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S oils of the Piedmont region of south-eastern Pennsylvania and 

northern Delaware exhibit moderate to deep, well-developed argil- 

lic horizons. The soils are typically Ultisols and Alfisols formed from 

metamorphic and igneous bedrock. These soils are of significant eco- 

nomic importance, comprising some highly fertile agricultural soils, 

as well as soils prized for land development. Ciokosz et al. (1996) 

described the argillic horizons in the soils of the area. Argillic horizons 

are found in soils that cover approximately 50% of the land in the state 

of Pennsylvania and are found extensively throughout the state, with 

the exception of the Glaciated Northern Plateau. Argillic horizons have 

been documented in stratified drift deposits (Hopkins and Franzen, 

2003) and in arid and semiarid areas (Khormali and Mahmoodi, 2003; 

Sobecki and Wilding, 1983). 

The formation of argillic horizons is generally considered to be a 

byproduct of natural soil genesis and a part of the sequence of evolu- 

tion of Eniisols and lnceptisols into Alfisols and Ultisols (Ciokosz and 

Waltman, 1995). The presence of argillic horizons is thought to indicate 

a significant degree of soil formation and stability of the landscape. An 

aeolian source of clays has been documented (Ciokosz, personal com- 

munication, 2010), and it has been suggested that raindrop impact and 
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freeze-thaw cycles may mobilize clays, but the mechanisms behind clay 

translocation are not well understood (Ciokosz et al., 1996). 

Anthropogenic influences on soil development and clay movement 

cannot be discounted. Pardo et al. (2008) noted changes in clay con- 
tent as well as other parameters after 10 yr of rice cultivation in soils of 

Tanzania. The impact of irrigation on the rate of clay translocation has 

also been noted. Irrigation increased eluviation of surface horizons and 

appeared to alter clay distribution within the profile (Presly et al., 2004; 

Warrington et al., 2007). 

For more than 20 years, the principal author has performed soil test- 

ing in south-eastern Pennsylvania and northern Delaware to determine 

suitability for infiltration of treated wastewater and stormwater. This test- 

ing involves both soil profile examination and permeability testing. Soil 

profile examination in Pennsylvania requires the use of backhoe pits. 
This has allowed examination of thousands of soil profiles in various set- 

tings. In the course of this testing, it has been observed that if there are 

two identical pedons (i.e., same soil series, topography, and landscape 

position) under different land use (tilled field versus forested area), the 

pedon in the agricultural field will have lower permeability, a thicker argil- 

lic horizon with fewer macropores or macropores in-filled with fines, 

and higher clay content. Indeed, conventional wisdom among those 

who have worked in this area for some time is that those soils located 

in an agricultural field will not pass a permeability test, yet those same 

soils in a forested location will pass. This led to the hypothesis that the 
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depth below surface using the optical microscope (Fig. 3a) and the 

ESEM at 30x magnification (Fig. 3b) revealed sand grain surfaces coated 

with fines in the plowed column. The ESEM at 500x magnification (Fig. 

3c) showed that sand grains in the plowed column are heavily coated by 

clays. Silt and clay bridging is also visible in the plowed column. 

The cumulative particle-size distributions for the plowed and unplowed 

columns at a depth of 10 cm (Fig. 4) indicate a higher concentration of finer 

material in the plowed column. Statistical analyses of these distributions 

show that the geometric mean particle diameter of the plowed sample 

was 7.1 pm (for the 2-100 pm fraction) compared to the unplowed column, 

which had a geometric mean diameter of 11.9 pm. The two-sample Stu- 

dent's t test demonstrates that the difference between the two geometric 

means is statistically significant at the cr = 0.05 level. 

Conclusions 
The data show a clear difference between the plowed versus 

unplowed columns. Based on this research, it appears that tillage of agri- 

cultural soils could mobilize clays in the profile, freeing them for easier 

transport. This could cause enrichment of clays in the argillic horizon, 

filling macropores and restricting permeability. This would explain some 

of the anecdotal accounts of thicker and heavier argillic horizons in agri- 

cultural settings in the Piedmont of Pennsylvania and Delaware. This 

conclusion does not take into account the influence of agricultural chem- 

ical application or the potential for compaction by plowing operations. It 

is apparent that anthropogenic influences on soil development are signif- 

icant and worthy of further research. 
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