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Introduction

Agriculture contributes significantly to nitrous oxide (N2O) emissions globally
and within Canada.  The booming hog industry as well as the increased price of chemical
fertilizers has renewed interest in using manure as a fertilizer.  However the detrimental
effect of its by-products cannot be ignored and must be assessed.  Soil is a major source
and sink for greenhouse gases, especially when animal manures or inorganic fertilizers
are applied.  N2O emissions from soil are usually expressed as a flux across an area of
surface.  The differences between N2O fluxes are attributed to changes in the magnitude
of production within the soil and the interactions with various soil (Burton et al., 1997).
Knowles (1982) suggested there are several factors that control denitrification: (i) soil
water content; which regulates the oxygen supply; (ii) soil temperature; (iii) nitrate and
ammonium concentrations because these substrates may individually regulate the
reaction rates (in the case of denitrification regulate the NO2/N2 ratio); (iv) available
organic C; denitrifiers require usable organic C; and (v) pH.  Increasing the content of
organic matter by manuring will greatly enhance the O2 consumption.  Thus
microorganisms require a readily decomposable substrate before reduction of added NO3

-

can occur (Weier et al., 1993).  However, NO3
- is the most important cellular controlled,

and its absence will limit denitrification.  The excess water fills soil pores and limits O2

diffusion into the soil while the C acts as a substrate to feed microbial populations that
create anaerobic conditions within the soil.  The texture and bulk density of the soil, as
well as the quantity of manure that is injected also influence the N2O flux from soil.
Through ongoing research manure associated N2O flux can be quantified and evaluated.
The objective of this paper is to present some of the factors associated with applying high
rates of manure on sand and clay soils in the brown soil zone of Saskatchewan, in relation
to N2O.

Discussion

Denitrification is the biological reduction of nitrate or nitrite to gaseous forms of
N.  Most of the N volatilized is in the form of N2O (Burford and Bremner, 1975).
However, N2O is an intermediate compound in a sequence of enzymatic reactions where



NO3- is reduced to N2 (Ambus, 1998).  The addition of C to the soil will generally
increase dentrification of NO3

- N, thus microorganisms require a readily decomposable
substrate before the reduction of added NO3

- can occur (Weier et al., 1993).  Therefore,
without additional C, NO3

- accumulates, and high NO3
- will result in the inhibition of

N2O reductase activity, which reduces gaseous N production and the conversion of N2O
to N2 (Weier et al., 1993).  Nitrous oxide is formed within the soil by the following
reaction (Aulakj, Rennie, and Paul, 1982):

NO3
-  →  NO2

-  →  NO  →  N2O  →  N2

The bacteria responsible for the reduction of nitrate to gaseous forms of N are
facultative anaerobes that have the ability to use both oxygen and nitrate (or nitrite) as
hydrogen acceptors (Burford and Bremner, 1975).

Because N2O contributes to stratospheric reactions that deplete the ozone layer it
is harmful and potentially dangerous.  Table 1 emphasizes the seriousness of N2O
emissions in relation to CO2.  Nitrous oxide has a long residence time and 310 times the
global warming potential of CO2.  A doubling of the N2O concentration in the
atmosphere  will ultimately result in a 10 % decline in the stratospheric ozone layer
(Jambert, et al., 1997)

Table 1. Global Warming Potential (GWP) of Green House Gases (GHG) Held
in Comparison to CO2.

GHG
Residence Time

(years)
GWP

(CO2 equivalent)

CO2 Variable 1

CH4 12 – 15 21

N2O 120 - 150 310

(Altered from Desjardins and Keng, 1999)

Globally 70 % of agricultural greenhouse gas emissions are in the form of N2O
and in Canada 80 % of total anthropogenic N2O emissions are attributed to agricultural
activity (Desjardins and Keng, 1999).  Because the global warming potential of N2O is
high (Table 1) the emissions from agricultural activity, globally and in Canada, are cause
for serious concern.



High soil moisture is a major promoter of soil evolved N2O emissions.  Fluxes
can vary from insignificant in dry periods to 60 µg N2O m-2 hr-1 after heavy rainfall
events therefore increased soil moisture inflates N2O emissions (Environment Canada,
1994).  The increased soil moisture decreases oxygen supply within the soil, creating
anaerobic zones that foster denitrifying organisms.  Water infiltrates more slowly through
clay soils.  Clays then require more time to establish anaerobiosis, however it persists for
a greater amount of time (Sextone et al., 1985).

Soil moisture and texture collaborate to increase potential anaerobic zones within
a certain location.  For example as the clay content or fineness of the soil increases so
does its ability to hold water within its pores.  The restricted water movement in clays
then promotes a higher N2O flux, than in coarser sandy textured soil (Burton and
Beauchamp, 1995).  McKenney et al (1980) stated that the N2O flux from a clay soil
generally tends to be one to two orders of magnitude greater than those over sandy loams,
but the degree of variability is greater on the clay.

Soil consolidates after manure incorporation which results in an increased bulk
density, decreased porosity, and a greater potential for the development of anaerobic
conditions (Lessard et al., 1996).  When bulk densities are large denitrification is limited
to the top 30-60 cm of the soil profile, where the water content is greater, air diffusion is
restricted and biological activity is inflated due to high C contents (Rolston, Hoffman,
and Toy, 1978).

Swine manure contains high volumes of water and additional supplies of C and N,
therefore when it is added to the soil increases microbial numbers that ultimately create
anaerobic zones, thereby inflating the N2O flux from within the soil (Comfort et al,
1990).  The greater the quantity of manure applied to the soil the greater the C supply
added and the higher the N2O flux.  Higher N2O emissions are associated with manured
soils than those that are chemically fertilized, when applied at similar N rates.

Proposed Research

The two selected sites in the Brown Soil Zone were injecting with two rates of
manure high (93 527-L ha-1) and low (46 764-L ha-1) in a randomized complete block
design.  The first site, Beechy, predominantly a clay soil (W1/2 2-22-11 W3), was seeded
to Durum wheat, and the second Riverhurst comprised mainly of sand (SW 18-24-5 W3),
was seeded to canola.  Each of these two sites had never been injected with manure in the
past, and they both were situated near hog barn facilities, thereby accessed easily with the
portable hose pump equipment used to apply the manure.  Available N varied from
Beechy to Riverhurst (Table 2).

The initial measurement was the sealed chamber sampling, which was comprised
of a polyurethane insulated, galvanized metal, open bottomed chamber, with a rubber



sampling port.  Samples were drawn from each of the replicated treatments at each of the
selected sites and analyzed for N2O and CO2 emissions using gas chromatography.

Soil samples, collected in small aluminum cylinders, were placed in jars and
analyzed for the potential denitrification emitted over 24 hours using the acetylene
blockage technique.  The gas from within these jars was sampled via rubber septums
followed by the analysis of potential N2O and CO2 evolved.  Gravimetric water contents
were measured on the combined soil from each replication and were then converted to
volumetric water contents using the investigated bulk densities.

Table 2. Total N and Available N for Three Treatments at Field Sites.

Site
Soil

Association
Soil

Texture
Treatment

Total
Amount of
N-Injected
 (kg-N ha-1)

Available-
N-NH4

+

(kg-N ha-1)

Control 0 0

Low Manure 290 153Riverhurst Birsay Sand

High Manure 582 309

Control 0 0

Low Manure 258 170Beechy Willows Clay

High Manure 516 341

Following water content analysis the soil was mixed thoroughly and analyzed for
total inorganic-N (NH4

+ and NO3
-), water-soluble C, pH and EC.  Physical soil properties

will also be analyzed.  For example texture analysis, bulk densities, particle densities,
porosity and aggregation.

The fundamental objectives of the proposed research is to quantify and compare
manure amendments on soil surface N2O flux as a function of the soil temperature,
moisture, bulk density, aeration, aggregation, water soluble C, and mineral N.
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