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Research on the nitrogen cycle in paddy soils, 
which is composed of mineralization, assimila
tion, immobilization, volatilization, leaching, and 
absorption by rice plants of nitrogen applied and 
of soil nitrogen, as well as biological nitrogen fixa
tion, is regarded to be important for the field man 
agement to maintain a long-term and stable 
productivity. The whole aspect of the nitrogen 
cycle in paddy soils is shown in Fig. 1. In the great 
majority of paddy soils, more than 99% of volatil i
zation is caused by denitrification of N2, while 
ammonium volatilization increases in quantity in 
alkari soils. The behavior of ammonium nitrogen 
which is applied to soils can be made clear by the 
use of fertilizer NH4-15N. The behaviors are 
shown in Table l.11 However, it is very difficult 
for soil scientists to determine quantitatively the 
amount of mineralization of organic soil-nitrogen 
and the transfer of the mineralized nitrogen to 
assimilation, immobilization, volatilization, leach
ing and absorption by rice plants. Theoretical 
approach to this problem was attempted by the 
author. The results obtained are presented in this 
paper. 

Mineralization from organic 
soil-nitrogen 

The amount of mineralized soil nitrogen M1,,1 

during a period T; (composed of successive times 
t1o, tJI,······ t1,,) can be obtained theoretically by 
using the 15N tracer method. The method is as 
follows21: The whole amount of NH.-N at the time 
tii is expressed as N1,; the amount of NH4-14N 
(including natural ,sN) at the time tp as 14N1o,, 
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which was 14N1oo at the time t1o, the tracer 
NH.-"N at the time t1, as 15Nii, which was 15N1o at 
the time t1o; the amount of NH4-N existing at the 
time tii, which was continuously released from 
soil organic nitrogen in a period from t1o to tii as 
N,Ji; NH.-N, newly released in a period from tji-1 
to tJi as aJi; and the rate of decrease of each NH.-N 
from the time tji-1 to the time tii as Oji. Then, ap 

becomes aJi (1 - Oji+1) (1 - Oji•2) ..... (1 - 01,,) at the 
time t1,,,. Then we can write 

N,ji = aJi + aji-1(1 - oii) + aF-il - 0 11-1) 
(1 - Oji) + .... + aji (1 - Cij2) (1 - <XjJ) ···· 

( 1 - Ciji+ 2) .... . 
j = 1, 2, ..... , n ; i = 0, 1, 2, ..... , n1. 

These relations are shown in Table 2. Quantities 
of "Np are related each other as follows: 

IS N jnJ = ISNjur 1(l - Cijn) = 15Nji(l - Ciji+I) 
(1 - Ciji•2 ) ..... (1 - <Xjn) 

so that op = 1 - ('5N1/15N11-1), and 
Nji = 14 N101 + ISNji + N sj; 

So we can write N,1, = Nii - ('5N1/
15N1o)N1o. 

Therefore, the algebraic form of the normal equa
tions for the case of n1 independent variables can 
be written: 

ajn J + a}ur 10 - Ciju) + ... + aji(l - Ciji+I) 
(1 - <Xji+2) ... (1 - Cijn) + ... + a110 - <X12) 

(1 - CijJ) .. . (1 - Cijn /) = N ju ; - (' 5N1,,/SN10) Njo 

ajurl + ......... + aj;(l - Ciji+I) (1 - <Xji+2) .. . 
(1 - Cijnr I) + ... + ajl (1 - Cij2) (1 - <XjJ) .. . 
(1 - Cijn,- 1) = N1ur l - csN1nr11'5N10) N10 

...... .... (1) 

aii + aji-1(1 - oF) + ...... .... + a1,0 - a12) 

(1 - CijJ) ... (1 - <Xji) = Njl - (
15N1/15N10) N 10 

a11 = N1, - (' 5N1, /'5N1o) N1o 

From the equation (1), the amount of nitrogen 
mineralization (M1,,,) from soil organic nitrogen to 
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Fig. 1. Nitrogen cycle in paddy field 

ammonia pool in the period of T,, can be obtained 
by 

,,, ,,, 
Mi,,,= r afi = I (Nji · 15Np-1 - Ni,-1 · 15N/i)/ 

i = I {~ l 

isNp-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2) 

If ni is large, re-minelalized nitrogen which passed 
through the process of assimilation and reminer· 
alization comes to be included in Mi,,,, so that the 
value of u Ni; becomes larger than the expected 
one not including re-mineralization. The correc· 
tions for that can be done easily by using the 1;N 
tracers at each time of tp. In the equation (2), if ai, 
= a (constant), and ai; = a (constant), an approxi-

mate value (n1j,,,) for M1,,, will be obtained from the 
following equation: 

mi,,, = n, a = n, !Np,; - ('5Ni,,/5Nio) Nio }/ 
II/ 
,. ("•·•J 1;N ;isN ),-1 
.::.. )II JO • • ••••• • • •• •• • (3) 

; -; 1 

The amounts of NHrN existed in soil and that 
of mineralized soil nitrogen observed in 2 types of 
paddy field are shown in Table 3.21 The semi-ill
drained field showed a greater amount of NH.,-N 
than the converted well drained field* in the 
vegetative period. But the latter showed a little 

* Well-drained field converted from the semi-ill 
drained field. 
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Table 1. Immobilization, de nitrification, and absorption by rice piants of 
nitrogen applied"' to paddy soils,131 as revealed by the ,sN tracer 
experiment 

Iin,F (g/m2Y11 D1n,,.. (g/m2t 1 P;n1F (g/m2}°1 

Compost ,,., 1rs1 nr6• r•, 1rs1 111<6) ,,., JIil) lllf6) 

(t/10 a) 

Compost 0 1.16 0.82 0.86 1.83 1.81 0.56 1.01 1.37 2.58 

Compost l 1.46 0.67 0.78 1.71 1.69 0.58 0.84 1.64 2.64 

Compost 2 1.45 0.73 0.80 1.84 1.56 0.51 0.71 l.72 2.70 

Compost 3 1.22 0.96 0.67 2.15 1.80 0.72 0.63 1.24 2.61 

Rice straw 0.6 2.33 1.42 0.97 1.34 1.67 0.89 0.32 0.90 2.14 

Rice straw 1.2 2.89 1.49 1.08 l. ll 2.09 1.16 0.05 0.42 1.76 

Rice straw 1.8 3.14 1.72 1.21 0.83 2.05 2.47 0.04 0.24 0.32 

(l) The amount of immobilization of applied fertilizer ni trogen. (2) The amount of denitrification of applied 
fertil izer nitrogen. (3) The amount of absorption by rice plant of applied fertilizer nit rogen. (4) Nitrogen 
applied al planting stage. (5) Tillering stage. (6) Panicle initiation stage. (7) 4 g N/m 1 at each stage. (8) Well-
drained. 

t10, t, ,. 

N;o, N, ,. 

"N;oo, "N;o,. 

,iN;o, ISN;,, 

Table 2. The amount of ammonium nitrogen existing at the time t1; and its 
changes 

.................... , t;;, .................... , tJn1 Time (i = 0, 1, ..................... n1) 

.................... , Nii, .................... , N;,,, Total amount of NH,-"N + NH,-'sN at t;, 

.................... , "N101, .................... , ''N;o.1 Amount of NH,- "N started from "N100 at 

.................... , '~NJi, ....... ............. , ,sN1,,
1 Tracer NH.-'sN applied al t10 

l;o 

a, ,. . ......... , a; , (l- a;2) (l- a;3) ..... (1- aji), ..... , 

N,1o, 

II 
0 

N,1,, 

II 
a; , 

a11 (l- a12) (1.- a,J) ..... (1-a,,.) 

ap, .......... , a/i (1- afi, 1) (l-a1;,2) ..... (l- a1,.) Amount of soil nitrogen mineralized in a 
period from Lhe time t1,. , to the time t,,, 
and its change after t1,. 

clj,,, 

N.,,.,,, Total amount of mineralized soil nitrogen al l1; . 

II II 
a1, + a/i-• (1-a/i) + ... .. a;,,1 + a1,,,- , (l- a1,,,) + ... .. 
+ a,, (1-a,?) (l-a1J) .... . + a,, (l-a;1) (l- a1i) .... . 
( I- a;,) (l- a1,,;) 
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Table 3. T he a mo un t of NH,- N exis ted in soil and mine ra lized soil nitrogen 

Stage Ti 
Semi-ill-drained Converted wel l-drained 

NH,-N1' 1 
'~N11, /

14 N,11 m,,,, l!.m, .. /611:, NH,- N1' 1 
1.4NJl,/'!,N,,. Ill;,,, 6m, .. /6t•:, 

t,o- t1., (g/m:) (g/m:) (g/m:) (g/m:) 

May 18 - May 30 2.24 0.743 0.88 0.074 2.16 0.684 1.00 0.083 

May 30- June 8 2.57 0.670 0.74 0.083 2.44 0.656 1.52 0.168 

June 8 - June 16 2.37 0.429 1.50 0.188 2.88 0.387 l.33 0.166 

June 16 - June 22 2.07 0.408 2.06 0.344 2.01 0.346 2.04 0.341 

June 22 - June 29 2.27 0.399 2.19 0.313 2.02 0.211 2.76 0.394 

June 29 - July 6 2.40 0.342 2.37 0.339 1.90 0.227 3.03 0.433 

July 6 - July 13 2.34 0.221 1.93 0.276 2.09 0.114 2.88 0.411 

July 13 - July 20 1.57 0.105 2.57 0.368 l.50 0.096 2.86 0.409 

July 20 - July 27 1.27 0.161 2.44 0.349 1.34 0.274 1.95 0.279 

July 27 - Aug. 2 1.40 0.31 I 2.01 0.335 1.53 0.357 l.85 0.308 

Aug. 2 - Aug. 9 1.70 0.325 1.55 0.221 1.96 0.429 1.42 0.203 

Aug. 9- Aug. 19 1.54 0.371 1.22"1 0.122 1.83 0.289 1.58 0.158 

(I) Al the time l,o, 1.40 in semi-ill-drained and 1.48 in converted well-drained field on Aug. 19. 
(2) N(g/ 1111)/day. (3) This is calculated as follows: 10 X 0.1043 (1.40 - 0.37 1 X 1.66)/0.6677; 0.1043 = 
l - v'0.371. 1.66 = (1.54 + 0.185) - 0.325 X 0.185, 0.185 is the amount of tracer ,iN applied. 0.6677 = 
l - (v'0.371)'" as the equation (3) is changed nJ {] - .. ,- v'~Ni.,/'N,o) {Ni,,, - (1~N1.,/jNjo)N10J/{(l -
(",-V''Ni.,/'NjnY11l 

more NH,-N in the ripening period. The rate of 
mineralization from organic soil nitrogen 
increased with the advance of plant growth from 
the planting stage to the active tillering stage. 
The increased rate was kept nearly constant, 
though some fluctuations occurred, from the 
active tillering stage to the heading stage. Then it 
lowered rapidly. The total amount of nitrogen 
mineralized from organic soil nitrogen during the 
period from May 18 to August 19 was 21.5 g/ m2 in 
the semi-ill-drained field, and 24.2 g/m2 in the con· 
verted well-drained field. 

Tran sf er of mineralized soil 
nitrogen to assimilation, 
denitrification and absorption 
by rice plants 

Denitrification of mineralized soil nitrogen 
was estimated by subtracting the amount of 
assimilated nitrogen and absorbed nitrogen by 
rice plants from the Lotal amount of transferred 

nitrogen of soil, because losses of nitrogen caused 
by leaching to subsoil and volatilization in the 
form of NH3 and N02 were negligible in the great 
majority of paddy fields. The amount of trans· 
ferred mineral nitrogen, Gp, ,s, which consists of 
assimilation, denitrification and absorption by 
rice plants can be obtained as the amount of min
eralized soil nitrogen Mi,,, minus the amount of 
transition of NH,-N from mineralized soil nitro· 
gen in a Ti time interval as shown obviously in 
Fig. 1. That is, 

When the amount of mineralized soil nitrogen Min; 

is known, G1,, ,, is calculated from the above men· 
tionecl formula, so that, an approximate value 
(&11 ;s) of Gj11 ,s will be written as 

(4) 

The amount of assimilation A1,,,., clenitrification 
Di,, ,.., and absorption by rice plants P1,,,.can be 
shown by G1 ,, ,, X Bi> where Bi is a mean of ratios of 
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Table 4. T ra nsfer from miniralized soil nit rogen to assim ila tion, d enitrification 
a nd a bsorption by rice plants 

Stage T, 
lJO - l j 111 

May 18 - May :30 

May 30 - June 8 

June 8 - June 16 

June 16 - June 22 

June 22 - June 29 

June 29 - July 6 

July 6 - July 13 

July 13 - July 20 

July 20 - July 27 

July 27 - Aug. 2 

Aug. 2 - Aug. 9 

Aug. 9 - Aug. 19 

May 18 - Aug. 19 

Semi-i ll-drained 

A,,,,.~(I) 

0.47 O.Q7 0.15 

0.14 0.40 

0.6,J 0.48 0.63 

0.71 0.72 0.42 

0.83'" 0.61' '1 

1.06 0.68 0.68 

1.13 0.96 0.59 

1.67 0.68 0.50 

1.46 0.45 0.41 

0.17 0.21 

1.00 0.31 0.40 

0.53 0.32 0.52 

I 1.25 5.59 5.52 

Convened well-drained 

0.69 0.69 0.08 O.Q7 0.85 

0.94 0.53 0.10 0.44 1.07 

1.75 1..17 0.38 0.60 2.l5 

1.86 1.07 0.53 0.42 2.02 

1.38 0.82 0.66 2.86 

2.42 1.15 0.98 0.71 2.85 

2.68 l.<11 1.34 0.69 3.44 

2.85 1.27 1.1 I 0.64 3.02 

2.32 0.81 0.41 0.57 1.79 

1.74 0.79 0.33 0.32 1.44 

1.71 0.55 0.42 0.59 1.56 

1.37 0.47 0.46 0.71 1.64 

22.:38'"' I 1.29 6.95 6.42 24.6911
•1 

(1) Assimilation. (2) Denitrification. (3) Absorption by rice plants. (4) Transferred nitrogen from 
mineralized soil nitrogen. (5) From Table 3 and equation (4). 2.19 - t(2.40 - 0. 185 X 0.408) - (2.27 - 0.185 
X 0.399)} = 2.05. B1 = (0.405, 0.298, 0.298). so, 2.05 X 0.405 = 0.83. 2.05 X 0.298 = 0.6 I. 2.05 X 0.298 = 0.6 I 
(6) Total amount of transferred nitrogen G, in equation (7). 

distribution of the tracer NH.-15 N, applied uni
formly into soil, to each of assimilation, denitrifi
cation and absorption by rice plants, i.e., Bi= (81, ,. 

Bio, Bir). 
The amount of transfer from mineralized soil 

nitrogen is shown in Table 4.11 The total amount 
of nitrogen transferred from mineralized soil ni
trogen was 22.4 glm1 in the semi-ill-drained field, 
and 24.7 g/m2 in the converted well-drained field. 
The total amount of nitrogen assimilated in soil 
was 11.2 g/m2 in the semi-ill-drained field and 
11.3 g/ m2 in the converted well-drained field . The 
total amount of nitrogen denilrified was 5.59 g/ m! 
in the semi-ill-drained field and 6.95 g/m1 in the 
converted well-drained. The total amount of nitro
gen absorbed by rice plants was 5.52 g/m2 in the 
semi-ill-drained field and 6.42 g/m2 in the con
verted well-drained field. 

When the value of MM is unknown, the 
amount of transfer from mineralized soil nitrogen 
in the T1 period can be obtained theoretically by 
using the 15N tracer method.Ji The theory of this 
method is as follows: The whole growth stage of 

rice plants is divided into several short periods, 
and the time which constitutes each period, as 
follows: T, (t11, t,2, .... . , t, 11 ...... , t,,. ,), T2 (bi , tn , ..... , 

tu ~, .. . .. , l211 !), . .. .. , 1~ (tj1 . tj! ,,, ... , lj,n···· ·• tp, ) ...... , T,, 
(t,.,, l,.2, ...... t.,;., .... .. l,,,, .. ), where j = 1, 2, ..... , n: i = 
1, 2, ..... , n,. When the mineralized soil nitrogen 
NH,-N existed at the time of l j11 is expressed by 
NH,-N;;,. and when a tracer NH.-'5Ni;1 is quite 
uniformly mixed with NH.-Ni;1 and absorbed on 
the soil particles, both NH.-N,11 and NH.-15Np, 
show the same movement except isotope effect. 
Therefore, when the ratios of assimilation. deni
trificalion and absorption by rice plants to the 
transferred amount of a tracer NH.-15N are indi
cated by bji,,1 (a rate of assimilation at tF,), bJi,D (a 
rate of denitrification at t1;1) and bp,r (a rate of 
absorption by plant at t;;,) etc., and if the period T1 

is short enough, a nearly linear relationship may 
be established among each component of behavior 
of transferred nitrogen, i.e.. b;, (b1, ;1, bi, v. 
bit r, ... ), ..... , bJl,(b;,,,1, b1,,v, bj1,p, ... ), ..... , bi,,,(b1,,,,,. b;,,,v, 
b1,,,r, ... ). Here, we can write the mean of each 
behavior as 8i (8,,., 81", 81,,, ... ) . Then, we define B 



as the matrix of behaviors, and B,,, B", B,,, ... as 
the vectors of the component of behaviors in the 
stage of T,, Ti , ..... , Th .. ··· • T,,. We can write them 
as follows: 

B 1A Bw B11·: B1A B,o B1p 
B= ~ l A Bw Bzr( BA= . . Bi,, ,B"= l?w ,B,.:: ~lr 

' 
B·o Br; ' 

~j, t ~jA ~jD ~j/' ( ~ ; 
' 

B,,,, 13,,o B) B,, ... B111) B,,P. 

When the amount of assimi lation, denitrification 
and absorption by rice plants originated from soil 
NH,-N in the period of 11 is expressed as Ai11 ,s, 
Di,,,s and Pi,,,., respectively, they are given as 
follows: 

Ap, ,s = B,,, · Gj111s, Dj11 1s = BjD ' Gjn,s, 
P,,,,, = BjP . G,11,., . . . . . . . . . . . . . . . . . . (5) 

When l/B;r, Bi,.IBJ1• and Bio/ Bir are replaced by 
E, ,,, E,,, and E;v, the equation (5) can be written 
as follows: 

G,,, ,, = E,r · P,,," , A,,, ,, = E1,1 · P;,,,,. , 
D;,,,, = EJo · Pi,, ,. . . . . . . . . . . . . . . . . . (6) 

Therefore, by taking the total amount of trans
ferred nitrogen, that of assimilated nitrogen, and 
that of denitrified nitrogen, during the entire 
growth period of rice plants as G, , A,, and D, , 
respectively, the following equations are obtained: 

Gs = E'r · Ps ... . .............. , .. (7) 

As = E',1 · Ps. Ds = E'o · Ps . ...... (8) 

where E',, = (E,,,, Eu, .... , Eir, .... , E111•), E',1 = (E,,. , 
E 2,1, .... , E;,, , ..... E,,,,), E'o = (E11>, Eio, .... , E,,,, .... , 
Eno), Ps = (P :,, 1.s , P 1.11 !..$ , · ···1 Pjn~ ,·· · ·, Pm, 11.f)' 
By replacing B, , B1, ... , B,,, by b,, , b,,,,., b,, ,., bq .. ··· ·· at 
the adequate time t,, , t,,,,,. t,,.., tq ... ,, ... , respectively, 
an approximate total amount of transferred soil 
nitrogen g,, can be obtained as follows: 

g = ( e,,,, + emuµ) X p +(emuµ + e,,..,,) 
S 2 lrm11s 

2 

X P + (e" ... P + e9 ... e) x p + (9) 
1111111\'$ 2 lt\'t,/11'."I • • ~ 

where P,,,,,,,, is the amount of absorption by rice 
plants from soil nitrogen mineralized from the t,, 
time to the lmu time, and e,,,, = 1/b,, r, 

If E,,, = E1, = ..... = E,,,,= E,,(constant)in the 
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equation (7), it becomes Gs = E,. ~ P,11 ,s = Ps!Br. 
This equation is just the same a; t he equation of 
Hunter et al."1 That is, the equation (7) is an 
expanded type of the equation introduced by 
Hunter. 

Mobilization and immobiliza
tion of as similated soil 
nitrogen 

The fate of NH.- '}N incorporated into the 
whole top soil layer at the tillering stage is shown 
in Fig. 2, in which the immobilization part in the 
assimilated nitrogen can be determined as fol
lows:51 It is reasonable to consider that the immo
bilization part of assimilated nitrogen 
corresponds to the undecomposed portion of dead 
bodies of microorganisms. When the time pro· 
ceeds as to , t, , .... , t,, .... , l,,, and when the mean 
atom % 15N of the NH.,-N existed in soil, and the 
rate of assimilation by microorganisms, during a 
period from the time t, to the time t1+ , are 
expressed as H;, , and !:':,,A,,,. respectively, the total 
amount of immobilization I. at the time t, can be 
written as 

!;= K, H, · 6.A, + Kz H2 · 6.A2 + ..... + 
K, H,· 6.A, ....... . .. .. . .. . . ... . . . 

Absorpcion 

0 

Ocni trification 

# 
.-,>:.& •• •• •••••• 
~ ~ ~ 

$,·.. -.§ 
.' ,{J' Assimilation .I '~ 

: # 
.... ~ 

(10) 

0 I 2 3 4 S 6 7 8 9 10 II 12 
Weck 

Fig. 2. The fate of NH,- '~N incorpora1ecl into 
the soil al the tillering stage 



106 JARQ Vol. 20. No. 2, l986 

Table 5. Transfer of mineralized soil nitrogen to assimilation (including 
mobilization and immobilization part of assimilated nitrogen), 
denitrification, and absorption by rice plant 

T, 
E/ P/ "' M0; .. 1, 

cl> 11,,,.-rt.1) Aj,,,$,J, D,,,1·' 
( )) Pp,,.< G}l'J·h· 

c•> 
l,o -- lp,1 

May 20 - June 5 13.1 0.61 0.7:3 1.3•1 0.36 0.09 1.18 

June 5 - June 18 3.8 0.56 0.97 1.53 0.65 0.55 2.07 

June 18 - July 3 l.9 l.61 1.68 3.29 1.32 3.29 6.25 

July 3 - July 16 l.5 0.74 0.59 1.33 0.60 2.41 3.62 

July 16 - Aug. 6 1.5 0.06 0.06 0.12 0.06 0.22 0.33 

May 20 - Aug. 6 2.1 3.58 4.03 7.61 2.93 6.56 1:t517
' 

(I) E; ri = 1/B,l'I, B1ri is the rat io of absorption by rice plant Pp,,., to 1he sum of 1,,.
1
,, D, .. ,., and P1.,,, . (2) The 

amount of mobilization part of assimilated N derived from mincralir.ed soil nitrogen. (:l) The amount of 
immobilization part. (4) Assimilation. (5) Denitrification. (6) The amount of transfer. (7) Total amount of 
transferred ni trogen after the overlapping in estimation was corrected by using G"" in equation (12). 

where I(; is the constant value related wilh the 
ratio of the rate of immobilization to that of assim
ilation at the time t;. We can make an approxima· 
tion with a following equation if the flora of 
microorganisms does not change within the short 
time. 

l;:::::: K(H1 · 6.A1 + H2 · t:.A2 + ..... + H; · 6A;) 
........... (ll) 

From the equation (6), the rate of transfer 
6G;,.,,/ 6l from mineralized soil nitrogen is 
changed to Ev6Pi,. ,,,I 6t. However, since Lhe over· 
lapping of the amount of the mineralized nitrogen 
caused by recycling of the same nitrogen, such as 
remineralization or repeated remineralization is 
not taken into account in the equation (7), the use 
of E;Pl in place of E1,, can remove the overlapping. 
Where, E;I'/ = I/Bir,, and BiPI is the ratio of 
absorption by rice plants to the sum of immobili· 
zation, deniLrification and absorption except 
NH,-N existed and mobilization part of assimila
tion. When the total amount of nitrogen actually 
transferred from mineralized soi l nitrogen with· 
out the overlapping, during Lhe whole growth 
stage of rice plants is taken as Gsc, it can be 
shown as follows: 

Gsc = E'Pl · P s .. ... . ... ...... (12) 
where E' ,., = (Eu,,. Eu,, ..... , Eil'I, ..... , E .. PJ). 

The amount of transfer from mineralized soil 
nitrogen to mobilization, immobilization, denitri· 
fication and absorption by rice plants is shown in 
Table 5. 

Biological nitrogen fixation m 
paddy soils 

The method of measuring biological nitrogen 
fixation by the use of 15N tracer is as follows:1

'·
11 

Water, in which air containing 15N2 is dis· 
solved, was applied, and its atom % was succes· 
sively measured at a given time interval. The 
same procedure was repealed by renewing the 
water containing 15N2. Finally, the amount of nit· 
rogen fixed and assimilated was calculated from 
Lhe mean value of atom% of 15N in water and atom 
% of soil nitrogen. After about a month, atom% of 
soil nitrogen is measured and the amount of nitro· 
gen fixed and immobilized was calculated. To 
carry out Lhis tracer method, it is necessary to 
master Lhe techniques to prepare the water in 
which air conlaining 15N2 is dissolved and to pro· 
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Table 6. The amount of biological nitrogen fixation in paddy soils 

Duration of Soil Semi-i ll -drained Converted well-drained 

the 11N-water depth 1sN atom% Mean atom% The amount i;N atom % Mean atom'){, The amount 
application (cm) of the soil ';Nin the of fixed of the soil 11N in the of fixed 

nitrogen waler'" nitrogen nitrogen water111 nitrogen 
(N·mg/m:) (N·mg/m~) 

0-1 0.382 :38 0.381 34 

June 10 - 13 
1 -2 0.371 9.17 12 0.371 

8.51 
12 

2-4 0.366 0 0.370 21 
4 - 6 0.366 0 0.367 5 

0 - 1 0.379 27 0.381 28 

June 23 - 27 
1 - 2 0.371 10.7 10 0.368 I0.4 

4 
2-4 0.366 0 0.366 0 
4-6 0.366 0 0.366 0 

0 - l o.:383 39 0.373 17 

July II - 14 
l - 2 0.377 

9.51 
25 0.366 8.21 0 

2-4 0.373 35 0.366 0 
4 - 6 0.367 5 0.366 0 

0 - 1 o.:386 34 0.372 9 

Aug. 9 - 13 1 - 2 0.378 13.l 20 0.371 12.7 8 
2-4 0.370 14 0.366 0 
4-6 OJ66 0 0.366 0 

(1) 1sN atom% in the water at the time or application was 22.6. The water was applied every 12 hr. 

duce electric discharge tubes to be used for meas
uring "N concentration of the air dissolved in 
water. 

The amount of biologically fixed nitrogen in 
paddy soils at each growth stage of rice plants is 
shown in Table 6. '!N atom % of the water used 
was 22.6 immediately before the application. The 
water was applied every 12 hr. Mean atom% of the 
water used was 8.51 - 13.1 during the whole appli
cation period. On the other hand atom% of the soil 
nitrogen after a month from the application was 
also measured . The total amount of nitrogen fixed 
during the whole growing period was estimated al 
2.1 g/m2 in the semi-ill-drained field, and 1.2 g/m1 

in the converted well drained field. 
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