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Abstract 

Loess Plateau accounts for one-third of the arable land in China, which plays a vital role in agricultural production for 

China. However, the Loess Plateau suffered severe soil and water loss. On the basis of the degradation of soil 

resources in the Loess Plateau, improving the farmland management and preventing the degradation of soil resources 

are the urgent problems in sustainable development of the ecological environment of the Loess Plateau. The overall 

objective of this dissertation was to evaluate the long-term impact of conservation tillage on soil physical 

characteristics and soil organic carbon (SOC) characteristic as compared with conventional tillage. Two experiment 

stations were set up. One of the experiment stations was in China and performed four tillage systems: conventional 

tillage (C-CT), no tillage (C-NT), sub-soiling (C-SS) and reduced tillage (C-RT). Another station was established in 

Belgium and performed two tillage systems: conventional tillage (G-CT), shallow tillage (G-ST). Soil pore size 

distributions were measured by pressure plate extractor in bulk soil scale and by non-invasively X-ray Micro 

Tomography in macro-aggregates scale. SOC characteristics were evaluated using nuclear magnetic resonance (
13

C 

NMR).  

The results showed that in the 0-10 cm and 10-20 cm depth soil layers, C-NT and C-SS treatments showed a 

significantly higher proportion of wet aggregates >250 µm (macroaggregates) compared to C-CT. In these two layers 

the proportion of wet aggregates <53 µm (microaggregates) was significantly higher in C-CT respect to C-NT and C-SS. 

SOC content increased as the aggregate fraction size increased, and was higher within wet aggregates >250 µm than 

within the 250-53 μm and <53 µm (silt + clay) fractions at both the depths. In addition, the conservation tillage (C-NT 

and C-SS) significantly decreased the soil bulk density and enhanced the total porosity compared with C-CT in the 

surface layer. Pore size distribution in C-CT soil was unimodal, with the maximum in the 10-30 µm matrix pores of the 

surface layer. However, in the surface layer the pore size distributions from C-NT and C-SS showed a dual porosity 

curve, with two peaks in the matrix and structural pores areas. The 10-20 cm layer showed similar pore size 

distributions in each treatment. 

The results showed that aggregates in conservation tillage (G-ST and C-NT) had numerous connected pores compared 

with conventional tillage (G-CT and C-CT). The Euler number (Ev) was significantly lower and visible total porosity and 

surface area (SA) were significantly higher in conservation tillage (G-ST and C-NT) than in conventional tillage (G-CT 

and C-CT) in both studied locations. The predominant size of pores was significantly higher in conservation tillage (G-

ST and C-NT) than in conventional tillage (G-CT and C-CT) (> 150 µm vs 90-120 µm). Pore location within the 

aggregates also showed differences, with porosity being evenly distributed in the aggregates under conventional 

tillage (G-CT and C-CT). Under conservation tillage (G-ST and C-NT), the aggregates were heterogeneous, showing 

higher porosity at the center of the aggregates. There was a higher SOC content in the external layer than in the 

internal layer in conservation tillage in Belgium (G-ST). In no tillage in China (C-NT), the SOC in the external and 

internal layers, however, showed similar results. Overall, convention tillage (G-CT and C-CT) reduced the proportion of 

the largest pores within soil aggregates, whereas there was no significant relationship between pore morphologies 

and SOC content.  

Soil samples were physically fractionated into five fractions: free light fraction (FLF), occluded light fraction (OLF), 

coarse sand (c-POM), fine sand (f-POM), and mineral associated organic matter +silt +clay (m-SOM). The SOC stocks in 

the 0-30 cm layer were influenced by the tillage systems. Although there were no significantly differences in SOC 

among these four treatments in the 0-10 and 10-20 cm layers in first 10 years, after 16 years, the SOC stocks were 

highest in the C-SS and C-NT treatment in the 0-10 cm layer. From 2009 to 2015, with increase in time of experiment, 

the fractions of m-SOM-C in C-RT and C-CT were increasing. In addition, the m-SOM-C of RT and CT showed relatively 

higher C content in comparison with other two treatments. As determined by 
13

C NMR, in light fractions, including FLF 

to OLF, the abundance of aromatic C increased when the abundance of O/N-alkyl C declined. A gradual increasing in 

the abundance of alkyl C in fine particles of heavy fractions accompanied with a decreasing in aromatic C. The FLF had 

a higher abundance of O-alkyl C with a lower abundance of aromatic C in C-SS and C-NT compared to C-CT and C-RT. 

The OLF had higher abundance of aromatic C in the C-RT and C-CT than C-NT and C-SS soils in sampling times, 

however, these changes were not evident in heavy fractions.  

Taken all together, the results from both long-term field experiments showed that conservation tillage can help 

improve soil structure compared with conventional tillage. The conservation tillage resulted in improve soil physical 

properties and SOC content. Those results indicated that conservation tillage can contribute to sustainable agriculture 

in Loess Plateau. 


