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Denitrification of nitrate (N0~) fertilizer was simulated using a
mathematical model. The rate of denitrification was considered to be a
function of N0~ concentration, available carbon (C) concentration, degree
of soil-water saturation, and temperature. Available C concentrations
were calculated from initial amounts of soil C and additions of plant
residues or animal manure. The consumption of added C in the soil system
was assumed to occur in 2 or 3 stages with different rate constants for
each stage and C source. A Q,Q value of 2 was used in correcting denitrif
ication rate constants and C consumption constants at two temperatures.
Model simulations for denitrification were compared with measured N- and
N.O gas fluxes during nitrate leaching in field plots of Yolo soil at
different soil-water content, C additions, soil temperature, and irriga-
tion frequencies.

The rate of denitrification was calculated from: -

?f - k l* f W f T C W C N [1]

where G is the sum of denitrification gases (Ng+NgO), C_ is the concentra-
tion of NO", G is the concentration of water-soluble C, f„ is the water
function, f_ is the temperature function, £ is the bulk density, 6 is the
volumetric soil—water content, and k, is the first-order denitrification
rate constant. The water function f.. is an empirical relationship causing
denitrification to become essentially zero below S0% water saturation and
maximal at saturation where the diffusion of 0« is limited to diffusion
through water. The same denitrification rate constant was used for all
plots. The constant required to describe denitrification from plots cropped
with grass was approximately 3*6 times greater than that for the other plots
due to the effect of the root system in consuming 0. and in adding soluble
C to the soil.

A single denitrification rate constant (6 x lO^g soil day"
(ugC)"* ), was used in simulations. The necessary input data for simulating
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denitrification were provided (Rolston e£ aûL., 1978, 1980). Absolute
amounts and rates of denitrification on a Yolo loam field profile for
different soil-water contents, organic C sources, and soil temperatures,
were estimated by measuring the flux of gases at the soil surface from
the accumulation of N~0 and N_ beneath air tight covers placed over the

15soil surface for short intervals each day. High enrichments of ^N
fertilizer were used in order to measure the EL component of denitrifica-
tion. Rolston eĵ  al. (1980) also measured absolute amounts and rates of
denitrification from a cropped, Yolo loam soil maintained at three dif-
ferent irrigation frequencies and two levels of carbon incorporation.

Comparisons of the measured and calculated denitrification flux
as a function of time for six irrigation frequency plots during the summer
(23°) are given by Figure 1. The solid circles are measured values of
the N_ and 1SLO surface flux, and the solid line is the calculated
denitrification flux assuming first-order kinetics as derived by Eq.[l3«
The arrows at the top of the figure indicate when the irrigation was made.
The top and bottom sections of the figure are for plots without and with
added straw (10 MT/ha), respectively.

The sensitivity of denitrification to the soil-̂ ater function
makes it difficult to accurately simulate denitrification for field situa-

3 — 3tions. For instance, for differences in soil-water content of 0.01 cm cm
the calculated denitrification was different by approximately a factor of
two. Measured water contents in the field frequently vary by as much or
more than the - 0.01 cm cm . For a site adjacent to the plots of Rolston
£t><al. (1978) and those of this report, Simmons et al. (l980) measured
standard deviations of - 0»02 — 0.03 cm cm for 16 soil-water content
measurements (at one depth) from a 1 ha field.

Therefore, one would expect that denitrification would vary sub-
stantially from spot to spot in a field. In fact, the concept of microsites
as sites of denitrification requires that denitrification be sensitive to
the amount of soil water and the diffusion of 0« to zones of high micro—
bial activity.

Still reasonable agreement was found between measured rates and
total amounts of denitrification and those calculated by the model using
one denitrification constant for all plots.
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The potential effect of agrochemical residues on the denitrifica-
tion rate is not included in the equation. Preliminary experiments
(Rolston and Cervelli, 1980) and most literature studied indicate that
inhibitory effects of e.g. herbicides on denitrification occurs only at
levels higher than may be expected as residue.
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