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1. Introduction 

 

Soils play a significant role in controlling the global to field scale carbon (C) and nitrogen (N) cycling. In cropland 

soils, C and N cycling is affected not only by the agricultural management practices but also by the regional to 

national scale agro-food systems. The objectives of this presentation are to share the knowledge on the actual status 

of the C and N cycling in Japanese cropland soils in relation to their environmental impacts on atmosphere and 

hydrosphere and to examine proper management strategies for reducing the environmental loads from agro-food 

systems with realizing sustainable agricultural production.    

 

2. Soil C and N cycling in croplands 

 

Since 1980’s, the C and N contents in the plow layer of Japanese cropland soils have dynamically changed with 

the chemical fertilizer and organic matter application rates as affected by different soil and land-use types. Several 

long-term field experiments [1, 2] have proved that croplands can accumulate soil N with a rate of up to >100 kg N 

ha–1 yr–1. The soil N contents have generally tended to increase [3] even after the chemical and organic N input to 

Japanese croplands decreased gradually [4]. The average N accumulation rate in the plow layer is calculated as 

around 20 kg N ha–1 yr–1, based on the Stationary Monitoring data of the Basic Soil Environmental Monitoring 

Project, Ministry of Agriculture, Forestry and Fishery [5]. On the contrary, the soil C contents have generally 

decreased or remained almost constant except grasslands, leading to low C/N ratio in cropland soils [3]. These results 

suggest that the soil C always consumed by microbes as energy source easily decreases unless sufficient amount of 

organic C is applied continuously and that soil N essentially required and utilized as macro nutrient for microbes and 

plants can be retained in soil even after the significant reduction of the N application rate. To enhance C 

accumulation or C sequestration in Japanese cropland soils, organic matter application rate should be larger than the 

current application rate. 

 

3. C and N resource and utilization in agro-food system 
 

In Japan, human food and livestock manure-derived N has become the two largest potential N sources for the 

environmental N load [6]. Moreover, it appears that only a small portion of such potentially-available organic matter 

resource is actually applied to the croplands as the net N budget in croplands [4] is much smaller than the net N 

budget in the agro-food system [6]. On the other hand, about 80% of the crop residue and composted manure-derived 

C was estimated to be applied into croplands [7]. These results imply that the food waste would be the largest 

unutilized organic matter resource in Japan. The amount of food waste in Japan (about 2 × 107 Mg yr–1) is almost 

comparable with the sum of the major imported food and feed (2.5 × 107 Mg yr–1), indicating that the food waste is 

one of the biggest factors to reduce the self-sufficiency of food in Japan and suggesting that actually-needed amount 

of imported food and feed should be much lower than the currently-imported one.  

Groundwater nitrate pollution caused by nitrate leaching should be taken into account when applying the organic 

matter into croplands. The apparent N budget in Japanese cropland (180 kg N ha–1 yr–1) estimated by the 

Organisation for Economic Co-operation and Development [8] is the 3rd highest among the OECD countries. The 

excess rate of groundwater nitrate concentration against the environment standard for drinking water (<10 mg N L–1) 

in the national scale monitoring project of the Ministry of Environment (MOE) is around 5% or less for the general 

monitoring wells; however, for the other wells including polluted area, excess rate remained higher (as 20–50%). To 

accept more organic matter C and N in croplands, chemical fertilizer N application rate should be reduced as much as 

possible; furthermore, the currently-unutilized organic N resources seems to already exceed the acceptable N 

application rate into croplands. Therefore, one of the fundamental solution appears to be the significant reduction of 

imported food and feed. 

General soil conservation practices at field plot scale, which include cover cropping [9], organic matter recycling 

[10], irrigation water saving [11], etc., in association with the regional to national scale control on reducing the 



disposal of food waste and livestock manure, can lead to make cropland soils fertile and environmental impacts 

minimum with realizing the sustainability of agricultural production. 

 

4. Scientific indices and tools 

 

More efficient scientific indices such as nitrogen footprint [12], OECD economy-wide N indicator [13], etc., and 

reliable tools or models [14-16] are necessary for connecting society people with researchers. These indices and tools 

can be used for showing proper management scenarios which motivate the food producers and industries to construct 

more environmentally-sound sustainable agro-food systems locally and globally, and also for scientifically 

supporting the agro-environmental policy of the regional and national government.  

 

5. Conclusions 

 
Proper organic matter management at different scales from a field plot to the whole country, considering the 

domestic consumption and international trade of food and feed, would be the key to improve the C and N cycling in 

Japanese cropland soils so that the soil fertility becomes maximum and the environmental loads to the atmosphere 

and hydrosphere become minimum. General soil conservation practices at field plot scale, which include cover 

cropping, organic matter recycling, irrigation water saving, etc., in association with the regional to national scale 

control on reducing the disposal of food waste and livestock manure, which seems to be accelerated with excess 

import of food and feed in Japan, can lead to make cropland soils fertile and environmental impacts minimum with 

realizing the sustainability of agricultural production. More efficient environmental policy, supported by more 

efficient scientific tools and reliable models to connect researchers and society, is necessary for the food producers 

and industries to be naturally motivated to construct the environmentally-sound sustainable agro-food systems 

locally and globally.  
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