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Abstract 
In a laboratory experiment, mineralization rate of soil organic nitrogen under submerged condi
tions using 15N tracer was studied. Mineralization rate increased with temperature. Cumulative 
amount of nitrogen mineralized was expressed as the product of effective temperature and the 
duration of incubation. The minimum threshold temperature was nearly 10°C in the range of 
20-30°C. Air-drying of soil before submergence promoted mineralization within several weeks 
after submergence. 
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Introduction 

In soil a major portion of nitrogen is in the 
organic form. Mineralization is a process whereby 
organic nitrogen is transformed to an inorganic form 
(usually NH4 + - N) 1> through microbial activity and 
mineralized nitrogen becomes available for plant up
take. It is important to determine the quantity and 
the pattern of mineralization to promote sustainable 
productivity. 

Mineralization process is considered to be in
fluenced by factors related to soil, organic matter, 
and agronomic management 3>. Among them, tem
perature and air-drying are of special interest and 
a large number of reports have been published on 
this subject 4,s,s.12). 

In most of the studies on mineralization in paddy 
soils, the amount of accumulated NH4 + - N is con
sidered to reflect the amount of nitrogen mineral
ized. Ammonium pool is involved in processes where 
NH4 + - N is both consumed (immobilization, nitrifi
cation-denitrification, etc.), and produced (minerali
zation). Therefore simple measurements of the 
changes in the amount of NH4 + - N fail to reflect 
the situation in soil 2>. 

In recent years, Yamamuro 10> has developed a 
model for calculating the mineralization rate in paddy 
soils using 15N tracer technique. The author carried 
out experiments on the effect of temperature and 
air-drying of soil on mineralization in paddy soils 
using this model 6•

7>. In the current paper the results 
of these studies are briefly outlined. 

Materials and methods 

Topsoil samples of Gray Lowland soil were col
lected from paddy fields at Chugoku National 
Agricultural Experiment Station in Fukuyama, 
Hiroshima (abbreviated as Fukuyama soil) and 
Tohoku National Agricultural Experiment Station in 
Omagari, Akita (abbreviated as Omagari soil). Soil 
samples were sieved ( <2 mm) without air-drying (wet 
soil). Then a part of the wet soil was airdried at 
30°C (air-dried soil). Fukuyama and Omagari soils 
contained 1.0 and 1.3 g N/kg, respectively. Water 
content in air-dried Fukuyama and Omagari soils 
was 28 and 36 g/kg, respectively. 

The experiment included two treatments, differ
ing in the incubation temperature and water content 
before submergence. 

Treatment 1: Subsamples (300 g and 250 g of 
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wet Fukuyama and Omagari soils, respectively) were 
placed in a beaker (300 ml vol) and then submerged. 
Fukuyama soil samples were incubated at 25 and 
30°C, and Omagari soil samples were incubated at 
20 and 30°C. 

Treatment 2: Subsamples (100 g of air-dried 
Fukuyama and Omagari soils) were placed in a beaker 
and then submerged. Soil samples were incubated 
at 30°C. The purpose of this treatment was to com
pare the results obtained in air-dried and wet soils 
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incubated at 30°C. 
The experimental period covered a consecutive 

seven-day period. Period Tj referred to 7U-1) to 
7j days after submergence (j = 1,2,3 ... ), e.g. T 1 
covered 0- 7 days, T2 covered 7-14 days. The be
ginning and the end of the period TJ were designat
ed by tjo and ljn, respectively. At ljO, each soil 
sample received 0.3 mg N of tracer 15NH4Cl (99.4 
or 99.8 atomO'/o 15N). Then at ljn, NH4 +_ N in soil 
was extracted' with 100 g/1 KC!. The amount of 

Table 1. Amount of NH .,+ -N :and mineralization rate (Fukuyama soil) 

Period Njo NJn ISNjn/ ISNjo ISR MJ 

Wet soil, 25°C 
T1 17.3 17.5 0.790 0.701 0.86 
T2 17.5 16.3 0.627 0.623 0.96 

T3 16.3 IS.I 0.619 0.620 1.44 
T4 18.1 18.6 0.621 0.625 1.33 
Ts 18.6 19.5 0.629 0.645 1.38 
T6 19.5 20.4 0.661 0.678 1.30 
T 1 20.4 20.0 0.696 0.666 1.01 

Ts 20.0 19.6 0.637 0.640 1.22 

T9 19.6 20.5 0.644 0.681 1.35 
T io 20.5 24.0 0.721 0.712 1.54 
T11 24.0 27.0 0.703 0.702 1.64 
Tu 27.0 27.6 0.701 0.701 1.47 
T13 27.6 27.3 0.700 0.700 1.36 

--------·-----------·············-------- ---- -·--·-·--------·--·-·----------------------········--------------······-·-·-----·-··············-------
Wet soil, 30°C 

T1 17.3 23.0 0.807 0.716 1.52 
T2 23 .0 22.7 0.635 0.603 1.47 

TJ 22.7 21.0 0.571 0.609 1.45 
T4 21.0 22.7 0.649 0.644 1.61 

Ts 22.7 24.3 0.640 0.633 l.74 

T6 24.3 27.0 0.626 0.643 2.08 
T1 27.0 29.2 0.661 0.659 J.98 
Ts 29.2 29.8 0.657 0.688 1.82 
T9 29.8 28.9 0.720 0.708 1.27 
Tio 28.9 29.5 0.695 0.694 1.60 
T11 29.5 30.5 0.693 0.676 1.73 
T12 30.5 31.9 0.686 0.684 1.83 
TIJ 31.9 30.4 0.683 0.683 1.51 

----- ........................... ----·-------------- -----·---·-·-·-·-·-··- ··--·-............................................................. ____ ,..,., ..... -................................. .. 
Air-dried soil, 30°c 

T1 19.4 23.9 0.492 0.537 2.75 
T2 23.9 31.2 0.587 0.598 3.13 
TJ 31.2 34.9 0.610 0.587 2.92 
T4 34.9 26.8 0.565 0.558 1.34 
Ts 26.8 23.:8 0.551 0.574 J.68 
T6 23.8 21.6 0.598 0.608 1.33 
T1 21.6 21.9 0.618 0.595 1.57 
Ta 21.9 20.7 0.573 0.592 1.49 
T9 20.7 20.6 0.611 0.613 1.45 
Tio 20.6 19.6 0.614 0.611 1.25 
T11 19.6 19.1 0.608 0.608 J.29 

NJo, N;n: NH4 + - N (mg/kg), MJ: Mineralization rate (mg/kg/day). 
Period Tj: 7(i-1) - 7j days after submergence. 
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NH4 + -N in the solution was determined by steam 

disti llation and atomO'/o 15N was determined by emis
sion spectrometry9>. 

Mineralization rate was calculated based on the 
equation derived by Yamamuro 10> as follows: 

Mi = [ ( Njn - e5Nj,/ 15Njo)Njo l • In (I/ 15R)]/ 
(I - ISR)/7 

where Mi: mineralization rate during the period 
Ti (mg/kg/day), 

Njo: amount of NH4 + - N attio (mg/kg), 
Nin: amount of NH4 + -N at ljn (mg/ kg), 
15 Ni0 : amount of tracer NH4 + - 15N at 

tio (mg/kg), 
15Nin: amount of tracer NH4 + - 15N at 

tjn (mg/kg), 
JSR = (1SNjnl ISNjo)0.5( tsNj + J nl ISN; + t of5. 

The amount of nitrogen mineralized during the 

period T; was 7Mi mg/kg and cumulative amount of 

Table 2. Amount of NH4 + -N and mineralization rate (Omagari soil) 

Period N;o N;n ISN, ;'SN· 
JII JO 

ISR Mj 

Wet soi l, 20°C 
T1 2.1 2.7 0.487 0.493 0.34 
T2 2.7 3.0 0.500 0.509 0.32 
TJ 3.0 3.5 0.5 18 0.537 0.37 
T. 3.5 3.8 0.557 0.583 0.34 
Ts 3.8 4.2 0 .610 0.598 0.35 
T6 4.2 4.6 0.585 0.597 0.38 
T, 4.6 5. J 0.608 0.63 1 0.42 
Ts 5.1 5.5 0.655 0.672 0.37 
T9 5.5 6.2 0.690 0.685 0.41 
T,o 6.2 6.5 0.680 0.695 0.39 
T11 6.5 7.2 0.7 10 0.700 0.43 
T12 7.2 7.0 0.689 0.675 0.36 
T13 7.0 7.6 0.661 0.661 0.52 

-·----·------ ------------- ----·-----. -.............. ····-··-·------- --. ----- ...... ···-------------------- -....... -·-------- -- ----- -----
Wet soil, 30°C 

T, 2.1 3.9 0.367 0.419 0.67 
T2 3.9 5.2 0.478 0.512 0.65 
TJ 5.2 6.8 0.548 0.580 0.73 
T4 6.8 8.4 0.615 0.651 0.74 
Ts 8.4 10.8 0.690 0.665 0.86 
T6 10.8 11.6 0.640 0.652 0.82 
T1 l 1.6 13.8 0.665 0.690 1.05 
Ts 13.8 16.1 0.716 0.717 1.04 
T9 16.1 18.4 0.718 0.730 1.13 
Tio 18.4 19.0 0.743 0.763 0.87 
T11 19.0 21.3 0.784 0.766 1.04 
T,2 21.3 23.7 0.749 0.743 1.28 
T1J 23.7 26.4 0.738 0.738 1.48 

- ------------------------------------·-·-······--··--····---------·--·-······-·······-----·----·-------·-····--------·-... ·-·------
Air-dried soil, 30°c 

T, 6.1 18. 1 0.718 
T2 18.1 38.8 0.903 
TJ 38.8 62.0 0.922 
T. 62.0 65.0 0 .895 
R5 65.0 69.4 0 .858 
T,, 69.4 68.9 0.877 
T1 68.9 66.J 0.905 
Ts 66.1 65.2 0.872 
T9 65.2 63.6 0.909 
T,o 63.6 62.9 0 .923 

N;0 : NH., +-N (mg/kg), MJ: Mineralization rate (mg/kg/day). 
Period T;: 7{j- I) - 7j days after submergence. 

0.806 2. 14 
0.912 3.35 
0.908 3.96 
0.876 1.67 
0.867 2 .22 
0.891 1.52 
0 .888 0.79 
0.890 l.32 
0.916 0.93 
0.913 0.82 
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nitrogen mineralized was expressed as the summa
tion of 7Mj, e.g. 7(M 1 + M2 + M3) for 21 days. 

Results and discussion 

/) Effect of temperature 011 mineralization 
As shown in the method for the determination 

of the effect of temperature increase, the increase 
in the amount of accumulated NH4 + - N was deter
mined at a high temperature (~30°C). The temper
ature ranges selected for the present study (i.e. 
20- 30°C) were similar to the soil temperature dur
ing the rice-growing season in Japan6

•
12

•
13>. 

Data in Treatmem I showing the effect of the 
changes in the temperature on the amount of 
NH4 + - N and mineralization rate are summarized in 
Tables I and 2. The amount of NH4 + - N increased 
during the experimental period. The amount of 
NH4 + - N was larger at 30°C in both Fukuyama and 
Omagari soils. 

200 
Fukuyama soil 
o. : 25°C .. : 30°C 

Duration or incubation (day) 

90 
Omagari soil 
a : 20°c • : 30°c 

Duration or incul>Htion (day) 

Fig. 1. Changes in cumulaci ve amount of nitrogen 
mineralized in wet soil 
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Mineralization rate also increased with tempera
ture in the range of 20-30°C. Cumulative amount 
of nitrogen mineralized increased linearly in the 
Fukuyama soil and exponentially in the Omagari soil 
(Fig. I). 

Based on these findings, the authors applied the 
concept of summation of effective temperature to 
analyze the relationship between mineralization and 
temperature, according to the following mathemati
cal model: 

Y = k{ (T-To)•DJ 11 

where Y : cumulative amount of nitrogen miner-
alized (mg/kg), 

T: incubation temperature (°C), 
D: duration of incubation (D), 
To: minimum threshold temperature (0 C), 
k, n: constant, 
T-To: effective temperature (°C). 

Curve fitting and determination of To, k and n were 
achieved based on a nonlinear regression analysis. 

Fukuyama soil: Y = 0.0565 { (T - 10.56) • DJ 1.06 

Omagari soil : Y = 0.0078( (T- 9.94) •DJ 1.
24 

ISO F11kuy:11n~ soil 
o. : 2s0 c • : 3o•c 

500 1000 ISOO 2000 
Sumnrntion or effective 1cn11)crarnrc (degree . dny) 

Omns:iri soil 
a: 10°C • : 30°C 

/ 
Y = 0.0078 ( (T -9.94) · D}1

·'" 

soo 1000 ISOO 2000 

Smnmntion or cffcciivc tcmpur:11ure (degrce,day) 

Fig. 2. Relalionship be1ween cumulative amount of nitro
gen mineralized and summation of effective 
lemperature in wel soil 
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Period 

Ts 

Tu 

Temp. 

5 
10 
15 
20 
25 
30 

5 
10 
15 

Table 3. 

coq 

Mineralizatio n 

N;o 

8.1 
9.3 

12.9 
17.2 
19.0 
27.5 

12.1 
13.6 
17.0 

rate at a 

Nin 

8.8 
10.3 
14.6 
20.1 
21.0 
27.6 

12.4 
14.1 
18.2 

low temperature 

ISN;nl isN;o 

0.888 
0.868 
0.849 
0.809 
0.776 
0.728 

0.909 
0.865 
0.844 

M;• 

0.25 
0.34 
0.55 
0.97 
I.OJ 
1.27 

0.21 
0.36 
0.60 

N;0 , Nin: NH. + - N (mg/kg), M;: Mineralization rate (mg/kg/day). 
Period T;: 7 (j-1) - 7j days after submergence. 
• M; is calculated according to the basic formula of Yamamuro 10

> 

As shown in Fig. 2, this equation coincided well with 
the results obtained. Yamamuro 11

> reported that the 
mineralization rate by incubation and in a paddy 
field was nearly constant, suggesting that it may be 
possible to predict the changes in mineralization with 
time in paddy fields by monitoring the soil tempera
ture. Since To is J0.56°C for the Fukuyama soil 
and 9.94°C for the Omagari soil, it was suggested 
that the minimum threshold temperature (i.e. To) 
could be nearly 10°C. However, mineralization con
tinues at temperatures below T0. The mineraliza
tion rate was considerably lower at 5-10°C than 
that at 20-30°C (Table 3, data from another experi
ment similar to Treatment 1). Therefore, minerali
zation occuring below 10°C may not play a major 
role in the prediction of changes in mineralization 
in the range of 20-30°C. 

As deduced from Fig. J, the value of n in the 
Omagari soil was higher than that in the Fukuyama 
soil. Constant n is related to the pattern of changes 
in mineralization and a characteristic parameter of 
soil. As n is calculated by regression analysis, the 
value of n may vary with the experimental period. 
It is thus preferable to set up a certain experimental 
period in order to compare the values of n in differ
ent soils. 

2) Effect of air-drying on mineralization 
T he increase in the amount of accumulated 

NH4 + -N in soil which is air-dried before submer
gence is referred to as "air-drying effect" and is 
considered to be due to the promotion of minerali
zation. The amount of accumulated NH4 + - N (AN) 
is expressed as follows: 

AN=M-G 

and the increase in the amount of accumulated 
NH4 + - N in air-dried soil is expressed as follows: 

ANo - ANw = (Mo - Mw) - (Go - Gw) 

where M is the amount of nitrogen mineralized, G 
is the amount of nitrogen transferred from the am
monium pool and the suffixes, W and D, denote 
wet and air-dried soils, respectively. Therefore, the 
increase in AN0 - ANw ("air-drying effect") is not 
simply related to the promotion of mineralization. 
The author attempted to evaluate the changes in 
mineralization . 

Data in Treatments I and 2 showing the effects 
of air-drying before submergence on the amount of 
NH4 + - N and mineralization rate are summarized in 
Tables l and 2. The amount of NH4 + - N in the 
air-dried Fukuyama soil increased and reached a 
maximum value at the end of period T3, and then 
decreased. Afler the end of period Ts, the amount 
of NH4 + - N in the air-dried soil was smaller than 
that in wet soil. 

In the Omagari soil, the amount of NH4 + - N 
increased and reached a maximum value at the end 
of period Ts, and then decreased slightly. 

The maximum difference between tbe amount of 
NH4 + - N in the air-dried and in the wet soils was 
8.5 mg/kg at the end of period TJ and 59 mg/kg 
at the end of period Ts in the Fukuyama and Omagari 
soils, respectively. 

Mineralization rate in the air-dried Fukuyama soil 
was 2 times higher than that in wet soil for the peri
od T1 to T3, and thereafter lower than that in wet 
soil. In air-dried Omagari soil, the mineralization 
rate was 2-5 times higher than that in wet soil for 
the period TI to T6, and thereafter the mineraliza
tion rate in both air-dried and wet soils was nearly 
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150 
fukuyama soil 
" : Wei soil • : Air-dried soil 

7 21 35 49 63 77 
Oura1ion of incubalion (<lay) 

150 Omagari soil 
o : Wei soil • : Air-dried soil 

35 49 63 70 

Dura1ion of incubation (day) 

Fig. 3. Changes in cumulative amount of nitrogen 
mineralized in wet and air-dried soil 

the same. Thus it was concluded that air-drying treat
ment before submergence promoted mineralization 
and the duration of the promotion varied with the 
soil samples. 

The difference between the cumulative amount 
of nitrogen mineralized in the air-dried and the wet 
soils during the mineralization promoting period was 
31 and 73 mg/kg in the Fukuyama and Omagari 
soils, respectively. It appears that in the Omagari 
soil the effect of the air-drying treatment was much 
more pronounced than in the Fukuyama soil from 
the point of view of NH4 + - N, while the effect on 
the promotion of mineralization in fact was not ap
preciably different. 

The air-drying effect is considered to indicate the 
total amount of available nitrogen or the amount 
of available nitrogen in soil. Mineralization occurred 
even during 1he period when the amount of 
NH4 + - N decreased. The total amoun1 of available 
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nitrogen cannot be evaluated under a given incuba
tion. As mentioned above, the increase in the amount 
of nitrogen mineralized in air-dried soil was higher 
in the Omagari soil. However the cumulative amount 
of nitrogen mineralized in the wet Fukuyama soil 
was approximately 2 times larger than that in the 
wet Omagari soil (Fig. 3). Thus the results obtained 
in air-dried soil do not correspond to the total amount 
of available ni1rogen and/or the index of available 
nitrogen in soil. 
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