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Abstract:  
Previously published work by various authors in NC has clearly shown that crop root growth and yields are limited by 
zones of high soil density and related soil mechanical impedance, as determined by cone penetrometer evaluation.  
(Kamprath, et al.1, Cassel, et al.,2 Vepraskas, et al.,3 ,4, 5, and in FL by Kashirad, et al.6)  The importance of 
favorable soil bulk density for functions of soil quality, including soil water and air movement and effective root 
system growth and activity was emphasized in the Soil Quality publication “Soil Compaction: Detection, Prevention 
and Alleviation” (USDA-NRCS, Soil Quality Institute).7 For soils of sand to sandy loam texture they suggested that 
favorable soil bulk density is less than 1.4 to 1.6 gm cm-3.   
 
The prediction of yield response of corn and soybean to deep tillage from numerous NC farm fields was shown to be 
greatly and usefully improved by following a “technical classification system” proposed by Paul Denton, et al.8  They 
concluded that the yield response “was related to texture and thickness of the Ap and E horizons and texture of the 
Bt horizon.  The largest increases occurred on soils with sandy Ap and E horizons over loamy Bt horizons.”   
 
In recent work the first author sampled replicated adjacent areas of several soils, at selected depths, within four farm 
fields in Duplin and Sampson counties of NC.  The sampled areas were chosen according to the soil map of the 
respective fields, and as being representative of soils described in the Soil Survey of that county.  The sampling 
depths were chosen because of direct, observable textural changes and noted impedance changes via hand-
operated penetrometer readings.  Naderman, 2010,9 2011.10    
 
Those studies clearly demonstrated that with depth in the soil profile changes in soil bulk density and mechanical 
impedance, as readily detected by penetrometer, are closely related.   Further, from those soil samples it was shown 
that soil bulk density was very strongly and positively associated with percentage sand content, and also very 
strongly and negatively associated with percentage clay content.  Obviously, much soil textural information is often 
prominently used to separate soil classes by our system of soil classification.  Therefore, much soil textural 
information also is approximately spatially defined by our published soil maps that are based upon the USDA system 
of soil taxonomy.  
 
Shown in this poster are the procedures we used to produce digital maps of recommended tillage depth in two farm 
fields in Johnston County, NC, in the general vicinity of Four Oaks.  The items of equipment used were aTrimble 
mapping grade, hand-held GPS receiver, a soil auger and a commercial grade soil penetrometer.  We had also 
made use of the USDA soil survey maps of the area, and  county aerial photographs.  Attention was given to the soil 
map, aerial photographic tones, local landscape position of the field and the varying landscape positions within the 
field.  Auger borings were made at intervals ranging from 10 to 30 meters, although our sampling interval was 
adjusted somewhat in relation to landscape position, vegetative indicators and photographic tones.  We made 
several such passes across the field, essentially sampling on an approximate grid.   
 
Each sampling site was located with the GPS receiver, and other relevant cultural features of the area were also 
geo-referenced.  After making observtions of soil texture, soil color and approximate penetrometer readings with 
depth in the profile at each chosen sampling location, the tillage depth for that site was recommended and stored 
along with the geo-referenced location.  These tillage recommendations were made by closely applying the concepts 
from the research cited above.  The raw data were then down loaded into Trimble Pathfinder and converted to DXF 
format.  Maps were prepared using  AutoCAD  2004.  From these sample-site data, tillage depth contour lines were 
drawn in shapefile format to facilitate uploading to a wide range of systems.  The mapped boundaries of significantly 
differing depth categories within the fields were estimated by interpolation between observation points.     
 
We conclude that this is a mapping procedure that would allow a practical application of many years of research 
regarding the challenge of compacted “pan” layers in comparatively coarse-textured soils.  If used in conjunction 
with increasingly popular systems of “tractor guidance” or “auto steer,” and also with some needed equipment 
modifications that would allow for on-the-go tillage depth variation, this mapping procedure offers an important 
management tool for increasingly efficient and effective conservation strip tillage. 
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An inexpensive (about $250), commercially available 
penetrometer readily detects hard, high density zones in the 
soil.  When the existing soil moisture at this soil depth is not 
excessively wet or dry (somewhere near field capacity would 
be ideal), the pressure indicated here will likely indicate a 
zone of root restriction.   
 
The pressures are shown on this attractive dial, including 
green, yellow and red ranges marking approximately critical 
values of soil impedance.  This records approximate kg cm-2 

(based on surface area of the cone-shaped tip) for the 
pressure being exerted on the handles.  Depths being tested 
are indicated by 15-cm markings on the penetrometer shaft.   
 
Based on our field experience, we only use the penetrometer 
as a secondary verification of soil properties observed from 
auger borings.  Working in a field setting it is valuable, and 
reassuring, to note the match between sandy, light colored 
soil properties and high impedance readings, in contrast with 
readily noted differences in penetrometer readings in soil 
zones of finer texture or darker colors (having higher organic 
matter, usually due to limited internal drainage).  Note 
however, that we only examine the soil and make tillage depth 
recommendations to the maximum practical depth of strip 
tillage, which is about 20 inches.  In fact, with present 
available equipment most farmers will not exceed a strip 
tillage depth of about 16 inches, or even less.   

Having passed through the zone of hard, high-density soil and 
entered a finer-textured B1 horizon, the dial here indicates a 
much lower reading near the green zone.  At this depth root 
growth will probably not be restricted, and tillage beyond this 
depth would not be recommended.  

During field mapping, along with the geo-locating device, it’s convenient to 
carry a supply of differing colored flags used to temporarily mark sites 
where observations found are of special interest, perhaps of similar or 
contrasting tillage depth recommendations.  Once the mapping is complete, 
and the lines drawn and properly digitally stored, then the  flags are 
recovered from the field.  

The basic tools of the job include 
the soil auger, penetrometer and 
Trimble digital locator device.  It 
is also very helpful to carry a 
supply of marking flags in at least 
two colors.   These are used to 
temporarily mark locations of 
special interest for easy later 
reference, and then are removed 
when the job is completed.  
 
In this case we were mapping 
fields in mid-April, amidst a 
growing wheat crop approaching 
head stage.  It is preferable to do 
this field work between late fall  
and early spring, without lush 
crop growth, and when surface 
soil colors are somewhat visible 
and the soil moisture is neither 
excessively wet nor dry and hard.  

Equipment Needed  

Materials and Methods 
The equipment used for this project is shown in the pictures below and described in the Abstract.  Sites of soil examination were chosen by 
crossing the field in lines to form an approximate grid, with auger borings made at intervals of about 10 to 30 meters.  However, choices of 
sites for evaluation were influenced by the USDA county soil survey maps, and by existing slopes and landscape position. The criteria used in 
suggesting tillage depth closely followed the findings of the research, particularly citation numbers 3, 4, 5 and 10, and as illustrated in the 
photographs of auger borings below.  Each examined site was located with the GPS receiver, as were other useful features like roads, 
streams and field boundaries.  The digital, geo-referenced data were downloaded into Trimble Pathfinder, and contour lines defining areas of 
common tillage depth were drawn in shapefile format to facilitate uploading to a wide range of guidance systems.     

Results and Discussion
Shown below are the digital maps we have completed. These present recommended strip tillage depth throughout two farm field areas.  Also shown 
are copies of the soil maps of these general areas, taken from the USDA NRCS Soil Survey of Johnston County, published in 1994.  These maps are 
for two actual farm fields presently producing crops in the rotation wheat, grain sorghum, wheat and then probably soybean.  The scale of each map 
as originally produced is given beneath it.   

Practical Summary and Conclusions of This Project 
This project has offered us the opportunity to gain valuable experience in these mapping procedures and to present actual maps for review.  To our knowledge this is the first time this has been done in this manner.  We 
express appreciation for the forward-looking interest in these concepts and the cooperation of John M. Langdon and family, and especially of Hunter Langdon, of Johnston County, NC.  They made this project possible. 
 
USDA soil mapping units have been used as a general guide for identifying soils that are likely to justify deeper tillage to loosen dense, root-restrictive soil layers (formed mainly in E horizons).  However, our detailed 
investigation of cultivated fields revealed underlying soil depth patterns of A + E horizons that are more complex than perceived from normal interpretations of soil mapping units and from ordinary surface observations. 
Some of this variability is due to the natural range allowed within the soil series concept, but also significant variability is due to inclusions of soils within map units that have contrasting implications for deep tillage 
recommendations as we describe them here.   
 
Dense, root-restrictive layers form in soil zones of relatively coarse textures, with little content of soil organic matter, and because of the effects of mechanical compaction and other natural processes.  In such soils tillage 
methods and depths need to be tailored so that they do not significantly disturb the structure of underlying subsoil materials, often of clayey textures.  Where these “tillage pan” layers are present, soil loosening needs to 
be deep enough to effectively break up the dense zone, without extending into heavier-textured soil layers below, where it is likely to leave unfavorable soil cavities and to promote uplift and mixing of the clayey, acidic 
soil material into the surface rooting zone.  Properly done, deep strip tillage promotes more normal root proliferation into deeper soil layers, which can provide additional critical moisture especially during periods of 
seasonal drought.   In some cases this also allows crops to achieve more efficient uptake of soluble plant nutrients, especially nitrogen.    
 
These studies revealed a need for more detailed soil investigation than is currently being conducted for agronomic operations in order to maximize yield potentials. This project also showed  a real need for variable depth 
tillage on certain mapped soil types to ensure that the effects of subsurface tillage are maximized, and that the disturbance of underlying clayey layers be avoided. It also demonstrates a practical means of facilitating the 
application of the findings of much excellent research of past decades, doing so by taking advantage of recently developed and increasingly popular uses of GPS technology in modern farming operations. 
 
The detailed soils maps prepared from investigations such as this can be reproduced in geo-referenced digital formats, which can also be incorporated into GPS technology that is currently being used on most large and 
some smaller farming operations.  Detailed soil evaluations of this kind, and the digital maps that are produced, offer a significantly higher level of soil management and productivity information that is of value to farm 
operators and others who may wish to acquire this service.  
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The soil auger, research-backed knowledge and experienced hands of the 
soil scientist  are the principal requirements in mapping for recommended  
depth of strip tillage in coarse-textured, pan-layer prone soils. 

The presence of finer-texture at the top of the B1 or B horizon will 
predictably be associated with a lower density, low resistance, non-
restrictive soil layer for root development.  This is the maximum depth of 
recommended tillage.  
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