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Abstract 

The vital importance of soil organic carbon (SOC) for soil structure and tilth characteristics is 

well-known. In spite of this, knowledge on critical low levels of SOC and rates of organic carbon 

(OC) application is lacking. The aim of this study was to investigate the long-term effects of 

fertilizer type and application rate on soil structural properties. Sampling took place in autumn 

2014 after harvest of winter wheat in the long-term field experiment at Askov (since 1894) on a 

sandy loam. Samples were taken in the 6- to 15-cm soil layer at water contents corresponding to a 

water potential at -300 hPa. The fertilizer types were mineral fertilizer (NPK) and animal manure 

(AM). The fertilizer application rate was tested within the mineral fertilized soil: unfertilized 

(UNF), half the amount of mineral fertilizer normally applied (½NPK) and the amount of mineral 

fertilizer normally applied (1NPK). The 1NPK treatment was compared with AM at a level of 1½ 

to compensate for the lower nitrogen availability in animal manure. In this way the same yield 

level were obtained in both treatments. We measured clay dispersibility, wet aggregate stability, 

soil pore characteristics, and air permeability. The UNF soil had little SOC, low aggregate 

stability and was dense. In contrast the 1NPK and AM treatments had more stable aggregates and 

higher soil porosity. The ½NPK soil generally had intermediate properties. The pore size 

distribution changed so that the amount of plant available water was higher in the AM treatment 

than in the 1NPK and UNF treatments, whereas the soil pore volume >100 µm was higher in the 

1NPK treatment than in the other treatments. Air permeability at high water content 



corresponding to a matric potential at -30 hPa decreased in the order 1NPK=AM≥UNF≥½NPK. 

The same level of aggregate stability in the 1NPK and AM treatments indicates that the biotic 

bonding and binding mechanisms were at the same level independent of fertilizer type. The 

relatively small differences in soil structural properties in spite of 120 years of contrasting 

fertilization may be due to the versatile crop rotation, including a one-year grass-clover ley and 

the graded, coarse-textured soil type. Our results indicate that the 1NPK treatment can sustain 

soil structure just as well as AM, which probably can be ascribed by root related effects. In 

contrast ½NPK and UNF could not sustain soil structure illustrating the long-term consequences 

of fertilization far below optimum.  
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