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1.0 Introduction

It iswell-known that the application of hog manure to land is an economical and environmentally
sustainable method for the utilization of the nutrients and other components in the manure.
Manure application can increase soil quality and productivity, at least in the short term, on most
soils. However, soil quality and productivity can be severely reduced in the long-term unless
precautions are taken with respect to the loadings and frequency of application of manures.
Sustaining the hog industry, through good manure management, is one method to ensure the
continued growth of the hog industry in the province.

Excessive accumulations of phosphorus, metals such as copper and zinc, sodium and other
soluble salts can reduce soil quality and productivity. The loading rates and period of time a soil
or parcel of land can be used for manure application depends on soil properties and the
concentration of various congtituents in the manure. Manures vary in the concentrations of metals
(such as copper and zinc), depending on the type of hog operation (feeder, sow, nursery or farrow
to finish barns) because of the varying concentrations of these minerals used in the feed. Soils
with pH values of lessthan 6.5 are sensitive to metal |oadings of copper and zinc, and crop yield
and quality may be reduced if metal applications are high. Sodium and other soluble salts found
in the manures, also depend on the minera supplementsin the feed, aswell as the source of water
used to operate the hog facility. Many soilsin Manitoba are highly sensitive to sodium and salt
applications. Another concern isthe ratio of nitrogen to phosphorusin the manures. If the
nitrogen to phosphorus ratio in the manure is much less than the ratio of nitrogen to phosphorus
removed by crops, and the application rate of the manures was based only on available nitrogen,
phosphorus will accumulate in the soil. The build-up of phosphorus in the long-term can result in
phosphorus runoff to surface waters (a decrease in water quality) and may cause yield reductions.

Thisinvestigation was an exploratory study to determine whether or not decreases in soil quality
and productivity were likely to occur due to the long-term applications of manure to Manitoba
soils. Several types of hog manures produced by various hog operations in Manitoba were
examined, and the effects of these manures on soil quality and productivity were assessed.

2.0 Methods

Manures were obtained from various facilitiesin the fall of 1998 and 1999, and analyzed for
various congtituents. In thisinvestigation, atotal of 145 samples from 38 different operations
were studied. Each sample was identified by year, operation number, type of barn-type of storage,
location of sampling and feed additives. The manure samples were taken from open earthen (open
primary and earthen secondary) and durry storage facilities. Samples were taken from either the
top, middle or bottom of a storage facility during clean-out of storage facilities. Of the total
samples, there were 92 sampl es that originated from feeder barns, 37 from sow barns, 11 from
nursery barns and five from farrow-to-finish barns. The additives used in the feed were the same
for each type of barn. In general, the feed additives for the nursery barns were the highest in
protein, copper and zinc of the four types of barns investigated. The feed additives for the sow
barns were in general the lowest in protein, copper and zinc of the four barns (Table 1).



Table 1. Feed additives for various barn types.

sz Farrow to
Feed Additives Feeder Barn Sow Barn Nursery Barn Finish
g edium med. to low high A
Prot "
helds medium (1999)
high low {1998} high "
Copper med to low (1999) medium {999)
Zine low {1998} medium high (1998) b
med. o low (1999 imed to high (1999 | medium (i 999}

**Information regarding the feed additives in the farrow to finish operation was not given in 1998,

The hog manure samples were analyzed for moisture and solids content, electrical conductivity,
total nitrogen, phosphorus, potassium and sodium, inorganic and organic nitrogen, and dissolved
calcium, magnesium, sodium, and chloride. The samples were also analyzed each year for the
total contents of 32 elements. The two years of laboratory data were grouped and the data for the
145 hog manure samples statistically summarized. Correlation matrices relating the various hog
manure constituents were prepared for all of the samples, the various barns and storage facilities.

L oadings of the various hog manure constituents were determined from the composition data
based on the application of hog manure at arate of 70 kg available nitrogen per hectare.

3.0 Properties, composition and loadings
3.1 Moisture content and per cent solids

The moisture content of the hog manure samples averaged 96.6% and did not vary greatly among
the different types of barns. Manure from the feeder barns, in general, had the lowest moisture
content of the four types of barns, with arelatively large number of manures with moisture
contents below 93%. The percent solids in the hog manure samples averaged 3.5%, and was the
highest in the manures from the feeder barns.

The solids content increased with depth of sampling in most of the storage facilities. Percent
solids, as expected, was higher from primary than secondary storage facilities. Percent solids was
positively correlated with most manure constituents. The highest correlation of percent solids
occurred with total phosphorus (r = 0.718, n = 145), reflecting an increase in phosphorus content
of the manure with percent solids. The percent solids was also highly correlated with the content
of many of the minor elements and/or heavy metals.

3.2 Nitrogen, phosphorus and nitrogen to phosphorusratios
3.2.1 Concentration

Thetota nitrogen (N) content of the hog manure samples varied greatly within and with type of
barn most likely due to the protein content of the feed (Table 2). The mean total N content of the
145 hog manure samples was 2.89 kg/1000L. Most of the samples from the feeder barns had a
total N content between 2 and 3 kg/1000L, while most of the samples from the sow barns had a
total N content between 1 and 2 kg/1000L. The mean total N content was the highest in the



manure samples obtained from the feeder barns, followed by the samples from the farrow-to-
finish and nursery barns. Manure from the sow barns had the lowest mean total N content, and in
fact, the feed for the sow barns had the lowest levels of protein.

Table 2. Total nitrogen (kg/1000L) in hog manure samples.

Frequency Distribution

Barn Type / Range -1 1-2 2-3 3-4 >4

No. of Feeder Barng 0 15 29 18 10

No. of Sow Barns 5 25 3 i

No. of Nursery Barns 0 k) 2

No. of Farrow to Finish 0 2 3 0

Total No. of Samples 5 45 36 26 i3

Statistical Summary

Barn Type / Statistic Total Maximum | Minimum Mean Sed,Dev,
Feeder Barns 92 6.40 1.50 3.38 1.26
Sow Barns 37 650 0.60 1.73 1.05
Nursery Barns 11 4.50 1.50 3.72 0.97
Farrow to Finish 5 400 1.20 276 1.23
Total of Samples 145 6,30 0.60 2.89 128

Approximately one-half of the 145 hog manure samples had atotal phosphorus (P) content
between 0 and 0.5 kg/1000L (Table 3). The overall mean total P content for the 145 samples was
0.92 kg/1000L . The mean total P content of manure was the highest in the samples from the
nursery barns and lowest in those from the sow barns. Tota P had the highest correlation

(r=0.718) of all the el ements studied with percent solids.

Table 3. Total phosphorus (kg/I000L) in hog manure samples.

Frequency Distribution

Barn Type/ Range 0.8-0.5 .5-1.0 1.0-1.5 1.5-2.0 =20
No. of Feeder Barns 45 1§ 10 7 19
No. of Sow Barns 26 4 3 ! 3
No. of Nursery Barns 3 | 2 4 1
No. of Farrow to Finish 2 1 {} | 1
Total No. of Samples 16 17 15 13 24
Statistical Summary
Barn Type / Statistic Total Mazimum | Minimum Mean Std. Dev,
Yeeder Barns 92 3.54 .05 (.99 0.95
Sow Barns 37 5.51 0.03 (.65 1.04
Nursery Barms 11 2.55 0.14 1.17 Q.76
Farrow to Finish 5 2.07 0.12 1.06 {.79
Tu_tal of Samples 145 5.51 (.03 .92 .97




Theratio of total nitrogen to total phosphorus (N:P) is amethod of assessing P fertilizer
requirements and whether or not a build-up of phosphorus will occur in the sail, over the
longterm, if application rates are based solely on N content. Annual crops usually take up N:Pin
aratio of about 5:1to 7:1. Thus, N:P ratios below 5:1 may indicate a possible build up of Pin the
soil, whereas N:P ratios above 7:1 may require the addition of P to meet crop needs, when long
term application rates are based on the N content of manures.

The mean ratio of N:P was greatest in the samples from the feeder, followed by the samples from
the sow barns (Table 4). The overall mean ratio of N:P was about 3.14, with about 45% of the
samples having N:P ratios of 4:1 or less, and about 38% of the samples having N:P ratios greater
than 8:1. In many instances, the samples with very high N:P ratios were obtained from the top of
storage facilities and/or from secondary storages. Thus, for many operations, better mixing of
some of the manures from the bottom of storages with manure from the top of storages would
provide manure with a N:P ratio closer to crop requirements and reduce the land area treated with
manures of high phosphorus content. As noted before, the mean N:P ratio was 3.14 to 1 and about
50% of the manure samples had N:P ratios less than 5 to 1. Thus phosphorus will tend to
accumulate in many soils if manure application rates are based solely on nitrogen supply. Two
strategies could be used to prevent excessive accumulation of phosphorusin soils.

(1) Thorough mixing of manuresin storage facilities and applying manure at P rates consistent
with crop uptake and/or good environmental stewardship.

(2) Separation of solids from liquids in manure and use of the solids as a P fertilizer, e.g.,
applying arelatively large amount of P (50 to 70 kg P/ha) to land to be seeded to permanent
forage as a means of supplying P to forages for a period of two to three years. The P could be
broadcast and worked into the soil prior to establishment of forage. This may be feasible since
most of the P in the manure was associated with the solids portion of the manures.

Table 4. Ratio of total nitropen to total phosphorus in hog manure samples.

Frequency Distribution
Barn Type / Range <4 4-8 3-12 12-16 >16
No. of Feeder Barns 38 18 13 3 15
No. of Sow Barus 14 8 7 5 3
No. of Nursery Barny 3 1] ) 1
No. of Farrow to Finish 4 4] 1 0 o
Total No. of Samples 64 26 22 14 19
Statistical Summal
Barn Type / Statistic Tatal Maximum | Minimum Median Mean*
Feeder Barns 92 32.00 1.27 5.61 341
Sow Barns 37 24.00 1.10 5.56 2.66
Nursery Barns 1t 20.00 Q.8% 210 212
Farrow to Finish 5 10.00 1.93 3.68 2.60
Total of Samples 145 32.00 0.89 5.00 3.14

*Calcnlated from overall average concentrations of N and P, not from ratio of individizal samples,



Thetotal N content of the manures usually increased by approximately 25% with depth of

sampling in the various storage facilities (Table 5). However, the total P content of the manures

increased more than two fold with sampling depth despite attempts to mix the manure in the
facilities prior to use for land application and sampling. Therefore, the ratio of N:P decreased
markedly with depth of sampling.

Table 5. Nitrogen and phosphorus contents for different depths,

Sample Depth Dry Matter % | Total N {(ke/1000L) Total P N to P Ratio
Top (n=62) 2.3 2.59 0.61 4.20
Middle (n=30) 3.7 2.79 0.88 3.20
Bottom (n=53) 4.6 3z7 131 2.50

3.2.2 Loadings

It isimportant to know the actual amounts of elements added to soilsi.e., loadings. Thus, the
amounts of phosphorus added to soil was cal culated based on the amounts of liquid hog manure
required to add 70 kg of available nitrogen per hectare. Available nitrogen was cal culated from
the sum of inorganic nitrogen plus 25% of the organic nitrogen content.

Loadings of P were extremely variable and varied from 2.28 to 112 kg P/ha (Table 6). About 60%
of the manures would result in loadings below 25 kg P/ha with about 37% of the manures with
loadings of less than 10 kg P/ha. The median loading rate of P was 16 kg P/ha but varied from
about 14 to 15 kg P/ha for the feeder and sow barns (128 samples) to about 35 kg P/hafor the
nursery barns (11 samples). The median for loadings of total P for manures from the feeder and
sow barnsis close to that removed annually by annual crops, and only slightly higher than that
added annually as commercid fertilizer to annual cropsin Manitoba. L oadings of P with about
23% of the samples were in excess of 40 kg P/ha and the overall mean |loading rate was 27.4 kg
P/ha, considerably in excess of crop uptake by annual crops. Thus, loadings of P were less than or
equal to crop removal for many samples and considerably in excess of crop removal for about 20
to 30% of the samples. As noted previously, total P content of the manures varied with barn type
(feeder, nursery, etc.) and increased with depth of sampling of the storage facilities. For example,
mean loadings of P for manure from the feeder barns increased with depth as follows: top
one-third of storage = 16 kg P/ha, middle one-third of storage = 23 kg P/ha, bottom one-third of
storage = 32 kg P/ha. Thus, the low loadings of P were usually with manure types low in P and/or
with manures from the top portion of storage facilities. In contrast, the very high loadings were
usually with manures high in P and/or with manures from the bottom of storage facilities. It,
therefore, follows that rate of P application to afield would vary considerably during atypical
clean-out of storage facilities.

3.3 Electrical conductance and sodium adsor ption ratio

The electrical conductivity (measure of salt content) of hog manures can be quite high mainly
because of the presence of nutrients (for example, ammonium), the use of dietary salts, and in
some instances groundwater containing salts. The dominant ions that contribute to el ectrical
conductivity in hog manures are ammonium, sodium, calcium, magnesium, chloride and sulfate.



The electrical conductivity (EC) of the hog manure samples varied with type of barn and ranged
between 8.65 and 27.50 dSYm (Table 7). The mean EC of the 145 hog manure samples was 15.99
dS/m, and most of the samples had EC values between 12 and 24 dS/m. Manure samples from the
farrow-to-finish and feeder barns had the highest mean EC, followed by the samples from the
nursery barns. Manure samples from the sow barns had the lowest mean EC values. It is
interesting to note that the manure from the sow barns also had the lowest nutrient contents. The
EC did not change with sampling depth. Electrical conductivity of the manure samples was
reasonably well correlated with inorganic N content of the samples (r = 0.725), and had very low
correlation withions like Na or Cl indicating that variationsin EC were due in large part to
variationsininorganic N.

Table 6. Total phosphorus (kg/ha) loadings based on the application of hog manure at a
rate of 70 kg available nitrogen per heetare.

Freguency Distribution
Barn Type / Range < 10 10 - 25 25- 40 40 - 55 > 55
No. of Feeder Barns 34 2l ] {3 7
No. of Sow Barns |5 10 5 2 5
No. of Nursery Barns 3 0 3 2 3
No, of Farrow to Finish [ 2 | | 0
Total No. of Samples {144) 33 33 25 18 15
Statistical Summary
Barn Type / Statistic Mazimum | Minimum Mean} Median
Feeder Barns {n=91) 78.3 2.28 25.1 14.7
Sow Barns {n=37) 112.0 311 337 13.9
Nursery Barns (o=11} 84.7 5.25 382 34.7
Farrow to Finish (2=5} 41.6 772 29.6 21.4
Total of Samples (1=144) 112.0 228 27.5 16.0

fMeans were calculated from average concentrations and are not means of individual samples.

The sodium adsorption ratio (SAR) of solutionsis used to provide an indication of the possible
harmful effects of sodium on soil structure. A build-up of excess sodium in the soil relative to
calcium and magnesium can have adverse effects on soil structure, such as surface crusting. The
SAR isameasure of amounts of sodium added to soil in relation to amounts of calcium and
magnesium added.

Solutions with SAR values of 0 to 4 have little or no effect on soil quality, and solutions with
SAR vaues of 4 to 9 have dlight to moderate effects on soil quality. Approximately two-thirds of
the hog manure samples had SAR values between 0 and 6 (Table 8). The mean SAR of the hog
manure samples was 5.1. Manure from the farrow-to-finish barns had the highest SAF, followed
by manure from the sow barns. The SAR of the manure from the feeder and nursery barns were
similar. The SAR of manure, in general, decreased with increasing sampling depth within a
particular type of storage facility. Only afew of the samples had very high SAR values, thus the
majority of manures would have little or no sodicity hazard.



Table 7. Electrical conductivity (dS/m) of hog manure samples,

Frequency Distribution

Barn Type / Range 0-8 8-12 12-16 16-24 >2d
No. of Feeder Barns 0 1 28 59 4
Ng. of Sow Barns 1] 25 12 ] 0
No. of Nursery Bamns 1] 1 3 7 4]
No. of Farrow to Finish 0 1 1 3 ]
Total No. of Samples 0 28 44 6% 4
Statistical Summa
Barn Type { Statistic TFotal Mazimum | Mipimum Mean Std.Dey.
Feeder Barms 92 275 11.8 17.8 33
Sow Barns 37 15.2 8.7 11.3 18
Nursery Barns 11 18.5 11.7 16.1 2.1
Farrow to Finish 5 228 9.8 18.0 5.6
Total of Samples 145 27.5 B7 16.0 4.1
Table 8. Sodium adsorption ratio in hog manure samples,
Frequency Distribution
Barn Type / Range 0-3 3-6 &-9 9-12 =12
No. of Feeder Barns 29 42 16 2 3
No. of Sow Barns 14 7 5 3
No. of Nursery Barns 4 2 0
No. of Farrow to Finish 4] ¥ g 2
Total No. of Samples 47 55 26 g g8
Statistical Summa
Barn Type /! Statistic Total Mazimum | Minimum Mean Std. Dev.
Feeder Barns 92 17.3 1.1 4.5 2.5
Sow Barns 37 17.8 0.6 5.9 4.3
Nursery Barng 11 10.6 1.6 4.8 31
Farrow to Finish 5 16.5 4.0 g9 49
Total of Samples 145 17.8 0.6 Sel 35

3.4 Concentration and loadings of some major, minor and rare elements

3.4.1 Concentration

Potassium (K), calcium (Ca) and chloride (Cl) were, on average the most abundant elementsin
manure of the elements shown in Table 9. Magnesium (Mg), sodium (Na) and sulfur (S) were
present at moderate concentrations. The contents of iron (Fe), aluminum (Al) and silicon (Si)
were generally lower than magnesium, sodium or sulfur contents. Levels of copper (Cu), zinc
(Zn), manganese (Mn), titanium (Ti), strontium (Sr), boron (B) and barium (Ba) were usually
present at detectable levels. Vanadium (V), nickel (Ni), molybdenum (Mo), chromium (Cr),




lithium (L.i), tin (Sn) and selenium (Se) varied at concentrations below or just above detectable
levels and had mean concentrations between 0.2 and 0.5 mg/L. The elements with the lowest
concentrations were lead (Pb), arsenic (As), antimony (Sb), cobalt (Co), bismuth (Bi), cadmium
(Cd), thalium (Th), beryllium (Be), tin (Sn) and silver (Ag). The percentage of samples with
concentrations below detection limits was very high for antimony, arsenic, beryllium, bismuth,
silver and thallium. Contents of many of the elements increased with sampling depth within
storage facilities or with solids content.

The concentration of each element was extremely variable, varying several hundred fold or
greater for many of the elements. Some of the manures, particularly from the nursery barns, had
high levels of trace elements and/or heavy metals. Close correlations were found when
relationships among the concentrations of various metals were studied. This indicates that the
source of many of the metals was likely the same. Limestone and other mineral supplements are
added to some hog feeds to promote growth and to prevent microbial infections. Copper, Zn, Mg
and Fe are routinely added to some feeds and thus the higher concentrations of these metals are
due to the inclusion of these metalsin the feed. The concentrations of other metals such as Be,
Cd, Ni and Pb. were aso closely correlated with the metals added as nutritional supplements or
for disease suppression, suggesting the Be, Cd, Pb and Ni were most likely contaminantsin the
mineral supplements. Since the metal content of manuresis afunction of the metal content of the
feed it follows that the metal content of manures will reflect the source of raw materials used for
manufacturing of mineral supplements, i.e. source of phosphate rock, limestone and other
minerals.

3.4.2 Loadings

Loadings of the various hog manure constituents were determined from the composition data
based on the application of liquid hog manure at arate of 70 kg available nitrogen per hectare.
Loadings, for e ements with concentrations below detection limits, were cal culated assuming that
non-detectabl e values were equal to detection limit. This method of calculation was used to
provide an estimate of the highest |oadings that could occur and to provide some information on
the potential risk to plant growth and soil quality. These valuesin Table 10 are listed as |less than
aparticular value.



Table 2. Coneeatration of Semie Major, Minor and Rare Klemauts

Elemeal Coacentration (mgLy Percentage of Samphey
MAX MIN MEAN Below Detectioa Limit
Aduminum (A 115 115 =1} [}
Antimony {5b) 0% <002 B 43
Arsenic [As) .44 =010 Li]
Azrinm {Ba) HE e, 174 i}
Beryllivm (Bep X+ 0,005 - 50
Bismuth (Bi} =0_[FF or <0,04 <0l 4 - L
Bowon {B) 11z 0.3z m 1]
Cadmium {Cd) 0.198 <. 044 1
Caksinm {Ca) 5540 G4 1036 i)
Chromium (Cr) T =0.008 034 03
Chlonide (Cly 22460 o7 TI12T Li
Cnbalt{Co) o4l <{}.(H}7 .06 R
Copper (1) 177 (i3 32 0
Irom (Fe) b+ g 133 i
Load (PHY . 048 .02 - 25
Lithinm (Li} 41 0.5 030 i
Magnesium (M) 4760 &9 544 L}
Manganesa (M) 134 037 178 q
Malyvbdenum (Mo) 2.02 =0 LI ) 1.4
Mickel {Mi} 1.B% .04 041 Q
Potasgium (K} RRE 212 1504 [¢]
Selenium (5a) 097 <002 021 [
Silwon {5i) 1520 95 137 i}
Silver rAg) 0027 <0.005 29
Seontium {30} 158 0.13 224 ¥]
Soddinm (Mak 1500 1890 525 1]
Subfur ($) 1230 23 px? | b
“Fitanium (Ti} 183 0035 237 ]
Thallium {Th) <042 =02 oo
Yanadiwm (V) 280 =0.01 R ]
Tin{Sa) 242 =005 - 20
Zinc {Tn} 541 L.1B 58 it

*Meais 4 not presemad where more than 20% of samples 1esied below deteetinn Limits,




Table 10. Lowdings of Somse Major, Minor smd Rare EJ for Mammre Applied st 70 Ly Avallable N per bectare.

Elrsutnt Losdbag (ky/ha ar gika) e of searples with
MAX MIN MEAN MEDIAN Losdingy < the min

Alursinum 4.4 404 267 (hgd 0.98 Q
Andirmmy 4.2 =Q.1 -* g} - 22
Arsértic 12.6 <0.% - W : 66
Barium 27 15 A2 23 ¢
Beryllium 1.84 <0.06 - i@ - e
Bismuth <58 <0.52 - 0w . 100
Boron 03 i1 alim 48 o
Cadmium 63 <. L3 0.8% 4
Calcium ann T 3L (kg) 15 0
Chremium 63 <3 10 (kg) 54 &7
Chioride 141 1.2 316 {kg) 324 o
Cobalt 134 <017 L7E () 192 -
Copper 44 0.4 0.96 {kg) 0.55% o
Tron 304 o.15 355 kg) 1.77 i
Lead 18.5 <0353 -{r} - bl
Lithium 9% 184 §78 4 .5 i
Wiagnesium il 817 16.2 kg) 87 &
Manganrss 1794 17 529 {g) ik 1)
M oiybdenum 13 035 1006 [g) T4 1.4
Nicke] IR 14 122 (g) 25 1]
Potassium 122 43 478 (kg) 5l Ll
Selenivn 3.0 =19 6.3 kg) in L
Silicen 282 0,21 4.4 {kg) i2 L
Silver 0.8 0,47 - - 9
Strontiun 298 6.18 65.6 {g) 431 6
Sodim 6.1 514 15.6 (ha) 14,6 4}
Sulfer 235 a.99 6,98 {ka) 525 [
Titanum 418 1.84 B35 (g) 2.4 +]
Thalium <133 <030 - g = 100
Vanadinem 103 <0.76 14.2 (gh 6.04 ]
Tin 548 =042 - {g) - il
Zine 14.2 0.04 1.73 (kg 0.83 o

*hdcans and meadians ars nol prasstiled where maore than 2004 of samples tested helow deiertion limits.




L oadings of the various elements were extremely variable reflecting the large variationsin
concentration of the various elementsin the various manures. The mean loadings of the various
elements were usually highest for manures from the sow and nursery barns. In general the mean
potential loadings of the more abundant elements such as phosphorus, potassium, calcium,
sodium and chloride were the highest with manure from sow barns. The mean potential loadings
of many of the essential trace elements and heavy metals were highest with manures from the
nursery barns.

Loadings of potassium were similar to loadings of phosphorus and varied from 4.3 to 122 kg/ha.
L oadings of sodium, calcium and magnesium varied from 5 to 62, 2 to 200 and 0.3 to 75 kg/ha,
respectively. Loadings of aluminum, silicon, sulfur and iron were similar and varied from traces
to about 25 kg/ha. Loadings of antimony, arsenic, beryllium, bismuth, cadmium, cobalt, lead,
silver and thallium varied from traces to about 1 to 10 g/ha whereas |oadings of barium, boron,
chromium, lithium, molybdenum, nickel, selenium, strontium, titanium, vanadium and tin varied
from traces to about 50 to 300 g/ha. Loadings of copper, manganese and zinc varied from 0.04 to
4.4,0.017 to 2.8 and 0.04 to 14 kg/ha, respectively. The very high loadings of some metals
occurred from arelatively low percentage of samples and loadings of most metals was very low
for most manures.

4.0 Assessment of potential soil accumulations of various elementswith repeated
applications of hog manure.

4.1 Number of potential applications based on CCME and Ontario Ministries guidelines

To date, in Canada, there are no standards or guidelines set for acceptable loadings of certain
elements when hog manures are applied to agricultura soils. There are, however, many different
types of guidelines (such as for soil, water, biosolids and other wastes) that may be used to assess
the effect of a build-up of various element(s) through the repeated application of liquid hog
manures. The soil quality guidelines for agriculture, recommended by the Canadian Council of
Ministers of the Environment (CCME), is one set of guidelines that can be used to identify
elemental loadings that are potentially of concern. The guideline values presented by the CCME
(1997) are for "clean down to levels' at contaminated sites and not "pollute up to levels"; thus,
the values are used herein to identify the elements most likely to cause a problem with respect to
soil quality. The values presented by the CCME for agricultural soils (The land use of agricultural
land, defined by the CCME (1997), has the primary activity of growing crops or tending livestock
and includes agricultural lands providing habitat for resident and transitory wildlife aswell as
native flora.) are derived from toxicological data (i.e. the lowest value for either the exposure
from direct soil contact, or soil and food ingestion) and were specifically made for the protection
of ecological receptorsin the environment or for the protection of human health. The values
presented by the CCME are similar to guidelines presented by the Ontario Ministries of
Environment and Agriculture, Food and Rural Affairs (1996) for the utilization of biosolids and
other wastes on agricultural land, and thus are presented and discussed together.

Table 11 displays the number of applications of hog manures required to increase elemental
concentrations to soil remediation levelsfor several elements, using the guidelines presented by
the CCME (1997) and Ontario Ministries (1996). Based on the data from the 145 hog manure
samples, the loadings of Sh, As, Be, Bi, Cd, Ag and Tl are extremely small. Aswell, based on the
available data from the CCME (1997) guidelines and background soil levels, it would appear that
thousands of applications of hog manures would be required to potentially exceed the CCNIE
guidelinesfor Sh, Ba, Be, Co, Pb, Ag and V. Similarly, hundreds of applications of hog manures
would be required to potentially exceed the CCME guidelinesfor As, Cd, Cr, Ni, Seand Tl even



at the highest content found in the samples. Thus, the loadings of Sh, As, Ba, Be, Bi, Cd, Cr, Co,
Ni, Pb, Ag, Tl and V from hog manures would be of little concern under most situations, and
would not be the elements limiting the number of hog manure applications.

In contrast, the number of applications of manure would be restricted to about 74 for manure high
in Mo, and to 36 applications for manures high in Sn (Table 11). The number of applications
would be limited to only about 20 applications due to the maximum reported loadings of Cu and
Zn. However, the mean and median loadings for Cu and Zn would only exceed the guidelines
after 100 or more applications of manure.

CCME guideline values are not given for Al, Bi, Ca, Cl, Fe, Li Mg, Mn, P, K, Si, Sr, Na, Sand Ti
and therefore loadings of these elementsin relation to CCME guidelines could not be assessed. It
should be noted that elements such as Al, Ca, Mg, Fe, and Mn are soil structural elements, being
part of soil constituents and are naturally present in soils at high concentrations. These elements,
added in amounts present in the manures, are of no concern since they would be precipitated in
soil and represent only a small fraction of the total amounts aready in soils.

The information presented above indicated that in the short term, only B, Cu and Zn, if present at
high concentrations in manures, would restrict the number of applications permitted. Loadings of
most metals are very low and for most manures loadings can be continued for an extremely long
period of time. It should also be noted that the above cal culations were conducted without
accounting for crop removal and other losses from soil. If crop removal was considered, loadings
could be continued for longer periods of time for many of the metals.

It should be noted that the CCME guideline for boron is given as "hot water extractable boron™
(Table 11) and could not be used to assess effects of B loadings on soil quality. However, the
Ontario Ministries of Environment and Agriculture, Food and Rural Affairs (1996) have
established alimit for boron addition to soils: 1 kg B/halyr for most crops that are B intolerant,
and 2 kg B/halyr for cropsthat are B tolerant, when biosolids or other wastes are added to
agricultural land. The data for B reported in Table 11 showed B loadings were between 0.011 and
0.203 kg B/ha, which are much less than the 1 kg B/halimit set by the Ontario Ministries of
Environment and Agriculture, Food and Rural Affairs.

Manures with high loadings of B, Cu and Zn can act as an excellent fertilizer source for these
micronutrients on soils that are deficient in these elements. Thus, one should look for
opportunities for recycling trace elements on soils that are deficient in these elements. To
minimize the effects of Cu and Zn, as well as other heavy metals found in the manure, manures
should be used on heavier textured soils with high pH (instead of acidic sandy soils) that would
reduce the plant availability of the metals. Another method of reducing the amount of Cu and Zn,
aswell as other elements added to soils may be to reduce the amountsin the feed, especially in
the nursery barns. Rotating manure applications among several fields, i.e. to apply manures once
every four to five years to the same parcel of land, will aso reduce the effects of inputs of Cu, Zn
and B and ensure that arapid "build-up" of these elements in soluble forms does not occur.

The Ontario Ministries (1996) also have guidelines for sodium (Na) since wastes from food
processing can contain significant levels of Na, that may affect soil quality. Table 12 displaysthe
guidelines for the maximum annual additions of Na. The maximum allowable annua additions
for Naare much greater than the Naloadings of 5 to 67 kg Na/ha determined from the addition of
70 kg available N/ha of liquid hog manure. Thus, based on the Ontario guidelines, it does not
appear that Na from hog manures will limit hog manure applications for most manures.



The annual maximum Na additions outlined in the Ontario Ministries guidelines, are however,
relatively high and applications at these rates may pose soil structural problems on some
Manitoba soils. The cation exchange capacity (C.E.C.) of soilsin Manitoba varies from about 5 to
50 cmole/kg, depending on soil texture and organic matter content. Soils with 15% or more of the
C.E.C. dominated by Na are considered to be sodic, and pose soil structural limitations and
[imitations to crop production. For some soils, soil structure may be impaired when 7 to 8% of the
C.E.C. isdominated by Na. Thus, if for example a value of 5% of the C.E.C. is selected as an
upper limit for Na content of C.E.C. then about 115 to 1150 kg Na/ha could be added to soils of
C.E.C. of 510 50 cmole/kg, respectively. This calculation assumes there isno or very little Naon
the C.E.C. initially and that no remediation of the soil occurs between or after application of
manure. Remediation, i.e. leaching of Nafrom the surface soil and/or soil profile, will occur over
time due to rainfall and thus maximum loading capacities could be higher than calculated herein.
However, these calculations show that it would be prudent to limit Na application to some soils
and that the Na content of soils should be monitored periodically for manures with a high sodium
adsorption ratio (SAR) particularly if applied to soils of a medium texture and alow C.E.C. (such
as Grey Wooded and Luvisolic sails).

4.2 Number of potential applications based on Alberta wastewater sludge guidelines

Alberta Environment (1982, 2000) developed a set of guidelines that are used for the application
of municipal wastewater sludges to agricultural lands. The Alberta guidelines are somewhat
different than the previous sets of guidelinesin that they define three classes of land suitable for
the application of wastewater sludges. Table 13 defines the number of applications of hog
manures that would be required to reach maximum additions of selected metals and boron
according to the guidelines of Alberta Environment.
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Table 11. Calculation of number of hog manure applications to reach soil levels that may require
soil remediation (continued).

* Soil median valuesfor As, Cd, Cr, Co, Cu, Fe, Pb, Mn, Mo, Ni, Se, Ag, V and Zn are from
Haluschak et al (1998). Soil Median values for al other el ements are from Bowen (1979).

# The Difference was cd culated from the difference between the CCME (1997) Guideline Limit
and the Soil Median. For chromium, the Difference was calculated from the difference between
the Ontario Ministry (1996) Guideline and the Soil Median.

** | oadings were converted from g/ha (or kg/ha) to mg/kg, assuming the bulk density of the soil
was 1300 kg/m3 and the resultant mass of soil to adepth of 15 cm was 1950 000 kg/ha.

## The number of applications was determined from the Difference divided by the Maximum,
Minimum, Mean and Median Loadings of the various elements.

*** The CCME (1997) guideline for boron is given as "hot water soluble B" and cannot be
compared to totals presented for soil (Bowen 1979).

Table 12. Suggested annusl sodium addition to Ontario soils* (Table from Ontario
Ministries {1996)).

Soil Texture Annual Mazimum Sodium Addition
(kg/ha)

Sands, Sandy loams 200

Organic soils, Loams, Clay loams, and Clays 500

* Annual additions may be doubled if all of the following criteria are met. The soils must be well drained, or Lile
drained, and applications of high Na waste will be permitied only if seil Na and s0i] clectncal conduclivily afe
monitored annnally. Exchangeable Ma in the 2oil must not be allowed to exceed 5% of the soll’s cation exchange
capacity. Soil conductivity, measured on a saturation extract, should not exceed 2.0 mS/cm or, if measured ma 2:1
water to soil suspension, should not exceed 9 45 mS/cm.

The maximum cumulative additions for B, Cd, Cr, Cu, Pb, Ni and Zn presented by Alberta
Environment (Table 13) greatly exceed the potential loadings for these e ements from one
application of hog manure. According to the calculationsin Table 13, the maximum |oadings of
B, Cu and Zn would limit the number of applications of hog manures. For B, the minimum
number of applications would be restricted to 25 on the least suitable (Class 3) soil, dueto the
sample with the maximum B loading (203 g B/ha). For Cu, the minimum number of applications
would be restrict restricted to 23 on the least suitable (Class 3) soil, due to the sample with the
maximum Cu loading (4427 g Cu/ha). For Zn, the manure sample with the maximum loading (14
kg Zn/ha) would restrict the number of applicationsto 11 on the |east suitable (class 3) soil. The
datafor Cd and Ni show that several hundred applications of hog manure would be required to
exceed the maximum cumul ative addition for Cd and Ni. Thousands of applications of hog
manure would be reguired to exceed Cr and Pb loadings on the three classes of soil.

The minimum number of applications was cal culated from one sample that had the highest
possible loading for an element of the 145 hog manure samples, and thus represents the most
extreme situation. The median number of applications represents the data from 50% of the 145
samples, and thus illustrates a more common occurrence. According to the calculationsin Table
14, the median number of applications of hog manure on the third class of soil, would be
restricted to 105 applications due to the accumulation of B. For both Cu and Zn, the median



loadings would restrict the number of applicationsto 181 on the Class 3 soil. For the other
elements, the maximum accumulations of Cd, Cr, Fe, and Ni would restrict the median
applicationsto 938, 9239, 26786 and 1405, respectively.

The results abtained in the above comparison is similar to the results obtained when loadings
were compared to CCME guidelines. In both comparisons, the el ements of concern were B, Cu
and Zn, and restricted mainly to manures that contained high concentrations of these elements.

4.3 Removal of various e ements by crops

The foregoing analysis of possible lifetime loadings (total number of applications) of hog manure
did not take into account the removal by crops of the elements. Therefore, another method of
identifying if there will be abuild up of an element in the soil, is to calculate the difference
between the amounts added and the amounts removed by crops.

Table 15 displays the content of various elements, mostly trace elements, in the grain of wheat.
The removals of phosphorus versus amounts applied in hog manure was discussed in a previous
section. The removal of many of the e ementslisted is much less than the mean or median
loadings, and thus a build-up of these elements would occur under most cropping situations. It
should be noted, that research has shown that although severa heavy metalstend to build up in
the soil from application of sewage sludges or fertilizers, these metals are not mobile or plant
available, and thus do not affect soil productivity and food quality if not added above guidelines.

Table 16 displays the removal of plant nutrients by some crops grown in Manitoba. For the
majority of the harvested portions of the crops listed, the removals of S, Caand Mg are closeto
the median loadings of these elements from hog manures. Aswell B removals closely match the
median B loadings. Thus, under normal conditions and for a variety of crops, 50% of the potential
loadings of S, Ca, Mg and B from hog manures would not build-up in the soil. The potential
median loadings of Cl exceed the removal of CI by all crops, except for afalfawhich removes
somewhat more C1 than the median loading. Alfalfa also appears to remove more Fe and Mn
than the median loadings of Fe and Mn. Also, alfalfa appears to remove the highest amount of Zn
of al crops. listed, but the removal is somewhat less than the median loading of Zn. Other crops
only remove a small portion of the median loadings of Zn. Cu loadings also exceed the removal
by all crops. These data indicate that the micronutrients added to the soil in hog manures will
accumulate in soils, but may be useful to crops beyond the year of application.
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Table 14, Calculation of number of hog manure applications to reach maximum additions
of selected metals (continued).

# The Alberta Guidelines for the Application of Municipal Wastewater Sladges 10 Agricultural Lands
{20007 identify three acceptable classes of land for the application of sludges according to the table:

Clasa | Class 2 {lasx 5
pl w65 PR 65
Soil Teatore CL, SiCL, Sil, 5, €, HC 15,580
S, L, SCL, SC
Slope (%} -2 25 59
Depib to Poiable =5 35 I3
Agquifer (m)

** The Alberta Guidelines for the Application of Municipal Wastewater Sludges to Agricultural Lands
£2000 did not include borem. The previous set of Alberta Guidelines {1982) provided a value for boron.

fH The number of applications within 2 class of Jand is a range - the first number in the range {i.e. the
minimum number of applications) is caleulated from the maximum leading value and the second number (i.e. the
maximum number of applications) is calenlated from the minimum loading valug. The number in parenthesis
represents the number of applications calculated from the mediarn loading.

Loadings of total potassium varied between 4.26 and 122.26 kg K/ha, with the majority of the
samples potentially supplying between 25 and 75 kg K/ha. The mean loading of K for al of the
samples was about 48 kg Kfha. The median K loadings of the samples were close to the mean K
loadings for all the barns. Since the loadings of K were high, up to 122 kg K/ha, the loadings of K
would greatly exceed the removal of K inthe grain of cereal and oilseed crops. Only crops such
as dfafaand corn, harvested for forage or silage, would remove sufficient K to prevent the build
up of exchangeable K in soils under most circumstances. Extremely high levels of exchangeable
K in soil leadsto high levels of K in the vegetative portions of plants. High levels of K in forage
increases the incidence of milk fever and grass tetany in cows. Thus crop rotations and manure
application have to be managed so that K levelsin soils are maintained at levels which do not
result in excessK levelsin forage.

5.0 Summary

Hog manures can serve as an effective and environmentally sound fertilizer provided that
loadings are consistent with crop uptake for elements and/or within acceptable guidelines for soil
quality. Hog manures were extremely variable in composition, varying with type of hog
operation, ration, type of storage facility, etc. Each manure sample was unique in its composition
indicating that the composition of manures can only be accurately assessed by analysis. Producers
should obtain routine, frequent analysis of manures for constituents such as nitrogen and
phosphorus to ensure uniform and desired rates of application to land. Producers should also
obtain analysis of afew samplesfor alarge number of constituents to calculate |oadings of
various metals and assess whether or not abuild up of elements will occur in soils. The effect of
build-up of elements on soils quality and productivity and environmental quality should then be
assessed on a site-specific basis. Cropping systems affect nutrient removals and thus build-up of
elements. Also the effects of metals and other constituents on soil productivity and environmental
quality isafunction of soil type. Thus, the effect of build-up of elements on soil quality and
productivity and environmental quality can only be accurately assessed on a site-specific basis
considering cropping systems, soil type and surficia geology. Manures, exceptionally highin
particular constituents (such as zinc, copper, boron, phosphorus), will reguire special
management practices for long-term sustainability.
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Table 16

Crop
and
Yield

Spring
Wihent
40 buiac

Barley
20 bufac

Oats
100 buw'ac

Corn
106 bw/nc

6t/ac

Canola
35 bofac

Flax
14 bu/ac

Sunflwr
1000
i %1

Peas
%0 bu/nc

Potatoes
N
cwliae

Alfatfa
4 tonfac

Grass hay
5 tom/me

Nutrients remaved iv rypiral Manitoba Crops (kg/hs).

Crop
Portion

seed
SETEW
Toral

seed
straw
Total

seed
straw
Toal

stover
Tenal

silage

saw
Totul

seed
raw
Tenal

struw
Toxal
seed
SITaw
Total
tubers
vines
Tatal

Toxal

Total

N

131

11

1n&

92

258

115

Mutrient removal (ky/la)
P K k3
11 16 4
3 2 [
14 ] 10
17 3 3
4 63 &
2 ] 13
13 17 1]
7 118 4
20 135 15
2 16 g
9 o 9
30 120 17
30 188 15
20 20 13
3 &7 11
28 87 25

5 14 6
z 13 7
10 52 12
% 11 4
3 23 4
13 kf g
17 2 B
4 95 T
21 127 15
4 150 L
11 57 6
25 207 16
27 223 27
15 126 15

Loadings Bazed ¢ Hog Manure Samples (kg/ha)

Mazimant
Minimum

Mean (Weighted)

Medizn

N

70
0
kil
EL

Ca

118

Mg

12

25
34

a0

a

4.5
1.3

8.0
1.1
101
L
il
2.2
1.5

2.2

224

47.0

004
.0+

4.1
n.02

0.56

0.04

1.01

008

.06

(18

Q.20
0.01

005

<Ll
<011

=011
.11

<011
<01t

<11
<il

< il

<0.11

0.27

Cu

4.43
0.04
0.96
0.55

Fe

0.34
4t

0.34
0.01

1.12
0.22

0.15
.78

078

0.78

224

e
JLES
Q.15
1.95
L.77

Ma

(115
0.22

01l
0.78

0.22
(22

0.78
1.23

0.56

0.17

0.5}

Me

.13
0.02
0.53
0.0

Zn

015
0.08

it
.11

0.1t
.45

0.1%
022

a4t

01!

0.67

1417

1.73
X3
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