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Summary—The effect of frequent changes in aerobic and anaerobic conditions on redox poiential
and N loss in a flooded soil was investigated under laboratory conditions. Increasing the frequency
of changing from acrobic to anacrobic conditions from 48 h acrobic-48 h anaerobic to 6 h aerobie—6 h
anacrobic increased N loss. A scparate experiment showed that losses were somewhat less when the
frequency was increased from 6h aerobic-6h anaerobic to 3k aerobic-3h anaerobic, but the loss
of N again increased when the frequency was further increased to 1.5h aerobic~1.5h anacrobic. N
losses were due to alternate nitrification (aerobic period) and denitrification (anaerobic period), possibly
coupled with chemical decomposition of nitrite at the greater. acrobic—anacrobic frequencies.

INTRODUCTION

Alternate aerobic and anacrobic conditions in a
flooded soil provide a favorable environment for N
loss. NHZ-N is nitrified during the acrobic period
and undergoes denitrification during the anacrobic
period. In a recent study (Reddy and Patrick, 1975)
we found -that increasing the frequency of alternate
aerobic and anaerobic conditions increased N loss.
A greater loss was determined in a 2-day acrobic-2-
day anaerobic cycle, the shortest cycle studied, than
in longer cycles. It was anticipated in the design of
the: experiment that such a short, cycle of acrobic-
anaerobic conditions would result in less loss than
in longer but fewer cycles (all of the incubations were
carried out for 128 days). Since the shortest cycle
resulted in the greatest loss, ‘the present study was
designed to measure the effect of even more frequent
aerobic-anaerobic changes on N loss.

- MATERIALS AND METHODS

A Crowley silt loam from the Rice Experiment
Station, Crowley, Louisiana was used in this study.
The soil had a total C content of 0.7%. total N
content of 0.08%, and a pH of 5.6. The soil was
thoroughly mixed and ground to pass a 0.4-mm mesh
sieve. An energy source of 0.5% finely ground riee
straw (48% C) and 100ugN.g™* of soil as
(NH4),SO, or KNO; containing 10.146 or 10.077
atom % excess SN, respectively, was thoroughly
mixed with the soil.

The experimental setup was similar to the one de-
scribed by Reddy and Patrick (1975), with few modifi-
cations. Alternate aerobic and anacrobic conditions
were cstablished by passing either air (219 O;) or
Ar (O, free) -through a three-way solenoid valve
attached to a timer as shown in Fig. 1. The timers
were set at sclected intervals (Table 1), and air and
Ar were supplicd automatically. There was a rapid
turnover of gas in the flask with a displacement timc
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of 2 min, Redox potential measurements were made
using a Pt clectrode and a saturated calomel half ecll.

The redox potential was detected with a mV meter

connected to a strip chart rccorder.
The study was carried out for two different incuba-
tion periods. In Experiment I total incubation was

128 days with the treatments varying from 6 k acrobic
© and 6 h anaerobic to 48 I acrobic and 48 h amaerobic.

In Experiment II total incubation was 64 days with
the treatments, varying from [.5h aerobic and 1L.5h
anacrobic—6 h acrobic and. 6h anaerobic. All treat-
ments arc listed in Table I. In Expcriment 1. the

samples were analysed at the end of incubation for

NHI-N, NO3;-N, and organic—N: In Experiment 1I
samples * were removed during - incubation at
0,4,8, 16,32 and 64 days, and analyses were carried

out for NHi-N, NO;-N, NOz-N and organic-N.

NO3;-N and NOZ-N were analysed by the
phenokdisutfonic acid and~ the  Griess-Ilosvay
mcthods, respectively. NH{-N was analysed using
steam distillation and nesslerization and organic-N
by the modified Kjcldahl method (Bremmer, 1965a).
Labelled N was determined in both organic and inor-
ganic fractions using a Dupont Model 21-614 mass

spectrometer with an isotope ratio attachment

(Bremner, 1965b).

RESULTS AND DISCUSSION
Redox potential of the soil during frequent changes in

- aerobic and anaerobic conditions in flooded soil

The effect of frequent changes in acrobic—anaerobic
conditions on redox potential are shown for the first
10 days of each treatment of Fiz. 2. The redox poten-
tial decreased to approximately + 300 mV during the
anacrobic period and increased to -approximately

" +600mV during the acrobic period for the ¢ and

6 h treatment. The minimum redox-potential recorded
was less than -+300mV during the anacrobic period
for the 12 and 12, 24 and 24, and 48 and 48 h treat-

“ments. Redox potential valucs below approximately
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. Fie. 1. Diagram of the apparatus used to study the efiect of frequent changes in acrobic and anwerobic
conditions on redox petential and nitrogen loss in a flooded soil.

+340mV have been reported to be favorable for
denitrification {Pearsall and Mortimer, 1939; Patrick,
1960). The maxima and minima of redox potentials
at the end of cach acrobic period and cach anacrabic
period are presented in Figs. 3a and 3b for the
128-day incubation. The redox potential recorded. at
the end of each acrobic period was about +640mV
for all treatments, whereas the redox potential at the
end of each anacrobic period was as low as +300mV
during the carly part of incubation, but increased to
about 4-500mV during the latter part in the 6 and
611 treatment:: probably as a result of energy deple-
tion. Similar trends were ‘observed for other treat-
ments having frequent changes in aerobic and anacro-
bic conditions. .

The redox potential measured during alternate aer-
obic and anaerobic conditions for 64 days in Exper-
iment II are presented in Fig. 4. In the treatment
where the change from acrobic to.anaerobic condi-

tions was made every 1L5h, the redox potential
reached maxima of approximately +640mV during
the acrobic periods. The ninimum redox potential
values reached at the end of the 1.5h anaerobic

eriod was approximately +400 mV during the carly
part of incubation and approximately +550mV -dur-
ing the latter part. Similar trends in the redox poten-
tial were afso obtained for the 3 and 3h treatment.

At the beginning af each aerobic period’the redox
potential increased rapidly when air (21%. O,) was
introduced, and the potential remained relatively

stable during ihe acrobic period. When Ar was bub--

blcd into the soil suspension at the beginning of each
anacrobic period, however, the redox potential de-

ereased very slowly and was somewhat erratic. Thesa

results indicatc rapid oxidation of reduced com-
ponents upon introduction of Oy into the anaerobic
sotl and slow reduction of oxidized components upon

"intreduction of Ar in the acrobic soil. It is possible

Table 1. Changes in total nitrogen as influenced by frequent changes in acrobic and anaerobic
conditions in flooded soil

Length of Length of Number of

Aerobic . Anaerabic complete cy-— Total Nitrogen (ug.g'l)
period period cles during -
(212 02) (Ar) incut@tion At heginning . At end Net Lyss.
(h) (h) period of experiment of experiment Loss (%)
EXPERTMENT I .
6 6 256 936.0 * 32.1 583.2. + 9.8 347.8 37.2
12 Lo- 12 128 936.0 % 32‘.1l. ' 636.5 % 38.9 300.0‘ 32.1
24 24 64 936.0 * 32.1 . 702.7 % 38.8& '233.5 24.9
48 48 ©o32 . 936.0 % 32.1 695.8 £ 9.8 ' 240.2 25.7
EXPERIMENT 1I L )
1.5 - 1.5 - 512 962.0 + 30.1 780.6 * 29.3 181.4 18.9
3 . 3 256 . 962.0 % 30.1 808.8 = 9.7 153..2 - 15.9
6 s . 128 962.0 £ 30.1 1793.8 % 15.4 168.2 l 17.5
6% Toe*x 128 962.0 £ 30.1 72604 2 2‘9.3 235.6 -~ 24.5

*r:o;—m (100 ug.g'l) was added instead of I\‘I{Z—R at_the beginning of the experiment.
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Fig. 2. Changes in redox potential for 10-day period as influenced by frequent changes in acrobic
and anacrobic conditions i Experiment I. .

that the oxidation processes were largely chemical.
such as oxidation of Fe2* to Fe** by O,. while the
reduction processes were biological and therefore
somewhat slower. Also, NO3--N produced in the soil
during the acrobic period tends to keep the redox
potential at a high value and results in a slow de-
crease in redox potential.

S e . ' R—
oo - . ”/J"/{l/—- MR N SR | } /,_..4—4-0-._..,.,{
.«'L’ Maximum redox potential 600 [ /_
— reached during aerobic Maximum redox potenticl
_period t_reached during ' o
400 F cerobic périod el C\J
- 400 ¢
ini . redox
Minimum redox potential ’f_pqh;‘e‘.:;?;}":e;ihg; during
200 ro;ci:séd during anaerobic ) ancerobic period
P 6 hour aerobic
& hour gnaerobic - 200
E
0 T TR : Eotiebanivan®
I - 24 hour anosrobic
-_— E 2 1 ) —t 1 —
2 £ 0 16 32 ' 88 104 120
c 5] :
2 o
g a
v x '/M—‘—o\_/"
x - - : BN~ ]
'g '/_q"-"‘\ o g '
& 600 [y oe-eoe—er-r & 600 F . - '
oo ] Maximum redox potential .

L Maximum redox

potential recched
during aerobic
period

& n%wo}//j

. L /[ Minimum redox potential
200 [. redched during anaerobic

12 hour oerobic

Loss of native and added N as a result of frequent
changes in aerobic and anaerobic conditions

Loss of total N (native + added) as influenced by
frequent changes in aerobic and anaerobic conditions
for two different incubation periods are presented in
Table 1. The N losses were as high as 37.2% ofthe
total N in short-term cycles of 6h alternate acrobic
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Fig. 3a,b. Maxima and minima of redox potential values reached at the end of each aerobic and
anacrobic period during 128-day incubation in Experiment 1. S
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Fig. 4. Maxima. and midima of redox potential values
reached at the end of each acrobic and anacrobic period
during 64-day incubation in Experiment [

and anaerobic conditions, lollowed by 32.1, 24.9, and
25.7% for 12 h, 24 h and 48 k alternate aerobic-anuer-
obic cycles, respectively for a period of 128 days (Ex-
periment I)."In all the treatments no inorganic N
(NH{-N or NO3-N) was recovered at the end of
incubation, showing that part of the added N plus
“mineralized NH7-N was lost as a result of nitrifica-
tion (aerobic period) and denitrification (anacrobic
period) and that the remaining N was incorporated
into microbial tissue. The redox potential fell below
approximately --340mV during the anaerobic period
during the early part of incubution, indicating favor-
able conditions for denitrification.

Large losses of native and added N wére also
encountered in Experiment II, where short-term
cycles were as frequent as L.5h aerobic and 1.5h
anaerobic. The losses were 189, 159 and 17.5% of
total N for 1.5h, 3h, and 6h alternate aerobic and

. anaerobic conditions respectively, during 64 days. For
the 6h treatment where NOj3-N was used instcad
of NH; N, the loss of total N was 24.5%,. Changes
in inorganic N (unlabelled + labelled NJ at several
incubation times are presented in Fig. 5 for these
treatments. NHI-N- disappearcd rapidly from the soil
suspension. There was a slight buildup of NOj-N,
cspecially in the 1.5h and 3h treatments, but not.
enough to eompensate for (he NHI-N decrease.
NO;z-N was apparently being formed and lost from
the system. For the treatment with 6 b acrobic-anaer-
obic periods, NO3~N was probably lost be denitrifi-
cation. Denitrification may have been responsible for
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Fig. 5. Changes in inorganic nitrogen as influcnced by fre-
quent changes in acrobic and anaerobic conditions during
64-day incubation in Experiment 1L

Nloss in the soils subjected to shorter aerobic-anaer-

obic periods, although the fact that the redox poten-
tial did mot decrease below about + 500 mV suggests
that some other mechanism may have been invelved.
NO3-N formed during the nitrification process may
have undergone chemical decomposition. The maxi-
mum NO;-N concentration found in the treatments,
however, was 0.5ug.g™* of soil.

The amount of added labelled N remaining in the
soil at the end of the 128-day incubation (Experiment
1) is shown in Table 2. For all treatments no labelled
N was recovered in the inorganic fraction at the end
of incubation. The net loss of added labelied N (not
recovered in either organic or morganic fractions) was
high, 71.2, 66.3, 65.0 and 61.3% of added labelled N
for 6h, 12h, 24h and 48h alternate aerobic and
anaerobic conditions, respectively. The added labelled
N was subjected to nitrification during the acrobic
period and denitrification during the anaerobic
period.

The amount of labelled N recovered at the end
of the 64-duy incubation for Experiment II is shown
in Table 3. The net loss of labelled N was 38.8, 24.5,

Table 2. Fate of applicd '*NH,-N (100xg.87* soil) in

vartous treatments following frequent changes in acrobic

and anaerobic conditions in a flooded soil during 128-day
incubation .

Treacments (h)

- -12 T2t 48-4
X~Fraction 66 12-12 224 L 48-48

Labelled ¥ yg.g~t

Organic ¥ 25.8 * 0.55 33.7 2 1.03 35,0 % 0.50  38.7 & 0.45
. Inorganic B R i, — —
N-Lnaccounted 71.2 £6.3 63.0 61.3
for

*Samples 4id not comtaln eawugh total ifnorgamic B (<1.2 us-sq’) for labelled
K arelysis in the mass spectrametor.
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Table 3. Fate of applicd *SNH N {100 ug. g™ ! soil) in varfous treatments follow-
ing [requent changes in acrobic and anaerobic conditions in a flooded soil. during
64-day incubation :

Treatments (h)

N-Fraction 1.5-1.5

3-3 6-6 6-6% .

Labelled N pg.g~t

Organic-X 41.90 + 2.31  46.40 % 0.77 45.4 £ 1,18 6.6 % 3.0

NE,-N 12.72 £ 0.76  16.6L % 0.76 - ——=% _

NO_Z--N + NO;-N ) 6.60 £ 1.74 12.53 + 1.40 ——h ——

N-Unaccounted 38.78 £ 0.20  24.46  0:13 54.60 % 1.18 93.40 ¥ 3.0
for

*NO_~-N (100 ug.g'l) was added imstead of NHZ—N at the beginning of the

experiment.

**Samples did mot have enough NH‘Z-—N or NOE—N (<0.36 ug.g—l) for labelled
N analysis in the mass spectrometer. :

and 54.6% of applied N for the 1.5h, 3h and 6h
treatments, respectively. Under complete acrobic con-
ditions for 128 days. 18% of applied NH{-N was
not recovered, indicating that mechanisms other than
denitrification were probably involved in N loss. No
NH; was recovered in the traps provided, showing
that NH; volatilization was not responsible.

The results of this study show that increasing the
frequency of changing from aerobic to anaerobic con-
ditions from 48 h acrobic and 48 h amacrobic to 6h
aerobic and 6 h anaerobic increased the loss of total
N and labelled inorganic N. In an additional exper-
iment where cven more frequent changes in aerobic—
anacrobic conditions were made, losses were less for
a 3h aerobic-3h anaerobic treatment than for the
6 h treatment. Increasing the frequency of change of
aerobic-anaerobic conditions to 1.5h, however,
resulted in greater N loss than for the 3 b treatment.
Nitrogen loss was apparently due to nitrification dur-
ing the aerobic period followed by denitrification
during the anaerobic period. NO;-N formation and
chemical decomposition of NO;-N may also have

"been involved in N loss, especially for the more fre-

quent changes in aerobic-anacrobic conditions.
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