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Long-term fertilizer experiment in an apple orchard has been carried out since 1973 at Fruit Tree Research
Center, Fukushima Prefecture, Japan. Apple trees ‘Jonathan’ have been grown over 40 years with or without
annual application of nitrogen fertilizer; ON without application and 4N with application at 20 kgN (ammonium
nitrate) 10a™’. In this study, we evaluated the long-term changes in the yield and the fruit quality of apple trees, and
the soil chemical properties in the root-zone.

The yield and the fruit quality (brix sugar, acidity, and firmness) were not significantly different between ON
and 4N plots from 1974 to 2015. The nitrogen content in fruits and leaves in ON was lower, but the percentage of
well-colored fruit was higher than 4N. The pH in the surface soil (0-20cm) in 4N became lower than ON in 1987,
indicating soil acidification occurred by the application of nitrogen fertilizer over a decade. This soil acidification
was accompanied with a significant increase of soil exchangeable Al (0-20cm) and a significant decrease of soil
exchangeable Mg, K, and Ca.

Comparing the forms of soil nitrogen between ON and 4N in 2014, the organic N (0-5cm, 70-90cm) and the
exchangeable NH," (70-90cm) was significantly lower in ON, but those of NO;™ and total fixed NH," were not
significantly different at all soil depths. More than 80% of the soil N existed in organic form, regardless of the
nitrogen application and the soil depth. Furthermore, the 5°N in the surface soils (0-5cm) was constant from 1975 to
2014, and was not different between ON and 4N.

In 2016, the concentrations of B, P, K, and Mo in the fruits in 4N became significantly lower and those of N, Mn,
and Zn became higher than the fruits in ON. The same trend was observed in the concentration of elements in the
leaves; the concentrations of P, K, Se, and Mo in 4N became significantly lower and those of N, Mn, and Co became
higher than the leaves in ON.

In conclusion, the long-term application of nitrogen fertilizer brought soil acidification, which in turn influenced the
content of elements in the apple fruit and leaves. How the yield and quality of fruits as well as soil nitrogen content
have been maintained for a long time without nitrogen application requires further investigation.




