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Abstract： 

To investigate the effect of inter-tillage on nitrogen dynamics in natural farmed paddy fields, nitrogen 

conditions were compared among fields with different inter-tillage frequencies and fields with conventional 

cultivation. Since the third year of conversion from conventional to natural farming cultivation, the NH4
+
-N 

content in the inter-tillage field has been steadily increasing, with the order of 5-times > 2-times > 0-time 

inter-tillage. The NH4
+
-N concentration reached the same level as the first year in the fifth year. 
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1. Background 

With the multiple inter-tillage conductions, 

natural farming rice cultivation in fertilizer-free 

and agrochemical-free paddy fields can maintain 

high-quality rice and high yield (Kasubuchi, et al. 

2019). Inter-tillage starts after transplanting and 

ends before panicle initiation, disturbing the 

surface soil and water and influencing nutrient 

dynamics. Previous studies, however, had not 

looked into the nitrogen dynamics. 

Therefore, the aim of this study is to clarify the 

nitrogen dynamics in fertilizer-free and 

agrochemical-free paddy fields with the 

conduction of inter-tillage in Hokkaido since the 

conversion from conventional to natural farming 

cultivation. 

2. Materials and Methods 

The experimental site was located in Field 

Science Center of Northern Biosphere, Hokkaido 

University. The soil was gray lowland soil. 

(1) Four treatments were prepared: (see Poster 

Part 1). 

After harvest, rice straws were distributed 

proportionally into each field. 

 (2) Soils of upper layer (depth of 0-1cm) and 

lower layer (depth of 1-10cm) were sampled. The 

irrigation and surface water and the soil solution in 

upper layer, lower layer and rhizosphere were 

collected.  

(3) Total nitrogen content and exchangeable 

NH4
+
 in soil were measured. NH4

+
-N, NO3

-
-N, 

NO2
-
-N, organic N and T-N of soil solution were 

measured.  

Pot experiment was also conducted without 

rice plant by putting a pot of 100 cm length and 

50cm width in each field and compared the 

influence of inter-tillage frequency. The soil was 

put in around 10 cm deep under the same water 

management condition.  

3. Results 

The good effects of multiple times inter-tillage 

on rice yield, and rice growth were observed (see 

Poster Part 1). 

NH4
+
-N concentration in lower layer soil 

solution around 5 cm in depth from 2018-2022 is 

shown in Fig. 1. In inter-tillage fields, the NH4
+
-N 



Fig.1 NH4
+
-N concentration in lower layer soil solution around 5 cm in depth 

 

content in soil solution showed a trend of first 

dropping to a trough in 2020 and then increasing 

after 3 years of conversion from conventional 

cultivation to natural farming cultivation. In 2022, 

the average concentration during the entire growth 

period reached the same level as in 2018. 

Meanwhile, the average values in 2022 were in the 

order T5 (0.99 mg/L) > T2 (0.78 mg/L) > T0 (0.58 

mg/L), which was consistent with the previous 

four growing seasons. In CF, the NH4
+
-N content 

in soil solution increased year by year. 

In the field experiment, no significant 

differences in exchangeable NH4
+
-N were 

observed among the inter-tillage field. However, in 

the pot experiment without plant nitrogen 

absorption, a high level of NH4
+
-N was maintained 

with inter-tillage conduction. 

4. Discussion 

No fertilizer input resulted in much smaller soil 

nitrogen concentration, and the condition resulted 

in lower yield in inter-tillage fields. However, the 

promotion effect of inter-tillage improved nitrogen 

supply and contributed to the yield order of T5 > 

T2 > T0. 

 

 

NH4
+
-N concentration increased year by year 

both in conventional and inter-tillage fields since 

the third year of conversion. In conventional fields, 

the yearly increase is regarded as nutrient 

accumulation caused by continuous rice straw and 

chemical fertilizer application. In the inter-tillage 

fields, the known annual artificial N inputs were 

that from irrigation (6.23g/m
2
) and rice straw 

(2.15g/m
2
) in 2021. The outputs were the 6.2 g/m

2
 

of crop nitrogen absorption and unknown N losses 

including denitrification. The N fixation amount 

was supposed to be considerable as the other 

important input. The three-year increase of 

NH4
+
-N could be an indication that surplus 

nitrogen was being accumulated by soil. Therefore, 

the continued rise in NH4
+
-N concentration was 

mostly attributed to the decomposition of former 

applied rice straw and the unknown N fixation. 

However, more research is required. 
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