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Abstract Nitrogen (N) in agricultural fertilizers is
denitrified by soil bacteria when oxygen is limited,
which effectively removes plant-available N from the
soil to the atmosphere. Reported denitrification rates
range from 0 to 239kgNha~'yr~', and, depending
upon environmental conditions and management, may
reduce the amount of N available for crop growth by
27%. Denitrification in soils also results in emissions
of nitrous oxide (N>O), which is a recognized pollu-
tant that contributes to stratospheric ozone destruction
and radiative forcing in the troposphere. Practitioners
of sustainable agronomy aim to improve plant N-use
efficiency and reduce emissions of the greenhouse
gases by synchronizing N application and plant nu-
tritional requirements. However, it is difficult to pre-
dict denitrification rates during and after the growing
season based on current knowledge. High rates are
consistently reported in irrigated cropping systems fol-
lowing heavy applications of fertilizer-N, but few stud-
ies report denitrification during the dormant season.
Denitrification in winter may represent a significant
sink for fertilizer-N in cropping systems, but further
research at sub-zero soil temperatures is needed. Here,
the three factors required for microbial denitrification:
limited O, availability, electron donors and electron ac-
ceptors, are reviewed based on soil research performed
both above and below 0°C. Gaps in the knowledge
of denitrification rates in cropping systems, particu-
larly when soils are frozen, are identified. Sustainable
management of N in cropping systems such as greater
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N-use efficiency and lower greenhouse gas emissions
could be advanced by greater understanding of denitri-
fication in winter.
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1 Introduction

The greatest agronomic uncertainty in balancing the
nitrogen (N) budget of agricultural landscapes is the
rate of denitrification, which converts plant-available
N into gaseous N (Galloway et al. 2004). Specifically,
it is not known when denitrification in the rooting zone
reduces the availability of N to crops or the magni-
tude of N losses via denitrification. Current average
N-use efficiency in cropping systems (% recovery of
applied N) is reported to range from 30 to 50% (Cass-
man et al. 2002). A major reason for low N-use effi-
ciency is the loss of gaseous-N from agricultural soils
worldwide (Davidson and Seitzinger 2006). Denitrifi-
cation may transfer up to 27% of agricultural N back to
the atmosphere (Bouwman et al. 2005). However, spa-
tial and temporal heterogeneity in denitrification rates,
lack of quantitative data and inconsistencies between
laboratory vs. field measurements contribute to uncer-
tainties in the rate of denitrification, despite decades of
research (Davidson and Seitzinger 2006).

Achieving synchrony between N supply and crop
demand without sacrificing yield or protection of the
environment requires greater knowledge of denitrifica-
tion rates, yet knowledge of denitrification during the
dormant season is limited. In many cases, gaseous-N
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