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ABSTRACT

Dryland winter wheat (Triticum aestivum L.) and grain sorghum [Sorghum bicolor (L.) Moench]
are grown on the semiarid North American Great Plains using the wheat-sorghum-fallow (WSF)
cropping sequence. When used with WSF, no-tillage (NT) or stubble mulch tillage (SM)
management reduces evaporation and increases yields. However, soil consolidation with NT,
increases runoff compared to SM. Our objectives were to characterize the effects of paratill (PT)
on rain infiltration into a Pullman clay loam soil (fine, mixed, superactive, thermic Torrertic
Paleustoll) with either NT or SM management. Six contour-farmed level-terraced watersheds
were dryland cropped using a WSF rotation with NT or SM management and divided into
subplots (four replications) that were paratilled to a 0.35-m depth at 0.75-m intervals following
sorghum harvest. Approximately 8 months later (before planting wheat), steady infiltration of
rainwater was determined for each tillage combination using a rotating disk rainfall simulator
with a 48 mm h™' intensity. Cumulative infiltration was 32.4 + 3.9 mm for SM compared with
21.9 £ 2.5 mm for NT, but PT caused no significant increase in infiltration, i.e., infiltration with
PT was 26.7 = 5.7 compared to 27.5 = 7.4 mm without PT. Measured cone penetrometer
resistance and bulk density decreased with PT to treatment depth with NT management;
however, the SM sweep operations may have consolidated PT soil. We conclude that because
rain infiltration was rapidly regulated by the formation of a soil surface crust, PT will not
increase infiltration into clay loam soils managed with SM or NT residue systems.
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and resulted in no significant differences in
infiltration rates for PT compared to NO-PT.
While the use of profile loosening tillage,
PT, resulted in significantly lower bulk
density, the expected large differences in the
initiation of runoff from the plots or
infiltration rate were not observed. The
corresponding measured cumulative
infiltration after applying 48 mm rain with
PT was 26.7 + 5.7 compared to 27.5 + 74
mm without PT. The resulting non-
significant difference between PT treatments
suggest that rain infiltration was not
governed by the soil profile characteristics,
unlike that reported for ponded infiltration
(Mukhtar et al., 1985; Clark et al., 1988).
During infiltration measurements into chisel
tilled soil, Baumhardt et al. (1993) reported
reduced infiltration due to rapid formation of
surface crusts and  soil  profile
reconsolidation.

Infiltration rate declined more rapidly
with NT than with SM tillage, resulting in
runoff with NT after application of about 3
mm of rain compared to about 15 mm of
rain with SM. The delay in runoff for the
SM tillage plots may have been due to the
increased porosity of the less dense surface.
Once rmunoff began, however, the mean
infiltration rate in both SM and NT plots
declined to quasi steady final infiltration
rates of 8 mm h™' for NT compared to 5 mm
h'! for SM plots.. The significant difference
in cumulative infiltration of 32.4 + 3.9 mm
for SM compared to 21.9 + 2.5 mm for NT
was measured after the application of about
60 mm rain. We attributed this difference,
primarily, to the infiltration before runoff
began. Because of the similar final
infiltration rates, we conclude that
infiltration was regulated at the soil surface
by the presence of or the rapid formation of
a soil crust.

SUMMARY AND CONCLUSIONS

The effect of PT in NT or SM residue
management systems was to reduce soil
density and  penetration  resistance.
Penetration resistance with depth in the SM
plots was largely unaffected by PT after 9
months, which was  attributed to
recompaction of the soil below the SM
tillage depth. Paratillage did, however,
reduce penetration resistance in the NT
plots. Differences in soil bulk density were
similarly dependent on the position relative
to the tillage depth, that is, the soil density
was reduced in the tillage zone. While the
PT  treatment decreased penetration
resistance and soil bulk density, it did not
increase infiltration rate or amount of
simulated rain. Rain infiltration into SM
residue management system plots, however,
was greater than in NT plots, which
developed a soil crust shortly after rain
application began. We conclude that because
rain infiltration was rapidly regulated at the
soil surface by the formation of a crust, PT
will not increase infiltration into clay loam
soils managed with SM or NT residue
systems.

REFERENCES

Baumhardt, R.L., Keeling, J.W., Wendt,
C.W., 1993. Tillage and residue
effects on infiltration into soils
cropped to cotton. Agron. J. 85:379-
383.

Baumhardt, R.L., Roémkens, M.JM.,,
Whisler, F.D., Parlange, J.-Y., 1990.
Modeling infiltration into a sealing
soil. Water Resour. Res. 26: 2497-
2505.

Busscher, W.J., Karlen, D.L., Sojka, R.E.,
Burnham, K.P., 1988. Soil and plant
response  to  three  subsoiling



BAUMHARDT & JONES o 9

implements. Soil Sci. Soc. Am. J.
52:804-809.

Clark, R.L., Radcliffe, D.E., Langdale,
G.W., Bruce, R.R., 1993. Soil
strength and water infiltration as
affected by paratillage frequency.
Trans. of ASAE. 36:1301-1305.

Frederick, R.H., Myers, V.A., Auciello,
EP., 1977. Five-to-60 minute
precipitation frequency for the
eastern and central United States.
Natl. Oceanic and Atmos. Admin.
Tech. Memo. Natl. Weather Serv.
NWS HYDRO-35, U.S. Dept. Com.,
Washington, D.C.

Hauser, V.L., Van Doren, C.E., Robins, J.S,,
1962. Comparison of level and
graded terraces in the Southern High
Plains. Trans. of ASAE. 5:75-77.

Jones, O.R., Hauser, V.L., Popham, T.W.,
1994.  No-tillage  effects on
infiltration, runoff and water
conservation on dryland. Trans. of
ASAE. 37:473-479.

Jones, O.R., Popham, T.W., 1997. Cropping
and tillage systems for dryland grain
production in the Southern High

* Plains. Agron. J. 89:222-232.

Morin, J., Goldberg, S., Seginer, L., 1967. A
rainfall simulator with a rotating
disk. Trans. of ASAE. 10:74-79.

Mukhtar, S., Baker, J.L., Horton, R., Erbach,
D.C., 1985. Soil water infiltration as

affected by the use of the paraplow.
Trans. of ASAE. 28:1811-1816.

SAS Inst. Inc. 1988. SAS/STAT Users
Guide, Release 6.03 Edition. SAS
Inst. Inc., Cary, NC. 1028 pp.

Steiner, J.L., 1994. Crop residue effects on
water conservation, /n Unger, P.W.
(ed) Managing Agricultural
Residues, Lewis Publishers, Boca
Raton, FL U.S.A. pp. 41-76.

Unger, P.W,, 1993. Reconsolidation of a
Torrertic Paleustoll after tillage with
a paratill. Soil Sci. Soc. Am. J.
57:195-199.

Unger, P.W., Jones, O.R., 1998. Long-term
tillage and cropping systems affect
bulk density and penetration
resistance of soil cropped to dryland
wheat and grain sorghum. Soil
Tillage Res. 45:39-57.





