect to compaction was 15-35 cm1 below 35 cm there 

was a return to friable subangular blocky peds. With the 

exception of the 36-42 cm depth where an increase in clay 

affected the P.R. readings, the P.R. data would support the 

fact that measurable compaction did not affect the soil 

physical properties below 36 cm. 

FMC values for the first 30 cm of site 5 are located 

at the bottom of Table 14. The 0-15 cm value is the lowest 
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of all sites for that depth. Undoubtedly, this is due to 

the low o.c. value for the surface 15 cm as compared to 

other sites. Two subsurface depths had higher soil 

moisture values similar to site 4 because of 

correspondingly higher percentages of clay at those 

samples, further indicating the genetic similarity of these 

two soil profiles. Sites without subsurface clay increases 

had higher soil moisture contents only in conjunction with 

samples in the capillary fringe. 

If soil compaction was the single most limiting factor 

of infiltration for the sandy barnyard soils of this study, 

no infiltration would be expected at site 5 when tested. 

However, over a three hour period, a 0.7 cm/hr drop in head 

was recorded. Despite the fact that this barnyard had all 

appearances of being severely compacted based on the 

previous discussion, a rapid rate of infiltration was 

measured that could not be detected at sites 1, 2, or 3. 

This would indicate that compaction is not the only factor 

that limits the influx of water through these barnyard 

profiles. At the well drained position of site 2, a 

similar pattern of P.R. readings to site 5 was recorded, 

yet no measurable infiltration over a 12 hour period was 

detected. There was, at that position 4.33% O.C. in the 

surface 6 cm. At other sampling positions where no 

infiltration was recorded, there was on the order of 0.5%-2% 

o.c. in the soil at the depth where maximum or near maximum 

compaction occurred. The data suggests that it is a 
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combination of both mineral soil compaction from cattle 

hoofs and/or machine operation, and the incorporation of 

finely divided organic matter in that compacting process 

that results in the plugging of otherwise porous sands, 

thus it results in saturated conductivity, <O.l cm/hr. 

Summary 

There are several important points regarding the 

physical properties of the five barnyard soils that should 

be established. Three of the five barnyards had 

appreciable quantities of accumulated o.c. (4.0%-7 .5%) at 

the surface from manure loading. The remaining two 

barnyards had less due to lower animal density or the 

mechanical removal of manure on a regular basis. Field 

moisture capacities ranged from 7%-45% for the five 

barnyard surfaces, and were strongly influenced by the 

degree of organic matter accumulation. Soil compaction was 

detected at all five barnyards based on P.R. data. Zones 

of maximum compaction were associated with the manure soil 

interface. The lack of measurable water infiltration at 

three of the five barnyards appears to be the result of a 

compaction and organic matter interaction. 

Table 15 has been constructed as a summary of 

pertinent physical property data for the five barnyard 

positions and the irrigated field. 
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T«ble 15. Summary of physical characteristics for seven barnyard soils 
and one irrigated field soil in Portage County, WI. 

Site* lP 

Barnyard Age 
(yrs) 30 

Area (ha) 0 .01 

Stocking Density 

lMW 

30 

0. 1 

(m2/animal) 27 27 

Manure Loading -
(T/ha) 3560 16020 

o.c. (%) 

0-15 cm 
15-30 cm 

FMC(%) 
0-15 cm 

15-30 cm 

Max. P.R. 
(kg/cm2) 

5.85 
2.79 

42.5 
15.8 

>4.5 

7.49 
3.06 

44.9 
8.7 

>4.5 

18-30 & 

2P 

5 

0.29 

78 

3600 

4.83 
1.29 

36.0 
9 .1 

3.7 

Depth of Max 
P.R. (cm) 24-36 36-48 18-24 

Sand(%)- 90.0 

Fine Sand -11 
(%) 43.4 

Coarse Sand -11 
(%) 56.6 

91.7 

69.2 

30.8 

2. 1 

6.2 

84.4 

66.8 

33.2 

8.0 

7.6 

2W 

5 

0.29 

78 

2400 

2.12 
0.91 

17.5 
7.4 

>4.5 

0-12 

83.6 

61.4 

38.6 

8.2 

8.2 

3P 

20 

0.17 

57 

6000 

3.61 
0.92 

31.5 
11.7 

>4.5 

12-24 

72.0 

66.2 

33.8 

15.9 

12.1 

4W 

30 

0.97 

277 

4290 

3.05 
0 .17 

6.5 
4.6 

3.7 

6-18 

84.2 

76.9 

23.l 

6.9 

8.9 

SW 

30 

0.04 

11 

44700 

0.44 
0.17 

7.0 
5 .o 

>4.5 

0-18 

85.0 

72. 7 

27.3 

6.5 

8.5 

F 

1.10 
0.55 

10.0 
5.7 

2.5 

18-24 

94.0 

62.7 

37.3 

2.0 

4.0 

* P-poorly drained, MW-moderately well drained, W-well drained, F-field. 

- Wet manure loading calculated over the lifetime of barnyard. 

- Mean values of entire soil profiles. 

U Calculated as percent of sand fraction. 
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Chemical Properties of Barnyard Soils 

Introduction 

The results and interpretation of soil chemical data 

for this study are presented site by site in this chapter. 

Sites 4 and 5 are discussed in combination because they are 

two barnyards within the same cattle management system. 

Following the discussion of pertinent soil data for each 

barnyard, a brief discussion of groundwater quality 

surrounding the barnyard is given. Preceeding the 

discussion of site 1, some general results are presented to 

the reader that show how the N data was handled. 

The initial rationale behind repetitive soil sampling 

of the soils in this study was two fold: 1) determine N 

movement following precipitation beneath the study sites; 

and 2) detect N transformations within soil profiles. 

Figure 18 illustrates the NO3-N distributions with 

depth of the field profile and two barnyard profiles 

associated with site 1 for three sampling dates. Prior to 

the June 13 sampling, approximately 45 kg of N was applied 

on the field soil as NH4NO3 followed by 1.3 cm of 

irrigation. Nineteen cm of rainfall plus irrigation 

occurred between June 13 and August 4 fol lowed by 10 cm of 

precipitation between August 4 and September 2 (Fig. 19). 

The field profile exhibited a movement of peak NO3-N 

concentration (24 mg/kg) from the profile surface to 

approximately 90 cm (15 mg/kg) by the August sampling 

indicating that translocation of NO3-N had definitely 
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occurred. By September 2 a decrease in concentration 

throughout the profile at all depths was noted, inferring 

that N03-N had been removed from the system by leaching. 

This data is consistent with Olsen (1969) who identified 

similar leaching fronts in a Plainfield Sand. The two 

barnyard profiles, subject to the same precipitation and 

irrigation as the field plus additional runoff from 

buildings did not show movement of N03-N to subsurface 

depths similar to the field soil (Fig. 18). Both barnyard 

surfaces had equal or greater N03-N concentrations than did 

the field soil at the first sample date as well as having a 

continual N source from manure. Nitrate-N leaching through 

either barnyard profile of site 1 does not occur with the 

same magnitude as leaching under cultivated field 

conditions. 

The rainfall distribution from April to September is 

graphed in Figure 19. Of the 40.5 cm of precipitation that 

fell during the four months from May 1 to September 1, 27.2 

cm were received during the months of July and August. With 

the majority of precipitation in the sampling season 

falling during these months, leaching fronts within the 

barnyards should have been detected if they were to occur. 

Barnyard profiles at sites 4 and 5, where N03-N was present 

in concentrations similar to the field, were uniform in 

concentration through the season due to the constant N 

source in manure at the yard surface. 
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Repetitive sampling to identify transformations of N 

over time did not yield results which differed 

statistically from one date to another for the five 

barnyards when based on profile means of NH4-N and NO3-N. 

However, due to greater soil aeration and an organic N 

source in the surface 30 cm, some surface N trends clearly 

developed. It was also observed that within all of the 

barnyard profiles sampled, two depth ranges having 

differing N values could be identified: 1} the organic 

matter surface extending generally to a depth of 30 cm; and 

2} subsoil from 30 cm to the water table. 

Due to the relatively stable and consistent levels of 

N found within the barnyard soi ls over time and depth, data 

will be discussed primarily as season averages for each 

profile with depth, except when comparing surface and 

subsurface N over time. Nitrogen relationships will be 

addressed primarily on a dry soil basis (mg/kg} although 

soil solution data will be listed in tables. It is felt 

that this basis yields the most consistant comparison of N 

concentrations measured in soil samples. 
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Site 1 

Chemical analysis for site 1 is summarized in Tables 

16 and 17 for the barnyard, and Table 18 for the upgradient 

irrigated field profile. Comparisons of N values for 

organic versus inorganic fractions and NH4-N versus N03-N 

showed large differences between the barnyard and field 

profiles. For the poorly drained, well drained, and field 

soils, the organic N totals in the 15 cm surface were 10.8, 

9.9, and 2.2 T/ha respectively. The similarity between 

soils within the barnyard indicated the uniform buildup of 

a manure-soil surface for both barnyard types. Persistent 

accumulation of organic nitrogen was the result of no 

manure removal and the slowing down of mineralization 

processes due to the moist compact nature of the barnyard 

surface. The mean season moisture content of the poorly 

and well drained surfaces were 38.1 and 30.9%, 

respectively, as compared with 10% for the field profile. 

The clearest contrast between field and barnyard soils 

was the relative value of the NH4/N03 ratio. All values 

for the field with depth were less than 0.5 while soil 

values for the two barnyard profiles ranged from two at the 

surface to 91 at mid-profile. This data would suggest that 

the field and barnyard soils had different oxidation 

environments. 

Based on average data from seven samplings within site 1, 

statistical differences were measured with depth for both 

NH4-N and N03-N (Table 16 and 17). Season average 
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Table 16. Summary of soil N and related chemical data for the poorly drained soil of site l. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 
90-120 
120-150 
150-180 
180-210 
210-240 
240-270 
270-300 

NH4-N * N03-N * ORGANIC-N NH4/N03 A pH K 
WATER 

(Soil Solution) CONTENT* 

------------- mg/kg ------------- mg/kg mg/1 

80.0 a 28.4 a 5550 2.8 8.3 2399 44 
107. 7 b 15.6 b 2048 6.9 7 .1 1595 68 
48.4 C 2.0 C 155 24.2 7.3 699 25 
34.4 cd 2.0 C 86 17.2 7.2 699 27 
26.1 de 1.4 C 90 18.6 7 .1 749 23 
15.6 ef 2.0 C 79 7.8 7.2 950 30 
8.3 f 1.6 C 52 5.2 7.0 590 31 
4 .9 - f 1.3 C 33 3.8 6.8 276 29 
4.3 f 1.6 C 30 2.7 6.6 225 22 
2.6 f 3. 1 C 35 0.8 6.4 188 22 
2.9 f 4.3 C 33 0.7 6.0 151 23 

L.S.D.=15.0 L.S.D.•7 .O 

* Data represents an average of 7 samplings from May 3 to September 2, 1986. Numbers with 
different letters are significantly different at the 5% level. 

A The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 

7. 

38.1 a 
18.9 b 
6.9 d 
5.6 d 
5.7 d 
6. 1 d 
5.1 d 
4.0 d 
5.3 d 

10.7 C 

15.0 b 

L.S.D.=4.0 



Table 17. Summary of soil N and related chemical data for the moderately well drained soil of site 1. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 
90-120 
120-150 
150-180 
180-210 
210-240 
240-270 
270-300 

NH4-N * N03-N * ORGANIC-N NH4/N03 A pH K 
WATER 

(Soil Solution) CONTENT* 

------------- mg/kg ------------- mg/kg mg/1 

42.6 a C 20.6 a 5483 2.0 8.2 1956 44 
50.3 ab 7.6 b 1031 6.6 7.9 1124 52 
56.7 b 2.1 C 642 27.0 8 .1 1125 23 
37.4 C 2.6 C 143 14.4 8.5 985 39 
36.7 C 1.6 C 74 22.9 8.1 815 29 
24.9 d 0.7 C 43 35.6 8. l 555 14 
27.3 d 0.3 C 57 91.0 8.2 515 10 
38.0 C l • l C 16 34.5 7.8 700 23 
30.9 cd 1.0 C 30 30.9 7.1 375 15 
19.4 de 0.9 C 22 21.6 7.0 315 10 
14.3 e I.I C 22 13.0 7.5 250 8 

L.S.D.=10.4 L.S.D.=4.8 

* Data represents an average of 7 samplings from May 3 to September 2. 1986. Numbers with 
different letters are significantly different at the 5% level. 

A The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 

i. 

30.9 a 
12.3 b 
8.9 be 
7.0 cd 
5.1 d 
4.4 d 
4.4 d 
5.1 d 
4.9 d 
8.6 C 

13.3 b 

L.S .D.=3 .3 
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Table 18. Summary of soil N and related chemical data for the irrigated field soil 
adjacent to site 1. 

DEPTH NH4-N N03-N ORGANIC-N NH4/N03 - pH K 
WATER 

(Soil Solution) CONTENT 

---------------------------------------------------------------------------------------------------------
cm ------------- mg/kg ------------- mg/kg mg/1 7. 

0-15 2.7 12.7 871 0.2 5.8 240 42 10.0 
15-30 2.3 11.3 388 0.2 5.8 185 25 6.3 
30-60 2.3 8.0 89 0.3 5.8 95 84 5.7 
60-90 2.0 8.3 65 0.2 5.8 140' 114 6.3 
90-120 1.3 5.0 34 0.3 5.8 140 133 5.3 
120-150 0.7 4.0 46 0.2 5.7 115 94 6.3 
150-180 0.7 3.7 20 0.2 5.6 107 52 4.3 
180-210 2.0 4.0 12 0.5 5.5 115 72 4.3 
210-240 0.7 4.7 10 O. l 5.5 62 68 4.3 
240-270 1.0 10.7 19 0. l 5.6 79 89 10.3 
270-300 3.0 13. 7 21 0.2 5.6 87 48 17.3 

- The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 



concentrations of NH4-N exceeded NO3-N at all depths of 

both profiles except for samples taken near the water table 

of the poorly drained core; this may have been due to the 

influence of higher NO3-N than NH4-N concentrations in 

groundwater from upgradient sources. The irrigated field 

soil exibited the reverse--all samples in the profile had 

more NO3-N than NH4-N. 

With respect to NH4-N, the two barnyard soils had 

higher concentrations just below the surface than at the 

surface. Johaneson (1979) found a similar result when 

studying a relatively well drained barnyard soil that was 

heavily used. Norstadt and Duke (1985) reported that a 

manure pack surface increased NH4-N accumulation at the 

manure-soil interface and simultaneously promoted 

denitrification. The finding at site 1 was probably 

related to soil pH and aeration. Surface pH values of 8.2 

and 8.3 were measured for the 0-15 cm depth of the poorly 

and moderately drained soils repectively. Volatilization 

of NH3-N due to elevated pH and drying effects probably 

lowered the NH4-N pool in the surface as compared to the 

15-30 cm depth, even though the surface was most likely the 

zone of greatest ammonification. The field soil pH values 

were between 5.5 and 5.8 for the entire profile (Table 18). 

Below 30 cm in the poorly drained barnyard profile, 

decreases in NH4-N occurred with greater depth. Although 

this trend continued to the water table, concentrations 

were not statistically different from one another below 150 
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cm (Table 16). The majority of NH4-N was concentrated in 

the upper third to half of the profile. This was not the 

case, however, for the moderately well drained soil. 

Ammonium N concentrations similar to that of the surface 15 

cm were found distributed downward throughout the profile 

(Table 17). This pattern suggests a steady migration of 

NH4-N through the length of the moderately well drained 

profile not apparent in the poorly drained soil, and may 

indicate a greater amount of leaching. 

The fact that NH4-N buildup in the barnyard soils 

exceeded that of NO3-N indicated that nitrification was 

limited. For example, the vertical NO3-N distribution of 

the poorly drained profile was markedly different from that 

of NH4-N (Table 16). Concentrations of NO3-N in this 

profile were 28.4, 15.6, and 2.0 mg/kg respectively for the 

surface three depths. In that order, the NH4/NO3 ratios 

were 2.8, 6.9, and 24.2. The greatest differences in N 

species concentration was from 30-120 cm. The abrupt drop 

in the NO3-N level at 301 cm from 15 to 2 mg/kg points to 

both denitrification of migrating NO3-N and lack of 

nitrification from the NH4-N source at 30 cm. Nitrate 

levels below 2.0 mg/kg were recorded to a depth of 240 cm. 

In the case of the moderately well drained profile, a 

very similar NO3-N distribution developed (Table 17). The 

highest concentration of NO3-N was in the surface 15 cm 

followed by a significant decrease in the 15-30 cm 

interval. Depths below 30 cm were similar to one another 
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with respect to NO3-N, but significantly lower than the 

surface 3 0 cm. 

The controlling factors in limiting nitrification as 

found by other researchers have been elevated levels of 

NH3-N, high concentrations of soluble salts, and lack of 

oxygen (Johnson et al., 1963; Norstadt et al., 1982; 

Elliot et al., 1972). High pH, elevated cation 

concentrations and a moist manure-soil pack pointed to 

conditions restricting nitrification in and below the 

barnyard surface. The formation of a hoofpan at 

approximately 30 cm very likely limited the amount of 

gaseous exchange with the atmosphere, creating an isolated 

soil atmosphere low in oxygen below the surface. This 

appears consistent with the findings of Elliot and Mccalla 

(1972), where low levels of NO3-N were observed below the 

manure-soil interface of a feedlot due to reducing 

conditions. 

The NH4/NO3 ratios dropped below a value of 1.0 in the 

poorly drained profile at depths which corresponded to 

statistically significant increases in soil moisture near 

the water table. It is possible that oxygenated 

groundwater may have stimulated nitrification or that 

upgradient water quality was present in the capillary 

fringe, as indicated by a reversal of the NH4/NO3 ratio and 

a drop in pH. 

To evaluate seasonal changes in soil N, mean 

concentrations for surface and subsurface N were plotted 
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over time. Figure 20 and 21 illustrate the fact that NH4-N 

is clearly the dominant inorganic N fraction in both the 

surface and subsurface depths of the barnyard. In the case 

of the two site 1 profiles, a trend of increasing surface 

NH4-N over the summer and late fall was observed, 

apparently due to mineralization of organic N. This 

relationship was not expressed as strongly in the 

subsurface depths suggesting that movement of NH4-N through 

the profile was not a rapid process, but one that occurred 

over a period of years. While mean surface NH4-N 

concentrations were higher in the poorly drained profile 

than the moderately well drained profile, the opposite was 

true for the subsurface (Fig. 20 and 21). This was 

apparently due to greater leaching, resulting in a deeper 

distribution of NH4-N in the 15-30 mg/kg range of the 

moderately well drained soil (Table 17}. 

Two hypotheses for the evolution of different NH4-N 

distributions in the site 1 soils (Table 16 and 17) are 

plausible. The first can be deduced based on the past 

history of the barnyard, one which also gives possible 

insight into the development of N loading of subsurface 

soil by NH4-N. In 1976, removal of the surface 30 cm of 

manure and soil occurred in this barnyard. The two site 1 

sampling positions of this study had similar, moderately 

well drained surfaces at that time. It could be assumed, 

since the barnyard had been occuppied by cattle in the 

present manner for 20 years prior to this cleaning, 
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Figure 20. Mean concentrations of NH4-N and N03-N in surface 
and subsurface depths of the poorly drained site l soil. 

* Surface means were calculated based on two 15 cm 
depths, and subsurface means on nine 30 cm depths. 
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site 1 soil. 

* Surface means were calculated based on two 15 cm 
depths, and subsurface means on nine 30 cm depths. 
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that both profiles had accumulated substantial 

concentrations of NH4-N throughout their total depth. When 

excavation took place the poorly drained position was 

created by removal of all soil down into the subsurface, 

resulting in subsequent removal of the hoofpan. For a 

period of time before organic accumulations resealed the 

surface, it is possible that water infiltration and soil 

oxidation occurred within this profile. Nitrification, 

followed by leaching of NO3-N to groundwater may have 

removed much of the previous NH4-N in the poorly drained 

profile. This would have resulted in a decrease in soil pH 

and a lowering of base saturation accompanied by leaching 

of base cations (particularly of K as downward moving Ca 

and Mg would compete for exchange sites). 

By viewing Figure 22 and Table 16, the lower portions 

of the poorly drained soil currently exhibit the 

characteristics mentioned above; values of pH less than 6.9 

and base saturation less than 40% were associated with the 

lower 1.2 meters of the profile. As cattle occuppied the 

barnyard, the hoofpan formation and sealing of the surface 

by manures resulted in surface and subsurface accumulations 

of NH4-N rather than NO3-N. While surface disturbance 

altered the chemical equilibrium of the now poorly drained 

soil, excavation left the base of the compacted hoofpan 

intact at the moderately well drained position. This 

maintained the reducing conditions of the subsurface 
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profile and the continued elevated levels of NH4-N along 

with high pH and base saturation. 

A second theory would suggest that over the life of 

the barnyard there has simply been greater long-term 

leaching of base cations in the moderately well drained 

soil than in the poorly drained soil. This could 

explain the differences in NH4-N and base saturation values 

deeper in the profiles. 

Figure 22 expresses the relationships of NH4-N and 

base saturation that have been established over the past 10 

years for both site 1 profiles. The highest concentrations 

of NH4-N in the poorly drained soil have been limited to 

the upper half of the profile, and follows a similar 

pattern to that of base saturation (r=0.89). This becomes 

significant in that K was the major contributor to 

subsurface base saturation and appears to move in like 

manner to NH4-N in sandy soils. This data would suggest 

that a migrating front of NH4-N and K has reached a depth 

of approximately 150 cm in the poorly drained soil and as 

deep as the water table in the moderately well drained soil 

(Fig. 22, Tables 16 and 17). 

Season average groundwater data for K, NH4-N, Cl, and 

NO3-N are listed in Table 19. Potassium, Cl and NO3-N data 

down gradient of site 1 all indicated elevated levels above 

background concentrations and suggests that the barnyard was 

contributing leachate to groundwater. The great increase 

in K from 24.6 to 268.7 mg/1 is evidence that animal waste 
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constituents are definitely entering the water table system; 

manures and the barnyard profiles contained high 

concentrations of this cation. Background NO3-N 

concentrations were 32 mg/1 while those downgradient were 

46 mg/1. With upgradient concentrations of more than three 

times the MCL for NO3-N, the barnyard and associated areas 

are additional N contributors to an already serious 

groundwater NO3-N problem in the surrounding area. 

Based on previous discussions of physical and chemical 

properties of site 1 soils, it would not appear that NO3-N 

contamination occurs from beneath the barnyard, yet an 

increase in groundwater NO3-N was measured down gradient. 

The moderately well drained soil occupies the majority of 

the barnyard area overlying the groundwater flow path between 

up and downgradient wells, and therefore best represents 

data for soil constituents that would be most likely to 

enter the water table measured by the downgradient well. 

From the standpoint of soil data, it is possible that 

subsurface NH4-N could be added to groundwater in 

sufficient quantity to account for a 14 mg/1 NO3-N increase 

if nitrification took place in the groundwater. No NH4-N 

was found in water table samples. The distribution of NH4-N 

and K within the soil profile was highly correlated (r=0.89 

for the poorly drained soil and r=0.74 for the moderately 

well drained profile). With large K contributions to 

groundwater, the addition of NH4-N would also be plausible. 

A second possibility of input which was not addressed 
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Table 19. Groundwater quality for the site 1 feedlot. 
Values represent an average of three sampling ports 
within the upper one meter of the saturated zone. 

Well Location 

Upgradient 

Downgradient 

K NH4-N Cl N03-N 

-------------- mg/1 -------------

24.6 

268.7 

0.0 

o.o 
25.0 

70.5 

32.6 

46.2 

directly by this study, but must be considered, is the 

effect of runoff containing N leaching through well aerated 

soil beyond the confines of the barnyard or at the edges of 

the barnyard. The fenceline areas of the barnyard did not 

visually receive the hoof compaction applied to the general 

barnyard area, and therefore are much more permeable than 

the main yard, resulting in increased leaching. Because 

runoff water and residual manure was observed outside the 

yard between the up and down gradient wel 1 s, this may be a 

contributing source of contamination. The data is not 

conclusive as to the exact mechanism of pollution but does 

suggest that N originating at the barnyard surface is 

eventually entering the groundwater system. 
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Site 2 

The N relationships of the site 2 feedlot were found 

to be similar to those of site 1 with concentrations 

slightly lower in most cases. Although site 2 has only 

been in operation as a feedlot for five years, organic N 

levels of one site 2 position have nearly equaled those of 

site 1. Annual wet manure loading at site 2 has been 1200 

T/ha, the highest of the four sites where manure removal is 

not practiced. The sampling positions within site 2 

differed in total organic N, surface and subsurface NH4-N 

levels, and K concentrations while NO3-N profiles were very 

similar. Differences between positions were due primarily 

to the degree of animal use and soil drainage. Summary 

data for site 2 is listed in Table 20. 

The poorly drained site 2 soil received more manure 

loading throughout the year than the well drained soil. 

This is apparent by reviewing the surface organic N, NH4-N, 

and K data from Table 20. A slightly higher pH was 

associated with the greater loading. The poorly drained 

soil, because of greater surface moisture than the well 

drained position, probably converted more of the ammonified 

N to NH4-N resulting in pH elevation from hydrolysis. 

Although this may have enhanced volatilization losses, 

there was still a greater NH4-N pool at the soil surface in 

the poorly drained soil. With a larger NH4-N source at the 

surface, subsoil migration of NH4-N had reached the water 

table with concentrations of 11 mg/kg during the five year 
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Table 20. Summary of soil N and related chemical data for the poorly and well drained 
soils of site 2. 

Poorly Drained Position 

WATER 
DEPTH NH4-N * N03-N * ORGANIC-N NH4/N03 A pH K (Soil Solution) CONTENT* 

cm ------------- mg/kg------------- mg/kg mg/1 % 

0-15 68.3 a 16.9 a 4322 4.0 7.8 2359 43 29.9 a 
15-30 33.3 b 12.9 a 880 2.6 7.5 1270 98 12.1 b 
30-60 13. 7 be 1.3 b 133 10.5 7.6 380 15 7 .1 C 

60-90 13.1 be 0.7 b 86 18.7 6.8 330 15 4.6 cd 
90-120 14.6 be 0.9 b 134 16.2 6.4 295 14 6.3 C 

120-150 11.0 C 0.9 b 106 12.2 6.3 275 12 9.9 b d 

L.S.D.=18.8 L.S.D.=7.1 L.S.D.=4.4 

Well Drained Position 

0-15 
15-30 
30-60 
60-90 
90-120 
120-150 

26.4 a 16.7 a 1535 1.6 7.5 1229 121 11.7 a 
17.l b 5.3 b 526 3.2 7.5 750 57 8.6 b 
12.4 be 0.9 C 177 13.8 6.8 230 14 5.7 C 

6.3 cd 1.3 C 68 4.8 6.6 63 17 6.3 C 

3.3 d 1.4 C 71 2.4 6.3 26 17 8.0 be 
2.4 d 1.4 C 159 1.7 6.3 30 10 11.4 ab 

L.S.D.=6.8 L.S.D.=2.7 L.S.D.=2.2 

* Data represents an average of 7 samplings from May 3 to September 2, 1986. Numbers with 
different letters are significantly different at the 5% level. 

A The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 



period this feedlot has been in operation. Below 30 cm 

there were no statistical differences for NH4-N with depth 

in the poorly drained soil again indicating uniform 

migration not unlike the heavily loaded position of site 1. 

Lower profile concentrations of NH4-N for the well drained 

site 2 soil were statistically different from the poorly 

drained position. 

If K can be used as a tracer for NH4-N, Figure 23 aids 

in expressing the different migration patterns of NH4-N in 

the site 2 soils. There is a strong correlation between 

the two cations in the poorly drained profile (r=0.93) 

indicating conservation of ammonium near the surface and 

further subsurface migration. While K concentrations near 

the surface of the well drained soil are 50% of the poorly 

drained profile, they are five to 10 times less below 60 

cm. The extremely firm soil surface appeared to have a 

limiting effect on vertical migration of these cations. 

This hard surface also promoted runoff of manure 

constiuents from this location, and is another reason for 

lower chemical measurments in the profile. This data 

indicates that total leaching has been much less beneath 

the well drained position as compared to the poorly drained 

soil over the past five years. 

Distributions of NO3-N in the site 2 profiles followed 

the same inverse relationship with depth near the surface 

as did site 1 profiles. A significant difference between 

surface and subsurface NO3-N concentrations was observed 
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Figure 23. Ammonium N, N03-N, and K profiles of the poorly and well drained soils of site 2. 



(Table 20). The low subsurface NO3-N levels are ue to 

denitrification and lack of nitrification at depth as 

observed at site 1. 

Figure 24 shows a trend of increasing NH4-N and 

decreasing NO3-N for the soil surface over the summer and 

early fall. If warming temperatures were responsible for 

mineralization of NH4-N then they would also contribute to 

denitrification processes in the moist barnyard surface. 

Mean subsurface concentrations were fairly constant across 

the seven samplings. An increase of subsurface NH4-N on 

August 4 may have resulted from migration of NH4-N 

following 16.7 cm of rain received since the July 8 

sampling. 

A similar set of data for the well drained soil (Fig. 

25) indicates increased mineralization of NH4-N in the soil 

surface during summer months. Subsurface NO3-N 

concentrations were approximately the same for the site 2 

soils, in the range of 1-2 mg/kg. Ammonium levels were, 

however, generally 50% lower in the well drained soil as 

compared to the poorly drained. 

Based on this data it appears that the physical 

compaction of the site 2 soils is the controlling factor 

with respect to NO3-N leaching and possible NH4-N 

migration. Rapid leaching of N from this site would not be 

perceived as a groundwater problem. There may be, however, 

some contribution of NH4-N and K to the water table from 

soil areas similar to the poorly drained position. 
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Groundwater monitoring corresponding to site 2 was 

limited in its usefulness because an accurate upgradient 

well was lacking early in the study. The original 

upgradient well (identified as midgradient well in Table 

21) adjacent to the northeast corner of the feedlot became 

contaminated with runoff leachate during several major 

precipitation events. A second upgradient well further 

east from site 2 was installed in midsummer of 1986 and 

yielded accurate background water quality. 

Table 21 shows mean groundwater data surrounding the 

feedlot. Although Kand Cl are both increased down 

gradient as compared to upgradient, NO3-N levels remained 

the same and NH4-N was insignificant. The lack of NO3-N or 

NH4-N increases downgradient from the well drained soil is 

consistent with reported soil data. The intended 

upgradient well, contaminated with runoff, produced K 

concentrations similar to those downgradient of site 1, and 

is a strong indication of an animal waste source. 

Chlorides and NO3-N also showed similar increases, with 

NO3-N increasing to approximately four times the 10 mg/1 

MCL. This data suggests that runoff sources of NO3-N from 

site 2 may be more of a concern than subsurface leaching 

from beneath the yard. Ponding of runoff was observed 

south as well as east of site 2. Futher investigation south 

of the site would probably have resulted in finding 

groundwater contaminated with runoff leachate. 
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Table 21. Groundwater quality for the site 2 feedlot. 
Values represent an average of three ports in the 
upper one meter of the saturated zone. 

Well Location 

Upgradient 

Midgradient 

Downgradient 

K NH4-N Cl N03-N 

------------- rng/1 -------------

7.7 

235.0 

19.8 

105 

0.04 

2.0 

0.81 

21.0 12.6 

140.0 39.4 

109.0 12.6 
(surface 
port 4.9) 



Site 3 

A complete sampling of the soil profile to water table 

depths was hindered at site 3 because of coarse fragments 

encountered at 100 cm. Discussion of data from this 

barnyard will be limited due to the lack of measurements to 

the water table. Manure loading has been on going for the 

past 20 years at an annual moist rate of 300 T/ha. The 

rate of loading and intermittant use during the year has 

resulted in a slightly lower equilibrium level of surface 

organic-N, (4.5 T/ha) than found at site 1 or 2, which were 

10.4 and 6.6 T/ha respectively. Despite the fact that the 

yard is occupied less intensively than sites 1 and 2, it 

exemplifies many of the same characteristics. 

Nitrogen data in Table 22 show organic-N decreasing 

abruptly below the 0-30 cm zone of organic enrichment and 

mixing. Ammonium-N is uniform in the first 30 cm but 

increases significantly in the 30-60 cm depth. This depth 

increment was strongly influenced by the presence of 20% 

clay. Although potassium concentrations also decreased 

with depth, a four-fold drop from 1261 to 315 mg/kg was 

measured below the clay band. This would indicate a 

retention of cations due to the higher CEC associated with 

20% clay. 

It was interesting to note that al though site 3 had a 

higher surface K level than site 1 profiles, its K 

concentration at 60-90 cm was approximately 400 mg/kg lower 

than site 1 profiles. It might be expected that K 

migration with depth would be similar in these barnyards 
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Table 22. Summary of soil N and related chemical data for the poorly drained soil of site 3. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

WATER 
NH4-N * N03-N * ORGANIC-N NH4/N03 ~ pH K (Soil Solution) CONTENT* 

------------- mg/kg ------------ mg/kg mg/1 i. 

47.0 a 43.4 a 3728 1.1 8.4 2448 103 27.6 a 
42.7 a 8.3 b 576 5. l 8.3 1409 54 13.3 b 
73.7 b 3.3 b 170 22.3 7.5 1261 14 15.l b 
20.9 a 1.7 C 117 12.3 5.3 315 10 9. l C 

L.S.D.=27.0 L.S.D.=24.8 L.S.D.=3.5 

* Data represents an average of 7 samplings from May 3 to September 2, 1986. Numbers with 
different letters are significantly different at the 5% level. 

~ The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 



because of their common age. The fact that it is not true 

suggests that the clay lens of this soil may slow both K 

and NH4-N movement through the profile by virtue of less 

leaching and greater retention through the clay layer. 

Norstadt et al. (1982) found that fine textured soil 

materials retarded cation and salt migration when 

comparing clay loam and sand profiles artificially 

configured in a western feedlot. The combination of sand 

over clay loam was superior in retarding NO3-N leaching and 

retaining salts as compared to other soil profile 

combinations. This favorable result was thought to be caused 

by the organic matter, NO3-N and salts moving through the 

sand layer because of the sand's porosity, low CEC, and 

high pH to perch on the clay loam layer where 

denitrification was enhanced in a zone of poor aeration 

(Norstadt et al., 1982). 

The clay layer in the site 3 soil was found to have 

the effective retention ability identified by Norstadt, et 

al. (1982). Soil NH4-N, organic-N, K, pH, and base 

saturation all indicated changes in soil chemistry 

immediately below the clay layer associated with its 

attenuation capability (Table 22). With this being the 

case, NO3-N leaching would not be anticipated as a 

groundwater problem under the barnyard. 

The fact that NO3-N acted very independently of NH4-N 

or K above the clay horizon depth (Fig. 26) suggests that 

transformations were occurring even prior to NO3-N reaching 
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the clay depth. At 0-15 cm NO3-N concentration (43.4 mg/kg) 

was almost equal to NH4-N but dropped sharply to 8.3 mg/kg 

at 15-30 cm while NH4-N remained relatively constant. With 

the compacted hoofpan formation measured at 18-25 cm (Fig. 

15), denitrification would be reducing NO3-N movement 

through the profile. Below the clay lens (60-90 cm) NO3-N 

concentrations averaged 1.7 mg/kg. 

Surface inorganic N levels over the seven sampling 

dates in 1986 showed NH4-N to generally increase due to 

mineralization (Fig. 27). The large drop measured on 

September 2 is not consistent with the previous trend and 

may have resulted from sampling error. Although NO3-N did 

exceed NH4-N early in the season when conditions in the 

barnyard were drier at the surface, increased wetness from 

precipitation in mid to late summer is believed to have 

promoted denitrification activity in the manure-soil 

surface layer. These trends of increasing NH4-N and 

decreasing NO3-N over time were similar to those found at 

site 1 and the poorly drained soil of site 2 soils with an 

established manure-soil surface that maintained moist 

conditions throughout the year. Also similar to the 

heavily manure-loaded soils of sites 1 and 2 was soil pH at 

site 3 which ranged from 8.4 at the barnyard surface to 7.5 

in the clay band. This is indicative of soil influenced by 

the long term loading of manure. 

Groundwater concentrations of Kand Cl definitely 

indicated animal waste constituents were being contributed 
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to groundwater. Concentrations of both ions in water 

samples were elevated above background levels {Table 23). 

This was most pronounced in the case of K which was 

measured to be 310 mg/1 as compared to the upgradient 

concentration of 11.6 mg/1. Potassium data from wells at 

positions down gradient of site 1 and midgradient of site 2 

were 268 and 235 mg/1, respectively. Identification as to 

the exact path the leachate traveled prior to entering 

groundwater is unclear. The downgradient well location 

{Fig. 8) was approximately three meters west of the 

barnyard fence. Extremely wet conditions would not allow 

placement of the well closer to the barnyard edge in the 

fall of 1985. Cattle were pastured in the enclosure where 

the well was located. This adds a variable in terms of 

defining the source of elevated parameters in the 

downgradient well. Parameters measured in this shallow well 

could have leached from beneath the barnyard, run off from 

the barnyard onto the less compacted fenceline and pasture 

soil and migrated vertically, or moved directly downward 

Table 23. Groundwater quality for the site 3 barnyard. 
Values represent an average concentration of three 
ports in the upper one meter of the saturated zone. 

Well Location 

Upgradient 

Downgradient 

K NH4-N Cl N03-N 

--------------- mg/1 ---------------

11.6 

309.8 

0.2 

9.1 

111 

16.3 

84.7 

15.3 

11.5 



from manure loading in the pasture. Although soil data 

would not suggest that K, NH4-N, or N03-N would be likely 

to enter groundwater beneath the barnyard, these variables 

were detected in concentrations that strongly suggest 

animal waste contamination. 

Nitrogen data show a unique situation in comparison to 

site 1 and 2; N03-N decreased and NH4-N increased in the 

downgradient well as opposed to the upgradient well. A 

single dissolved oxygen test run on well samples taken on 

July 16, 1986 resulted in 0.0 mg/1. Because of low oxygen 

levels due to soluble organic compounds from beneath the 

manure loaded areas, some denitrification of N03-N was 

probable, yet N03-N levels were still greater than 10 mg/1. 

The 9 mg/1 of NH4-N in groundwater is undoubtedly from a 

manure origin as soil profile distributions would indicate. 

If the appropriate autotrophic bacteria were present in the 

aquifer and mixing with oxygenated water occurred, the NH4-

N could serve as a potential N03-N source. 

Nitrogen leaching beneath the barnyard would not be 

expected to occur based on soil data, yet NH4-N, N03-N and 

K concentrations in groundwater all indicated an animal 

waste source. Such data would suggest that leaching may be 

occurring in areas outside the barnyard proper as evident 

at sites 1 and 2, even with the heavier textured soil at 

site 3. 
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Sites 4 and 5 

Sites 4 and 5 represent two sampling locations within 

the same dairy herd management system (Fig. 9}. Since 

their chemical profiles are similar they will be discussed 

simultaneously. The 143 T/ha/yr of manure deposited on 

site 4 has remained as opposed to the deposition and 

biweekly removal of the 1490 T/ha/yr that occurs on site 5. 

Although loading is much greater on site 5 because of 

removal, chemical soil measurements indicate that the 

impact of the barnyards on the soil profiles has been about 

the same. These profiles have inorganic N ratios that are 

reversed from that of sites 1, 2, and 3; NO3-N exceeded 

NH4-N at all soil depths for these two soils (Tables 24 and 

25}. The organic N total of the 0-15 cm surface was 7.3 

and 1.2 T/ha, respectively, for sites 4 and 5; the 

difference is attributed to manure removal on a bi-weekly 

basis on site 5. Organic-N was lowest on site 5 of all 

sites studied, while site 4 was similar to the poorly 

drained soil of site 3. 

Soil NH4-N concentrations at sites 4 and 5 were low in 

comparison to other sites. At site 4, the surface 15 cm 

was statistically different from the rest of the profile 

(Table 24}. The 15 cm surface averaged 6.7 mg/kg over the 

season while subsurface depths ranged from 0.6 mg/kg to 1.6 

mg/kg at the capillary fringe (Fig. 28}. Concentrations of 

NH4-N were higher from 15-90 cm at site 5 than at 4. This 

could be attributed to the compacted surface of the scraped 
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Table 24. Summary of soil N and related chemical data for the well drained soils of site 4. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 
90-120 

120-150 

WATER 
NH4-N * N03-N * ORGANIC-N NH4/N03 ~ pH K (Soil Solution) CONTENT* 

------------- mg/kg ------------ mg/kg mg/1 % 

6.7 a 28.4 a 3041 0.2 6.7 1014 169 13.1 a 
0.6 b 7.3 b 210 0. l 6.7 395 130 5.4 b 
1.1 b 9.4 b 177 0. 1 6.8 575 99 8.7 C 

1.6 b 9.6 b 175 0.2 6.8 656 81 10.7 a C 

1.6 b <J. l b 66 0.2 6.7 549 93 9.3 C 

2.6 b 12.0 b 44 0.2 6.6 562 97 11. l a C 

L.S.D.=2.9 L.S.D.=10.8 L.S.D.=2.4 

* Data represents an average of 7 samplings from May 3 to September 2, 1986. Numbers with 
different letters are significantly different at the 5% level. 

- The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 
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Table 25. Summary of soil N and related chemical data for the well drained soils of site 5. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 
90-120 

120-150 

WATER 
NH4-N * N03-N * ORGANIC-N NH4/N03 - pH K (Soil Solution) CONTENT* 

------------- mg/kg ------------ mg/kg mg/1 % 

6.6 a 25.0 a 419 0.3 6.9 673 280 8.4 a C 

6 .1 ab 10.4 b 151 0.6 7.5 498 139 6.9 a 
6. 1 ab 6.9 b 158 0.9 7. 1 899 59 10.9 b d 
2.9 ab 6. 1 b 90 0.5 6.8 675 56 9.9 be 
1.0 b 5.3 b 40 0.2 6.6 395 66 7.0 a 
2.6 ab 7.3 b 34 0.4 6.6 350 55 12.4 d 

L.S.D.=4.6 L.S.D.=5.4 L.S.D.=2.2 

* Data represents an average of 7 samplings from May 3 to September 2, 1986. Numbers with 
different letters are significantly different at the 5% level. 

- The ratio of NH4-N to N03-N calculated by division of NH4-N values by N03-N. 

Data represents season mean of soil N03-N calculated on a soil solution basis. 
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Figure 28. Ammonium N, NOJ-N, and K profiles of the well drained soils of sites 4 and 5. 



yard which limits the free exchange of oxygen near the soil 

surface and hinders the nitrification process. 

Potassium levels were not unlike other sites in 

subsurface depths. Concentrations ranged from 350 to 899 

mg/kg between the two sites, yet NH4-N never exceeded 7 

mg/kg. Reduced NH4-N accumulations in site 4 and 5 

profiles were probably related to two factors: 1) the 

occurrence of nitrification, and 2) a lower manure loading 

in the case of site 4, and manure removal at site 5. Data 

for pH would support the nitrifying, acidification 

activity; site 4 values were within the range of 6.6 to 6.8 

for the entire profile (Table 24). Results of pH from site 

5 were slightly higher than site 4 in the first three 

depths, 6.9, 7.5, and 7.1, respectively (Table 25). 

The second and third depths were those associated with the 

highest NH4-N. 

The NH4/NO3 ratio at these sites were all less than 

1.0; this indicates more NO3-N present as a rule in these 

profiles than NH4-N. Site 4 maintained NH4-N values of 0.1 

and 0.2 throughout the entire profile, this suggests that 

nitrification occurred without interference from the 

potential inhibitors of NH3-N, high salt levels, and 

anaerobic conditions. Nitrogen ratios were more variable 

within site 5 and ranged from 0.2 and 0.9. 

Significantly higher NO3-N was measured for site 4 and 

5 profiles (Table 24 and 25) at the 0-15 cm depth compared 

to the remaining depths for both soils. Surface levels 
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were approximately the same, averaging 26.7 mg/kg. Figure 

28 illustrates the season average of N03-N for the two 

sites with depth. Site 4 had a higher subsurface average 

of 9.5 mg/kg over all depths as compared to 7.2 mg/kg for 

site 5. In the case of NH4-N, however, site 5 had 

approximately twice the concentration of site 4. As 

mentioned before, there is not an established relationship 

between NH4-N and Kin these profiles as there appeared to 

be in the other barnyard soils discussed. This is believed 

to be due to aerobic conditions which depleted the NH4-N 

pool. Potassium and NH4-N both have the same manure 

source, but NH4-N is subject to various transformations 

while K is not. The peak K values below the surface in 

both profiles are because of an increase in soil clays 

(Fig. 28). 

Figure 29 displays the mean surface and subsurface 

concentrations of inorganic N found for site 4 during 1986. 

Warm spring temperatures and precipitation events generally 

less than 1.0 cm are thought to have allowed for rapid 

nitrifying conditions within the barnyard surface that 

resulted in the highest N03-N level recorded at that 

position. With greater precipitation following May 3, N03-

N was leached more rapidly from the surface than was 

nitrified. During the months of August and September it was 

observed that cattle were occupying the southern section of 

the pasture more intensively. This may be the reason for a 

slight increase in N03-N on those dates (Fig. 29). The 
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and subsurface depths of the well drained site 4 soil. 
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depths, and subsurface means on four 30 cm depths. 
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general trend of NH4-N accumulation throughout the summer 

was not observed at site 4. Ammonium N concentrations 

decreased toward the mid-season but without clear pattern. 

Subsurface N was consistent throughout the season 

suggesting uniform movement of NO3-N through the soil 

system from the manure source. 

Figure 30 from site 5 does not show clear patterns 

developing for inorganic Nin the surface or subsurface 

depths over time. Variable NH4-N data from 0-30 cm is 

probably due to manure scraping which would alter the 

amount of manure related NH4-N on the surface at different 

sampling dates. Rapid drying of the surface of this yard 

following precipitation or urination by cattle accelerates 

NH4-N losses as NH3-N. Nitrate Nat 0-30 cm was much less 

variable than NH4-N and ranged from 15-25 mg/kg over the 

season {Fig. 30). Although subsurface levels of N also 

appeared to be variable, data are within a 5 mg/kg range. 

Nitrate-N was the predominant N form in these subsoil 

depths. 

A substantial increase in groundwater K was recorded 

over background levels at site 4, consistent with the 

findings at sites 1 through 3 where large increases in 

groundwater K were detected from the barnyards or runoff 

areas. Along with a trace of NH4-N, 44 mg/1 Cl was 

measured downgradient of the yard {Table 26). The 

downgradient increases of Kand Cl were not as large as 

found at other sites, but the groundwater NO3-N 
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Table 26. Groundwater quality for the site 4 (A) and site 
5 (B) barnyards. Values represent an average 
concentration of three ports in the upper one meter 
of the saturated zone. 

Well location K NH4-N Cl NO3-N 

---------------- mg/1 ---------------
(A) 
Upgradient 3.7 0.0 35.7 4.5 

Downgradient 124.0 0.1 44.7 18.7 

(B) 
Upgradient 0.9 0.0 30.0 11.6 

Downgradient 29.0 0.2 11.0 4.8 

concentration was raised to 19 mg/1 (Table 26). Based on 

soil NO3-N data and the fact that surface soil infiltration 

was measured at 1.9 cm/hr, it seems reasonable to detect 

NO3-N increases in downgradient groundwater samples because 

of leaching from barnyard soil. 

At site 5, an increase in groundwater K downgradient 

of the barnyard continued the pattern found at other sites 

although the magnitude was much smaller (29 mg/1). A trace 

of NH4-N along with a chloride concentration less than 

upgradient levels were also detected. The input of NO3-N 

to groundwater from the barnyard was measured to be 

approximately 5 mg/1. Although the soil chemistry of sites 

4 and 5 were similar to one another, the input to 

groundwater beneath site 5 appears to be much lower than 

data recorded for site 4. This is probably due to the fact 

that water infiltration is slower on this barnyard (0.7 
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cm/hr). Site 5 had minimal O.C. accumulations at the 

surface (0.21%) yet the increased animal density and 

vehicle traffic from manure removal compacted the soil 

surface limiting water percolation to groundwater. 

Table 27. Summary of chemical characteristics for seven barnyard soils 
and one irrigated field soil in Portage County, WI. 

Site* lP 2P 2W 3P 4W SW F 

Surface NH4-N 
(mg/kg)- 93.1 46.1 50.4 21.9 44.6 3.6 6.3 2.5 

Subsurface NH4-N 
(mg/kg)- 16.4 31.4 13.0 6.4 47.3 1.9 3.3 1.5 

Surface N03-N 
(mg/kg)- 22.1 14.0 14.6 11.3 25.9 17.7 17.7 12.0 

Subsurface N03-N 
(mg/kg)- 2.1 1.3 1. 0 1.3 1.7 9.9 6.6 6.9 

Subsurface N Ratio 
(NH4/N03)- 9.0 32.3 14.4 5.6 17.3 0.2 0.5 0.8 

pH (0-15 cm) 8.3 8.2 7.8 7.5 8.4 6.7 6.9 5.8 

Org. Carb. (?) 
(0-15 cm) 5.9 7.5 4.8 2.1 3.6 3. 1 0.4 1.1 

K Leaching 
(cm)+ 180 270 90 30 90 150 150 0 

Base Saturation 
)60? (cm)+ 180 300 1S0 30 90 150 150 300 

* P-poorly drained, MW-moderately well drained, W-well drained, F-field. 

- Average of the surface 30 cm over seven sampling dates 

Average of all sample depths from 30 cm to the water table over 
over seven sampling dates, May-September, 1986. 

+ Maximum soil depth where K concentrations exeed 300 mg/kg. 
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SITE COMPARISONS 

The f o 11 owing is a summary of how the study s it es 

differed, within barnyards and among barnyards, in terms of 

N characteristics. Emphasis is placed on the inorganic 

forms of NH4-N, N03-N, and K. 

The investigation of soil N identified two distinct 

soil conditions differing in N concentration with respect 

to depth in most cases: 1) highest levels of both organic 

and inorganic N were associated with organic matter in the 

surface 30 cm, and 2) lower levels of N were identified in 

sample depths from 30 cm to the water table. The number of 

sample depths below 30 cm to groundwater varied between the 

sites. Ammonium N concentrations were uniform through this 

deeper depth range within their respective profiles except 

where heavily compacted soils had not permitted vertical 

migration of NH4-N to the depth of groundwater; N03-N was 

uniform from 30 cm to groundwater in all cases within 

respective profiles. 

For the purpose of summarizing and comparing data 

across and within sites, Figures 31 and 32 are 

illustrations of the two distinct depth ranges with respect 

to N. Surface NH4-N varied between positions mainly due to 

the degree of manure loading and drainage (Fig. 31). Those 

sites (1-3) with greatest loading and poorest drainage 

tended to have the highest NH4-N accumulation; this 

implies that these sites possessed conditions not conducive 

to nitrification. The well drained positions with the least 
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NH4-N present were all statistically similar at the 0.05 

level. 

The difference in accumulation of subsurface NH4-N 

between sites and/or positions are explainable based on 

unique site characteristics. Data from site 3 is not 

clearly representative of the subsoil profile because the 

value in Figure 32 involved only two sample depths. Site 

3 exhibited the effect of clay's cation exchange capacity 

with an NH4-N concentration of 47.3 mg/kg. The moderately 

well drained soil of site 1 received the greatest lifetime 

manure loading for the barnyards studied without regular 

removal (16020 T); this accounts for its high concentration 

of 31.4 mg/kg. Due to the possible loss of NH4-N in the 

poorly drained soil of the same site because of excavation 

and subsequent nitrification, re-establishment of 

subsurface NH4-N may have been ongoing over the last 10 

years. Less leaching over the life of the barnyard at the 

poorly drained position may also account for lower NH4-N. 

The site 2 feedlot, in operation for only five years, is 

also undergoing a similar subsurface loading of NH4-N. 

This process at the well drained position is taking place 

more slowly because surface slope promotes the runoff of 

manures from the area. Finally, the low residual manure 

accumulation on sites 4 and 5 appears to result in the 

depletion of NH4-N via nitrification, thus no subsurface 

buildup (Fig. 32). 
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The accumulation of subsurface NH4-N among those sites 

exhibiting anaerobic subsoils appears to be related to 

barnyard age and manure loading. When subsurface NH4-N 

(kg/ha) for sites 1-3 were correlated to lifetime manure 

loading an r value of 0.925 was calculated (Fig. 32). The 

moderately well drained site 1 position which has received 

the greatest amount of manure over the longest period of 

time accrued the most NH4-N. The opposite was true for the 

well drained site 2 soil. To determine if K might be a 

conservative chemical indicator of degree or depth of 

manure leaching, K was plotted against the lifetime manure 

loading of the barnyards. Beneath the irrigated field, 

subsoil K concentrations on the order of 100 mg/kg were 

measured. Three hundred mg/kg of K was assumed to be a 

value large enough by comparison to surrounding land uses 

to indicate manure leaching. Figure 33 indicated that the 

greatest depth where K exceeds the 300 mg/kg level 

corresponds to the barnyard position receiving the greatest 

loading. When a correlation between depth of K leaching 

and lifetime manure loading was calculated using data for 

all sites, a fairly strong positive relationship was found 

(r = 0.790). 

Barnyard positions lMW and 2W were the soils that 

indicated the greatest and least impacts, respectively, 

from lifetime manure loading with respect to both NH4-N and 

K relationships previously discussed. 
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Although there were statistical differences among 

sampling positions for surface N03-N they were not as 

clearly defined as in the case of NH4-N (Fig. 34). All but 

two positions were statistically related to one another. 

The surface 15 cm of soil at site 3 appeared to be churned 

more frequently by walking cattle, and appeared to dry more 

quickly than the site 1 and 2 positions which generally 

maintained more packed and firm surfaces. This soil drying 

effect coupled with a substantial NH4-N source of 45 mg/kg 

(favorable conditions for nitrification), resulted in the 

highest surface N03-N level of any barnyard position. 

Lowest was the well drained location of site 2. The 

decreased NH4-N pool (22 mg/kg) and extremely compacted 

surface soil that allowed limited soil wetting were 

conditions that were probably least favorable for 

nitrification to occur. While sites 4 and 5 did not have a 

large residual N source as did other sites, the N03-N 

concentrations present were similar to other sites. Of the 

total inorganic N measured at sites 4 and 5, 84% and 72%, 

respectively, were found to be in the N03-N form. (Data 

for barnyards 1-3 can be found in Table 27). 

A very unique pattern develops when looking at the 

subsurface N03-N levels of the barnyards sampled (Fig. 34). 

Sites 1, 2, and 3, where substantial organic matter had 

accumulated (2-7% O.C.) regardless of manure loading rates 

or animal density, retained less than 2 mg/kg of N03-N. 

Sites 4 and 5, having the least amount of residual manure 
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accumulation maintained the greatest subsurface NO3-N 

levels. Sites 1-3 all had either a compacted organic

mineral interface layer between 10 and 30 cm or a compacted 

organic soil surface. These conditions are suggested to be 

the controlling factor maintaining subsurface conditions 

that restrict nitrification of NH4-N and promote 

denitrification of leaching NO3-N. The compacted soil also 

enhanced runoff from barnyard surfaces. 

Another method of site comparison involved developing 

a ratio of all samples for a given sampling position 

throughout the 1986 season whereby NO3-N in samples would 

be greater than NH4-N when compared on a mg/kg basis. An 

inference can then be made from these ratios as to the 

oxidation state of the soil and its effect on the form of N 

existing at a given site. These ratios for all barnyard 

sampling positions and the irrigated field position are 

presented in Figure 34. Comparison of bar heights breaks 

the sampling positions into two categories: those 

positions with values less than 0.17, and those exceeding 

0.85. Samples at sites 1-3 where NO3-N did exceed NH4-N 

during the 1986 season always corresponded to soil surface 

or water table depths where there was likely to be more 

oxygen for nitrification to occur than elsewhere in the 

profiles. 

In the case of site 4, all samples taken during the 

1986 season contained NO3-N in levels greater than NH4-N 

(Fig. 35). The greater degree of soil compaction at site 5 
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as compared to site 4 resulted in a lower ratio than site 4 

and a tendency toward less soil nitrification. It is 

interesting to note that the field profile closely 

approximates site 4 and 5 for this type of comparison; this 

suggests similar oxidation environments in those soils. 

With this being the case, and with data supporting positive 

surface infiltration rates at these three locations, the 

potential for groundwater contamination from NO3-N leaching 

would be likely from sites 4 and 5. 

As a final clarification of N relationships within the 

barnyards studied, subsurface NH4-N and NO3-N as dependent 

variables were regressed on surface O.C. present at the 

respective positions. Organic carbon percentages used in 

the regression were from 0-15 cm sample depths and N values 

were kg/ha data expressed as a mean of all subsurface 

depths from 30 cm to the water table. 

Figure 36 illustrates the relationship of NH4-N 

to surface o.c. An r value of 0.879 resulted in the 

explanation of 77% of NH4-N variablity based on the surface 

O.C. content. Interpretation of this relationship suggests 

that increasing O.C. values are related to increasing 

manure loading (r=.723) resulting in a greater NH4-N 

source that is stable due to a reducing soil environment 

created by higher organic matter contents. As postulated 

earlier, a moist organic matter surface on a barnyard 

minimizes nitrification of NH4-N preserving a larger NH4-N 

pool for subsoil loading over a period of years. 
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A similar plot of data for N03-N to O.C. gave a 

relationship quite different from that of NH4-N. Organic 

carbon values greater than 2% were all associated with 

sites where heavy animal traffic and residual manure 

accumulation occurred. These sites had essentially equal 

amounts of soil N03-N {8.2 kg/ha). Site 5 had the lowest 

O.C. {Fig. 37). Although this site was heavily trafficked 

by animals, manure was removed on a biweekly basis. There 

were statistical differences in soil N03-N concentrations 

between site 5 and those sites corresponding to data points 

near the x axis {Fig. 34). Sites 4 and 5 apparently have 

sufficient oxygen present in their soils to promote 

nitrification. 

This data suggests the implication that finely divided 

organic matter and hoof compaction seals a barnyard surface 

preventing subsoil migration or accumulation of soil N03-N 

because of anaerobic conditions. Maintenance of this seal 

greatly minimizes the leaching potential and ultimate 

groundwater contamination from soil N03-N beneath barnyards 

possessing this characteristic. 
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CONCLUSION 

The present study has investigated soil physical and 

chemical characteristics beneath five sandy barnyards with 

a range of management practices. Physical properties of 

the barnyards, including organic matter accumulations 

combined with soil compaction effects from cattle were 

found to dictate the forms of N present. While organic N 

was the 1 a r g est po o 1 of N at a 11 s it es studied , NH 4-N was 

the dominant form of inorganic N within the intensely used 

confinement areas, with a stocking density greater than 80 

m2/animal. Viets (1974) suggested densities greater than 

100 m2/animal would minimize soil nitrate accumulation 

under feedlots. Conditions were not conducive to 

nitrification or surface infiltration of water on the 

densely stocked yards. In the remaining two barnyards 

where low stocking density or manure removal precluded the 

sealing effects of a manure surface, NO3-N was the primary 

form of inorganic Nin both surface and subsurface depths. 

Data collected at the heavily used confinement areas 

indicated that NO3-N leaching is not likely to 

occur to the degree identified beneath irrigated field or 

low animal density conditions. The accumulation of 

subsurface NH4-N beneath heavily stocked yards in 

concentrations exceeding 10 mg/kg to the water table 

suggests that such barnyards may contribute an NH4-N load 

to groundwater. Beneath five of the seven barnyard soils 

studied, NH4-N ranged from 83% to 97% of al 1 inorganic N 

present in depths greater than 30 cm. 
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The most likely source of groundwater contamination 

from barnyards that restrict vertical water movement is 

runoff of N-loaded water to uncompacted soil areas along or 

beyond confinement perimeters, or along low traffic areas 

near fence lines. The soil zone at the barnyard edges may 

not have been as significantly compacted; therefore, these 

barnyard edges may be zones of greater nitrification and 

movement of NO3-N to groundwater. This aspect was not 

addressed by the current study but is suggested for further 

research as a possible component in the contamination 

potential of a barnyard. 

In the case of two barnyard sites where manure sealing 

of the surface did not occur, 72% to 84% of all inorganic N 

was found in the NO3-N form. Surface infiltration rates 

suggest that leaching of the soil NO3-N did occur. This 

was confirmed by groundwater monitoring in the case of one 

of the barnyards. 

Of the base cations measured in the study, K was most 

valuable in terms of indicating the depth and degree of 

soil contamination beneath the barnyards. Potassium levels 

of barnyard profiles exceeded the field control soil with 

up to 10 times the field concentration at some depths. 

Schuman and Mccalla (1975) also reported K accumulations in 

barnyard soils. Potassium concentration and base 

saturation were strongly correlated in the heavily stocked 

barnyard soils of this study at depths greater than 30 cm 

(r=.828). Subsurface measures of NH4-N and K resulted in a 
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positive correlation (r=.796) beneath the densely stocked 

barnyards. Potassium is found in higher concentrations 

than other mineral elements in manure, and indications from 

this study suggest that Kand NH4-N may move similarly in 

sandy soils where NH4-N is the predominant form of 

inorganic N. Therefore, K, as a measured soil parameter, 

may provide insight into the degree of manure loading a 

soil profile has received from the presence of a barnyard. 

Further research is needed to explore this area. 

Organic carbon levels of the barnyard surfaces in this 

study were found to be strongly related to levels of 

subsurface NH4-N (r=0.882). The regression analysis 

presented in this study only represents conditions found by 

this study at a limited number of locations. If further 

research was expanded on this point a useful prediction 

model may be develped for easily identifying subsurface 

soil NH4-N loading by measuring surface organic carbon. 

The evaluation of physical characteristics of barnyard 

surfaces yielded data that agreed with previous studies. 

The dense zone of compaction that reduces water 

infiltration, as discussed by Mielke et al. (1974), was 

found at six of seven barnyard soils in this study. In the 

presence of O.C. greater than 2%, five of these locations 

had unmeasurable surface infiltration rates (<0.1 cm/hr). 

These were the same barnyard soils where NH4-N was the 

predominant form of inorganic N found. The other two 

barnyard soils did not have excessive manure accumulations 
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and had measurable surface infiltration. These soils 

appeared to represent profiles that maintained an aerobic 

soil atmosphere. Data from this study suggest that the 

physical surface characteristics of soil compaction 

combined with organic matter are the controlling factors in 

determining the N status within barnyard soil profiles. 

The relationship of barnyard management to groundwater 

contamination of N is complex and varied. Each barnyard 

site represents unique combinations of variables of which 

the following may be pertinent: 1) stocking density; 

2) surface organic carbon contents; and 3) surface slope. 

Heavily used barnyards (<80 m2/animal) that are 

occupied continuously without manure removal did not 

represent a great N03-N leaching potential during the time 

of operation as shown by this study. Runoff water, loaded 

with N, from barnyard surfaces is the most immediate and 

rapid form of groundwater contamination that could occur 

from these areas. If, however, the subsoil becomes loaded 

with NH4-N, and the barnyard is eventually abandoned, 

future aeration of these soil profiles may lead to 

nitrification and subsequent groundwater contamination. 

This phenomenon had been identified in western states 

(Mielke and Ellis, 1976). Barnyard management that does 

not promote surface sealing of soils, by either low 

stocking density or by regular manure removal, presents the 

likelihood of N03-N leaching processes. 
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Attempting to develop a barnyard and manure management 

system that minimizes groundwater pollution is a difficult 

problem. Using barnyards from this study as examples, it 

is clear that there is a large nutrient source in the form 

of residual manures within barnyards that are not 

frequently cleaned. This practice fails to utilize the 

manure as an economic resource and subjects soil profiles 

to slow NH4-N loading as well as runoff with subsequent 

NO3-N leaching. However, frequent cleaning of such yards 

have been cited by others to be a source of direct NO3-N 

leaching (Viets, 1974) and is supported by results obtained 

at site 5. 

Table 27 lists the total lifetime loading of each 

barnyard studied compared with the total amount of N 

currently contained within the soil profiles of each 

barnyard. The percent N remaining is that N present that 

has not been lost to volatilization, runoff, leaching, or, 

in the case of site 5, removal. The greatest percentage of 

residual N was found at sites 1 and 2, associated with the 

manure surfaces of those barnyards. The remaining three 

sites were similar in that residual N was 20 to 30% of all 

N loaded onto the barnyards over the course of their 

operation. 

In the case of heavily used barnyard sites it may 

prove feasible to a farm operator to install concrete in 

barnyards with raised borders to catch runoff losses. To 

minimize runoff amounts, water should be diverted from 
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Table 27. Total lifetime N loading compared to current N 
present in barnyard soils of sites 1-5. 

SITE 

1 
2 
3 
4 
5 

LIFETIME LOADING 
OF BARNYARD N 

------------ T/ha 

278 
43 

251 
31 

321 

TOTAL N 
PRESENT 

-----------
190 

23 
58 
10 
95 

- Calculated by dividing total N present 
N loading. 

SOIL N -

% 

68% 
53% 
23% 
32% 
30% 

by lifetime 

entering yards at ground level or from roof runoff. A 

moderately stocked pasture (277 m2/animal) resulted in 

direct NO3-N leaching. Apparently, at this stocking rate, 

N inputs are greater than can be assimilated by vegetation 

found on the site in this study. It is proposed that 

further research could better define whether or not there 

is a critical low stocking density where NO3-N leaching 

would not be a concern to groundwater. Paving of areas 

with animal densities on the order of 277 m2/animal would 

not be a cost effective measure. Indications from this 

study suggest that animals be kept at some lower stocking 

density or they be confined to smaller areas with facility 

improvements that limit runoff and subsoil NH4-N loading. 

Irrigated agriculture on the Sandplain Province 

involves huge tracts of land area compared to area devoted 

to barnyard uses. According to Miller (1971), N impacts 

from irrigated agriculture are of greater concern for 
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groundwater quality on a regional basis than inputs from 

animal confinement areas. The present study supports this 

conclusion. However, barnyards in this study were 

identified as contributing to the total N load of their 

respective local aquifers. 
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Table 1. Summary of soil nitrogen data for three sample dates 
during 1986 for the irrigated field soil of site 1. 

DEPTH 

cm 

0-1S 
1S-30 
30-60 
60-90 

90-120 
120-1S0 
1S0-180 
180-210 
210-240 
240-270 
270-300 

cm 

0-1S 
1S-30 
30-60 
60-90 

90-120 
120-1S0 
1S0-180 
180-210 
210-240 
240-270 
270-300 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 MaylS JunS Jun13 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
3.1 1.9 2.9 2.6 
3.9 1.4 1.9 2.4 
2.4 1.9 2.6 2.3 
1.8 3.S 0.0 1.7 
1.6 1.1 0.6 1.1 
1.4 0.6 0.0 0.7 
1.1 0.9 0.0 0.6 
2.0 0.9 2.S 1.8 
0.7 1.1 0.0 0.6 
2.6 0.4 0.2 1.1 
2. 1 7.2 0.4 3.2 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

24.7 S.9 S.8 1 2. l 
24.9 6.8 1.7 11. 1 

S.9 10.9 7.3 8.0 
2.S 14.9 7.3 8.2 
1.9 7. l 6.4 S. 1 
2.S 8.7 4.7 5.3 
3.6 4.8 2.2 3.5 
4.3 4.9 2.8 4.0 
5.0 6.3 2.9 4.7 

17.8 9.0 4.7 10.5 
12.6 16.7 8.7 12.7 

152 

May3 

mg/kg 

874 
390 

91 
67 
3S 
47 
21 
14 
11 
20 
24 



Table 2. Summary of soil nitrogen data for seven sample dates 
during 1986 for the poorly drained area of site l. 

--------------------------------------------------------------------
ORGANIC 

A..."fMONIUM NITROGEN NITROGEN 

-------------------------------------------------- ---------
SEASON 

DEPTH May3 Mayl5 Jun5 Junl3 Jul8 Aug4 Sep2 AVE May3 

--------------------------------------------------------------------
cm ------------------------ mg/kg -------------------- mg/kg 

0-15 24.7 39.5 90.8 80.7 88.7 109.3 123.7 79.6 5575 
15-30 103.3 113.8 99.5 84.0 83.9 104.5 163.6 107.5 2151 
30-60 43.4 58.0 40.3 39. 7 40.5 48.9 67.4 48.3 198 
60-90 31.4 30.5 24.6 43.4 40. l 47.3 23.7 34.4 117 

90-120 23.9 19.6 18.6 30.9 33.3 43.7 11.9 26.0 114 
120-150 14.0 10.5 14. 1 24.2 31. 9 31.2 1.1 18.1 93 
150-180 5.3 6.8 5. 1 9. 0 13.6 17.1 1.1 8.3 57 
180-210 3.0 1.6 4. 1 5.7 8.5 8.6 0.9 4.6 36 
210-240 2.8 2.5 2.5 4.6 7.8 6.6 0.7 3.9 33 
240-270 1.1 3.6 3.2 1.9 3. 1 3.6 1.1 2.5 36 
270-300 2.0 3. 1 5.7 5.3 2.0 2.2 0.2 2.9 35 

NITRATE NITROGEN 

---------------------------------------------------
cm ------------------------ mg/kg --------------------
0-15 34.7 71.7 14.2 30. 1 16.1 16.4 16. 1 28.5 

15-30 12.8 31.2 7. 1 23.9 7.7 16.8 8.6 15.4 
30-60 0.9 4.8 2.3 o.o 0.8 2.2 2.8 2.0 
60-90 1. 9 1.4 1.3 1.5 0.7 2.2 1.7 1.5 

90-120 2.4 3.0 1.5 o.o 0.7 1.3 0.5 1.3 
120-150 2. 9 3.6 2.0 1.8 1.1 1.3 0.7 1.9 
150-180 2.9 4. 1 2.2 0.3 0.7 1.3 0.0 1.6 
180-210 1.6 2. 1 2.5 1.2 o.o 1.3 0.0 1.3 
210-240 2.6 3.7 0.9 0.3 0.5 1.5 0.0 1.4 
240-270 4.3 6.2 6. 1 4.0 0.6 1.4 0.0 3.2 
270-300 3.0 6.3 7.4 6.0 3.2 4.9 0.0 4.4 
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Table 3. Summary of soil nitrogen data for seven sample dates 
during 1986 for the moderately well drained soil of site 1 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 
150-180 
180-210 
210-240 
240-270 
270-300 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 Mayl5 Jun5 Junl3 Jul8 Aug4 Sep2 AVE 

------------------------mg/kg--------------------

11.2 
34.6 
58.4 
26.5 
31.8 
25.6 
21.6 
40.3 
22.5 
18.5 
15.0 

14.9 
40.5 
56.7 
39.4 
37.8 
27.2 
29.4 
39.6 
28.9 
19.4 
20.2 

29.0 
39.9 
57.1 
41.8 
38.4 
24.0 
J 9. 1 
36.3 
23.3 
16.5 
o.o 

37.5 
46.8 
57.7 
33.5 
29.7 
20.0 
33.9 
37.3 
23.4 
20.0 
12.7 

80.0 
89.9 
64.5 
39.9 
36.3 
27.3 
29.6 
39.7 
55.5 
23.5 
16.4 

60.2 
48.0 
51.1 
38.5 
45.4 
21.6 
34.3 
35.2 
32.0 
17.8 
10.2 

NITRATE NITROGEN 

64.5 
50.5 
50.9 
40.1 
37.7 
26.6 
22.7 
37.7 
30.3 
18.5 
13.7 

42.5 
50.0 
56.6 
37.1 
36.7 
24.6 
27.2 
38.0 
30.8 
19.2 
12.7 

May3 

mg/kg 

5495 
1066 
700 
169 
106 

69 
79 
56 
52 
40 
37 

cm ------------------------mg/kg--------------------

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 
150-180 
180-210 
210-240 
240-270 
270-300 

6.0 43.l 
11.6 9.5 
3.5 1.5 
9.3 1.3 
1.1 2.3 
1.3 0.2 
1.1 o.o 
1.5 2.4 
1.8 0.2 
0.5 0.6 
1.0 1.9 

16.1 24.3 12.7 
1.5 8.0 5.1 
2.3 1.9 2.2 
3.6 o.o 1.4 
2.9 0.7 0.7 
1.5 0.0 0.2 
0.2 0.4 o.o 
1.3 0.4 l. l 
0.9 0.7 1.0 
0.6 0.8 0.0 
2.3 1.3 0.4 

7.6 34.0 20.5 
6.0 9 .. 8 7.4 
3.2 0.4 2.2 
1.8 1.1 2.6 
2.0 0.7 1.5 
1.6 0.0 o. 7 
1.4 0.0 0.4 
2.2 o.o 1.3 
1.8 0.0 0.9 
1.8 0.4 0.7 
1.5 0.4 1.2 



Table 4. Summary of soil nitrogen data for seven sample dates 
during 1986 for the poorly drained soil of site 2. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 Mayl5 Jun5 Junl3 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
29.3 61.4 39. l 63.3 54.9 162.9 67.9 68.4 
23.0 11.7 31.5 37.3 32.1 54.2 45.l 33.2 
18.2 9.8 12.4 12.1 11.1 16.0 17.1 13.8 
12.l 12.0 13.2 12.4 8.0 21.6 12.9 13.2 
13.0 15.3 8.7 9.8 9.6 31.6 12.8 14.4 
8.6 11.4 13.5 11.3 8.7 11.7 11.2 10.9 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

47.5 12.6 9. l 8.7 10.0 15.6 13.2 16.7 
12.3 23.9 21.7 10.5 4.6 5.3 12.1 12.8 

1.5 2.8 0.7 o.o o.o 1.6 0.9 1.1 
0.6 1.1 1.4 o.o 0.3 1.7 0.4 0.8 
0.8 o.s 2.3 o.o 0.3 1. 9 0.4 0.9 
0.8 0.2 2.2 o.o 0.7 2.2 0.4 0.9 

155 

May3 

mg/kg 

4390 
913 
147 

99 
148 
117 



Table 5. Summary of soil nitrogen data for seven sample dates 
during 1986 for the well drained soil of site 2. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

cm 

0-15 
1S-30 
30-60 
60-90 

90-120 
120-1S0 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 Mayl5 Jun5 Junl3 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
17.0 17.4 30.5 16.9 34.9 36.1 45.4 26.4 
14.l 14.8 23.0 13.1 12.3 24.3 25.6 17.2 
19.8 22.0 10.9 8.4 11.4 13.1 15.5 12.4 
12.5 12.9 5.6 3. l 5.4 6.9 S.6 6.2 
4.7 5.0 2. 1 2.7 l.S 2.5 3.9 3.1 
3.3 4.0 3.9 0.4 0.0 2. 1 3.0 2.6 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

23. l 22.9 1S.7 16.0 11.1 12.S 11.9 16.7 
6.7 6.9 7.4 1.8 4.0 6.4 4. 1 s-.4 
o. s 0.7 o.s 0.4 0.2 1.9 1.3 0.8 
1.1 1.3 1.1 0.0 1.9 1. 5 0.7 1. 2 
1.4 1.5 1.3 o.o 1.7 1.8 1.7 1.4 
1.2 1.4 4.5 0.0 0.7 1.1 0.4 1.5 

1 c:..t.. 

May3 

mg/kg 

1561 
543 
189 

74 
74 

162 



Table 6. Summary of soil nitrogen data for seven sample dates 
during 1986 for the poorly drained soil of site 3. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

cm 

0-15 
15-30 
30-60 
60-90 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 MaylS Jun5 Junl3 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
12.3 5.7 47.1 27.0 65.3 136. 1 36.2 47.1 
47.9 61.6 42.5 42.l 49.7 44.6 9.3 42.5 
73.0 73.7 73.9 80.4 70.3 71.6 74.2 73.9 
28.9 16.2 20.8 22.2 14.l 23.8 19.6 20.8 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

108.9 94.7 43.4 22.8 8.0 14.7 11.3 43.4 
3.6 3.7 8.3 2.4 6.1 5.0 29.2 8.3 
2.9 0.6 2.5 2.7 2. 1 3.6 3.2 2.5 
0.6 0.0 1. 0 0.0 0.7 2.7 1.9 1.0 

157 

May3 

mg/kg 

3775 
619 
244 
138 



Table 7. Summary of soil nitrogen data for seven sample dates 
during 1986 for the well drained soil of site 4. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 Mayl5 Jun5 Junl3 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
18.5 7.6 2.8 5.6 1 • 1 8.4 2.0 6.6 
o.o 0.4 0.9 0.0 0.2 2.2 1.4 0.7 
0.5 0.4 2.3 1.1 1. 1 1.3 1. 7 1.2 
0.2 4.0 0.8 1.5 1.4 1. 9 1.0 1. 5 
3 .1 3.0 0.8 0.3 0.4 1.4 2.6 1.7 
5.0 4.2 4.2 0.8 1.1 1.3 1.5 2.6 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

73.8 44.5 21.9 9.9 6.7 14.5 26.4 28.2 
8.0 6.4 10.5 5.5 4.4 10.3 6.0 7.3 
5.5 5.9 11.4 9.2 7. 1 14.0 12.8 9.4 
9.9 6.3 9.0 9.9 5.3 10.1 17.0 9.6 

13.2 7.0 '). 7 10.8 5.4 7.0 11.4 9.2 
14.8 16.4 15.7 12.1 7.7 8.9 8.4 12.0 

158 

May3 

mg/kg 

3048 
211 
178 
177 

68 
47 



Table 8. Summary of soil nitrogen data for seven sample dates 
during 1986 for the well drained soil of site 5. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 MaylS Jun5 Jun13 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------
20.0 1. 1 3.2 16.8 0.4 3.4 2.2 6.7 
10.l 7.1 5.2 14.5 0.0 3.8 1.9 6. l 
7.0 2.9 9 .1 5.6 0.9 14.l 2.9 6. 1 
3. l 1.2 2.7 0.2 1.3 9.4 3.0 3.0 
2.0 0.2 0.9 1. 0 0.4 2.3 1.4 1. 2 
3 .1 6.4 4.7 1.0 0.0 1.1 1.9 2.6 

NITRATE NITROGEN 

---------------------------------------------------
------------------------ mg/kg --------------------

33.2 31.6 38.2 19.3 19.6 11.0 22.4 25.0 
4.4 4.6 8.8 9.5 14.3 15.6 14.8 10.3 
6.3 0.8 6.4 7.4 7.4 10.4 11. 3 7. l 
9.5 2.7 10.4 3.4 5.1 6.5 4.5 6.0 

96.7 5.9 7.2 2.7 3.9 5.0 3. 1 5.3 
9.5 10.0 10.0 4.6 5.4 5.6 4.7 7.1 

159 

May3 

mg/kg 

426 
157 
164 
93 
41 
37 



Table 9. Summary of soil nitrogen data for four sample dates 
during 1986 for a sandy, well drained soil under fallow 
conditions for 20 years. 

DEPTH 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

cm 

0-15 
15-30 
30-60 
60-90 

90-120 
120-150 

ORGANIC 
AMMONIUM NITROGEN NITROGEN 

SEASON 
May3 Mayl 5 Jun5 .Junl 3 Jul8 Aug4 Sep2 AVE 

------------------------ mg/kg --------------------

3. 1 1.2 2. 1 2.3 2.2 
2.2 0.0 2.2 l. 7 l.5 
1.5 0.4 0.2 1.3 0.8 
1.2 o.o 0.7 1.2 0.8 
1.1 o.o 0.2 1.8 0.8 
1.2 0.0 1.1 l.8 1.0 

NITRATE NITROGEN 

------------------------ mg/kg --------------------
0.9 0.0 1.8 2.7 1.4 
1.3 o.o 2.9 1.7 I • 5 
0.7 0.2 O.<J I • 5 0.8 
0.5 0.2 0. <J 0. <J 0.6 
0.4 o.o 0.4 l.1 0.4 
0.2 o.o 1.5 O.IJ 0.6 

May3 

mg/kg 

401 
225 
115 

32 
20 
15 



Table 10. Summary of nitrogen data for upgi:adiant 
soils. Samples were taken in November 
of 1985. 

AMMONIIJM NITRATE ORGANIC 
SITE DEPTH NITROGEN NITROGEN NITROGEN 

-------------------------------------------------
cm ------------- mg/kg ------------

Site 2 0-30 13 8 1712 
30-60 !} 14 505 
60-90 1 4 I 30 

'J0-120 ,, ') I I 7 ,._ 

120-150 2 3 l I 8 

Site 3 0-30 4 8 1187 
30-60 2 210 
60-90 0 1 102 

90-120 1 l 73 
120-150 0 1 100 

Site 4,5 0-30 7 7 ')14 

30-60 2 2 171 
60-90 2 2 125 

90-120 1 82 
120-150 1 60 

161 



Table 11. Summary of chemical data for the irrigated field soil of site l, 
samples were taken June 13, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------

0-15 5.8 498 123 240 24 l34.4 2S 
15-30 S.8 345 85 185 20 100.8 30 
30-60 5.8 160 S9 95 17 44.8 40 
60-90 5.8 124 64 140 15 24. '.i 60 

90-120 5.8 121 33 140 16 29.4 40 
120-150 5.7 87 22 115 14 1 f♦ • O 45 
150-180 5.6 83 22 107 17 8.4 40 
180-210 5.5 BO 21 1 1 5 ] 'i 6.8 35 
210-240 5.5 62 's 62 16 3.5 25 
240-270 5.6 95 25 79 17 4.2 40 
270-300 5.6 87 24 87 17 6.8 45 

Table 12. Summary of chemical data for the poorly drained soil of site l, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------
0-15 8.3 1481 676 2399 200 112.0 430 

15-30 7. 1 907 363 1595 125 113.2 250 
30-60 7.3 148 70 699 36 41. 3 100 
60-90 7.2 55 47 66') 31 11.2 110 

90-120 7.1 51 38 749 31 8.4 110 
120-150 7.2 66 46 950 37 5.6 40 
150-180 7.0 54 23 590 30 4.5 so 
180-210 6.8 44 13 276 24 3.5 50 
210-240 6.6 44 13 22S 26 2. l 40 
240-270 6.4 47 12 188 23 0.7 40 
270-300 6.0 47 12 15 1 20 2.3 30 
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Table 13. Summary of chemical data for the moderately well drained soil 
of site 1, samples were taken May 3, l'J86. 

DEPTH pH Ca Mg K Na p Cl 

------------------------------------------------------------------------
cm ------------------------ mg/kg -----------------------

0-15 8.2 1365 717 l'JS6 135 105.2 320 
15-30 7.9 503 197 1124 51 112.0 170 
30-60 8. l 354 l 2 'J 1125 51 60.'J 180 
60-90 8.5 85 36 ')85 17 31.6 l l 0 

90-120 8. 1 66 25 815 37 24.5 'JO 
120-150 8. 1 45 l3 555 14 20.8 11 0 
150-180 8.2 43 1 l 515 34 12.6 160 
180-210 7.8 4fl 1 7 700 43 8.9 100 
210-240 7. l 45 15 375 36 5.6 100 
240-270 7.0 37 10 315 14 8.4 60 
270-300 7.5 47 10 250 26 11.2 so 

Table 14. Summary of chemical data for the upgradiant field soil of site 2, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------

0-15 6.2 885 165 85 18 215.6 
15-30 6.2 896 132 85 19 207.2 
30-60 6.3 331 81 254 26 72.8 
60-90 6.5 135 36 159 19 23.3 

90-120 6.3 203 sr 190 21 23.8 
120-150 6.2 144 35 130 20 25.2 
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Table 15. Summary of chemical data for the poorly drained soil of site 2, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------

0-15 7.8 530 374 2351) 120 106.4 580 
15-30 7.5 371 75 1270 55 86.8 170 
30-60 7.6 111 13 380 27 24.5 100 
60-90 6.8 119 18 330 31 8.9 90 

90-120 6.4 270 56 295 33 7.7 60 
120-150 6.3 349 73 275 31 ·9. l 80 

Table 16. Summary of chemical data for the well drained soil of site 2, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------
0-15 7.5 453 202 1229 50 89.6 200 

15-30 7.5 302 61 750 46 61.6 100 
30-60 6.8 255 56 230 29 11.2 40 
60-90 6.6 127 25 63 25 3.5 50 

90-120 6.3 202 33 26 22 1.4 so 
120-150 6.3 337 59 30 25 2.3 70 

Table 17. Summary of chemical data for the upgradiant fi.eld soil of site 3, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------
0-15 6.2 1115 302 301 2] 120.4 

15-30 6.4 266 56 250 20 89.6 
30-60 6.0 218 46 367 18 29.4 
60-90 5.7 563 125 367 28 32.2 
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Table 18. Summary of chemical data for the poorly drained soil of site 3, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------

0-15 8.4 946 478 2448 30 120.4 435 
15-30 8.3 312 163 140') 13 89.6 150 
30-60 7.5 424 120 1261 53 29.4 120 
60-90 5.3 6')7 104 315 47 32.2 ') 5 

Table 19. Summary of chemical data for the upr,rndiant field soil of site 4, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------
0-15 6. 1 1073 43 140 20 78.4 

15-30 6.2 854 141 85 22 84.0 
30-60 6. 1 168 ') 44 13 14.7 
60-90 5.8 183 19 B'J l S 4.2 

'J0-120 5.3 250 3') 103 l 7 I • 4 
120-150 5.2 290 106 98 18 8.4 

Table 20. Summary of chemical data for the well drained soil of site 4, 
samples were taken May 3, 1')86. 

DEPTH pH Ca Mg K Na p Cl 

cm ------------------------ mg/kg -----------------------

0-15 6.7 1298 322 1014 4'J 92.4 60 
15-30 6.7 173 56 395 23 67.2 60 
30-60 6.8 157 63 575 25 12.6 80 
60-90 6.8 130 92 656 29 5.6 90 

90-120 6.7 101 93 549 27 5.8 60 
120-150 6.6 193 120 562 31 7.7 70 
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Table 21. Summary of chemjca.l data. for the well drajnf~d soi.l of site 5, 
samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na r Cl 

cm ------------------------ mg/kg -----------------------

0-15 6.9 285 'J 1 673 3<) 78.4 140 
15-30 7.5 'JS 37 498 27 25.2 60 
30-60 7.1 152 100 8<J'J 47 5.6 70 
60-90 6.8 97 91 675 42 3.5 60 

90-120 6.6 88 48 39'> 15 '). 6 70 
120-150 6.6 85 48 350 34 6.8 70 

Table 22. Summary of chemical data for a sandy, well drained soil 
fallowed for 20 years, samples were taken May 3, 1986. 

DEPTH pH Ca Mg K Na [' Cl 

cm ------------------------ mg/kg -----------------------
0-15 5.6 152 l] 35 I 7 22.4 

15-30 5.6 127 5 15 16 26.3 
30-60 5.2 61 2 10 16 12.6 
60-90 5. 1 69 5 6 16 11.2 

90-120 s.o 24 3 3 14 25.2 
120-150 4.8 19 2 3 15 15.4 
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Table 23. Summary of soil texture data for the t,oorly 
drained soil of stte 1. 

ORGANIC TEXTIJR,'\l. 
DEPTH CARBON GRAVEL SAND SILT CLAY CLASS 

-------------------------------------------------
cm --------------- % --------------

0-15 7.4 4.0 87.6 s. ') <>. s 1.0,'\MY SANll 

15-30 2.8 6. l 88.6 5.8 5.6 LOAMY SI\ND 

30-60 0.1 14.3 86.0 6.0 R. n I.OAMY SI\Nll 

60-90 0. 1 l 5. 5 88.0 1.6 8.4 LOAMY SAND 
90-120 0. 1 12.4 88.0 "LR 8.2 LOAMY SAND 

120-150 0. l 14.7 86.0 5.0 ').f) LOAMY SAND 
150-180 0.0 17.6 'J 1. 0 ] • 0 8.0 SANTI 
180-210 o.o 4.J 'J3.0 0.0 7 .o SAND 
210-240 o.o 6.6 'J3.0 o.o 7.0 SANll 
240-270 o.o 4.5 95.0 0 • f) 6.2 SAND 
270-300 o.o 14.) ')4.0 0.0 ,, • n SANll 

Table 24. Summary of soil texture data tor the moclerately 
well drained soil of site l. 

ORGANIC TEXTURAL 
DEPTH CARBON GRAVEL SAND SILT CLAY 

-------------------------------------------------
cm --~------------- % -------------

0-15 6.7 5. l 87.3 6.5 6.2 LOAMY SAND 
15-30 1.9 7.5 8 7. 'J 6.9 5.2 SAND 
30-60 1.0 5. 0 86.0 6.6 7.4 LOAMY SAND 
60-90 0. 1 20.5 88.0 4.2 7.8 LOAMY SAND 

90-120 0. 1 9.4 92.0 1.0 7.0 SAND 
120-150 0 .1 12. l 95.0 o.o 6.4 SAND 
150-180 o.o 12. l 96.0 0.0 6.0 SAND 
180-210 o.o 16.1 94.0 0.0 6.2 SANJl 

210-240 o.o 4.8 93.6 0.4 6.0 SAND 
240-270 0.0 6.8 93.4 1.6 'LO SAND 
270-300 o.o 6.7 95.0 0.4 4.6 SAND 
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Table 25. Summary of soi.1 texture data for the poorly 
drained soil of site 2. 

ORGANIC TEXTIJRAJ. 

DEPTH CARBON GRAVEL SAND SILT CLAY CLASS 

-------------------------------------------------
cm --------------- % -------------
0-15 4.8 4.0 83.1 l 1. 1 5. ,I\ LOAMY SAND 

15-30 1.3 2.8 83.4 10.7 6.0 LOAMY SANO 

30-60 0.2 10.0 85.0 8.8 6.2 LOAMY SAND 
60-'JO 0. l 6.0 87.2 5.6 7.2 LOAMY SAND 

90-120 0. 1 15.4 84.6 5.4 10.0 LOAMY S,'\ND 
120-150 0. l 14.4 83.0 6.6 10. 4 LOAMY SANO 

Table 26. Summary of soil texture data for the well 
drained soil of site 2. 

ORGANIC 
DEPTH CARBON GRAV~L SAND SIT~ CLAY 

TF.XTllR,'\L 

CLASS 
-----------------------------------------------··----

cm --------------- % -------------
0-15 2 .1 2.6 80.3 14.0 5.8 LOAMY S,'\NTl 

15-30 0.9 7.4 81.2 13 .o 5.8 LOAMY SAND 
30-60 0.2 10 .4 82.6 6.8 10.6 LO/IMY SAND 
60-90 0. 1 5.8 90.1) 2.0 8.0 SANO 

90-120 0. 1 13. 0 86.0 5. 8 8.2 LOAMY SANIJ 
120-150 0. 1 11.3 81.4 8.0 10.6 LOAMY SAND 
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Table 27. Summary of soil texture data for the poorly 
drained soil of site 3. 

ORGANIC TEXTIJR,\L 

DEPTH CARBON GRAVEL SAND SILT CLAY CLASS 

cm --------------- % -------------

0-15 3.6 17.3 73.3 20.8 5.8 SANllY J.OAM 
15-30 0.9 2.3 84.8 10.0 5.2 LOAMY S/\ND 
30-60 0.2 1 'J. 2 60.0 20.4 I'). 6 SANDY J,0/\M 
60-90 0. 1 39.7 70.0 12.2 17.8 SANDY I.OAM 

Table 28. Summary of soil texture data for the well 
drained soil of site 4. 

ORGANIC 
DEPTH CARBON GRAVEL SAND SILT CLAY 

TEXTURAL 
CLASS 

-------------·------------------------------------
cm --------------- % -------------

0-15 3.1 '3.6 80.0 10.2 9.8 LOAMY SAND 
15-30 0.2 1.2 87.0 5 .o 8.0 LOAMY SAND 
30-60 0.2 9.9 83.0 7.4 <J. 6 LOAMY SANfl 
60-90 0. l 16.4 83.0 7.0 10.0 LOAMY SAND 

90-120 0. 1 15.3 86.0 6.0 8.0 LOAMY SAND 
120-150 o.o 15.0 86.0 6.2 7.8 LOAMY SAND 



Table 29. Summary of soil texture data for the well 
drain~d soil of sit~ 5. 

ORGANIC TF.XTl l RA l. 
DEPTH CARBON GRAVEL SANO SILT CLAY CLASS 

---------------------------- ----------·- -----·· --·---- -·- ·-
cm --------------- % -- - ------ ---- - - . -

0-15 0.4 5.6 83.8 7.8 f\.4 T.O/\MY S/\Nll 
15-30 0.2 19.2 85.0 7. f, 7.4 LOAMY SAND 

30-60 0. 1 1 'L 2 78.0 'J.4 12.6 SANDY LO/\M 

60-90 0. l 20.2 82.6 7.4 10.0 l.01\MY SAND 
IJ0-120 o.o I_). 7 90. (1 'LO 6.4 S/\NTl 

120-150 0.0 21.4 IJO.O 4.0 6.0 SAND 

Table 30. Summary of soil texture data for a sandy, 
well drained soil fallowed for 20 years. 

ORGANIC 
DEPTH CARBON GRAVEL SAND SILT CLAY 

TEXTIJRt\L 

CLASS 

-------------------------------------------------
cm --------------- % -------------
0-15 0.6 88.0 5.4 6.6 SANIJ 

15-30 0.3 87.0 4.8 8.2 LOAMY SANO 
30-60 0.2 88.0 4.4 7.6 SANil 
60-90 0. 1 88.8 2.6 8.6 SAND 

IJ0-120 0. 1 95.0 o.o 'LO SANIJ 
120-150 0. 1 96.0 1.0 3.0 SAND 
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