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Introduction

It is pointed out that the efficiency of fertilizer
iitrogen is notoriously low for rice in comparison
vith many upland crops.? Greater efficiency
n the use of fertilizer nitrogen is desirable not
nly for increasing rice yields with lower cost
>ut also for decreasing environmental pollution.

Applied nitrogen other than its part absorbed
>y rice is presumed to be incorporated into
yrganic substances namely microbial cells and
slant residues in the soil, denitrified after being
rtrified, or lost with percolating and runoff
vater. Of the loss of nitrogen from the soil-
slant system in paddy fields, denitrification is the
nost important factor especially in the ill-drained
soils. It is important to clarify the process and
‘he amount of denitrification in order to increase
the efficiency of nitrogen fertilizer and the nitro-
zen fertility of paddy fields.

Since the pioneer works of Shioiri® and
Mitsui,® a number of works have been done
ibout denitrification. However, very few workers
have reported on the direct measurement of N,
svolved from flooded paddy fields.® One of the
reasons is the difficulty to cut off the contamina-
tion of atmospheric N, into measuring apparatus.

The authors developed the method for direct
measurement of N, denitrified from soil and
fertilizer nitrogen in paddy fields, using the
fertilizer tagged with ¥N.®» The method con-
sisted of the application of N-fertilizer tagged
with high concentration of N, use of a gaschro-
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matograph-masspectrometer (GC-MS) and a new
method to calculate denitrified N, from the soil
and fertilizer in the presence of atmospheric
nitrogen.

Apparatus for gas sampling®

In the ill-drained paddy fields (clayey gley
soil) in the Hokuriku National Agricultural Ex-
periment Station, two replicated chambers, i. e.,
polyacrylate resin cylinders (28.0 cm in diameter,
and 40 cm in depth), one end of which was closed
with a flat board, were inserted into the soil to a
depth of about 25 cm. These chambers (I'ig. 1)
were fixed with the iron frames in order to
prevent their upward shift caused by a rise of the
inside gas pressure. Flooded water within the
chamber was sucked by a pipette at first. Then
10-20 mé of solution containing 431 mg of N as
NH,Cl with 47.5 atom%, ®N (equivalent to 70
kg/ha) was applied to the soil within the chamber
with a pipette, and the soil and fertilizer were
mixed thoroughly with a spatula. After leaving
it for a night, the inside of the chamber was
filled with tap water to remove the air. Then a
mixture gas (80% He and 20% O,) was intro-
duced into the chamber through the stopcock A,
to remove the water within the chamber through
the stopcock B until the flooding water became
1 cm deep. The volume and **N content of this
exhausted water were determined.

Once a week, 20 mi of the gas within the
chamber was sampled with a syringe, N, content
of this gas was determined by gaschromato-
graphy, and the proportion of 2N,, N, and *N,
was determined by GC-MS.
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Fig. 1.

Calculation of denitrified N
by the new method

As N, concentration gradient between inside
and outside the chamber was very steep, atmos-
pheric Ny contamination into the chamber might
occur through the manometer, the stopcocks, the
rubber stoppers, and the resin wall. Furthermore,
N, gas inevitably remained in the chamber and
in the soil. Nitrogen gas denitrified from the
soil would exist in the chamber being mixed with
these N, of atmospheric molecular composition,
Consequently the proportion of 28N,, 29N, and
80N, would not be distributed statistically. So
the authors developed the new method to discri-
minate denitrified N, from atmospheric N, using
an iferative calculation. The outline of the
calculation is given below.

Atom fraction of ¥N in the sample gas (q,) is
given by the following equation,
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where Iy, [y and Iy, are the peak intensities of
®N,, N, and %N, respectively. There is no

Gas sampling apparatus

assumption in the equation (1).

While N atom fraction in the sample gas is
given by the following equation on the assump-
tion that the isotopes are statistically distributed.
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When the atmospheric N, contamination into
the chamber occurs, 1,4 should be underestimated
in the equation (2). Consequently g, should be
larger than q,. Expressing the total amount of
N, in the chamber as T, and that assumed in
the equation (2) as T,, the equations (3) and (4)
are obtained, because the total amount of »N
is equal in both equations (1) and (2).
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In the equation (4), T,-T, is an approximate
value of the amount of the contaminated atmos-
pheric Ny, and 1-q,/q; is that of the ratio of con-
taminated atmospheric N, to total N, within the
chamber,

Since the atmospheric N, contains an appreci-
able amount of #N,, I,, contains this component,
(I9)a- Therefore we can obtain a more correct



value for I,y or Iy, instead of original I,y by
subtracting (I,y), from I,. The first approxi-
mation of (I,), can be obtained by the use of
Eq. (4). By substituting I, for I, in Eq. (2),
a more correct value for q,, or gy, is obtained,
and by substituting this q,’ for q, in (1—q,/q,) in
Eq. (4), a more correct value for the contamina-
tion rate of atmospheric N, can be obtained.
Therefore calculating again the component (Iy)q
by the corrected contamination rate, we can
correct I,y again. This iteration should be done
until we get sufficient convergence,

Now, atom fraction of 1N in the atmospheric
nitrogen, q,, is given as follows:
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Where (I,g), is the component of the peak inten-
sity of contaminated atmospheric #N,. First
approximation of (I,), is given by,

(Loa) o =T (1= i/ eqe) #wsssssvasnunsansonvasanin (6)
Solving the Eq. (5) and (6) for (L), we get,
(Tao) « =2 (L) T ana =7, 4369 x 107 (Ls) »
=7.4369 %10 *To5 (1 —q,/qyz) ++eoeeer (7)

and
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where l,s" is a more correct peak intensity of
denitrified *N,. Substituting Iy’ for I, in Eq.
(2), and calculating q,’ by following equation,
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we obtain 1—q,/q,’ for a more correct contamina-
tion rate of atmospheric N,.

(Iyy)." and L,," are calculated again by Eq. (7)
and (8) using q," instead of g, When TIy™
become nearly equal to Iy, the iteration can
be ended. Finally q; for N atom fraction and
T, for the amount of denitrified N, are obtained
as follows:
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The value d, namely the ratio of N, denitrified
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from soil to N, from fertilizer nitrogen is obtained
by,

S R i | 1R ST (10)
Qs—ds
where q, is the N atom fraction of soil nitrogen
(equal to q,) and q is that of fertilizer nitrogen.
Since the applied fertilizer °N is diluted to (1+4-d)
fold, S,, the denitrified N, from soil nitrogen is
given by,

S,=T; “‘1'*_%":1—

.................................... (11)
The above calculation is based on two assump-

tions that (1) (Iy,), is negligible and (2) fertilizer

nitrogen mixes thoroughly with soil nitrogen.

Verification using a standard
gas

To verify the validity of the above calculation
method, a standard N, gas sample (**N atom?, =
41.95) was mixed with the air at various propor-
tions in syringes, the gas mixture was injected
into the GC-MS to determine three peak intensi-
ties, and the 1®N atom fraction of the injected
standard gas was calculated. The result is
shown in Fig. 2. Althongh the atom9%, shows
the tendency to decrease with the increase of
mixing rate of the air, no significant correlation
between these values was observed, when a
linear regression was assumed.

SN atom%

40 Y = 42285 -0.00526X
; r = 0496 (ns.)

0 50 100 %

Contamination rate of air

Fig, 2. ILffect of contamination of air on isotopic
composition of standard N, gas tagged
with N, Calculated by the proposed

method,



30 JARQ Vol. 18, No. 1, 1984
N, mg By i A Contaminated atmospheric N,
B : N, evolved from fertilizer N
C : N, evolved fi i
400k e 2 ved from soil N
200} 200
B B
jlll‘lC . ] [I Aug Se E‘ ' 5 . - <
nly ug. ept. June July Aug. Sept.
16 30 17 28 11 2 8 2 16 30 17 28 11 25 Bp 25

Control plot

Iig. 3.

Determination of denitrified N-
in the chamber

Ilig. 3 shows the result of the determination
of gas in the chambers installed in the paddy
field of Hokuriku National Agricultural Experi-
ment Station. The gas within the chamber was
sampled and analyzed periodically from June to
September in 1981. In the “atmosphere cut
off” plot the chamber was covered with a poly-
vinyl film bag, inside of which was ventilated
with He gas. In the control plot the chamber
was exposed to the atmosphere. The increase
of N, was larger in the control plot than in the
“atmosphere cut off” plot. By applying the
above calculation method, the amount of N, gas
denitrified from fertilizer nitrogen was found to
be equal in both plots, and was calculated to be
about 249, of the applied fertilizer nitrogen.
This implies that the contaminated atmospheric
N, does not affect the N, gas denitrified from the
applied fertilizer nitrogen. Nitrogen gas deni-
trified from soil nitrogen was calculated to be
about 209, of that from the fertilizer nitrogen.
The assumption (2) described in the preceding
section is questionable. It is probable that the
calculated atmospheric N, includes N, from soil
nitrogen.

“Atmosphere cut off” plot.

Denitrification from soil and fertilizer nitrogen

The recovery of the applied nitrogen calculated
from the N, gas evolved and the nitrogen remain-
ing in the soil was about 1009%,.

A problem in many experiments dealing with
denitrificationis that the amount of denitrification
is often measured indirectly as an unrecovered
loss. In further researches, it is desirable to
determine the denitrification occurring in fields
by a direct method such as that proposed by the
authors.
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