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Abstract: Soil compaction management in the southeastern Coastal Plain soils relies heavily on the use of
costly annual deep tillage operations. Variable-depth or site-specific tillage which modifies the physical
properties of soil only where the tillage is needed for crop growth, has potential to reduce costs, labor, fuel and
energy requirements. Although technology for site-specific tillage is available, there is very limited information
on the fuel and energy requirements of site-specific tillage in southeastern coastal plain soils. Tests were carried
out on three different coastal plain soils to compare energy requirement of site-specific tillage with uniform-
depth tillage operations. Also, the effects of tractor speed, soil texture, moisture contents and electrical
conductivity on energy requirement and fuel consumption were determined. The energy saving of 50% and fuel
saving of 30% were achieved by site-specific tillage as compared to uniform-depth tillage in a loamy sand soil
type. Although draft force increased with an increase in travel speed in all soil types but the tillage depth had
bigger effect on the draft and drawbar power than the tractor speed. The effect of soil moisture content on draft
force and fuel consumption was not significant in loamy sand and sandy loam soil types. Soil EC was highly
correlated to soil texture (R =0.916) and draft force across the field. 2
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INTRODUCTION and in some cases it may be detrimental to till into the

Soil Compaction is an important problem in the the entire field may be either too shallow or too deep and
Coastal Plain region. It restricts the root growth into can be costly. 
deeper soil layers that are rich in terms of soil moisture A high-energy input is required to disrupt hardpan
and nutrients. Most soils of the southeastern Coastal layer to promote improved root development and
Plain have a compacted zone or hardpan about 6 to 14 in increased drought tolerance. Significant savings in tillage
deep and 2 to 6 in thick. Farmers in this region rely heavily energy could be achieved by site-specific management of
on the use of annual uniform-depth deep tillage to manage soil compaction. Site-specific variable-depth tillage
soil compaction which improves yields [1, 2]. However, system can be defined as any tillage system which
farmers usually do not know if annual subsoiling is modifies the physical properties of soil only where the
required, where it is required in a field, nor the required tillage is needed for crop growth objectives. Raper [7]
depth of subsoiling. In addition, there is a great amount of estimated that the energy cost of subsoiling can be
variability in depth and thickness of hardpan layers from decreased by as much as 34% with site-specific tillage as
field to field and also within the field [3-6]. There is very compared to the uniform-depth tillage technique currently
little to gain from tilling deeper than the compacted layer employed  by  farmers.  Also,  Fulton  et  al.   [8]  reported

deep clay layer [1]. Applying uniform-depth tillage over
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a 50% reduction in fuel consumption by site-specific or A DGPS-based penetrometer system mounted on a
precision deep tillage. John Deere Gator was used to quantify geo-referenced

Tillage implement energy is directly related to soil resistance to penetration [13]. The driver of the Gator
working depth, tool geometry, travel speed, width of the could operate the penetrometer (Fig. 1). Soil cone index
implement and soil properties [9, 10]. Soil properties that values  were  calculated  from  the  measured force
contribute to tillage energy are moisture content, bulk required pushing a 130-mm  base area, 30-degree cone
density, cone index and soil texture [11]. It has been into the soil [15].
reported that draft on tillage tools increases significantly A front-wheel-assist, 78.3 kW (105 HP) instrumented
with speed and the relationship varies from linear to tractor (John Deere 4050) was used to collect the energy
quadratic. Similarly, effect of depth on draft, also varies consumption data during the tillage operations. The
linearly [12]. instrumentation system consisted of a three-point-hitch

The technology for site-specific tillage (variable dynamometer, a fuel flow meter, engine speed (RPM)
depth tillage) is available [13] and the concept of site- sensor, several ground speed sensors (fifth wheel, radar
specific  tillage  has  been  studied  by some researchers and ultrasonic), Differential Geographical Positioning
[6, 7]. However, this is an emerging technology and System  (DGPS)  unit, a  data  logger  and  an optical
therefore minimal information is available on draft and sensor  determining  the  start  and  end of each plot [6].
energy requirements of variable-depth tillage, an DGPS-based equipment for controlling the tillage
important consideration in selecting tillage systems. depth to match soil physical parameters was used in this
Furthermore, there is a need to determine the effects of experiment (Fig. 2). This equipment can control the tillage
tractor speed and soil parameters such as texture, depth "on-the go" using either a soil compaction map,
moisture and electrical conductivity on energy inputs from an instrumented shank, or entering the tillage
requirements  of  site-specific and conventional uniform- depth data manually in the computer [13]. The two out-
depth tillage operations in coastal plain soils. The side shanks of a 4-row subsoiler were removed for the
development of this information is the prime concern for tillage energy requirement study. 
an economical management of soil compaction and
adoption of this technology by southeastern farmers. Field test: Field experiments were carried out, on coastal

The objectives of this study were: Education Center of Clemson University near Blackville,

To compare the energy requirement and fuel The 6-acre test field had three different soil types:
consumption between site-specific tillage and Faceville  loamy  sand,  Fuquay  sandy  loam  and
uniform-depth tillage on three different coastal plain Lakeland sand. 
soils. Prior to initiation of tests, EC measurements were
To determine the effects of tractor speed and soil obtained with the Veris unit to determine variations in soil
parameters such as texture, moisture and electrical texture and soil physical properties across the field. A
conductivity on tillage energy requirements and geo-referenced EC map was developed using SSToolbox
tractor fuel consumption. GIS software. The results showed a great amount of

variability in soil EC and the field was found to be an ideal
MATERIALS AND METHODS site for variable-depth tillage study. The test field was

Equipment: A commercially available soil electrical samples  were  collected  from  each  plot  and  analyzed
conductivity meter, Veris Technologies 3100, was used to for  soil  texture. Figure 3 shows soil electrical
map  the Electrical  Conductivity  (EC) of the test field conductivity  map,  soil  types  and  plot  arrangements
[14]. The system is equipped with six coulter-electrodes. over the entire field.
One pair of electrodes applies a current into the soil, while A complete set of cone penetrometer measurements
others measure the voltage drop between the coulters. were obtained with the DGPS-based penetrometer system
The  system  can  measure  the EC in either the top 30 or across the entire field. Nine geo-referenced penetrometer
90 cm of soil. measurements, 5 ft apart, were taken from each plot. The

2

plain soils, in the fall of 2004 at the Edisto Research and

South Carolina (Latitude 33°21"N, Longitude 81°18"W).

then divided into 12.5×50 ft rectangular plots and soil
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Fig. 1: Hydraulically operated penetrometer system with DGPS unit

Fig. 2: The control system for variable-depth tillage operations

Faceville

FuquayFuquay

LakelandLakeland

Fig. 3: Aerial photograph and soil electrical conductivity map of the experimental field
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depth  and  thickness of the hardpan were determined and consequently increase in drawbar power. However,
from the collected data using the criteria defined by the tillage depth had bigger effect on the draft and
Taylor and Gardener [16]. Within each plot, it was decided drawbar power than the tractor speed. 
to set the tillage depth that would rupture compacted The effect of moisture content on draft force and fuel
layers of the soil with cone index values above 300 psi. consumption was not significant at loamy sand (Faceville)

Tillage experiments consisted of twelve treatments and sandy loam (Fuquay) soil types. However, an
arranged in randomized complete blocks with three increase in soil moisture content resulted in a decrease in
replications in each soil type. The treatments included two draft forces and fuel consumptions. In sandy soil type
tillage systems (site-specific and uniform-depth), three (Lakeland), draft forces and fuel consumptions decreased
levels of tractor speed (4, 5 and 6 mile/h) and two levels of significantly when soil moisture content increased. This
soil moisture contents. could  be  due  to  significant changes in cone index

RESULTS AND DISCUSSION significantly affected by soil moisture contents compared

The penetrometer  data in each location was Results showed that use of soil electrical
analyzed  using  an  algorithm  written  in QBASIC conductivity (soil EC) to predict soil texture and tillage
program [6] for determining the tillage depth. A single draft requirement was very successful. There was strong
depth-value was assigned to each plot by averaging the linear correlation between soil EC and both soil texture
nine predicted-tillage-depth values within that particular and tillage draft requirement at a given depth and speed.
plot. Using these data three tillage zones were identified This indicates that draft requirement strongly vary with
in each soil type. In each zone, the two tillage treatments soil texture and depends on clay and sand content of soil.
(uniform-depth and site-specific) were replicated 3 times. Also for practical applications, EC data can be used to

The uniform-depth tillage was performed 18 in deep predict areas of the field with high or low tillage draft
to  completely  disrupt  the  root-impeding  layer.  The requirements. The Veris system provided reading from 0.1
site-specific tillage was applied according to the to 7.0 mS m , predicting percentage of clay across the
application maps generated from soil compaction data. field with a linear correlation coefficient of 0.912 and
The predicted tillage depth in Faceville soil type ranged percentage  of  sand  with a correlation coefficient of
from 8 to 14 in. In both Fuquay and Lakeland soil types, 0.916. Figure 5 shows the effects of soil texture (%clay) on
the tillage depth varied from 11 in to 18 in soil electrical conductivity. A portion of the draft-

Statistical analysis of energy requirement by using requirement data with the same tillage depth (18 in) was
Proc ANOVA in SAS software [17] clearly showed selected to investigate the correlation between draft and
significant  difference  between  tillage  treatments in soil EC. There was a very strong correlation between EC
every soil types (p<0.01). Also fuel consumption was data and tillage draft force at a given speed. Figure 6
significantly  different in Faceville soil (p<0.01) and also shows the effects of EC data on draft force at three
in the other two soil types (p<0.05) between site-specific different speeds that have been obtained within three
and uniform-depth tillage. different soil types.

Comparison of tillage energy and fuel consumption
for both tillage systems in Faceville soil type showed that CONCLUSIONS
energy saving of 50% and fuel saving of 30% could be
achieved by using site-specific tillage system. Also  The site-specific tillage resulted in a considerable
energy and fuel savings were 21 and 8% for Fuquay and energy saving of 50% and fuel saving of 30% in loamy
26.1 and 8.5% Lakeland soil type respectively. Figure 4 sand soil type compared to conventional uniform-depth
shows the energy requirements and fuel consumption for tillage. Also, energy and fuel savings were 21 and 8% for
both tillage systems in each soil type. sandy loam and 26.1 and 8.5% for sandy soil type

Although not statistically different, the draft force respectively.
increased with an increase in tractor speed in all soil The draft force increased as the travel speed
types. Also the results showed a strong correlation increased in all soil types. However, the tillage depth had
between the tractor speed and fuel consumption (gal/acre) bigger effect on the draft and drawbar power than the
in each soil types. This is due to increase in draft force tractor speed.

values, since only in this soil type cone index values were

to other soil types. 

1
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Fig. 4: Energy requirements and fuel consumption for site-specific and uniform-depth tillage
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Fig. 6: Effect of soil electrical conductivity on draft force



Am-Euras. J. Agric. & Environ. Sci., 2 (4): 442-447, 2007

447

The effect of soil moisture content on draft force and 7. Raper, R.L., 1999. Site-specific tillage for site-specific
fuel consumption was not significant in loamy sand and compaction: Is there a need? In the Proceedings of
sandy loam soil types. However, draft force and fuel the 1999 International Conference of Dryland
consumption had a negative correlation with the soil Conservation/Zone Tillage, Beijing, China.
moisture contents. 8. Fulton, J.P., L.G. Wells, S.A. Shearer and R.I.

Soil  EC  data  were  highly  correlated   to   soil Barnhisel, 1996. Spatial variation of soil physical
texture  (%clay  content)  with  a  correlation  coefficient properties: A precursor to precision tillage. Presented
of 0.916. at the 1996 ASAE Annual International Meeting,

There  was  a  strong  linear   correlation   between Paper No.96-1012, ASAE. 2950 Niles Road, St.
soil   electrical   conductivity   and   draft   force  across Joseph, MI, USA.
the field. 9. Gill, W.R.  and  G.E.  Vanden  Berg,  1968.  Soil

dynamics in tillage and traction. Agricultural
REFERENCES handbook. Washington   DC:   USDA-Agric.   Res.

1. Garner, T.H., A. Khalilian and M.J. Sullivan, 1989. 10. Palmer, A.L. and I.R. kruger, 1982. Comparative drafts
Deep tillage for cotton in Coastal Plain soils of six tillage implements. In the Proceeding of the
costs/returns. In  the  Proceedings of 1989 Beltwide 1982 Conference on Agricultural Engineering,,
Cotton Production Research Conferences,  Nashville, Armidale, NSW  Australia,  22-24  August.  Barton,
TN, pp: 168-171. Australia, pp: 163-167.

2. Khalilian, A., Michael Jones, Mike Sullivan and 11. Upadhyaya, S.K., T.H. Williams, L.J. Kemble and N.E.
James Frederick, 2004. Comparison of strip tillage Collins, 1984. Energy requirement for chiseling in
system  in coastal plain soils for cotton production. coastal   plain   soils.  Transactions  of  the  ASAE,
In the Proceedings of the 2004 Beltwide Cotton 36: 1267-1270.
Conferences, National Cotton Council of America, 12. Al-Janobi, A.A. and S.A. Al-Suhaibani, 1998. Draft of
Memphis, TN. primary tillage implements in sandy loam soil.

3. Raper, R.L., E.B. Schwab and S.M. Dabney, 2000a. Applied Eng. Agric., 14: 343-348.
Spatial variation of the depth of root restricting layers 13. Khalilian, A., Y.J. Han, R.B. Dodd, Mike J.  Sullivan,
in Northern Mississippi soils. In: Proceeding of the S. Gorucu and M. Keskin, 2002. A control system for
2000 2nd Intl. Conf. Geospatial Information in variable depth tillage. ASAE Paper No. 021209. St.
Agriculture  and  Forestry,  Lake Buena   Vista,  FL, Joseph, MI, USA.
1: 249-256. 14. Lund, E.D., C.D. Christy and P.E. Drummond, 1999.

4. Raper,  R.L.,  E.B.  Schwab  and  S.M.  Dabney, 2000b. Practical applications of soil electrical conductivity
Site-specific measurement of site-specific compaction mapping. In the Proceeding of the 1999 J.V. Stafford
in the Southeastern United States. In the Proceedings (Ed.) Precision Agriculture of the 2nd Eur. Conf. on
of the 2000, 15th ISTRO Conference, Ft. Worth, TX. Precision Agriculture. Denmark, 11-15 July 1999. SCI,
July 3-7. Sheffield, UK, pp: 771-779.

5. Clark, R.L., 1999. Evaluation of the potential to 15. ASAE Standards, 2004. ASAE S313.3 FEB04: Soil
develop soil strength maps using a cone cone penetrometer. In: Hahn, R.H., M.A. Purschwitz
penetrometer. Presented at the 1999 ASAE Annual and E.E. Rosentreter (Eds.). ASAE Standards 2004.
International Meeting, Paper No.99-3109, ASAE. 2950 ASAE, St. Joseph, MI.
Niles Road, St. Joseph, MI., USA. 16. Taylor, H.M and H.R. Gardner, 1963. Penetration of

6. Gorucu, S., A. Khalilian, Y.J. Han, R.B. Dodd, F.J. cotton seedlings taproots as influenced by bulk
Wolak and M. Keskin, 2001. Variable depth tillage density, moisture content and strength of soil. Soil
based on geo-referenced  soil  compaction  data in Sci., 96: 153-156.
Coastal Plain region of South Carolina. ASAE Paper 17. SAS Institute Inc., 1999. SAS/STAT® User's Guide,
No. 011016. St. Joseph, MI., USA. Version 8, Cary, NC: SAS Institute Inc.

Service,   pp: 316.


