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ABSTRACT
Saskatchewan producers traditionally overwinter their cattle in pens in the yard.
The practice of winter feeding of cattle directly in the field is increasing in popularity
leading to concerns about increased nutrients being deposited in soil and potentially lost
in runoff water and to ground water.
In 2008/2009 an experiment was conducted to observe the effect of in-field winter
feeding of cows on the nutrients in spring snowmelt run-off. Approximately 100 cattle
were baled grazed on a Russian wild ryegrass pasture at a stocking rate of 2240 cow-days
ha-1 for 88 d during the winter at the Western Beef Development Center at Lanigan, SK.
The spring 2009 ponded water was sampled from four basins in the control (no cattle
were present) and four basins in the winter feeding treatment from the end of March to
mid-April. Ground water samples from two piezometers in the control and two in the
winter feeding area were gathered from the start of runoff until the middle of summer.
Soil samples (0-10 cm) were collected in the fall 2008 before winter feeding and again in
the spring 2009 after winter feeding on both the control and treated areas to examine the
influence of winter feeding on soil nutrients.
Orthophosphate-P and ammonium-N concentrations were elevated to levels up to
19.9 mg PO4-P L-1 and 102.3 mg NH4-N L-1 respectively in run-off from the winter
feed treatment basins compared to the controls (2.1 mg PO4-P L-1 and 1.72 mg NH4-N
L-1). Nitrate-N concentrations in snowmelt run-off water were similar from the winterfed areas (0.008 mg NO3-N L-1 to 0.739 mg NO3-N L-1) and the control (0.001 mg
NO3-N L-1 to 1.046 mg NO3-N L-1). This is explained by lack of sufficient time and
temperature for organic N, urea and ammonium in the urine and fecal matter to convert to
nitrate. In the ground water there was a slight increase in nutrient ion concentration in
i

the winter feed basins compared to the control. Soil sampled in the spring from the
winter feeding site had higher soluble nitrate, ammonium and phosphorus compared to
the control. The soluble and exchangeable forms of phosphorus in the soil were lower
compared to the fall soil samples for the control and winter feeding site, possibly due to
immobilization by plant and microbial uptake in the spring. Caution should be used
when selecting sites for in-field winter feeding system so the run-off water does not reach
sensitive water bodies.
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1

INTRODUCTION

On the Canadian prairies over the past few years, many cow-calf producers have
moved from confined drylot pen winter feeding and are adopting in-field overwintering
systems. The in-field system can potentially lower cost of production due to reduced
yardage and manure hauling costs. The in-field overwintering system was shown to
increase retention and recycling of nutrients contained in feed because nutrients are
applied directly to the field instead of being lost in the pen before being transferred to the
field (Jungnitsch, 2008). However, increased return of nutrients to the soil and potential
loading with high stocking rates in the field does raise the concern with elevated nutrient
transport in runoff, especially spring snowmelt runoff.
Phosphorus is one nutrient that is a concern in runoff water. Eutrophication of
inland waters is primarily caused by elevated concentrations of phosphorus in the water
(Singh et al., 2008; Jones and Lee, 1982). Eutrophication is the promotion of algal bloom
growth caused by elevated nutrients in surface water (Vollenweider, 1971). Glozier et al.
(2006) set out a guideline to maintain water quality on the Canadian prairies. Their
guidelines state that runoff water should not exceed 0.26 mg L-1 of total phosphorus.
Runoff water with elevated nitrogen concentrations is undesirable and it was
indicated that total nitrogen concentrations should not exceed 1.16 mg L-1 to ensure a
healthy watershed (Glozier et al., 2006). When nitrogen is applied in excess, ammonium
and nitrate can be lost through surface or sub-surface flow and nitrate can be lost by
leaching (Forman, 1995; Larney and Hao, 2007; Freney, 2005). Achievable standards for
maximum levels of nitrite, nitrate and ammonium in runoff water have been proposed at
0.28 mg L-1 for NO2-N/NO3-N and 0.12 mg L-1 for NH4-N (Glozier et al, 2006). Nitrate
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concentrations exceeding the standards can increase eutrophication and at levels above 10
mg L-1 NO3-N, the nitrate can become harmful to human health (Forman, 1995;
Stumborg et al., 2007).
Fecal coliforms can often be found in runoff water from cattle feeding sites and
can be detrimental to human and animal health (Pell, 1997). Escherichia coli is a fecal
coliform that can be used as an indicator species for pathogen testing because the
presence of E. coli indicates that there are fecal coliforms in the water sample (de Freitas
et al., 2003). Therefore, testing for E. coli is employed and is important to help maintain
healthy water sources.
The general objective of the study described in this thesis is to determine the
nutrient concentrations (mg L-1) and export (kg ha-1) in snowmelt runoff water from a site
where cattle are overwintered on a Russian wildrye grass pasture. My hypothesis is that
the concentrations and export of phosphorus and nitrogen and coliform counts in the
ponded snowmelt runoff water will be elevated in the winter feeding site watersheds.
This hypothesis was tested by analyzing the forms and concentrations of soluble nitrogen
and phosphorus, including ammonium, nitrate and orthophosphate in ponded water from
a wintering site in east-central Saskatchewan. Surface and subsurface water samples
were collected from catchment basins in paired winter feeding versus control (no winter
feeding) watershed basins located in an undulating Russian wild ryegrass pasture (Oxbow
association soil) near Lanigan, Saskatchewan. The effect of winter feeding versus no
winter feeding on the labile, exchangeable levels of nitrogen and phosphorus in the soil
surface (0-10 cm) layer in the spring was also determined.
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2.1

LITERATURE REVIEW

Manure Management on the Prairies
In Canada, there are approximately 5 million head of beef cattle with the majority

concentrated in the Prairie Provinces (Statistics Canada, 2008). Assuming a beef cow’s
average weight is 389 kg, the 5 million animals would produce approximately 60 million
tonnes of manure (annually) (ASAE, 2003). This large annual production of manure
makes the handling of livestock waste a very important aspect in the overall management
of a beef cattle operation.
Since the early 1900’s, Canadian cow-calf producers have traditionally wintered
their cattle in the farm yard, also termed drylot (CCA, 2010). The drylot system requires
the transport of the manure out of the yard to the field where it is applied using
machinery and equipment. The cost of transport and application may cause producers to
see manure as a burden instead of an asset to improve the productivity of pastures. This
is especially the case in large drylot operations (feedlots) that are running out of land
within the cost effective application distance of 15 km from site (Larney et al., 2008).
One option to make manure haulage more cost effective is by composting the manure to
increase the concentration of nutrients (Larney et al., 2008). Another strategy is to have
the manure directly deposited in the field by the animals themselves. Winter bale grazing
in the field is a similar management strategy to rangeland grazing. The difference is large
round bales are utilized as feed rather than available grasses and the stocking rate of cows
is highly concentrated. This system has been growing in popularity in Saskatchewan in
the last decade and results in direct deposit of manure on the pasture or cropland.
Jungnitsch (2008) showed that extensive winter feeding was more cost effective
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compared to traditional drylot wintering of cows. Winter bale grazing reduces the
number of times a producer needs to operate his tractor and does not require the transport
of the manure out of the drylot.
2.2

Nature and Influence of Beef Cattle Excreta
Beef cattle excrete an average of 34 kg of manure per 590 kg live animal per day

(ASAE, 2003). An individual dung patty can range from 0.05 m2 to 0.13 m2 and cattle
can defecate from 11 to 16 times per day (Barrow, 1987). There is heterogeneity in the
pattern that cattle excrete their feces and urine in a field while bale grazing because areas
such as feeders and watering bowls are frequented more often (Barrow, 1987). These hot
spots might not effectively retain and utilize the nutrients associated with the directly
deposited manure because the nutrients are collected from a large area and deposited on a
smaller area, resulting in a greater chance for nutrient loss (Barrow, 1987).
Major nutrients excreted by cattle such as nitrogen, phosphorus and potassium are
found in feces and/or urine. Phosphorus, magnesium, calcium, copper and zinc are all
nutrients mainly excreted in feces (Barrow, 1987). Nitrogen and potassium are mainly
excreted in the urine. Only 10-30 percent of potassium is excreted in feces and the
potassium in urine is present in an immediately available form as K+ (Barrow, 1987).
Nitrogen in urine is mainly present as urea which is rapidly changed to ammonia and
ammonium when acted on by the urease enzyme (Barrow, 1987; Udert et al, 2003).
Cattle excreta can create issues with soil hydrology and salinity depending on the
handling of the manure. Mielke and Mazurak (1976) found that in feedlots, an interface
layer develops between the soil and the manure. This layer was shown to have a bulk
density of 1.68 g cm-3 that reduces infiltration of water, increasing the potential for
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nutrient export from the feedlots to adjacent watersheds (Mielke and Mazurak, 1976).
Manure application can create salinisation of soil when rates exceeding 31 Mg ha-1 of
manure are applied (Olson and Papworth, 2006). Saline soil is a problem for plant
growth because of osmotic stress and ionic stress on roots (Kafkafi, 2002). Higher
concentrations of sodium associated with soil salinity cause soil dispersion and decrease
the infiltration of liquids into the soil (Eghball and Power, 1994).
Feces and urine from cattle can contain biological constituents such as zoonotic
parasites, fungi, bacteria and viruses. Giardia, Cryptosporidium and E. coli are zoonotic
parasites and Fusarium is a zoonotic fungus that can infect humans through the use of
animal vectors such as cattle (Larney and Hao, 2007; WHO, 2004). The zoonotic
pathogens, including the ones found in cattle manure can reach sensitive water bodies
through runoff and leaching. Contamination of water supplies by zoonotic pathogens has
lead to approximately 4 billion cases of diarrhea worldwide each year resulting in 2
million deaths (WHO, 2004).
The prevention of the zoonotic diseases requires understanding, detection and
prevention. Larney and Hao (2007) suggest composting of manure as a method to kill the
parasites and fungi in the manure to prevent exposure to humans. Without composting, E
coli can persist up to 12 months in non-aerated cattle manure with the concentrations
being higher in fresh manure than in dried manure (Weaver et al., 2005; Kudva et al.,
1998). The pathogens have also been shown to persist at cooler temperatures in
combination with soil (Lenehan et al., 2005; Jones, 1999). Bacteria will persist even
when the cool temperatures reach freezing conditions (Calcott et al., 1976). Warm
temperatures (summer conditions) in combination with the UV light can result in a 90

6
percent decrease in fecal coliform counts showing potential for reduced persistence over
time (Lenehan et al., 2005; Oliver et al., 2006).
Testing for the pathogens can be done using E. coli as the indicator because
pathogens do not exist without the presence of E. coli (de Freitas et al., 2003). Xu et al.
(1982) cautions that measuring techniques have resulted in negative detections of E. coli
when there would still be persistence of the fecal coliforms.
2.3

Fate of Excreta Nitrogen
Cattle are inefficient at integrating the nitrogen they consume into their bodies

(Freney, 2005). Approximately 90 percent of the nitrogen feed intake is excreted in the
waste of beef cows (approximately 70 kg total N per animal annually) (Bierman et al.,
1999; Wilkerson et al., 1997; ASABE, 2005). Of that percentage around 66-78 percent is
found in the urine mainly as urea and the rest as feces with the majority being in the
organic form (Bierman et al., 1999; Barrows, 1987). It has been measured that one
application of urine by cattle can contribute as much as the equivalent of 1000 kg N ha-1
over the puddle area (Freney, 2005; Clough et al., 1998). The high concentrations of
nitrogen can be more than the uptake capacity of the plant in such a small zone
(Whitehead and Bristow, 1990).
2.3.1

Nitrogen in manure and soil
The digestive system of a cow results in about 50% of nitrogen that is excreted

being contained in, or converted to readily available forms in the soil for plants to absorb
(Williams and Haynes, 1990). With a drylot system, much of the readily available
nitrogen can be lost from the system through runoff water, ammonia volatilization and
denitrification before the manure is removed from the yard (Eghball and Power, 1994;
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Robertson and Vitousek, 2009). Eghball and Power (1994) estimated that 50 percent of
the nitrogen is lost before the manure is hauled and 50 percent of the nitrogen in the
hauled manure is lost during transportation and spreading.
Soil nitrogen needs to be replenished in agricultural soils because crop
production/export and livestock grazing will harvest the nitrogen from the soil. The
atmosphere can provide some of the required nitrogen through dry deposition, rainwater
and mainly fixation of dinitrogen (N2) (Robertson and Vitousek, 2009). Meybeck (1982)
estimated the world’s average total nitrogen fallout from the atmosphere to the
troposphere to be 630 kg N km-2 yr-1. Atmospheric nitrogen sources need to be
supplemented with manure or fertilizer application in intensive farming practices.
Direct application by cattle or hauling manure influences the different soil
processes that convert the nitrogen into forms available to the plant. Cattle manure that is
hauled out of a drylot is dominated by organic nitrogen, due to loss of urea nitrogen
through volatilization in the drylot and the external addition of organic nitrogen in the
form of straw bedding. Organic nitrogen needs to be mineralized to be available for plant
uptake in agricultural systems. An exception was observed in the Arctic, where plants
have been shown to utilize organic monomers such as amino acids rather than relying on
the inorganic nitrate and ammonium (Näsholm et al., 2009). In the majority of other
systems, mineralization is a major step in the cycling of nitrogen (Robertson and
Vitousek, 2009). Mineralization is encouraged where there are N-rich microsites
(Schimel and Bennett, 2004). The abundance of organic nitrogen and a low carbon:
nitrogen ratio allows for the mineralization of organic nitrogen to ammonium (Schimel
and Bennett, 2004). Nitrification occurs after mineralization where ammonium is first
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oxidized creating nitrite and then oxidized again creating nitrate (Robertson and
Vitousek, 2009). Nitrate is more easily transported to roots increasing its potential for
uptake by plants (Robertson and Vitousek, 2009).
Direct deposition by cattle to the intended recipient soil increases the influence of
urine on the nitrogen cycling in the soil. When urea ((NH2)2CO) is excreted, it goes
through ureolysis (enzymatic hydrolysis) producing ammonia (NH3), ammonium (NH4)
and bicarbonate (HCO3) (Udert et al, 2003). Ureolysis is catalyzed by the urease enzyme
that is produced by plants and bacteria associated with the soil (Udert et al, 2003).
Ammonia is in equilibrium with ammonium in the soil water (Robertson and Vitousek,
2009). Ammonia is lost through volatilization when the pH is above 8 and there is an
abundance of ammonium (Robertson and Vitousek, 2009; Jackson, et al., 2008).
Nitrification converts ammonium into nitrate (NO3).
Volatilization of ammonia during urine secretion is one way to lose nitrogen to
the atmosphere (Whitehead and Bristow, 1990). Over 50 percent of freshly excreted
manure nitrogen can be rapidly converted to ammonium (Eghball and Power, 1994).
When the ammonium has been converted to nitrate it can be lost as nitrous oxide and
dinitrogen gas as a result of denitrification process (Wrage et al., 2001). Nitrous oxide is
a greenhouse gas that contributes to ozone destruction (Chapuis-Lardy et al., 2007).
Environmental conditions can influence the cycling of nitrogen derived from
excreta. Generally, elevated temperatures can increase the activity of microbes in the soil
allowing for an increase in decomposition, mineralization and nitrification (Rustad et al.,
2001; Shaw and Harte, 2001; Stark and Firestone, 1996). The increased temperature can
increase transport activity of plants allowing for more uptake of nitrate (Malagoli et al.,
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2004). Dry conditions decrease microbial activity causing an increased abundance of
dissolved organic nitrogen in the soil (Rennenberg et al., 2009). Plant uptake and
microbial competition decrease in dry conditions (Rennenberg et al., 2009). Very wet
conditions inhibit nitrification, inhibit nutrient uptake and increase the abundance of
ammonium over nitrate (Alaoui-Sossé et al., 2005).
2.3.2

Nitrogen in surface water and ground water
Nitrogen entering terrestrial ecosystems has doubled in the last century owing to

the Haber-Bosch process that fixes nitrogen for commercial fertilizer (Jackson et al.,
2008). When nitrogen is applied in excess, ammonium and nitrate can be lost through
surface or sub-surface water flow (Wenger, 1999). In watersheds where nitrogen is
limited, elevation of nitrate and ammonium increases eutrophication and hypoxia
(Wenger, 1999; Jones and Lee, 1982). The Gulf of Mexico is one extreme case of a
nitrogen limited system where the runoff from agricultural land causes eutrophication
(Robertson and Vitousek, 2009).
Eutrophication is the increase in growth of planktonic vegetation such as algal
blooms (such as cyanobacteria) and aquatic blooms (Vollenweider 1971; Bowling and
Baker, 1996). Cyanobacteria can release neurotoxins and hepatoxins that can cause loss
of life and can also be a hazard to human health (Pizzolon, 1996; Lawton and Codd,
1991). The blooms can also cause a decrease in available oxygen causing aquatic fauna
and fish deaths (Vollenweider, 1971; Bowling and Baker, 1996).When the water
temperature is 0○C and pH is 7, ammonia (NH3) can be toxic to fish if levels exceed 7.3
mg NH3-N L-1 (Saskatchewan Environment, 2006). Nitrate levels exceeding 10 mg NO3N L-1 can also become harmful to human health (Forman, 1995; Stumborg et al., 2007).
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Anthropogenic sources of nitrogen responsible for water contamination are from
agriculture and also from urban and industrial waste (Meybeck, 1982). Forms of nitrogen
encountered in surface water bodies are nitrate, nitrite, ammonium, dissolved organic
nitrogen and particulate organic nitrogen (Meybeck, 1982). Meybeck (1982) summarized
different studies showing that in unpolluted rivers the ammonium-N concentration can
range from 0.007 to 0.04 mg NH4-N L-1 and 0.016 to 0.24 mg NO3-N L-1 for nitrate-N.
These concentrations are under the recommended 0.12 mg NH4-N L-1 for ammonium–N
and just under recommended level of 0.28 mg NO3-N L-1 for nitrate-N put forth by
Glozier et al. (2006) as the threshold for a healthy freshwater aquatic system on the
Canadian prairies. In another study Bowling and Baker (1996) documented the water
quality during cyanobacterial blooms in the Barwon-Darling River in Australia, the water
concentration for nitrate ranged from below 0.1 up to 1.0 mg NO3-N L-1 and ammonium
ranged from below 0.1 up to 1.0 mg NH4-N L-1 through end of November to late
December when cyanobacterium was most prevalent. The total nitrogen reached levels
above 7 mg N L-1 (Bowling and Baker, 1996).
Nitrate can leach from agricultural systems, as nitrate is not generally adsorbed in
agricultural soils and therefore is more mobile than ammonium or organic N (Robertson
and Vitousek, 2009). Nitrate is mobile because of anion exclusion, which is the deficit of
anions in proximity to other negatively charged colloids in the soil (Allred et al., 2007; de
Haan, 1964). The soil colloids, like minerals and organic matter, are naturally negatively
charged just like nitrate and are repelled from each other allowing the nitrate to be mobile
in the soil (Allred et al., 2007). In the United States, approximately 20% of ground water
in agricultural regions exceeds the 10 mg NO3-N L-1, which is the threshold for safe
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drinking water (Robertson and Vitousek, 2009; Forman, 1995; Stumborg et al., 2007).
Jackson et al. (2008) found nitrate leached into ground water more readily in coarsetextured soils with high water content.
2.4

Fate of Excreta Phosphorus
Haygarth and Jarvis (1999) reminisce in their paper that back in 1957 Sir John E.

Russell asserted that phosphorus was not mobile with water and would forever stay in the
soil. The growing problem of eutrophication shows that Sir John E Russell’s inference
was inaccurate (Daniel et al., 1998). The majority of phosphorus in water is from the soil
(Meybeck, 1982). When phosphorus is absorbed to the soil the process of erosion carries
soil-bound phosphorus into the runoff water (Daniel et al., 1994). When the phosphorus
concentration in the soil exceeds the sorption capacity of the soil and vegetation, high
precipitation can move the dissolved phosphorus in runoff water without erosion (Gburek
and Sharpley, 1998).
2.4.1

Phosphorus in manure and soil
Phosphorus is an essential nutrient for all organisms and is involved in energy

transformations (Haygarth and Jarvis, 1999). In agricultural systems, phosphorus is
harvested in crops, removing the phosphorus from the soil-plant system and resulting in a
need for commercial fertilizer or manure to replenish the nutrients lost from the soil
(Haygarth and Jarvis, 1999). The use of fertilizer is inefficient with only about 10-20
percent being utilized by the crops in the year of application (Havlin et al., 2005).
Manure from beef cattle is another source of phosphorus with approximately 16
kg total P being excreted per animal annually (ASABE, 2005). Almost all (96 percent) of
phosphorus is excreted in the feces and only trace amounts are found in the urine
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(Eghball and Power, 1994; Barrow, 1987). Of the feces excreted approximately 78
percent is inorganic phosphorus compared to 62 percent found in plant material (Floate,
1970). The cycle of plant nutrients through ruminants increases the plant available
phosphorus.
It would be desirable to improve cattle use efficiency of phosphorus. The use of
phytase enzyme has been shown to enhance the use efficiency of phosphorus in swine,
reducing the amount of phosphorus found in manure (Daniel et al., 1998). Daniel et al.
(1998) reported a study where balancing the diet of cattle can reduce P loss up to 15
percent. Ertl et al. (1998) looked into reducing P waste by modifying the corn that
animals consume. Reducing the phytic acid P in the corn increased use efficiency in
chickens (Ertl et al., 1998).
Livestock feces can contain dicalcium phosphate which is readily available to
plants if incorporated into the soil (Barrow, 1987). Phosphate that remains on the surface
is very slowly incorporated into the soil, decreasing the availability to the plants (Barrow,
1987). Feces excreted on pastures would only slowly move into the soil, as the
phosphorus in feces has low solubility caused by the high calcium concentration and high
pH in feces which increases immobilization (Barrow, 1987).
The application of manure and fertilizer can influence the distribution of
phosphorus in the soil. The total soil phosphorus concentrations can vary from 100 to
2500 mg kg-1 (Daniel et al., 1994). The phosphorus distribution among forms found in
the soil can range from 50 to 90 percent inorganic P which is mostly unavailable for plant
uptake because it is found as relatively insoluble iron phosphate, aluminum phosphate
and calcium phosphate (Daniel et al., 1994). The rest of the soil phosphorus content is in
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the organic form, mainly found as the stable fulvic and humic compounds (Daniels et al.,
1994).
Phosphorus in the soil is strongly bound, with adsorption of phosphorus to the soil
dominating over desorption (Daniels, et al., 1994). A deviation to the high affinity of
phosphorus to soil is when the soil is of high organic matter content or sandy textured,
lacking the clay, iron and aluminum oxides, and carbonates that help bind phosphorus to
the soil (Sims et al., 1998). Phosphorus can also saturate the adsorption sites in the soil
leaving excess phosphorus available for loss during runoff events (McDowell et al.,
2002).
2.4.2

Phosphorus in surface water and ground water
Algae growth associated with eutrophication is dependent on the presence of

bioavailable phosphorus (Jones and Lee, 1982). Anthropogenic sources of phosphorus in
water are from detergents, water softeners, industrial wastes, urban wastes and fertilizers
(inorganic and organic) (Meybeck, 1982). Phosphorus from agricultural land is primarily
lost through runoff water (Eghball and Power, 1994). A thin layer of the surface soil
interacts with runoff water releasing phosphorus (Sharpley, 1985). Phosphorus in surface
water is commonly measured as orthophosphate-P and total dissolved phosphorus
(Meybeck, 1982).
Phosphorus is lost from hydrologically active zones in agricultural land,
especially during major precipitation events such as storms which result in high export
rates of particulate and dissolved phosphorus (Gburek and Sharpley, 1998). In cultivated
land with little plant residue, export of phosphorus is mainly as particulate phosphorus
(organic matter and soil particles), with this fraction making up 50-96 percent of the
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phosphorus lost (Sharpley et al., 1992). In contrast, fields where there is dense vegetation
and residues to protect the soil from erosion the runoff water mainly consists of dissolved
phosphorus (Daniel et al., 1994). Freeze-thawing that occurs in the spring can cause
plant cells to rupture, releasing orthophosphate-P that increases the concentration of
phosphorus in the runoff water (Bechmann et al., 2005). Orthophosphate-P is a
dissolved form of phosphorus that is immediately available for uptake by algae and is the
most important form for plant nutrition (Daniel et al., 1994; Vollenweider, 1971).
Recommended thresholds for phosphorus are variable through out the literature.
Glozier et al. (2006) review paper recommends 0.26 mg P L-1 as the threshold
concentration of total phosphorus for a healthy water body on the Canadian prairies
where surface water is often naturally eutrophic. Daniel et al. (1998) makes a
recommendation of 0.05 mg L-1 as the critical value for water entering lakes and
reservoirs, and 0.025 mg L-1 within the lake and reservoir. Vollenweider (1971) suggests
the threshold for eutrophication to occur is 0.01 mg L-1 of dissolved P and 0.02 mg TP L-1
for total P. These thresholds obviously show that low concentrations of phosphorus can
have a large impact on the health of waterways.
Staying below the critical values for runoff water entering water bodies and
waterways is difficult if they are set as low as 0.02 mg L-1 total P (Vollenweider, 1971).
Daniel et al. (1998) reviews a study where P was measured in runoff water from a
watershed where no fertilizer was applied. The concentration of phosphorus was 0.15 mg
L-1 to 0.22 mg L-1 in the runoff water from the site (Daniel et al., 1998). Meybeck (1982)
summarized the findings of many different researchers, showing in unpolluted rivers the
range of orthophosphate-P is 0.002 mg L-1 to 0.024 mg L-1 and the range of total
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dissolved phosphorus is 0.008 mg L-1 to 0.064 mg L-1. The threshold involved would be
hard to achieve when the background levels can exceed the critical values. The
recommendation made by Glozier et al. (2006) of 0.26 mg P L-1 as the threshold
concentration of total phosphorus would be more appropriate for these water bodies.
Daniel et al. (1998) does suggest that there should be a more flexible approach used
where higher concentration of P is allowed if the health of the lake is at an acceptable
level. Lake health is a complex subject that is difficult to assess and quantify.
Phosphorus can leach into ground water when the soil is sandy, has high organic
matter content, is over fertilized and/or has an excessive amount of manure applied (Sims
et al., 1998). Two fields with sandy soil mainly vegetated with quackgrass (Agropyron
repens L.) were irrigated with waste water containing phosphoric acid and sodium
phosphate for 20 years and 10 years resulting in phosphorus reaching levels of 6.6 m in
the soil (Adriano et al.,1975). Excessive (swine) manure application in King et al. (1990)
and municipality wastewater irrigation in Sommers et al. (1979) resulted in the
phosphorus penetrating to depths of 0.75 m and 0.30 to 0.60 m respectively in a loamy
sandy soil after 11 to 12 years. Texture and land management practices influence the
potential for phosphorus to reach ground water. Soil phosphorus saturation in soil is not
the enough to ensure the phosphorus will be soluble as the soil matrix also influences the
retention of phosphorus in the soil (Beauchemin and Simard, 1999).
Preferential flow can be a potential route for surface water to access ground water.
Olson et al. (2005) sampled water and soil before and during the establishment of a
feedlot system at Lethbridge, Alberta on Orthic Dark Brown Chernozem that had the
topsoil removed. Three years after the establishment of the feedlot with a high stocking
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density (18 m2 per animal), phosphate-P content in the soil was only elevated to depths of
0.15 m suggesting limited penetration (Olson et al., 2005). However, the ground water
samples collected from depths of 6 m showed elevated orthophosphate-P suggesting
preferential flow (Olson et al., 2005). Kleinman et al. (2009) found dissolved reactive
phosphorus leached into the ground water at a rapid rate after spring application of
manure (20-30 kg P ha-1) in a study conducted on crop land in Pennsylvania on Wharton
clay loam and Clymer sandy loam sites. The no-till practice allowed for the formation of
“sustained continuous macropores” (Kleinman et al., 2009). The macropores would
allow for the fast response of the runoff water through preferential flow pathways directly
leaching into the ground water (Kleinman et al., 2009; Sims et al., 1998). There are
different types of preferential flow: finger flow associated with sandy soils, crack flow or
macropores, burrow flow created by organisms such as earthworms and pipe flow caused
by animals such as rabbits and gophers (Allaire et al., 2010).
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3.1

MATERIALS AND METHODS

Study Site Description
The study was conducted on a Russian wild ryegrass pasture (SE-27-33-21-W2)

at the Western Beef Development Center located near Lanigan, Saskatchewan. The
pasture had no fertilizer applied or cattle occupying the area in the past five years. The
soil is a Black Chernozem of Oxbow association formed on loamy glacial till
(Saskatchewan Soil Survey, 1992). The terrain in the field is hummocky, creating
ephemeral wetlands for the runoff water to collect.
3.2

Experimental Design

3.2.1

Site set-up
The pasture was divided into two separate areas, a control area containing 4 basins

and a winter feeding area with 4 basins (Figure 3.1). The control portion was 5.7 ha and
the winter feeding site was 3.0 ha in area. The control had no cattle wintered on the site.
The winter feeding site was the location where cattle bale grazed during the winter
period.
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Figure 3.1: Site map of basins separated into treated (winter feeding) and control
site.
3.2.1.1 Fall preparation
Piezometers were installed in basins T1S and T2S in the winter feeding area and
basins C1S and C2S in the control area before the winter feeding commenced in the
winter period of 2008 to 2009 (Figure 3.1). The piezometers were installed 1 m north
from the points of maximum depth of the basins that were marked with a nail and flag
(Figure 3.2). The piezometer installed in basin T1S was drilled to 5.35 m depth
(saturation layer detected at 5 m depth) at a width of 10 cm using a Giddings ¾ ton truck
mounted drill rig (model: HD-GSRP-S) on October 3, 2008. Drill cuttings were removed
from the basin. The bottom of the hole was filled with 1.6 L of sand (0.5 mm UNIMIN
(02020)) creating a 20 cm base. The schedule 40 PVC pipe (diameter inside the pipe is
5.1 cm and outside is 6 cm with a length of 6.5 m) was placed in the hole on top of the
sand. The PVC pipe had 0.5 m of #10 slot PVC screen at the bottom. With the sand
pack in the bottom of the hole the PVC pipe extended above the ground 1.35 m. The hole
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was then packed with more sand (6.2 L) adding 30 cm of sand above the piezometer
screen. This is followed by addition of 1.2 m (5.3 L) of bentonite pellets that are 0.6 cm
in diameter to the piezometer hole. The next addition was 12 L of Canadian Clay
products Geoplug granular bentonite chips to seal the hole to the surface. The final step
in the initial installation was adding the cap to the top of the piezometer to keep the
ground water free from precipitation and debris. This was repeated in basin T2S on
October 6, 2008 using 6.4 m length pipe that had 1.2 m exposed above the ground. The
hole was drilled to 5.4 m deep again with a width of 10 cm. Piezometers were installed
in basins C1S and C2S on October 7, 2008 by drilling a 10 cm width hole to 5.32 m
depth and 5.19 m respectively. The pipe used was 5.8 m in length and extended out of
the ground by 1.3 m for basin C1S. During the addition of the sand base to basin C1S,
6.2 L was used instead of 1.6 L, reducing the depth of the hole and causing the length of
the pipe required for the hole to be reduced. Basin C2S has a pipe 6.2 m in length that
extends 1.3 m above the ground. Piezometers in basins T1S, T2S and C2S collect water
from approximately 5 m below ground surface while the piezometer in basin C1S collects
from 4.5 m below ground surface.
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Piezometer

CS
SR50AT
Max Depth
(nail)

Figure 3.2 Basin T1S in the winter feeding site. Set-up of the piezometer on the left
and well on the right and CS CR510 data recorder in the middle with
the sonic senor (CS SR50AT) positioned over the maximum depth point
in the basin March 2009.
After installation of all the piezometers, they were jointed just below ground level
(Figure 3.3a). The first one was completed on basin C2S on October 7, 2008. On
October 16, 2008 the next three joints were installed on the piezometers in basins C1S,
T1S and T2S. The joint was created by cutting the PVC pipe at the ground surface where
a female and male end of a joint was glued with cold weather PVC glue onto the two
separate ends of the pipe. Then the joints were screwed back together (Figure 3.3a).
With this configuration the well pipe emerged out of the ground to a height of
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approximately 1 m and had a cap placed on the top of the pipe to stop precipitation or
debris from directly entering the pipe.

(a)

(b)

(c)
Figure 3.3 Piezometer joint below ground level in treated basin (a) joint connected
(b) joint capped and (c) tin can cover.
On October 16 and 20, 2008 the maximum depths of the basins were marked with
a nail and flag, and the vegetation was cut to ground level one meter diameter around the
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nail. The cutting was done to ensure accurate measurements by the sonic sensor
(Campbell Scientific SR50AT) of the melt water from the spring 2009 melt. If the
vegetation was left the sensor would detect and bounce off the grass rather than the
intended melt water giving false water level readings.
The water level was measured in the piezometers using a water sensitive drop-line
as shown in Figure 3.4. The first water level measurement was made on October 20,
2008. Water level was measured from the top of the piezometer to the top of the water
table. The measurement recorded had the above-ground portion of the piezometer
(approximately 1 m) subtracted from the depth to represent the depth from ground level
to the top of the water table. A Solinst BaroLogger Gold LT F5/M1.5 was installed that
day in the piezometer in basin C2S. The barologger was attached at the top of the
piezometer and hung about 0.5 m from the top of the piezometer. The barologger
(barometer) measured the pressure in the piezometer. A Solinst LeveLogger Gold LT
F30/m10 was installed in all the piezometers on the same day as the barologger. The
leveloggers provide a continuous record of the water depth in the piezometers. The
levelogger installation used 1.6 mm stainless steel aircraft cable to place the device on the
bottom of the piezometer and functioned as the line to retrieve the levelogger to read the
data collected on water levels (Figure 3.5b,c). A hole was drilled in the side of the
piezometer tube to thread the aircraft cable through and secured the levelogger cable with
a copper oval and stop sleeves (Figure 3.5a). After installation the leveloggers were
removed and the piezometers were bailed dry using a stainless steel bailer for pipes with
5.1 cm diameter (Figure 3.6 a,b,c). Then the leveloggers were returned to the piezometer
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to measure the recharge of the ground water. The water bailed from the piezometer was
poured around the piezometer to wet up the bentonite and create a seal on the hole.

Figure 3.4 Measuring water depth in piezometer.
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Levelogger copper oval
and stop sleeve
1.6 mm
stainless steel
aircraft cable

(a)

(b)

Levelogger reader
Levelogger

(c)

Figure 3.5 Levelogger (a) copper oval and stop sleeve (attachment), (b) stainless steel
aircraft cable and (c) levelogger reader and levelogger.
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(a)

(b)

(c)
Figure 3.6 Bailing of a piezometer using the stainless steel bailer for a 5.1 cm pipe:
(a) tube descending in piezometer to collect water, (b) export of tube
full of water, (c) dumping water out of tube.
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On October 29, 2008 the GPS locations of piezometers in the winter feeding site
were established to locate them in the spring, 2009 when the cattle were removed. The
leveloggers were pulled and the data was downloaded to preserve the water level record
(Figure 3.5c). The barologger was pulled from the C2S piezometer and the data was
downloaded. The piezometers in the winter feeding site (basin T1S and T2S) had the top
portion of the piezometers removed at the joint (just below ground level). The ground
portion of the piezometers were sealed with a threaded cap and covered with a tin can
(Figure 3.3b). The tin can was used to protect the piezometers from the cattle in the
overwintering site and enable easy detection of the piezometers in the spring using a
metal detector (Figure 3.3 c).
At the Termuende Research Ranch yard site, water level staff gauges were
installed in 3 possible basins labeled as F1, F2 and F3 on November 11, 2008 (Figure
3.7). The Water Survey of Canada metric staff gauges were installed in the max depth of
the basins using metal rebar as the anchor in the ground and then wire was used to attach
the gauge to the rebar (Figure 3.7). Staff gauges were also installed in basins C3S and
C4S in the control site. After the cattle were removed, additional staff gauges were
installed in basins T2S and T4S in the winter feeding area.
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Figure 3.7 Water Survey of Canada metric staff gauge installed in F3 basin in
Termuende Research Ranch yard November 11, 2008.
3.2.1.2 Fencing and cattle
The winter feeding site set-up and management for the cattle involved fencing
around the perimeter of the site with portable electric fence. Feed was allocated on a 3
day basis by using the electric fence around the bales to control animal access (Figure
3.8a). The electric fence was powered by a solar panel and deep cell batteries (Figure
3.8b). The winter feeding site had round hay bales, a watering trough and a bedding area
with wind break set-up for the cattle during the winter feeding period (Figure 3.8b). The
wind break, watering trough and bedding area were located outside of the drainage area
(south of T4S and east of T1S) of the basins that were monitored for water quality.
Approximately 100, 2 year old beef heifers were baled grazed at a stocking density of
2240 cow-days ha-1 starting December 6 and ending on March 8 in the winter feeding
portion of the pasture. There were 255 bales fed over 88 days spaced 9 m apart. The
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62.5 bales ha-1 weighed 545 kg on average and were mainly bromegrass with 5 to 10
percent alfalfa.
The farm yard basins (F1S and F3S) were located on the Western Beef Development
Center research ranch where 300 cattle are green feed or bale fed from late January to the
end of May. The ranch has been established since the 1970’s and the paddocks are
located on 32 ha of land. The yard basins were not replicates of the winter feeding
basins, F1S and F3S were selected to monitor the snowmelt runoff that drained into the
basins during the spring 2009 snowmelt for comparison purposes.
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Figure 3.8 Winter feeding site (a) limited access to bales with electric fence (b)
winter feeding site with electric fence, solar panel, windbreak, water
trough.
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3.2.1.3 Spring preparation
On March 12, 2009 the piezometers were located in the winter feeding site using
a metal detector. The basin T1S piezometer (T1P) and nail were dug out from under a 43
cm deep snow drift (Figure 3.1). Basin T2S piezometer (T2P) and nail were dug out
from a shallower snow depth than basin T1S. The coffee cans were removed from
piezometers T1P, T2P and the nails were marked again with a flag. The top portions of
the PVC pipes were installed onto the piezometers in the treated area.
From March 17 to 20, 2009 the Campbell Scientific (CS) CR510 data recorder
installation was completed. CR510 data recorders were installed in basin C2S and F1S
basin in the farm yard, while a CR10x data recorder was installed in basin C1S (Figure
3.9). Metal fence post spikes were pounded into the ground an equal distance from the
nail running east to west (Figure 3.2). Posts were installed within the metal spikes and a
metal bar was screwed onto the post. The bars were approximately 1.5 m above the
ground. With the F1 basin the bar extended east from the post to extend over the basin
(Figure 3.9). The CS SR50AT was installed at the end of the bar for the F1 basin and in
the center of the bar over the nail in basins C1S, C2S, T1S and T2S. Solar panels and
logger boxes were installed on the south side of the west post on all data recorders. A
Yagi antenna was attached on the top of the west post and used to transmit the readings
collected by the different instruments associated with the data recorder. They were all
connected to basin C1S via RF401 broad spectrum radio and data was broadcast via
RavenXT CDMA data modem to the cellular tower network. Remote data collection was
scheduled at half an hour intervals to allow near real time (RTMC) monitoring. Other
instruments installed with the data recorders were CS 107A thermisters in a 6 gill shield
for air temperature and CS 107B thermisters for water temperature. Basin C1S had some
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additional equipment, a CS HMP35CF sensor measuring air temperature and relative
humidity in a 12 gill shield, a Texas Electronics metric TE525 tipping bucket rain gauge.
The Leveloggers and barologger were reinstalled into the piezometers on March 27,
2009.

Solar Panel

Antenna (transmit information back to lab)

6 gill shield with CS
107A inside
CS SR50AT (measures water depth)

Data Box

Figure 3.9 Campbell Scientific (CS) CR510 data recorders set-up in a farm yard
basin (F1) March 2009.
3.2.2

Water sampling

3.2.2.1 Snow survey
A snow survey was completed on March 30, 2009. The date of the survey is very
sensitive, as when it is done too early before the snowmelt there is a chance for more
precipitation to affect the snow survey. The snow survey was performed using the same
grid that was used for the fall soil sampling (Figure 3.10). The grid had 25 points in the
winter feeding site and 25 points in the control site. There were 5 points per transect that
were established running north/south that were repeated 5 times east/west. Snow
surveying requires the measurement of the snow depth at each grid point (Figure 3.11a).
The snow was sampled using an Eastern Snow Conference (ESC-30) snow core tube that
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was serrated at the bottom (Figure 3.11b). Snow samples were transferred into plastic
bags to be transported and stored until they were melted to measure precipitation.
Sampling was difficult in the winter feeding site because of the compaction and mixing
with manure (Figure 3.11b). The control was more easily sampled and snow shoes were
used to allow for better mobility on the snow (Figure 3.11a,c).

Figure 3.10 Grid used for fall soil sampling 2008 and snow survey spring 2009 in
winter feeding and control study site.
The snow samples were weighed the same day they were sampled. The bags and
snow were weighed and then the weight of the bags was subtracted from the total weight
to get the snow weight. The snow samples taken from the winter feeding site had the
manure filtered from the melted snow to ensure the weight was only precipitation.
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(a)

(b)

(c)
Figure 3.11 Snow Survey: (a) Eastern Snow Conference (ESC-30) snow core tube
with serrated edge to probe snow and (b) winter feeding site snow
survey sample, (c) control site snow survey sample.
3.2.2.2 Ponded runoff water collection
On March 31, 2009 the ponded runoff water collection started and continued daily
until the spring melt was complete on April 19, 2009. The melt was deemed complete
when the water level in the basins started to decrease because the ponded water was
evaporating and leaching into the soil at a higher rate than the runoff water that was
entering. Water samples were collected in the afternoons with the control water sampled
before the winter feeding treatment to reduce possible cross contamination. Water
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samples were taken by filling a 150 mL stainless steel sugar dispenser with water taken
from approximately the centre of the basin at mid depth. The water samples were sieved
(sugar dispenser) to remove floating debris (Figure 3.12). The collected water was
poured through the sugar sieve into plastic Nalgene bottles, either 125 mL or 250 mL,
and placed in a cooler to be stored until they were analyzed for nutrients. The water
samples for Escherichia coli were transferred into plastic 100 mL IDEXX bottles.

Figure 3.12 Sugar dispenser used as filter to collect water samples
3.2.2.3 Ground water collection
Piezometer samples were collected weekly starting April 2 and continued until
June 30 of 2009. The leveloggers needed to be removed from the piezometer before
ground water samples could be collected. The cable attached to the levelogger was
removed carefully to reduce contamination by the surface water or ground. When the
levelogger was removed, the stainless steel bailer was used to collect a water sample
from the piezometer (Wang et al., 2011). The first water collected was discarded. The
water collected in the second descent was used to fill the Nalgene bottles and IDEXX
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bottle. The Nalgene and IDEXX bottles were filled using a stainless steel funnel to help
direct the water.
3.2.3

Soil and residue sampling
Soil samples were collected on September 12, 2008 (pre-bale grazing) and after

spring melt on May 4, 2009 (post bale grazing). Surface residue samples were taken
from the winter feeding site on May 4, 2009 when the soil samples were taken.
3.2.3.1 Soil sampling
Soil was sampled using a Dutch auger to a 0-10 cm depth (Figure 3.13). A
sampling grid set up on September 12, 2008 was utilized during the soil collection as
described in section 2.3.3.1 and shown in Figure 3.10. On September 12, 2008, there
were a total of 50 soil samples collected from the control and winter feeding sites. After
spring melt on May 4, 2009 a total of 150 soil samples were collected from the control
and winter feeding site. The extra 100 samples collected in the spring of 2009 came from
a smaller grid of 31 x 31 m set up in basins C1S, C2S, T1S and T2S with 25 equidistant
points being sampled in the grid at each basin.
After collection, the soil samples were spread out and air-dried. The samples
were then ground to pass through a 2 mm sieve and stored at room temperature in 16
dram vials until analyzed.
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Figure 3.13 Soil sampling with Dutch auger at 0-10 cm depth on May 4, 2009.
3.2.3.2 Residue sampling
Sampling of the feed site residue (comprised of manure, uneaten feed and bedding)
was completed in the winter feeding site in the spring of 2009 using the same grid as was
used for the soil sampling procedure. Surface residue samples were taken before the soil
samples were obtained at each grid point to allow access to the soil for sampling. The
residue samples were acquired using a metal tube to keep the area sampled the same
(Figure 3.14). The samples were collected in plastic bags for transportation. The samples
were air dried after a wet sample was collected for moisture analysis. Once air-dried the
samples were ground and then stored in 16 dram vials until further analysis.
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Figure 3.14 Residue sampling with metal cylinder May 4, 2009.
3.3
3.3.1

Laboratory Analysis
Water
Water samples returned from the field to the laboratory were immediately frozen

at -20 ◦C until they were thawed and filtered through a 0.45 micron mixed cellulose ester
gridded filter paper using a Millipore™ glass filtration apparatus. The filtered samples
were stored in 50 mL vials and colorimetrically analyzed using a Technicon
Autoanalyzer II for orthophosphate-P (PO4-P), nitrate-N (NO3-N) and ammonium-N
(NH4-N). Orthophosphate was measured using the ammonium molybdate blue method
(Murphy and Riley, 1962) in an automated analysis system (Technicon Industrial
Systems, 1973a). Nitrate and ammonium were measured using automated colorimetry
(Keeney and Nelson, 1982; Technicon Industrial Systems, 1973b).
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A Total Organic Carbon Analyzer, TOC-VCPH/CPN (Shimadzu, Japan) was used to
analyze the water samples for total nitrogen and organic carbon. Standards of nitrogen
and carbon were prepared to be used for analysis following the manufacture’s standard
operating procedures. Blanks were made by free pouring the vials with double distilled
water. The sampled water filtered through the Millipore glass apparatus was free poured
into the vials. Dark colored water samples were diluted by pipetting 2 mL of water
sample and adding 18 mL of double distilled water. The vials were then added to the tray
for the TOC- VCPH/CPN and the samples were then analyzed by the instrument.
3.3.2

Soil
Soil nitrate and ammonium analysis was completed using the 2M KCl method

(Keeney and Nelson, 1982). In this method, 5 g of soil is measured into 250 mL
extraction bottles. Then 50 mL of 2M KCl is added to the bottles that are shaken at 142
rpm for 1 hr. The suspension was then filtered through VWR 454 filter paper into 50 mL
vials. The vials were stored in a cooler until colorimetric analysis was completed using a
Technicon Autoanalyzer II (Technicon Industrial Systems, 1973b).
Analysis of EC (electrical conductivity) and pH in the soil samples was performed
using a distilled water extraction. For the water extraction 20 g of soil and 40 mL of
water were added to the 250 mL extraction bottles. The bottles were capped and shaken
for 20 minutes at 142 rpm. The bottles were then left to sit for 1 hr after shaking and then
poured through a Whatman 1 filter paper into a 4 dram vial. The pH of the filtrate was
measured on a pH meter that was calibrated with standard solutions of known pH. The
EC (microSiemens per cm) was determined on the filtrate after measurement of pH.
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Organic carbon was measured on a Leco carbonator C.631 (Leco Corporation, St.
Joseph Michigan), by first measuring out 0.15 g of soil into a ceramic boat. The soil
sample was heated to 840◦C which produces CO2 from the combustion of organic carbon
in the sample and measured in an infrared cell (Wang and Anderson, 1998).
Total N and P from the soil samples were analyzed by using the Kjeldahl method
of digestion (Rutherford et al., 2008). In this method, soil samples were weighed out
(0.25 g) and added to a 75 mL tube. A standard soil of known P content was used as a P
standard that was included with each tray of samples and measured using the same
procedure as the soil samples. Glycine (aminoacetic acid) was weighed directly into the
75 mL tubes to provide a standard for nitrogen. A blank was also included during the
digest. In the digestion procedure, sulfuric acid (13M) is added to each tube and
vortexed. The tray is then placed on a 360◦C heating block and heated for 0.5 hr and then
allowed to cool. The heating and cooling was repeated 8 times, with a 0.5 hr break in
between to allow the samples to cool so 0.5 mL of 30 percent hydrogen peroxide could
be added to each tube and then vortexed. When the 0.5 hr heatings and hydrogen
peroxide additions were complete, the tray was heated one final time for 1 hr to remove
all traces of the hydrogen peroxide. The samples were allowed to cool for a 0.5 hr period
and then brought up to volume (75 mL) with distilled water. The samples were then
capped with a stopper and inverted 5 to 6 times to mix well. The samples are allowed to
settle over night and then poured into a 7 dram vial and then analyzed on the Technicon
Autoanalyzer II for phosphate and ammonium (Keeney and Nelson, 1982).
PRS anion and cation resin membrane probes (Western Agriculture Innovations,
Saskatoon, SK) were used to determine the available phosphorus, ammonium and nitrate
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in the soil samples (Qian and Schoenau, 2002; Qian et al, 2008). To prepare for analysis,
the anion and cation probes need to be soaked in distilled water for 24 hrs. Then the
anion probes were charged by soaking in 0.5 M NaHCO3 4 times for 2 hr at a time. The
cation probes were charged by soaking in 0.1 M HCl 2 times for 2 hr each time. After
the probes were charged they were washed with distilled water several times. Soil was
then weighed into 7 dram vial caps and the weight recorded. The caps had the probe
added to one side and closed with the other side making a sandwich that was held
together with parafilm. The time was recorded when each probe was added to the soil.
After 24 hr the probes were removed and washed with distilled water to remove all the
soil and then eluted in 20 mL 0.5 M HCl for 1 hr in a 7 dram vial. Then the probes were
removed and the samples were analyzed using the Technicon Autoanalyzer II.
Water extractable labile P analysis was completed using the method of Schoenau
and Huang, (1991). In this method 2 g of soil was weighed into a 100 mL plastic bottle.
Then 100 mL of distilled water was added to the containers and they were shaken at 200
rpm for 1 hr. The samples were then filtered through a 0.45 micron mixed cellulose ester
gridded filter paper using a Millipore glass filtration apparatus. The samples were stored
at 4◦C until colorimetric analysis using the Murphy and Riley method (1962).
Bicarbonate extractable total P and inorganic P followed the Schoenau and
O’Halloran (2008) method. The method used Olsen et al. (1954) sodium bicarbonate (0.5
M NaHCO3) solution that is adjusted to a pH of 8.5 to extract the phosphorus from the
soil samples. The 0.5 M NaHCO3 and 2.5 g of soil was added to 100 mL plastic bottles
that were shaken at 200 rpm for 30 minutes. The extract was filtered through Whatman®
#454 filter paper into 12 dram vials.
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Bicarbonate extractable inorganic P analysis started with 10 mL of bicarbonate
extract being pipetted into a 50 mL centrifuge tube. The extract in the tubes is acidified
to pH 1.5 using 5 mL of 0.9M H2S04. The tubes were refrigerated for minimum of 20
minutes before being centrifuged at 10000 r.p.m. for 10 minutes at 0◦C. The supernatant
was decanted into a 50 mL volumetric flask and the inorganic phosphorus was
determined using colorimetric analysis using the Murphy and Riley method (1962).
Bicarbonate extractable total P analysis began with 10 mL of bicarbonate extract
being pipetted into a 50 mL volumetric flask. The flask had 0.5 g of ammonium
persulfate and 10 mL of 0.9 M H2S04 added before being placed on a hot plate where the
solution was brought to a gentle boil. The solution was heated until the solution was
evaporated and a white fume appeared. The flask was allowed to cool before 10 mL of
double distilled water was added to each flask. Total phosphorus was determined using
colorimetric analysis using the Murphy and Riley method (1962).
A modified Kelowna, soil test P extraction procedure was used to extract P and K
from soil samples (Qian et al., 1994). The Kelowna extraction solution is comprised of
28 mL of acetic acid, 38.5 g ammonium acetate and 1.11 g of ammonium fluoride in a 2
L container filled with distilled water. Three grams of soil was weighed into plastic
bottles and then 30 mL of the Kelowna solution was dispensed into each bottle. The
bottles were capped and shaken horizontally for 5 minutes at 160 rpm. After shaking, the
samples were filtered through VWR 454 filter paper into 7 dram vials. The filtered
samples were analyzed for P using the Technicon Autoanalyzer II automated colorimetry
and for K using flame emission spectroscopy.
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3.3.3

Residue
Ground residue samples were used in the water extraction. Residue samples of 1

g were weighed out into a plastic extraction bottle and then 50 mL of distilled water was
added to each bottle. The bottles were capped and shaken for 1 hr at 200 rpm. After
shaking, the samples were filtered through a 0.45 micron filter paper and the samples
were stored in 7 dram vials followed by colorimetric analysis of orthophosphate, nitrate
and ammonium using a Technicon Autoanalyzer II. Total N and P from the residue
samples were analyzed by using Kjeldahl method of digesting as described previously for
the soil samples (Rutherford et al., 2008). A tomato leaf sample (National Bureau of
Standards) of known P content was used as a P standard and measured using the same
technique as the residue samples. The procedure followed for the soil digest was used for
residue digest, but with only 6, 0.5 hr heatings instead of 8, as the P and N is more readily
released by digestion from plant material than soil.
Moisture content was determined by weighing wet residue samples from the field.
The samples were then placed in a forced air drying oven and dried at 30◦C for 6 days.
3.3.4

Total coliforms and Escherichia coli
Analysis for total coliforms and Escherichia coli was carried out the same day the

water samples were collected in the IDEXX bottles. The system used was an IDEXX
(Westbrooke, Maine) QuantiTrayTM System using ColisureTM reagent. The first step in
analysis was to add the IDEXX colisure reagent to each IDEXX bottle (Figure 3.15a).
The bottles were then shaken and the contents of the package were allowed to dissolve.
When the contents were dissolved the water sample was poured into a vacuum pack
called IDEXX Quanti-Tray/2000 that had enough individual squares to hold the contents
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of the IDEXX bottle (Figure 3.15a). The packets were vacuum sealed using the IDEXX
Quanti-Tray SealerTM and then placed into an incubator set at 38 ◦C for 2 days, allowing
the bacteria to grow in the substrate and chemicals in the package to react. The packets
had 49 large wells and 48 small wells that were first viewed in natural light to detect a
color change to purple which indicates a positive count for total coliforms (Figure 3.15c).
The samples were then viewed using the Spectronics SpectrolineTM 0.2 Amp UV light
(model: EA-160) and the Spectronics Corp. viewing cabinet (model CM-26) where the
squares that fluoresced were counted as positive for Escherichia coli (Figure 3.15d). The
number counted in the small and large squares were compared to a chart that was a part
of the IDEXX QuantiTray system and used to provide a total coliforms and Escherichia
coli numbers estimate (counts per 100 mL).
Later in the analysis, water samples were diluted in hopes of improving the ability
to discern between high and low count samples, as often all samples tested positive over
and over. Dilutions were as low as 5 times and as high as 20 times.
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(a)

(b)

(c)

(d)

Figure 3.15 IDEXX water system analysis (a) recording sheet and vacuum packs
along with IDEXX bottles with solution and reagent, (b) diluting water
sample by weight, (c) After incubation all the cells are purple noting a
positive count for total coliform and (d) fluorescence under UV light for
positive E. coli counts.
3.4

Statistical Analysis
Soil and water nutrient contents and coliform counts were transformed using log and

square root transformations and then tested for normality using the Shapiro test (Crawley,
2007). Water, coliform and soil samples were statistically analyzed using a Mixed
Model, the coding lme from the statistical program R (Crawley, 2007). The Mixed
Model works well for experimental units that are spread across time and have data points
that are not independent. Results of the model were summarized by running an ANOVA
(Crawley, 2007). The model was set to focus on significant differences between control
and winter feeding water, coliform and soil samples, and determine if time influenced the
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results. For the coliform samples, the influence of dilution on the results was also tested.
Differences were considered significant when P < 0.05.
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4
4.1
4.1.1

RESULTS AND DISCUSSION

Surface water samples
Hydrology of the basins

The winter feeding site had an average snow depth of 177 mm with an average snowpack
density of 0.58 g cm-3 and the control site had an average snow depth of 296 mm with an
average snowpack density of 0.20 g cm-3 (Appendix A). The elevated snow compaction
in the winter feeding site produced on average 287 g snow compared to an average of 177
g from the control. The bales, cattle and wind breaks probably increased the retention of
the snow in the winter feeding site (Appendix A). This snow resulted in large volumes of
water filling the basins at the Lanigan site during spring snowmelt. The control site
basins C1S to C4S had a maximum water volumes per area of 110 000 L in 0.8 ha, 475
000 L in 0.6 ha, 267 000 L in 0.4 ha and 780 000 L in 1.3 ha respectively during the
spring snowmelt (Figure 4.1). The winter feeding basins T1S to T4S had a maximum
water volumes per area of 123 000 L in 0.6 ha, 27 000 L in 0.2 ha, 14 000 L in 0.2 ha,
122 000 L in 0.7 ha during the spring snowmelt (Figure 4.2). The maximum water
volumes were calculated using survey results to determine the area the water covered
multiplied by the maximum depth measured using the CS SR50AT (m2 x m = L).
The spring snowmelt commenced when the runoff water started to pool in the
basins. In the winter feeding site the snowmelt started two days before the control site,
likely due to darker surface colour in the winter feeding site, increasing absorbed solar
radiation. Snowmelt water from the winter feeding site (Figure 4.2) started to accumulate
on March 31 with the ponded runoff water reaching a maximum depth in the basins
around April 8. For the control basins, snowmelt water started to accumulate in the basin

47
on day 3 of the melt (April 2) and reached the maximum depth of water on April 12-14
(Figure 4.1). After reaching the maximum water depth in the basins, the combination of
out flux from evaporation and drainage became higher than the rate of the addition from
the snowmelt water. On April 15 there was a snowfall that caused a slight increase in the
basin volume for the winter feeding site. The control site basin water volumes were not
greatly affected by the late season snowfall because the volume of water already
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Figure 4.1 Ponded surface runoff water volumes for the control basins calculated
using survey results, sonic sensor and staff gauge measurements during
snowmelt starting March 31 until April 24.
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Figure 4.2 Ponded surface runoff water volume for the winter feeding basins
calculated using survey results, sonic sensor and staff gauge
measurements during snowmelt starting March 31 until April 24.
♦
Winter feeding Basin 1
■
Winter feeding Basin 2
▲
Winter feeding Basin 3
×
Winter feeding Basin 4
4.1.2

Orthophosphate
Orthophosphate-P, also termed soluble reactive P (DRP), had an average

concentration of 10.7 mg PO4-P L-1 from the winter feeding site compared to the control
site (0.5 mg PO4-P L-1) in the snowmelt runoff water (Figure 4.3). On average the winter
feeding basins had an orthophosphate-P concentration in the ponded water that was 23
times higher than the control, a difference which was highly significant (P = 0.0002)
(Table 4.4). The average concentration of orthophosphate-P was also measured in the
farm yard basins (F1S and F3S) (3.5 mg PO4-P L-1) and interestingly was lower than the
winter feed basins. This could be explained by the large volumes of water that pooled
into the farm yard basins, potentially diluting the concentration of orthophosphate-P
collected in the water samples.

Orthophosphate-P (mg/L)
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Figure 4.3 Average orthophosphate-P (SRP) concentrations in ponded surface
runoff water collected March 31 to April 19.
a,b
Bars with same letter designation are not significantly different (P < 0.05)
w
The bars denote standard deviation
Time of collection was a significant factor affecting orthophosphate-P
concentrations (mg L-1) (Table 4.4). In the control site the snowmelt concentrations for
orthophosphate-P decreased gradually over the collection period (Figure 4.4). However,
the snowmelt orthophosphate-P concentration in the winter feeding site increased to a
peak around mid-April and then started to decrease (Figure 4.5). The decrease may be a
result of the soil thawing, increasing the potential for the surface soil to adsorb the
orthophosphate-P from the runoff water.
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Figure 4.4 Control site orthophosphate-P (PO4-P) concentration in ponded surface
runoff water measured during snowmelt starting April 3 until April 19.
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Figure 4.5 Winter feeding site orthophosphate-P (PO4-P) concentration in ponded
surface runoff water measured during snowmelt starting March 31
until April 19.
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The P export in the runoff water from each watershed basin was also calculated
on a per unit area basis (kg PO4-P ha-1). The value represents the total amount of P
accumulated in the catchment basin divided by the estimated land area from which the
runoff occurred (kg ha-1). The total amount of P accumulated was calculated by
multiplying the concentration of P (mg L-1) by the water volume (area estimated from
landscape survey multiplied by ponded water depth (m2 x m = L)). The export was
calculated for each day as the nutrient content and water volume were variable. The
maximum export was determined to be the highest value (kg ha-1) calculated for one of
the days during the spring melt. Basin 3 in the winter feeding site had a total P export
that was only slightly higher than most of the control basins when calculated as kg PO4-P
ha-1 (Table 4.1). The basin 3 from the winter feeding site did not generate as much runoff
water compared to all the other basins, resulting in P export amounts similar to the
overall export from the control basins. Phosphorus export (kg PO4-P ha-1) was
significantly higher in the winter feeding basins than the control (P = 0.0427) (Table 4.4).
Table 4.1 Maximum orthophosphate-P (PO4-P) export in ponded surface runoff
water collected March 31 to April 19 for the control and winter feeding
basins.
Export
1

2

Control
3

4

1

Winter feeding
2
3

4

-1

------------------------------------------------ (kg ha ) -------------------------------------------------Maximum1
0.04
0.34
0.59
0.39
3.36
1.29
0.55
2.62
1
Highest export measured on a day during snowmelt

Owens and Shipitalo (2006) reported on a 14 year study of total dissolved reactive
phosphorus (DRP) concentration and export in rainfall/snowmelt derived runoff from a
pasture that was fertilized and used to overwinter cattle in Ohio. The fertilizer was
applied over the years at a rate so as to maintain soil test P at 56 kg P ha-1 for the
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rotational grazing high fertility pasture, and applied once to maintain soil test P at 28 kg P
ha-1 for the continuous grazing medium fertility pasture (Owens and Shipitalo, 2006).
The stocking rate for the rotational high fertility pasture was 6 400 cow-days ha-1 over the
duration of the study (ranging from 340 to 800 cow-days ha-1 during each winter) (Owens
2011, Personal Communication). The medium fertility continuous pasture ranged from
1 500 cow-days ha-1 to 1 900 cow-days ha-1 during each winter (Owens et al., 1982;
Owens and Shipitalo, 2009). The top 10 runoff events had total dissolved reactive
phosphorus concentrations ranging from 2.65 to 55.70 mg P L-1 for the high fertility
rotational pasture and 3.12 to 7.50 mg P L-1 for the medium fertility rotational pasture
(Owens and Shipitalo, 2006). In the current study, cattle were stocked at a rate
anticipated to produce approximately 130 kg ha-1of P after the feeding period and the
maximum concentrations in the winter feeding snowmelt runoff basin water for this study
ranged from 14.97 to 19.86 mg P L-1. In the Ohio study the top 10 runoff events for the
winter feeding site had P export values that ranged from 0.05 to 3.63 kg P ha-1 for the
high fertility rotational pasture and 0.07 to 0.63 kg P ha-1 for the medium fertility
continuous pasture (Owens and Shipitalo, 2006). The export during the snowmelt runoff
for the winter feeding site at Lanigan had similar values for P export that ranged from
0.55 to 3.36 kg P ha-1 (Table 4.1). The results of DRP in snowmelt runoff from the
Lanigan, Saskatchewan site are therefore comparable to the results from the Ohio
experiment conducted by Owens and Shipitalo (2006), despite the runoff in Ohio
originating from precipitation event measured year around compared to snowmelt at the
Saskatchewan site.
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4.1.3

Nitrogen
Most N loss from manure spread on frozen soil has been reported to be in water

soluble forms (Steenhuis et al., 1981). The soluble forms in a study on Dubuque silt
loam in Wisconsin were mainly soluble ammonium and organic nitrogen (Steenhuis et
al., 1981). Similar to the Wisconsin study, ammonium and organic nitrogen dominated in
the snowmelt runoff in the winter feeding sites at Lanigan.
4.1.3.1 Ammonium
The average ammonium-N concentration in the ponded runoff water in the winter
feeding site basins was 40.2 mg NH4-N L-1 compared to the control watershed with 0.3
mg NH4-N L-1 (Figure 4.6). The difference in concentrations between the treatments
were statistically significant (P < 0.0001) (Table 4.4) with ammonium concentrations
from the winter feeding site on average being 120 times higher than the control ponded
runoff water. The farm yard average ammonium-N concentration is 18.5 mg NH4-N L-1
putting the results mid-range for the different sites. As suggested with the
orthophosphate-P results, there is potential for more nutrients lost in the spring surface
runoff water from a winter feeding site compared to a yard wintering system.
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Figure 4.6 Average ammonium-N (NH4-N) concentrations in surface ponded water
collected March 31 to April 19.
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Steenhuis et al. (1981) found that the highest concentration of soluble nitrogen
was in the first snowmelt runoff water collected. In this study it was also observed that
the control concentrations were the highest in the first water collected (Figure 4.7).
Similar to the orthophosphate, ammonium concentrations in the ponded runoff water
from the winter feeding site gradually increased over time (Figure 4.8).

19
-A
pr

17
-A
pr

15
-A
pr

13
-A
pr

11
-A
pr

09
-A
pr

07
-A
pr

05
-A

pr

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
03
-A
pr

Ammonium-N (mg/L)

55

Time (Day/Month)

Figure 4.7 Control site ammonium-N (NH4-N) concentration in snowmelt surface
ponded from April 3, 2009 to April 19, 2009.
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Figure 4.8 Winter feeding site ammonium-N (NH4-N) concentration in snowmelt
ponded surface water from March 31, 2009 to April 19, 2009.
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The calculated export of ammonium-N from the winter feeding site ranged from 1.76 kg
NH4-N ha-1 to 9.81 kg NH4-N ha-1, compared to only 0.03 kg NH4-N ha-1 to 0.42 kg NH4N ha-1 in the control treatment (Table 4.2). The maximum export (kg NH4-N ha-1)
showed similar patterns to the concentration results for ammonium-N (Table 4.2). As
with orthophosphate, basin 3 in the winter feeding treatment had lower export of
ammonium-N, as this basin did not appear to generate as much runoff water. Overall, the
difference in ammonium-N export between the control and winter feeding basins was
highly significant (P = 0.0041) (Table 4.4).
Table 4.2 Maximum and cumulative ammonium-N (NH4-N) export in surface
ponded water collected March 31 to April 19 for the control and winter
feeding basins.
Export
1

2

Control
3

4

1

Winter feeding
2
3

4

------------------------------------------------ (kg ha-1) -------------------------------------------------Maximum1
0.03
0.42
0.33
0.35
9.07
8.18
1.76
9.81
1
Highest export measured on a day during snowmelt

The ponding of runoff water in basins for sampling brings forward the issue that a
portion of the nutrient in water collected from the basin comes from nutrients originating
in the basin itself as well as moved in by runoff from the upslope. In the winter feeding
site basins 1-4 there were 6, 2, 3 and 8 bales respectively that were submerged or partly
submerged in the surface water of the basins. The stagnant water in the basin is
continually in association with soil, manure and feed, which may increase the
concentrations of the nutrients measured. However, a similar study that is being
conducted in Manitoba where the watersheds export is collected in troughs instead of
basins is showing similar results as observed at this Lanigan site (Elliott 2010, personal
communication). The phosphorus export was in the range of 0.5 to 2.0 kg P ha-1 and
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ammonium ranged from 2 to 8 kg NH4-N ha-1 during the first year of the study where the
cattle were stocked at 600 cow-days ha-1 on annual cropping land (Elliott 2010, personal
communication). Also note in Figure 4.8 and Table 4.2 that basin 2 with the fewest bales
in the basin has the highest concentration of ammonium-N and third highest export. As a
follow up to their work in 2006, Owens and Shipitalo (2009) reported on a 12 year study
with continuous and rotational grazing near Coshocton, Ohio where runoff events on
pasture land were monitored. The high fertility rotational pastures received 224 kg
NH4NO3 ha-1 per year until 1980 (after 5 years of the study) and then no fertilizer was
applied for the remaining years (Owens and Shipitalo, 2009; Owens et al., 1998). With
the medium fertility continuous pasture the area received 56 kg NH4NO3 ha-1 yr-1 (Owens
et al., 1982; Owens and Shipitalo, 2009). The stocking rate was the same as described in
the phosphorus export section; except the last 2 years of grazing were not measured in
their study of nitrogen. The average export of ammonium-N over the dormant season,
including spring melt, is slightly higher in the Ohio study than the average export in the
current Lanigan study. In the Lanigan study, if each day was considered an event the
average export of ammonium-N for the four treated basins over the duration of the
snowmelt is 3.4 kg NH4-N ha-1 compared to average value of 2.5 kg NH4-N ha-1 reported
by Owens and Shipitalo (2009). When looking at the average of the 10 largest events
over the 12 year study, the nutrient export was16.8 kg NH4-N ha-1 for the Ohio study
which exceeds the average of the 10 largest export events from Lanigan (8.1 kg NH4-N
ha-1; assuming export measured for each day for each basin as an event). However, this
does not disprove the possibility of stagnant water increasing the nutrient concentrations.
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4.1.3.2 Nitrate
There was no significant difference (P≥0.05) in nitrate concentrations in water
from the overwintering sites compared to the control sites (Figure 4.9 and Table 4.4).
The standard deviation is large for both the control and the winter feeding sites,
indicating considerable variability in this measurement. The average concentration of
nitrate-N in the winter feeding site was 0.3 mg NO3-N L-1, 0.6 mg NO3-N L-1 for the yard
site, and 0.2 mg NO3-N L-1 for the control basins (Figure 4.9). The slightly higher
nitrate-N content from the yard site would be attributed to the nitrate-N accumulating
from pervious years of manure application in the corrals.
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Figure 4.9 Average nitrate-N (NO3-N) concentration in surface ponded water
collected March 31 to April 19.
a
Bars with same letter designation are not significantly different (P < 0.05)
w
The bars denote standard deviation

The lack of effect of winter feeding on nitrate concentration in the ponded runoff
water is attributed to dominance of organic N and ammonium in deposited cattle dung
and urine (Barrow, 1987). Furthermore, cold temperatures would have limited the
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conversion of ammonium to nitrate in the process of microbial nitrification (Stark and
Firestone, 1996). The nitrate found in the ponded runoff water is likely to have been
derived from what was originally present in the pasture soil. This explains the
concentration of nitrate in the control and winter feeding ponded runoff water being
similar and low. The concentration in both the control and winter feeding site started
with high nitrate concentrations that gradually decreased over time which supports the
concept that overwinter feeding did not contribute to nitrate concentrations in the ponded
runoff water (Figure 4.10 and Figure 4.11). The average nitrate concentration from the
two farm yard basins that were sampled was higher (0.59 mg NO3-N L-1) than the winter
feeding and the control treatment (Figure 4.9). This is because the farm yard site was
established with many years of manure addition and ample time for ammonium to be
converted to nitrate.
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Figure 4.10 Control site nitrate-N (N03-N) concentration in snowmelt surface
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Figure 4.11 Winter feeding site nitrate-N (N03-N) concentration in snowmelt surface
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The cumulative nitrate export (kg NO3-N ha-1) in the watersheds is shown in
Table 4.3. The elevated export levels for control basin 3 might be explained by the
frequently grazed pasture just across the fence line, from where some of the runoff water
in the basin may have originated. Overall, there was no significant difference between
the control and winter feeding basins in nitrate export in ponded runoff water (P > 0.05)
(Table 4.4).
Table 4.3 Maximum nitrate-N (NO3-N) export in surface ponded runoff water
collected March 31 to April 19 for the control and winter feeding
basins.
Export
1

2

Control
3

4
-1

1

Winter feeding
2
3

4

------------------------------------------------ (kg ha ) -------------------------------------------------Maximum1
0.01
0.08
0.36
0.13
0.11
0.07
0.02
0.07
1
Highest export measured on a day during snowmelt
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Table 4.4 ANOVA results for tests of significance between ammonium-N (NH4-N),
nitrate-N (NO3-N) and orthophosphate-P (PO4-P) in the control plots
versus the winterfeed plots and the influence of time.
Fixed Factor

numDFa

denDFb

NH4-N
F-value
P-valuec

NO3-N
F-value
P-valuec

PO4-P
F-value
P-valuec

------------------------------------------------- (mg L-1) -------------------------------------------------Plotd
1
6 157.28
<.0001
3.824
0.0983 68.972
0.0002
Time
1
106 12.556
0.0006 33.157
<.0001 15.581
0.0001
Plot*Time
1
106 7.7461
0.0064 0.0911
0.7634 10.360
0.0017
-1
---------------------------------------------------- (kg ha ) ------------------------------------------------Plotd
1
6 20.248
0.0041 0.1491
0.7128 6.5696
0.0427
Time
1
106 3.5423
0.0625 5.9871
0.0160 4.3949
0.0384
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding Plot
Owens and Shipitalo (2009) measured nitrate export in their cattle grazing study
in Ohio and found that the average export for runoff events (≥ 1 mm) during the dormant
season, including spring melt from 1974 to 1986 was 1.3 kg NO3-N ha-1. The spring
runoff export values obtained from the ponded runoff water for nitrate were on average
lower in the current study at Lanigan (Table 4.3). The higher export of nitrate reported in
Owens and Shipitalo (2009) experiment would be explained by the nitrate originating
from previous years of manure and fertilizer applications, since their study was
conducted over 12 years.
4.1.3.3 Organic Nitrogen
The organic nitrogen content in the ponded runoff water is calculated by
subtracting the ammonium and nitrate content from total nitrogen. The average organic
nitrogen concentration in the ponded runoff water in the winter feeding site basins was
64.7 mg N L-1 compared to 21.1 mg N L-1 for the farm yard site and 1.8 mg N L-1 for the
control watershed (Figure 4.12). The organic nitrogen concentration from the winter
feeding basins is on average 36 times higher than control site. The organic nitrogen
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concentration is higher than the ammonium and nitrate concentration, showing the
importance of organic nitrogen in the ponded runoff water (Figures 4.5, 4.9 and 4.12).
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Figure 4.12 Average organic nitrogen concentration in surface runoff ponded water
collected March 31 to April 19.
w

The bars denote standard deviation

Maximum export of organic nitrogen from the 4 basins in the Lanigan winter
feeding site ranged from 4.27 kg N ha-1 to 26.63 kg N ha-1 of soluble organic nitrogen
(Table 4.5). At the Lanigan site, equivalent manure application rate in the winter feeding
site was calculated to be 76 tonnes ha-1 (Appendix G). Steenhuis et al. (1981) conducted
a field experiment near Lancaster, Wisconsin where 50 tons ha-1 (wet weight) of manure
was applied to alfalfa and grass mixture plots. The cumulative export they reported was
6 kg N ha-1 and 7 kg N ha-1of soluble organic nitrogen for the February and March
snowmelts respectively (Steenhuis et al., 1981). The soluble organic nitrogen export was
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lower in the Wisconsin field study than what was seen at the Lanigan site. This may be
because at the Lanigan site the manure application was essentially fresh manure applied
directly on the surface of frozen soil and snow versus the Wisconsin study where the
manure is applied onto the surface and then covered with snow. Steenhuis et al. (1981)
also conducted a controlled environment experiment in a laboratory to test snowmelt
runoff. Manure was applied at a rate of 50 tons ha-1 onto a polystyrene sheet and then
covered with snow (Steenhuis et al., 1981). Runoff water was collected from the sheets
that experienced a temperature of 5◦C for 10 hours and -1◦C for the remaining 14 hours.
The cumulative export in the lab experiment was 46 kg N ha-1 (Steenhuis et al., 1981).
The elevated organic nitrogen export in the Wisconsin lab study compared to the Lanigan
and Wisconsin field study suggests that soil interaction with the runoff water can
decrease the lose of nutrients in runoff water. Overall, it is important to note that the
quantity of nitrogen exported as organic nitrogen in snowmelt runoff is higher than the
quantities of ammonium and nitrate, indicating that soluble organic nitrogen is a
significant factor in the load of nitrogen from snowmelt runoff from winter feeding site in
Saskatchewan.
Table 4.5 Maximum organic nitrogen export in surface runoff ponded water
collected March 31 to April 19 for the control and winter feeding
basins.
Export
1

2

Control
3

4
-1

1

Winter feeding
2
3

4

------------------------------------------------ (kg ha ) -------------------------------------------------Maximum1
0.21
1.96
4.32
1.68
23.55
17.45
4.27
26.63
1
Highest export measured on a day during snowmelt
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4.1.4

Total coliforms and Escherichia coli

4.1.4.1 Total coliforms
The total coliform concentrations measured in the ponded snowmelt runoff water
collected from the catchment basins were persistently high in the farm and winter feeding
site compared to the control site basins (Figure 4.13). The coliform count in the winter
feeding site is significantly higher than the control coliform count (P = 0.0001) (Table
4.6). The coliform counts measured for the control water samples were high during
initial sampling (2 400 counts 100 mL-1). The persistence of the coliforms appeared to be
approximately 20 days in the control basins with the coliform counts declining to counts
as low as 2 counts 100 mL-1 during the sampling of the control spring snowmelt ponded
water (March 31 to April 19). The winter feeding site showed a persistence of the
coliforms during the sampling period with the maximum total coliform counts (48 000
counts 100 mL-1) being measured for the duration of the sampling.
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Figure 4.13 Average counts of total coliforms (Most Probable Number or MPN) in
ponded surface runoff water collected March 31 to April 19.
a,b
w

Bars with same letter designation are not significantly different (P < 0.05)
The bars denote standard deviation

Dilutions were incorporated gradually during the sampling period to provide more
sensitivity and cover a wider range. The dilution significantly influenced the total
coliform counts (Table 4.6). Dilutions ranged from 0 to 20 times during analysis, thus
creating a range of total coliform counts from 2 to 48 000 counts 100 mL-1. Without
dilution the range was 0 to 2 400 counts 100 mL-1. At the beginning of sampling, no
dilutions were completed and as time progressed, more dilutions and higher dilutions
were used, resulting in an increase in reported concentration. The effect of time for total
coliforms was therefore influenced by the adaption of dilution as sampling progressed
(Table 4.6).
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Table 4.6 ANOVA results of significance between total coliforms and Escherichia
coli counts in the control plots versus the winterfeed plots and the
influence of time from the collected surface water.
Fixed Factor

numDFa

denDFb

Total Coliforms
F-value
P-valuec

Escherichia coli
F-value
P-valuec

------------------------------------------ (counts 100 mL-1) -------------------------------------------Plotd
1
6
71.66
0.0001
110.55
<0.0001
Time
1
117
5.313
0.0229
21.23
<0.0001
Dilution
1
117
80.59
<0.0001
0.590
0.4439
Dilution:Time
1
117
5.455
0.0212
0.0496
0.8241
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding Plot Spring 2009
4.1.4.2 Escherichia coli
The E. coli counts were elevated in the winter feeding and farm site compared to
the control (Figure 4.14). There was a significance difference (P < 0.0001) between the
control and winter feeding site E. coli counts in the ponded runoff water (Table 4.6). The
Escherichia coli counts were not significantly affected by the dilutions, but the
significant influence of time on the E. coli counts is depicted in Figure 4.15 where the
survival of the E. coli apparently decreases with time (Table 4.6). The UV light in
sunshine may have reduced the viability of the microbes decreasing the counts during the
duration of the sampling (Oliver et al., 2006). However, the counts were still persisting
at the end of the sampling period suggesting the potential for extended survival of the
microbes. Similar results were reported with Jawson et al. (1982) study that was
conducted in the Pacific Northwest, where fecal coliforms were detected in runoff water
one year after cattle were removed from the grazing area.
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Figure 4.14 Average counts of Escherichia coli (Most Probable Number) from
ponded surface runoff water collected March 31 to April 19.
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Figure 4.15 Escherichia coli log-scale count per 100 mL (Most Probable Number)
from treatment basin 1 (T1S) ponded surface runoff water samples
collected April 1 to April 19.
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A laboratory study in the U.K. simulated rainfall on sandy loam soil sampled
from Bedfordshire, that was injected with cattle slurry was used to produce runoff water
in which E. coli was measured (Ramos et al., 2006). The presumptive fecal coliform
counts (E. coli) were evaluated using serial dilutions according to method no.: 9222D
(APHA, 1996). The counts ranged from 1.9 x 104 to 1.1 x 106 FC counts 100 mL-1
(Ramos et al., 2006). These values are much higher than what was found in the current
study with counts of 0.9 to 2.4 x 104 counts 100 mL-1. The smaller range may be
associated with the cooler temperatures with the Lanigan study or difference in
techniques used to assess coliform counts. The IDEXXTM method used in this study at
Lanigan was designed for municipality water and not the highly elevated counts that
would be found in manure contaminated waters. Dilution of the samples did not start
until after a few collection days and it was shown by Ramos et al. (2006) that the highest
counts came during the first 10 minutes of the rainfall. The lack of dilution at the
beginning might have contributed to the much lower counts in the current study than
expected according to Ramos et al. (2006). However, the Escherichia coli counts showed
a similar trend as noted by Ramos et al., (2006), where the counts declined as times
elapsed during collection (Figure 4.15).
4.2
4.2.1

Ground water samples
Hydrology of the basins
The water level of the piezometers was measured every hour with the leveloggers

from March 20, 2009 until August 14, 2009 (Figure 4.16). The water level distance from
the ground surface to the top of the water in the piezometer tube is shown in Figure 4.16.

69
The piezometers were bailed dry numerous times during the monitoring of the ground
water and are depicted with the sharp drops in the ground water levels in Figure 4.16.
The water level in the piezometer tube on March 20, 2009 was 3.1, 2.8, 3.5, and
3.8 m from the ground surface for control basins 1, 2 and winter feeding basins1, 2
respectively. The water level stayed within this range until April 23 when the control
basins water level started to rise and the winter feeding basins water level started to rise
on May 8 (Figure 4.16). The water levels peaked at 2.0 (June 10) , 1.3 (May 20), 2.7
(August 8), and 3.1 m (August 14, end of monitoring) below the surface for control 1, 2
and winter feeding 1, 2 respectively.
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Figure 4.16 The levelogger readings (collected every hour) of the water table depths
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The T2P piezometer water collected (brownish) was similar to the color of the
snowmelt runoff water in basin 2 from the winter feeding site. The T1P piezometer water
was cloudy with sediment, but was not the brownish color observed in T2P. It seems
unlikely that the surface water could penetrate the soil so quickly to reach the ground
water that was approximately 3.5 m deep in the winter feeding basins, unless there was
preferential flow through soil cracks or the piezometer joint (Figure 3.3). Water collected
from piezometers installed in basins 1 and 2 showed elevation of orthophosphate-P,
ammonium-N and organic nitrogen in the winter feeding site (Figure 4.17, 4.18, 4.20).
The spike in ground water orthophosphate-P on April 8 and 15 possibly is from a leak in
the joint of the piezometer (Figure 4.17). The ammonium-N and organic nitrogen ground
water concentration was highly elevated in the T2P piezometer compared to T1P also
suggesting a leak in the joint (Figure 4.18 and 4.20). As covered in the literature review
(Section 2.4.2) King et al. (1990) and Sommers et al. (1979) found that phosphorus only
penetrated to depths of 0.75 m and 0.30 to 0.60 m respectively in a loamy sandy soil
location after 11 to 12 years. The spike in orthophosphate-P on April 8 and 15 could also
be from a direct pathway created by continuous macropores that would allow a flush of
surface water to the ground water. The T2P piezometer elevated ammonium-N and
organic nitrogen compared to T1P could be a difference in the type and amount of
preferential flow within the basins. As covered in the literature review (Section 2.4.2)
Olson et al. (2005) and Kleinman et al. (2009) did measure elevated nutrients in ground
water that was unexpected for normal percolation through the soil matrix which would
suggest preferential flow. Further research is required to conclusively establish reasons
for the rapid and significant elevation of nutrients in the winter feeding ground water.
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4.2.2

Orthophosphate
The average concentration of orthophosphate-P in the water samples from the

control piezometers was 0.02 mg PO4-P L-1 compared to the winter feeding site with 0.30
mg PO4-P L-1. The standard deviation values of 0.43 and 1.13 for the T1P and T2P
basins respectively, is large when compared to the mean concentrations of 0.13 mg PO4-P
L-1 and 0.47 mg PO4-P L-1, respectively. This high variation is accentuated by a spike in
phosphorus concentrations on April 8 and April 15 sampling dates where the
concentrations were 0.06 and 1.61 mg PO4-P L-1 for T1P and 3.4 and 2.86 mg PO4-P L-1
for T2P, respectively (Figure 4.17).
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Figure 4.17 Concentration of orthophosphate-P (SRP) from piezometer water
samples that were collected weekly from April 2, 2009 to June 30, 2009.
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Adriano et al. (1975) did observe P reaching levels of 6.6 m in a sandy soil. A
study conducted in Pennsylvania revealed rapid increase in dissolved reactive P in spring
water after the application of manure (Kleinman et al., 2009). In the Pennsylvania study,
the concentration of dissolved reactive P reached 0.1 mg P L-1. This concentration is
lower compared to the maximum measured orthophosphate-P concentration (3.4 mg PO4-
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P L-1) found in the current Lanigan study. Rates of manure in the Kleinman et al. (2009)
study were lower: 20-30 kg ha-1 of total P compared to 128 kg ha-1 of total P in the current
study. In Iowa, ground water sampled from depths of 0.5 m to 6.1 m had total dissolved
phosphorus that ranged from a detectable minimum of 0.02 mg L-1 to a high of 1 mg L-1
(Burkart et al., 2004). A study in Lethbridge, Alberta monitored ground water during the
first 3 years of the establishment of a feedlot resulting in a maximum of 7.2 mg L-1
concentration of orthophosphate-P on the third year (Olson et al., 2005). It was
suggested in the study that preferential flow was the explanation for the nutrients
reaching the ground as could be the case with the Lanigan study.
4.2.3

Nitrogen

4.2.3.1 Ammonium
The average ammonium-N concentration in water collected from piezometer 2 in
the winter feeding site (T2P) was elevated (Figure 4.18) as were the orthophosphate-P
concentrations from the same piezometer as discussed in the previous section (Figure
4.17). The average ammonium-N concentration from the two winter feeding site basins
was 4.5 mg NH4-N L-1 compared to 0.28 mg NH4-N L-1 for the control. Winter feeding
site piezometer 1 (T1P) had an average ammonium concentration of 0.6 mg NH4-N L-1
which is much lower than the 8.4 mg NH4-N L-1 average from piezometer 2 (T2P).
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Figure 4.18 Concentration of ammonium-N (NH4-N) from piezometer water samples
that were collected weekly from April 2, 2009 to June 30, 2009.
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4.2.3.2 Nitrate
Consistent with nitrate concentrations observed in ponded runoff water (section
4.1.3.2), the average nitrate concentrations in ground water were low and similar between
the winter feeding site (0.12 mg L-1) and the control site (0.38 mg L-1) (Figure 4.19). The
control site piezometer 1 (C1P) had higher concentration of nitrate when compared to the
other piezometers. The reasons for this is not known, but could be caused by a
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prominence of “old” nitrate in the soil near C1P. This assumption cannot be
substantiated because the deep soil nitrate was not measured in the current study.
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Figure 4.19 Concentration of nitrate-N (NO3-N) from piezometer water samples that
were collected weekly from April 2, 2009 to June 30, 2009.
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4.2.3.3 Organic Nitrogen
Soluble organic nitrogen concentrations were elevated in the second winter
feeding site basin piezometer (T2P) compared to the other piezometers, with
concentrations of soluble organic nitrogen in the T2P piezometer water of 53.3 mg N L-1
and 102.8 mg N L-1 measured for April 8 and 15, respectively (Figure 4.20). The soluble
organic nitrogen concentrations from the ponded water in basin T2S on the same days as
the piezometer sampling were 43.9 mg N L-1 and 277.7 mg N L-1.
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Figure 4.20 Average concentration of organic nitrogen from piezometer water
samples that were collected weekly from April 2, 2009 to June 30, 2009.
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4.2.4

Total coliforms and Escherichia coli

4.2.4.1 Total coliforms
The piezometer water in the winter feeding site basin had total coliform levels as
high as 48 000 counts 100 mL-1, similar to that measured in the winter feeding site
surface waters. During the second week of sampling (April 8, 2009) the total coliform
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counts were already starting to increase in piezometer 2 (T2P) in the winter feeding site
(Figure 4.21). The high total coliform count persisted to the end of sampling (Figure
4.21). Piezometer 1 (T1P) from the winter feeding site reached the maximum coliform
count of 48 000 counts 100 mL-1 a week after piezometer 2 (T2P) and maintained this
high concentration for the duration of the sampling period (Figure 4.21). The maximum
total coliform counts in the control piezometers occurred on April 15 and were 228 and 2
400 counts 100 mL-1 for piezometer 1 (C1P) and 2 (C2P) respectively, and then gradually
decreased for the duration of the sampling period.
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Figure 4.21 Total coliforms log-scale count per 100 mL (Most Probable Number)
from the piezometers water samples starting April 2 until May 5.
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Control Basin 1
Control Basin 2
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Winter feeding Basin 2
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4.2.4.2 Escherichia coli
There was no detectable E. coli found in the control piezometer water samples
(Figure 4.22). Piezometer 1 (T1P) had detectable E. coli count (12 counts 100 mL-1) on
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April 15 and the rest were levels seen in the control piezometers (Figure 4.22). However,
piezometer 2 (T2P) from the winter feeding site had E. coli concentrations in ground
water similar to levels measured in the surface water samples. These results suggest that
that T2P may have been contaminated with surface water. Piezometer water sampling
completed on April 8, 15 and 22 for T2P showed E. coli measurements of 2 400 counts
100 mL-1 (Figure 4.22). These same high counts were measured in the surface water
from March 31 to April 6, 2009. After April 6, 2009 the surface counts of E. coli
decreased except for a large spike on April 12 and 13. The dark conditions in ground
water (no UV light) and association with soil may have increased the survivability of the
microbes, allowing them to persist longer (approximately 7 days) than observed in the
surface water samples (Oliver et al., 2006).
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Figure 4.22 Escherichia coli log-scale counts (Most Probable Number) from
piezometer water samples that were collected from April 2, 2009 to
June 30, 2009.
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Winter feeding Basin 2
■
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4.3
4.3.1

Soil Nutrients
Soil phosphorus
The May 2009 mean values for the soil test (modified Kelowna), soluble (water

extractable) and exchangeable (PRS probe) phosphate were higher in the winter feeding
grid than in the control grid, but the difference was not significant (Tables 4.7 and 4.8).
This is in contrast to phosphate concentrations in ponded snowmelt runoff collected in
April, 2009 that were significantly elevated in the winter feeding site. There was a
significant difference (P < 0.05) between fall and spring soil P content (Tables 4.7 and
4.8). The spring soil P content was reduced compared to the fall, which may be
explained by rapid uptake of soluble soil phosphate by the pasture grass and microbes in
the spring when the soil temperature is increasing. The freeze-thawing of soil has been
shown to significantly increase the water-extractable P release from mineral and organic
soils (Bechmann et al., 2005). In the early spring, the runoff water would remove soluble
P from the soil surface (Sharpley, 1985). By the May sampling time, the phosphate may
have been immobilized in the microbial biomass, taken up by plant roots and/or formed
bonds with the organic matter and soil aggregates, leaving reduced available phosphorus
in the soil.
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Table 4.7 Fall, 2008 and spring, 2009 soil Modified Kelowna, water extractable and
PRS probe exchangeable phosphorus.
Plot

Modified Kelowna
Phosphorus (P)
Mean
Min
Max

Water Extractable P
Mean

Min

Max

Exchangeable P
Mean

-1

Min

Max
-2

Fall, 2008
------------------------ (µg g ) ---------------------- ------- (µg cm ) ------Control
17.0a
2.3
52.2 63.2a 21.1 138.5
1.2a
0.2
3.3
Winter feeding 18.0a
2.8
71.1 60.0a 19.2 244.7
1.2a
0.3
8.4
Spring, 2009
Control
2.2b
0.4
6.3 36.5b
5.2
91.2
0.6b
0.1
1.7
Winter feeding
3.3b
0.5
10.2 53.1b 0.04 173.3
0.8b
0.1
2.7
a,b
Numbers within columns with same letter designation are not significantly different
(P<0.05).
Table 4.8 ANOVA results of significance between phosphorus, water extractable P
and PRS probe exchangeable P in the control plots versus the
winterfeed plots and the influence of season.
Fixed Factor

d

numDFa

denDFb

Modified Kelowna P
F-value
P-valuec

Water Extractable P
F-value
P-valuec

------------------ (µg g-1) -----------------0.0131
0.9095 0.0139
0.9067
0.1016
0.7514 0.0920
0.7630
32.761 <0.0001 32.570
<.0001
0.5256
0.4721
2.129
0.1512

Plot 2008
1
45
Plot 2009d
1
45
Season
1
47
Plot*Season
1
47
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plots

Exchangeable P
F-value
P-valuec

----- (µg cm-2) ---0.325
0.5717
0.1016
0.7514
20.249 <0.0001
0.4798 0.04927

4.3.1.1 Bicarbonate extractable phosphorus
Bicarbonate extractable organic and inorganic P is a measure of bioavailable P in
solid forms such as precipitates and low molecular weight humus in soil. There was no
significant difference (P > 0.05) between fall and spring sampling times and between
control and winter feeding treatments (Tables 4.9 and 4.10). The bicarbonate extractable
organic and inorganic P values were highly variable. The soil bicarbonate extractable
inorganic P was elevated in the winter feeding site from fall to spring by about 55 µg P g1

. There was little to no change to the bicarbonate extractable organic P from fall to

spring suggesting that very little organic P was retained in the soil.
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Table 4.9 Fall, 2008 and spring, 2009 soil bicarbonate extractable organic and
inorganic phosphorus.
Plot
Mean

Bicarbonate Organic P
Min
Max

Bicarbonate Inorganic P
Mean
Min
Max

Fall, 2008
----------------------------------------- (µg g-1) ----------------------------------------Control
51
0
158
97
17
239
Winter feeding
47
13
139
78
19
275
Spring, 2009
Control
62
0
172
91
15
347
Winter feeding
46
0
233
133
24
1260
a,b
Numbers within columns with same letter designation are not significantly different
(P<0.05).
Table 4.10 ANOVA results of significance between organic P, bicarbonate
extractable organic P and bicarbonate extractable inorganic P in the
control plots versus the winterfeed plots and the influence of season.
Fixed Factor

numDF
a

d

denDFb

Bicarbonate Organic P
F-value
P-valuec

Bicarbonate Inorganic P
F-value
P-valuec

----------------------------- (µg g-1) -----------------------------0.2172
0.6434
1.5178
0.2243
0.2864
0.6680
0.3052
0.5833
0.7279
0.3979
1.912
0.1732
0.9681
0.3302
4.920
0.0314

Plot 2008
1
45
Plot 2009d
1
45
Season
1
47
Plot*Season
1
47
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot
4.3.2

Soil nitrogen

4.3.2.1 Ammonium
The exchangeable ammonium as measured using PRS™ probe was significantly
different (P < 0.05) between seasons and between the control and winter feeding sites for
the May, 2009 sampling, with elevation in the winter feeding site soil in spring (Tables
4.11 and 4.12). The 2M KCl extractable ammonium concentration was also elevated in
the winter feeding site samples compared to the control. Higher 2M KCl extractable and
PRS exchangeable ammonium in the winter feeding site soil in the spring follows the
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same observation with ammonium-N concentration in the ponded surface runoff water
(Table 4.11 and Figure 4.8). The exchangeable ammonium flux was doubled from the
fall (0.8 µg cm-2) to the spring (1.6 µg cm-2) for the winter feeding site soil samples
(Table 4.11). The exchangeable ammonium concentration decreased for the control site
from fall to spring, possibly from increased uptake of ammonium by the vegetation in the
spring.
The 2M KCl extractable ammonium content measured in the soil samples taken in
this study on May, 2009 showed a similar trend to those reported by Jungnitsch (2008) in
which soil was collected from a similar site at the Western Beef Development Center,
post winter feeding, in May, 2004. The May, 2004 and 2009 soil ammonium content
from the bale grazing site (winter feeding) was significantly elevated compared to the
control in both studies, but with more ammonium being measured in the current study
compared to the Jungnitsch (2008) study. This may be explained by more conversion of
ammonium to nitrate prior to the sampling in the study by Jungnitsch (2008).
Table 4.11 Fall, 2008 and spring, 2009 soil 2M KCl extractable and PRS probe
exchangeable ammonium.
Plot
Mean

2M KCl Ammonium
Min
Max

PRS Exchangeable Ammonium
Mean
Min
Max

Fall, 2008
----------------- (µg g-1) --------------- ----------------- (µg cm-2) ---------------Control
3.9a
0.9
7.5
0.7a
0.4
1.1
Winter feeding
3.9a
0.01
5.8
0.8a
0.6
1.5
Spring, 2009
Control
7.8b
5.6
10.4
0.4b
0.2
0.7
Winter feeding
41.9c
6.3
215.4
1.6c
0.01
10.7
a,b,c
Numbers within columns with same letter designation are not significantly different
(P<0.05).
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Table 4.12 ANOVA results of significance between soluble ammonium and PRS
probe exchangeable ammonium in the control plots versus the
winterfeed plots and the influence of season.
Fixed Factor

numDFa

d

denDFb

2M KCl Ammonium
F-value
P-valuec

----------- (µg g-1) --------0.0345
0.8534
13.3668
0.0007
130.8370
<0.0001
22.7681
<0.0001

Plot 2008
1
45
Plot 2009d
1
45
Season
1
47
Plot*Season
1
47
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot

PRS Exchangeable Ammonium
F-value
P-valuec

-------- ( µg cm-2 ) -------0.05318
0.8187
12.7787
0.0009
5.36129
0.0250
8.46691
0.0055

4.3.2.2 Nitrate
Soil nitrate measured using the 2M KCl extraction was not significantly different
from fall to spring or between the winter feeding and control sites (Tables 4.13 and 4.14).
The PRS exchangeable nitrate decreased from fall to spring as was the case with
exchangeable ammonium and phosphorus (Tables 4.11 and 4.7). Uptake of nitrate in
spring by grass roots and soil microorganisms is an explanation for this decline.
The 2M KCl extractable nitrate content in the soil sampled in May, 2004 from the
site in the Jungnitsch (2008) study had higher average nitrate content in the control and
bale grazed site (winter feeding) compared to the soil sampled in the control and winter
feeding site in this study on May, 2009. This would suggest, as discussed previously,
that by the time of sampling in Jungnitsch (2008) study, the ammonium was already
undergoing conversion to nitrate. The conversion produced a significant difference
between the average nitrate content of the control compared to the bale grazed site in the
Jungnitsch (2008) study, which was not the case in the current study.
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Table 4.13 Fall, 2008 and spring, 2009 soil 2M KCl extractable and PRS probe
exchangeable nitrate.
Plot
Mean

2M KCl Nitrate
Min

PRS Exchangeable Nitrate
Mean
Min
Max

Max

Fall, 2008
----------------- (µg g-1) --------------- ----------------- (µg cm-2) ---------------Control
4.3a
0.03
7.8
7.7a
2.3
17.7
Winter feeding
3.8a
0.4
8.6
5.5a
0.4
13.7
Spring, 2009
Control
3.2a
0.5
9.0
2.7b
0.2
9.7
Winter feeding
4.9a
0.2
14.6
3.0b
0.1
11.3
a,b
Numbers within columns with same letter designation are not significantly different
(P<0.05).
Table 4.14 ANOVA results of significance between soluble nitrate and PRS probe
exchangeable nitrate in the control plots versus the winterfeed plots
and the influence of season.
Fixed Factor

numDFa

denDFb

Nitrate
F-value

d

P-valuec

----------- (µg g-1) --------2.1730
0.1474
0.4511
0.5052
0.0244
0.8765
5.6218
0.0219

Plot 2008
1
45
Plot 2009d
1
45
Season
1
47
Plot*Season
1
47
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot
4.4
4.4.1

Exchangeable Nitrate
F-value
P-valuec

-------- ( µg cm-2 ) -------0.5939
0.4450
0.4201
0.5202
110.6612
<.0001
13.6153
0.0006

Surface Residue
Phosphorus
The winter feeding surface residue collected and assessed in this study is a

mixture of wasted and soiled feed along with cattle excreted urine and feces deposited on
the surface of the soil. The residue was sampled and collected at the same time as the
soil samples beneath on May 4, 2009 after the snowmelt runoff was completed. Water
extractable phosphorus found in the residue was variable, with a maximum value of 2
054 µg P g-1 and a minimum of 64 µg P g-1 (Table 4.15).
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The majority of the phosphorus in the residue was in the organic phosphorus
form, with an average concentration of 1 943 µg P g-1 (Table 4.16) compared to the water
extractable phosphorus concentration average of 711 µg P g-1 (Tables 4.15). The high
organic P content reflects the feed waste mixed in with the excreted feces and urine,
because according to Floate (1970), phosphorus in feces is mainly in the inorganic form.
During the early spring there may have been little movement of phosphorus from the
surface residue into the mineral soil beneath, explaining the limited effect of winter
feeding on soil P levels in the samples of collected on May 4.
Table 4.15 Water extractable phosphorus in residue sampled from the winter
feeding site in spring 2009
Plot
Mean

Spring, 2009
Winter feeding

Phosphorus
Min

Max

-1

------------------------------- (µg g ) -------------------------------711
64
2054

Table 4.16 Organic phosphorus in residue sampled from the winter feeding site in
spring 2009
Plot
Mean

Spring, 2009
Winter feeding
4.4.2

Organic Phosphorus
Min

Max

------------------------------- (µg g-1) -------------------------------1943
549
5724

Nitrogen

4.4.2.1 Ammonium
The ammonium extracted from the residue by water was variable as was seen
with the phosphorus concentrations, ranging from a maximum value of 3 512 µg NH4-N
g-1 to a minimum of 131 µg NH4-N g-1 (Table 4.17). The average ammonium
concentration of 454 µg NH4-N g-1 measured in the residue was much higher than the 42
µg NH4-N g-1 measured in the soil (Tables 4.11 and 4.17). The ammonium levels in the
residue were elevated to a point that it is reasonable that both the soil beneath and the

86
water passing through the residue upon snowmelt would show elevated concentrations
(Figure 4.6 and Table 4.11).
Table 4.17 Ammonium in residue sampled from the winter feeding site in spring
2009
Plot
Mean

Spring, 2009
Winter feeding

Ammonium
Min

Max

-1

------------------------------- (µg g ) -------------------------------454
131
3512

4.4.2.2 Nitrate
Water extractable nitrate measured in the residue was present at much lower
concentrations than ammonium. This is consistent with low nitrate concentrations in the
ponded runoff water and soil samples (Table 4.18, Figure 4.9 and Table 4.13). The
residue nitrate measurements ranged from 2 µg NO3-N g-1 to 59 µg NO3-N g-1 (Table
4.18). The average nitrate levels in the residue (23 µg NO3-N g-1) were higher than levels
found in the soil (4.9 µg NO3-N g-1) (Tables 4.18 and 4.13).
Table 4.18 Nitrate in residue sampled from the winter feeding site in spring 2009
Plot
Mean

Spring, 2009
Winter feeding
4.5

Nitrate
Min

Max

------------------------------- (µg g-1) -------------------------------23
2
59

Summary
The interaction of the winter feeding residue (cattle manure and uneaten bedding

and feed) and soil with the surface runoff water influenced the nutrient content in the
surface and ground water. Orthophosphate-P, ammonium-N and organic nitrogen
concentrations were elevated to levels up to 19.9 mg PO4-P L-1, 102.3 mg NH4-N L-1 and
277.7 mg N L-1 respectively in the ponded runoff from the winter feed treatment basins
compared to the controls (2.1 mg PO4-P L-1, 1.72 mg NH4-N L-1 and 17.1 mg N L-1). The
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average maximum export from the winter feed basins was also elevated at 1.96 kg PO4-P
ha-1, 7.2 kg NH4-N ha-1 and 71.9 kg N ha-1 compared to the control (0.34 kg PO4-P ha-1,
0.28 kg NH4-N ha-1 and 2.04 kg N ha-1). Nitrate-N average concentration and maximum
export in snowmelt runoff water were similar from the winter fed areas (0.3 mg NO3-N L1

and 0.07 kg NO3-N ha-1) and the control (0.2 mg NO3-N L-1 and 0.58 kg NO3-N ha-1).

The reduced temperature during the spring runoff was not conducive for the organic N,
urea and ammonium in the urine and fecal matter to be converted to nitrate.
In the ground water there was a slight increase in nutrient ion concentration in the
winter feed basins compared to the control expect for nitrate. The elevated nutrient
concentration measured in the winter feed ground water was influenced by preferential
flow or a leak at the joint of the winter feed piezometers and should be kept in mind went
reviewing the results. The average concentration of orthophosphate-P, ammonium-N and
organic nitrogen were 0.30 mg PO4-P L-1, 4.5 mg NH4-N L-1 and 6.73 mg N L-1
respectively from the winter feeding ground water compared to 0.02 mg PO4-P L-1, 0.28
mg NH4-N L-1 and 0.52 mg N L-1 from the control. The average nitrate-N concentration
measured in the winter feeding ground water was 0.12 mg NO3-N L-1 compared to the
control (0.38 mg NO3-N L-1). The reduced nitrate measured in the surface water
translated into reduced nitrate levels in the ground water.
The total and fecal coliform counts from the winter feed surface water were as
high as 48 000 counts 100 mL-1 and 24 000 counts 100 mL-1 respectively compared to the
control (2 400 counts 100 mL-1 and 80 counts 100 mL-1). The total and fecal coliform
counts from the ground water were 48 000 counts 100 mL-1 and 2 400 counts 100 mL-1
respectively for the winter feeding site and 2 400 counts 100 mL-1 and 0.9 counts 100
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mL-1 for the control. The presences of cattle with the winter feeding site resulted in
elevated total and fecal coliform counts in both the surface and ground water.
Soil sampled in the spring from the winter feeding site had higher soluble
phosphorus (3.3 µg MK P g-1), ammonium (41.9 µg KCl NH4 g-1) and nitrate (4.9 µg KCl
NO3 g-1) compared to the control (2.2 µg MK P g-1, 7.8 µg KCl NH4 g-1 and 3.2 µg KCl
NO3 g-1). The soluble and exchangeable forms of phosphorus and exchangeable nitrate in
the soil were lower in the spring compared to the fall soil samples for the control and
winter feeding site, possibly due to immobilization by plant and microbial uptake in the
spring. The soluble and exchangeable ammonium and soluble nitrate were elevated in
the winter feeding site in the spring compared to the fall, showing the nutrients from the
residue were being incorporated into the soil.
The residue (cattle manure and uneaten bedding and feed) from the winter feeding
site elevated the nutrients in both the soil and the water. Although, when looking at the
average phosphorus (711 µg PO4-P g-1), ammonium (454 µg NH4-N g-1) and nitrate (23
µg NO3-N g-1) content, there is still potential for more nutrients to be incorporated in the
soil or lost through runoff and leaching.
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CONCLUSION

The combination of feed waste and excreted waste from the cattle during the
overwintering period produced surface material in the pasture (residue) with elevated
phosphorus and ammonium concentrations compared to the control. This interaction of
snowmelt runoff water, with the residue layer resulted in elevated orthophosphate (10.7
mg PO4-P L-1) and ammonium (40.2 mg NH4-N L-1) concentrations in the ponded runoff
water from winter feeding sites. As a result it is recommended that cattle overwintering
sites should be carefully chosen and located in fields and landscapes so as to avoid runoff
water directly entering into sensitive surface and sub-surface water bodies. The soil and
residue nitrate (4.9 µg KCl NO3 g-1 and 23 µg NO3-N g-1) concentrations were lower
overall compared to phosphorus (3.3 µg MK P g-1 and 711 µg P g-1) and ammonium (41.9
µg KCl NH4 g-1 and 454 µg NH4-N g-1). This translated into low and similar nitrate
concentrations in ponded runoff water from control (0.2 mg NO3-N L-1) and winter
feeding (0.3 mg NO3-N L-1) sites, which may be explained by cool temperatures limiting
microbial conversion of ammonium originating from urine and fecal material.
The total and fecal coliforms had large counts in the winter feeding site surface
water (48 000 counts 100 mL-1 and 24 000 counts 100 mL-1) and ground water (48 000
counts 100 mL-1 and 2 400 counts 100 mL-1) samples. It would be expected that the
surface water would have high counts because of the large amount of manure being
deposited on the pasture. The high E. coli counts from the ground water were unexpected
and may have been a result of a rapid direct entry of surface water to the ground water.
This information is important to consider because these levels would be unhealthy if
introduced into drinking water.
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Lower soluble and exchangeable soil phosphate in spring compared to fall may be
explained by rapid plant and microbial uptake of soil P in spring, as well as limited
transfer to the soil of the phosphate contained in the residue above. However, there is
potential for future transport of orthophosphate because it remains in the residue
interacting with surface runoff from rainfall later in the season. This is also the case for
ammonium in the soil.
This study provides a better understanding of the potential impact of winter
feeding in-pasture systems on surface and ground water quality, nutrient export and
retention on the Canadian prairies. There is potential for continued research on the
impact of winter feeding in-field systems:
•

A study conducted on annual cropping land with swath grazing would be of
interest to determine water quality and nutrient export under this management.

•

Another possible study would involve a lower stocking rate repeated over
multiple winters to measure the nutrient accumulation and determine how
stocking rate and return to the same site affects the amount of nutrient exported.

•

Analyzing the particulates in the runoff water would be useful in another study
because only dissolved nutrients were measured in the current study.

•

In a future study the runoff water could be collected into troughs and in basins to
compare the two methods.

•

Another possible study would be to measure the biomass production and nutrient
quality of the grass or crop after a few years to observe the long term effect on
productivity and nutrient retention after winter feeding occurred.
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The practice of winter feeding cattle on open pasture or annual crop land is increasing in
popularity and more information is needed as to the impact this system has on the
environment.

92
6

REFERENCES

Adriano, D.C., L.T. Novak, A.E. Erickson, A.R. Wolcott and B.G. Ellis. 1975. Effect
of long term land disposal by spray irrigation of food processing wastes on some
chemical properties of the soil and subsurface water. J. Environ. Qual. 4: 242-248.
Alaoui-Sossé, B., B. Gérard, P. Binet, M.-L. Toussaint and P.-M. Badot. 2005.
Influence of flooding on growth, nitrogen availability in soil, and nitrate reduction
of young oak seedlings (Quarks robber L.). Ann. Forest. Sci. 62: 593-600.
Allaire, S.E., E. van Behoove, G. Thermal and J.-T. Default. 2010. How can we insert
preferential flow processes into risk indicators of diffuse water pollution? In E.
van Behoove, P.E. Vanrollegham, P.A. Chambers, B. Novotna and G. Thériault
(Eds), Diffuse Pollution and Eutrophication: DIPCON 2010 (pp. 82). Conférence
sur la pollution diffuse 2010 inc. Québec, Canada.
Allred, B.J., J.M. Bigham and G.O. Brown. 2007. The impact of clay mineralogy on
nitrate mobility under unsaturated flow conditions. V. Z. J. 6: 221-232.
American Public Health Association. 1996. Standard methods for the examination of
water and wastewater. APHA, Washington, DC.
American Society of Agricultural and Biological Engineers. 2005. Manure production
and characteristics. ASABE Standards D384.2. St. Joseph, MI.
American Society of Agricultural Engineers. 2003. Manure production and
characteristics. ASAE Standards D384.1. St. Joseph, MI.
Barrow, N.J. 1987. Return of nutrients by animals. In: Snaydon, R.W. (Editor),
Managed Grasslands, part B, pp. 181-186. Elsevier, Amsterdam, Netherlands.

93
Beauchemin, S., R.R. Simard. 1999. Soil phosphorus saturation degree: review of some
indices and their suitability for P management in Québec, Canada. Can. J. Soil
Sci. 79: 615-625.
Bechmann, M.E., P.J.A. Kleinman, A.N. Sharpley and L.S. Saporito. 2005. Freezethaw effects on phosphorus loss in runoff from manured and catch-cropped soils.
J. Environ. Qual. 34: 2301-2309.
Bierman, S, G.E. Erickson, T.J. Klopfenstein, R.A. Stock and D.H. Shain. 1999.
Evaluation of nitrogen and organic matter balance in the feedlot as affected by
level and source of dietary fiber. J. Anim. Sci. 77:1645-1653.
Bowling, L.C. and P.D. Baker. 1996. Major cyanbacterial bloom in the Barwon-Darling
River, Australia, in 1991, and underlying limnological conditions. Mar. Freshwat.
Res. 47:643-657.
Burkart, M.R., W.W. Simpkins, A.J. Morrow and J.M. Gannon. 2004. Occurrence of
total dissolved phosphorus in unconsolidated aquifers and aquitards in Iowa.
(JAWRA) J. Am. Water Resour. Assoc. 40:827-834.
Calcott, P.H., S.K. Lee and R.A. MacLeod. 1976. The effect of cooling and warming
rates on the survival of a variety of bacteria. Can. J. Microbiol. 2:106-109.
Canadian Cattleman’s Association. 2010. History of the cattle industry. [Online].
Available at http://cowcalf.cattle.ca/history. (assessed 6 September 2010;
confirmed 6 September 2010). Canadian Cattleman’s Association, Calgary, AB.
Chapuis-Lardy, L., N. Wrage, A. Metay, J.-L. Chotte and M. Bernoux. 2007. Soils, a
sink for N2O? A review. Global Change Biol. 13: 1-17.
Clough, T.J., S.F. Ledgard, M.S. Sprosen and M.J. Kear. 1998. Fate of 15N labeled

94
urine on four soil types. Plant Soil 199: 195-203.
Crawley, M.J. 2007. The R book. John Wiley & Sons Ltd, Chichester, England.
Daniel, T.C., A.N. Sharpley, D.R. Edwards, R. Wedepohl and J.L. Lemunyon. 1994.
Minimizing surface water eutrophication from agriculture by phosphorus
management. J. Soil Water Conservat. 49:30-38.
Daniel, T.C., A.N. Sharpley and J.L. Lemunyon. 1998. Agricultural phosphorus and
eutrophication: a symposium overview. J. Environ. Qual. 27:251-257.
de Freitas, J.R., J.J. Schoenau, S.M. Boyetchko and S.A. Cyrenne. 2003. Soil
microbial populations, community composition, and activity as affected by
repeated applications of hog and cattle manure in eastern Saskatchewan. Can. J.
Microbiol. 49: 538-548.
de Haan, F.A.M. 1964. The negative adsorption of anions (anion exclusion) in systems
with interacting double layers. J. Phys. Chem. 68: 2970-2977.
Eghball, B. and J.F. Power. 1994. Beef cattle feedlot manure management. J. Soil
Water Conservat. 49: 113-122.
Elliott, J. 2010. National Hydrology Research Center, Environment Canada, Saskatoon,
SK.
Ertl, D.S., K.A. Young and V. Raboy. 1998. Plant genetic approaches to phosphorus
management in agricultural production. J. Environ. Qual. 27:299-304.
Floate, M.J.S. 1970. Mineralization of nitrogen and phosphorus from organic materials
of plant and animal origin and its significance in the nutrient cycle in grazed
upland and hill soils. Grass Forage Sci. 25:295-302.
Forman, R.T.T. 1995. Land mosaics: the ecology of landscapes and

95
regions. Cambridge University Press, Cambridge, New York.
Freney, J.R. 2005. Options for reducing the negative effects of nitrogen in agriculture.
Sci. China C Life Sci. 48: 861-870.
Gburek, W.J. and A.N. Sharpley. 1998. Hydrologic controls of phosphorus loss from
upland agricultural watersheds. J. Environ. Qual. 27: 267-277.
Glozier, N.E., J.A. Elliot, B. Holliday, J. Yarotski and B. Harker. 2006. Water quality
characteristics and trends in a small agricultural watershed: South Tobacco
Creek, Manitoba, 1992-2001. Environment Canada, Ottawa, ON.
Haygarth, P.M. and S.C. Jarvis. 1999. Transfer of phosphorus from agricultural soils.
Adv. Agron. 66:195-249.
Havlin, J.L., J.D. Beaton, S.L. Tisdale and W.L. Nelson. 2005. Soil Fertility and
Fertilizers: An introduction to nutrient management (Seventh Ed). PearsonPrentice-Hall, New Jersey, USA.
Jawson, M.D., L.F. Elliott, K.E. Saxton and D.H. Fortier. 1982. The effect of cattle
grazing on indicator bacteria in runoff from a Pacific Northwest watershed. J.
Environ. Qual. 11:621-627
Jackson, L.E., M. Burger and T.R. Cavagnaro. 2008. Roots, nitrogen transformations,
and ecosystem services. Annu. Rev. Plant Biol. 59: 341-363
Jones, D.L. 1999. Potential health risks associated with the persistence of Escherichia
coli O157 in agricultural environments. Soil Use Manag. 15: 76-83.
Jones, R. and G.F. Lee. 1982. Recent advances in assessing impact of phosphorus loads
on eutrophication-related water quality. Water Res. 16: 503-515.
Jungnitsch, P.F. 2008. The effect of cattle winter feeding systems on soil nutrients,

96
forage growth, animal, performance, and economics. Saskatoon, Canada: M.Sc.
Thesis. Head of the Department of Soil Science.
Kafkafi, U. 2002. Root growth under stress: salinity. p.375-391. In Y. Waisel et al. (ed.)
Plant roots: the hidden half. Marcel Dekker, Inc., New York.
Keeney, D.R. and D.W. Nelson. 1982. Nitrogen – inorganic forms. In: A.L. Page, R.H.
Miller, and D.R. Keeney (eds.) Methods of soil analysis. Part 2. Chemical and
microbiological properties. Agronomy Monograph no. 9. 2nd Edition. ASA-SSSA:
Madison, WI, USA. P643-698.
King, L.D., J.C. Burns and P.W. Westerman. 1990. Long-term swine lagoon effluent
applications on ‘Coastal’ bermudagrass. II. Effect on nutrient accumulation in
soil. J. Environ. Qual. 19:756-760.
Kleinman, P.J.A., A.N. Sharpley, L.S. Saporito, A.R. Buda and R.B. Bryant. 2009.
Application of manure to no-till soils: phosphorus losses by sub-surface and
surface pathways. Nutr. Cycl. Agroecosyst. 84:215-227.
Kudva, I.T., K. Blanch and C.J. Hovde. 1998. Analysis of Escherichia coli O157:H7
survival in ovine or bovine manure and manure slurry. Appl. Environ. Microbiol.
64: 3166-3174.
Larney, F.J. and X. Hao. 2007. A review of composting as a management alternative
for beef cattle feedlot manure in southern Alberta, Canada. Bioresource Technol.
98: 3221-3227.
Larney, F.J., A.F. Olson, P.R. DeMaere, B.P. Handerek and B.C. Tovell. 2008.
Nutrient and trace element changes during manure composting at four southern
Alberta feedlots. Can. J. Soil Sci. 88:45-59.

97
Lawton, L.A. and G.A. Codd. 1991. Cyanobacterial (blue-green algal) toxins and their
significance in UK and European waters. J. Inst. Water Environ. Manag. 5:460465.
Lenehan, N.A., J.M. DeRouchey, T.T. Marston and G.L. Marchin. 2005.
Concentrations of fecal bacteria and nutrients in soil surrounding round-bale
feeding sites. J. Anim. Sci. 83:1673-1679.
Malagoli, P., P. Lainé, E. Le Deunff, L. Rossato, B. Ney and A. Ourry. 2004.
Modeling nitrogen uptake in oilseed rape cv capitol during a growth cycle using
influx kinetics of root nitrate transport systems and field experimental data. Plant
Physiol. 134:288-400.
McDowell, R., A. Sharpley and P Withers. 2002. Indicator to predict the movement of
phosphorus from soil to subsurface flow. Environ. Sci. Technol. 36: 1505-1509.
Meybeck, M. 1982. Carbon, nitrogen and phosphorus transport by world rivers. Am. J.
Sci. 282: 401-450.
Mielke, L.N. and A.P. Mazurak. 1976. Infiltration of water on a cattle feedlot.
Transactions of the ASAE 19:341-344.
Murphy, J. and J.P. Riley. 1962. A modified single solution method for the
determination of phosphates in natural waters. Anal. Chim. Acta. 27: 31-36.
Näsholm, T., K. Kielland and U. Ganeteg. 2009. Uptake of organic nitrogen by plants.
New Phytol. 182:31-48.
Olsen, S.R., C.V. Cole, F.S. Watanabe and L.A. Dean. 1954. Estimation of available
phosphorus in soils by extraction with sodium bicarbonate. USDA Circ. 939.

98
Olson, B.M., J.J. Miller, S.J. Rodvang and L.J. Yanke. 2005. Soil and ground water
quality under a cattle feedlot in southern Alberta. Water Qual. Res. J. Canada.
40:131-144.
Olson, B.M. and L.W. Papworth. 2006. Soil Chemical Changes following manure
application on irrigated alfalfa and rainfed timothy in southern Alberta. Can. J.
Soil Sci. 86: 119-132.
Oliver, D.M., P.M. Haygarth, C.D. Clegg and A.L. Heathwaite. 2006. Differential E.
coli die off patterns associated with agricultural matrices. Environ. Sci. Technol.
40:5710-5716.
Owens, L.B. 2011. USDA-ARS, North Appalachian Experimental Watershed,
Coshocton, OH, USA.
Owens, L.B. and M.J. Shipitalo. 2006. Surface and subsurface phosphorus losses from
fertilized pasture systems in Ohio. J. Environ. Qual. 35:1101-1109.
Owens, L.B. and M.J. Shipitalo. 2009. Runoff quality evaluations of continuous and
rotational over-wintering systems for beef cows. Agr. Ecosyst. Environ. 129:
482-490.
Owens, L.B., R.W. Van Keuren and W.M. Edwards. 1998. Budget of non-nitrogen
nutrients in a high fertility pasture system. Agri. Ecosyst. Environ. 70: 7-18.
Owens, L.B., R.W. Van Keuren and W.M. Edwards. 1982. Environmental effects of a
medium-fertility 12-month pasture program: I. hydrology and soil loss. J.
Environ. Qual. 11: 236-240.
Pell, A.N. 1997. Manure and microbes: public and animal health problem? J. Dairy Sci.
80: 2673-2681.

99
Pizzolon, L. 1996. Importance of Cyanobacteria as potential factor of toxicity in
continental waters. Interciencia 21: 239-245.
Qian, P. and J.J. Schoenau. 2002. Practical applications of ion exchange resins in
agricultural and environmental soil research. Can. J. Soil Sci. 82: 9-21.
Qian, P., J.J. Schoenau and N. Ziadi, 2008. Ion supply rates using ion exchange resins.
In: M. Carter and E. Gregorich (eds.), Soil sampling and methods of analysis. 2nd
Edition. CRC Press, Boca Raton, FL, USA. P135-140.
Qian, P., J.J. Schoenau and R.E. Karamanos. 1994. Simultaneous extraction of
available phosphorus and potassium with a new soil test: a modification of
Kelowna extraction. Comm. Soil Sci. Plant Anal. 25: 627-637.
Ramos, M.C., J.N. Quinton and S.F. Tyrrel. 2006. Effects of cattle manure on erosion
rates and runoff water pollution by faecal coliforms. J. Environ. Manag. 78:97101.
Rennenberg, H., M. Dannenmann, A. Gessler, J. Kreuzwieser, J. Simon and H.
Papen. 2009. Nitrogen balance in forest soils: nutritional limitation of plants
under climate change stresses. Plant Biology 11: 4-23.
Robertson, G.P. and P.M. Vitousek. 2009. Nitrogen in agriculture: balancing
the cost of an essential resource. Annu. Rev. Environ. Resour. 34: 97-125.
Rossato, L., P. Lainé and A. Ourry. 2001. Nitrogen storage and remobilization in
Brassica napus L. during the growth cycle: nitrogen fluxes within the plant and
changes in soluble protein patterns. J. Exp. Bot. 52: 1655-1663.
Rustad, L.E., J.L. Campbell, G.M. Marion, R.J. Norby, M.J. Mitchell, A.E. Hartley,
J.H.C. Cornelissen, J. Gurevitch and Gcte-News. 2001. A meta-analysis of the

100
response of soil respiration, net nitrogen mineralization, and aboveground plant
growth to experimental exosystem warming. Oecologia 126: 543-562.
Rutherford, P.M., W.B. McGill, J.M. Arocena and C.T. Figueiredo. 2008. Chapter
22: total nitrogen. In: M.R. Carter and E.G. Gregorich (eds.) Soil sampling and
methods of analysis. 2nd Edition. CRC Press, Boca Raton, FL, USA. P239-241.
Saskatchewan Environment. 2006. Surface water Quality Objective: Interim Edition
(EPB 356). [Online]. Available at
http://www.environment.gov.sk.ca/adx/aspx/adxGetMedia.aspx?DocID=768,760,
253,94,88,Documents&MediaID=332&Filename=Surface+Water+Quality+Objec
tives.pdf&l=English (assessed 5 March 2011; confirmed 21 March 2011).
Saskatchewan Environment, Regina, SK.
Saskatchewan Soil Survey. 1992. The Soils of Prairie Rose Rural Municipality No. 309,
Saskatchewan. Saskatchewan Institute of Pedology. University of Saskatchewan,
Saskatoon, Canada.
Schimel, J.P. and J. Bennett. 2004. Nitrogen mineralization: challenges of a changing
paradigm. Ecology 85: 591-602.
Schoenau, J.J. and I.P. O’Halloran. 2008. Sodium bicarbonate extractable phosphorus.
In: M. Carter and E. Gregorich (eds.), Soil sampling and methods of analysis. 2nd
Edition. CRC Press, Boca Raton, FL, USA. P89-94.
Schoenau, J.J. and W.Z. Huang. 1991. Anion exchange membrane, water, and sodium
bicarbonate extractions as soil tests for phosphorus. Comm. Soil Sci. Plant Anal.
22: 465-492.

101
Sharpley, A.N. 1985. Depth of surface soil-runoff interaction as affected by rainfall, soil
slope, and management. Soil Sci. Soc. Am. J. 49:1010-1015
Sharpley, A.N., S.J. Smith, O.R. Jones, W.A. Berg and G.A. Coleman. 1992. The
transport of bioavailable phosphorus in agricultural runoff. J. Environ. Qual.
21:30-35.
Shaw, M.R. and J. Harte. 2001. Control of litter decomposition in a subalpine meadowsagebrush steppe ecotone under climate change. Ecol. Appl. 11: 1206-1223.
Sims, J.T., R.R. Simard and B.C. Joern. 1998. Phosphorus loss in agricultural
drainage: historical perspective and current research. J. Environ. Qual. 27: 277293.
Singh, A., J.R. Bieudo and S.R. Workman. 2008. Runoff and drainage water quality
from geotextile and gravel pads used in livestock feeding and loading areas.
Bioresource Technol. 99:3224-3232.
Sommers, L.E., D.E. Nelson and L.B. Owens. 1979. Status of inorganic phosphorus in
soils irrigated with municipal wastewater. Soil Sci. 127: 340-350.
Stark, J.M. and M.K. Firestone. 1996. Kinetic characteristics of ammonium-oxidizer
communities in a California oak woodland-annual grassland. Soil Biol. Biochem.
28: 1307-1317.
Statistics Canada. 2008. Cattle statistics. Catalogue no. 23-012-X. vol.7, no. 2. Statistics
Canada. Ottawa, ON.
Stumborg, C., J.J. Schoenau and S.S. Mahli. 2007. Nitrogen balance and accumulation
pattern in three contrasting prairie soils receiving repeated applications of liquid
swine and solid cattle manure. Nutr. Cycl. Agroecosyst. 78: 15-23.

102
Steenhuis, T.S., G.D. Bubenzer, J.C. Converse and M.F. Walter. 1981. Winter-spread
manure nitrogen loss. Transactions of the ASABE. 24: 436-449.
Technicon Industrial Systems. 1973a. Orthophosphate in water and wastewater.
Industrial Method No. 94-70W. Technicon Industrial Systems, Tarrytown, NY.
Technicon Industrial Systems. 1973b. Nitrate and nitrite in water and wastewater.
Industrial Method No. 94-70W. Technicon Industrial Systems, Tarrytown, NY.
Udert, K.M., T.A. Larsen, M. Biebow and W. Gujer. 2003. Urea hydrolysis and
precipitation dynamics in a urine collecting system. Water Res. 37: 2571-2582.
Vollenweider, R.A. 1971. Scientific fundamentals of eutrophication of lakes and flowing
waters, with particular reference to nitrogen and phosphorus as factors in
eutrophication. Organization for economic co-operation and development, Paris.
Wang, D. and D.W. Anderson. 1998. Direct measurement of organic carbon content in
soils by the Leco CR-12 carbon analyzer. Commun. Soil Sci. Plant Anal. 29:1521.
Wang, Q., R. Munoz-Carpena, A. Foster and K.W. Migliaccio. 2011. Ground water
sampling. In Y. Li and K. Migliaccio (eds) Water quality concepts, sampling and
analyses, CRC press, Boca Raton, FL, USA.
Wenger, S. 1999. A review of the scientific literature on riparian buffer width, extent and
vegetation. Institute of Ecology, University of Georgia, Athens, Georgia.
Weaver, R.W., J.A. Entry and A. Graves. 2005. Numbers of fecal streptococci and
Escherichia coli in fresh and dry cattle, horse, and sheep manure. Can. J.
Microbiol. 51: 847-851.

103
Whitehead, D.C. and A.W. Bristow. 1990. Transformation of nitrogen following the
application of 15N-Labelled cattle urine to as established grass sward. J. Appl.
Ecol. 27: 667-678.
Williams, P.H. and R.J. Haynes. 1999. Influence of improved pastures and grazing
animals on nutrient cycling within New Zealand soils. New Zeal. J. of Ecol. 14:
49-57.
Wilkerson, V.A., D.R. Mertens and D.P. Casper. 1997. Prediction of excretion of
manure and nitrogen by Holstein dairy cattle. J. Dairy Sci. 80: 3193-3204
World Health Organization (2004) Waterborne Zoonoses: Identification, Causes and
Control. (J.A. Cotruvo, A. Dufour, G. Rees, J. Bartram, R. Carr, D.O. Cliver, G.F.
Craun, R. Fayer, and V.P.J. Gannon, Eds.). IWA Publishing, London, UK. ISBN:
1 84339 058 2.
Wrage, N., G.L. Velthof, M.L. van Beusichem and O. Oenema. 2001. Role of nitrifier
denitrification in the production of nitrous oxide. Soil Biol. Biochem. 33: 17231732.
Xu, H.-S., N. Roberts, F.L. Singleton, R.W. Attwell, D.J. Grimes and R.R. Colwell.
1982. Survival and viability of nonculturable Escherichia coli and Vibrio cholerae
in the estuarine and marine environment. Microb. Ecol. 8:313-323.

104
APPENDIX A – SNOW SURVEY
Table A.1 Snow survey completed March 30, 2009 to measure snow mass, depth of
snow during collection, snow volume, snow density from the winter
feeding site.
Grid Point
Winter
feeding
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
Mean

Collected Snow
--------(g)--------

Snow Depth SWE
-----------(cm)----------

Snow Volume
-----(cm3)-----

Snow Density
---(g cm-3)---

200.0
323.1
168.6
408.7
257.7
348.1
158.5
495.3
320.1
494.8
353.9
401.2
240.9
339.6
382.4
206.9
232.4
281.2
204.7

9
14
5
23
15
18
17
27
15
23
20
23
19
15
26
21
9
23
26

6.6
10.7
5.6
13.6
8.6
11.6
5.3
16.5
10.6
16.4
11.8
13.3
8.0
11.3
12.7
6.9
7.7
9.3
6.8

270.8
421.3
150.5
692.1
451.4
541.7
511.6
812.5
451.4
692.1
601.9
692.1
571.8
451.4
782.4
632.0
270.8
692.1
782.4

0.74
0.77
1.12
0.59
0.57
0.64
0.31
0.61
0.71
0.71
0.59
0.58
0.42
0.75
0.49
0.33
0.86
0.41
0.26

248.7
78.7
342.7

14
0
34

8.3
2.6
11.4

421.3

0.59

1023.2

0.33

102.8
286.6

11
17.7

3.4
9.5

331.0
556.7

0.31
0.58
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Table A.2 Snow survey completed March 30, 2009 to measure snow mass, depth of
snow during collection, snow volume, snow density from the control
site.
Grid Point
Control
25
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
Mean

Collected Snow
--------(g)--------169.2
92.1
123.4
280.6
142.7
125.8
134.4
280.3
90.8
229.8
230.4
512.8
141.3
118.8
58.1
336.6
205.7
128.1
132.1
127.9
123.9
132.7
133.6
255.9
109.0
176.6

Snow Depth SWE
-----------(cm)---------28
5.6
15
3.1
19
4.1
25
9.3
28
4.7
29
4.2
44
4.5
44
9.3
18
3.0
32
7.6
58
7.7
61
17.0
24
4.7
16
3.9
14
1.9
60
11.2
28
6.8
19
4.3
24
4.4
24
4.3
22
4.1
23
4.4
23
4.4
43
8.5
19
3.6
29.6
5.9

Snow Volume
-----(cm3)----842.6
451.4
571.8
752.3
842.6
872.7
1324.1
1324.1
541.7
963.0
1745.4
1835.7
722.2
481.5
421.3
1805.6
842.6
571.8
722.2
722.2
662.1
692.1
692.1
1294.0
571.8
890.8

Snow Density
---(g cm-3)--0.20
0.20
0.22
0.37
0.17
0.14
0.10
0.21
0.17
0.24
0.13
0.28
0.20
0.25
0.14
0.19
0.24
0.22
0.18
0.18
0.19
0.19
0.19
0.20
0.19
0.20
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APPENDIX B - HYDROLOGY
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Figure B.1 Ponded surface runoff water depths measured with the SR50 (measured
every half hour) during snowmelt starting March 31 until April 20.
♦
Control Basin 1
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Control Basin 2
▲
Winter feeding Basin 1
×
Winter feeding Basin 2
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APPENDIX C - WATER DATA
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Figure C.2 Average organic carbon concentration in ponded surface runoff water
collected March 31 to April 19.
w

The bars denote standard deviation
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Figure C.3 Cumulative organic carbon export in ponded surface runoff water
collected March 31 to April 19.
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Figure C.4 Average concentration of organic carbon in piezometer water samples
that were collected weekly from April 2, 2009 to June 30, 2009.
w

The bars denote standard deviation
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APPENDIX D – SOIL
Table D.1 Fall, 2008 and spring, 2009 soil organic phosphorus.
Plot

Organic Phosphorus
Min

Mean

Max

-1

Fall, 2008
------------------------------- (µg g ) -------------------------------Control
694.8a
463.7
916.4
Winter feeding
673.7a
512.4
852.9
Spring, 2009
Control
565.8b
327.2
905.8
Winter feeding
618.8b
5.7
887.7
a,b
Numbers within columns with same letter designation are not significantly different
(P<0.05).

Table D.2 ANOVA results of significance between organic phosphorus in the control
plots versus the winterfeed plots and the influence of season.
Fixed Factor

numDFa

denDFb
F-value

Organic Phosphorus
P-valuec

------------------------------------------------- (µg g-1) -------------------------------------------------Plot 2008d
1
45
0.668
0.4182
Plot 2009d
1
45
1.3146
0.2576
Season
1
47
77.405
<0.0001
Plot*Season
1
47
5.504
0.0232
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot

Table D.3 Fall, 2008 and spring, 2009 soil organic nitrogen.
Plot
Mean

Organic Nitrogen
Min

Max

Fall, 2008
------------------------------- (µg g-1) -------------------------------Control
6551.8d
3234.6
9434.5
Winter feeding
3855.7a
2607.1
6426.6
Spring, 2009
Control
5572.0b
1289.4
14218.2
Winter feeding
5037.9c
11.1
13294.6
a,b,c,d
Numbers within columns with same letter designation are not significantly different
(P<0.05).
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Table D.4 ANOVA results of significance organic nitrogen in the control plots
versus the winterfeed plots and the influence of season.
Fixed Factor

numDFa

denDFb

Organic Nitrogen
F-value

P-valuec

-1

------------------------------------------------- (µg g ) -------------------------------------------------Plot 2008d
1
45
49.77
<0.0001
d
Plot 2009
1
45
5.253
0.0266
Season
1
47
5.11
0.0285
Plot*Season
1
47
5.38
0.0248
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot

Table D.5 Fall, 2008 and spring, 2009 soil extracted Modified Kelowna potassium
and organic carbon.
Plot

Modified Kelowna Potassium
Mean
Min
Max

Mean

Organic Carbon
Min

Max

-1

Fall, 2008
----------------- (%) -------------------------------- ( µg g ) --------------Control
623.7a
239.7
1406.3
4.9d
3.2
8.3
Winter feeding
568.0a
388.3
878.7
3.7a
2.9
5.2
Spring, 2009
Control
592.3b
364.3
1120.2
5.3b
3.0
9.1
Winter feeding
846.9c
2.9
2354.4
4.7c
0.3
7.8
a,b,c
Numbers within columns with same letter designation are not significantly different
(P<0.05).

Table D.6 ANOVA results of significance between Potassium and percentage of
organic carbon in the control plots versus the winterfeed plots and the
influence of season.
Fixed Factor

d

numDFa

denDFb

Modified Kelowna Potassium
F-value
P-valuec

----------- (µg g-1) --------0.65
0.4259
3.472
0.0690
10.43
0.0023
13.64
0.0006

Plot 2008
1
45
Plot 2009d
1
45
Season
1
47
Plot*Season
1
47
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot Spring 2009

Organic Carbon
F-value
P-valuec

-------- ( % ) -------22.992
<0.0001
12.8427
0.0008
12.194
0.0011
0.994
0.3239
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Table D.7 Fall, 2008 and spring, 2009 soil electrical conductivity (EC) and pH.
Plot
Mean

EC
Min

Max

Mean

pH
Min

Max

Fall, 2008
----------------- (dS) ------------------------------- (pH) ---------------Control
0.3a
0.1
0.8
7.7a
6.8
8.0
Winter feeding
0.3a
0.1
0.3
7.7a
6.9
8.1
Spring, 2009
Control
0.3b
0.1
0.7
7.7b
6.8
8.2
Winter feeding
0.4c
0.2
1.4
7.8c
6.9
8.4
a,b,c
Numbers within columns with same letter designation are not significantly different
(P<0.05).

Table D.8 ANOVA results of significance between EC and pH in the control plots
versus the winterfeed plots and the influence of season.
Fixed Factor

numDFa

denDFb

EC
F-value

pH
P-valuec

----------- (DS) --------Plot 2008d
1
45
2.5124
0.1200
d
Plot 2009
1
45
8.5377
0.0054
Season
1
47
14.3691
0.0004
Plot*Season
1
47
24.7420
<0.0001
a
Degrees of Freedom Numerator
b
Degrees of Freedom Denominator
c
Exact P-value
d
Control versus Winter feeding site Plot Spring 2009

F-value

P-valuec

-------- ( pH ) -------0.72
0.3991
6.82
0.0122
2.08
0.1562
1.69
0.1996
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APPENDIX E – RESIDUE
Table E.1 Organic nitrogen from residue sampled from the winter feeding site in
spring 2009
Plot
Mean

Spring, 2009
Winter feeding

Organic Nitrogen
Min

Max

------------------------------- (µg g-1) -------------------------------12888
471
30449
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APPENDIX F - FEEDING SCHEDULE
Table F.1 Feeding schedule for winter feeding site from December 8, 2008 to March
3, 2009.
Supplement
Cattle

Days

80
30
92
2
105
37
84
19
88
Total
* 2:1 ratio

Bales

70
12
103
40
225

Dry
Chopped
Distiller's
Salt
Mineral*
Hay
Grain
----------------(lbs)-----------------(lbs)--- (Block)

Rolled
Barley

10 550
860
11 670
3 830
26 910

0
0
8060
3830
11890

0
0
5490
3600
9090

110
0
165
0
275

1
0
1
0
2

Bedding
(Straw Bales)

5.5
0
2
2
9.5
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APPENDIX G – MANURE CALCULATIONS
Table G.1 Calculation of total cow days per area and total manure produced by the
cows during the winter feeding from December 8, 2008 to March 6,
2009.
Excreted Manure*
Acres
GDAδ
---(ha)--- cows/day/ha
kg/day/cow
80
30
3.6
667
34
92
2
3.6
51
34
105
37
3.6
1 079
34
84
19
3.6
443
34
Totals
88
2 240
δ Grazing Days
* calculated from paper ASAE (2003) assuming 389 kg animal
§ calculated by multiplying Excreted Manure by Days by Cows
Cows

Days

Total Manure§
Kg
81 600
6 256
132 090
54 264
274 210

Table G.2 Calculation of tonnes of manure per area and kilograms of nitrogen and
phosphorus per area from the winter feeding site from December 8,
2008 to March 6, 2009.
Cattle Excreted

Calculation

Manure

274 210 kg ÷ 0.001 kg/tonnes =

Nitrogen
Phosphorus

274.2 tonnes x 5.1§ kg N/tonnes Manure =
274.2 tonnes x 1.7§ kg P/tonnes Manure =

Manure

274.2 tonnes ÷ 3.6 ha =

Nitrogen
Phosphorus
§ Jungnitsch, 2008

1398.5 kg ÷ 3.6 ha =
466.2 kg ÷ 3.6 ha =

Total
----------(tonnes)-------274.2
------------(kg)----------1 398.5
466.2
-------(tonnes/ha)------76.2
----------(kg/ha)--------388.5
129.5

