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ENGINEERING

Using In-Row Subsoiling to Mini mize Soil Compaction Causa by Traffic

R.L. Raperr D.W. Reevesard E.C. Burt

INTER PRETIV E SUMMARY

At the conclwsion of a 5-yea long study with
the USDA-ARS Wide-Frame Tractive Vehicle, the
resultirg soil condition was investgated with
extensve penetronete sanples The penetraneter
was usel to asses recanpactin of subsadi slots
causd by traffic. Fou tillage treatnents were
evaluded Thes included a consevation tillage
practie tha includad in-row subsoilirg, a
conventiona surfae tillage systam with no deep
subsoilirg, a corventiona surfae tillage system
tha wasinitially completely subsoiledand afourth
tillage practiethat included both in-row subsoiling
ard a conventiond surfae tillage systam.
Comparisors were alo made betwea plots
receving traffic and those on which all traffic was
eliminated. The beneficid effects of the
consevation tillage practie are espedcly
notewortly. Besidesthe environmentd benefis of
maintaining surface residue this treatment
decreasdthedegreeof soil compacticnbenedbthe
row. Traffictendeltoreducetheavailablegrowing
zone for plants but did not greatly restrid the
rooting deph immediatey beneah the row when
the in-row subsoilirg treament were used If in-
row subsoilirg is usal in a consevation tillage
systamin coasthplainssoils traffic besicetherow
does not appea to be detrimenil to the soil
condition benedh the row.

ABSTRACT

Sol compaction due to traffic and natural
reconsolidation limits the ability of crop roots to
expand into degp zones of moistureavailability. This
study was conducted to determine whether the total
absene of traffic substantially improved the
resulting soi condition. Extensive cone index

USDA-ARS, Nationd Soi Dynamics Lab, P.O. Box 3439,
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measuremenswereuseal to evaluatethesol strength
resulting from 5 years of a cotton (Gossypim
hirsutum L.)-wheat (Triticum aestivun L.) double
cropping experiment. Four cotton tillage systems,
including a consewation tillage practice of in-row
subsoiling and planting into whea residue stubble,
and two traffi ¢ systens were analyzed The USDA-
ARS Wide-Frame Tractive Vehicle was useal to
control traffic in the experimentd plots. Contour
graphs of cone index were usel to determine
differencesin tillage and traffic systems Traffic was
found to reconsolidae soil that was initially

completely disrupted to a 0.51 m depth into a soll
condition similar to one that had never received a
subsoiling treatment. Traffic was also found to
decrea® the total soil volume estimated for root
growth using a2 MPa limitin g coneindex value, but
not the maximum rooting depth beneah the row,

when an annual in-row subsoiling practice was used.

il compactian plagues mary part of the world

nd affecs mary different crops In the
southeaster part of the United States cotton has
been found to be particularlyy susceptile to soll
compactiin (Coope et al, 1969) Wher soil
compactimnisaproblem, subsoilirg hasbeenfound
to help alleviate it (Campbel et al., 1974).
Subsoiling severely compactel soi provides
increasd rooting dept tha helps the plants
withstard shortterm drough conditiors prevalent
during the growing seasa in the southeastern
United States Soils in this region are subsoilel to
a deph of betwea 0.3 and 0.5 m on an annual
basisThisisnecessarbeause of whed trafficand
natura forces tha cau® this soi to reconsolidate.
Identifying the major cau® of soil compactian is
difficult becaus of the interaction of whed traffic
and naturd forces.

The use of the Wide Frame Tractive Vehicle
(Fig. 1) (Monroe ard Burt, 1989 at the National
Soi Dynamics Laboratoy allows experiment to
be conducte to detemine the amourt of soil
compactin cause by whed traffic versis the
amourt of soil compaction cause by naturaforces.
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cultivated) and annual in-row subsoilingto a 0.4 m
depth and planting (disk, field cultivate, in-row
subsoil and plant); (i) initial complete disruption of
hardpan in 1987 (but with no annual subsoiling
thereafter), complete surface tillage, and planting
(complete disruption in 1987, disk, field cultivate,
and plant); (iii) complete surface tillage, and
planting (disk, field cultivate, and plant); and (iv)
in-row subsoiling to a 0.4 m depth (strip-tillage)
with no surface tillage (in-row subsoil and plant).
The initial complete disruption treatment (complete
disruption in 1987, disk, field cultivate, and plant)

_ o RSN o o RO D AR o was accomplished by using a V-frame subsoiler on
Figure 1. Wide-Frame Tractive Vehicle used at the USDA-  0.25mcenters operatingtoa0.51 mdepth. AKMC

ARS National Soil Dynamics Laboratory to study the ~ in-row subsoiler planter was used to plant cotton

effects of traffic-free zones on soil compaction. into the wheat stubble/residue in the strip-tillage

treatment (in-row subsoil and plant) and to plant the

This machine spans a 6-m growing zone that canannual subsoiling treatment. The same planter with
then be kept completely free of wheel traffic unless the subsoilers removed was used to plant the
a traffic treatment is specified. This vehicle remaining tillage systems.
operates on raised traffic paths and facilitates = The Wide Frame Tractive Vehicle was used for
research to determine the effects of traffic and all tillage treatments, even in plots that received
tilage on soil condition without confounding traffic. All traffic treatments were applied with a

effects from nearby traffic. John Deere 4440 or a high clearance sprayer. These
machines would have been used had the Wide
MATERIALS AND METHODS Frame Tractive Vehicle not been available. All

plots were eight rows in width and four-row

An experiment was conducted between 1987 equipment was assumed to apply the correct traffic
and 1991 on coastal plains soils at the Alabamatreatments. Recommended weed and insect control
Agricultural Experiment Station, Auburn practices were used throughout the growing season
University, Agricultural Engineering Research for all plots. Cotton (McNair 220) was planted in
Farm at Shorter, AL. The soil used was a Cahaba-0.76 m rows at 220 000 seeds/ha.
Wickham-Bassfield sandy loam complex (Typic At the end of the b5-year experiment,
Hapludults) that contained a well-developed 0.08 topenetrometer readings were taken with an automatic
0.15 m thick hardpan at a 0.2 to 0.3 m depth. Therecording penetrometer to determine changes in soil
Cahaba soil is a fine-loamy, siliceous, thermic condition during this time. The penetrometer with
Typic Hapludult. The Wickham soil is a fine- base area of 130 nffASAE, 1991), and mounted
loamy, mixed, thermic Typic Hapludult. The on the Wide Frame Tractive Vehicle was used to
Bassfield soil is a coarse-loamy, siliceous, thermic sample each subplot at five different locations. At
Typic Hapludult. Prior to starting the experiment, each location, five penetrations were made, starting
wheel traffic was run in a moldboard plow furrow from the row middle on the untrafficked side of the
incrementally across the field at a 0.2 m depth to row, and moving in 0.19 m increments across the
reduce the natural variation in the depth androw into the trafficked row middle (corresponds to
thickness of the hardpan. traffic middle in treatments that received traffic).

A split-plot experiment using cotton and wheat This sampling procedure allowed both tillage and
as a double crop was designed with four traffic treatments to be analyzed. Four replications
replications. The main plots were (i) conventional
traffic and (ii) no traffic. The subplots contained
various common cotton tillage systems including: *Use of a company name does not imply USDA approval or

(i) complete surface tillage (disked and field recommendation of the product or company to the exclusion
of others which may be suitable.
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x two traffic main-plot treatments x four tillage
subpld treatments x five locatiors within the
subplos x five positiors across ead location were
sampled to give atotd of 800 penetranete set of
force-distane data Core index data were taken at
every 0.0 m deph down to an approxmate
maximum dept of 0.7 m.

The core index data were averaged in depth
incremens of 0.06 m for all replicatiors and
locatiorsusing SASsoftware (SASInstitute 1990).
Contour graphs extending from the untraffi cked
row middle acros the row to the trafficked row
middle were then createl from this dat usng
SURFER contourirg softwae (Golden Software,
1989) Thes contou grapts show the potential

rootimpeding layersof compactianthat are present

in the soil profile.

Soil moisture and bulk densiy samples were
also taken from beneah the row at a shall ow depth
of 7.6 cm (Rape et al., 1994) The degh to the
hardpa was also measurd and soil moisture and
bulk densiy samples obtainel at this depth Three
locatiors within ead subpld were sampled.

RESULTSAND DISCUSSION

Comparisa of contou graprs from the no-
traffic plots (Fig. 2, 3, 4, and 5) illustrate the
beneficid effects of subsoilirg. Only the no-traffic
plot shown in Fig. 4 has had no subsoilirg. The
shdlownes of the 1 MPa profile differs
substantialf from the othe figures Figures 2 and
5 also shaw the presene of the annua in-row
subsoile channel.

NO TRAFFIC
D,FC,SS+P

o
w

DEPTH, m

UNTRAFFICKED
MIDDLE

UNTRAFFICKED
MIDDLE

ROW

Figure 2. Cone Index Profiles (MPa) acrosstherow for
thedisk, field cultivate, in-row subsol and plant
tillag e treatment with no traffic.
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Figure 3. Cone Index Profiles (MPa) acrosstherow for
theinitial complete disruption, disk, field cultivate
and plant tillag e treatment with no traffic.
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Figure 4. Cone Index Profiles (M Pa) acrosstherow for the
disk, field cultivat e, and plant tillag e treatment with no
traffic.
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Figure 5. ConeInd ex Profiles (MPa) acrosstherow for the
in-row subsol and plant tillag e systam with no traffic.
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Figure 6. Cone Index Profiles (MPa) across the row for the
disk, field cultivate, in-row subsoil and plant tillage
system with traffic.
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Figure 8. Cone Index Profiles (MPa) across the row for the
disk, field cultivate and plant tillage system with
traffic.
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Figure 7. Cone Index Profiles (MPa) across the row for the
initial complete disruption, disk, field cultivate and
plant tillage system with traffic.
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Figure 9. Cone Index Profiles (MPa) across the row for
the in-row subsoil and plant tillage system with
traffic.

An interesting comparison can be made

The contour graphs from the traffic plots (Fig. between Fig. 3 and 7 which illustrates the effect of
6, 7, 8, and 9) differ greatly from the contour graphs traffic on plots that were initially completely
from no-traffic plots. In each graph, higher disrupted. A drastic change has occurred in these
magnitude cone index profiles are much closer toplots due only to the effect of traffic. The 1 MPa
the soil surface. An area of high soil compaction is profile moved 0.2 m closer to the soil surface. The
noted beneath the surface in the trafficked row soil volume above this 1 MPa profile is near zero.
middle. Also, the in-row subsoiler slot is much Comparison of Fig. 7 and 8 shows that the effect of
easier to detect because of the soil recompactiorthe initial disruptionin 1987 has almost disappeared

near the slot.

and the soil condition is similar to that tillage
system that received no subsoiling treatment.
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Table 1. Soil measurements in the row and cotton yield

Treatments Surface t Surface T Depth to Hardpan bulk Hardpan 1991 t
bulk density moisture content hardpan density moisture content  Cotton yield
Mg/m? % m Mg/m?3 % kg/ha
No traffic
D,FC,SS + Pt 1.36 15.8 0.37 1.63 16.8 977
CD,D,FC,P 1.42 16.6 0.28 1.62 17.3 1022
D,FC,P 1.42 15.9 0.23 1.67 16.3 1070
SS+P 1.28 19.9 0.42 1.56 20.0 1072
Traffic
D,FC,SS+P 1.48 14.3 0.37 1.63 15.7 890
CD,D,FC,P 1.51 16.8 0.18 1.58 16.5 881
D,FC,P 1.57 15.1 0.18 1.69 14.6 913
SS+P 1.41 17.8 0.41 1.55 20.0 1096
LSD, .tillage) 0.08 2.7 0.05 0.08 2.8 93.4

T From Raper et al. (1994).

fTillage treatment key:
D,FC,SS + P = disk, field cultivate, in-row subsoil and plant.
CD,D,FC,P =complete disruption, disk, field cultivate, and plant.
D,FC,P=disk, field cultivate, and plant.
SS + P=in-row subsoil and plant.

The effect of traffic on subsoiling in a

conventional farming system can also be 100
investigated by comparing Fig. 2 and 6. The one |,

- [ ] NO-TRAFFIC

major difference in these two figures is that the %

subsoil slot is much narrower in trafficked plots. o 80 - B TRarFiC
The total volume of soil that is in a zone of minimal i -

cone index is much greater in Fig. 2, but the overall 7 60 L

depth of the subsoil slot is almost the same. This ¥/
resultis also echoed by contrasting Fig. 5 and 9, theD

WITH CONE INDEX = 2 MPa, %

conservationtillage systemwithout and with traffic, % 40 +
respectively. The depth of the subsaoil slot is greaterEn:E |
in these latter two figures, but the trend is similar. &
These contour graphs can also be used toss £ 20 ¢
estimate the soil volume available for proper root & i
growth. According to Taylor and Gardner (1963), a 0
cone index of >2 MPa can negatively affect crop Q Q
yields. Figures 2 through 9 were each analyzed to %?3“ & Q? N
determine the total soil volume that had a cone = QQ‘ Q<f &
index >2 MPa, which is indicated in these figures o ©
by the color red. The results are given in Fig. 10. TILLAGE TREATMENTS
With the exception of the initial complete Figure 10. Effect of tillage and traffic treatments on the
disruption system (complete disruption in 1987, proportion of soil volume beneath row and wheeltracks

disk, field cultivate, and plant), traffic decreasedthe ~ Wwith cone index greater than 2MPa

soil volume for root growth in each system. In the MPain the untrafficked plots. However, the amount
initial complete disruption tillage system, traffic of soil volume available to plant roots may not be as
negatively affected the soil volume between 1 andimportant as the overall soil depth available for
2 MPa, but not above this limit. A significant rooting. Results reported by Raper et al. (1994)
difference is attributed to traffic in the in-row showed that the conservation tillage practice of in-
subsoil and plant and plant tillage treatment. In this row subsoiling and planting (in-row subsoil and
conservation tillage treatment, only a very small plant) had superior cotton yields in plots that
portion of the total soil volume had a cone index >2
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received traffic as opposed to plots that received noand planting. This practice produced the lowest

traffic (Table 1). cone index, the deepest hardpan depth, and the
Analyzing the depth to the hardpan lowestsurface and hardpan bulk densities of any of

measurements showed statistically significantthe practices studied, even in trafficked plots.

results for both tillagel < 0.0001) and trafficP <

0.0244). Thetillage treatments that incorporated in- REFERENCES

row subsoiling showed hardpan depths much deeper

than those that did not have in-row subsoiling ASAE Standards. 1991. ASAB$3.1: Soil cone penetrometer.

treatments (Table 1). Traffic did not negatively ASAE, St. Joseph, M.

affect the depth to the hardpan in those plots with campbell, R.B., D.C. Reicosky, and C.W. Doty. 1974. Physical
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Surface bulk density measurements showed  7th Int. Congress of CIGR, Baden-Baden, W. Germany,
statistically significant effects of tillageP( < Section Ill, Theme 1.

0.0058) and traffic® < 0.0154). Reduced values of

bulk density were found in those plots with in-row

subsoiling treatments, especially when traffic was Monroe, G.E., and E.C. Burt. 1989. Wide frame tractive vehicle

eliminated (Table 1), Traffic beside the row during for controlled-traffic research. Appl. Eng. Agric. 5:40-43.

the growing season did not completely recompact , o ,

soil underneath the row that was loosened byin-rOWSAS Institute. 1990. SAS/STAT user’s guide. Version 6. 4th
. . . ed. SAS Inst., Cary, NC.

subsoiling. This is especially true when the

conservation tillage practice of in-row subsoiling Raper, R.L., D.W. Reeves, E.C. Burt, and H.A. Torbert. 1994.

and planting (in-row subsoil and plant) was Conservation tillage and traffic effects on soil condition.
Trans. ASAE 37(3):763-768.

Golden Software, Inc. 1989. SURFER, Version 4. Golden, CO.

practiced.

The effect _ of traffic on bulk _ o_IenS|ty Taylor, H.M., and H.R. Gardner. 1963. Penetration of cotton
measurements in the hardpan is negligitfe < seedling taproots as influenced by bulk density, moisture
0.5925), but the effect of tillage is significar® & content, and strength of soil. Soil Sci. 96(3):153-156.

0.0237). All values are quite similar except for the
conservation tillage practice of in-row subsoiling
and planting (in-row subsoil and plant) (Table 1).
The bulk density measurements obtained in these
plots show decreased values of bulk density below
those of all other tillage plots.

CONCLUSIONS

1. Traffic caused soil in plots initially completely
disrupted with a V-frame subsoiler in 1987 to
reconsolidate into a state similar to soil in plots that
had never been subsoiled.

2. Traffic alongside the row did not significantly
change depth to the hardpan or hardpan bulk
density beneath the row in plots that received
subsoiling treatments.

3. The best soil condition resulted from the
conservation tillage practice of in-row subsoiling



