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Summary. Nitrogen availability and its response to fertilizer
amendments was measured by in situ incubation in four
old fields ranging in age {rom 16 to > 100 years at Cedar
Creek Natural History Area. Net nitrogen mineralization

in control plots increased with field age, from 4.4 g/m? in

the youngest field to 6.5 g/m? in the oldest field. The pro-
portion of total N mineralized decreased with field age,
from 6.2% of total N mineralized in the youngest field to
4.8% mineralized in the oldest field, suggesting a decrease
in organic matter quality with time. Unlike many forests
in the region, nitrogen mineralization was correlated with
total soil nitrogen content. Greater than 90% of the minera-
lized N was nitrified in most months. Analyses of variance
indicate significant effects of field age and month of year
on N mineralization and nitrification, but no effect of fertil-
izer treatment except in the oldest field. Fertilizer additions
did not significantly increase standing pools of mineral N
in the youngest or oldest fields but did in the 26 and 50 year
old fields. However, changes in mineral N pools did not
account for the amount added in fertilizer. Strong plant
and microbial sinks for fertilizer and possibly leaching
losses may be the reasons why fertilizer additions did not
stimulate N mineralizations during the first two years in
most fields.
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Many old fields are extremely low in soil organic matter
and nutrients because of past agricultural practices. Nitro-
gen is the nutrient most often limiting plant growth in old
fields (Lawes and Gilbert 1880; Milton 1934. Huffine and
Elder 1960; Gay and Dwyer 1965: Owensby et al. 1970;
Tilman 19384). Nitrogen availability is delermined by nitro-
gen mineralization, the microbial conversion of organic ni-
trogen to ammonium. with possible further oxidation to
nitrate. The amount of N mineralized depends not only on
the total amount of organic N, but also on factors affecting
microbial activity, such as temperature. moisture. and qual-
ity of the organic matter (Swifl et al. 1979). Total nitrogen
and organic matter often increase with succession in old
fields (Billings 1938; Odum 1960; Rice et al. 1960: Inouye
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et al. 1987). Potential N mineralization in laboratory incu-
bations is highly correlated with this general increase in’
total N (Robertson and Vitousek ]981) but changes in
N availability under field conditions in these ecosystems
have not been examined.

Inputs of nitrogen may increase litter production and
thereby increase nitrogen abailability upon decay of the
plant litter. This can happen either through release of nitro-
gen in the litter itself, or by the fresh litter or added inorgan-
ic nitrogen stimulating increased release of nitrogen from
humus. otherwise known as a priming effect (Bingeman
et al. 1953; but see Olson 1980 and Olson et al. 1979).

We studied N mineralization and nitrification in an old.
field chronosequence at Cedar Creek, Minnesota to exam-
ine changes with time and their responses to N inputs.

Study area

The Cedar Creek Natural History Area is located on a
20-40 m deep sandy outwash plain deposited by streams
draining the receeding Wisconsin continental glacier around
14.000 years BP. Native, presettlement vegetation on the
sand plain was a mosaic of prairie, wetland. oak savanna.
and hardwood forest (Pierce 1954). The area was farmed
starting in the late 1,800s. From about 50 years ago
through the present time, various fields have been aban-
doned.

Four fields, ranging in age from 16 yrs to greater than
100 yrs, were studied. Field A, the youngest. was farmed
to soybeans before being abandoned in 1968. Field B was
last farmed to soybeans before abandonment in 1957.
Field C was last farmed to corn before abandonment in
1934. Field D is a native oak savanna which has never been
clearcut or plowed but may have been grazed prior 1o 1940
but not since, and represents a probable endpoint of succes-
sion on these soils. Field D is one of several in a prescribed
burn experiment and has been burned for 2 out of every
3 vears for the past twenty years. Early successional species
dominating younger fields are Eurasian and native annuals
and native biennials. while later successional species dom-
inating older fields are native prairie perennials and oaks
(Table 1). Species compositions are comparable to those
of other old fields and savannas of similar age in the area
(Tilman 1983, 1984, 1986. Inouye et al. 1987). The soils
in all fields are sands of the Sartell or Zimmerman series
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