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Composting livestock mortalities is an environmentally sound and biosecure means of

waste management. A two-year study on cattle mortality composting was conducted in

2004 and2005. A low cost and maintenance approach to composting was utilized for

easy adaptation by producers. A total of 21 static compost piles were constructed on

seven farms in southern Manitoba. Straw, sawdust, straWsawdust, woodchips, and

sunflower hulls were used as carbon amendment. The static pile contained one or two

carcasses per pile and was constructed with or without a liner. Pile temperature and

moisture content were monitored at four layers over seven months. Soil nutrients from

beneath a pile were measured to assess the effectiveness of a plastic liner in preventing

leaching. Percentage of pile volume reduction was also measured. Results showed that

moisture contents tended to progressively increase downward through pile layers while

temperatures remained warmer in the layers near the carcass. Depending on the type of

amendment, average pile temperature ranged from 19.5 to 38.4oC and moisture content

ranged from 30.4 to 72.7o/o. Sawdust as amendment resulted in the most suitable pile

temperatures and moisture for composting. Pile volume of the stradsawdust reduced by

38.4o/o, straw by 3I.3o/o, sawdust by 26.IYo, woodchips by 22.3%o, and sunflower hulls by

4.4%. The presence of a second carcass in a compost pile did not require additional

amendment, slightly increased average pile temperature, and did not affect pile moisture

content when compared to single carcass piles. The use of a plastic liner resulted in

reduced ninate-N and potassium levels in the soil beneath straw compost piles.

Keywords: Composting, Carcass, Cattle, Temperature, Moisture, Liner, Static,
Soil, Carbon, Amendment
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The Livestock Manure and Mortalities Management Regulation (MR 42/95) requires that

livestock mortalities in Manitoba be disposed of in a timely manner by either rendering,

incineration, burial, or composting. Due to issues of biosecurity and cost, rendering, and

incineration are not viable options for many producers. Burial is not possible during

winter months and is only allowed in areas with low water tables. Composting animal

mortalities is a practical solution that provides an environmentally sound and biosecure

means of waste management. Poultry and swine producers more coÍtmonly use this

method of carcass disposal since the deadstock is smaller, decomposes faster, and deaths

occur more frequently. Increasing interest in composting larger deadstock has prompted

research to be done in order to adapt mortality composting techniques to the cattle

industry. Differences arise due to the fact that only approximately 2%o of cattle die per

year and that the larger carcasses take longer to decompose.

Composting is the breakdown of organic material by microbes. To establish and

maintain a microbial population in a compost pile, there must be moisture, oxygen,

carbon to provide energy, and nitrogen for cell growth. Mortality composting requires

these same elements. The animal carcass, which provides moisture and nitrogen, is

placed in contact with an amendment that provides carbon and allows for airflow. The

amendment also acts as the biofilter matenal that absorbs odour and retains heat

generated by the microbes. To establish optimum conditions for mortality composting,

Keener et al. (2000b) recommend the use of an amendment with a particle size that

provides a porosity of 30 to 50%o and a carbon to nitrogen ratio (C:N) of 25:1 to 40:1.

Moisture contents are dependent on the feedstock used and a feasible composting range is
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40-60% (Glanville and Trample 1997). To determine if proper conditions are being met,

internal pile temperatures are usually monitored since temperature is a key indicator of

the composting process (Fonstad et al. 2003). The highest rate of decomposition occurs

at temperatures in the range of 43-66"C while pathogen kill may be achieved if

temperatures rise above 55oC for three consecutive days (Keener and Elwell2003).

Thus, mortality composting can be described as "above ground burial in a biofilter with

pathogen kill by high temperatures" (Keener and Elwell 2003). Since moisture content

affects microbial activity and airflow, it directly influences pile temperature and it is also

useful to monitor.

A low maintenance approach to composting mortalities uses a static pile and reduces

labour and cost by not turning the piles. As well this method eliminates carcass

processing, the manual addition of moisture, and the use of an enclosure. Mukhtar et al.

(2003) employed this approach, which they felt was necessary for it to be adopted by

agricultural producers as a disposal method at the farm level.

Animal mortalities are a nonnal occurrence experienced by all livestock operations. The

proper disposal of the carcass is an issue for many producers whose waste management

options are diminishing. The four methods of mortality management currently

recognized by the Livestock Manure and Mortalities Management Regulation (MR 42/95)

includes rendering, incineration, burial, and composting. Due to concerns surrounding

the spread of Bovine Spongiform Encephalopathy (BSE) and rising fuel costs, rendering

is no longer available to many producers. Incineration is the most biosecure method of

2. REVIEW OF LITERATURE



disposal but available facilities, cost, and air pollution concerns make this option less

feasible (Sander etal.2002). Bwial is a popular method of mortality management since

the carcass is not transferred off the farm. Limitations for this means of carcass disposal

include the requirement of excavation equipment, it cannot be carried out during winter

months, and the producer must consider the potential contamination of groundwater so

that for areas with a high water table this is not an option. Composting is a disposal

method that can also be done on-farm that eliminates the cost of transporting deadstock

and the need for additional equipment that is not already available at most farms.

Although composting raises some environmental concerns, these issues may be remedied

with fairly simple, economical solutions.

Composting is the biological decomposition of organic materials in a predominantly

aerobic environment that occurs spontaneously in nature (Keener et al. 2000b). The

composting process can be broken down into three phases. ln the initial phase

mesophilic microorganisms, which prefer temperatures between 10 and 45oC are

predominant. As heat is generated in the pile the active phase begins. During this phase

thermophilic microorganisms that prefer temperatures in the 45-50'C range thrive and

peak degradation takes place. The third phase is the cooling phase at which point

temperaftrres reach ambient and compost stabilizes (Hellmann et al. 1997).

During composting, bacteria, fungi, and other microorganisms consume organic

matter and oxygen. Heat, water, and carbon dioxide are released as by-products. Factors

that create an optimum environment for microbial populations to be present and

2.1. General principles of composting



proliferate are oxygen, moisture, a properly balanced carbon to nitrogen ratio (C:N), and

temperature (Dougherty 19991' de Bertoldi et al. 1983). As well the microbes prefer a

close to neutral pH ranging from 6.7 to 9.0 (Keener et al. 2000a).

The moisture content of a composting material must sustain microbial growth

without impeding airflow. A reasonable moisture level for composting is between 40 and

65% although the optimum range is from 65-85% (Rynk 1992; Ahn et al. 2005).

De Bertoldi et al. (1983) state that the optimum oxygen content required for

composting should not fall below 18% of the total gas composition. Rynk (1992)

provides a reasonable composting oxygen range of greater than 5o/o.

Carbon (C) provides energy for microorganisms while nitrogen (l.I) is essential

for cell growth and reproduction. Golueke (1992) recommends that aratio of 30 parts of

carbon to one part nitrogen (C:N ratio) is optimum for composting most types of waste.

At a higher C:N ratio the composting process will slow until excess carbon is consumed

and the C:N ratio becomes balanced again. For a lower C:N ratio excess nitrogen will be

lost through ammonia volatilization.

Composting is an exothermic process and the heat produced can be used as an

indicator of composting performance. Optimum composting conditions occur when the

temperature ranges between 45 and 60"C while a reasonable range is considered to be

between 43 to 66"C (Rynk 1992; de Bertoldi et al. 1983).



The composting of organic material has become a popular means of reducing waste.

Composting can be done on a large scale for example to reduce municipal and

agricultural wastes or it can be done on a small scale in the bacþard of any household.

The basic principles of composting apply regardless of the size of the composting

mass and type of raw material being composted. ln order to satisf these principles the

material or amendment must have a structure that allows air and water flow through the

pile while providing a small enough surface area to promote good microbial growth. As

well materials should create a balanced C:N ratio. Suggested amendments that provide a

good carbon source are straw, sawdust, dry leaves, yard trimmings, and woodchips (Rynk

1992; Huang et al. 2004; Carr et al. 2002). Sources of nitrogen include manure,

vegetables, and green grass clippings. The amount of each carbon and nitrogen source

added to the compost to attain a C:N ratio of 30:1 may be estimated for small compost

piles such as bacþard composter while composting recipes have been developed to

calculate the amount required when dealing with larger quantities of material such as

mannre composting (Rynk 1992).

In order to maintain a moisture content of 40-60Yo, water may be added to the

compost pile to supplement the available moisture of the amendments. Again the amount

needed may be estimated or calculated using a composting recipe.

For extremely acidic or basic compost that is outside the pH range of 5.5 to 9.0,

materials such as gypsum may be added to reduce pH or wood ash to increase pH

@ougherty 1999).

2.2. Organic material composting



Since composting requires several materials to be combined, mixing is required to

create a homogeneous compost that ensures nutrients and moisture are available to

microbes throughout the pile (Rynk 1992). Continual mixing or turning of the compost

pile is necessary to ensure airflow into all regions of the pile, dissipate heat to maintain

optimum temperatures, and frrther reduce particle size to increase surface area (Firey

2004; Rynk 1992).

As the organic material composts it loses mass and volume as carbon is lost as

carbon dioxide and the particle size is reduced through microbial degradation

(Breitenbeck}}}4;Nelson etal.2003; Brodie et al. 2000). Finished compost will have a

dark humus look and an earthy odour (Keener et al. 2000a; Mohee and Mudhoo 2005).

2.3.1. Pile structure

While the general principles of composting organic matter apply to mortality composting,

pile structure and management practices differ. Unlike other organic materials, which are

mixed to ensure an even consistency throughout the composting pile, mortality

composting is an inconsistent mixture. The intact c¿ìrcass is placed between layers of

amendment in a "sandwich" formation that Keener et al. (2000b) best describe as

aboveground burial in a biofilter. The bottom layer of amendment or base provides

aeration under the carcass and absorbs liquids. The area of the base must extend past the

carcass when it is placed in the center. The carcass is then covered with amendment that

forms the top layer of the compost pile. The frrnction of this layer is to allow air and

water to flow into the pile, retain heat, and prevent odours. The amount of amendment

2.3. Mortalitycomposting



used is dependent on the size of the animal carcass being composted and properties of the

amendment.

ln mortality compost piles the c¿ìrcass provides the nitrogen and moisture while

the amendment supplies the carbon and creates an aerobic zone or biofilter around the

ca.rcass. Since the animal inside the pile is not homogeneously mixed with the

amendment, anaerobic decomposition occurs in and arotmd the carcass. Odours and

gases produced during the anaerobic breakdown of the carcass diffuse into the

amendment and are ingested by microorganisms to produce water and carbon dioxide.

2.3.2. Oxygen

Keener et al. (2000b) suggest that oxygen levels should be greater than one percent,

which is lower than general composting needs since mortality compost piles are not

turned until the carcass has degraded. The availability of oxygen can also be viewed in

terms of the porosity or the percentage of air-filled pore space in the amendment.

Optimum porosity should be between 30 and 50% (Keener et al. 2000b).

2.3.3. Moisture

The optimum moisture range for composting mortalities does not change from the basic

composting range of 40 to 60%o as the microorganisms needs do not change (Keener et

al. 2000b; Glanville and Trampel1997). As the carcass is degraded liquid is released

which contributes to the pile moisture content.



2.3.4. Nutrient availability

The carbon provided by the amendment must be balanced with the nitrogen provided by

the carcass. Due to variations in amendment and carcass properties and the need to

ensure complete coverage of the animal, the C:N ratio maybe as low as 10:1 or as high as

50:1 (Glanville and Trampel 1997). This differs from the suggested optimum

composting C:N ratio of 30:1. Fulhage (2000) states that the proper coverage of

carcasses may create extremely high C:N ratios that do not appear to limit composting

other than to increase the time it takes to complete the process. Since producers may not

be interested in the time it takes for the process to come to completion, C:N ratios outside

the optimum composting range may be acceptable. Bonhotal etal. (2002) simplifr

mortality composting by overlooking the C:N ratio and suggesting that a 0.6 m thick

base, perimeter, and cover of amendment should be used to surround the carcass

regardless of what type of amendment is used.

A properly balanced C:N ratio should maintain a close to neutral pH of 6.5 to 7.2

(Can et al. 1998).

2.3.5. Temperature

Optimum temperatures for mortality composting are the same as general composting and

range between 43 and 66oC (Keener et al. 2000b). The ability of the entire compost pile

to attain this temperature is more difficult for mortality composting due to the layering of

carcass and amendment (Lawson and Keeling 1999). 'When 
temperatures remain above

55"C for three consecutive days most pathogenic viruses and bacteria are destroyed with

the exception of spores (Sander et aI.2002). Dougherty (l 999) points out that pathogen



destruction is not solely due to high temperatures but is a due to a combination of

temperature and the natural competition and predation of organisms.

2.3.6. Pile turning

General composting practices suggest frequent turning of the pile to generate a

homogeneous mixture and to provide good aeration. For mortality composting it is

recommended that the piles not be turned until the carcass has fully decomposed in order

prevent exposrrre of the animal tissue that would cause odours and attract nuisances

(Keener et al. 2000b). Research done by Mukhtar et al. (2003) found that the time

required for large horse and cattle carcasses to decompose enough to be tumed is between

3 and 6 months.

The poultry industry was the first to use composting as a method to dispose of

mortalities. Since the 1980's it has become an environmentally acceptable means of

waste management (McCaskey et al. 1996). A method of placing birds in a single layer

between alternating layers of amendment was adopted to accommodate frequent

mortalities, ensure that there was enough body mass available for the composting

process, and to avoid creating wet spots that would result in poor composting (Glanville

and Trampel1997). Poultry composting research conducted by Lawson and Keeling

(1999) and Gonzalez and Sanchez (2005) found that laying hen carcasses are successfully

degraded a"fter only eight weeks. Finished poultry compost resembles dry, granular litter

with few bones and feathers remaining (Fulhage 1995).

2.4. Poultry composting



The success experienced in poultry composting lead to the application of this disposal

method in the swine industry (Stanford et al. 2000; Fulhage 1995). Contrary to the

opinion that swine are too large and their hides too tough for composting research has

found that if composting is done right, the size of carcass does not matter (Sherman-

Huntoon 2000). Research trials determined that composting is a safe method of swine

carcass disposal that generates no odour and creates conditions conducive for pathogen

kill (Garcia-Siera 2001). Morrow et al. (1995) constructed multiple layered compost

piles during their swine composting research in order to create enough mass to generate

the temperatures required for the composting process. Laibach and Bonhotal (2004) who

researched deer composting constructed a pile with two layers of carcasses separated by a

single layer of compost that was placed between a 0.6 m thick woodchip base and cover.

Multiple layers were required to generate temperatures since deer, like swine, are

considered to be medium sized carcasses.

2.5. Swine composting

Composting is now being researched as a viable means of disposal for large livestock

such as cattle and horses. Challenges that arise for composting these animals include

dealing with a large body mass that creates unbalanced pile nutrients, a lower frequency

of mortalities so that producers are less likely to invest in a permanent composting

structure, and the increased time required for decomposition. Glanville et al. (2003)

composted cattle carcasses in windrows and found that all soft tissue and organs of a 450

kg carcass were decomposed after 110 day of composting. Mukhtar et al. (2003) found

2.6. Large carcass composting
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that it takes approximately nine months to compost fully-grown intact cattle or horse

carcasses.

Due to lack of research it has not yet been determined whether prions that cause

BSE are destroyed in the composting process so cattle showing signs of a neurological

disease should not be composted (Bonhotal et a1.2002; Casolari 1993).

The approach taken towards mortality composting differs depending on the needs of the

producer and intended use of the final compost. Some operations take a very costly and

labour intensive approach to mortality composting in order to produce a marketable end

product in a timely manner. Splaying cattle carcasses (slicing length wise and then

flattening) can reduce the composting time from one year to 180 days while mechanically

grinding the carcass can reduce the time to 120 days (Rynk 2003). A more frequent

turning regime for a poultry (Gonzalez and Sanchez2005) or sheep (Stanford et al. 2000)

compost piles could improve the composting process and produce a saleable product.

Morse (2001) suggests adding water to mortality compost piles to ensure piles do not dry

out over the course of the composting process to improve performance.

For on-farm composting, a low maintenance approach can be used. This method of

composting eliminates cleaving or grinding of the carcass, reduces or eliminates the

turning of the compost piles, and adds no water relying only on natural precipitation.

However, Fulhage (2000) and Bonhotal et al. (2002) do suggest puncturing the

abdominal cavity or rumen prior to composting cattle to avoid possible bursting of the

carcass. Mukhtar et al. (2003) reported that horse and cattle carcasses were successfully

2.7. Approaches to composting
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composted using a low maintenance approach that eliminated processing of the carcass,

the manual addition of water, and only tumed the pile twice during the composting trial.

Kalbasi et al. (2005) acknowledged that when applying composting techniques to carcass

disposal, consideration must be given to the quantity and type of amendment used. The

availability of the amendment is an important consideration and on-farm materials are

more economical (Morse 2001). Physical characteristics such as particle size is also an

important consideration so that sufFrcient surface area is provided for microbial growth,

airflow is allowed through the pile, and moisture is absorbed.

Commonly used amendments include sawdust, straw, and woodchips. Sawdust is

recommended as an amendment since it has a small particle size, good absorbency

qualities for both odow and moisture, retains heat, and allows for good bone breakdown

for larger animals (Michel et aI.2004; Morse 2001; Glanville and Trampel 1997). Straw

or hay is considered to work well as an amendment for mortality composting (Ahn et al.

2005). Murphy and Harner (2004) investigated the perforlnance of straw, sawdust,

compost, and the combination of these materials as amendments for composting cattle

carcasses and found that the straw and sawdust on their own produced acceptable

mortality composting results. However, Fulhage (2000) felt that compared to straw,

sawdust is a more ideal amendment. The advantage of using straw as an amendment here

in Manitoba is that it is readily available on most farms and would be an economic

choice. Laibach and Bonhotal (2004) were successful at composting road-killed deer

using woodchips. Various other materials that are suitable to use as composting

2.8. Choice of amendment
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amendments include silage, leaves, and cornstalks. Manure can be added as a

supplementary amendment to increase moisture and speed up the composting process

since microbial populations are already established. Disadvantages to adding manure

include increased nitrogen levels, odows, and presence of flies (Morse 2001).

The type of composting structure used is dependent on the size, number, and the

frequency of mortalities as well as the individual needs of the producer.

2.9.1. Static pile

Static compost piles simply involve stacking materials to create a pile with a size that are

usually less than 1.8 m high and 3.7 mwide in order to allow passive air movement

(Rynk 1992). This type of composting structure is freestanding with no enclosure and as

they are usually built outdoors their performance maybe affected by precipitation, wind,

and outdoor temperatures. Static piles are well suited for mortality composting, as they

are simple, cost effective, and can be done on-farm. Static piles were used by Gorzalez

and Sanchez (2005) to compost poultry and by Fondstad et al. (2003) and Garcia-Siera

(2001) to compost swine. Static piles have not been used for large carcass composting

animals but this could be due to the fact that research in this area is fairly new. If a static

pile is used for mortality composting Keener and Elwell (2003) suggest an impervious

liner be placed below the pile to prevent soil contamination and a fence may be required

to keep away scavenging animals.

2.9. Compostingstructures
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2.9.2. Windrow

A windrow is constructed in a similar manner to the static pile but its shape is longer.

The recommended height of a windrow is I .5 to 2.1m and width is 3 to 6 m (Rynk

1992). Windrows are usually tumed more frequently than static piles and therefore

require more labour and equipment though compost at a faster rate. This type of

composting structure has been adopted as a means of composting livestock mortalities. It

can be used to compost a large number of small caÍcasses such as spent laying hens

(Nelson et al. 2003) or multiple large cattle carcasses (Glanville et al. 2003). The length

of the windrow is dependent on the number of deads and has the benefit of being able to

add on new carcasses. Laibach and Bonhotal (2004) successfully composted deer

carcasses using a windrow structure that was extended each week as new carcasses were

added.

2.9.3. Bin structure

Bin structures are frequently used for mortality composting. Usually the bins are

permanent structwes that are built on an impervious liner such as a concrete pad and may

or may not have a roof depending on the regime for adding moisture. As well several

bins are generally constructed for different stages of composting so that space is always

available and the process can be done continually. The benefit of a bin structure is a

more controlled environment for composting, increased heat retention, and reduced risk

of pile leaching (Morse 2001). This method of composting is used for small to medium

sized mortalities (Kalbasi et al. 2005; Lawson and Keeling 1999). The disadvantage of

the bin system is the cost of construction and the size requirement of the structure if used
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for larger carcasses. However, straw bales on a sub-gravel base have been successfully

used to construct a more economical, non-permanent binlike structure for composing

large carcasses (Muhktar et al. 2003; Murphy and Harner 2004).

2.9.4. In-vessel

Various in-vessel structures may be used for composting but the most common one is a

rotating drum that improves aeration and mixing of compost. Although the in-vessel

composting is effective at controlling odour and vectors, managing leachate, and

decreasing composting time it is also costly (Plana et al. 2001; Mohee and Mudhoo

2004). Currently this type of equipment is used mainly by large farming operations and

not by individual producers (Rynk 2003).

Peigne and Girardin (2004) state that the main environmental impacts of composting are

air pollution and leaching, which contaminate groundwater and soil. Evans (1999) found

that odours were emitted from fish and deer compost piles as a result of insufficient

amendment covering of the carcasses. It is important to completely surround the carcass

with amendment to act as a biof,rlter and prevent air pollution and odours from escaping

the composting pile (Keener and Elwell 2003).

The impact of composting on water sources can be minimized by locating the site

at least 100 m from any surface watercourse, sinkhole, spring, or well (LMMMR 1993).

Building the compost pile on an impervious liner such as a cement pad or compacted clay

2.10. Environmental concerns
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can prevent soil and groundwater contamination. Prevailing winds and public viewing

should also be considered when selecting a composting site (Morse 2001).

Composting mortalities requires agriculture equipment that is usually available on the

farm such as a tractor and bucket to move and lift amendment and carcasses as well as

tum the compost pile. To handle smaller carcasses and manage small bin structures a

skid loader may be preferred for maneuverability. For operations that generate large

amounts of compost for marketing purposes, additional equipment such as grinders,

screeners, and windrow turners may be required (Kalbsi et al. 2005).

Monitoring can be done to ensure conditions are suitable for the composting

process. Temperafure, oxygen, and moisfure are parameters that are generally measured.

Oxygen sensors can be used to monitor pile oxygen. Commercially available sensors can

now take both oxygen and temperature readings (Kalbasi et al. 2005; Fondstad et al.

2003). Brodie et al. (2000) felt that monitoring temperature was preferred since it noticed

changing trends in the pile even though oxygen monitoring can be used to predict a

problem. For manual readings a probe type thermometer with a 0.9 m (3 ft) stem can be

used to take internal pile temperatures (Morse 2001; Brodie et al. 2000). To continually

monitored piles Glanville et al. (2003) and Avnimelech et al. (2004) both placed several

thermocouples throughout the compost pile and attached them to a data logger. Due to

the heterogeneous nature of compost Ekinci et al. (2004) suggests that the optimum

placement of a thermocouple to assess pile temperatures is in the middle layers of the

pile.

2.11. Compostingequipment
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Due to the complex ¿urangement of pores within the compost it is difficult to find

commercial equipment that can accurately determine compost moisture. The most

accurate method of measuring the moisture content in compost is the gravimetric oven

dtying technique. However, the ability of commercially available moisture sensing

devices to measure moisture at many locations without disturbing the pile and provide

faster results are definite advantages of these instruments (Rynk 2000).

Mortality composting research began with poultry carcasses since they are small and

deads occur more frequently. Gonzalez and Sanchez (2005) studied poultry composting

using static piles that contained multiple layers of chicken carcasses, hen manure, and

straw. Temperatures \¡/ere monitored daily at four locations throughout the pile, two in

the upper half and two in the lower half. Water was added to the pile as necessary.

Temperature results showed a fast rise to around 60oC and remained in that range for

approximately 50 days before gradually declining down to ambient temperatures. This

study was successfi.rl at composting the carcasses and reached temperatures that would

result in pathogen kill. The authors tested for temperature variations in the compost pile

due to its layers but did not report any results, only the average pile temperature.

Lawson and Keeling (1999) also placed poultry carcasses between layers of litter

though they used a bin system rather than a static pile. Wire mesh was used as a means

to prevent access to the compost by vermin while still allowing effective aeration.

Temperatures were measured at the center of the compost as well as the in a bottom

corner. Results showed that the chicken carcasses decomposed at the end of eight weeks.

2.12. Mortality composting research
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Temperatures were hotter inside the pile and reachedT\'C while the bottom corner

temperature reached 55oC.

A swine-composting project carried out in Saskatchewan by Fondstad et al.

(2003) concluded that swine carcasses could be successfully composted after 250 days.

An amendment of manure and straw was used and the compost pile was tumed three

times over the duration of the trial. Temperatures and oxygen levels were taken with a

combination instrument while moisture content was measured using the gravimetric

method. Pile volumes were measured with a tape measure. Results of the study found

that temperatures fluctuated between 40 and 60oC, which was slightly lower than those

reached during poultry composting. Pile tuming resulted in an increase in pile

temperature. Measurements taken showed oxygen readings were above 100/o, moisture

contents were in the 40-60Yo range, and the pile volume reduced by 50%.

Morrow et al. (1995) also conducted a swine composting study using wheat straw,

peanut hulls, and turkey litter as amendment. They monitored pile temperatures and

pathogen kill. They concluded that pile temperatures ranging between 54 arñ 64"C

destroyed salmonella. Both carbon amendments were successful at composting the

carcasses but the peanut hulls performed better since they decomposed more quickly.

Less research data is available for composting large livestock since this is a fairly

new concept. Muhktar et al. (2003) found thata low maintenance approach to

composting cattle and horse carcasses was successful at decomposing the carcasses after

nine months. Their method used a bin structure made of straw bales placed in a U shape

on a compacted gravel sub-base and wood shavings with horse manure was used as an

amendment. Temperatures were taken above and below the carcasses with a stem
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thermometer and a data logger. Wooden pallets were placed under the carcass in an

attempt to increase airflow in the bottom of the pile but results showed that after six

months of composting there was no difference between piles built with pallets and

without. Compost temperatures reported were above 55oC and the lower layers were

hotter. Results from both this study and the work done by Lawson and Keeling (1999)

showed that temperature distribution varied within a mortality compost pile. Murphy et

al. (2004) also used a straw bin system to compost cattle but they investigated the

performance of straw, sawdust, compost, and mixtures of the three as composting

amendments. Moisture content readings of 64%o on the outside of the pile and 2lYo near

the carcass were reported but it was not stated with what instrument these readings was

taken. As well temperatures were reported that reached 55"C but no equipment or

schedule was given. Results showed that straw and sawdust amendments on their own

were suitable for carcass composting.

Analysis of the finished compost should be done to check for nutrient values if the

material is to be used as a fertilizer for land application (Morrow and Ferket 1993). Since

no guidelines are available for compost application, manure application rates can be used

for compost when it is applied as a fertilizer. As well disease concerns exist so the

compost should not be used on crops intended for human consumption.

Fulhage (2000) found that finished compost from mortality compost piles still

maintains a high level of carbon due to the unbalanced C:N ratios and that it can be

2.13. Finished compost
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recycled as an amendment for new composting processes. This reduces the cost of new

amendment and provides a microbial inoculant (Morse 2001).

The final compost should also be tested for the presence of pathogens.

Composting standards in Canada (Composting Council of Canada 1998) state that the

quantity of fecal coliforms in compost must be < 1000 Most Probable Number (MPN/g

total solid) and there can be no salmonella present (< 3 MPN/4g total solid). Morrow et

al. (1995) found during their swine composting study that a properly managed compost

pile that reaches temperatures 60oC will destroy l1 of 14 salmonella cultures.

Bones may be present at the end of the composting cycle since the decomposition

of large bones can take over a year. Morrow et al. (1995) felt that the remainder of large

bones from their swine composting trial were not a sign of a failure since the volume of

the carcass was reduced and bones could easily be disposed of by burial or stored and

sent for rendering. Since rendering and burial of the bones would add time and energy to

the composting process the suggestion made by Bonhotal et al. (2002) to add them to the

base of new compost piles to improve aeration and further degrade the bones is a more

feasible solution.

To date little research has been done for the composting of large livestock. Cattle

composting research that has been done was in the United States and has not been studied

under Manitoba conditions. In order for this method of disposal to be adopted by

producers it must be economical and require little time and effort. Therefore a low

maintenance approach should be taken.

2.14. Summary
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Composting livestock mortalities using various available amendments and a non-

permanent liner have not been investigated under the same farm conditions.

Realistically, either a single dead or multiple deads may occur on-farm at the same time.

It would be valuable to study the effects of both single and multiple carcasses per pile on

composting performance. Since mortality compost piles differ internally due to layering

compared to other organic materials that are mixed, the effects of the layers on pile

temperature and moisture should be investigated.

The goal of this project was to investigate the static pile method to compost cattle

mortalities. The primary objective was to study effects of carbon amendment on compost

pile moisture contents and temperatures and the moisture and temperature distribution

throughout the pile layers. Secondary objectives were to examine the effect that the

number of carcasses per pile had on the moisture contents and temperatures, and to assess

the effectiveness of a liner beneath the compost pile to prevent leaching.

3. OBJECTTVES

The major criterion for composting was low cost and low maintenance. Static compost

piles were constructed for the composting trials at all sites. The following low

maintenance approach was used for this project.

o Carcasses were not ground or cleaved;

o No moisture was manually added to the compost piles;

4. MATERIALS AND METHODS

4.1. Criteria for composting
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o Compost piles were not turned once they were established;

o Piles were not enclosed by walls or a roof and were accessible from all sides.

A letter was sent to Manitoba Conservation requesting permission to build the compost

piles without an enclosure to determine if scavenging animals would be a problem and to

reduce cost. The location of the compost piles at the field trial sites complied withThe

Livestock Manure and Mortalities Manøgement Regulation 42/98. Piles were located at

least 100 m from any surface watercourse, sinkhole, spring, or well. The piles were also

located within the operation's boundaries.

In2004, field trial sites for composting cattle mortalities were established on four farms

in Southern Manitoba near the communities of Austin, Pansy, Killamey, and Boissevain.

In 2005, sites at the same farms in Austin and Pansy were used plus a new site at a farm

near Pilot Mound. All sites are shown on the map of Manitoba (Fig. 1). Trials began in

the spring (April - May) of each year and were finished in late fall (october -

November).

The Austin site, position 1 in Fig. 1, had approximately 120 head of cattle. The

surficial soil type at the farm is classified as sandy with rapid drainage. Average annual

precipitation received in this area is 476 mm.

The Pansy site, position 2 in Fig. I , was located at a 4500 head cattle operation.

The surficial soil type at this farm is sandy with rapid drainage. Average annual

precipitation for this area is 539 mm.

4.2. Composting site description
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The Killarney and Boissevain sites, position 3 in Fig. 1, were located in the Turtle

Mountain Conservation District. The Killarney site was on a small farm while the

Boissevain site was located at a feedlot operation with 4000 head of cattle. The surf,rcial

soil type at both of these locations is classified as loamy with well drainage. Yearly

precipitation received in this area is about 531 mm.

Pilot Mound, position 4 in Fig.1, is a mixed operation with cattle, hogs, and crops.

The surhcial soil classification on this farm is loamy with well drainage. The average

annual precipitation for this area is 504 mm.

Figure 1. Map of southem Manitoba showing the field trial sites for the cattle mortality
composting study conducted in2004 and 2005. 1- Austin; 2 - Pansy; 3 -
KillarneylBoissevain; 4 - Pilot Mound.

4.3. Experimental design

4.3.1. Study of carbon amendment

4.3.1.1. Treatments Various carbon amendments were tested to determine which

material provided the best conditions for cattle mortality composting. The amendments

used in the2004 trials were straw, sawdust, woodchips, and sunflower seed hulls. For

the 2005 trials, compost piles were constructed using straw, sawdust, a stradsawdust
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mix, and compost material recycled from the 2004 trials. A total of 12 compost piles

were included in the study of carbon amendment. Table 1 lists the amendments used at

each site. Piles of every amendment were not tested at each site since the necessary

number of deads was not always available.

Table 1. Amendment treatments for piles containing one carcass at different sites.
Site
Austin

Boissevain

Killarney

Pansy

Pilot Mound

Year Amendment

4.3.1.2. Description of carbon amendment

2004 Straw, Sawdust
2005 StradSawdust Mix

2004 Sunflower seed hulls

2004 Straw, Woodchip

2004 Straw, Sawdust
2005 Straw, Sawdust

2005 Straw, Sawdust

Straw Straw was used as a carbon amendment in both years, as it was readily available

on the farms. The large particle size of straw allows airflow through the pile while the

main drawback is that it does not retain heat as well as amendments with smaller particle

sizes. Round straw bales weighing approximately 454kgwere used at all sites, though

the type of straw (wheat or barley) and the age of the bales differed at each location.

Sawdust Sawdust was used as a carbon amendment due to its ability to absorb moisture,

retain heat, provide good surface area for microbial growth, and allow airflow through

the pile. The disadvantage of using sawdust as an amendment is that it is not readily

available on the farm. Two different types of sawdust were used for construction of the
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compost piles. At the Pansy and Pilot Mound sites the sawdust used was fine and light

with a particle size that ranged from approximately 0.05 to 0.5 cm and contained some

thin wood shavings that measured between I and? cm. The sawdust at the Austin site

had a similar particle size but contained heavier pieces of particleboard that were

approximately 1 to 2.5 cm in size.

Woodchip The woodchips used were a mixture of tree branches that had been through a

wood chipper and yard waste. The size of the woodchips varied in from 2.5 to 8 cm. The

disadvantage of this material is that woodchips are not as degradable as other

amendments due to the large particle size combined with a high lignin and cellulose

content. Woodchips were used at the site in 2004because it was a recycled waste

product and was available to the farm.

Sunflower Hull The sunflower hull material was a combination of the outer shells and

seeds. This material was dense and had a small particle size of about 1.5 cm, which

could prevent air and moisture flow through the pile. The sunflower hulls were a by-

product from a nearby sunflower seed processing plant and were chosen as an

amendment due to its availability and the opportunity to recycle a waste product.

Straw/Sawdust Mix A combination of straw from a round bale and sawdust was mixed

to approximately a 60:40 ratio by volume. The combination of the larger particle size of

the straw and the small particle size of the sawdust provided good surface area for

microbial growth while being able to retain heat and allow airflow through the pile.
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Again the disadvantage of this amendment is the lack of availability of sawdust on the

farm.

4.3.2. Study of number of carcasses per pile

4.3.2.1. Treatments All compost piles constructed for the 2004 trials contained only

one cattle carcass per pile. ln the 2005 trials the compost piles were constructed with

either one or two carcasses per pile. The position of the carcass in the compost piles

containing one carcass per pile is demonstrated in Fig.2a. The placement of two

carcasses per pile attempted to improve the C:N ratio by increasing the nitrogen content

of the pile. Overlapping of the bodies as shown in Fig. 2b created a larger body mass

while taking up minimal space. Comparisons between one carcass and two carcasses per

pile were made in 2005 at the Pansy site. Table 2 describes the treatments of the number

of carcasses per pile and amendment.

Figure 2. Cross sectional view of cattle mortality composting pile showing the
positioning of (a) one carcass/pile and (b) trvo carcasses/pile,2005.

(a) (b)
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Table 2. Treatments of number of carcasses per pile at Pansy site in 2005.
Treatrnent
Straw-lC Straw with one carcass per pile
Straw-2C Straw with two c¿ì.rcass per pile

Sawdust-lC Sawdust with one carcass per pile
Sawdust-2C Sawdust with two carcass per pile
Windrow Compost Mix with 18 carcasses

4.3.3. Study of liner

4.3.3.1. Treatments A liner placed under a compost pile was used to prevent any

potential leaching to the soil below the pile. At sites where there were a sufficient

number of deads to build two piles of the same amendment, one pile was built on a liner

and the other was not. A heavy polyethylene plastic sheet with a thickness of 0.015 cm

was used as a liner. The plastic was cost effective and temporary, which suited the

pulposes of this study and the needs of the producers. The liner treatments are

summarised in Table 3.

Table 3. Liner treatments for piles containing one carcass at different sites.

Description

Site Year Treatment Description
Killarney 2004 Straw with liner Straw-L

Straw without liner Straw-NL

Pansy 2004 Straw with liner Straw-L
Straw without liner Straw-NL

Sawdust with liner Sawdust-L
Sawdust without liner Sawdust-Nl

2005 Straw with liner Straw-L
Straw without liner Straw-NL

Sawdust with liner Sawdust-L
Sawdust without liner Sawdust-Nl
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Two major requirements were met when piles were established. One was an adequate

thickness of amendment cover surrounding the carcass or carcasses, and the other was a

balanced C:N ratio in the pile. The adequate amount of amendment ensures that the

carcass is properly covered, moisture is absorbed, heat is retained, odours are prevented,

and scavengers are deterred. Adequate coverage of the carcass ultimately determined the

size of the compost pile. The thickness of the base, perimeter, and top cover of

amendment required ranged from 0.3-0.6 m (1-2 ft) depending on the feedstock. A pile

C:N ratio of 30: I was used as a criteria since this ratio is recommended to create an

environment where microorganisms can flourish while generating minimal odour

(Keener et al. 2000b).

4.5. Properties of feedstock

Samples of each carbon amendment were collected from 10-15 locations and combined

into a composite sample and put into a plastic bag. The composite samples were sent to

Norwest Lab to determine their total carbon and total nitrogen content using the AOAC-

Protein (Crude) in Animal Feed, 990.03 method (Table 4). The initial C:N ratio of the

feedstock was calculated using these two values. The initial moisture content of the

amendment at the time of pile construction was determined using the gravimetric oven-

drying method outlined in the ASAE Standard (2003) for Moisture Measurement of

Forages.

4.4. Compost pile design
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Table 4. Initial moisture content, total carbon, and total nitrogen (Yowetbasis) of the
carbon amendments.
Site

Austin

Year Amendment

Boissevain

Killarney

Pansy

2004 Straw
Sawdust
StradSawdust

2004 Sunflower Hull

2004 Straw
V/oodchips

2004 Straw
Sawdust

2005 Straw
Sawdust
Compost Material

2005 Straw
Sawdust

Pansy

Initial
Moisture

Content (%)

Pilot Mound

28.3
40.0
36

6.1

9.6
31.3

10.8
47.2

14.8
31.2
28.6

40.8
40.0

Total
Carbon

(%)

4.6.1. Static pile construction

t2.6
26.3
44.9

31.2

10.1

33.9

12.3
26.2

41.8

46.8
42.4

42.7
46.6

Producers provided and operated the tractor with a bucket or forks that was needed to

transport the amendment and carcasses when constructing the compost piles. Additional

equipment used to construct the piles included shovels, pitchforks, and a measuring tape.

All compost piles containing either one or two carcasses per pile were constructed using

the following basic steps:

1. Measuring the dimension of the carcass (or carcasses)

ln order to build the proper sized base, the size of the c¿ìrcass was needed prior to

beginning construction.

Total
Nitrogen

(%)
0.3
0.1

0.1

0.1

0.1

0.4

0.1

0.1

0.5
0.1

0.6

0.9
0.1

4.6. Pile construction
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2. Laying the liner

For piles with a liner, a heavy polyethylene plastic sheet measuring 3 m wide and

3.5 m long (10 x 12 ft) was placed on the ground (Fig. 3a). For piles without a

liner the amendment would be laid directly on the unprotected ground surface.

Estimating the amount of amendment

The amount of amendment was estimated according to the weight and the

composition of the carcass or carcassss with the objective to achieve the desired

C:N ratio in the pile while enswing adequate coverage of the carcass.

Building the base

A base layer of amendment was constructed to ensure that liquids released during

carcass decomposition were absorbed and to provide aeration underneath the

carcass (Fig. 3b). Depending on the amendment used, the base depth ranged from

0.3-0.6 m.

J.

4.

5. Placing the carcass

The carcass was placed in the centre of the base (Fig. 3c). Again depending on

the type of amendment used to construct the compost pile, the perimeter

surrounding the carcass on all sides ranged from 0.3-0.6 m.

Covering the carcass

The carcass \ilas then covered with amendment to control odour and retain heat

@ig. 3d). Cover thickness depended on amendment and ranged from 0.3-0.6 m.

Finalizing pile dimensions

The final dimension of the compost pile was equal to the size of the carcass plus

the desired thickness of the amendment used for the base, perimeter, and cover.

6.

7.
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Figure 3. Photos showing the pile construction procedure. (a) Placing liner. (b)
Breaking up a round straw bale for building the base. (c) Measuring perimeter after
laying carcass. (d) Finished compost pile with adequate straw surrounding the carcass.

For the compost pile that used a mixed stradsawdust amendment, straw and

sawdust were manually mixed together with pitchforks and shovels (Fig. a). The overall

volume ratio of straw to sawdust was about 60:40. The pile was built using the

aforementioned steps.

Figure 4. A bucket of sawdust waiting to be added to the straw while constructing the
stradsawdust pile.
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4.6.2. Static windrow construction

A passive windrow was built at the Pansy site to dispose of a large number of deads (18)

in 2005. Compost material from the straw and sawdust piles built at the Pansy site in the

previous year (2004) were combined and used as the carbon amendment. The benefits of

using compost as an amendment is that it is already inoculated with microorganisms, it

reduces the cost of amendment, and recycles a waste product. Morse (2001) suggests that

only 50% compost be used in the amendment for a new compost piles though this

percentage can be higher depending on the level of degradation of the compost. Since the

straw and sawdust compost from the 2004 trials was only slightly degraded, 100% of this

material was used to construct the entire windrow.

The procedure used to construct the static windrow was similar to that used for

the static piles. It began by laying down a plastic liner and overlaying on it a base made

of 0.3 m (1 ft) of fresh straw and 0.3 m of compost mix (Fig. 5a). The first carcass was

placed on the base at one end of windrow ensuring that it was 0.3 m from the edges. It

was placed on its side and covered with approximately 0.15 m (6 inches) of amendment.

The next carcass was laid up against the first as demonstrated in Fig. 5b. Consequent

carcasses were placed in the same manner down the length of the windrow. A layer of

0.15 m of amendment separated each carcass (Fig. 5c). More compost amendment was

added to create a 0.3 m cover on top of the carcasses to complete the windrow

construction (Fig. 5d).



Figure 5. Photos showing the procedure of windrow construction in Pansy 2005. (a)
Laying down plastic liner and building a base. (b) Position of cattle carcasses. (c) Cattle
carcass being placed in windrow with a tractor. (d) A view of the finished windrow later
in trial.

4.6.3. Determining of initial pile dimensions

The compost recipe outlined in the NRAES-IT4 Field Guìde to On-Farm Composting

(Dougherry 1999) was used to determine the mass of amendment required to cover the

carcass that would result in a pile C:N ratio of 30:1. The moisture, carbon, and nitrogen

values of the feedstock required to calculate the pile C:N ratio are listed in Table 4.

Amendment densities for straw, sawdust, woodchips, and sunflower hulls used in the

recipe calculations were 135,243,264, and l70kglm3 respectively and were derived

from literature (Rynk 1922; Schmidt 2000). A cattle carcass has a carbon value of

37 .5o/o, a nitrogen value of 7 .5Yo, a C:N ratio of 5, and a moisture content of 7 5Yo (Keener
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et al. 2000b). The weight of the cattle carcasses was provided by producer estimates

(Table 5).

Table 5. Cattle carcass dimensions for compost piles at the various sites.
Site

Austin 2004 Straw
Sawdust
Straw/Sawdust

Boissevain 2004 Sunflower hull

Killamey 2004 Straw

Year Treatment

Pansy*

Pansy*

Woodchip

2004 Straw
Sawdust

2005 Straw-lC
Straw -2C
Sawdust -1C
Sawdust -2C
Windrow

Weight Length x Width x Height
(ke) (m)

Carcass Dimensions

Pilot Mound 2005 Straw
Sawdust

453
544
s00

317

544
s44

270
270

270
270
270
270
270

544
s00

*Average weight and size of cattle carcasses used at this site.

Calculations showed that the straw pile at the Austin site, the stradsawdust pile,

and the windrow were able to have an optimum C:N ratio while providing adequate cover

for the carcass (Table 6). All other piles with the exception of the sunflower hull pile had

high C:N ratios, which would increase the total composting time. The lower C:N ratio

would result in ammoniavolatilization. Since the firnction of adequate coverage was

more critical than decreasing the composting time for on-farm composting, all straw

compost piles were constructed with a 0.6 m thick amendment base, perimeter, and

2.4x1.5x0.6
2.6x1.5x0.7
2.1xl.7 x0.6

2.1x0.9 x0.6

2.4x1.5x0.7
2.4x1.5x0.7

1.7 x1.2x0.5
1.7 x1.2x0.5

1.8x1.2x0.6
1.8 x I .2x0.6
1.8x1.2x0.6
1.8 x 1 .2x0.6
1.8x1.2x0.6

2.4x1.5x0.8
2.4x1.5x0.8
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cover. The sunflower hull pile and the stradsawdust also used an amendment thickness

of 0.6 m for coverage. Since sawdust is more dense and has a very high C:N, a 0.3 m

thick amendment base, perimeter, and cover was used. The woodchip pile also used an

amendment thickness of 0.3 m. The compost material for the windrow was a 0.3 m thick

for the cover and perimeter, and a 0.6 m base (0.3 m compost and 0.3m straw).

Maximum pile dimensions for the completed compost piles are summarized in Table 6.

Table 6. Initial compost pile C:N ratios and maximum pile dimensions.
Site

Austin

Treatment

Boissevain

Killarney

Straw
Sawdust
Straw/Sawdust

Sunflower hull

Straw
Woodchip

Pansy 2004 Straw
Sawdust

Pansy2005 Straw-1C
Straw -2C
Sawdust -1C
Sawdust -2C
Windrow

Pilot Mound Straw
Sawdust

Initial Pile C:N ratio* Maximum Pile Dimension

33.s
199.4
25.1

20.9

87.3

39.0

43.s
132.7

50.3
62.r

219.7
238.4
35.1

49.8

299.7
*Calculation of initial pile C:N ratio based on literature values.

LengthxWidthxHeight
(m)

4.6.4. Enclosures

3.6x2.7 xl.5
3.6x3.3x1.5
3.6x3.0x 1.4

3.2x2.7 xI.2

3.6x2.7 xI.4
3.6x2.7 xl.4

3.5 x2.5 xl.5
3.5 x3.6x1.2

3.4x2.2xT.2
3.4 x2.5 x 1.4
3.0 x2.7 x 1.2
3.4 x3.2x 1.2
14 x2A x 1.4

3.7 x2.4 x 1.2
3.7 x2.4x1.2

Although no enclosure was originally planned for the compost piles, in 2004 itbecame

obvious early in the trial that piles would need to be protected from scavengers and
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livestock that had access to the site. A panel fence was used to prevent livestock from

disturbing the piles at the Pansy site (Fig. 6a and 6b). At the Austin, Killarney, and Pilot

Mound sites a 2-inch wire mesh was pegged over the piles (Fig. 6c). The sunflower hull

pile at the Boissevain site'u/as surrounded on three sides by square bales (Fig. 6d).

Figure 6. Photos showing pile enclosures. (a) Panel fence surrounding compost piles at
the Pansy site, 2004. (b) Panel fence for piles and windrow at the Pansy site, 2005. (c)
Removal of the two-inch wire mesh from pile in the fall at the Austin site, 2005. (d)
Sunflower pile enclosed on three sides with square bales.

4.6.5. Compost pile turning

When internal pile temperatures reached ambient air temperature, the compost piles were

turned since no heat generation indicated that the composting process had ceased. Table

7 shows the dates that the cattle mortality compost piles were constructed at each site, the

dates that the piles were tumed, and the number of days piles composted.

(c) (d)
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Table 7. Dates of construction, turning, and the number of composting days for compost
piles.

Site

Austin

Stradsawdust 2005

Boissevain Sunflower hull 2004

Killamey Straw, Sawdust 2004

Pansy Straw, Sawdust 2004
Straw, Sawdust 2005

Pilot Mound Straw, Sawdust 2005

Amendment

Straw
Sawdust

Year

*Sunflower hull pile at Boissevain was not turned due to cattle from the feedlot getting
into the areaa week earlier and completely destroying the pile.

2004 April 8 October 22
2004 Apnl27 October 22

Construction TumedDate Composting
Date Days

An internal examination of the pile was done by manually digging into the pile as

seen in Fig. Tato determine the state of decomposition of the carcass. Following the

investigation the piles were turned with a front-end loader or tractor bucket supplied by

the producer so that soil samples could be taken from beneath the pile (Fig. 7b).

ApnlZ9 November 2

May 10

May 10 November 2

April 19 November 5 202
Ãpnl22 October 27

May 3 October I

N/A*

198

179
187

t69

176

189

149

Figure 7. (a) Digging into the stradsawdust pile to determine decomposition state of
cattle carcass. (b) Woodchip compost pile being turned by a front-end loader.
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4.7.1. Moisture content

Continual and manual monitoring of the compost piles was done to collect moisture

content data for the duration of the study. Moisture content readings for the compost

piles were taken at heights midway through the base layer atposition M4, directly below

the carcass at position M3, directly above the carcass at position M2, and in the middle of

the covering layer at position Ml (Fig. 8).

The Pansy and Boissevain pile moisture contents were continually monitored over

the course of the composting trial. For the Pansy sites, the moisture content for piles

containing one carcass were monitored at layer M2 (Fig. 8) using a CS615 Water Content

Reflectometer (Campbell Scientific, Edmonton, Alberta). For piles containing two

carcasses per pile, the moisture content was monitored at the M2 layer using ECHzO Soil

Moisture Probes (Decagon Devices lnc., Pullman, WA). Moisture content readings for

the compost pile at the Boissevain site was also monitored using the ECHzO Soil

Moisture Probes at layers M2 and M3 (Fig. 8).

Data was recorded using a data acquisition system comprised of a CRI0X

datalogger and PC208 Datalogger Support Software (Campbell Scientific). A solar panel

facing south at a 65o angle maintained a charged battery for the system. Continual

readings were taken every four hours and the data was downloaded to a laptop computer

every two weeks.

4.7. Analysis and measurements
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Figwe 8. Cross-section of compost pile showing the top (T1/tr41), above carcass
(T2/M2), below carcass (T3lÀ43), and bottom (T4lM4) layers where temperature and
moisture content readings were taken.

For the 2004 and 2005 Austin, Killamey, and Pilot Mound sites, manual moisture

content readings were taken at positions Ml to M4 (Fig. 8). These readings were taken

with a swl6136 Digital Hay Tester (John Deere, Moline, Illinois) (Fig. 9a). These

moisture content readings were taken simultaneously with temperature readings since the

hay tester had the capabilities to test both parameters. Readings were recorded on a bi-

weekly schedule. Figure 9b shows moisture content and temperature readings being

collected from a sawdust compost pile.

T1 IM1

T2 IM2

ø Ts I lvlg

@ T4 tM4

(b)
Figure 9. (a) oigitd(?uy tester used for taking manual moisture readings. (b) Taking pile
moisture content and temperature readings.
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4.7.2. Temperature

Temperature readings for the compost piles were taken from the centre of the pile at

heights midway through the base layer at position T4, directly below the carcass at

position T3, directly above the carcass at position T2, and in the middle of the covering

layer at position Tl (Fig. 8).

The Pansy and Boissevain compost pile temperatures were continually monitored

during the course of the composting trial. Temperahres at the Pansy site were measured

using thermocouple wires (copper/constantine) (Fig. 10a). At the Boissevain site, fow

1078 Soil/Water Temperature Probes (Campbell Scientific) were used to collect

temperahtre data. A 6-Plate Gill Shield (Campbell Scientific) housed a thermocouple

that took ambient air temperatures near the piles (Fig. lOb). Temperature readings were

recorded every four hours with the same data acquisition system used for taking moisture

content measurements.

Figure 10. Temperature measurement at the 2005 Pansy site. (a) Thermocouple and
water reflectometer wires in a sawdust compost pile. (b) A 6-Plate Gill Shield houses a
thermocouple to take ambient air temperatures.

Manual temperature monitoring was done on a bi-weekly schedule at all other

sites and for the windrow at the Pansy site. The SWl6136 Digital Hay Tester (John
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Deere) and a dial stem thermometer (Fig. 9a) were used for this purpose. The dial

thermometerwas used as a means to check the performance of the hay tester. ln the

windrow, temperature measurements were only taken at position T2 at 6locations along

the length due to the difficulty of inserting the temperature equipment in between the

carcasses (Fig. I 1).

4.7.3. Pile volume reduction

Initial and final compost pile dimensions were measured.

take dimensions of the compost piles as shown in Fig. 12.

estimated using the following equation:

Volume : I I 3* ¡¡ * þ, t,Sz *",ß' - Sr)

where: H: Height,
51 : Base area (L1¡ Wr) Gig. 12)
52 : Top area Q-2 * V/z) (Fig. 12)

A tape measure was used to

The pile volume was
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A reduction in volume is desirable since it means there is a decreased amount of waste

produced. The percent reduction in volume was calculated as:

vi -vf

where: Vi: irtttial pile volume taken when pile was constructed
Vf : finalpile volume taken at time of pile turning

i.3
Øt
i /,i

Vi

Figure 12. Pile dimensions used to calculate pile volume.

4.7.4. Properties of compost

Final compost samples were collected from the compost pile the same day that the pile

was turned. Samples were taken from approximately 10 locations throughout each pile

using a sterile glove and container. Composite samples were formed and sent to Norwest

Labs to be tested for salmonella and fecal coliforms to determine pathogen kill. The

method of analysis used for salmonella was the isolation of Salmonella Species - MSRV,

Sept. 1998, MFLP-75. The Fecal Coliform Procedure, 922L E was the methodology used

to determine fecal coliforms.
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Compost samples were also tested for total carbon (C), total nitrogen (N), and

ammonium G\rFI4) that were determined by the AOAC Protein (Crude) in Animal Feed,

990.03 method. Phosphorous (P), sulphur (S), calcium (Ca), potassium (K), magnesium

(Mg), and sodium (Na) were analysed using the ICP - AOAC Metals and Other Elements

in Plants 985.01 method. The method used to determine pH was the 1:10 DI water

extraction, McKeague I 978.

The percent reduction in C:N ratio was calculated as:

C:Ni-C:Nf

where: C:Ni: initial pile C:N ratio taken when pile was constructed
C:Nf: final pile C:N ratio taken when pile was turned

4.7.5. Soil sampling

At the time the piles were turned in each year, soil samples were taken directly beneath

the compost pile. A comparison of samples taken beneath the piles between the liner and

no-liner treatments was used to determine if nutrient levels were higher under the piles

with no liners.

All samples were collected with a soil core sampler (Fig. 13a) at 3 locations to a

depth of 1.2 m (a ft). Composite samples (Fig. 13b) were formed for depths of 0-0.6m

(0-2 ft) and 0.6-1 .2 m (2-4 ft). Nutrient analysis was done at Norwest Lab to test for

nitrate-N, phosphorus, and potassium using the Modified Kelowna Soil Test, Vol. 26,

1995 methodology. Soil pH was determined using the 1:2 Soil:Water Ratio,4.72

method.

C:Ni
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Figure 13. (a) Soil samples taken with a soil core sampler. (b) Composite soil samples
collected in plastic bags.

4.7.6. Cost analysis

The cost of the straw bales and the equipment use on the farm as well as the producer's

time were not included in the cost analysis since these were available on site. Only

materials purchased for establishing piles were recorded for cost analysis.

Statistical analysis was performed using SAS 9.1 for the comparison of moisture content

and temperature distribution and between treatments. For balanced data sets Fisher's

Protected Least Significant Difference (LSD) test.'was used. For unbalanced data sets the

mean and standard error were used for indicating significantly difFerent results. All

statistical analysis was performed at aP : 0.1 significance level.

At each site data was pooled for piles constructed with the same amendment. To

investigate treatrnent effect, data was also pooled over pile layers and days. For

continually monitored sites, hourly datareadings taken in a24-how period were pooled

to obtain average daily readings.

5. DATA ANALYSIS
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Data for the Killarney and Boissevain sites were arnlyzedtogether since these

sites were located close to one another and experienced the same weather conditions.

A strong correlation (R2 : 0.8 to 0.92) was seen between readings taken with the

dial stem thermometer and the hay tester. Therefore data collected with the hay tester is

represented below for manually monitored sites.

Missing dataatthe beginning of the 2004 trials was due to equipment issues and

excessive rainfall that prevented access to the composting sites. At the Pansy site, which

was continually monitored, temperature data is missing for short periods due to the

corrosion and subsequent replacement of thermocouples.

Since mortality compost piles were built in layers (amendment-carcass-amendment) and

piles were not tumed, an inspection of the compost piles forurd areas of different moisture

inside the pile. The lighter coloured amendment indicated drier areas while the dark

areas contained more moisture as shown in Fig. l4a and I4b. Data collected during this

study revealed that both moisture content and temperature were not uniformly distributed

throughout the compost piles.

6. RESULTS AND DISCUSSION

6.1. Studv of layers
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(a) (b)
Figure 14. Photos showing the wet and dry areas of compost piles. (a) Sawdust. (b)
Woodchip.

6.1.1. Moisture distribution in pile

Moisture contents for the manually monitored sites at Austin, Killarney, and Pilot Mound

were taken at four difFerent layers in the compost piles. The layers are shown in Fig. 8

and are referred to as Ml (top), M2 (above carcass), M3 (below carcass), and M4

(bottom). The daily amount of precipitation received at each site is included as

background information. Precipitation data was recorded by Environment Canada

weather stations for the area of each site. Moisture distribution was not analysed for

continually monitored piles since data was not collected at all layers at the Pansy and

Boissevain sites due to limited space on the data logger.

Austin Sites Moisture distribution was not uniform throughout the straw compost pile

and each layer experienced different moisture contents (Fig. 15a). The moisture content

in the four layers fluctuated over the course of the trial. Higher moisture contents were

generally seen in the M3 and M4 layers that ranged from 35 to 60%o. This trend is

consistent with the flow of moisture down into the pile due to the large pore spaces in the

straw. The increased entry and evaporation of moisture is apparent in the M2 layer above
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the carcass and in the top Ml layer, which maintained the lowest moisture content

between 20 and 30%. With the exception of Ml, the moisture contents in the pile layers

were within the feasible composting range of 40-60%.

The sawdust pile showed two distinct moisture levels within the pile (Fig. 15b).

Following a large amount of precipitation, the upper Ml and M2 layers experienced

similar moisture contents that rose steeply and remained in a feasible composting range

of 40-60%. The M3 and M4 layers of the pile experienced similar moisture contents that

ranged from l5 to 25%o. The small pore size and the absorbent properties of the sawdust

may have prevented moisture from reaching the lower layers of the pile. Sawdust also

forms a crust on top of the pile that sheds rainfall so that the inner pile would receive less

moisture.

The moisture distribution throughout the stradsawdust pile was uniform.

Moisture contents in the four layers were similar and exhibited the same moisture trend

for the duration of the trial. After an initial rise, all layer moisture contents remained in a

feasible composting range of 40-60% for approximately the first 100 days. Following

this period a sharp decrease in moisture content was seen that coincided with a decreased

amount of precipitation. The fact that all layers maintained similar moistwe contents

demonstrated that the combination of straw and sawdust as an amendment is able to

distribute moisture consistently throughout the pile. The larger particle size of the straw

allowed moisture to flow through the pile. The smaller particle size and absorbency of

the sawdust helped retain and distribute the moisture more evenly within the pile.
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Figure 15. Gravimetric moistwe content (MC) readings taken at the top layer (Ml),
above carcass (M2), below carcass (M3), and bottom layer (M4) for (a) straw, (b)
sawdust, and (c) stradsawdust mixed amendments at the Austin sites, 2004 and 2005.
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Killarney Site The moisture distribution trend was similar for both the straw (Fig. 16a)

and woodchip (Fig. 16b) compost piles. Moisture contents in the fow pile layers

fluctuated for the duration of the trial ranging between 15 and 55%, which corresponded

to frequent bouts of precipitation. Therefore at times moisture contents were within the

feasible limit of 40 to 60%o. The moisture contents in the layers of these piles were more

similar to each other than those in the Austin piles. Differences in moisture contents

between piles of the same amendment at different sites could be due to variations in

precipitation, carcass sizes, and amendment properties.
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Figure 16. Gravimetric moisture content (MC) readings taken from top layer (M1),
above carcass (M2), below carcass (M3), and bottom layer (M4) for (a) straw and (b)
woodchip piles at the Killamey site, 2004.
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Pilot Mound Site The moisture distribution in the straw pile at the Pilot Mound site was

more stable than the straw piles at either the Austin or Killarney site. Moisture contents

in a feasible range of 40 to 50oá were seen in both the lower M4 and M3 layers (Fig.17a).

After the large amount of precipitation received during day 70 to 100 the pile height

decreased significantly. It is speculated that the increased moisture could cause the straw

to become more pliable and compact. Following this period, layer moisture contents

appeared similar due to the decreased distance between sampling.
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Figure 17. Gravimetric moisture content (MC) readings taken from the top layer (M1),
above carc¿lss (lvI2), below carcass (M3), and bottom layer (M4) for the (a) shaw and (b)
piles at the Pilot Mound site, 2005.
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The moisture distribution was fairly uniform throughout the layers of the sawdust

pile (Fig. 17b). As with the straw pile, moisture contents in all the layers were similar

and remained stable within the feasible composting range of 40 to 60Yo for the frrst 130

days. At this time the Ml and M2 layers showed lower moisture contents that could

indicate the pile was drying from the top down. Decreased moistures contents after this

period coincided with decreased precipitation. This pile diflered from the sawdust pile at

the Austin site, as there was no obvious distinction between the moisture contents of the

upper and lower layers. This could be attributed to an increased amount of precipitation

at the Pilot Mound location that would increase the amount of moisture available to the

entire pile.

6.1.2. Differences in moisture content between layers

Statistical analysis of the moisture content data for the Austin site showed there was no

significant difference between the moisture contents of the layers in the straw pile. The

top Ml and M2 layers in the sawdust pile had higher mean moisture contents than the

lower part of the pile. The stradsawdust pile had significantly higher moisture contents

in the lower M3 and M4 layers.

For the Killarney site there \¡/as no significance between layer moisture contents

for either the straw or woodchip pile.

Analysis of the Pilot Mound data revealed that the lower M4 and M3 layers had

significantly higher mean moisture contents than the upper Ml and M2 layers.
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Table 8. Mean moisture content (Yo wet basis) values for layers for different amendment
treatments at the Austin (2004), Killarney (2004), and Pilot Mound (2005) sites. Data
was pooled over composting days within the year.

Layer
Site Treatment
Austin

Straw
Sawdust

StradSawdust

Killarney
Straw

Woodchip

Pilot Mound

M1

28.8b*
46.9a
34.3b

35.7a
32.0a

+Means in the same ro\¡r and followed by the same letter do not differ significantly
(P:0.1) according to Fisher's Protected Least Significant Difference (LSD) test.

6.1.3. Temperature distribution in pile

M2 M3 M4 Pr>F

Straw 35.5b
Sawdust

38.9a
48.9a
34.0b

32.3a
28.|a

37.9b
38.6b

Temperature readings were taken at four layers T1 (top layer), T2 (above carcass), T3

(below carcass), and T4 (bottom) (Fig. 8) in a compost pile.

Austin Site The temperature distribution in the straw compost pile was consistent over

the duration of the trial (Fig. 18a). The T3 and T4 layers in the lower region of the pile

maintained higher temperatures than the T1 andT2layers. Temperatures in the T3 and

T4 layers reached temperatures in the feasible composting range of 43 to 66 "C.

The sawdust (Fig. 18b) and the stradsawdust (Fig. l8c) piles had similar patterns

of temperature distribution where the upper Tl and T2 layers consistently experienced

higher temperatures. Temperatures between the upper layers were 5 to 20"C higher than

bottom layers. The Tl layer in the sawdust and the Tl and T2layer in the stradsawdust

pile experienced temperatures in the feasible composting range.

43.4a
16.9b
37.7a

37.4c

38.2a
17.7b
39.9a

29.9a 35.5a
30.9a 31.5a

0.08
0.0001
0.0001

0.39
0.62

41.6a 42.3a 0.0001
41.6b 42.4a 0.02
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KillarneylBoissevain Sites The temperature distribution was uniform throughout the

straw pile as all layers experienced similar temperatures for the duration of the trial (Fig.

19a). For approximately the first 120 days, the temperatures in the woodchip pile layers

diflered by about five degrees from each other (Fig. 19b). The top Tl layer experienced

the highest temperatures while the bottom T4layer had the lowest. After 120 days all

layers experienced the same temperatures. No layers in the shaw pile and only the top

Tl layer of the woodchip pile achieved temperatures within the feasible composting

range of 43 to 66oC.

The sunflower hull pile did not have a uniform temperature distribution.

Temperature readings were lower in the T1 layer for this pile. The T2 and T3 layers near

the carcass experienced the highest temperatures. This could be due to increased

microbial activity generating heat inside the pile. Temperatures in all layers of the

sunflower pile achieved temperatures in the feasible composting range of 43 to 66"C.

The Tl and T2 layers experienced temperatures above 55oC for three consecutive days

for pathogen kill. The denser sunflower hull amendments retained more heat generated

during the composting process than the straw pile.
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Pansy Site In 2004 (Fig. 20a) and 2005 (Fig. 20b), straw piles had similar temperatwe

distribution. The temperatures in the T3,T2, and Tl layers were higher than in the

bottom T4 layer. During the latter part of the composting trial all four layer experienced

similar temperatures.
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Figure 20. Average pile temperatures taken from top (T1), above carcass (T2), below
carcass (T3), and bottom (T4) layers for the (a) 2004 straw and (b) 2005 straw compost
piles at the Pansy site.

The2004 sawdust pile had the highest temperatwes in the T2 and T3 layers,

which generally ranged from 35-45"C (Fig. 21a). Higher temperatures in these layers
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closest to the carcass are consistent with increased microbial activity generating heat

inside the pile. The temperatures in the top T1 and bottom T4 layers of the pile were

cooler ranging between 25 and 35oC.

Temperatures in the 2005 sawdust pile (Fig. 2lb) were higher in the T2 layer near

the carcass. The top Tl layer had lower temperatures for the first 120 days. ln both trial

years, temperatures in the T2layer reached into the feasible composting range.
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Figure 27- Average pile temperatures taken from top (T1), above carcass (T2), below
carcass (T3), and bottom (T4) layers for the (a) 200a sawdust and (b) 2005 sawdust
compost piles at the Pansy site.
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Pilot Mound The uniform temperature distribution throughout the straw compost pile

could be athibuted to a large decrease in pile height that shortened the distance separating

the layers (Fig.22a). ln the sawdust pile, differences were seen between the upper and

lower layer temperatures Qig.22b). The Tl and T2 temperatures usually ranged from

30-40"C and were consistently higher than the T3 and T4 layers that ranged from 20-

30oC. Temperature distribution in this sawdust pile was similar to the Austin sawdust

pile. Neither the straw or sawdust piles at this site reached temperatures in the feasible

composting range.
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Figure 22. Averuge daily temperatures taken from top (T1), above carcass (T2), below
carcass (T3), and bottom (T4) layers for the (a) straw and (b) sawdust compost piles at
the Pilot Mound site,2005.
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6.1.4. Differences in temperatures between layers

Table 9 shows that the mean temperature in the T4 layer of the Austin straw pile was

signifrcantly higher than the rest of the pile temperatures. Mean temperature readings

taken at positions T1 and T2 inthe Austin sawdust and stradsawdust piles were

signifrcantly higher than the temperatures in the lower layers of these pile.

Statistically there was no significant difference between the layer temperatures in

the straw compost pile at the Killarney site. The mean temperature followed the trend

that T1 > T2> T3 >T4. The bottom T3 and T4 layers in the sunflower hull pile were

significantly higher than the upper layers of the pile.

During the2004 Pansy trial, the straw compost pile experienced the highest mean

temperature in the top Tl layer while theT2layer had the lowest. ln the sawdust pile,

temperatures in T2 were significantly higher than the rest of the pile temperatures. In

2005, mean temperatures for all layers were significantly different from one another. The

T3 layer below the carcass had the highest mean temperature, followed by T2. The

bottom T4layer experienced the lowest mean pile temperature.

For the straw pile at the Pilot Mound site the mean temperature in the T3 layer

was signif,rcantly lower than the rest of the pile. Temperatures were significantly higher

in the top T1 layer of the sawdust pile.

Overall statistical findings showed that there was no consistency in the

temperature distribution for piles of the same amendment at different sites. Variations in

precipitation, carcass size, and amendment properties could account for this.
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Table 9. Temperature probe readings ("C) taken at different layers in compost piles, 2004
and 2005. Data was pooled over days.

Site
Austin

Treatment Tl

Straw 23.2b* 24.1b 25.4b 26.9a
Sawdust 29.6a 28.3a 22.6b 21.6b

StradSawdust 34.3a 35.3a 29.6b 25.8c

Killarney/Boissevain
Straw

Woodchips
Sunflower hull

Pansy 2004
Straw

Sawdust

Pansy 2005
Straw

Sawdust

Laver
T2

20.8a
25.0a
29.2c

28.9a
28.4c

18.7c
19.5c

T3

Pilot Mound

T4

21.2a
23.6b
40.1b

25.|c
46.Ia

20.9b
23.7b

*Means in the same row and followed by the same letter do not differ significantly
(P:0.1).

6.2. Study of amendment

6.2.1. General moisture content trends over time

Standard Error Pr>F

21.9a 22.7a
22.2c 21.3d
42.5a 41.9a

27.5b 27.7b
30.8b 25.3d

24.4a 15.3d
31.4a 12.8d

19.8b 21.0a
22.9c 22.3c

Straw 2l.la 2I.Ia
Sawdust 31.0a 28.7b

Austin Site The moisture content of the sawdust pile reached a high of 35%o on day 50

while the straw pile increasedto 45%o and peaked near day 65 (Fig. 23). Following this

period, pile moisture contents remained fairly stable ranging from 30 to 40%o. The

moisture trend in each pile was comparable though the fluctuations for the sawdust pile

were subtler than that for the straw pile. Since the straw has larger pore sizes and more

moisture enters and evaporates from the pile, greater variations in moisture are expected.

0.11
0.0001
0.0001

0.66
0.0001

0.2

0.3
0.4

0.2
0.3

0.02
0.0001
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The moisture content of the stra#sawdust pile remained in a feasibte composting

range of 40 to 60%o for the first 110 days of the trial. After this period there was a sharp

decline and the moisture content then remained around 20%o for the duration of the trial.
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Figure 23. Average gravimetric moisture content (MC) for the (a) straw and sawdust and
(b) straw/sawdust compost piles at the Austin sites, 2004 and 2005.

Killarney/Boissevain Sites The straw and woodchip compost piles demonstrated similar

moisture trends (Fig.2Ð. Pile moisture contents for both piles ranged between 15 and

50%;o. On average, the straw pile had the higher moisture content. This could be due to

the more dense woodchips not allowing as much water to penetrate into the pile.
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The sunflower hull pile maintained stable moisture contents for the duration of the

trial ranging from 20 to 30%o (Fig.2Ð. This lower moisture content could be due to

seeds being mixed in with the hulls, which gave the material an "oily" feel. As well this

amendment formed a crust on top of the pile that could shed some of the rainfall.
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Figure 24. Average gravimetric moisture content (MC) of the straw, woodchip, and
sunflower hull compost piles at the Killarney and Boissevain sites, 2004.

Pansy Site For both the 200a (Fig. 25a) and 2005 (Fig. 25b) composting trials the

moisture content for the straw and sawdust piles followed similar pattems. The moisture

content in the sawdust piles remained stable near 60%o and was generally higher than the

moisture content in the straw piles. The 2004 straw pile showed an increase in moisture

to near 60% between day 50 and 100. A subtler increase in moisture was also observed

in the 2005 pile that happened earlier between days 30 to 80.

Compared to the Austin sawdust pile, the moisture content of these sawdust piles

were higher but showed the same trends. The straw piles at the Pansy site did not

fluctuate like the straw piles at the Boissevain site or increase over time as the Austin

100 150
Composting Tme (days)
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piles did. Different amounts of precipitation received at each site and different carcass

sizes could be responsible for the variation in behaviour of piles of the same amendment.
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Figure 25. Average gravimetric moisture content (MC) for straw and sawdust compost
piles at the (a) 2004 and (b) 2005 Pansy sites.

Pilot Mound Site The moisture contents for both the straw and sawdust piles remained

near 50%o for the first 100 days of the composting trial (Fig. 26). After this the moisture

content for both piles decreased. Like the straw and sawdust piles at the Austin site,

moisture content changes in the sawdust pile were subtler than in the straw pile.
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Figure 26. Average gravimetric moisture content (MC) for straw and sawdust compost
piles Pilot Mound, 2005.

6.2.2. Amendment effect of moisture

Pilot Mound 2005

Table 10 shows the results of the statistical analysis performed on moisture data collected

from the compost piles constructed of the various amendments. At both the Austin 2004

site and the Pilot Mound site no significant difference was seen between the mean

moisture content of either the straw or sawdust piles. Analysis of the

Killarney/Boissevain data revealed that the mean pile moisture content for the straw pile

was significantly higher than that of the woodchip and sunflower hull piles. For both the

2004 and 2005 Pansy trails the sawdust pile had a significantly higher mean moisture

content than the straw pile.

The stradsawdust pile was not included in the analysis since it was the only pile

constructed at the Austin site in 2005.
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Table 10. Mean moisture contents (o/o wet basis) for amendment treatments at
composting trial sites, 2004 and2005. Data was pooled over layers and composting days
\¡rithin the year.

Site
Austin 2004

Sawdust

KillarneylBoissevain
Straw

Woodchip
Sunflower hull

Pansy 2004

Treatrnent

Straw 37.8a*

Pansy 2005

Mean

32.6a

35.5a
30.6b
30.4b

48.2b
72.7a

37.0b
45.3a

Pilot Mound

Straw
Sawdust

Straw
Sawdust

Standard Error

*Means in the same column and the same site followed by the same letter do not differ
significantly (P:0. 1 ).

6,2.3. General temperature trends over time

Ambient temperatures recorded at Environment Canada weather stations for each area are

included as background information. A comparison of the compost pile temperature to

the ambient temperature demonstrates that heat is generated in the pile, which could be

attributed to the composting process.

Straw 40.9a
Sawdust 40.2a

1.1

r.6
1.1

Pr>F

0.14
0.14

0.3
0.3

0.9
0.3

Austin Sites The cattle carcass placed in the straw pile was frozen since it had died

earlier in the spring when temperatures were still in the freezing range. This could

account for the compost pile temperatwes being below ambient temperature at the start of

0.7
0.7
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the trial since the straw would act to insulate the carcass and prevent thawing, which

would delay the composting process. Approximately 35 days after construction the

temperature of the straw pile increased quickly reaching 44"C on day 58 (Fig.27a).

Following this period, pile temperatures continued to decrease gradually until they neared

ambient temperature. While the temperature in the straw compost pile remained above

ambient temperatures for the majority of the composting trial, pile temperatures appear to

fluctuate with the changes in ambient temperatures.

The overall temperature trend in the sawdust pile was stable, maintaining

temperatures within a25 to 35oC range (Fig.27a). The sawdust pile temperatures

remained above ambient temperature for the entire duration of the composting trial and

did not appear to be influenced by changes in outdoor temperatures.

Figure 27b shows that the temperature in the stradsawdust compost pile rose

quickly within the first 10 days after construction and remained fairly stable for the

duration of the composting trial. Pile temperatures remained well above ambient

temperatures and did not appear to be influenced by outdoor temperatures. The heating

hend for the stradsawdust pile was similar to the sawdust pile although temperatures

were not as high.
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Figwe 27. Average pile temperatures for stra\il, sawdust, and stradsawdust compost
piles at the (a) 2004 and (b) 2005 Austin sites.

Killarney/Boissevain Sites Approximately 65 days after the shaw and woodchip pile

were built they experienced peak temperatures of 3loC and 36oC respectively (Fig. 28a).

For the remainder of the trial both pile temperatures showed a gradual decline. The straw

pile experienced slightly lower temperatures than the woodchip pile. Although their

temperatures remained above ambient for the duration of the trial, both the straw and

woodchip piles appeared to be influenced by changes in outdoor temperatures. The straw

pile at this location followed a similar heating pattern as the straw pile at the Austin site

but did not reach as high temperatures.
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The continually monitored sunflower hull pile at the Boissevain site experienced

higher temperatures than the straw and woodchip piles (Fig. 28b). Increased

temperatures in the first 100 days ranged between 40 and 60oC. Temperatures showed a

gradual decline over the duration of the trial. Temperatures in the sunflower hull pile

remained consistently higher than the ambient temperatures.
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Figure 28. Average pile temperature readings taken for straw, woodchip, and sunflower
hull compost piles at the Killarney and Boissevain sites, 2004.

Pansy Site The pile temperature in the 2004 straw piles (Fig. 29a) showed a steep

increase in temperature reaching a peak temperature of 50oC on approximately day 55.

Following this event, pile temperatures gradually dropped until they reached ambient

temperatures around day 150. This pattern is similar to the straw piles at both the Austin

and Killamey sites. Temperatures in the 2004 sawdust pile increased to 35oC on day 30

while the straw temperature was only 7"C (Fig. 29a). Straw pile temperatures were

higher between 45 and 80 days and lower for the rest of the time

In 2005, neither the straw nor the sawdust pile attained the high temperatures

experienced by piles of the same amendment in the2004 trial (Fig. 29b). The sawdust
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pile temperature increased faster and maintained a higher temperature than the straw pile.

The piles showed an increase in temperature in the first 100 days. Sawdust and straw pile

temperatures remained above ambient for the duration of the trial.
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Figure 29. Average pile temperature of straw and sawdust compost piles for the (a) 2004
and (b) 2005 Pansy site.

Pilot Mound Site Both the straw and the sawdust piles experienced low temperatures

that remained fairly stable for the duration of the composting trial. Temperatures in the

straw and sawdust piles remained around 20 and 30oC respectively (Fig. 30). The straw

pile temperature was similar to the ambient temperature indicating that heat was not
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generated as a result of composting. The reason for this pile not heating was not known

but was speculated to be caused in part by the excess precipitation received at the site,

which caused the pile to compact.
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Figure 30. Average pile temperature of straw and sawdust compost piles at the Pilot
Mound site, 2005.

6.2.4. Amendment effect on temperature

Table 11 demonstrates that the mean temperature for the sawdust pile was significantly

higher than the mean temperature in the straw pile at all sites. Results of the temperature

analysis for the Killamey/Boissevain sites showed that the mean temperature for the

sunflower hull compost pile was significantly higher than both the woodchip and straw

piles. The mean temperature of the woodchip pile was in turn significantly higher than

the straw pile.

Again analysis was not done for the stradsawdust pile constructed for the 2005

Austin trial.
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Table 1 l. Mean pile temperatures ("C) of difterent amendments at the Austin,
Killarney/Boissevain, Pansy, and Pilot Mound sites, 2004 and 2005. Data was pooled
over layers and days.
Site Treafrnent
Austin

Straw
Sawdust

KillarneylBoissevain
Straw

Woodchip
Sunflower

Pansy 2004

ùIean Standard Error

23.3a*
26.4a

21.7c
23.8b
38.4a

27.3b
38.0a

19.5b
28.7a

20.8b
26.2a

Pansy 2005

Straw
Sawdust

Straw
Sawdust

Straw
Sawdust

Pilot Mound

*Means in the same column and same site followed by the same letter do not differ
significantly (P:0.I).

6.2.5. Correlation of moisture content and temperature

Correlation analysis was performed between temperature and moisture content. Weak

correlations were seen between the two variables at all sites (values of R2 were up to 0.6).

0.7
1.0
1.1

Pr>F

0.39
0.39

0.3
0.3

6.2.6. Pile volume reduction

0.1

0.1

Compost piles constructed with the same amendment at the various sites showed similar

volume reductions. Therefore, the average values of each amendment are presented.

Loss of pile volume was attributed to carcass degradation and settling of the amendment.

Table 12 lists the pile volume reduction for each amendment type. The stradsawdust

0.0001
0.0001
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compost pile showed the greatest reduction in volume of 38.3o/o. The straw piles showed

the next largest reduction of 31.3%o while the sawdust and woodchip piles reduced by

26.I and22.3% respectively. Both of these amendments were dense and so did not settle

as much as the piles that used straw. The sunflower hull pile only showed a 4.4 %o

volume reduction. The sunflower hulls were dense and the particles would not have

much room to settle.

Table 12. The percent volume reduction of different amendment compost piles, 2004 and
2005.
Treatment

Straw

Sawdust

StradSawdust

Sunflower hull

Woodchip

Initial Final
Volume Volume

(*3)

8.3

7.1

9.5

8.2

9.1

6.2.7. Carcass and amendment degradation

Regardless of the amendment used to construct the compost pile, only large bones and

patches of hair were found when the piles were inspected at the end of the heating cycle.

No soft tissue remained. Most bones were solid although some found in the sawdust

piles appeared to be scorched and were more brittle (Fig. 3la and b). Bones from the

straw (Fig. 31c), straw/sawdust (Fig. 31d), and woodchip piles were clean but not

scorched.

(tn3)

s.6

5.2

s.9

7.8

7.1

Volume Reduction

(%)

31.3

26.1

38.3

4.4

22.3
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The amendment on the outside of the piles appeared to be weathered but not

degraded. Examination of the amendment on the inside of the pile found that it appeared

darker and slightly degraded.

(c) (d)
Figure 31. Photos of bones from composted cattle carcasses. (a) Large leg bone. (b)
Skull bone. (c) Leg Bone. (d) Rib bones.

6.2.8. Compost nutrient

Lab results for the total carbon and total nitrogen analysis are shown in Table 13. The pH

for all piles ranged from 6.0 to 7.4 and was close to the optimum mortality composting

range of 6.5 to 7.2 (Can et al. 1998). Nutrient values for other parameters are listed in

Appendix B.
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Table 13 also shows the percent reduction in C:N ratio that was calculated using

the initial pile C:N ratio (Table 6) and the final pile C:N ratio. The sawdust and

stradsawdust piles showed a decrease in carbon levels from the original feedstock

values. All straw piles with the exception of the 2004 Pansy straw piles showed a

decrease in carbon. Utilization of the carbon source by the microorganisms and the

production of COz during the composting process could account for loss of carbon. All

stral, sawdust, and stradsawdust piles increased in nitrogen concentrations due to the

decomposition and release of nitrogen from the carcass. Only the woodchip pile had a

nitrogen value that did not increase and this was reflected by the fact that the final C:N

ratio for this pile only reducedby 5.7%. The C:N ratio decreased as a result of the

changed amounts of carbon and nitrogen in the pile for all piles. The sawdust piles at the

Austin and Pilot Mound sites showed the greatest reduction in C:N ratio that ranged from

8I.2to 89.8%.

Table 13. Total carbon, total nitrogen, and reduction in C: N ratio for final compost,
2004 and2005.
Site

Austin

Year

Killamey

Pansy

Amendment

2004 Straw
2004 Sawdust
2005 StradSawdust

2004 Straw
2004 V/oodchip

2004 Straw
2004 Sawdust

Pilot Mound 2005 Straw
2005 Sawdust

*Data for Boissevain site was not available.

Total
Carbon

(%)

Total
Nitrogen

(%)

9.8
18.8
17.9

9.3
16.9

1s.8
16.t

9.t
15.8

0.5
0.9
1.3

0.3
0.5

0.6
0.2

0.5
0.3

Reduction in
C: N ratio

(%\

4s.8
89.8
46.4

58.5
5.7

34.0
44.6

6r.2
8r.2
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6.2.9. Pathogen kill

Analysis of the final compost found that all pile samples were negative for salmonella

(Table 14). Fecal coliform levels for all compost piles were less than 1000 (MPN)/g with

the exception of the woodchip compost pile that had a slightly elevated count of 1100

(MPN)/g. V/oodchips do not degrade easily and as a result intemal temperatures may not

have been high enough to kill pathogens. Results for the sunflower hull compost pile

were not available, as cattle broke through the fence at the feedlot had destroyed the pile

before sampling could be done.

Table 14. Salmonella and fecal coliform counts for final compost, 2004 and2005.
Site

Austin

Killarney

Pansy

Year

2004

Amendment

Straw
Sawdust
StradSawdust

Straw
Woodchip

Straw
Sawdust

Straw
Sawdust

Straw
Sawdust

2004

Pilot Mound

2004

Salmonella
(Positive/lt{egative)

*Data for Boissevain site was not available.

2005

Negative
Negative
Negative

Negative
Negative

Negative
Negative

Negative
Negative

Negative
Negative

2005

Fecal Coliforms
(MPN/g)

<3

<3

4

9

l 100

9

23r

15

<3

43

4
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6.3. Study of the number of carcasses

6.3.1. Comparison of moisture content

Figure 32 demonstrates that the Snaw-2C pile showed a quicker increase in moisture

content that could be due to additional liquid being released from the second carcass.

The moisture content trend of the Straw-2C pile was similar to the Straw-1C pile after the

initial increase in moisture content.

Sawdust-1C showed a similar moisture content trend as the Sawdust-2C pile. The

addition of another carcass did not appear to affect the moisture content for sawdust piles.

Pansy 2005

80

60

40

20

0

s
o

80

60

40

20

0

l

I
I

E
o

100
Composting 1ìme (days)

(a)

Pansy 2005

Composting 
.lìme 

(days)

(b)
Figure 32. Average gravimetric moisture (MC) for (a) straw with one carcass (Straw-lC)
and with two carcasses (Straw-2C) and (b) sawdust with one catcass (Sawdust-lC) and
with two carcasses (Sawdust-2C) compost piles at the Pansy site, 2005.
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Table 15 shows that there \ilas no significant difference between IC and2C

moisture contents.

Table 15. Statistical analysis results for moisture content data (Yowet basis) from compost
piles containing one (1C) and two (2C) carcasses per pile at Pansy site, 2005.

Treatment
Straw- lC
Straw- 2C

Sawdust-lC
Sawdust-2C

*Means in ot
differ significantly (P:0. 1 ).

6.3.2. Comparison of temperature

A comparison of pile temperatures in one carcass (lC) and two carcass (2C) compost

piles found that the piles followed similar trends. However, the Straw-2C pile achieved

higher temperatures than the Straw-lC pile between 40 and 110 days (Fig. 33a).

The Sawdust-2C pile heated faster and experienced higher temperatures than

Sawdust-1C from the beginning to I l0 days (Fig. 33b). Composting of the increased

body mass due to the two carcasses could generate more heat than a single carcass.

Statistical analysis of the temperature data revealed that the Straw-2C had a

significantly higher mean than the Straw-lC pile (Table 15). The Sawdust-2C pile also

had significantly higher mean temperature than the Sawdust-lC.

Mean
28.0a*
30.5a

36.4a
32.5a

Standard Error
2.5
2.5

3.0
3.0
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Figure 33. Temperature readings for the (a) straw with one carcass (Straw-lC) and two
carcasses (Straw-2C) and (b) sawdust with one carcass (Sawdust-1C) and two carcasses
(Sawdust-2C) compost piles at the Pansy site, 2005.

Table 16. Statistical analysis results for temperature ("C) data from compost piles
containirg one (1C) or two (2C) c

Treatment
Straw- lC
Straw- 2C

Sawdust-1C
Sawdust-2C

---+- Saw dust-1C
'.Sawdust-2C

100

*Means i tly
(P:0.1).

150

Mean
19.6b*
20.\a

28.2b
29.la

Standard Error
0.1

0.2

0.2
0.2
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6.3.3. Comparison of pile volume reduction

Volumes were pooled for piles of the same amendment containing the same number of

carcasses. The Straw-2C compost pile showed a greater reduction in volume than the

Straw-lC pile while no diflerence was seen between volumes of the Sawdust-2C pile and

Sawdust-1C pile (Table l7).

Table 17. The percent volume reduction for compost pile of different amendment and
number of carcasses in pile, 2005.
Treatment

Straw-1C
Straw-2C

Sawdust-1C
Sawdust-2C

6.3.4. Comparison of compost nutrient

Initial Volume
(m3)

The percent reduction in C:N ratio was calculated using the initial pile C:N ratio (Table

6) and the final pile C:N ratio. The total carbon and nitrogen in the compost from both

the2C and lC were comparable (Table 18). As a result, the reduction in C:N ratio from

the original2C pile was higher than that from the 1C pile.

Table 18. Total carbon, total nitrogen and C: N ratios for final compost from straw and
sawdust compost piles at the Pansy, 2005.

8.3

8.7

7.7

7.3

Final Volume Volume Reduction
(m3)

5.6
5.4

5.2
5.4

Treatment

Straw-1C
Straw-2C

Sawdust-1C
Sawdust-2C

(%)
31.3
37.5

26.1
26.6

Total Carbon
(%)

1s.30
15.20

16.60
18.75

Total Nitrogen
(%)
0.79
0.98

0.27
0.42

Reduction in C:N ratio
(%)

59.1
71.9

75.r
81.3
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6.3.5. \Mindrow

Moisture and temperature data was pooled over the readings taken at six positions along

the length of the windrow. The moisture content of the windrow remained in a feasible

composting range between 50 and 60%o for the first 120 days of the trial (Fig. 34a).

The temperature trend for the windrow was similar to that of a smaller compost

piles (Fig. 34b). Initially pile temperatwes increased rapidly to a peak temperature of

40oC a¡ound day 40. Temperatures declined gradually after this. The windrow

maintained average temperatures above ambient and did not appear to be influenced by

outdoor temperatures. The windrow did not attain temperatures in the feasible

composting range of 43-66"C.

The initial volume of the windrow was 30 m3 and the final volume was 19 m3,

which meant a36%o reduction. The height of the windrow decreased the most of the

dimensions measured.

Windrow compost had a pH of 6.8, total carbon of 13.6, a total ninogen of 0.74,

and a 47.5% C:N ratio reduction from initial values. Additional compost nutrient

parameters are listed in Appendix B.
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Figure 3a. @) Moisture content (MC) and (b) temperattre readings for the windrow at
the Pansy site, 2005. Data taken at six positions along the windrow length was pooled.

6.4. Study of liner effectiveness

Soil data was pooled over sampling depths of 0-0.6 m and 0.6-1.2m. The nitrate-N,

phosphorous, and potassium values for soil beneath the Straw-L and Straw-NL piles at

the Killarney site did not differ significantly (Table 19). Soil samples taken below the

Straw-NL pile had significantly higher potassium levels than the Straw-L pile at the2004

Pansy site. No significant difÊerence was seen between the nutrient levels of soil

collected from beneath the Sawdust-L and Sawdust-Nl piles. The 2005 Pansy trials

showed that soil nitrate-N values beneath the Shaw-NL pile was significantly higher than

8l

---+-Wndrow-18C



the Straw-L pile. Again no significant difference was seen between soil nutrients

collected from beneath the Sawdust-L and Sawdust-Nl piles. The effect of a liner may

not be apparent for sawdust piles, due to its absorbent nature.

Results indicate that the use of a liner could be beneficial for straw piles since

moisture flows through this amendment. However, since a limited number of compost

piles with and without liners were built and tested during this trial, further studies would

need to be done to veriff these findings. Additional soil results are listed in Appendix B.

Table 19. Statistical analysis of soil samples comparing nihate-N, phosphorous, and
potassium values for dif;lerent treatrnents with liner (L) and without liner (lrIL) for the
Killarney 2004, Pansy 2004 andPansy 2005 sites.

Site Treatment
Killarney 2004

Straw-L
Straw-Nl

Pr>F

Pansy 2004

Nitrate-N
(ppm)

Straw-L
Straw-Nl

Pr>F

Sawdust-L
Sawdust-Nl

Pr>F

Straw-L
Straw-Nl

Pr>F

Sawdust-L
Sawdust-Nl

Pr>F

44.0a*
84.0a
0.36

13.0a
24.0a
0.38

5.0a
36.5a
0.38

9.3b
43.3a
.0001

l.3a
2.3a
0.82

Pansy 2005

Phosphorous
(ppm)

16.5a
15.0a
0.25

45.5a
65.0a
0.22

43.5a
53.5a
0.22

39.8a
48.5a
0.28

18.5a
25.8a
0.37

*Means in the same column and same site and year followed by the same upper or lower
case same letter for the same year do not difFer significantly (P:0.1) according to Fisher's
Protected Least Significant Diflerence (LSD) test.

Potassium
lnnm)

187.0a
199.0a
0.41

499.0b
755.0a
0.03

423.0a
500.0a
0.32

365.0a
395.0a
0.30

327.5a
370.0a
0.30
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Woodchips were provided by the town of Killarney free of charge since it was a recycled

waste. Sunflower hulls were a by-product from a sunflower processing plant in the

Boissevain area and were available at no charge. Since the2004 trial, they have become

a marketable product and now cost $30.00/tonne. Therefore the cost of a sunflower hull

pile would now be about $6.00. The only amendment to incur a cost was sawdust, which

cost $200.00 (transportation fees). The 25 m3 of sawdust was enough to build

approximately 4 piles at about $50.00/pile. A 30 m roll of plastic cost $45.00 and was

long enough to line eight piles for about $6.00 each. The cost of the mesh wire cover,

including the cost of 12 pegs/pile, was approximately $65.00/pile.

The total cost of amendment, liner, and wire cover for a sawdust pile would be

$121.00, a sunflower pile $77.00, and woodchip and straw piles $71.00 each.

Subsequent compost piles would cost less, since at least half of the compost material and

the enclosure could be recycled. The cost of these piles reduces to $31.00 for sawdust,

$7.50 for the sunflower hull, and $6.00 for the straw and woodchip. Fencing available on

the farm could reduce cost. At the Pansy site the producer was able to provide the straw

and panel fencing at no cost. So the straw piles at this site had no direct cost.

6.5. Cost analysis

The following conclusions on the performance of composting cattle mortalities using a

low maintenance method were drawn from this study:

1. Composting using static piles is a low cost and maintenance approach, which is

feasible for on-farm cattle carc¿lss disposal.

7. CONCLUSION
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2. Pile temperature and moisture content were not uniformly distributed throughout the

depth profile of the pile die to the layering of carcass and amendment. The

temperatures in the piles amended with the wood products, the sawdust, the

shadsawdust, and the woodchips \Ã/ere all warmer in the upper layers of the pile.

The sunflower hull temperatures were higher in the lower layers and the straw piles

had no layer that was consistently higher. Most piles were generally wetter in the

lower layers regardless of amendment.

Average sawdust pile temperatures ranged from26.2 to 38.0o, while average moisture

contents ranged from34.2 to 78.6%o. When compared to sawdust, straw resulted in

similar pile moisture contents, but experienced lower pile temperatures, sunflower

hulls generated higher pile temperatures but lower pile moisture contents, and

woodchips had lower pile moisture contents and temperatures.

Pile volumes showed a reduction of approximately 5 - 40% with straw having the

greatest loss followed by sawdust, and woodchips. The sunflower hull pile showed

the least amount of reduction.

Based on the temperature and moisture content data as well as pile size reduction,

sawdust is considered to be the best amendment for composting cattle mortalities.

Although straw amendment did not result in pile temperatures as high as sawdust

amendment, carcasses were successfully decomposed after approximately seven

months. Since straw is available on most farms in Manitoba it is considered to be the

most economical and practical option for on-farm composting.

J.

4.

5.

6. Placing two carcasses per pile is recommended as it improves the composting process

by slightly increasing temperatures without creating excess moistu¡e. Overlapping
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the carcasses allowed the initial pile size to remain similar to that of a single carcass

pile. The final pile size showed greater reductions in volume after both carcasses had

degraded.

7. The final pile C:N ratios decreased in all compost piles and the windrow as carbon

was consumed and nitrogen was released from the carcass.

8. The proposed method for constructing windrows proved to be feasible for the

disposal of multiple carcasses. The ability to add carcasses as they occur would be

advantageous.

9. Although not every pile reached temperatures above 55oC, all21 piles tested negative

for salmonella. Fecal coliforms counts were all below guideline limits with the

exception of the woodchip pile that had slightly elevated counts.

10. A plastic liner was found to be an effective solution for preventing increased soil

nutrient levels beneath the compost piles. ln the absence of a permanent liner this

simple,low cost altemative could be used. However, due to the limited number of

piles constructed with and without liners during this trial, fuither study should be

done to verifu the effectiveness and necessity of a liner.

Recommendations that can be made from the findings of this study include:

l. The use ofan enclosure is necessaryto deter scavengers and livestock from

disturbing the compost piles. Wire mesh or fencing that is already available on the

farm should be used to reduce composting costs.

8. RECOMMENDATIONS
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2. The final compost and the remaining bones should be recycled as amendment for

new compost piles.

3. The composting process would likely not start dwing the cold winter months should a

mortality occur.

4. A geomembrane may be selected as a non-permanent liner.

5. Liquid from beneath the compost piles could be collected and analysed to provide a

better understanding of nutrient loss from the compost pile.

6. Thermocouples should not be used for monitoring purposes since a reaction involved

in the composting process corrodes the wires.
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Cornpostmg may be local solutlon

to increasing number of dead cattle
BY MARCY NTCHOLSON

A closed United States border

¡l\ means farmers have more
I \ead cattle on thei¡ hands, but
an innovative group wants regional
stakeholders to f,rnd a iocal solution.

"More cattle are being kept back
now," said Mark Witherspoon, Turtle
Mountarn Sustainable Ventures secre-

tary and Killarney mayor.
"We need to get all the rural

municipalities talking abour this
because it's a regular problem."

Sustainable Venlures wants munic-
ipalities to discuss raising funds to
research the possibrliry of establishing
a dead stock compost facility in the
southwest region.

One landfill nea¡ Souris is licensed
to receive dead stock.

AJready, Killarney has ailocated
$15,000 over three years, to assist in
the initiative.

On-farm dead stock burials are
labour-intensive and most landfills a¡e
not licensed to receive them. Changes
to national poliry have decreased the
need for rendering, meaning such
companies have gone from picking up
dead stock for free to charging fees.

"Dumping it in the bush is a $500

fine and that's not the rvay we want to
go," said John Popp, southwest
regional beef specialist for Manitoba
Agriculrure.

Witherspoon is also conce¡ned cat-

tle producers could dump carcasses in
areas which are less than ideal, such

as road allowances.
The U.S. border has been closed to

live Canadian ruminants since one

Aiberta cow tested positive for n-rad

cow disease May 2003. Manitoba's
cow-calf producers have consequentl-v

been hanging onto their cull cows lor
longer than usual, increasing the nurn-

ber of those which are too sick to trav-

el for slaughter from 0.125 per cellt of
their herds to up to olle Per cent.

This could tally up to 6,000 liead
whicli need to be disposed ol a¡'rnual-

ly since the border closed, based on

the province's estimated canle popula-

tion of 600,000. This cloes not include

other ruminants affected b-v the closed

bordel', such as bison, sheep, goat arÌd

e1k.

Municipaliry representatives will
meet i¡r Boissevain's Civic Cent¡e Nor,t

8. rvhen technical consultants h.c¡m ^

B.C. and Alberta rvill provide regula-

tor¡, and prograln stalus updates.
"There's a ueed to see the '

(Canadian Food Inspection) Agency
involved with this," said Les
Routledge, Prairie Practitioners
Group president.

Prairie Practitioners is a ¡urai
development consulting fi rm.

"We'd like to see scientific research
published," said Routledge.

Research specific to discarding
dead stock in the post-bovine spongi-

form encephalopathy era has not yet

been publisl-red.

It is premarure to estimate how
much money wiil need to be collected
to complete this research, said
Routledge.

Livestock producers who opt to
dispose of dead stock on their proper-
ty can compost, incinerate or bury the

carcass approximately tivo metres
deep. While burials a¡e considered a

fairly big undertaking, Popp considers

composting easier than most people

think.
The dead animal must be Piaceti

on ancl under orle foot ol straw, and

turned over time. Farmers considering
this can contact their agricultural rep-

resentatives.

n n i ch o I s@,1¡ ra nd o n su n. co n



fì prine hæ sprung and, whjle a

\young pemon's fancy likely
lJrum to love, I'm prerry sure a
good mmy folk out there, young
and old, a¡c also wondering hou,ro
comPost a cow.

I know this becaue, for the læt
couple of yea¡s, my Manitoba
Asæiation of Regional Recycler's
(MÀRR) display has sharcd rade
show space wirh rhar of rhc
Compost Aaion Projea (CAP) ar

thc Association of Mani¡oba
Muicipalities (AMM) spring and
fall conventioro.

'It may sound like aoonym soup,
but due to BSE's domrno cffect;
CAP gu Christine Scb¡oeder has
fielded so muy inqui¡ies abour safe
composting of carcasses thar she
wo¡ked with Livcstock
Envi¡onmenr Engineer Van-Ly
Dou of MAFzu (Maniroba
Agriolrure Food and Ru¡al
Initiatives) ro develop a srep-by-srcp
guide complere wirh full colour
phoros.

It's not ¡ockct science, which is a
good thing as the Café's clicnrelc
rarely seek zuch hrg\-flfng fare, bur
ùe time seem ripe ro ry her rips on
ou weekly menu to show that dearh
dæs have oprions.

The fine art of rotting acow
dead.

Step I involves preparing a two-
foot base of absorbent organic
material zuch æ su-aw, wæd chiþs
or sawdut rhar will soak up the
swp. Make ilre to leave a matching
wo-foot clearance a¡ound the base,
the ¡eason for which is ¡evealed in
step 5.

Srep 2 is whcn the carcass is laid
squ¿rely (and ro ccho Foghorn
Leghom, I do say squarely, boy!) on
back or side upon rhis bcd of erernal
resf.

Step 3 is when rt gcrs a brt ugJy,

as ruminants (commonly a corv,
'shecp or goar) largcr rhan 300
pounds should havc rheir rumcn
punctured to prevcnt inlestinal
explosion. If onc is nor dealing rvirh
a rumlDant, thank one's lucky
chickens and skìp ro srep 4.

Step 4 is covering up one's car.
cass wirh at least anothe¡ vo fcer of
absorbent organic malerial. Bury
wel.l. as hasre now will be cause to
rcpent ar leisure. The goal is ro pre-
venl odour and ger rhc pile to hear
up to 40{5 degrees C wirhin a cou-
ple of *'ceks.

Notc: When dealing wirh more
than one carcass, rt's time for live-
srock Iasagncl

It shouJd be beyond obvious rhar Srep 5 is inaugural rurning rimc,
onc stans witl that ultimate oxy- usually nvo to th¡ee months latcr,
moron: dead üveslock. Ir doesn'r bur only if rhc pile temperarure has
mfter what kind as long as ir is conscrurively dropped for ar least l0

CAFÉ WESTMAN
Dqrci Ctark

days. lgnorc rhe lumps and rcpear
the hearturn cycle weekly unril rhc
inside temp definitely no ¡onger
riscs to thc occasion.

Step 6 is whcn onc gers ro pan

this black gold, remcmbenng to scr

asidc scrccnings to kick-stan anorh.
cr barch.

And rhcre you havc ir, folks: rhc
barr bones.

I do st¡css bare rhough, as

Ch¡istine has much mo¡e roll.Íiec
expertise available ar l-8óó-394-
8880 or at rhw.rcsourceconsena-
rion.mb.calcap.

And rvhile we're lalking homc-
madc dirt. councillors and landfill
operatorJ intcrcstcd in how organics
divcrsion fits into an effectivc rvasle

management srrategy are invited to
check our CAP's Municipal
Composting l0l workshops at rhe
followrng Wcstman locarions:
Melita on May 24 and Minnedosa
on May 25, 2006. For rcgisrrarion
details, give Christine a roll.free call

l-l
$-, '

o¡ e-mail her at ch¡istine@rcsourcc
conseryation.mb.ca

What ¡s the welkovered cow
wearlng theæ days?
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Final compost nutrient results

Nutrient analysis results for the final compost material from cattle composting piles trials
l.;r2004 and 2005.

Site

Austin

Amendment

Straw

Sawdust
StraØSawdust
mix

Boissevain Sunflower Hull 7.3 1150

Killarney

pH NH4
(%\

7.4 310
6.6 2600

6.0 t940

Pansy

Straw

Straw
Woodchip

Straw
Straw
Sawdust
Sawdust

Straw
Straw
Sawdust
Sawdust

Straw-2C
Straw-2C
Sawdust-2C
Sawdust-2C

Windrow-l8C

Straw
Sawdust

Total
Nitrate-N Sulphur

(%\

210
273

7.2 104 334
6.6 10 88

7.4 221 9t

(%\

1060

20.9

0.1 0.18 0.08 0.47 0.06 0.02
0.05 0.0s 0.03 0.09 0.01 0.07

0.07 0.10 0.07 0.19 0.02 0.08

Ca
(%l

Phos K
(%) (%\

7.1 311

7.2 1110

6.6 1330

6.8 754

6.7 159

6.4 150

6.4 553

6.4 253

6.9 190

6.8 2260
6.7 1230
6.3 1350

6.8 2430

6.4 2s9
7.0 770

0.11 0.89 0.17 0.97 0.44 0.04

Mg Na
(%\ (%\

0.04

0.01

0.03

0.04
0.12
0.03

0.01

0.09
0.13

0.03

0.03

0.t7
0. t6
0.04
0.03

0.1

0.04
0.03

806

224

393
147

Pilot
Mound

0.11 0.05 0.44
0.06 0.02 0.14
0.57 0.05 0.16

0.09 0.02 0.60
0.1 1 0.12 0.78
0.03 0.02 0.05

0.03 0.00 <0.01

0.12 0.06 0.13

0.14 0.11 0.t7
0.07 0.01 0.03

0.0s 0.02 0.04

0.16 0.11 0.14
0.21 0.11 0.22
0.12 0.03 0.03

0.18 0.09 0.05

180

49r
385

3t6

1s8

s28
602
628

1l l0

0.04 0.03

0.03 <0.01

0.12 <0.01

0.07 0.20
0.167 0.47
<0.01 0.03
<0.01 <0.01

0.04 0.06
0.06 0.04
0.01 0.02

0.01 0.04

0.07 0.03

0.07 0.03

0.03 0.01

0.02 0.04

422
242

0.11 0.05 0.12 0.04 0.05

0.13 0.04
0.17 0.01

0.0s
0.04

0.04 0.11

0.05 0.02



Soil nutrients

2004

Soil nutrient levels taken prior to construction (pre) and after turning (post) of mortality
compost piles constructed with straw and sawdust and with or without a liner, 2004. All
piles contained one carcass/pile. Composite soil samples were tested from 0-0.6 and 0.6-
1.2 m depths.
Site Pile Depth Nitrate-N Phosphorus Potassium pH

(ppm) (ppm) (ppm)
Pre Post Pre Post Pre Post Pre Post

Austin Straw 0 - 0.6 <2 B 15 10 124 147 7.5 7.4
0.6 -1.2 <2 <2 6 <5 83 93 7 .8 7.5

Sawdust 0 - 0.6 <2 14 15 10 124 139 T .S T .9
0.6 -1.2 <2 3 6 6 83 72 7.8 8.1

Pansy Straw -NL 0 - 0.6 <2 37 55 93 299 640 B.O B.z
0.6 -1.2 <2 11 19 37 423 870 8.6 8.7

Straw -L 0 - 0.6 <2 21 55 T4 299 398 8.0 8.0
0.6 -1.2 <2 5 19 17 423 600 8.6 8.5

Sawdust -NL 0 - 0.6 <2 67 55 88 299 341 8.0 7.8
0.6 -1.2 <2 6 19 19 423 660 8.6 8.4

Sawdust -L 0 - 0.6 <2 I 55 62 299 3AB 8.0 7.9
0.6 -1.2 <2 2 19 25 423 458 8.6 8.2

Killarney Straw -NL 0 - 0.6 4 140 i6 24 145 3i3 7.4 6.3
0.6 -1.2 3 28 <5 6 79 86 8.1 7.8

Straw -L 0 - 0.6 4 51 16 23 145 261 7.4 6.7
0.6 -1.2 3 37 4 10 79 113 8.1 7 .7

Woodchip 0 - 0.6 4 42 16 19 145 151 7.4 6.8
0.6 -1.2 3 10 4 4 79 94 8.1 7 .8

Boissevain Sunflower Hull 0 - 0.6 8 <2 <5 <S 1Sg 1gi B.Z 8.1
0.6 -1.2 4 2 <5 <5 140 74 7.9 8.7



Soil nutrient values from samples taken from directly belowthe mortality compost piles
(pile) and from the surrounding pile area (background), 2005. The number of carcasses
per pile is listed below. Composite soil samples were tested from 0-0.6 and 0.6-1.2 m
depths.

Site Sample Depth Nitrate-N Phosphorus Potassium pH

(m) (ppm) (ppm) (ppm)
Back Back Back Back

ground Pile qround Pile qround Pile qround Pile

Austin Strad 0.0-0.6 1 U 19 22 230 180 7.7 6.4
Sawdust 0.6-1.2 1 11 11 9 130 l3O 7.7 7.0

Pilot
Mound Straw 0.0-0.6 3 2 44 43 230 1S0 7.9 8.2

0.6-1.2 1 1 6 <5 90 80 8.3 8.6
Sawdust 0.0-0.6 3 10 44 14 230 280 7.9 8.3

0.6-1.2 1 3 6 <5 90 80 8.3 I

Pansy Straw-1O 0.0-0.6 7 15 14 55 14 330 I 6.8
0.6-1.2 2 4 <5 25 <5 390 8.1 8.1

Straw-1C 0.0-0.6 7 50 14 65 14 220 I 6.2
0.6-1.2 2 54 <5 2B <5 450 8.1 7.7

Straw-2C 0.0-0.6 7 13 14 66 14 520 I 7.8
0.6-1.2 2 5 <5 13 <5 220 8.1 8.4

Straw-2C 0.0-0.6 7 31 14 79 14 400 g 7.1

0.6-1.2 2 38 <5 22 <5 510 8.1 8.3

Sawdust-1C 0.0-0.6 7 3 14 52 14 370 8 8
0.6-1.2 2 2 <5 17 <5 140 8.1 8.4

Sawdust-1O 0.0-0.6 7 1 14 36 14 500 I B.s
0.6-1.2 2 1 <5 10 <5 200 8.1 8.6

Sawdust-2C 0.0-0.6 7 3 14 26 14 270 I 8.3
0.6-1.2 2 1 <5 B <5 70 8.1 8.4

Sawdust-2C 0.0-0.6 7 2 14 23 14 500 I 8.4
0.6-1.2 2 <1 <5 <5 <5 110 9.1 9.6

Windrow 0.0-0.6 7 4 14 90 14 ST0 I 16

0.6-1.2 2 1 <5 20 <5 400 8.1 4


