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\fineralization, Nitrification,

and Denitrification in Histosols of Northern Minnesota -

C. W. Zanner and P. R. Bloom*

ABSTRACT

W ster content and temperature are influences on N mineralization,
tion, and denitrification rates in drained Histosols. To look at
differences in these rates and to enable comparisons to mineral
i, 9T collected soil samples from two Minnesota Histosols planted
a coltivated wild rice (Zizania palustris L.), incubated amended
ples at 4, 7, 10, 16, and 22°C, and monitored changes in
.-\ with time. Amendments used were plus or minus NH and plus
« minus nitrapyrin. Net mineralization rates for Soil 1 (plus-nitrapyrin
—estment) increased from 0.30 to 2.0 mg N kg~! dry soil d-! from
18 2°C Nitrification and denitrification occurred simultaneously,
oh lower denitrification than nitrification rates. Nitrification rates
éctermined from the zero-order plots of the disappearance of
\H.-\ with time in the plus-NH4 samples) increased from 4 to 22°C
ol 1, 17-99 mg N kg~ d-1; Soil 2, 11-40 mg N kg~! d~"). Soil 1
strifed faster than most mineral soils; Soil 2 was comparable with
many mineral soils. Denitrification rates for Soil 1, determined from the
secrease in total inorganic N NH4-N + NO;-N; plus-NH 4 samples),
acreased from 9 mg N kg1 d-'at 4°Cto 53 mg Nkg~'d™'at
»3-C. There were no differences between the two experimental water
oatents (corresponding to soil water pressure heads of -25 and -50
o= for any of these rates. The high water-holding capacity of Histosols
acreases the potential for simultaneous nitrification and denitrification
1ad will result in removal of native and applied NH from the system,
nas affecting N use efficiency of both wild rice and upland crops
cromn on Histosols.

Ti‘.E ¢ATE of NH4-N added to soil by fertilizer or by
mineralization of organic N is important for agricul-
wral production on Histosols. In drained soils, NH;, is
converted to NO;. Nitrate can then be lost by leaching,
by denitrification in anaerobic microsites (Tiedje, 1988;
Paul and Clark, 1989), or by denitrification if the soils
are subsequently flooded for production of a paddy crop
(Ponnamperuma, 1972; Patrick and Reddy, 1978). In
Minnesota, Histosols are used both for production of
upland crops and for paddy-grown wild rice, an aquatic
grass native to north-central North America. Paddies
were developed as part of an effort to reduce the extreme
fluctuations in grain production common in natural stands
that limited the development of a market for the grain.
As part of this effort to domesticate wild rice, research
mto N use by wild rice was undertaken to improve
efficiency and lower production COStS (Elder, 1981;
Grava et al., 1985; Meyer et al., 1989; Zanner and
Bloom, 1990). ' ~

Flf})’ to eighty percent of the N needed by a wild rice
€rop is mineralized under flooded conditions during the
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growing season (Bloom and Meyer, 1988; Meyer et al.,
1989). This agrees with research on white rice (Oryza
sativa L.) by DeDatta (1981) and Broadbent (1978), who
estimated that fertilized white rice obtains 50 to 80% of
its N requirement from mineralization. The remainder
of the required N is supplied by fertilization and by
mineralization during the unflooded portion of the year
(under aerobic conditions). However, to be available for
crop growth, mineralized N and fertilizer N must persist
in the soil until needed by the crop. The findings of
Bloom and Meyer (1988), which showed erratic response
of wild rice even to high added rates of fall-applied N,
lead us to suggest that both fertilizer N and mineralized
N were being lost from the soil. :

In upland settings, nitrification of NH4 may lead to
leaching when excess moisture is present. Leaching of
NO; is not a major concern in Minnesota wild rice
paddies because they are developed in low areas near
the water table; however, nitrification is of particular
interest in soils used for the production of wild rice
because conversion of fall-applied NH4 to NO; can result
in N loss during spring flooding. Any NOs present in
soil is rapidly denitrified once available O, is consumed
during the first few days after flooding (Ponnamperuma,
1972; Patrick and Reddy, 1978), and thus is not available
for plant uptake. Information about nitrification rates
would thus be important for estimating N loss due t0
leaching and denitrification. -

The high water-holding capacity and pore structure
of Histosols allow for rapid air exchange in large pores
concurrently with intraaggregate anaerobiosis. High but
less than saturated bulk soil water content can lead to
denitrification within aggregates. Knowledge of denitri-
fication rates is important for understanding the fate of
N and thus would be of interest in interpreting N use
by all types of crops grown on drained Histosols.

Wild rice paddies are flooded in early spring and then
drained in late summer for harvest. Field work is limited
to the fall because it is not practical to apply fertilizer
to partially frozen ground just before spring flooding.
As a consequence, fertilizer is applied when it will be
influenced by aerobic conditions. Timing of fall applica-
tion of NH 4 forms of fertilizer is thus important if nitrifi-
cation is to be minimized. On mineral soil, Keeney
(1982), Gomes and Loynachan (1984), Tisdale et al.
(1985), and Rehm (1988) are among many who recom-
mend that N be applied when the soil temperature is
<10°C (50°F) to minimize the transformation of NH4
to NO; and the subsequent loss of NO; by leaching.

Erratic response to fall-applied N in wild rice suggests

Abbreviation: TIN, total inorganic nitrogen.
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that losses due to nitrification in the fall and subsequent
_denitrification during spring flooding may be great. How-
ever, no data are available for mineralization and nitrifi-
cation rates for Histosols under the typical conditions
that follow fall fertilization of wild rice paddies. Informa-

tion is limited concerning potential denitrification of nitri-

fied N in anaerobic microsites of an otherwise aerobic
- Histosol, which may be important in determining N
availability to all crops grown on these soils. The objec-
tive of this study was to determine potential mineraliza-
tion, nitrification, and denitrification rates for organic
soils from north-central Minnesota as affected by soil
water content and temperature.

MATERIALS AND METHODS

Soil Collection and Preparation

Soils were collected in the fall of 1990 from Minnesota
wild rice paddies in Aitkin County (Soil 1) and Clearwater
County (Soil 2). The soils are representative of the areas where
wild rice is grown. Plant residue was removed from the soil
as it was sampled and during sieving of field-moist soil in the
laboratory with a 3-mm-mesh sieve. Soils were sealed in plastic
buckets and stored at 4°C. Table 1 lists selected properties
for both soils; additional information was presented by Zanner
(1992). ’

Soil Water Content

The two field-moist soils were dried in triplicate at 65°C
(Day et al., 1979) until consecutive weighings changed by
<0.03% to determine their initial water content. Throughout
the experiment, any weights were adjusted to oven-dry weights
using the average initial water content for each soil. Water
retention curves for the two soils in the range of 0 to —100
cm of soil water pressure head were developed using a modified
version of the method of Berliner et al. (1980; data not shown;
for details, see Zanner, 1992.) The modification utilized a
Mariotte-bottle substitute (250-mL side-arm flask, rubber tub-
ing, and pipette tip). The water contents corresponding to —25
and —50 cm heads used for this experiment are in the range
found for drained Histosols where drainage tiles are at a depth
of 75 to 100 cm. As determined from the water retention
curves, a soil water pressure head of —25 cm corresponds to
a soil water content of 0.73 kg kg™' moist soil for Soil 1 and
0.765 kg kg~! moist soil for Soil 2. A head of —50 cm
corresponds to 0.71 kg kg™' moist soil for Soil 1 and 0.755
kg kg~! moist soil for Soil 2 (Zanner, 1992). The pore structure

of these Histosols resulted in a large change in soil water -
content in the first few centimeters of change in head, followed -

by very slow changes in soil water content as the pressure
head decreased.

Table 1. Selected properties for soils collected from wild rice
paddies in Aitkin County, Minnesota (Soil 1) and Clearwater
*County, Minnesota (Soil 2) and subsequently used in N transfor-
mation incubations.

Soil 1 Soil 2

Classification Borosaprist ~ Borosaprist
pH (field moist soil; =2.5:1 H,0) 6.7 7.1

Ash content (kg kg~!) 0.382 0.432
Bulk density (Mg m~?) 0.20 0.24
Total N (kg kg—") 0.019 0.021
C/N 17:1 12:1

2 M KCI extractable NH, (g kg~ dry soil) 41.5 29.1

2 M KCI extractable NO; (g kg~! dry soil) 2.6 6.9

Treatments

. Ammonium chloride was added as the NH source at a ratef,‘
of 380 mg kg™' of dry soil, equivalent to 114 kg N ha™! for

a 15-cm plow layer, which would be a high but not abnormal
field rate. Nitrapyrin was used to inhibit nitrification at a rate

of 190 mg a. i. kg™' of dry soil. B

Nitrapyrin and NH,; were added gravimetrically to small
amounts of soil with spray bottles. The soils were kept in an
ice bath to minimize microbial growth during treatment. Two
grams of treated soil (dry-weight basis) were placed into 50-mL
polyethylene centrifuge tubes and wetted to the desired gravi-
metric water content. Approximate field bulk density was

achieved by tapping the tubes on a laboratory bench until each ~
soil sample occupied the appropriate volume for the sample -

weight and field bulk density. The tubes were loosely capped,
then placed in covered plastic buckets with two uncovered
beakers of water to maintain high humidity and to limit evapora-

tion. Buckets were placed in five incubators, each of which

had been set at the appropriate temperature and monitored for
temperature stability (+1°C) before the start of the experiment.
Table 2 summarizes the experimental conditions.

" Analyses

At time zero and at each of seven sample collection dates,
tubes were removed from the buckets and the soil was extracted
with 30 mL of 2 M KClI directly in the incubation tubes.
Remaining tubes were checked for weight loss, and water was
added as needed. We used a collection schedule that differed for
each incubation temperature to capture the presumed increase in
rates of change of NH, to NO; typically found with increasing

-temperatures. After 30 min on a reciprocating shaker, samples

were filtered and the filtrate was stored at 2°C until analyzed.
Analysis for NH.~N and NOs-N concentrations was performed
on an Alpkem RFA-300 Autoanalyzer (Alpkem Corp., Clacka-
mas OR). Ammonium-N concentration was determined colori-
metrically by the indophenol blue method (Alpkem, 1987);
NO;-N concentration was determined after reduction to NO, by
Cd metal by the sulfanilimide diazotizatjon method (Alpkem,
1986). = )

Mineralization, nitrification, and denitrification rates were
determined from plots of time vs. NH4~N and NO,-N concen-
trations where appropriate (Table 3). Plots were examined
to determine if there were linear phases of mineralization,
nitrification, or denitrification. Mineralization rates at each
temperature were determined on the —NH., +nitrapyrin treat-
ments from the slope of the plots of NH,~N concentration vs.

Table2. Summary of experimental conditions. Subsamples of each

~ Histosol were treated with one of the indicated amendments,
adjusted to one of the two soil water contents, and incubated
at one of the indicated temperatures so as to produce all soil
X amendment X head X temperature combinations.

Soils .. R Soil 1 (from Aitkin County); Soil 2 (from
. Clearwater County)

Amendments —NH,, —nitrapyrin; — NH,, + nitra-
: pyrin; +NHy, —nitrapyrin; + NH,,

+ nitrapyrin
Amendment rate NH, added at 380 mg N kg~! dry soil;

nitrapyrin added at 190 mg kg~! dry

—25and —50 cm i

Soil 1, 0.73 and 0.71 kg kg~! moist soil;
Soil 2, 0.765 and 0.755 kg kg~! moist
soil

4,1, 10, 16, 22

16 at time zero plus 80 treatment combina-
tions sampled seven times each; total
576

Soil water pressure head
Soil water content

Temperature, °C
Subsamples collected
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time. Mineralization rates determined here are net rates, the
difference between rates of N mineralization and immobiliza-
tion. Without “N, it is not possible to determine separate
mineralization and immobilization rates. Nitrification rate
curves in mineral soils are generally sigmoidal, with a delay
phase resulting from bacterial growth adjustment to new envi-
ronmental conditions, a zero-order phase representing the max-
imum rate of NH, disappearance, and a retarded phase as
NH. becomes limiting for nitrification (Sabey et al., 1959,
1969; Hadas et al., 1986; Laubscher etal., 1990). Nitrification
rates were obtained from the linear portion of the rates of
disappearance of NH.-N in the +NH, —nitrapyrin treat-
ments. Similarly, denitrification rates were determined by sum-
ming the difference between initial total inorganic N (TIN =
NH.-N plus NO;-N concentrations) and TIN at each measure-
ment time, then determining rates of change at each temperature
from the plots of TIN vs. time. These nitrification and denitrifi-
cation rates are influenced by NH. mineralized in excess of
;mmobilization but mineralization rates are low compared with
nitrification and denitrification rates. The increase in the rate
of each process with a 10°C increase in temperature (i.e.,
Qi) was determined from plots of 1/T (K) vs. rate.

Results were analyzed to look for significant differences
in rates among all amendment X soil water X temperature
interactions for each soil using Microsoft Excel 4.0 (Microsoft
Corporation, 1992-1994), the statistical package Systat (Wil-
kinson et al., 1992), and a test for homogeneity of regression
coefficients according to Gomez and Gomez (1984). Slope
regression coefficients were analyzed to determine if we could
reject the hypothesis that the slopes of the linear portions were
homogeneous. If not, the slopes were further analyzed to see
if there were significant differences among the five slopes for
any amendment X soil water X temperature interaction (Go-
mez and Gomez, 1984).

RESULTS AND DISCUSSION
Effect of Water Content and Soil Type

Results of the nitrification experiments are shown in
Fig. 1 for Soil 1. The rate of NH4-N disappearance
from the +NH4, —nitrapyrin treatment was similar for
the two soil water contents. Soil 1 is shown in Fig. 1;
similar results were found for Soil 2. All statistical
analyses were thus performed after combining the data
for water contents corresponding to —25 and —50 cm
soil water pressure head. Sufficient O, was available for

Table 3. Methods used to determine rates of mineralization, nitri-
fication, and denitrification from an incubation study of two
Histosols -collected from wild rice paddies in Aitkin County,
Minnesota, and Clearwater County, Minnesota.

1. Mineralization: Subsamples with treatment — NH,, + nitrapyrin were
analyzed for changes in NH.-N concentration with time at each
incubation temperature. The linear portion of the plot of NH,-
N concentration vs. time was identified. The slope of this portion
represents the net mineralization rate.

2. Nitrification: Subsamples with treatment +NH,, —nitrapyrin were
analyzed for changes in NH.-N concentration with time at each
incubation temperature. The linear portion of the plot of NH,~N
concentration vs. time was identified. The inverse of the slope of
this portion represents the rate of nitrification.

3. Denitrification: Subsamples with treatment + NH,, — nitrapyrin were
analyzed for changes in NH,-N and NO;-N concentrations with time
at each incubation temperature: NH.-N + NO;-N concentrations =
total inorganic N (TIN). A decrease in TIN between time ¢ and time
t + 1 represents the quantity of N lost due to denitrification. The
linear portion of the plot of TIN vs. time was identified. The slope
of this portion represents the denitrification rate.

FICATION, AND DENITRIFICATION IN HISTOSOLS

rapid nitrification even under these conditions when the
soils retained significant amounts of water. In Histosols,
nitrification should proceed if there is adequate drainage,
even when the water content of the soil is high. Campbell
et al. (1981) found that subsurface drainage tile placed
at ~1.2 m will aerate a Histosol to a depth of 1 m.
Ammonium-N loss from Soil 1 for the +NH,4, —nitra-
tment began sooner and was consistently faster
2 (Fig. 2) in all treatments and at all tempera-

pyrin trea
than in Soil
tures. This may have
field operations that had been completed at the time of
sampling. Both soils were collected after harvest, but
Soil 2 was collected before chopping and incorporation
of wild rice stalk and leaf residue, while Soil 1 was
collected after these operations. Chopping and incorpora-
tion of surface plant residue should have increased the

NH,-N (mg kg!)

Fig. 1. Influence of four experimental treatments on changes in
NH ;-N concentration in a Histosol collected from a wild rice paddy
in Aitkin County, Minnesota (Soil 1). This set of treatments was
incubated at 4°C and at water contents corresponding to soil water
pressure heads of (a) —25 cm and (b) —-50 cm.

1507

been due to differences in the
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(a) =25 cm soil water pressure head

(b) =50 cm soil water pressure head

—O— 4+NHg, +nitrapyrin
—/— NHy, —nitrapyrin
—{— _NH,, +nitrapyrin
—O— -—NHj, —nitrapyrin

7 14 21 28 35 42
Incubation time, d
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Table 4. Rates of mineralization, nitrification, and denitrification
from an incubation study of two Histosols collected from wild
rice paddies in Aitkin County, Minnesota (Soil 1) and Clearwa-
ter County, Minnesota (Soil 2) including net N mineralization
and denitrification rates for Soil 1 and nitrification rates for
both soils. Mineralization rates were determined from the slope
of the plots of the increase in NH,~N concentration with time
in the — NH4, + nitrapyrin treatment. Nitrification rates were
determined from the slope of the plots of the decrease in NH-N
concentration with time in the + NH4, — nitrapyrin treatment.
Denitrification rates were determined from the slope of the plot
of the decrease in total inorganic N (TIN; NH~N + NO;-N
concentrations) with time in the + NH,, — nitrapyrin treat-
ment. (The r? values of the plots ranged from 0.88 to 1.0.)

Nitrification
rate -
Mineralization ——— Denitrification

Temperature  rate, Soil 1 Soill 1 Soil 2 rate, Soil 1

€ — mg N kg~!dry soil d~' — mg TIN kg~ dry soil d~!
22 2.0at 99a 40a 53a

16 1.5a 63b 25a 33b
10 0.51b 32¢ 15b 18c

7 0.49b 21d  12b 10d

4 0.30b 17e 11b 9d

+ Letters after each value within a column indicate rates significantly differ-
ent from each other, determined by testing for homogeneity of regression
coefficients using the methods of Gomez and Gomez (1984), P < 0.05.

available O, should have increased the quantity of readily
decomposable plant material, and would have incorpo-
rated surface soil with a high aerobe population, thus
priming the soil for mineralization and nitrification.

Net Nitrogen Mineralization

Nitrapyrin was effective in limiting nitrification (Fig.
1), and this inhibition of nitrification enabled us to deter-

mine mineralization rates. After initially decreasing,

NH,-N concentration in the —NH4, +nitrapyrin treat-
ment increased linearly with time for Soil 1. Net mineral-
ization rates for Soil 1 (Table 4) ranged from 0.30 mg
N kg~ !d!at4°C to 2.0 mg N kg=! d~! at 22°C. In
Soil 2, NH4-N concentration did not show a linear
increase until the last few data points, and this prevented
a meaningful interpretation of the results.

Other investigators of Histosols have reported compa-

rable mineralization values. From the data of Terry -

(1980) for Florida Histosol samples to 75-cm depths at
25°C and —333 cm head, we calculated rates of 1.4 to
2.0 mg N kg~! d~! (assuming a bulk density of 0.25
Mg m™3). Terry (1980) also reported that cropped Histo-
sols have higher mineralization rates than uncropped
Histosols. Using intact soil columns (70 cm long) from
Florida that were incubated for 53 wk at a head of
— 100 cm and ambient temperatures, Reddy (1982) found
mineralization rates of 0.6 to 1.5 mg N kg~! d~!. Our
rates are greater than those obtained by Isirimah and
Keeney (1973), who reported an average mineralization
rate for nine Wisconsin Histosols at 30°C that we calcu-
lated to be 0.4 mg N kg~! d~! (assuming a bulk density
of 0.25 Mg m™3). However, these researchers did not
recognize the potential for denitrification in their aerobic
samples, although they did note that N was being lost
from the system, and the true mineralization rates were
thus higher.

Mineralization rates of Soil 1 increased by a factor

. of biological activity with a 10°C increase in temper.

- N ha~!. Mineralization rates based on our incub

-al., 1959; Brandt et al., 1964; Mahli and McGill, 1982; %
: Hadas et al., 1986; NlSth and Fujimoto, 1990) bracke

formed under -a variety of conditions (7-35°C; 0-800.

of 3.0 with a 10°C temperature increase (r2 =
P ="0.0044; plot not shown). The. increase in the

is defined as the Qyo. This Qy0 of 3.0 compares wit
values of 2.3 between 5 and 15°C for 11 mineral
decreasing to Qi = 2 between 15 and 25°C (Stz 3
et al., 1973). Reddy (1982) reported mineralization Q;
values of 1.9 for four cultivated orgamc soils
for two virgin organic soils in Florida. -

- Bloom and Meyer (1988) estimated the annual
quirement for wild rice to be 90 kg N ha™! ; Grava an
Raisanen (1978) estimated the requirement o be 120 k

would result in N mineralization in the rooting zo 2
wild rice (the top 0.50 m) after harvest of 0.23 kg as

and freeze-up, mineralization could thus add 15 to
kg of N even at the lowest rate, 2 substannal portion ¢

Nitrification and Denitrification

Nitrification rates, indicated by the rate of disappear
ance of NH4—N in the +NH4, —nitrapyrin treatme:
increased with increasing temperature for both soils (Fig
2, Table 4). At all temperatures, Soil 1 reacted m %
quickly than Soil 2. Disappearance of NH4-N with time <=
was similar to that observed by Sabey et al. (1959, 1969), "
Hadas et al. (1986), and Laubscher et al. (1990) for
nitrification in mineral soils. :

The Oy for nitrification was estimated to be 2.9 2=
0.99, P = 0.0003) for Soil 1 and 2.1 (r* = 0.97, P ="
0.0024) for Soil 2 (plots not shown). These values are * ;-
comparable with estimates for nitrification in mineral -
soils. Sabey et al. (1959) reported Qjo values of =2 #&:
to"5 for various soil types under different agricultural =
management. Tyler et al. (1959) found an average Qo
of 2.1 for four soils (sandy loam, loam, and two clays), -
with a range from 1.6 to 3.3. :

N1tr1ﬁcat10n rates are not available for cultivated or
ganic soils. Those for mineral soils vary widely; how
ever, the reported rates (Sabey et al., 1959; Tyler et

the rates we found in our Histosols. In incubations per

mg N added kg™! dry soil; water content near field
capacity), nitrification rates ranged from 1 to 130 m
N kg=! d~!, with all but Sabey et al. (1959) reporting =
values at or below 70 mg N kg~! d~!. At 22°C, our.
rate in Soil 1 is in the high end of the range, and ou
rate in Soil 2 is comparable w1th these mmeral soils
(Table 4). AR

Nitrification and demtr1ﬁcat10n occurred sxmultane
ously in Soil 1 and Soil 2 (Fig. 3). Nitrate reached a
maximum value of = 150 mg NO;-N kg~ at all tempera-
tures and maintained this concentration as NH 4—N disap-
peared (Fig. 3A). This suggested that NO; was being .
removed by denitrification. Simultaneous occurrence of -
nitrification and denitrification in this system indicated .-
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Fig. 2. Influence of temperature on rates of NH4-N concentration
decrease in the +NHj, — nitrapyrin treatment of two Histosols
collected from wild rice paddies in (a) Aitkin County, Minnesota
(Soil 1) and (b) Clearwater County, Minnesota (Soil 2), and incu-
bated at a water content corresponding to —50 cm soil water
pressure head at 4, 10, and 22°C.

that both aerobic and anaerobic sites were present. This
is common in soils (Tiedje, 1988; Paul and Clark, 1989).
According to Harris (1981), water-saturated soil crumbs
>3 mm in radius have O,-free centers. The high water-
holding capacity of Histosols would tend to result in
many anaerobic microsites.

Estimates of rates for denitrification were obtained
from the linear portion of the plots of the increase in
cumulative denitrification with time (Table 4; Fig. 3b
shows 4 and 22°C). Our maximum rate (53 mgkg='d™!
at 22°C, obtained for Soil 1) compares with a maximum
potential rate for flooded Histosols at 30°C of 110 mg
kg~! d~! as determined by Terry and Tate (1980). The
Qo for denitrification in Soil 1 was 2.9 (r*=0098,P =
0.0015, plot not shown). Although the absolute rates for
lenitrification in Soil 1 were lower than nitrification

Incubation time, d

Fig. 3. Changes in (a) NHs-N and NOs-N concentrations with time
in a Histosol collected from a wild rice paddy in Aitkin County,
Minnesota (Soil 1), + NH,, — nitrapyrin treatment, at 4 and 22°C;
and (b) total inorganic N (TIN, = NH;-N + NOs-N concentrations)
and denitrified N (No-N + N,O-N) with time. Denitrified N is
determined by assuming that any decrease in TIN between time ¢
and time ¢ + 1 represents N lost by denitrification. Thus [N:-N +
N2O-Nlrow = E(INHs-N + NO;-N], — [NH:-N + NO3-NJ+1}-

rates, Qo for denitrification was very similar to the Qio
for nitrification. As was the case for mineralization of
NH.-N in Soil 2, TIN (NHs&-N + NO;-N concentra-
tions) did not show a linear change until the last few data
points, and this prevented a meaningful interpretation of
the results. ‘ '

" Both nitrification and denitrification were rapid and
increased with increasing temperature (Fig. 3). _This
pattern was similar for both soils, with the processes
more rapid in Soil 1 than in Soil 2. Rates of denitrification
were slower than rates of nitrification, as is expected,
because denitrification is limited by the rate of formation
of NOs and by the rate of diffusion of NO; into anaerobic
microsites (Myrold and Tiedje, 1985). These researchers
found that C supply can also limit denitrification, but C
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should not limit denitrification in Histosols. Persistence
of NO; until NH 4 was no longer available for nitrification
(Fig. 3) indicated that some portion of the samples was
oxygenated enough to limit denitrification.

Others have shown denitrification is significant at low
temperatures in temperate regions. Cho et al. (1979)
estimated that 2.7°C was the threshold temperature for
denitrification in three irrigated soils from Alberta, Can-
ada. Unlike mineral soil where denitrifier activity tends
to be concentrated in surface horizons, activity is main-
tained in Histosols to deeper depths. Indeed, Khan and
Moore (1968) found active denitrifier populations to 101
cm in a mineral horizon below a Histosol.

Soil temperatures at depths of 20 and 40 cm were
monitored at the Soil 1 sampling site through the fall of
1990 (Zanner, 1992). Soil temperatures in mid-October
were still near 10°C. Denitrification following nitrifica-
tion would represent a field loss rate in Soil 1 of 6.8 kg

"Nha'd~"at4°Cand 12.8 kg N ha~! d~! at 10°C (soil
bulk density of 0.20 Mg m~3 and assuming a plow layer
of 20 cm). In Soil 2, the loss rate would be 4.4 kg N
ha™! d=' at 4°C and 6.0 kg N ha~! d~! at 10°C (soil
bulk density of 0.24 Mg m~> and assuming a plow layer
of 20 cm). The potential for high losses of N during
fall fertilizer applications caused by nitrification and
subsequent denitrification is thus a major concern. As
Zanner (1992) noted, erratic field results from fertilizer
trials (Grava and Raisanen, 1978; Bloom and Meyer,
1988) suggest that nitrification and denitrification result
in the loss of fertilizer and mineralized N. Nitrification
of NH4-N is not only a concern for wild rice farmers
who will later flood their fields but also is a concern for
growers of upland crops because of the high potential
for simultaneous nitrification-denitrification.

CONCLUSIONS

Net N-mineralization rates obtained in this study
ranged from 0.30 mg N kg~! d~! at 4°C to 2.0 mg
N kg™' d~! at 22°C. This suggested that post-harvest
mineralization was capable of supplying a significant
portion of the N requirement to the following crop.
Actual N availability would depend on persistence of
NH4-N .in the soil.

These two organic soils from Minnesota nitrified at
rates that indicated that the potential for nitrification
of fall fertilizer and mineralized NH, is rapid even at
temperatures below 10°C. Application of NH, fertilizer
when soil is below this temperature will still produce
yield-affecting losses when denitrification follows. Nitra-
pyrin was effective in inhibiting nitrification at all temper-
atures, indicating that it could be useful in the develop-
ment of methods to minimize nitrification in Histosols.

Denitrification rates were lower than the rates for
nitrification in each soil, and denitrification continued at
very low soil temperatures. Denitrification in organic
soils will continue late into the fall in northern temperate
regions where subsoils are well insulated by organic
surface horizons.

It is well recognized in flooded agricultural systems
that denitrification will occur on flooding and that this

Grava, J., and K.A. Raisanen. 1978. Growth and nutrient accumul

" Grava, J., M. Meyer, and P.R. Bloom." 1985. Research in wild

represents a loss of plant-available N. It is not so ob
that - substantial denitrification can occur in Histos
under what are assumed to be aerobic conditions due:
the presence of anaerobic sites within soil peds. “The
high water-holding capacity of organic soils will in
the potential for simultaneous nitrification and denitrif;.
cation and will result in removal of available N
the system. This means that nitrification follo
denitrification can result in losses for upland Crops e
without flooding, and these linked processes_must

pa et

considered in determining the fate of mineralized and:
applied N in Histosols.
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