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Executive Summary - Update August, 1999

In a 12-month period beginning in the spring of 1998, a study was initiated to examine the impact of
wet/dry feeders on manure production, manure nutrient levels, and water use in feeder pig barns. This
type of feeder isapopular choice in feeder barns. In addition, many of the recently-built feeder barns
have been associated with three-site pig production.  Manure samples were collected every second
month from 21 farms. More detailed information was gathered for 17 of the farms. By studying water
needs, feed inputs, numbers and weights of pigs entering and leaving the barns, manure production and
manure nutrient levels, the following conclusions were reached:

1 The average water requirement for the wet/dry feeder barns was 5.54 L/pig/day, which was
ggnificantly lessthan the 7.92 L/pig/day average for the dry feeder barns. Thisrepresentsa
30% reduction in water used.

2. The average amount of water needed to produce one kg of weight gain was 7.01 L for the
wet/dry feeder barns and 9.86 L for the dry feeder barns. These numbers were significantly
different.

3. Among the wet/dry feeder barns, there was no significant difference in water use per pig per
day for the barns that had extra waterersin the pen (fixed nipples or swinging nipples) vsthe
farms with no extra waterers.

4, Water use varied over the year, with highest demand typicaly in the warm months (June, July,
August, September).

5. Average manure production for the wet/dry feeder barns was 3.24 L/pig/day and for the dry
feeder barnswas 4.03 L/pig/day. Even though it appears the manure production for the
wet/dry feeder barns was 20% less, the difference was not Satigticaly sgnificant. Therewasa
great ded of variation from one farm to the next.

6. The amount of manure produced per kg of weight gain was 3.83 L for the wet/dry feeder barns
and 5.21 L for the dry feeder barns. These numbers were not significantly different.

7. The dry matter content of the manure averaged 6.42% for wet/dry feeder barns and 3.43% for
dry feeder barns. Much of the difference was due to the manure storage type - uncovered
dtorages are subject to large amounts of added precipitation, which proved to sgnificantly
influence the manure dry matter content.

8. There was agreat ded of variation among farms. For the wet/dry feeder barns, the average
Nitrogen content of the manure was 0.65%. However, the highest average farm value was
1.05% and the lowest was 0.27%. The range in manure dry matter values for the wet/dry
feeder barns was 3.01% to 11.11% (averages for 14 farms).

0. Due to varigbility among farms of the same feeder type, it appears there is still no good
subdtitute for farmers collecting manure samples for analysis when carrying out nutrient
management plans.

10.  Thisstudy has helped to demongtrate reductions in manure production that are possible with
wet/dry feeder barns and with dry feeder barns.
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Investigation Of Manure Production In Typical 3-Site Hog Facilities

Ron Fleming, Doug Hocking, Malcolm M acAlpine and Jennica Johnston

1.0 Introduction

New technologies, especidly newer designs of feedersin hog finishing barns, have the potentia
to result in lower volumes of manure that must be stored, with a proportionaly higher nutrient
concentration. Since manure storage represents a magjor cost for Ontario swine producers ($20,000 to
$50,000 would be a common range for uncovered storages), we must attempt to size these storages as
accurately as possible. Thisisthe find report for Project #97/03, an investigation into the effect of
wet/dry feeders on manure volumes produced, and manure nutrient concentrationsin typica 3-ste
facilities on southern Ontario swine farms. The study has been conducted for Ontario Pork by
Ridgetown College, University of Guelph with assstance from g&ff of the Ontario Minigtry of
Agriculture and Food and Rurd Affairs (OMAFRA).

2.0 Background

2.1 Sizing of Manure Storages - Manure storage szing in Ontario is based on research data
from studies carried out more than 30 years ago. The approach has been to use these numbers
representing the actual manure production, then increase the vaue by about 40% to account for dilution
liquid, to come up with arequired storage volume. Storage numbers based on these origind estimates
have been included in a variety of references used in Ontario over the past severd years- eg. The
Canadian Farm Building Code (NRCC, 1977), The Canada Anima Manure Management Guide
(Agriculture Canada, 1979), and Sizing of Manure Storages (Fleming, 1983).

There has been some attempt to verify that the numbers are accurate. A study by Bradshaw
and Fleming (1981) looked at actua manure production on 14 swine farms. The actua measured
manure production from the farms was compared to the predicted production. The average of these
numbers was dightly higher than the predicted value and it gppeared that there was no judtification for
changing the design numbers. However, the actua production ranged from as low as 36% of the
predicted volume to a high of 236% of what was predicted.

The main cause of varigion in storage volumes is the amount of dilution liquid that entersthe
gorage. In their reference materid, the American Society of Agricultura Engineers takes a different
gpproach to szing (ASAE, 1993). Manure production vaues are given, with no attempt to estimate the
dilution liquid, and subsequently, the actua storage needs. Thereis far less variation from farm to farm
in the actua production of feces and urine, asit is closaly rdated to the weight of the animal. Based on
ASAE data, for every 1000 kg of pig live anima mass, 84 kg of manure is produced daily (thisis
equivalent to 5.4 L/day for a64 kg pig) a 13.1% dry matter. Actua manure samples submitted to labs
in Ontario give a better idea of what is coming out of manure storages. The average nutrient



concentrations of 359 swine liquid manure samples are: 0.37% N, 0.11% P, 0.16% K. The dry matter
content average is 3.5% (OMAFRA 1999). Thislow dry matter content suggests that a considerable
amount of dilution liquid has been added to the manure through some means,

Dilution liquid can be traced to severd sources, including:

a) Inthe barn - washwater, leaking waterers, spray cooling systems,
b) Outside - direct precipitation, surface runoff into the storage, and drifting snow.

In the Bradshaw and Fleming study (1981), this variation in the addition of dilution liquid was
identified asamain factor in the variability of totd manure production. The “Outsde’ sources are
relatively easy to predict. There are sandard procedures for dealing with these. Of the “In the barn”
sources, leaking waterers pose the biggest design problem (including actud lesks due to either design
problems or wear, and spilled water resulting from anima's playing with water nipples, etc.). One of the
developments in recent years that could have a dramatic impact on the amount of this spilled water is
the wet/dry feeder. Any lesking water from the waterers falsinto the feeder and therefore does not
enter the manure collection system.

2.2 Water Requirements - The key to variations in manure storage volumes, then, is water - both
precipitation and supplied water. Water is required to produce new tissue in growth or pregnancy,
produce milk and compensate for losses through respiration and evaporation and elimination of waste.
Pigs obtain water from (1) consumption, (2) feed and (3) from the breakdown of carbohydrate, fat and
protein. Water islost by respiration, evaporation, defecation and urination. Water requirements are
increased by high ambient temperature, fever, diarrheaand lactation. Pigslose water vapor more by
respiration than evaporation.

Swine water needs are variable. Accessto waterers, seasonal temperatures, food minera
content, incidence of disease, dust and air dryness must dl be considered. The common
recommendation is that there be one waterer for every ten feeder pigs (Aker 1991). Finishing pigsin
the weight range of 34 to 90 kg drink between 4.5 and 7.3 L/day of water (Agriculture Canada 1988).
Asthe temperature increases, S0 does water consumption.

2.3 Wet/Dry Feeders - New hog-feeder technology promises to reduce the potentia for spilled
water in swine barns. Thiswould provide a Sgnificant reduction in operating and capital costs by :

1) trimming costs for clean water supply (particularly where supply is metered)

2) reducing wear on transfer equipment (pumps, vaves, tankers)

3) curbing Sze of storage structuresto be built and maintained

4) cutting back on tripsto the field to recycle farm-generated crop nutrients

5) minimizing soil compeaction (less loading), and

6) increasing nutrient concentration (and vaue) of manure,

This decrease in manure volumeis aso likdly to affect odour levels and could affect the
potentia to contaminate surface water or groundwater. The pressure to empty manure storagesin
margind field conditionsis eased. Timelinessin gpplication for crop needs isimproved, resulting in more
efficient nutrient use and potentialy lower cost for commercid fertilizers.

Current standards for Szing manure storages are based on the number of animas, daily manure
production, desired storage in days as well as anticipated extrawater. However, the water
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consumption reductions from wet/dry feeders have not been measured under typica Ontario
management systems.

In aconventiond dry feeding system, pigstypically eat from afeeder containing “dry” feed. The
waterer islocated in a separate area of the pen. Figure 1 shows an example of a dry feeder. With
wet/dry feeders, the waterers are mounted in the feeder, so that water dropsinto the feed and is

onaoet by the W A oot sl m‘}iﬂi 1 H\M “ " || m | I ” i I /

common, feeding system option is*“liquid
feeding’. Liquid feeders have the advantage of
minimizing feed wagte and significantly reduce
dugt in thefeeding area. Liquid feeding involves
providing the pig with a known mixture of feed
and water. Its consstency can be dtered to the
pigs liking or equipment capabilities.
OMAFRA (1992) suggests that a 30
percent reduction in storage design volumes
could be assumed where wet/dry feeders are
used. Anecdotal evidence suggests manure RE
production may be reduced by as much ashdf, Figure 1 Dry feeder
depending upon the operation. Indeed, farmers
have noted that liquid manure may become so “ iff” that older equipment may be unable to pump it
from the short-term or long-term storages. In addition, older designs of barn gutters may not drain
efficently, requiring the addition of new water.
Gro Master (1999) advertizes that
“Crystd Spring” wet/dry feeders can reduce
water use by up to 50% compared to dry
feeders. Researchers at Kansas State
Universty compared three commercidly-
avallable feeders on 300 finishing hogs. Those
used in the study included a single-hole wet-
dry feeder (Crysta Spring) versus adry two-
hole feeder (Aco) and adry round nine-hole
feeder (Osborne). During the summer months,
the wet/dry feeder water consumption was
reduced by 42% with little effect on average
daily feed intake. Pigs fed from the wet/dry
feeder had a 7.7% better feed efficiency ke
during both summer and winter than pigsfed ~ Figure 2 One of severd types of wet/dry feeders
from either of the other two dry feeders.
However, water use was only dightly lessfor pigs on the wet/dry feeder during the winter months and
producers were advised to consder the cost of different types of feeders when making their decisions
(Luce 1999).

Final Report - #97/03 - . . . Manure Production . . . update 99-08-09 Page: 3

feeder isshownin Figure 2. A third, less




Japanese researchers studying five feeder types (including two wet/dry types) determined that
feeder type had no effect on average daily gain. Feed intake increased from 5 to 8% on wet/dry
feeders. Water intake varied according to the type of wet/dry feeder resulting in a water-saving effect
of 3to 31% (Miyawaki et a, 1998).

The issues of growth and weight gain may be crucid to the generd adoption of wet/dry
feeders, regardless of manure volume reductions and benefits promised. Not al researchers are agreed
upon universal feed conversgon efficiencies. One researcher, while not examining water consumption or
wadte noted a 6 to 9% feed conversion efficiency improvement in wet/dry feeder groups (Miyawaki et
al, 1996). Pluske (1996) noted piglets weaned at 30 days, feeding at sngle-space wet/dry feeders had
alower growth rate over the next 28 days than piglets fed from two types of dry feeders. They
indicated that the piglets may have found the accumulated porridge-like “grue” in the bottom of the
feed tray to be unpalaable. Their hypothesis that wet/dry feeders would increase piglet growth rate
after weaning due to increased feed consumption was not supported since performance was smilar
between feeder types.

2.4 Three-site Swine Production - Many of the swine facilities built in the last decade have been
based on 3-gte production. The entire operation is located at atotd of three Stes - e.g. three farms,
perhaps owned by three different farmers. This practice offers advantages in biosecurity and
gpecidization. All breeding animas are located at one Site, weaner pigs at a second Ste and feeder pigs
at the third. Reatively speaking, the grestest amount of manure is generated at the feeder operation
and it isthere that the wet/dry feeders are being used increasingly.

2.5 Nutrient Management - Thereisamgor effort in Ontario to adopt nutrient management
planning as agenerd farm practice, especidly on livestock farms.  This involves determining crop
nutrient needs and applying nutrients from manure or other sources to supply those nutrients. It amsto
avoid over-gpplication of nutrients, which can lead to environmenta problems. In order to make the
mogt efficient use of nutrients, livestock farmers must know the nutrient content of the manure. Default
vauesin the exising NMAN computer program do not distinguish which samples are from barns with
wet/dry feeders. However, asthe moisture level of the manureis reduced, it follows that the nutrient
concentration will be higher (the pigs dill produce smilar amounts of feces and urine).

3.0 Objectives

1) To measure manure production in exigting new 3 site swine finishing fadilities and compare the
results to existing storage sizing standards - especidly examining the impact of wet/dry feeders.

2) To propose changes to Szing specifications, if warranted.

3) To messure manure nutrient concentrations and determine the effect on nutrient management
plans.
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4.0 Experimental Procedure

4.1 Site Selection - Study criteriarequired that test operations have severd common eements for
incluson in the study:

1. 3-gtefinishing barns (with wet/dry feeders) must be recently completed.

2. Operators willing to record manure levels, inventory feed, water consumption,

livestock movements and shipping weights on amonthly basis for a year.

3. Provide access to manure storages for regular sampling.

4. Record amounts of manure removed from storages.

5. Complete asurvey providing operationa details.

Initialy OMAFRA and agri-business were canvassed to suggest cooperators. Eventudly
Ridgetown College staff made contacts and arranged for ingtalation of water meters (where necessary)
and uniform record keeping. A total of 23 operators agreed to participate, representing 26 barns.
Conventiond feeders, wet/dry feeders and one liquid feeding system are represented in the study.

4.2 Collection of Farm Data - A prdiminary questionnaire was composed and distributed. This
organized farm information into various categories, describing barn type and capacity, production
system (batch or continuous) watering system, feeding system, and manure storage descriptions and
capacities. These were returned early in the study.

Farm data sheets were created to record and organize farm data on a monthly basis. These
were |eft with the farmer to record the consumption and production information. There were four mgjor
divisons:

A - water record for water meter readings and date of reading
B - record of dates, weights and numbers of dl pig movement in and out
C - records of al feed inputs, dates and weights, and
D - dl manure storage(s), measurements and dates.
Farmers were contacted in November and December 1998 to check on the progress of data
collection. A sample of each form isincluded in the Appendix.

4.3 Sample Collection and Analysis - Each Stewas vidted Sx times for manure sample
collection, between mid-July, 1998 and March 1999. During the vigt it was noted if the tank had been
recently agitated or emptied. At each Ste, a composite sample was taken from the main storage using a
clean one litre plagtic bottle in a stainless sted sampler. The plagtic bottle filled as it was moved up and
down through the stored manure. Threeindividua samples were composited in aclean Sngle-use
plagtic bag in atwo-litre plastic bucket. After being thoroughly mixed, a representative sample was put
into alabeled 500 mL plastic sample bottle. All sampling equipment was cleaned using a rinse-sogp-
rinse regimen prior to departing for the next sample ste. Measurements of manure storage levels were
recorded during the Site visits. For transport, samples were placed in a cooler with artificia ice and then
transferred to arefrigerator. Samples were then taken to the University of Guelph Soil and Nutrient
Laboratory for analysis. Samples were andyzed for total N, P, K, NH,-N, pH, and dry matter.

Three operators ingsted on collecting the in-barn samples themsdavesin order to minimize the
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chance of preading disease among the farms. Clean overdls, disposable latex gloves and plastic
overshoeswere used at dl stes.

4.4 Determining Water Use - Reconditioned, re-calibrated flow meters were purchased (from the
City of Chatham) and distributed to those farms that did not have a water meter in the sudy barn. The
farmers performed the ingtalation a the water line serving the barn.  The meters were manufactured by
TriDent (Neptune Modd) and were ether designed for either 3/4 inch or one-inch water lines. Two
meters became defective early in the project and these werereplaced.  Six of the 21 sites had their
own water meters dready installed and these were assumed to be calibrated and accurate. Based on
monthly water meter readings, total volumes of water for the barns were caculated. For each Ste, one
drinking water sample was collected and tested for nitrates, pH, and conductivity as a meansto screen
out farms with water quality concerns.

4.5 Determining Manure Production Volumes - To caculate manure production volumes; it
was hecessary to account for precipitation into the uncovered storages. Of the 21 Sites, Six had
uncovered sorages. None of the affected farmers supplied precipitation data, so records from nearby
farms were used (OMAFRA rainfall recording network). Since these did not cover winter
precipitation, long-term average data were used to cover the four-month winter period (Ridgetown
College wegther records - M. MacAlpine; Environment Canada, 1992; Smith, 1999). Theaim wasto
remove precipitation as a source of variability between farms. No evaporation was caculated for the
uncovered storages.

5.0 Results and Discussion

5.1 Site Characteristics - Intotd, about 75 farmers were contacted to come up with 26 stes.
The 26 sites were soon reduced to 21, for various reasons. The fina group completed and returned the
farm survey sheets, documenting: number of pigs, Sze of manure storage, barn layout, feeding system
detalls, etc. Thefarmersaso filled in monthly log sheets to keep track of manure storage levels, water
meter readings, barn inventories and feed used. Manure samples were collected from the 21 storages.

A sudden drop in pork prices during the past year led to changes on some of the study farms.
Some farm workers were laid off, leaving lesstime for the farmer to devote to the additiona work of
this study.

On one farm, the roof blew off the barn in a summer storm resulting in very high mortdity rates
and alow average shipping weight. Another had a disease outbresk. This farmer did not complete the
monthly records. In another case, modifications to the watering system were made hafway through
the study - fixed waterers were replaced with swinging units. Unfortunately, vita manure measurement
notes were misplaced during the renovations.

All farms had record-kesping methods reflecting their management style and farm needs. While
standardized report forms were distributed, each case required severa contacts for interpretation of
provided information. Some provided data on aday to day basis, while others made asingle entry to
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cover awhole year’s manure production or water consumption. All of these numbers were reviewed by
gaff and confirmed for accuracy.

The timing of the study proved to be a problem for some farmers - find data sheets were
needed during the busy spring season.  These reports were often late in arriving and one farmer was
unable to complete his farm data collection by the due date.

By the end of the study, complete sets of numbers were available for 17 of the 21 Sites.

Manure test results were available for al 21 gtes.

5.2 Pig Numbers and Weights - The 12 farms with wet/dry feeders ranged in sze from 550 to
4,200 pig spaces, with an average of 1,300 spaces per operation. The four dry feeder barnsranged in
sgzefrom 425 to 1,550 pigs, averaging 865.

The ranges of weights of pigs were 27.2 to 105.0 kg for the dry feeder barnsand 31.2 to
103.9 kg for the wet/dry systems (including Site12, where pigs were shipped early following roof
damage). Average pig weights for the study were 67.6 and 66.1 kg for “wet/dry” sitesand “dry” Sites,
respectively. The ste with liquid feeding handled pigsin the weight range of 25.5 to 107.7 kg.

Degth losses are a part of business for hog producers. When caculating weight gains,
alowance was made for animals that died partway through the process. If the information was
provided by the farmer, that number was used. However, where the number was missing, death loss
was assumed to be 3%, at an average weight of 60 kg (Bancroft 1999).

Of the 17 stes where detailed records are available, 12 use an dl-in, dl-out management
system (where rooms are loaded dl a once, and each room is empty for a brief period to alow for
disnfection). The remaining five Stes use a continuous system, where animas are arriving and leaving
continuoudly.

Only one of the farmers reported the monthly barn inventory numbers - the farmers felt it would
require too much effort to trandfer their numbersinto the reporting format that we had set up. Asa
result, the “design barn capacity” is used for some of the cdculations found in the following sections.
Other cdculations make use of actud weight gains (difference between weights out vs. in). In generd,
the farmers felt that the actud numbers of animasin the barn at any time was close to what the barn
was designed to hold.

In order to verify that the design barn capacity numbers were accurate, calculations were made
to create severd “checks’. One of these isthe average space per pig in the study barns, using the barn
dimensions and the barn capacity numbers. The results of this calculation are shown in Table 1, LinelL.
Barns ranged from 0.64 to 1.10 n? per pig. This seems reasonable, given that the pig needs about 0.6
¥ of actua pen space and dlowance must be made for such items as utility rooms, offices, feed rooms,
walkways and wall thicknesses (depending on the Situation).

The average weight gain, in kg/pig/day isshown in Line Q of Table 1. Mogt farmswere in the
range of 0.60 to 0.80 kg/pig/day. There did not appear to be a difference from the wet/dry feedersto
the dry feeders. However, the liquid feeder barn had the highest value at 0.99 kg/pig/day.
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Table1l Summary of Selected Data for All Farms- Part A: Wet/Dry Feeder Barns

Wet/Dry Feeders

Site Number: 1 4 8 10 11 12 5 6 2 3 9 13 Avg.
A : Water consumed 4,025] 1,938 1,791 2,008] 2,014 1,203] 7,699| 2,650 15021 2,040| 1,866| 2,678 | 2,618
m?®)
B : Pig movement net 493 266 190 329 396 274 1,385 309 202 268 421 265 400
but (t)
C : Feed consumed (t) 1,477 643.0 750 778 826 753] 3,070| 1,165 284 820 740 803 ] 1,009
D : Manure produced 1,038 1,272 1,066 1,232 1,433 863 8,670 691 856 727 1,319| 1,158 1,694
m?3)
F : Pig spaces in study 1,600 1,000 9501 1,100| 1,000 5501 3,697 1,500 800| 1,050 900 1,000 1,262
parn
- Precipitation 647 0 120 0 0 0 0 637 0 0 0 0
Heducted (m3)
5 : Feed conversion - 3.0 24 3.9 24 21 2.1 2.2 3.8 1.4 3.1 1.8 3.6 2.70
C / B (kg/kg)
H : Water (kg) / # 6.3 5.7 5.3 5.0 55 6.0 5.7 5.0 5.1 5.4 5.4 6.0 5.54
spaces / day
: Manure (L) / # spaces 1.6 3.8 3.2 3.1 3.9 4.3 6.4 1.3 2.9 1.9 3.8 2.6 3.24
day
) : Total # Pigs out 6,183 3,078| 2,544 4,139] 3,891 2,672] 13,288| 5,736 2,840 3,221 | 4,094] 3,192 | 4,573
: Days 400 338 355 366 366 369 369 354 365 359 381 373 366
| . Space (m°/ pig) 0.94 0.76 0.81 1.10 0.81 0.90 1.02 0.91 0.64 0.84 0.71 1.04 0.87
: Manure / Weight 2.10 4./8 5.61 3.74 3.62 3.1 6.26 2.23 4.23 2.71 3.13 4.38 3.83
Gain - D / B (kg/kg)
- Water / Weight Gain 8.16 7.29 9.42 6.09 5.09 4.37 5.56 8.56 1.42 7.62 443 10.12 7.01
A / B (kg/kg)
D : Average weight in 2959 24.04] 26.84] 2/7.02] 31./5 55.00 25.19] 29.00 30.29] 25.00] 4536] 2581 31.24
kg)
: Average weight out 109.54 1 110.45] 105.89] 105.551 101.70f 102.99 104.25] 82.9/ | 101.68] 108.18 | 104.62] 108.7/0 | 103.88
kg)
 : Average weight gain 0.77 0.79 0.60 0.81 0.74 0.64 0.78 0.58 0.69 0.71 0.71 0.71 0.72
kg/pig/day)
Storage Type Open|] Covered Open| Covered Coveredl Covered Covered Both] Covered Covered| Covered| Covered
Water Supply none| none| nong none none nong swing| swing fixed fixed fixed fixed
Modifications
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Table 1l Summary of Sdected Data for All Farms- Part B: Liquid and Dry Feeder Barns

Liquid Dry Feeders

Site Number: 15 16 23 21 20 Average
A : Water consumed 4,830 1,850 1,543 2,082 1,788 1,816
m?®)
B : Pig movement net 642 162 156 348 148 203
but (t)
C : Feed consumed (t) 1,709 374 405 947 291 504
D : Manure produced 3,629 823 1,072 1,769 560 1,056
m?®)
F : Spaces in study 1,800 850 425 1,550 634 865
parn
- Precipitation 0 560 0 364 410
Heducted (m3)
G : Feed conversion - 2.7 2.3 2.6 2.7 2.0 2.40
C / B (kg/kg)
H : Water (kg) / # 7.4 8.0 8.3 3.6 11.7 7.93
spaces / day

: Manure (L) / # spaces 5.5 3.5 5.8 3.1 3.7 4.03
day
) : Total # Pigs out 7,855 1,886 1521 4,645 1,202 2,314

: Days 365 2(3 435 369 233 328
| : Space (m*/ pig) 1.00 0.94 1.05 0.89 0.93 0.95

> Manure / Welght 0.66 5.08 6.88 5.08 3.79 5.21
Gain - D / B (kg/kg)

- Water / Weight Gain 7.53 11.43 9.90 5.98 12.11 9.86
A / B (kg/kg)
D : Average weight in 24.54 24.95 25.00 30.71 28.00 27.16
kg)

: Average weight out 107.69 105.52 102.43 105.65 106.23 104.96
kg)
Q : Average weight gain 0.99 0.65 0.64 0.61 0.64 0.64
kg/pig/day)
Storage Type Covered Open Covered Both Both
Water Supply none fixed swing fixed fixed
Modifications
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5.3 Water Use - In order to compare water use from one farm to the next, two relationships have
been caculated:

A) The average amount of water entering the barn per day per pig (L/pig/day) isthefirst of
these. Thisincludes dl water that flowed through the water meter - water used for drinking, washing
and spilled or lesking water. All values and averages for each feeder type are shown in Line H of
Table 1. The number of pigs used for this caculation is the Design Barn Capacity (since the “actua
barn inventory” numbers were unavailable). The average for the wet/dry feeder barns was 5.54
L/pig/day which was sgnificantly less (P = 0.05) than the average for the dry feeder barns, which was
7.92 L/pig/day. In other words, on a“per pig” bass, the wet/dry feeder barns used 30% less water
than the dry feeder barns. The liquid feeder barn average was 7.35, which was not significantly
different from ether of the other two systems.

B) The average amount of water needed to produce one kg of weight gainisshown in Line N
of Tablel. Thisiscdculated by dividing the totd water consumption (Line A) by the tota weight gain
of the pigs (Line B). For the wet/dry feeder barns, the average was 7.01 L/kg, which was sgnificantly
different (using 95% L SD) from the average of 9.86 L/kg for the dry feeder barns. The liquid feeder
barn average was 7.53 - dso not significantly different from the other two.

Among the wet/dry feeder barns, a further breakdown of management types was possible. Six
of the farms (Sites#1, #4, #8, #10, #11, #12) relied on wet/dry feeders astheir only water supply for
the pigs. On the remaining Sites, the farmers had ingtaled additiond water nipplesin the pens. At Sites
#5 and #6, swinging waterers were used, while a Sites #2, #3, #9, and #13, fixed nipples were
attached to the pen walls. The average values of water used for the three groups were 5.64, 5.35 and
5.49 L per pig per day, respectively. There was no significant difference between the three groups.

Only Site #9 reported using sprinklers for cooling during hot weether. Sites#16 and #23 dso
verbaly confirmed using a sprinkler system, and others may aso, but the data sheet did not specificaly
ask for thisdetall. These sprinklers would typically be on atimer and during hot weather would creste
aperiodic shower in part of the pen, dlowing the pigsto cool down. The numbersin Table 1 suggest
that the spray cooling system did not add significantly to the total amount of water in the system for Site
#9. Unfortunately, detailed volume and “running time” data were not available.

The other potential source of water directly into the manure storage is wash-water. Again,
most operators did not specificaly record this as an extra source of water, though evidence suggested
that most of the group did some wash-down of pens once the pens were emptied.  This practice helps
reduce the potentia for spread of disease. The typical system would consist of a high-pressure, low-
volume cleaner, that would add asmall amount of extrawater to the storage.

Water use varied throughout the year. For some farmsiit was possible to caculate monthly
average water needs. An example is shown in Figure 3, which gives water needs over the full year for
Site#5. Thisste appearsto betypical. Figure 3 demonstrates that the water needs are greater during
the warmer months of the year, which was expected.

5.4 Manure Production and Nutrient Concentration - Table 1 summarizes manure
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Figure 3 Monthly water consumption for Site #5

production information as reported by farm co-operators and offers additional measures of comparison.
Farm information is arranged into three groups according to feeder type.

Tota manure production volumes for each Ste are shown in Line D. Precipitation collected in
uncovered manure tanks and earthen pits has been deducted from this number. The volumes of
precipitation calculated are reported in line F. These amounts of precipitation range from aminimum of
16% (Sites # 8 and #21) to a maximum of 92% (Site #6) of the total manure production (excluding
precipitation). To store and spread this collected precipitation congtitutes a significant expensein
comparison to the total manure storage and spreading costs. No evaporation has been factored in to
these numbers, even though it is possible for evaporation to equa precipitation at least during the
summer months.

The average manure production for the wet/dry feeder barns was 3.24 L/pig/day, compared to
4.03 for the dry feeder barns (5.5 L/pig/day for the liquid feeding barn). Even though it appears that
manure production in the wet/dry feeder barnsis only 80% of that in the dry feeder barns, thereis
enough variability from farm to fam (e.g. Standard Deviation = 1.4 for wet/dry feeder barns) that there
is no significant difference in manure production between feeding systems (P = 0.22). In the wet/dry
feeder barns, the three watering options were compared to seeif one led to greater manure production
levels. There was no significant difference in manure production per pig per day for the three watering
gsysems. This came as somewhat of a surprise, asit seemed likely that the barns with fixed water
nipples on the wal would have more spilled water than the systems where dl water was supplied in the
feeder.

The amount of manure produced per unit weight of meat production was caculated. Once
again, these rdationships were not significantly different between feeder types. The wet/dry feeder
barns averaged 3.83 L of manure per kg of meat produced, compared to 5.21 and 5.66 for the dry
feeder and liquid feeder barns, respectively.

Manure test results were available for dl of the origind 21 farmsin the sudy. A summary of
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the test results, grouped by feeder type, isgiven in Table 2. The average Dry Matter concentration was
expected to be higher for the wet/dry feeder barns. This proved to be the case, with a DM of 6.42%
(SD =25, max =11.1, min = 3.0). Thiswassgnificantly higher (P =0.04) than the 3.43% for the dry
feeder barns (SD = 1.4, max = 5.8, min = 2.3). For the liquid feeding barn, the average DM was
4.2%.

Table 2 Manure Test Averages

Farm N P K NH4-N DM
Number (%) (%) (%) (mg/L) (%)
Wet/dry feeders
1 0.27 0.082 0.29 1339 3.56
12 0.70 0.334 0.31 2834 7.60
3 0.65 0.268 0.30 2282 9.44
4 0.61 0.143 0.26 3006 5.42
143 0.35 0.104 0.21 1700 4.24
2 0.59 0.106 0.31 3611 3.78
5 1.05 0.472 0.51 3411 11.11
6 0.43 0.086 0.30 2733 3.01
8 0.63 0.182 0.32 3567 5.00
9 0.69 0.255 0.32 2713 5.74
10 0.91 0.248 0.45 5279 7.65
11 0.81 0.205 0.44 4728 5.87
13 0.72 0.232 0.36 3388 8.37
14b 0.68 0.278 0.32 2951 9.13
hverage 0.65 0.21 0.34 3110 6.42
Dry feeders
16 0.31 0.049 0.17 1925 2.68
18 0.67 0.354 0.28 2961 5.82
23 0.31 0.045 0.12 2148 2.26
17 0.19 0.093 0.17 880 2.36
20 0.36 0.115 0.20 1894 3.19
21 0.33 0.079 0.27 1209 4.30
hverage 0.36 0.12 0.20] 1836.10 3.43
Liquid feeding
15 0.46 0.113 0.26 2444 4.20

It isimportant to note that precipitation was subtracted from total manure production to give a
“Net” production vaue for the various caculaions. However, in those cases where manure was stored
in an uncovered storage, samples were collected from that storage and the large amount of extra
dilution liquid had an impact on dry matter levels. For example, the average dry matter content of
manure from covered storages was 6.47%, which was sgnificantly higher than the value of 3.57% from
the open concrete tanks. Looking only at the manure samples from the 14 farms with covered
dorages, the average DM for the 11 wet/dry feeder barnsis 7.12%. Thisis not sgnificantly higher than
the average of 4.04% for the two dry feeder barns having covered storages.

The nitrogen content of the manure from the wet/dry feeder barns (average = 0.65%, SD =
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0.21) was sgnificantly higher than that in the dry feeder barns (average = 0.36%, SD = 0.16). This
becomes important for farmers preparing nutrient management plans for their operations, who need an
accurate assessment of avallable nutrients in manure.

Many farmers have become interested in treating manure to reduce odours and provide other
benefits. The farmersin this study are no exception. Of the 17 Stes with the most complete data, only
gx farms used no further manure treatment - an anaerobic storage held the manure until it was spread
ontheland. The remaining farms used one or more of the following: manure additives, feed additives
having a specific effect on manure properties, or afloating windmill in the uncovered storage.
Insufficient data were collected to show what, if any, effect these treatment technologies had on manure

properties.

5.5 Feed

The feed conversion was caculated for each feeding sysem. This represents the amount of
feed needed to produce a unit weight gain. As mentioned earlier, this was the focus of earlier research
on wet/dry feeders. Averagesfor the three feeder types were 2.96 (kg feed per kg weight gain) for
wet/dry feeders, 2.66 for liquid, and 2.40 for dry feeders. These averages were not significantly
different. The study was not intended to be a detailed comparison of feed conversion vaues for
different feeding systems. Severd sgnificant contributing factors were not well-documented - including
the influence of genetics, nutrition, and the background herd hedlth status.

Figure 4 gives asummary of inputs and outputs for the two main feeder typesin the sudy. Itis
St up to show water and feed inputs and manure outputs per kilogram of mesat produced. For those
gx gteswith uncovered manure storages, the manure production number is based on the net manure
after precipitation has been removed. At least part of the difference between inputs and outputsis due

14
Wet / Dry Feeders Dry Feeders

12

Water
4 Water
8 ﬁ/ et
2 1 oo /
ee
/

6
| —Manure
T /\/ Manure
L

T

N

Inputs Outputs Inputs Outputs

Figure 4 Comparison of Inputs and Outputs for wet/dry and dry feeders - i.e. inputs of feed
and water and outputs of manure for every kg of mesat produced
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to moigture thet is removed by the ventilation system. This includes respired moisture and moisture
evaporating from the floor surface. According to Agriculture Canada (1988), at 24 °C , aventilation
system must remove 2.64 kg of moisture per day for a62 kg hog. Based on an average weight gain
per day of 0.70 kg (from the current study, Table 1, wet/dry feeders), the amount of moisture that is
removed by the ventilation system per kg of weight gain is 3.8 kg (4.1 kg using the dry feeder average
daly gan).

6.0 Summary and Conclusions

This project has attempted to develop design numbers for Szing manure storages on farms using
wet/dry feeders with feeder pigs. Manure samples were collected every second month from 21 farms.
More detailed information is available for 17 fams. By studying water needs, feed inputs, numbers and
weights of pigs entering and leaving the barns, manure production and manure nutrient levels on various
farms over a one-year period, the following conclusions have been reached:

1 The average water requirement for the wet/dry feeder barns was 5.54 L/pig/day, which
was sgnificantly lessthan the 7.92 L/pig/day average for the dry feeder barns. This
represents a 30% reduction in water used.

2. The average amount of water needed to produce one kg of weight gain was 7.01 L for
the wet/dry feeder barns and 9.86 L for the dry feeder barns. These numbers were
ggnificantly different.

3. Among the wet/dry feeder barns, there was no significant difference in water use per
pig per day for the barns that had extrawaterersin the pen (fixed nipples or swinging
nipples) vsthe farms with no extra waterers.

4, Water use varied over the year, with highest demand typicdly in the warm months
(June, duly, August, September).

5. Average manure production for the wet/dry feeder barns was 3.24 L/pig/day and for
the dry feeder barns was 4.03 L/pig/day (after subtracting precipitation collected in
uncovered storages). Even though it gppears the manure production for the wet/dry
feeder barns was 20% less, the difference was not satisticaly significant. Therewasa
great dedl of variaion from one farm to the next (the Standard Deviation for the wet/dry
feeder barnswas 1.4).

6. The amount of manure produced per kg of weight gain was 3.83 L for the wet/dry
feeder barnsand 5.21 L for the dry feeder barns. These numbers were not
ggnificantly different.

7. The dry matter content of the manure averaged 6.42% for wet/dry feeder barns and
3.43% for dry feeder barns. Although this was sgnificantly different, much of the
difference was due to the manure storage type - uncovered storages are subject to
large amounts of added precipitation, which proved to sgnificantly influence the manure
dry matter content.

8. There are many differences in management practices from one farm to the next. Even
though it would appear that there are standard ways of raisng feeder pigs, thereis
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enough variaion among farms to make it difficult to draw any more specific conclusons
about the impact of feeder type. Examples of other influencesinclude herd genetics,
feed nutrition, herd health status, differences in record-keeping, death losses, etc. For
the wet/dry feeder barns, the average Nitrogen content of the manure was 0.65%.
However, the highest average farm vaue was 1.05% and the lowest was 0.27%. The
range in manure dry matter values for the wet/dry feeder barns was 3.01% to 11.11%
(averagesfor 14 farms).

0. Due to varigbility among farms of the same feeder type, it appears there is till no good
subdtitute for farmers collecting manure samples for analysis when carrying out nutrient
management plans.

10.  Thisstudy has helped to demonstrate reductions in manure production that are possible
with wet/dry feeder barns and with dry feeder barns.

7.0 Technology Transfer

To inform the swine farmers of Ontario that this project was taking place, two articles were prepared.
One appeared in the January/February edition of Pork News & Views ‘98 (pg 12). A project
factsheet (attached to this report) was prepared for circulation at the Ontario Pork Congress, held in
Stratford in June, 1998.

As manure test results became available, they were sent to the farmersin the study, along with
summary datafrom other farms. A copy of thisfind report will be sent to al farmersin the sudy. A
summary of the study results will be sent to the Swine Research Update (held in January). A paper
proposa will be submitted to the Canadian Society Of Agricultural Engineering for their technical
sessonsin 2000. Desgn/szing information will be incorporated into the Nutrient Management
Computer program NMAN99, which iswidely used in Ontario, and the manure storage szing
program, MSTOR. These programs are being revised and an updated verson will be reeased in
Augus.

8.0 Acknowledgments
The authors would like to acknowledge the contributions to the study of:

Don Hilborn - OMAFRA, for assstance in setting up the study and for incorporation of the
resultsin to the Nutrient Management and Manure Storage Sizing computer programs,

The swine producers who participated in the study, who maintained interest and diligently
recorded information even in the wake of a crippling price drop for their industry;

Ontario Pork and the Agricultural Adaptation Council (Agriculture and Agri-Food Canada),
who provided the funding to alow this study to happen.

9.0 References
Agriculture Canada. 1979. Canada Anima Manure Management Guide. Publication 1534. Anima

Final Report - #97/03 - . . . Manure Production . . . update 99-08-09 Page: 15



Manure Management Committee, Ottawa. 37 pages

Agriculture Canada. 1988. Canadian Farm Buildings Handbook. Publication 1822E, Research Branch,
Agriculture Canada, 155 pages

Aker, C. 1991. Feeding and Managing the Growing and Finishing Pig. OMAFRA Factsheet. Order
88-077, revised 1991.

ASAE. 1993. ASAE Standards - 1993. American Society of Agricultura Engineers.
Bancroft, J. 1999. Personal Communication. OMAFRA, Stratford, Ontario

Bradshaw, S. and Fleming, R. 1981. Livestock Manure Storage Survey. unpublished report. OMAF,
Clinton.

Environment Canada. 1993. Canadian Climate Normals 1961-1990 - Ontario. Canadian Climate
Program, Atmospheric Environment Service, Environment Canada. 128 pages

Feming, R.J. 1983. Sizing of Manure Storages. Ontario Ministry of Agriculture and Food Factsheet
83-018

Gro Master. 1999. Crystd Spring Wet/Dry Feeders. Available:
http:/mvwwgromaster.com/wetdry.htm# _top

Luce, Bill. Dry Feedersvs.: Wet / Dry Feeders. <http://www.and.okstate.edu/exten/nl 7-
895/feeder.html. Accessed January 11, 1999.

Miyawaki, K., Hoshing, K. and S, Itoh, 1996. Effects of wet/dry feeding for finishing pigs on growth,
feed conversion and carcass quality. Japanese Journa of Swine Science. 33: 1 pp. 5-13

Miyawaki, K., HoshinaK. and S. Itoh. 1998. Effects of wet-dry feeding for postweaning pigs on
growth, feed intake, water consumption and esting behaviour. Japanese Journa of Swine
Science. 35: 1, pp 9-17

NRCC. 1977. Canadian Farm Building Code. National Research Council of Canada No. 15564

OMAFRA. 1992. Agriculturd Pollution Control Manual. Resources Management Branch.
pp. c28-c29.

OMAFRA. 1999. Nutrient Management Program - Verson NMAN99, (update March 1, 1999 -
computer program). Ontario Minigry of Agriculture, Food and Rurd Affars. desgners. D.
Hilborn and C. Brown.

Final Report - #97/03 - . . . Manure Production . . . update 99-08-09 Page: 16




Pluske, J. R. and I. H. Williams. 1996. The influence of feeder type and the method of group alocation
at weaning on voluntary food intake and growth in piglets. Anima Science. 62 pp. 115-120

Smith, B. 1999. Persond Communication. Atmospheric Environment Branch, Environment Canada,
Ontario Climate Centre, Downsview, Ontario.

Final Report - #97/03 - . . . Manure Production . . . update 99-08-09 Page: 17



10.0 Attachments

1. Project Factsheet. Investigation Of Manure Production In Typicd 3-Site Hog Fecilities

2. Farm Survey Sheet

3. Farm Data Shest

Final Report - #97/03 - . . . Manure Production . . . update 99-08-09 Page: 18



Project
Factsheet

Investigation Of Manure Production
In Typical 3-Site Hog Facilities

Ron Heming, P. Eng., Ridgetown College - University of Guelph

New technology, especidly newer designs of
feedersin hog finishing barns can result in lower
volumes of manure that must be stored, with a
proportiondly higher nutrient concentration.
Since manure storage represents a magjor cost
for Ontario swine producers, we must attempt
to Size these storages as accurately as possible.
For example, to store the manure from abarn
to hold 1000 feeder pigsfor a period of 250
days would need atank about 90 feet diameter
by 12 feet degp and would cost nearly $40,000
- based on current Szing Sandards.

Manure storage Sizing in Ontario is based on
research data from studies carried out more
than 30 years ago. Thisincludes an dlowance
for the dilution water that ends up in the manure
dtorage - resulting from spilled water, wash
water, and other sources. It doesn’t take into
account the reduced volume of spilled water
that results from the use of wet/dry feeders.
This volume reduction is quite Sgnificant on
some farms, but has never been actualy
measured on alarge number of Smilar farms.

Objectives - We recently received funding

from Ontario Pork to carry out ayear-long

investigation on Ontario swine farms. The study

ams

1) To messure manure production in
exiging 3-gte swinefinishing facilities
and compare the results to existing
gorage Sizing Sandards - especidly
examining the impact of wet/dry
feeders.

2) To propose changesto Szing
specifications, if warranted.

3) To measure manure nutrient
concentrations and determine the effect
on nutrient management plans.

Manure production levels on farms using
wet/dry feeders will be compared to production
on farms using the more “traditiona” styles of
feeder.

The study involves at least 25 barns - keeping
track of water inputs using water meters,
measuring manure levels monthly, recording
pigs szes, feed inputs, and discovering the most



gopropriate formulafor Szing manure storages.
This study should be complete by the summer
of 1999.

For moreinformation, contact:

Ron Heming, Ridgetown College, Ridgetown,
Ontario, NOP 2C0

phone: 519 674 1612

fax: 519 674 1600

email: rfleming@ridgetownc.uogueph.ca

date: June 23, 1998

Swine M anure Production Study 1998-99

Ron Fleming (519-674-1612), M alcolm MacAlpine (519-674-1602),
Ridgetown College/University of Guelph

Name of Farmer:

Farm Name

Mailing Address:

L ocation: (eg. lot, concession, township)

Phone: (519)

Fax: (519)

Email:

Farm number assigned for this study:



Questionnaire

These questions will help with a study to accurately measure on-farm manure production levels on
farms usng wet/dry feeders and to compare these to production on farms using the more “traditiona”
dyle of feeder. This series of questions should be filled in near the gart of the sudy. Thisis information
that is only needed once, unless there are mgjor changes to the operation (e.g. new manure storage
built). A separate series of sheets will be used to collect the monthly data on water use, feed use, Sizes
of pigs, manure production, manure spreading, manure sampling.

1. Isthis a Grower/Finisher barn? G Yes

G Yes- but it includes:

G No - it houses:

2. What is the gpproximate capacity of the “study” barn? Number of animals =

3. Which best describes the norma production in the barn?

G All-in, dl-out (batch system)
Note: thismay gpply to individua rooms

G Continuous system

4. Normal range of pig weightsin barn: Weight In = Ib

Weight Out = Ib

5. Overdl Dimensions of barn (in feet) - Length =



Width =

Caling height =

6. Ventilaion sysem: G fan powered

G natura ventilation

7. Barn layout: G oneroom

G more than one room

8. Sketch of barn layout (showing numbered rooms, if more than one), and/or written description of
building, with dimensons



9. Water system - describe (number of waterers per pen, in feeder, on wall, etc.)

10. Iswater meter data available for this barn?

G Yes- detals

G No
11. Type of feed:
G Dry feed

G High Moisture corn

G Other - details

Attach details of the most common feed formulations (i.e. relative amounts of corn, grain, soybean
medl, pre-mix, etc.). Attach feed tags for premix used.
12. Feed system?

G liquid feeding

G wet/dry feeders

G floor feeding

G dry feeders

Make of feeders, age of feeders, etc.




13. Manure system
G al storage under barn
G partia storage under barn plus outside storage

G no storage under barn (removed frequently)

14. Description and dimensions of dl storages, including gutters

15. Describe the system of manure transfer to storage. Include details on how often gutters are emptied
(i.e. when pigs leave room, when gutters full, etc.) plus details on transfer system.



16. Are outside storages covered to exclude precipitation?
G Yes
G No

G Does not apply

17. Are manure additives used?

G Yes- detalls

G No

Information Gathered (what date?):

Information gathered by whom?:

form name: Farm General Info
date: 98.02.24




Farm Data Sheet

Swine Manure Production Study 1998-99
Ron Fleming (519-674-1612), M alcolm MacAlpine (519-674-1602),
Ridgetown College/University of Guelph

Name of Farmer:

Date of start of study:

To accuratdy predict manure production volumes, we need details on dl inputs and outputs. There are
4 major areas. Water, Pigs, Feed, and Manure.

A - Water - Record water meter reading at the start of the study and near the start of each month.

Date Water Meter Reading




B - Pigs- Record weights and numbers of al pigsin and out.

Number of pigsin barn at start of study

Date

Number of Pigs
Brought In

Number of pigs ship-
ped out

Total weight (or
aver age weight)




C - Feed - Record al feed inputs - specify units of measure (e.g. kg, tonne, etc.)

Feed Number System

Feed Number 1 refersto:

Feed Number 2 refersto:

Feed Number 3 refersto:

Amount on hand at start of study

Date Feed Number

Amount brought in




D - Manur e - Record leve of manure in long-term manure storage(s) monthly, aswell asthe
manure removed from storage. Note: If spreading manure, record the amount in the storage just before
preading starts and just after spreading finishes. Also, estimate the total volume of manure spread and
record it separately. Any information about in-barn short-term storages may be recorded separately.

Storage Number System

Storage Number 1 refersto:

Storage Number 2 refersto:

Storage Number 3 refersto:

Storage Number 4 refersto:

Storage Number 5 refersto:

Date Storage Number | Distance from top of storageto liquid level




form name: Farm Data Sheet
date: 98.02.26



