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The final gaseous end products of nitrification-denitrification were
found to be mainly N2, however small amounts of N,O were also detected.
Ammonium in the aercbic surface layer of soil or sediment is nitrified,
and the resulting concentration gradient between this layer and the
underlying anaercbic layer causes NHZ to diffuse upward into the aero-
bic layer where it also undergoes nitrification. Nitrate produced in
the aercbic layer then diffuses down into the anaerobic layer where it
is denitrified to N, and N,0. If O, is absent or limiting, nitrifi-
cation will either not occur or will occur at a lower rate, resulting
in a small amount of NOQ-N available for the denitrification process.
The role of NHE-N diffusion in a flooded s0il on N loss through
the nitrification-denitrification process was investigated undexr lab-
oratory conditions. The distribution of applied NHZ—N in both the
aerobic and anaerobic soil layers of a flooded soil was experimentally
determined and compared with the values obtained from theoretical
equations. The total loss of NHZ-N from the flooded soil system (15-
cm depth) by nitrification-denitrification was equivalent to 12.43 g

N/m2 for a 120~day incubation period when the initial concentraticn of

+u—
4

layer to the aerobic soil layer accounted for more than 50% (7.16 g

NH,-N was 44.84 g N/m2. Diffusion of NHZ—N from the anaercbic soil
N/m?) of the total NHH—N loss with the remainder being lost from NHE-N
originally present in the aexrobic layer. The NHz-N that diffused up-
ward into the aerobic soil layer was nitrified to NOE-N, which readily
diffused back down into the anaerobic soil layer and was subsequently
denitrified. The experimental distributions of NHZ-N were not in close

agreement with calculated distributions in the surface aerobic soil

layer but were in close agreement in the anaercbhic soil layer. It is
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possible that the rate constant (k) for NHZ—N'oxidation varied
considerably with depth in the aerobic so0il layer and thus resulted

in the disagreement. The total NHE-N loss calculated from the ex-
perimental distribution tended to agree with the values obtained theo-
retically from rate constant (k) wvalues of 3.18, 5.00, and 6.67 ug/
cm3/day. The first rate constant value was cobtained from an indepen-
dent experiment (for same soil) and the second from matching the con-
centration of NHE-N at the aerobic-anaerobic layer interface of the
theoretical and experimental distribution at 90 days after flooding
and the third from the NHZ—N disappearance in the aerobic soil layer
of the soil columns described in this study. These rate constants in-
dicate that the rate of nitrification is one of the factors'controlliﬁg
N loss from flooded soil.

The effect of placement and concentration of NHE—N in a flooded
soil on N loss was investigated. Applied labelled NHZ—N was rapidly
lost from the soil system during a 4-month incubation period regard-
less of where NHZ-N was applied in the soil ¢olumn. Nitrogen loss
was lower when N was placed in the anaerobic zone than when placed at
the aerobic surface. Addition of rice straw decreased N loss where N
was applied to the soil, but did not show any difference where N was-
applied to the overlying floodwater. Increasing the concentration of
NHZ—N in the soil increased the N loss and also the thickness of the
aercbic soil layer. Measurement of ¥ distribution in the soil column
showed very little accumulation of NoguN in the aercbic soil layer:;

increasing the amount of NHz-N applied in the anaerobic soil layer:;

however, increased the amount of NO3-N in the aerobic layer.
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The effect of several cycles of varying length of alternate aero-
bic and anaercbic conditions on redox potential, oxrganic matter de-
composition and loss of added and native N was investigated in a
flooded soil incubated for 128 days. Redox potential decreased ra-
pidly when air was replaced with argon for the short-time cycles, but
decreased more slowly where the aerobic period was long enough to per-
mit buildup of nitrate. The minimum redox potential reached during
the anaerobic period was generally lower for the longer cycles, but in
all cases was low enough for denitrification to occur. Rate of decom—
position of organic matter was faster in the treatments with a greater
number of alternate aercbic and anaerobic periods. Total N (native and
applied) losses as high as 24.3% occurred in the treatment with
the maximum number of cycles and with alternate aerobic and anaerobic
periods of 2 and 2 days. Increasing the durations of the aerobic-
anaerobic periods decreased the loss of N. A maximum loss of 63.0 per-
cent of applied labelled NHZ-N resulted from the shortest (2 and 2
day) aerobic and anaercbic incubation. For soil undergoing_frequent
changes in aeration status the only labelled N that remained at the
end of incubation was found in the organic fraction. Loss of N may
have been even greater if labelled inorganic N had not been immobilized
by microorganisms decomposing the added rice straw. The greater loss
of N resulting from the 2 and 2 day aerobic-anaercbic incubation shows
that, in soils where the redox potential falls low enough for denitri-
fication to occur, increasing the frequency of changing from aexcbic
to anaerobic conditions will increase the loss of N.

The effect of frequent changes in aerobic and anaerobic conditions
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on redox potential and nitrogen (N) loss in a flooded soil was in-
vestigated under laboratory conditions. Increasing the freguency of
changing from aerobic to anaerobic conditions from 48 hour aerobic-
48 hour anaerobic to 6 hour aerobic-6 hour anaerobic increased N loss.
A separate experiment showed that losses were scmewhat less when the
frequency was increased from 6 hour aercbic-6 hour anaercbic to 3 hour
aerobic-3 hour anaexcbic, but the loss of N again increased when the
frequency was further increased to 1.5 hour aercbic-1.5 hour anaercbic.
Nitrogen losses were due to alternate nitrification {(during aerobic
period) and denitrification (during anaercbic peried) possibly coupled
with chemical decomposition of NOE—N at the greater aercbic-anaercbic
frequencies.

The results obtained in the present experiments allow to make
two general conclusions. These studies show that nitrogen losses in
flooded soil can occur under two conditions:

+

a~N in a flooded soil readily undergoes nitrification

{1} The NH
(3.18 ug/cmz/day) in the aerocbic layer, the NOE-N formed in the aero-
bic layer readily diffuses (1.33 cmz/day) into the anaerobic layer,
where it undergoes denitrification (15 ug/cm3/day) into gaseous end
products, such as N, and N,0. This results in the concentration

aradient of NHZ-N between the aerobic layer and the underlying anaexo-

bic layer causes NHZ—N to diffuse upwards (0.216 cmz/day) and is sub-
jected to nitrification-denitrification reactions. Aall these pro-
cesses are shown in Figure 46.

(2} The NHZ-N in a flooded soil readily undergoes nitrification

when the scils are drained or an aercbic atmosphere is created.

Upon flooding or when an anaerobic atmosphere is created, the NOE—N
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is lost through denitrification. This process of alternate aerobic
and anaerobic conditions stimulated the applied and native nitrogen

loss.
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