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Zusammenfassung (German Abstract)

Diese Studie beschäftigt sich mit den Auswirkungen lokal hohen Rinderbesatzes

auf die vertikale und horizontale Veränderung des Bodenwassergehaltes, der

Bodendichte, des Gehaltes organischer Substanz, sowie extrahierbaren

Phosphates (Mehlich 1) und Gesamt-Phosphates unter sommerfeuchten

subtropischen Klimabedingungen. Die Felderhebungen dazu wurden zwischen

Oktober 2003 und März 2004 auf den Flächen der 4170 ha großen „Buck Island

Ranch“ des „MacArthur Agro-Ecology Research Center“ in Zentral-Florida, USA,

zwischen 27°12´ bis 27°20´ nördl. Breite und 81°17´ bis 81°23´ westl. Länge, im

Wassereinzugsgebiet des Lake Okeechobee, durchgeführt. Die ca. 3000 Rinder

in Mutterkuhhaltung wurden auf Weiden mit den weitgehend nativen Grasspezies

(Andropogon virginicus, Andropogon glomeratus, Paspalum laeve, Axonopus

affinis) und Weiden mit produktiverem exotischen Bahiagras (Paspalum notatum)

gehalten. Die vorherrschenden Bodentypen im Studiengebiet waren Luvisols,

Arenosols und Podzols (WRB-FAO 1998). Als Standorte mit lokal erhöhtem

Rinderbesatz wurden Gebiete um Fütterungseinrichtungen für Melasse und

Mineralfutter, errichtete Schattenspender und Wassertröge ausgesucht. Das

durch hohen Rinderbesatz von Grasbedeckung befreite Gebiet um eine dieser

Einrichtungen wurde auf zwei Distanzen bis in 30 cm Bodentiefe besammelt,

zwei weitere Distanzen im äquivalenten Abstand wurden außerhalb dieses

Gebietes besammelt. Die verschiedenen Standortgruppen wurden unter den

Aspekten zugrundeliegender Bodentyp, rotierender im Vergleich zu fixer

Errichtung von Fütterungseinrichtungen, Weidetyp, und Besatzdichte miteinander

verglichen. Generell wurde eine deutliche Beeinflussung der Phosphat-

Konzentrationen in den Gebieten, die vom Zentrum des größten Rinderbesatzes

nach außen hin in der Regel deutlich abnahmen, festgestellt. Wurden für die

Bodenproben aus den von Grasbedeckung befreiten Gebieten die Mittelwerte

gebildet, wiesen Schattenspender, aufgrund dauerhaft hohen Einstands von

Rindern, mit 420 ± 56.4 kg/ha an extrahierbarem Phosphat (EP) und 813.2 ±

72.4 kg/ha an Gesamtphosphat (TP) die höchsten Gehalte auf.



Die restlichen untersuchten Standorte zeigten wesentlich geringere

Phosphateinträge: Fütterungsstellen (EP: 171.08 ± 34.48 kg/ha - 56.99 ± 24.96

kg/ha; TP:403.15 ± 89.51 kg/ha – 320.79 ± 77.65 kg/ha), Wassertröge in den

produktiveren Weiden (EP: 84.79 ± 14.57 kg/ha ; TP: 422.71 ± 33.86 kg/ha),

Wassertröge in nativen Weiden (EP: 14.02 ± 4.02 kg/ha; TP: 232.26 ± 33.28

kg/ha).

Eine Bezugnahme der Konzentrationen auf die tatsächliche Ausdehnung

(kg/Standort) der grasbedeckungslosen Areale (GA); zeigte die höchsten

Gehalte extrahierbaren Phospates um Schattenspender (GA: 114 ± 11 m2; EP:

4.62 ± 0.55 kg; TP: 9.01 ± 0.76 kg), gefolgt von verschiedenen räumlich

extensiven Melasse-Fütterungsstellen mit den nun höchsten Gehalten von

Gesamt-Phosphat (GA: 553 ± 114 m2 -290 ± 31 m2; EP: 3.29 ± 1.10 kg - 2.75 ±

0.42 kg; TP: 17.16 ± 4.23 kg- 12.61 ± 4.34 kg), nachfolgend kleinräumige

Mineral-Fütterungsstellen (GA: 24 ± 3 m2; EP: 0.43 ± 0.11;TP: 0.97 ± 0.21),

zuletzt Wassertröge in produktiveren (GA: 23 ± 1 m2; EP: 0.19 ± 0.03;TP: 0.98 ±

0.04) und nativen Weiden (GA: 22 ± 1 m2; EP: 0.03 ± 0.01;TP: 0.50 ± 0.05). Bei

den Standorten produktiverer Weiden wurde außerdem aufgrund zurückliegender

P-Düngung deutlich höhere Gehalte von Gesamt-Phosphat pro organischer

Substanz (54/10000 –27/10000 kgTP/kgOS) im Vergleich zu diesem Verhältnis

in den nativen Weiden (22/10000 –12/10000 kgTP/kgOS) festgestellt.

Zusammenfassend wurde gezeigt, daß der lokal hohe Rinderbesatz im Bereich

der in dieser Studie betrachteten Einrichtungen als Ursache starker Dung- und

somit Phosphatanreicherung im Oberboden, auf Kosten der Gehalte in der

übrigen Weide, anzusehen sind. Besonders aufgrund des mangelnden Schutzes

vor Oberflächenabfluß und Erosion durch die Zerstörung der Vegetationsdecke

um die Einrichtungen stellen sie mögliche Verlustquellen für Phosphat von

landwirtschaftlich genutzten Böden zu Gewässern dar. Abschließend wurden

deshalb Praktiken zur Eindämmung potentieller Phosphatausträge, wie die

Verschiebung bzw. Rotation der Einrichtungen, Positionierung möglichst weit von

Gewässern und auf ebene Fläche, sowie Aufstellung verschiedener

Einrichtungen in möglichst weit voneinander entfernten Weidearealen, diskutiert.
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Abstract

The effects of cattle congregation on vertical and horizontal distribution of

selected soil physico-chemical properties (water content, bulk density, soil

organic matter), extractable phosphorus (Mehlich 1), and total phosphorus

concentrations were examined in this study. Field work was conducted between

Oct. 2003 and March 2004 on pastures of Buck Island Ranch, a 4170 ha working

cattle ranch and part of the MacArthur Agro-Ecology Research Center in Central-

Florida, USA. The study site is located between 27°12´N to 27°20´N and

81°17´W to 81°23´W in the Lake Okeechobee watershed and has a summer wet

subtropical climate. The main commercial focus is on cow-calf production, with

cattle grazing on both improved and semi-native pastures. Improved pastures are

composed of mainly bahiagrass (Paspalum notatum) while semi-native areas

contain a mixture of bahiagrass with native grasses (Andropogon virginicus,

Andropogon glomeratus, Paspalum laeve, Axonopus affinis). The abundant soil

orders are Alfisols, Entisols, and Spodosols (USDA 1999).

Cattle congregation areas chosen for this study included feeding locations

of molasses and mineral supplement, constructed shade structures, and water

troughs. The top 30 cm of soil was sampled on transects radiating out from the

center of each congregation area. Two distances were sampled within the area

where cattle trampling has denuded the vegetation cover (congregation site),

while two more distances were sampled immediately outside of this area.

Statistical analyzes were performed to compare effects around the different

structure groups by applying soil order, structure management, pasture type, and

stocking density as factors.

A strong decrease in P-concentration from the center of the congregation

site to the outlying sampling distances was consistently found. The averaged P-

concentrations of the samples obtained from the areas of bare ground were

highest for the heavily impacted areas under shade structures with extractable P-

concentrations (EP) of 420 ± 56.4 kg/ha and total P-concentrations (TP) of 813.2

± 72.4 kg/ha. The remaining locations were found to contain substantially less P;
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these included the feeding structures (EP: 171.08 ± 34.48 kg/ha - 56.99 ± 24.96

kg/ha; TP:403.15 ± 89.51 kg/ha – 320.79 ± 77.65 kg/ha), water troughs in

improved pastures (EP: 84.79 ± 14.57 kg/ha ; TP: 422.71 ± 33.86 kg/ha), and

water troughs in semi-native pastures (EP: 14.02 ± 4.02 kg/ha; TP: 232.26 ±

33.28 kg/ha).

Accounting for the dimensions of the congregation sites (kg/site) showed

shade structures to have the highest extractable P concentration (EP: 4.62 ± 0.55

kg; TP: 9.01 ± 0.76 kg), followed by extensive areas around feeding structures of

supplemental molasses with highest total P concentrations (EP: 3.29 ± 1.10 kg -

2.75 ± 0.42 kg; TP: 17.16 ± 4.23 kg- 12.61 ± 4.34 kg), feeding locations of

mineral supplement (EP: 0.43 ± 0.11;TP: 0.97 ± 0.21), water troughs in improved

pastures (EP: 0.19 ± 0.03;TP: 0.98 ± 0.04), and water troughs in semi-native

pastures (EP: 0.03 ± 0.01;TP: 0.50 ± 0.05). Fertilization history also led to

enrichment of total P per organic matter content of the congregation sites located

in improved pastures (54/10000 –27/10000 kgTP/kg SOM) when compared with

the ratios obtained in semi-native pastures (22/10000 –12/10000 kgTP/kgSOM).

In summary, cattle congregation areas examined around the various

structures were found to accumulate P out of dung in the topsoil at expense of

partial depletion of the phosphorus content in the remainder of the pasture. The

extended areas of denuded vegetation are particularly prone to potential leaching

and surface runoff of P from agricultural land to adjacent water bodies. Possible

management practices were discussed in order to mitigate environmental

implications of P loss. These practices include translocation or rotation of

structures within pastures, deployment of structures over leveled pasture regions

farthest possible away from sensitive waterways, and spatial distribution of dung

deposition by placement of structures in different pasture zones.
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1. Introduction

1.1 Phosphorus in the environment

Phosphorus is one of the essential macronutrients for plants and animals,

along with nitrogen and potassium. Orthophosphate (H2PO4
-, HPO4

2-) is the

ultimate stable and plant available form that derives from many different

formations existing in soils. In contrast to the overall cycles of carbon and

nitrogen, the cycle of phosphorus lacks a relevant atmospheric component.

Phosphorus is solely released into the soil solution by the weathering of rocks

containing phosphominerals (Sanyal and De Datta 1991), primarily apatite

(Ca5(PO4)3(OH,F,CO3)) of magmatic or sedimentary origin and afterwards bound

in a precipitation of hydrous oxides or carbonates, or sorbed by clay minerals or

organic compounds (Frossard 1995). It is eventually taken up by plants and

animals where it is involved in nearly all metabolic reactions, as it plays a key role

in the energy supporting system, and in the maintenance of cellular osmotic

pressure and acid-base balance. It is also present in phospholipids of cell walls,

amino-acid metabolism, protein synthesis and in DNA’s nucleotides.

Approximately 80% of P within mammals is part of the skeleton in the form of

hydroxyapatite Ca5(PO4)3(OH) in bones or calciumphosphate Ca3(PO4)2 in bones

and teeth (McDowell 1992). During decomposition of organic tissues phosphate

is again released into the ecosystem.

Over long time periods, P is successively lost from the terrestrial to aquatic

ecosystems due to natural transfer processes, which are now strongly enhanced

by intensive arable agriculture and livestock operations, in addition to urban

discharges (Sharpley and Rekolainen 1997). This is because increased

productivity and the export of products raises the demand for external P input

found in mined phosphate deposits and derived fertilizers. Such phosphate-rich

areas of the world are e.g. the Atlas Mountains of Morocco, or the guano-rich

areas of Pacific coastlines. Phosphate rich bedrock layers underlying parts of

Florida are also mined and provide 80% of the US demand for P fertilizer

accounting for 25% of the worlds' production (Lane 1994). Thus, with P
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management decoupled from the natural replenishment through litter fall and

plant residues, P has become overabundant in agricultural soils particularly in

developed countries. Under such circumstances P can be considered a pollutant,

posing an environmental threat primarily to connected water bodies.

1.2 Phosphorus in agricultural soils

Phosphorus in soil resides in one of three major pools of differing

reactivity: soluble P, reactive P, and stable P (Hansen et al. 2002). Soluble P

contains mainly orthophosphate anions and often accounts for less than 1% of

overall soil P content. Reactive P stays in dynamic equilibrium with the soil

solution and solid phase and consists of readily decomposed organic and

inorganic forms bound to mineral exchange sites. Inorganic forms are dominated

by Al-, Fe- hydrous oxides in acidic soils and Ca compounds in alkaline,

calcareous soils, while organic forms comprise of rapidly decomposable

phospholipids, nucleic acids, inositols and fulvic acids (Sharpley and Rekolainen

1997). Thus, reactive P contributes to a depleting soluble P pool through the

processes of desorption, dissolution, and mineralization. The stable P pool

includes the highest amount of soil P and contains organic and inorganic forms

that are occluded, insoluble, or tightly bound. Organic compounds of this pool are

mainly resistant humic acids. Although stable P stays in equilibrium with the other

pools, its rate of mineralization is often not sufficient to meet agricultural

demands. When P was applied to pasture soils under subtropical climate in form

of superphosphate about 40% was incorporated within 28 days into organic

forms by microbial activity (Dalal 1977). Therefore, while inorganic P is the major

source for plant nutrition, organic P serves as main contributor to the reactive soil

P pool in hese subtropical pastures.

Various approaches have been implemented to estimate the degree of

plant availability of soil P. These Soil Test P (STP) analyzes are assumed to

show the soluble pool together with part of the reactive pool in different amounts,

depending on the extractant (Bray and Kurtz 1945; Olsen et al. 1954; Nelson et

al. 1953; Mehlich 1984). These methods have been developed for fertilization
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recommendation but usually do not account for the degree of P saturation or total

phosphorus content of soils, but rather for P available to a crop during the

growing season. However, it was found that in soils receiving manure, acid-

based extractants (as Bray 1 or Mehlich 1 and 3) led to an overestimation of

available inorganic P, due to the fact that Ca-bound (HCl extractable) inorganic P

becomes dominant (Sharpley and Smith 1995). An environmental risk

assessment, however, can only be achieved by measuring soil properties and

thus soils P-sorption capacity that control P release to watersheds. These

properties are clay content, clay type, organic matter content, the concentration

of exchangeable Al, Fe, and Ca, and pH level (Tisdale et al.).

The main mechanisms by which P is lost from agricultural land are runoff,

erosion, subsurface flow, and deep leaching (Hansen et al. 2002). The loss of P

in runoff occurs in dissolved and in particulate forms that are attached to

previously eroded soil particles. Phosphorus loss is a function of topography, soil

type, STP concentrations, and soil hydrology (Sharpley and Rekolainen 1997).

The occurrence of dissolved P that is readily available for short-term biological

uptake strongly depends on amounts of soluble and reactive P in the upper soil

layers. Commonly the proportions of dissolved and particulate P are determined

by subtracting the amount of P that passed through a 0.45 µm diameter filter

(potential dissolved P) from total P data examined by a harsh acid digestion

(Pierzinsky and Sharpley 2000). Concentrations of dissolved P in runoff were

found to increase with higher STP levels (Pote at al. 1996). When erosion of P in

particulate forms occurs, an enrichment of P relative to the parent soil was

estimated, because of preferential transport of clay and light organic particles

with high P sorption capacities (Sharpley 1985). Runoff from grass and forest-

land, however, carries little sediment and is dominated by dissolved P. Leaching

might become a factor for P loss in soils lacking clay, Al- and Fe- hydrous oxides,

and carbonates which would provide sorption capacity and depending on texture,

STP-level and management. In particular, leaching might be significant in coarse

textured, acid soils continuously receiving P, especially while shallow
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groundwater tables lead to temporarily anoxic conditions (Hillbricht-Ilkowska et al.

1995).

1.3 Phosphorus in Florida and the Lake Okeechobee watershed

Although most of Florida’s sandy soils do not contain much phosphorus in

their natural condition, areas prone to mining have been found to be influenced

by phosphate-rich hardrock and pebble deposits. Also the underlying Miocene

Hawthorne Formation contributes to some surface soils elevated PO4
3—content in

the south-central part of Florida (Chen and Ma 2001). A total-P determination of

Florida surface soils by USEPA Method 3025 (HCl-HNO3-HF digestion) on

weight basis showed a decrease of the mean concentrations among the

taxonomic orders of Histosols > Mollisols > Inceptisols > Ultisols > Alfisols ≅

Entisols > Spodosols in soils under native vegetation (Chen and Ma 2001). The

aquic suborders tended to have higher P contents in comparison to their dry

equivalents. In Spodosols, such as those prevalent in many areas on the Lake

Okeechobee Basin, a significant portion of dissolved P can be transported

vertically and through subsurface flow. The sandy A (15 to 20 cm depth) and E

(20-140 depth) horizon of the soil profile have very low P sorption capacity

whereas the Bh (spodic) and Bw horizons have greater P retention capacity due

to Al- and Fe-oxide and a higher organic matter content (Nair et al.1998,

Villapondo and Graetz 2001). The Al- and Fe- hydrous oxides associated with

organic matter have been found to play an important role in P sorption of acid

soils (Sanyal and De Datta 1991). Bahiagrass grown on Spodosols was found to

reach a sufficient dietary P-content in a range of 1.8 – 2.3 g P kg-1 for beef cattle

at fertilization rates of 24 kg P ha-1 a-1 (Rechcigl and Bottcher 1995). Resulting

Phosphorus recovery on these soils, which were unfertilized for the previous 5

years, reached 63% in the first year and 46% in the second year, leading to

excessive P in surface water runoff. Even at lower application rates the

concentrations did not meet the 0.35 mg P L-1 threshold value for surface waters
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established by the South Florida Water management District (SFWMD 1989) for

improved pastures.

One region where excess P loads are impairing downstream water quality

is in the Lake Okeechobee watershed, the main water supplier for the

communities of south Florida and the Everglades (De Angelis et al. 1997, Harwell

1998). Therefore P inputs to the lake, with an maximum extent of 1890 km2 and a

watershed area of 12950 km2, do not only pose a problem to the biological

communities of Lake Okeechobee itself, but also to the ones downstream. Soils

in this region are sandy or at least have sandy surfaces with low sorbing

capacities, and support dairy, beef, citrus, and vegetable operations, which

contribute applied P surplus to wetlands and surface water. Consequences of

this P-induced water eutrophication are depletion of oxygen as a result of

excessive biomass growth and turnover under reduced turbidity, shrinkage of

species diversity, and undesirable taste and odor of municipal water (Carpenter

et al. 1998, Hansen et al. 2002). Several blooms of noxious blue-green algae

during the last decades emphasized the prime importance for controlling P, while

the exchange of N and C from the atmosphere to the water body is triggered by

the abundance of P (Havens et al. 1995).

Agriculture involving intensive livestock production has been identified as

a primary source of P in surface water (USGS 1999). Beef cattle ranches are the

most extensive land use in the Lake Okeechobee watershed. Florida, with 1.75

million head of cows and calves, ranks third place behind Kentucky and

Tennessee in total beef cattle production of the eastern United States and

eighteenth place nationally (USDA 2003, Inventory Jan.1.). The contribution to

phosphorus loads from the watershed into the Lake Okeechobee have doubled P

concentration in the lake from 40 ppb in 1973 to about 80 ppb in 1982. Despite a

decline in P entering the lake after 1982 the total phosphorus content did not

significantly alter over time and reached a lasting 100 ppb plateau (Havens et al

1996), supposedly due to internal resuspension processes out of accumulated P-

enriched sediments and lack of P precipitation at declining alkalinity and

therefore CaCO3 content decline (James et al 1995). The phosphorus loads to
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the lake are still well above target levels of 140 metric tons per year adopted by

the Florida Legislature in May 2001 (SFWMD 2004). Although the concentrations

of phosphorus in the surface waters leaving individual ranches may not be

excessively high, the extensive acreage of cattle ranches in the watershed leads

to considerable non-point pollution. Among various restoration strategies and

management issues pointed out by the “Lake Okeechobee Action Plan” (Harvey

et al. 1999) beef cattle operations have been identified as main contributors to

increasing P loads in the lake and watershed. In order to avoid further blooms of

undesirable blue-green algae and water quality deterioration in the lake best

management practices (BMP) have been developed for the region to reduce the

potential movement of P from pasture uplands to embedded wetlands and other

water bodies (Izuno et al. 1995). Furthermore, comprehensive nutrient

management plans (CNMP) formulate supplemental animal diets in order to

avoid overfeeding and improve P digestibility (Valk et al. 2000).

A recent nutrient management plan of the U.S. Department of Agriculture

and the Environmental Protection Agency that every state needs to enact by

2008 includes P management approaches (Sharpley et al. 2003). Next to

agronomic soil test P recommendations and environmental soil test P thresholds

it addresses a P index that accounts for source (soil test P, fertilizer, and manure

management) and transport factors (erosion, runoff, leaching, and connectivity to

stream channels) indicating a fields vulnerability to potential P loss. Some

specified indices are already widely adopted over the United States.

1.4 Impact of ruminants on the phosphorus cycle under pasture

Generally, grazing animals increase the readily-mineralizable pool of

nutrients at the soil surface where they are accessible for uptake by plants and

microorganisms (Botkin and Wu 1981). Grazing cattle return 60-95% of the

ingested nutrients back to pasture soil in the form of dung and urine (Haynes and

Williams 1999). The nutrient content of dung can vary greatly between individual

animals grazing on the same pasture and for individual animals on different days

and at different times of the same day (Betteridge et al.1986). Overall, the
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number of defecations and urinations per day is greatly influenced by feed intake

and environmental factors (Haynes and Williams 1993) and can be half as often

per day in high quality pastures than in low quality pastures (Barrow 1967). For

cattle, a range of 11-16 defecations per day is common and the area covered by

a single dung patch ranges from 0.05 to 0.09 m2, influencing pasture nutrient

status upon an area up to 5 times larger than the patch himself (During and

Weeda 1973). An increased loss on ignition three years after a single dung

application was still attributable to enhanced soil organic matter content in the

topsoil (During et al. 1973). Grazing cows were found to pass only 0.5 g P per

day in urine (Manston and Vagg 1970). Phosphorus is mainly excreted through

dung in the form of dicalcium phosphate (Barrow 1975). In one study the

phosphorus content in feces of Aberdeen Angus steers grazing high-quality

pasture ranged from 10 to 23 g P per day or 44-74% of consumed P (Betteridge

et al. 1986). Unutilized P in dairy cow feces, in particular, was found to account

for 60-70% of diets amount (Dou et al. 2002). Excess dietary P was found to be

transformed primarily into water soluble P and thus contributed directly to P

susceptible to potential runoff and leaching. Regression analysis between the

amount of ingested P and excreted readily soluble P showed that P in feces

increased by 0.69 g kg-1 for every 0.5 g of P kg-1 surplus in the diet. A P-content

of 3.3-3.5 g kg-1 dry matter in the feed was hereby proposed for sufficient

nutrition.

While the release of P out of dung under dryland conditions initially

depends on leaching of inorganic water-soluble P (Bromfield 1961), movement

under moist, humid conditions progresses in the sequel of physical breakdown

(Haynes and Williams 1993). Several short-term experiments (Bromfield 1961,

Gunary 1968) revealed that inorganic P in feces was equal to readily soluble

fertilizer P, if incorporation into the soil occurs. This has been attributed to large

quantities of nitrogen and potassium stimulating rapid yield growth more than

superphosphate alone (During and Weeda 1973). Thus, in cattle congregation

areas where trampling is likely to occur, mechanical damage and incorporation

can accelerate P solubility. Another contributing factor is decreasing soil
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phosphorus adsorption caused by increasing pH-level below CaCO3 rich dung

patches (During and Weeda 1973) and increase in soluble organic materials that

have been found to block adsorption sites of hydrous oxide surfaces (Sanchez

and Uehera 1980). Inorganic P in dung, that remained on the surface, showed a

low solubility on the short term due to fixation attributed to dung pads alkalinity at

high calcium concentration and high pH (Barrow 1975). Organic P content in

dung patches of this study did also not appear to be readily available on a short

term.

Nevertheless, a potential return of nutrients out of dung would accelerate

herbage growth and therefore reduce the requirement of fertilizer if it would be

distributed equally over the whole grazed area, but it rather tends to be

concentrated in small volumes of soil due to excretion in patches and on a

broader scale due to deposition at congregation areas (Williams and Haynes

1990). This leads to a transfer of nutrients into spatially concentrated patches

with a considerable gaseous and leaching loss at expense of partial depletion of

nutrients from the remainder of the pasture left with decreased litter fall potential

(Bromfield and Jones 1970, Gillingham et al. 1980). Evaluations on hilly country

lands grazed by sheep for example have shown that 60% of the dung is

deposited at congregation areas, which occupied only 15-31% of the total land

area (Rowarth and Gillingham 1990). A study on steep paddocks has shown

annual surplus of phosphorus over plant removal at congregation areas to be

between 60.7 – 119.8 kg P ha-1. This was estimated being equivalent to up to

three times annual pasture uptake, while P return to 45° slopes only accounted

for up to 17.4% of annual pasture P uptake (Gillingham et al.1980). It has also

been shown that as stocking rates increase there is a lower tendency for cattle to

congregate and a more even distribution of dung over the pasture (Haynes and

Williams 1993, Mathews et al. 1999). Several studies already pointed out P to

accumulate at camp areas on New Zealand hill country (Haynes and Williams

1999), near water sources (West 1989) after five years of grazing on tall fescue

pastures in south-central Iowa, and near shade and water sources, with

preferential deposition of dung at shade rather than water sources, on
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bermudagrass (Cynodon dactylon var. aridus) pastures in Florida (Mathews et al

1994) and hawaiian kikuyo (Pennisetum clandestinum) grassland (Mathews et al

1999), both grazed for two years. Schomberg et al. (2000) sampled soil in an arc

at 1; 10; 30; 50; and 80 m distance around permanently located shade and water

sources in high (37 kg P ha-1y-1) and low (15 kg P ha-1 y-1.) fertility pastures

grazed for 15 years in Georgia. They found 1.7-8 times higher Mehlich-1

extractable P contents at 1 m distance than averaged content for all other

distances, depending on depth and fertility level. Hereby contents below 0-30 cm

depth never exceeded 5 g cm-3 and were overall higher in the high fertility in

comparison to the low fertility pastures.
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2. Objectives

The overall objectives of this study were to determine the impact of

different cattle congregation areas on the vertical and horizontal distribution of P

in soil of improved and semi-native beef cattle pastures in South Central Florida,

USA. The compared congregation areas were around supplemental feeding

structures (molasses barrels, mineral boxes), shade structures, and water

troughs. Soil samples were taken on transects radiating out from the center of the

impacted areas and analyzed for phosphorus concentrations and -related

physico-chemical characteristics.

The detailed objectives were:

1. to evaluate the influence of the underlying soil orders (Alfisols, Entisols,

Spodosols) on physico-chemical characteristics and phosphorus content,

2. to assess the role of different set-up practices of molasses barrels in

semi-native pastures on physico-chemical characteristics and

phosphorus content.

3. to assess differences among physico-chemical characteristics and in

phosphorus content at different structure groups located in the same

pasture type and at equal structure types located in both pasture types,

4. to assess the influence of stocking density on physico-chemical

characteristics and phosphorus content,

5. and to establish ecological footprints of the different congregation sites,

indicating potential environmental implications.
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3. Materials and Methods

3.1 Study site

The study was conducted between October 2003 and March 2004 on

pastures of Buck Island Ranch, a 4170-ha cattle ranch of the MacArthur Agro-

Ecology Research Center, a division of Archbold Biological Station, located

northwest of Lake Okeechobee in the Lake Istokpoga-Indian Prairie Basin,

Highlands County, South Central Florida, USA (Figure 1). The ranch lies on the

Harney Pond Canal, a major drainage canal linking Lake Istokpoga to Lake

Okeechobee, and one of five major tributaries in the Lake Okeechobee

watershed.

The physiographic features in the region were formed as the land mass

gradually emerged from a retreating sea and favored the development of

swamps and marshes interspersed by rangeland. This rangeland is suitable for

grazing by livestock and provides native grasses, forbs and shrubs. In order to

improve forage quality of grassland for beef and dairy cattle enterprises, several

Figure 1: Location of MacArthur Agro-Ecology Research Center
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grass species have been introduced into this area. These pasture improvements

also led to environmental modifications of pastureland including drainage,

fertilization, and liming to increase soil pH.

Elevations in the region range between 8 to 12 m above sea level. The

climate is characterized by hot, humid summers and mild, dry winters. Mean

annual temperature is 22°C with average daily maximum temperatures of 33°C in

the summer and average daily minimum temperatures of 11°C in the winter.

Annual rainfall totals 1380 mm, of which 76% falls between May through October

(climatic data recorded at Archbold Biological Station in the period 1932 through

1984). The main soil types at Buck Island Ranch are Alfisols, such as Felda Fine

Sand (loamy, siliceous, hyperthermic Arenic Ochraqualfs) or Malabar Fine Sand

(loamy, siliceous, hyperthermic Grossarenic Ochraqualfs) , Entisols, such as

Basinger and Valkaria Fine Sand (siliceous, hyperthermic Spodic

Psammaquents), and Spodosols, such as Immokalee Sand (sandy, siliceous,

hyperthermic Arenic Haplaquods) or Myakka Fine Sand (sandy, siliceous,

hyperthermic Aeric Haplaquods) (USDA 1989), consisting of poorly drained

sands with pH levels ranging from 4 to 6.5.



Materials and Methods

15

The pastures on Buck Island Ranch are grazed throughout the year by

cross-bred cattle of the breeds Aberdeen Angus, Herefords, and “Brafords”,

which are crossbreeds of Herefords and Indian Brahman. The commercial focus

is on cow-calf production. At the time of this study there were approximately 2800

cows and 125 bulls at Buck Island Ranch. The calf crop varies from about 75 to

80% of the number of cows, and calves are on the ground from November until

they are shipped sometime between late August and early September of the

following year. In the dry season from November through April/May the cattle are

maintained mainly on winter pastures offering a mixture of introduced bahiagrass

(Paspalum notatum) and native grasses (Andropogon virginicus, Andropogon

glomeratus, Paspalum laeve, Axonopus affinis). These pastures are referred to

as semi-native pastures (SNP) and are not fertilized nor limed. In the winter

season supplemental molasses is offered to provide additional nutrition for cattle.

In the wet season from May through November the cattle graze predominantly on

improved summer pastures that consist mainly of bahiagrass and are fertilized

with approximately 50 kg N ha-1 yr-1 and limed with different lime products in

amounts ranging from 1.1 to 3.4 t ha-1 every 3-5 years. These pastures are

referred to as improved pastures (IP). Most of the summer pastures at Buck

Island Ranch were fertilized with NPK-fertilizer at a rate of about 30 kg P2O5 ha-1

yr-1 for at least 15-20 years until 1987 (2.29 kg of P2O5 is the equivalent of 1 kg of

P). After 1987 regular phosphorus fertilizer use was discontinued, except for

occasional application after sod harvesting on some of the pastures, which began

in 1997.

The ranch additionally has an array of 16 experimental pasture plots, of

which 8 are improved summer-grazed pastures (plot size 20.2 ha) and 8 are

semi-native winter-grazed pastures (plot size 32.4 ha). Within each pasture type

there are four cattle stocking density treatments with two replicates, which were

maintained from November 1998 through October 2003. Stocking rates were 35,

20, 15, and 0 cow/calf pairs per plot. For the improved pastures stocking

densities were 0, 0.74, 0.99, and 1.73 cow-calf units per ha and for the semi-

native pastures there were 0, 0.46, 0.62, and 1.08 cow-calf units per ha,
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respectively. Cows for this experiment (140 "Braford" cows, 4–9 years old) were

selected randomly from one of the commercial herds at Buck Island Ranch and

remained with the same herd for the duration of the project. During the study,

replacement females were selected from the same commercial herd.

Stocking rates for regular pastures vary between up to 2 cow-calf units per

ha for improved pastures (for maybe 3 week periods) and up to 0.8 – 1 cow-calf

units per ha in semi-native pastures and are on average throughout the ranch

about 0.7 cow-calf units per ha.

Table 1: Phosphorus budget for the experimental pastures for 1999-2003 including imports in
feed and rainfall and exports in calves and surface runoff in terms of total elemental P.
Values are means ± standard deviations for two replicates of each stocking treatment.

Phosphorus Imports Phosphorus Exports
Stocking
rate (cow-
calf pairs)

Mineral Molasses Rainfall Calves
Winter pasture

runoff
Summer

pasture runoff
Total surface

runoff
Cattle net P

export(1)
Total net P
export(2)

kg ha-1

1999
0 (Control) -- -- 0.32 -- 0.12 ± 0.06 0.51± 0.02 0.27 ± 0.04 -- -0.05 ± 0.04

15 0.21 ± 0.05 0.36 ± 0.00 0.32 1.11 ± 0.04 0.12 ± 0.03 0.68 ± 0.16 0.38 ± 0.08 0.53 ± 0.10 0.59 ± 0.18
20 0.17 ± 0.03 0.47 ± 0.01 0.32 1.52 ± 0.10 0.15 ± 0.09 1.01 ± 0.30 0.54 ± 0.07 0.88 ± 0.13 1.10 ± 0.05
35 0.26 ± 0.02 0.92 ± 0.02 0.32 2.43 ± 0.08 0.13 ± 0.04 0.71 ± 0.41 0.39 ± 0.15 1.26 ± 0.05 1.34 ± 0.10

2000
0 (Control) -- -- -- 0.05 ± 0.01 0.16 ± 0.23 0.09 ± 0.08 -- -0.12 ± 0.08

15 0.21 ± 0.05 0.36 ± 0.00 0.21 1.15 ± 0.07 0.06 ± 0.02 0.06 ± 0.03 0.06 ± 0.03 0.58 ± 0.13 0.43 ± 0.10
20 0.17 ± 0.03 0.48 ± 0.00 0.21 1.47 ± 0.14 0.03 ± 0.01 0.09 ± 0.17 0.06 ± 0.08 0.82 ± 0.17 0.67 ± 0.10
35 0.26 ± 0.02 0.84 ± 0.00 0.21 2.38 ± 0.57 0.09 ± 0.03 0.04 ± 0.05 0.07 ± 0.04 1.30 ± 0.55 1.14 ± 0.51

2001
0 (Control) -- -- 0.36 -- 0.61 ± 0.38 3.84 ± 0.81 1.87 ± 0.09 -- 1.51 ± 0.09

15 0.16 ± 0.02 0.79 ± 0.00 0.36 1.15 ± 0.04 0.45 ± 0.31 4.30 ± 0.08 1.92 ± 0.16 0.20 ± 0.02 1.76 ± 0.15
20 0.25 ± 0.12 1.02 ± 0.00 0.36 1.38 ± 0.19 0.32 ± 0.16 3.27 ± 0.28 1.44 ± 0.02 0.11 ± 0.07 1.19 ± 0.05
35 0.31 ± 0.10 1.52 ± 0.00 0.36 2.14 ± 0.31 0.64 ± 0.03 3.45 ± 1.07 1.72 ± 0.43 0.32 ± 0.42 1.68 ± 0.01

2002
0 (Control) -- -- 0.44 -- 0.42 ± 0.14 3.50 ± 0.74 1.60 ± 0.37 -- 1.16 ± 0.37

15 0.29 ± 0.01 0.59 ± 0.00 0.44 1.21 ± 0.04 0.28 ± 0.16 3.08 ± 0.17 1.36 ± 0.04 0.33 ± 0.03 1.25 ± 0.07
20 0.40 ± 0.14 0.79 ± 0.00 0.44 1.50 ± 0.37 0.34 ± 0.24 3.72 ± 1.87 1.64 ± 0.57 0.31 ± 0.51 1.51 ± 0.06
35 0.66 ± 0.00 1.38 ± 0.00 0.44 2.71 ± 0.02 0.50 ± 0.30 2.82 ± 1.01 1.39 ± 0.57 0.67 ± 0.02 1.62 ± 0.55

 (1) Cattle net P export is calculated as: (calves) – (mineral + molasses)
(2) Total net P export is calculated as (calves + surface runoff) - (mineral + molasses + rainfall)
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Figure 2: Map of Buck Island Ranch with pasture type and stocking rate
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3.2 Soil Sampling

To assess the effect of different cattle congregation sites on vertical and

horizontal distribution of soil P, water content, bulk density, and organic matter,

soil samples were collected during a 3 week period in late December and early

January using a zonal sampling design around various structural sites between

27°12´N to 27°20´N and 81°17´W to 81°23´W. These structural sites included

molasses barrel and mineral boxes for supplemental feeding of cattle, as well as

shade structures and water troughs (see next section for a further description of

structures). The position of each location (Figure 3) was determined using a

GPS-handheld device (GPSMAP 76, GARMIN Corporation, Taipei, Taiwan)

based on the World Geodetic System 1984 (WGS 84) reference system with an

accuracy between 2 and 10 m.

Soil samples were taken at six to eight replicate sites for each structure.

Each different type of structural site formed one group, except for the molasses

barrels locations which were divided into three separate groups, based on the

time since the locations had been active. One of these groups consisted of

locations that served as congregation areas only briefly from 27th Oct. 2003 – 24th

Nov. 2003; another group consisted of areas that were congregation areas during

the previous winter grazing cycle (Nov 2002- May 2003), and a third group

consisted of locations within the winter experimental pastures that were used as

structural sites every winter for the 5-year period from 1998-2003. Detailed

information about the different sites features are given in the next section.

Samples were taken following as much as possible an ideal radial

sampling scheme with 3 transects at a 120° angle to each other. The transects

extended from the central area of the spots, with adjustments being made at

particular locations where obstacles such as fences or ditches prevented

sampling in some directions (Figure 3). Each transect contained 4 sampling

locations at varying distances from the center of impact. One sampling location

was close to the center of the congregation site (referred to as 20% distance),
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one sampling spot inside the visible border of impact of the congregation sites

(80%), one just outside the border (120%), and one sampling point extended

twice the distance of the visible area of impact at the congregation site (200%).

The congregation site was defined as area of bare ground due to trampling by

cattle. A sampling design using percentages instead of absolute distances was

necessary because of the considerable difference in the space impacted by the

different congregation sites. Deviation from this sampling design due to unique

structure features is pointed out in the next section. At each site 12 samples were

collected using a soil core with internal diameter of 5.1 cm. All 3 soil samples (1

sample x 3 transects) collected from the same sampling distance were pooled

together to create one sample per sampling distance around each structure. At

each sampling location the soil was sampled in depths of 0-10, 10-20, and 20-30

cm to assess the effects of congregation areas on vertical distribution of soil P.

The total number of samples analyzed was 552.

Figure 3: Diagram showing an idealized sampling design for each
congregation area.  See text for a detailed explanation.
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3.3 Structure groups

1. Mineral boxes locations:

At least one mineral box is located on each pasture all year long. For the

purpose of this study boxes in improved areas of the ranch were chosen for

examination because most mineral is consumed by cattle in the summer time

in improved pastures. Each box contained PDQ7 mineral supplement,

formulated by Lakeland Animal Nutrition, Lakeland, Florida, containing 6.0%

P. Mineral is offered at all times of year ad libidum and inputs average about

0.3 kg P ha-1 y-1 when averaged over the whole pasture area. The dimension

of one box is 1.85 m x 0.95 m, and each was surrounded by an area of bare

ground of about 24 m2. Every box was moved to a different location and

refilled on a biweekly basis. Soil sampling was conducted at the current and

at least two previous deposition spots.

2. Molasses barrel locations :

Molasses barrels locations were divided into three separate categories. All

these locations consisted of multiple plastic barrels each with a diameter of

1.05 m and a capacity of 300 l. The molasses supplement contained 0.65% P.

Overall molasses inputs average about 0.8 kg P ha-1 y-1 when averaged over

the whole pasture area. The three distinct groups are described in the

following subsections.

2.1. Recent molasses barrel locations:

The recent molasses barrel locations were areas where barrels were put

out on improved pastures from the end of October 2003 for one month before

the cattle were moved to semi-native pastures. The locations comprised 4–10

barrels set up for the first time at these locations. For this study locations that

provided space for 7 barrels were chosen. Around these barrels a

congregation site of about 290 m2 in extension evolved. The molasses barrels

have not been moved throughout the month and have been refilled on weekly

basis.
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2.2. Winter months molasses barrel locations:

Molasses barrels were distributed in semi-native pastures during every

winter grazing cycle for the 5-year period from 1998-2003, at last before this

study was implemented at November 2002 for 6 months. These locations are

areas with a congregation site extending over about 553 m2 due to the fact

that barrels are set up rotationally every winter grazing cycle in a distinct

pasture zone. Therefore the standard radial sampling scheme from the

approximate center of the location was applied on an extensive scale.

2.3. Experimental pastures molasses barrel locations:

Molasses barrels were installed in semi-native experimental pastures for

the period of every winter grazing cycle for five years, analogous to the

regular semi-native pastures (2.2.). These locations are areas with a

congregation site extending over about 378 m2 due to the fact that barrels

were set up permanently in the same pasture location in all five years.

3. Shade structures:

These pipe frame structures are installed within the improved experimental

pastures and were frequented by cattle within summer grazing cycles from

May–November for 5 years (1998-2003). They grant shade under a mesh

fabric roof with a rectangular shape of about 7.3 m x 6.6 m. A congregation

site of about 114 m2 evolved under and around each structure. The sampling

distances within the congregation site were located under the fabric roof.

4. Water troughs:

These structures were installed in improved and semi-native experimental

pastures in 1998 and have remained in the same location for 5 years. A

trough with a 2.4 m diameter covers the center of each site and is equipped

with an automated groundwater pump. These structures were surrounded by

a congregation site of about 23 m2.
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Figure 4: Map of Buck Island Ranch with structure groups and soil orders
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Structure group Location Time of impact
P added by

structure

Extent of

structure

Extent of

congregation site

Mineral boxes IP 6 weeks 0.3 kg P ha-1 1,76 m2 24 ± 3 m2

Recent molasses

barrels
IP

1 month (27th Oct – 24th

Nov. 2003)
0.8 kg P ha-1 0,87 m2/barrel 290 ± 31 m2

Winter months

molasses barrels
SNP

6 months/year (only

winter grazing cycle)
0.8 kg P ha-1 0,87 m2/barrel 553 ± 114 m2

Experimental pastures

molasses barrels
SNP

6 months/year (only

winter grazing cycle)
0.8 kg P ha-1 0,87 m2/barrel 378 ± 35 m2

Shade structures IP
6 months/year (only

summer grazing cycle)
n.a. 48.18 m2 114 ± 11 m2

Water troughs
IP and

SNP

6 months/year (summer

or winter grazing cycle)
n.a. 4.52 m2 23 ± 2 m2

Table 2: Structure groups characteristics

Figure 5: Map of summer experimental pastures showing the location of the various structures.
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3.4 Laboratory analyses

3.4.1 Soil moisture was determined gravimetrically on each soil sample

by sieving through a 4 mm opening screen and after oven drying at 105°C for at

least 24 hours.

3.4.2 Soil bulk density was examined using the concurrently assessed

dry mass data of soil moisture measurements and the known volume of each

sample.

3.4.3 Soil organic matter content was determined on 5 g of oven-dry soil

using a muffle furnace for 16 hours at 400°C and is expressed as percentage of

mass lost on ignition from the original soil dry mass

3.4.4 Available phosphorus was determined using Mehlich 1/Double

Acid Extraction (Pierzynski G.M. 2000). Mehlich 1 extracting solution (0,0125 M

H2SO4 + 0.05 M HCl) was prepared by adding 167 mL of concentrated HCl

(12M) and 28 mL of concentrated H2SO4 (18M) to ~35 L of deionized water in a

large polypropylene container. A final volume of 40 L was made by adding

deionized water. For analysis, 10g of sieved soil was extracted with 40 mL of the

Mehlich 1 extracting solution and shaken for five minutes on a reciprocating

shaker at 180 rounds per minute. The extracts were then filtered (Whatmann filter

paper No. 42) into plastic vials. Blanks were prepared by filtering pure Mehlich 1

extracting solution.

The P content in diluted extracts was measured through Ascorbic Acid

ortho-Phosphate determination (3.4.7) on a spectrophotometer (Bio-tek

Instruments, Inc. Winnoski, Vermont µQuant microplate reader) at 880 nm

wavelength.

Mehlich 1 extractable P (mg P/kg soil)=

[Concentration of P in Mehlich 1 extract (mg/L)] x [0.040 L extraction

solution/0.010 kg dry soil]
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3.4.5 Total phosphorus was determined using aqua regia acid extraction

(Allen et al. 1974). Briefly, the inorganic constituents of 5g of soil remaining after

organic matter determination were extracted with 15 mL of aqua regia extraction

acid and shaken thoroughly. Aqua regia extraction acid consisted of 300 mL of

concentrated hydrochloric acid (HCl) and 100 mL of concentrated nitric acid

(HNO3) transferred to a 1000 mL volumetric flask and brought to volume using

deionized water. The extractant was filtered (Whatmann filter paper No. 42) into

plastic vials. Blanks were prepared by filtering pure aqua regia reagent. A 0.3 mL

aliquot of extraction solution was diluted with 20.0 mL of deionized water.

The P content in diluted extracts was measured through Malachite Green

ortho-Phosphate determination (3.4.6) using on a spectrophotometer (Bio-tek

Instruments, Inc. Winnoski, Vermont µQuant microplate reader) at 660 nm

wavelength.

Aqua regia extractable P (mg P/kg soil)=

[Concentration of P in aqua regia extract (mg/l)] x [0.015 l extraction

solution/0.005 kg dry soil]
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3.4.6 Ortho-Phosphate in water and soil - Microscale determination using

Malachite Green

Phosphate soil extracts was determined colorimetrically after reacting with

two chemical reagents in wells of microtiter plates. The Malachite Green method

is based on the complexation of malachite green with phosphomolybdate under

acidic conditions (D’Angelo 2001, Linge 2001). The malachite green-

phosphomolybdate complex develops color, which can be determined

colorimetrically using a microplate reader spectrophotometer at an absorbance of

630 nm.

Two reagents were prepared. Reagent 1 consisted of 106 mL

concentrated H2SO4 diluted to 500 mL deionized water in a 1000 mL volumetric

flask. Afterwards 17.55 g ammonium molybdate were solved in the acid and the

reagent was brought to volume with deionized water. Reagent 2 contained

approximately 800 mL deionized water heated to 80OC that was mixed with 3.5 g

of polyvinyl alcohol. 0.35 g malachite green were added and after cooled down to

room temperature it was brought to volume with deionized water.

A Phosphate standard solution was prepared. 2.195 grams of KH2PO4

were dissolved in deionized water and brought to volume in a 500 mL volumetric

flask to make a standard stock solution of 1000 ppm P.

Standard stock solution was used to make dilutions resulting in standards with

desired P concentration:

1. 10 ppm solution (1 mL 1000 ppm stock solution in 100 mL volumetric flask)

2. 1.0 ppm solution (10 mL 10 ppm solution in 100 mL volumetric flask)

3. 0.5 ppm solution (5 mL 10 ppm solution in 100 mL volumetric flask)

4. 0.25 ppm solution (2.5 mL 10 ppm solution in 100 mL volumetric flask)

5. 0.1 ppm solution (10 mL 1.0 ppm solution in 100 mL volumetric flask)

6. 0.05 ppm solution (5 mL 1.0 ppm solution in 100 mL volumetric flask)

7. 0.01 ppm solution (10 mL 0.1 ppm solution in 100 mL volumetric flask)
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Replicate 200 µL aliquots of 0.01, 0.05, 0.1, 0.25, 0.5, and 1 ppm standard

solutions and a replicate 200 µL aliquot of pure Aqua Regia, serving as a 0 ppm

standard, were pipetted into appropriate wells of a flat bottom microtiter plate.

Blanks were appointed by filling two wells with 200 µL of deionized water. Then

Replicate 200 µL of samples and one randomly chosen replicate standard

treated as a sample were pipetted into the remaining microtiter wells. Afterwards

40 µL of reagent 1 were added out of a reservoir to all wells using a eight-

channel multipipettor. The solutions in the wells were now allowed to react for 10

minutes on an orbital titer plate shaker. In the next step 40 µL of reagent 2 were

added and mixed thoroughly by shaking more rapidly for an additional 20

minutes. Finally absorbance of samples and standards was determined on the

microplate reader (Bio-tek Instruments, Inc. Winnoski, Vermont µQuant

microplate reader) at 630 nm.

The phosphate concentration of the samples was determined

automatically applying the equation obtained by linear regression of the

concentrations of the standards based on the corresponding absorbance

measures.

The linear regression derived from phoshate standards ppm range of 0 – 1

ppm made further dilutions of some extracts necessary. Extracts showing

extrapolated ppm values above 1.5 ppm were rerun. Instead of the original

dilution of 0,3 mL extraction solution with 20.0 mL of deionized water further

dilutions of 0,2 mL extraction solution with 20.0 mL of deionized water and of 0,1

mL extraction solution with 20.0 mL of deionized water were applied. The

standard diluted extracts P concentration was calculated by multiplication of the

obtained P values with the appropriate factor ( 3/2 or 3).

Dry sample P content was calculated from measured extract concentration

(3.4.5).
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3.4.7 Ortho-Phosphate in water and soil - Microscale determination using

Ascorbic Acid

The Ascorbic Acid method (Koroleff F. 1983) is commonly used to

determine concentrations of all the forms of phosphorus (orthophosphate,

condensed phosphate, and organic phosphate) in water and soil extracts. The

procedure involves the determination of total reactive phosphorus in a sample by

reacting the orthophosphate in the sample with Ascorbic Acid and ammonium

molybdate. This is accomplished by first acidifying the sample to convert all the

other forms of phosphorus to orthophosphate. Ammonium molybdate and

antimony potassium tartrate react in an acid medium with dilute solutions of

orthophosphate to form an antimony-phospho-molybdate complex. This complex

is reduced to an intensely blue-colored complex by Ascorbic Acid. The color is

proportional to the amount of orthophosphate in the sample and determined

colorimetrically on a microplate reader spectrophotometer at an absorbance of

880 nm.

9 N H2SO4 was prepared by solving  250 mL conc. H2SO4 in 750 mL of

deionized water. Ammonium Heptamolydbate Solution was prepared by solving

9,5 g of [(NH4)6Mo7O24 *4H2O] in 100 mL deionized water. In order to obtain the

Potassium Antimony Tartrate Solution 3.25 g [K(SbO)C6H4O6] were dissolved in

100 mL deionized water.

Afterwards a mixed reagent (for acidified samples) was prepared. While

stirring, 45 mL heptamolybdate solution were added to 120 mL 9 N H2SO4. 5 mL

antimony tartrate solution and the solution was brought to volume with 70 mL of

deionized water.

Ascorbic Acid Solution was made fresh every day of analysis by dissolving

7 g Ascorbic Acid [C6H8O6] in 100 mL of deionized water.
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A Phosphate standard solution was prepared. 2.195 grams of KH2PO4

were dissolved in deionized water and brought to volume in a 500 mL volumetric

flask to make a standard stock solution of 1000 ppm P (1000 mg P L-1).

Standard stock solution was used to make dilutions resulting in standards with

desired P concentration:

1. 10 ppm solution (2 mL 1000 ppm stock solution in 200 mL volumetric flask)

2. 5.0 ppm solution (50 mL 10 ppm stock solution in 100 mL volumetric flask)

3. 2.5 ppm solution (25 mL 10 ppm stock solution in 100 mL volumetric flask)

4. 1.0 ppm solution (10 mL 10 ppm solution in 100 mL volumetric flask)

5. 0.5 ppm solution (5 mL 10 ppm solution in 100 mL volumetric flask)

6. 0.25 ppm solution (2.5 mL 10 ppm solution in 100 mL volumetric flask)

Replicate 200 µL aliquots of 0.25, 0.5, 1, 2.5, 5, and 10 ppm standard

solutions and a replicate 200 µL aliquot of pure Double Acid, serving as a 0 ppm

standard, were pipetted into appropriate wells of a flat bottom microtiter plate.

Blanks were appointed by filling two wells with 200 µL of deionized water.

Replicate 200 µL of samples and one randomly chosen replicate standard

treated as a sample were pipetted into the remaining microtiter wells. Then 30 µL

of the mixed reagent were added out of a reservoir to all wells using a eight-

channel multipipettor. The solutions in the wells were now allowed to react for 1-2

minutes on an orbital titer plate shaker. Afterwards 30 µL of Ascorbic Acid were

added and mixed thoroughly by shaking more rapidly for an additional 1 - 2

minutes. The microtiter was then covered and left to react for 100 minutes,

afterwards shaken for 1 minute to homogenize the color development in each

well. Absorbance of samples and standards was determined on microplate

reader at 880 nm.

The phosphate concentration of the samples was determined

automatically applying the equation obtained by linear regression of the
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concentrations of the standards based on the corresponding absorbance

measures

The linear regression derived from phoshate standards ppm range of 0–10

ppm made further dilutions of some off scale extracts necessary. Dilutions of

reruns inside one well (100 µL extract + 100 µL Double Acid and 50 µL extract +

150 µL Double Acid) or dilutions outside one well for extracts very rich in P ( 200

µL aliquots of 0,5 mL extract + 3,5 mL Double Acid and 0,5 mL extract + 7,5 mL

Double Acid) were applied. The influence of some extracts coloration was

minimized by successive dilution (100 µL extract + 100 µL Double Acid and 50

µL extract + 150 µL Double Acid) and comparison with original extracts

absorbance. The original extracts P concentration was calculated by

multiplication of the obtained P values with the appropriate factor ( 2; 4; 8; or 16).

Dry sample P content was calculated from measured extract concentration

(3.4.4).

3.5 Statistical analyses

All data were analyzed using two-way or three-way ANOVAs with the General

Linear Model procedure in SAS (release 8.2 for Windows; SAS Institute, Cary,

NC, USA). Factors used in the models were distance, depth, pasture type, soil

order, stocking rate, and structure. All ANOVA analyzes were performed using

Type III sums of squares and were followed by Tukey’s least squares means test

for multiple comparison. Values given throughout the text are means ± SE.

Significance levels are regarded as highly significant at p<.0001, as significant at

.0001<p<0.05, and as marginally significant at 0.05<p<0.1.
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4. Results and Discussion

4.1 Relationships between physico-chemical soil characteristics

The correlation (Figure 6) reveals general interdependencies between the

measured physical characteristics. Across congregation areas relationships

between soil water content and organic matter content were significantly positive,

while relationships between bulk density and organic matter content or water

content were significantly negative. It can be assumed that higher soil water

contents and lower bulk densities allow the vegetation to recover more rapidly

after degradation due to livestock congregations.

4.2 Influence of different soil orders on physico-chemical soil parameters

and soil P at recent molasses barrels and mineral boxes

In order to assess whether different soil orders present in the area under

study have different impact on physico-chemical and soil P distribution, molasses

barrels and mineral boxes locations with at least two replicates on the main

abundant soil orders have been compared (Fig. 7a,b). For that purpose these two

structure groups have been grouped together based on the fact that except for

soil organic matter there were no significant differences between structure types

in their influence on physico-chemical characteristics and soil P distribution (Fig.

8). Therefore water content and bulk density were similar between recent

molasses barrels and mineral boxes, whereas soil organic matter around mineral

boxes was significantly higher especially at the central (80% and 120%)

distances in 0-10 cm. Water content and soil organic matter were similar between

sampling distances, however bulk density was significantly higher at 20%

distance around the mineral boxes, while the compaction tended to be

significantly lower in the 0-10 cm increments at the central (80% and 120%)

distances.
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Figure 6: Relationships between physico-chemical soil characteristics based on all 552 samples
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Soil order (Fig. 7a) had a significant impact on soil water content, bulk

density and soil organic matter. Bulk density was overall lower and water content

overall higher in Alfisols compared to Spodosols. The Entisols showed bulk

densities similar to those measured at Spodosols, with only two considerable

exceptions in the 0-10 cm increments at the 80% and 120% distances with lower

bulk densities. Nevertheless, the water content for Entisols was between the

contents measured in Alfisols and Spodosols. This could be due to the Entisols

not being as deeply developed as Spodosols and the occurrence of permanent

water saturation under aquic conditions (USDA 1999).

Water content and soil organic matter (Fig 7a) decreased significantly with

increasing soil depth, whereas bulk density increased significantly with increasing

depth. Sampling distance significantly affected bulk density, which was higher

near structures than away from them, but did not affect for water content and soil

organic matter.

The soil organic matter content (Fig 7a) was overall higher in the 0-10 cm

increment of Alfisols in comparison to Entisols and Spodosols, which have a

similar range of content in that depth. At Entisols in comparison to Spodosols the

slightly lower content at 20% and slightly higher content at 80% distances is

attributable to the fact, that only two mineral boxes with trampling effects at

smaller footprints are the basis for the Entisol values. As already discussed this is

attributed to the significant difference in soil organic matter content between the

two structure groups (Fig. 8). The soil organic matter content (Fig.7a) rapidly

decreased with depth in all soil orders. Spodosols overall had the highest organic

matter content in the 20-30 cm increment, probably because of a cementation

with sesquioxides and organic matter that characterizes the Aquods suborder

(USDA 1999). To summarize, Alfisols contained the highest water and soil

organic matter content in the top 0-10 cm, while bulk density was concurrently

lowest. Entisols tended to have higher water contents in the lower depth

increments, whereas Spodosols showed higher mass loss on ignition in the 0-30

cm depth increment. Definite effects of Entisols on soil organic matter are

masked by the structure effect.
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Figure 7a: Comparison of physico-chemical characteristics (Means ± SE) between

Recent molasses barrels (2-8) and Mineral boxes (M1-M8) on Alfisols (4; 6; 7; 8; M6, M7; M8), Entisols ( M3, M5), and Spodosols (2; 3; 5; M1; M2; M4)
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Figure 7b: Comparison of phosphorus concentrations (Means ± SE) between

Recent molasses barrels (2-8) and Mineral boxes (M1-M8) on Alfisols (4; 6; 7; 8; M6, M7; M8), Entisols ( M3, M5), and Spodosols (2; 3; 5; M1; M2; M4)
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Figure 8: Comparison of physico-chemical characteristics and phosphorus concentrations (Means ± SE) between

Recent molasses barrels (2-8) and Mineral boxes (M1-M8)
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Both mineral boxes and recent molasses barrels have no significant effect

on extractable P content. The concentrations were greater near the structures

than at distances away from the structures, at least in the upper 10 cm of soil

(Fig. 8). Extractable P was higher in the 0-10 cm increment of the 20% distance

around the mineral boxes in comparison to the barrels locations. This may have

been a consequence of mineral spillage and a higher content of P in the mineral

supplement than in molasses (Table 2). The extractable P content outside of the

congregation site at 120% distance was higher at the barrels locations, probably

due to the fact, that cattle do not spend much time in the area adjacent to the

mineral boxes, but rather right next to one. Nevertheless, as already pointed out,

these differences in the influence of structure are not statistically significant for

both P concentrations.

Partly rising P contents in the 20-30 cm increments in comparison to 10-20

cm are mainly attributable to some locations near ditches with anomalous P

distribution. This effect can clearly be seen in the soil order comparison (Fig. 7b).

This anomalous depth distribution could have been due to deposition of material

excavated from ditches burying topsoil, although organic matter gives no

indication for that. Perhaps it is more attributable to shallow lateral water flow to

the adjacent ditches, resulting in enhanced P leaching (USDA 2000). A generally

high water content in the 20-30 cm increment of the affected locations supports

this conclusion. The difference in the influence of soil order on P is not

statistically significant with extractable P, but it is significant with total P. Leaving

out the 20-30 cm increments Alfisols have overall more total P (Chen and Ma

2001) than the Entisols and Spodosols as a result of higher organic matter

content, while no distinct trend can be observed when comparing the amounts in

Entisols and Spodosols.
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4.3 Congregation areas in the same pasture type

4.3.1 Effects of set-up practice of molasses barrels in semi-native pastures

Both, rotating and permanent structure groups (Fig. 9) located in semi-

native pastures, received similar P additions through offered supplement (Table

2) ,and have been exposed to similar stocking densities, but differed in the size of

the congregation areas that developed around the deposited barrels. This is a

consequence of two different management practices. Permanent barrels were set

up at the same spot every year for five years, while the other set of barrels was

rotated regularly over a larger area. The areas denuded of vegetation had an

average extent of 378 m2 and 552 m2, for permanent and rotating barrels,

respectively.

As a result of the different management practices, all physical

characteristics (Fig. 9) differed highly significantly between the two structure

groups. At the permanent barrels the water content increased with increasing

distance from the barrels at all soil depths, while bulk density fell proportionally.

At the rotational barrels water content and bulk density did not vary with distance

from that barrels at any soil depth, indicating a homogenous spatial impact on the

basic soil physical characteristics at the rotating barrel locations. Therefore there

was a significant structure times distance interaction for water content and bulk

density.

Soil organic matter content at the permanent barrels was higher at

increasing distances from the barrels at all soil depths, while soil organic matter

at rotational showed little variation with distance from the barrels, leading to a

strong structure times distance interaction effect on soil organic matter. The

overall lower water content at the rotational barrels is a result of the occurrence

of coarser structured soils lower in soil organic matter. Also heavier trampling

effects in these pastures may have had an effect on soil organic matter being

more exposed to decomposition and erosion (USDA 2001), because local cattle



39

Experimental pastures molasses barrels

0 100 200 300 400 500

0-10

10-20

20-30

D
ep

th
 (

cm
)

Total P (kg/ha)

20%

80%

120%

200%

Winter months molasses barrels

0 100 200 300 400 500

0-10

10-20

20-30

d
ep

th
 (

cm
)

Total P (kg/ha)

20%

80%

120%

200%

Experimental pastures molasses barrels

0 20 40 60 80 100 120

0-10

10-20

20-30

D
ep

th
 (

cm
)

Extractable P (kg/ha)

20%

80%

120%

200%

Winter months molasses barrels

0 20 40 60 80 100 120

0-10

10-20

20-30

d
ep

th
 (

cm
)

Extractable P (kg/ha)

20%

80%

120%

200%

Experimental pastures molasses barrels

0 5 10 15 20 25 30

0-10

10-20

20-30

D
ep

th
 (

cm
)

Soil organic matter (%)

20%

80%

120%

200%

Winter months molasses barrels

0 5 10 15 20 25 30

0-10

10-20

20-30

d
ep

th
 (

cm
)

Soil organic matter (%)

20%

80%

120%

200%

Figure 9: Comparison of physico-chemical characteristics and phosphorus concentrations (Means ± SE) between

SNP Molasses barrels - permanent ( Experimental pastures molasses barrels E1-E6) and
SNP Molasses barrels - rotating ( Winter months molasses barrels G2-G8)
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densities around these supplemental feeding locations were supposedly higher

due to more extensive pastures and temporary connection of adjacent pastures.

Rotation management of molasses barrels had no significant effect on soil

P (Fig. 9), although the pattern of reduction in extractable and total P

concentration over distance is clearer and more consistent for the permanent

barrels. Across practices soil P significantly decreased with depth, while there

were significant differences in the influence of distance on extractable P and

marginally significant differences on total P. The rise in P content at the

experimental pastures locations within extractable P at 120% distance in

comparison to 80% is attributable to an excessively high P content measured at

one site (see also 4.5.1). Nevertheless a similar pattern can be observed with

differing degrees at the winter months locations, raising the question as to

whether cattle tend to rest or congregate at that distance from the barrels. The

high extractable P content in the lower depths of the 80% distance is attributable

to the site G5 (Figure 4) that was located near a ditch, and may have been

susceptive to P leaching through shallow lateral flow (USDA 2000), or represent

a buried soil layer due to ditch excavation.

4.3.2 Molasses barrels and water troughs in semi-native experimental

pastures

Both of molasses barrel and water trough structures compared in Figure

10 were located in the same pasture type, have been impacted over the same

periods, and under the same stocking densities. The differences are that the

barrels locations in contrast to the water troughs involved importation of P

through offered supplement and a much larger area of impact of 378 m2 for

molasses barrels as compared to 23 m2 for water troughs.

Water content and bulk density were similar between barrels and water

troughs, although barrels had a larger impact on these variables at greater soil

depths (Fig. 10). Soil organic matter was significantly higher near molasses

barrels than near water troughs. Generally water content and soil organic matter
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Figure 10: Comparison of physico-chemical characteristics and phosphorus concentrations (Means ± SE) between

SNP Molasses barrels - permanent ( Experimental pastures molasses barrels E1-E6) and
SNP Water troughs ( Water troughs W1-W4)
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decreased significantly with increasing soil depth while bulk density increased

significantly with depth. While water content in the upper 10 cm around both

types of structures was similar, the decrease in water content with increased soil

depth was greater at varying distances around the barrels than around the water

troughs. Similarly, bulk density was increased near both structures but to a

greater depth around the barrels than around the water troughs. A possible

explanation for that are trampling effects, leaving the soil in the upper 0-10 cm at

the barrels locations influenced by sideward movement and aeration, with larger

groups of cattle gathered around the structure at one time, while the soil beneath

experiences compaction. The water troughs do not show signs of that kind of

disturbance and therefore a rather constant increase in bulk density with depth,

probably because cattle movement in these small areas is more oriented and

cattle do not congregate around the water trough in large groups at any point in

time. The soil organic matter content is obviously interrelated with the other

physical characteristics, but is considerably lower in the 0-10 cm depths at all

distances at the water troughs locations in comparison to the barrels locations

indicating transfer of topsoil adjacent to the trough and less dung deposited. The

content of the other depths do not seem to be influenced by that effect. Because

of this, the influence of depth on soil organic matter content is highly significantly

different between the two structures, in addition to the significant influences of

structure type and of distance from the structures.

Molasses barrels had a much greater impact on soil P than did water

trough structures (Fig.10), in support of the assumption that there is considerably

less dung voided round the water troughs. The P imported through offered

supplement, which ranged between 0.36 and 1.52 kg ha-1 a-1 (Table 1) may also

have contributed to the increased soil P content around the barrels locations via

spillage and deposition of dung. Extractable P is significantly lower at the water

troughs than at the barrels locations. Additionally, effects of soil depth were

highly significantly different and effects of sampling distance were significantly

different, and there was a significant interaction between structure type and both

distance and depth. Cattle congregation around the barrels increased extractable
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P at all soil depths near the barrels relative to distances far from the barrels,

whereas cattle congregation decreased extractable P around water troughs.

Cattle congregation also increased total soil P in the upper 10 cm at the 20%

distance from the barrels but decreased the content around the water troughs at

that distance, probably due to the decreased soil organic matter content around

the troughs. The overall lower values at 20% distance adjacent to the troughs in

comparison to the 80% and 120% distances is one the one hand attributable to

the transfer of topsoil by cattle and on the other hand to the small extent of these

areas together with the fact, that cattle seldom approaches the trough rearwards.

As already discussed in the previous section the extractable P contents at the

barrels give evidence for cattle resting at the 120% distance.

4.3.3 Shade structures and water troughs in improved pastures:

Both shade structure and water trough locations compared in Figure 11

were located in the same pasture type and exposed to the same stocking

densities. A shade structure affected a much larger area (114 m2 ) than did each

water trough (23 m2). Cattle congregation around both structure types

significantly affected water content, bulk density and soil organic matter but the

affects did not differ between the two structure types (Fig. 11). Bulk density in the

0-10 cm depth was very high at 20% distance round the water troughs but

declining rapidly at the 80% distance with an opposite trend for water content.

Bulk density of the soil under shade structures experiences only slight alteration

between 20% and 80% distance at levels fairly in between the values obtained at

equal distances round the water troughs, again with opposite trends for water

content. This trend of the two properties can also be monitored at the lower

depths with declining sharpness around the water troughs but not around the

shade structure where there was no discernable effect of the structure on bulk

density below 10 cm. Therefore the statistical results reveal highly significant

differences in the influence of distance and depth and more or less significant

interactive between structure times depth and structure times distance. The
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Figure 11: Comparison of physico-chemical characteristics and phosphorus concentrations (Means ± SE) between

Shade structures ( Shade structures S1-S8) and IP Water troughs ( Water troughs W5-W8)
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sharp decline in soil organic matter content at the 20% and 80% distance from

the water troughs shows evidence of strong topsoil loss, while the other

distances show a similar content in comparison to the ones at the distances

round the shade structures. Underneath the shade structure (distances 20% and

80%) organic matter content shows slight alteration, as an analogy to all physical

characteristics, with slightly higher content at 80% 120% in comparison to 20% at

0-10 cm depth and slightly lower content at 80% in comparison to 20% at all

other depths. A reason for this pattern may be higher rainwater inflow and

leaching in the more depressional centers of shade structure sites. The statistical

results reveal highly significant differences in the influence of distance and depth

and also of structure times distance on the organic matter content at the two

structure groups. Summarized the physical characteristics outside of the

congregation sites (distances 120% and 200%) are in comparison of the two

structure groups at levels in close proximity, while the patterns inside (distances

20% and 80%) are very different due to the dissimilar structure characteristics.

Soil P concentrations (Fig. 11) reveal significantly less extractable and

total P and therefore dung deposited around the water troughs in comparison to

very high extractable and total P contents under shade structures. The lack of

accumulation of P around water troughs in comparison to shade structures (West

et al. 1989, Mathews et al. 1999) is because cows rest under shade structures

but only spend short periods of time near the water troughs and consequently

void less dung. Cattle congregation around shade structures increased

extractable and total P at all soil depths at the 20% distance, indication large

imports of P in cattle dung at the concentrated locations. Both extractable and

total P were greater at the 80% distance than at the 20% distance around the

water troughs due to topsoil translocation. Again, effects of sampling distance

and soil depth had significant influences on extractable and total P at the two

structure groups.
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4.4 Effects of water troughs in improved and semi-native pasture

type

Water troughs had highly significantly different influences on water

content, bulk density, soil organic matter, and soil P when installed in improved

and semi-native pastures (Fig. 12). This is remarkable because water troughs are

impacted by equal numbers of cow-calf pairs, with similar development of

extending congregation sites. The difference between the pasture types is that

improved pastures were grazed in summer months while semi-native pastures

were grazed in the winter. Also fertilization occurred in the improved pastures,

but not in the semi-native.

Water troughs in improved pastures have significantly lower water content

and soil organic matter and significantly higher bulk density than the troughs in

semi-native pastures (Fig. 12). The influence of depth and distance is for all

physical characteristics highly significantly different, while the influence of pasture

is highly significantly different at water content and bulk density and significantly

different at soil organic matter. This is probably due to the lasting compaction in

improved pastures in the grazing cycle preceding this study, while semi-native

areas have just been impacted recently. Therefore the locations in the semi-

native pastures give evidence for regeneration of vegetation with residue

production following incorporation of nutrients out of dung into organic tissues

and decrease of bulk density through root growth (Haynes and Williams 1993).

Interestingly, soil P concentrations (Fig. 12) overall show highly significant

differences in the influence of every single factorial source, and significant

differences in the influence of the two factorial sources, except for distance times

depth on total P. The amounts measured for both concentrations are higher

throughout the profile at the water troughs in improved than in semi-native

pastures. The P enrichment might occur due to past fertilizer use on improved

pastures. Cattle grazing in these pastures with more P enriched soil and forage

induce more enrichment with extractable P at congregation areas (Schomberg et
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Figure 12: Comparison of physico-chemical characteristics and phosphorus concentrations (Means ± SE) between

IP Water troughs ( Water troughs W5-W8) and SNP Water troughs ( Water troughs W1-W4)
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al.2000). This explains the pasture effect and the pasture times distance and the

pasture times depth interaction for extractable P and total P. Although the

fertilization aspect plays a key role in judging the effect of pasture on P, there is

also the fact that both pasture arrays are never grazed simultaneously. Therefore

a long-term study with a sampling schedule based on an appropriate timetable of

at least one year would be needed to evaluate solely the effect of fertilization.

Therefore, another interpretation for the statistical results referring to P could be

that a once higher content in the semi-native pastures is leached out (Hilbricht-

Ilkowska 1995) over year nearly down to the content incorporated by organic

matter. This could indeed be the case for the data obtained in this study, because

cattle was just moved into the semi-native experimental pastures array a couple

of weeks before soil sampling took place.

4.5 Structure groups under different stocking densities

4.5.1 Molasses barrels in semi-native experimental pastures

Stocking densities significantly affected water content and marginally

affected bulk density in the vicinity of molasses barrels (Fig. 13a). On average

the water content was overall highest as bulk density was overall lowest at the 20

cow-calf pairs locations, while they are at the other two stocking densities in a

similar range. These unexpected revelation might be explained with less

tendency for the cattle to congregate all together at the highest stocking density

(Haynes and Williams 1993, Mathews et. al 1999), leading to more constant but

less dense local densities at 35 cow-calf pairs in comparison to 20 cow-calf pairs.

It is also likely that inherent differences among the sites may be responsible for

the observed trends because of the low replication (n=2) of these stocking

density treatments. Soil organic matter (Fig. 13a) was generally lowest at the 15

cow-calf pairs locations, but shows no distinct trend between 20 cow-calf pairs

and 35 cow-calf pairs. Nevertheless soil organic matter is not significantly

affected by different stocking densities, however highly significantly affected by

depth and significantly affected by distance.
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stoc*dp 0.45 0.7725
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Figure 13a: Comparison of physico-chemical characteristics (Means ± SE) between

SNP Molasses barrels (Experimental pastures molasses barrels E1-E6) at stocking rates of 15, 20, and 35 cow-calf pairs per plot
(0.46, 0.62, and 1.08 cow-calf units ha-1)
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stoc*dp 1.95 0.1235
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Figure 13b: Comparison of phosphorus concentrations (Means ± SE) between

SNP Molasses barrels (Experimental pastures molasses barrels E1-E6) at stocking rates of 15, 20, and 35 cow-calf pairs per plot
(0.46, 0.62, and 1.08 cow-calf units ha-1)
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Extractable soil P was much greater around barrels with the highest

stocking density than at the barrels with the lower stocking densities, indicating

that stocking density influenced soil P in the upper 0-10 cm. The content of the

two P concentrations (Fig. 13b) were greater in the upper 0-10 cm with

increasing stocking density. This was due to more dung deposited and increased

spillage of molasses, which was associated with imported P in amounts ranging

from 0.36 to 1.52 kg ha-1 a-1 (Table 1) at minimum under low stocking density and

maximum at high stocking density, respectively. The statistical results do not

point out stocking density to have an effect on P probably due to the fact that

differences in P content are not that high in the depth increments beneath 10 cm.

But due to the high contents in the top increment the difference in the influences

of distance and depth are highly significant, while the difference in influence of

distance*depth is highly significant at the extractable P concentration and

significant at total P. All of the diagrams are a visualization of characteristics

summarized from the two equal stocking density replicates in the semi-native

experimental pastures array. The error bar at the 120% distance, 20 cow-calf

pairs, therefore indicates the excessively high P content here to be attributable to

one of the locations.

4.5.2 Shade structures in improved pastures

Within each replicate pasture for stocking density treatments one structure

was deployed at low and medium and two were deployed at high stocking density

(see Figures 2, 5). Therefore the results from the high stocking density

treatments are considered being impacted by a theoretical amount of 17.5 cow-

calf units. Unfortunately four shade structures were broken down at unknown

times in the summer grazing cycle preceding the time of sampling. Coincidentally

these breakdowns affected every treatment with one broken down in one of the

pastures for low and medium stocking densities and one in each of the pastures

for high stocking density.
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stocking(stoc) 19.50 <.0001
distance(dist) 16.01 <.0001
stoc*dist 3.12 0.0099
depth(dp) 299.01 <.0001
stoc*dp 8.29 <.0001
dist*dp 12.82 <.0001
stoc*dist*dp 1.15 0.3360

Source F value P value
stocking(stoc) 3.94 0.0246
distance(dist) 11.16 <.0001
stoc*dist 1.27 0.2836
depth(dp) 120.17 <.0001
stoc*dp 2.36 0.0630
dist*dp 5.57 0.0001
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Source F value P value
stocking(stoc) 5.23 0.0080
distance(dist) 12.18 <.0001
stoc*dist 1.91 0.0941
depth(dp) 146.00 <.0001
stoc*dp 2.51 0.0514
dist*dp 8.55 <.0001
stoc*dist*dp 0.47 0.9220

Figure 14a:  Comparison of physico-chemical characteristics (Means ± SE) between

Shade structures (S1-S8) at stocking rates of 15, 35/ 2, and 20 cow-calf pairs per plot (0.74, 1.73/ 2, and 0.99 cow-calf units ha-1)
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Figure 14b:  Comparison of phosphorus concentrations (Means ± SE) between

Shade structures (S1-S8) at stocking rates of 15, 35/ 2, and 20 cow-calf pairs per plot (0.74, 1.73/ 2, and 0.99 cow-calf units ha-1)
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Bulk density, water content and soil organic matter significantly increased

with stocking density, while bulk density decreased proportionally with higher

stocking densities (Figure 14a). Although this effect is not so clear with depths

beneath 10 cm and with some deviation when comparing the far end stocking

densities with the theoretical medium stocking density. Also there are strong

compaction and trampling effects within the congregation site (20% and 80%

distances) with high bulk densities, proportionally lowered water content, and

translocation of organic matter, leading to a decrease in soil organic matter in the

0-10 cm layer at 20% and 80% distances but an increase at 120% distance.

Stocking density had a marginally significant effect on extractable soil P

but no effect on total P content. The diagrams depicting the P concentrations

(Fig. 14b) show obvious signals for the breakdown of shade structures. In every

diagram P in the soil of one structure was no more replenished by dung, leading

to leaching (Hilbricht-Ilkowska 1995) and therefore high error bars. The

assumption that cattle would equally distribute among the two shade structures of

the high stocking density pastures was not valid. Values obtained for the P

concentrations were expected to settle in between the ones for the far end

stocking densities, but they rather tend to be even lower than at the low stocking

density treatment. The low number of replicates, the breakdown of one shade

structure in every treatment, and the point of issue about equal distribution of

cattle among the two shade structures in the pastures under high stocking

diminishes the ability to detect an effect of stocking density.
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4.7 Soil organic matter

The mean content of soil organic matter in 0-30 cm (Fig. 15) was similar at

the congregation sites in the same experimental pasture array. The contents

around the structures in the summer experimental pastures (shade structures

and IP-water troughs) were about 3/5 lower than the contents in the winter

experimental pastures (experimental molasses barrels and SNP-water troughs).

This may have been consequence of dung decomposer residues and decay of

organic tissues that originated from half a year of pasture regeneration in semi

native areas shortly preceding soil sampling (4.4). In the improved pastures

grazing animals increased the rate of plant residue decomposition and the

potential for nutrient losses because of a reduced capacity of the plants to take

up nutrients in the impacted areas (Schomberg et al. 2000). The other structure

groups revealed a similar pattern, with contents in congregation sites around

structures predominantly located in improved pastures (recent molasses barrels

and mineral boxes) about 2/3 lower in comparison to locations in semi-native

pastures (winter months molasses barrels). The general trend of soil organic

Figure 15: Average soil organic matter (%) content and bulk density (g/cm3) in 0-30 cm depth
of congregation sites (20%+80% distance) at:
RB (Recent molasses barrels 2-8), WB (Winter months molasses barrels G1-G8),
EB (Experimental pastures molasses barrels E1-E6),
MB (Mineral boxes M1-M8), SS (Shade structures S1-S8),
WT-IP (IP Water troughs W5-W8), WT-SNP (SNP Water troughs W1-W4)
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matter content being lower in the regular pastures, is attributable to a strong but

brief impact of cattle in these areas due to movement of mineral boxes on a

biweekly basis, rotational management of the winter months molasses barrels,

and the short duration of impact at the recent molasses barrels locations.

4.8 Ecological footprint of structure groups congregation sites

In order to assess P accumulation at congregation sites on the landscape

level, the contents for kg/ha, summed over all depths at 20% and 80%, were

averaged. The obtained value was then related to the extent of the corresponding

congregation site and, after averaging the results for each structure group,

considered being the ecological footprint (Table 3). These footprints reveal the

environmental implications of the different structure groups in terms of

susceptibility to leaching, erosion, and runoff by emphasizing more the P values

measured at extensive locations. A calculation of the extractable P content

without taking into account the congregation sites extents shows that shade

structures had the largest impact on P per unit area impacted (419,95 ± 56,36 kg

P/ha), followed by mineral boxes (171,08 ± 34,48 kg P/ha), recent barrels

(107,44 ± 26,53kg P/ha), IP water troughs (84,79 ± 14,57 kg P/ha), experimental

pastures barrels (74,05 ± 12,48 kg P/ha), winter months barrels (56,99 ± 24,96

kg P/ha), and finally SNP-water troughs (14,02 ± 4,02 kg P/ha) (Table 3). Taking

into account the congregation sites extent leaves shade structures (4,62 ± 0,55

kg/site) in first place, due to the excessively high P content and despite

considerable smaller extent than the barrels locations, that follow now in places

2-4 (3,29 ± 1,10 kg/site, 2,75 ± 0,94 kg/site, 2,75 ± 0,42 kg/site, for recent

barrels, winter-months barrels and, experimental pastures barrels, respectively).

Environmental implications of P accumulation around mineral boxes (0,43 ± 0,11

kg/site) and IP-water troughs (0,19 ± 0,03 kg/site) congregation sites are

negligible when considered on the landscape level, followed by even lower

contents around SNP-water troughs (0,03 ± 0,01 kg/site).
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When brought into relation with total P, the extractable P content was

always higher in the improved pasture locations in comparison to the ratios

obtained in the semi-native pastures (Table 3). Pasture management therefore

influenced the availability of P due to long-term fertilizer use and enhanced P

content in forage of improved pastures, that led to enrichment of surface soil with

extractable P (Schomberg et al. 2000). Although this effect cannot firmly be

separated from leaching of P (Hilbricht-Ilkowska 1995) and a depletion of a once

higher extractable P pool in the semi native areas, because they have just been

stocked recently preceding soil sampling.

Table 3: P-concentrations (kg/site) for footprints of congregation sites
(20% and 80% distance) of:
RB (Recent molasses barrels 2-8),
WB (Winter months molasses barrels G1-G8),
EB (Experimental pastures molasses barrels E1-E6),
MB (Mineral boxes M1-M8), SS (Shade structures S1-S8),
WT-IP (IP Water troughs W5-W8), WT-SNP (SNP Water troughs W1-W4)

Structure
group

Extent of congregation
site

Extractable P per congregation
site 0-30 cm

Total P per congregation
site 0-30 cm

Extractab
le/Total P

(m2) (kg/site) (kg/ha) (kg/site) (kg/ha)

RB 290 ± 31 3.29 ± 1.10 107.44 ± 26.53 12.61 ± 4.34 403.15 ± 89.51 26/100

WB 553 ± 114 2.75 ± 0.94 56.99 ± 24.96 17.16 ± 4.23 320.79 ± 77.65 16/100

EB 378 ± 35 2.75 ± 0.42 74.05 ± 12.48 12.95 ± 1.23 344.83 ± 23.82 21/100

MB 24 ± 3 0.43 ± 0.11 171.08 ± 34.48 0.97 ± 0.21 382.98 ± 46.83 45/100

SS 114 ± 11 4.62 ± 0.55 419.95 ± 56.36 9.01 ± 0.76 813.17 ± 72.38 51/100

WT-IP 23 ± 1 0.19 ± 0.03 84.79 ± 14.57 0.98 ± 0.04 422.71 ± 33.86 20/100

WT-SNP 22 ± 1 0.03 ± 0.01 14.02 ± 4.02 0.50 ± 0.05 232.26 ± 33.28  6/100
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The contents of total P were assumed to depend very much on soil organic

matter, because of the analytical procedure based on ashed soil (3.4.4). In order

to assess the degree of dependence, the soil organic matter content given in

percent of mass lost on ignition (3.4.3) was transferred to the landscape level

considering soil bulk density and the extent of the congregation sites. This was to

correlate soil organic matter with total P in kg/congregation site (Figure 16).

Correlations were performed for every structure group, excluding all 20-30 cm

depth increments of congregation sites round recent molasses barrels and

Table 4: Dependence of total P (kg/site) and soil organic matter (kg/site) for footprints of
congregation sites (20% and 80% distance) at:
RB (Recent molasses barrels 2-8), WB (Winter months molasses barrels G1-G8),
EB (Experimental pastures molasses barrels E1-E6),
MB (Mineral boxes M1-M8), SS (Shade structures S1-S8),
WT-IP (IP Water troughs W5-W8), WT-SNP (SNP Water troughs W1-W4)

Structure
group

Extent of congregation
site

Total P per congregation
site 0-30 cm

Soil organic matter per
congregation site 0-30 cm

Total
P/SOM

(m2) (kg/site) (kg/site) (1/100)

RB 290 ± 31 12.61 ± 4.34 2583.50 ± 288.19 49/100

WB 553 ± 114 17.16 ± 4.23 7747.98 ± 1841.14 22/100

EB 378 ± 35 12.95 ± 1.23 7303.4 ± 820.59 18/100

MB 24 ± 3 0.97 ± 0.21 271.38 ± 47.34 36/100

SS 114 ± 11 9.01 ± 0.76 1682.17 ± 178.46 54/100

WT-IP 23 ± 1 0.98 ± 0.04 366.68 ± 38.22 27/100

WT-SNP 22 ± 1 0.50 ± 0.05 423.14 ± 59.31 12/100

Total P content in congregation sites on 
landscape level

0

5

10

15

20

25

RB WB EB MB SS WT-IP WT-SNP

structure group

 T
o

ta
l P

 c
o

n
te

n
t 

in
 0

-3
0

 c
m

 (
k
g

/
si

te
)

Soil organic matter content in congregation 
sites on landscape level

0

2000

4000

6000

8000

10000

12000

RB WB EB MB SS WT-IP WT-SNP

structure group

 S
O

M
 c

o
n

te
n

t 
in

 0
-3

0
 c

m
 (

k
g

/
si

te
)



59

  

Congregation sites of RB and MB in 0-10, 10-20 cm depth and of 
intact SS in 0-10, 10-20, 20-30 cm depth

y = 0.0025x + 0.1997
R2 = 0.8783

y = 0.0037x - 0.0648

R
2
 = 0.9477

y = 0.0045x + 0.3865

R
2
 = 0.7353

0

1

2

3

4

5

6

7

8

9

0 500 1000 1500 2000 2500 3000 3500

Soil organic matter kg/congregation site

T
o

ta
l 

P
 k

g
/c

o
n

g
re

g
at

io
n

 s
it

e

RB

MB

SS

Congregation sites of WB and EB in 0-10, 10-20, and 20-30 cm 
depth

y = 0.0021x + 0.0458
R2 = 0.8517

y = 0.0018x - 0.0301
R

2
 = 0.939

0

2

4

6

8

10

12

14

16

18

20

0 2000 4000 6000 8000 10000

Soil organic matter kg/congregation site

T
o

ta
l 

P
 k

g
/c

o
n

g
re

g
at

io
n

 s
it

e

WB

EB

Congregation sites of WT-IP and WT-SNP in 0-10, 10-20, and 20-
30 cm depth

y = 0.0028x - 0.0182
R

2
 = 0.7358

y = 0.0011x + 0.0097
R2 = 0.8586

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 50 100 150 200 250 300 350

Soil organic matter kg/congregation site

T
o

ta
l 

P
 k

g
/c

o
n

g
re

g
at

io
n

 s
it

e

WT-IP

WT-SNP

Figure 16: Correlation between
soil organic matter and total P at
congregation sites (Means of
20% and 80% distance)

WB (Winter months molasses barrels G2-G8),
EB (Experimental pastures molasses barrels E1-E6)

RB (Recent molasses barrels 2-7),
MB (Mineralboxes M1-M8),
SS (Shadestructures S1, S2, S5, S7),

WT-IP (IP Watertroughs W5-W8),
WT-SNP (SNP Watertroughs W1-W4)
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mineral boxes, that partly showed a rising P content (4.2), and further excluding

half of the ones sampled under destroyed shade structures, that have been

prone to leaching and without replenishment of P through dung (4.5.2). After all a

strongly linear relationship between soil organic matter and total P can be seen.

Besides, as an analogy to extractable P versus total P, there were throughout

higher ratios of total P content per organic matter content in the improved than in

semi native pasture areas (Table 4). This is also indicated in the figures for water

troughs (Fig 12; 4.4), where the bottom panel shows greater increase in total P

with increase in soil organic matter in improved pasture water troughs.
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5. Conclusions

The current study showed that livestock congregation areas have a great

potential in affecting the measured physico-chemical soil properties, especially in

enhancing soil organic matter accumulation (During et al. 1973) and extractable

soil P. Concentrations of dissolved P in runoff increase with high extractable soil

P levels (Pote et al. 1996). Areas where cattle tend to congregate have the

greatest potential to contribute to high P-concentrations in surface runoff due to

denuded vegetation cover, although runoff processes were not examined in this

study. The content of P generally decreased successively with depth, except for

some of the shade structure congregation sites that became prone to leaching

(4.5.2) and the molasses barrels and mineral boxes locations with anomalous P

distribution (4.2) due to shallow lateral flow or soil inversion.

Phosphorus content, especially extractable P, also generally decreases

with enhancing distance from the center of the congregation area. This trend

experiences alteration because of trampling effects within small scale

congregation sites as under shade structures (4.5.2) with lowered total P

contents due to translocation of soil organic matter, or adjacent to water troughs

(4.3.3) with strong trampling effects leading to transfer or loss of topsoil. Also

there have sometimes been high P contents at the 120% distance around barrels

locations (4.3.1), indicating deposition by cattle congregating around these areas.

The congregation sites have been characterized by denuded vegetation

cover, that would generally help to filter pollutants, reduce runoff velocity and

lower soil erosion. Thus such areas should never develop on a slope, in

particular never near waterways as streams, drainage canals, or lakes. Data also

showed that the associated structures should be moved regularly to prevent

areas of denuded vegetation, encourage stock movement and spatial distribution

of dung, or at least vegetation should be allowed to recover by rotation of

structures over leveled pasture regions. A study from Nair (Nair et al 2004)

performed on manure impacted sprayfields and surrounding unimpacted areas in

the Suwannee River basin in northern Florida found enhanced Ca and Mg
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concentrations in the subsurface of impacted soils, indicating movement of

manure constituents. They also found high Mehlich 1-extractable P

concentrations in the top 0-36 cm, ranging between 149 to 255 mg/kg,

significantly higher values than the ones obtained from unimpacted areas (11-28

mg/kg). In Florida, P concentrations above 30 mg/kg are considered high for

agronomic purposes, concentrations above 60 mg/kg are considered very high

(Kidder et al. 2002). At Buck Island Ranch the P concentrations found around

structures where cattle tend to congregate were partly above levels that are

considered beneficial for agronomic purposes (Table 5).

Table 5: Average Mehlich 1-extractable P concentrations in 0-30 cm depth of all distances at:
RB (Recent molasses barrels 2-8), WB (Winter months molasses barrels G1-G8),
EB (Experimental pastures molasses barrels E1-E6),
MB (Mineral boxes M1-M8), SS (Shade structures S1-S8),
WT-IP (IP Water troughs W5-W8),  WT-SNP (SNP Water troughs W1-W4)

structure group 20% distance 80% distance 120% distance 200% distance

mg/kg mg/kg mg/kg mg/kg

RB 30.59 ± 7.46 26.54 ± 8.12 21.88 ± 9.05 10.76 ± 4.05

WB 18.51 ± 10.27 18.84 ± 13.88 15.62 ± 12.32 7.82 ± 6.31

EB 36.34 ± 6.77 13.18 ± 0.88 19.13 ± 11.16 3.95 ± 0.78

MB 58.94 ± 8.81 28.88 ± 8.65 11.16 ± 3.07 8.47 ± 2.56

SS 143.30 ± 21.58 87.00 ± 12.07 31.34 ± 5.10 10.66 ± 2.70

WT-IP 13.25 ± 1.78 35.10 ± 6.90 15.11 ± 2.27 11.77 ± 2.15

WT-SNP 3.27 ± 0.73 5.83 ± 1.83 2.38 ± 1.07 0.77 ± 0.12

The recent molasses barrels locations show concentrations around the 30

mg/kg threshold at the distances within the congregation site, while they are on

the edge for being considered high at 120% distance. Therefore these locations

with seven molasses barrels permanently deployed over a single four-week

period already contain elevated topsoil P concentrations in an area slightly larger

than the congregation sites extent. A rotational deployment of these barrels might

have prevented touching this threshold. This is further underlined by a

categorization of the P concentrations obtained at the winter months molasses
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barrels locations, that are set up rotationally, in comparison to the ones

measured round the experimental pastures barrels, that are deployed at the

same spot every year for 5 consecutive years. Soil P is more widespread under

rotational management while it is at a level mostly above 30 kg/ha in the area

close to the permanent deployment spots in the experimental pastures. In order

to avoid soil P buildup in spots adjacent to the barrels a rotation favorably with

every refill should be considered.

The mineral boxes and shade structure locations contained the highest

point soil P concentrations among all structures. At 20% distance around mineral

boxes P levels ranging near the threshold for the very high category were

obtained. This can only be a consequence of cattle loafing and mineral spillage in

these small areas, all the more as soil P contents are rapidly decreasing at the

distances outside of the congregation site. Under shade structures

concentrations exceeded two times the 60 mg/kg threshold at 20% distance and

were still well above it at 80% distance. Mineral boxes should therefore be moved

in shorter than biweekly intervals, while a rotation of shade structures or provision

of more natural shade areas should urgently be considered, especially because

rapid leaching has been found to occur under these structures. Leaching is very

likely to occur in the soils of the study area due to coarse soil structure, high

alkalinity, shallow groundwater tables, and lack in Al- and Fe-hydrous oxides

(Hilbricht-Ilkowska 1995). If possible small scattered clusters of trees could be

preserved to serve as additional possibilities for cattle to loaf, and thus lead to a

spatial distribution of P out of dung.

Around the water troughs in improved pastures concentrations reached a high

level at the 80% distance, but are well below at 20% due to the translocation of

topsoil. The concentrations around the water troughs in semi-native pastures did

not or not yet reach elevated levels by the time of sampling. This could to some

degree be a consequence of shade structures and IP-water troughs being placed

in the same pasture region (Figure 5), while molasses barrels and SNP-water

troughs are located on opposite sides of the pastures (Figure 4). So, as a general

practice, structures should be placed in different pasture regions further away
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from each other to encourage spatial distribution of cattle grazing and dung

deposition. Solely proper management practices can therefore mitigate

environmental implications of P accumulation in cattle congregation areas.
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