LIBRARY COPY -- 1979 # 98A

Proceedings of

IX International Congress of
Plant Protection

Washington, D.C. U.S.A.
August 5-11, 1979

Volume |

Plant Protection:
Fundamental Aspects

Editor
Dr. Thor Kommedahl

Department of Plant Pathology
University of Minnesota

7.4 Soil and Water Conservation with Minimum Tillage
in the Semiarid Central Great Plains'

D. E. Smika

Ceniral Grear Plains Research Sraiion
P.O. Box N, Akron, CO 807200 USA

The chimate of the serniand Central Great Plains of exposing the soil to a greater wind erosion potential.
the US s characterized by erratic precipitation These criticisms, however, are based on management
patterns, vanable amounts of precipitation that common before 1960. Results from modern
average less than 400 mm annually, and nearly technology have shown that these criticisms are not
constant wind movement. These conditions make the justified because wheat grown after fatllow under
practice of fallow a nccessity {or stable economic modern management utihzes water more efficiently
winter wheat production in the area. Although the than continuously grown wheat [I]. and the wind
use ol lallow has statwhzed production, the pracuce crosion hazard s greater with continuously grown
has been ceriticized lorinetlicient use ol water and (ot wheat than with wheat grown on fallow [2)

Conservation of both sot! and water resources is

I Contribution trom Smil, Water. and An Sciences, USDA cqually important. Use of good water conservation
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practices provides i large part of the measures
nceded lor soil conservation. Therelore, the
conservition ol water will be discussed hirst and at
greater length than conservation of soil.

Water Conservation

Weed control during fallow 1s ol utmost
importance. During a 6-week period in July and
August after harvest, weeds can use up to 7.6 cm of
water. Weeds can be controlled  effectively with
various tllage machines, some of which destroy crop
restdue totally and others only to a hinnted extent.
Residue should be mamtitined on the soil surface -
tor every 1000 kg of residue; hit on the soil surface,
soil witler storage can be expected to increase .83
c¢m. The position of the residue is important for water
conservation | 3] Standing residue helps soil water
storage by trapping and holding snow. Snow water
storage exceeds 7090 every year and in some years
exceeds 100 because of the snow that s trapped
from adjacent arcas. Duning the hot, dry penod of
the year, standimg wheat residue reduces the
atmospheric evaporative demand from the soil by
reducing wind movement at the sol surface. When
standing wheat residue is 38 em tall, the wind has to
exceed 28 hm hr before wind movement occurs at
the soil surface. Reducing wind movement al the sonl
surface reduces water vapor exchange with the
atmosphere and decreases soil water evaporation
potential. The standing stubble also cools the soil
sutlace, thereby decreasing soil water loss (‘Table 1),

tiplements that destroy stubble in the process of
hMiling weeds are to some extent deleaung their
purpose. Ao, tillage isel 1ends todry the soil o the
depth of ullage: those implements that destroy the
greatest amount ol residue also cause greater soil
walter toss (table 2).

Continued hequent measurement of soil water
content over o 3-day penod in I-em increments of
the tllage Liver (O- 10 15-cm) of a silt loam soil
revealed that the tilled soil continued to tose water
unul it became drey to-the depth of tllage. Nontilled
sotb however, lost water only to the 3- to S-em depth
and did not dry tadeeper depths, This drying pattern
occurred because in tilled soil there is much more air
movement within the tllage depth. Mot ar s

Table 1. Itiect of position of wheat residue on soil surface
temperature and soil water loss

Position of Soil surlace Waler loss
residue temperature (°C) per day (mm)

Standing 322 0.43

t lat 417 0.56

Bare soil 478 0.66

Tablke 2. Effects of different tillage Implements on residue
reduction and soil water loss | and 4 days after tillage

Soil Water Loss in the

Tillage Residuc reduction 0 to 12-cm depth (cm)
Implement per operalion (%) 1 day 4 days
Oncway disk 50-60 0.84 1.30
Chausel 10-15 0.74 1.22
Sweep plow 10-15 0.23 0.36
Rodweeder 15-20 0.10 0.56

continually brought to the surface to meet the
evaporative demand ol the atmosphere. in the
nontilied soil, air moves within the soil, but not as
rapidly nor as deeply s in tilled soil, and, therefore,
less water is lost.

When weeds are controlled with herbicides, the
wheat stubble can be lelt standing, and the
accelerated breakdown of the stubble due to
mechanical titlage is avoided. Thus, the advantages
ol standing residue s reflected inincréased soil water
storage. Nine years' of data showed an average soil
watcer storage ol 198 ¢cm with no-till management,
14.7 ¢m with mumimum ullage, and 12.8 ¢m with
conventional stubble mulch tillage. These quantities
of water represent storage etficiencies of 52, 3%, and
334 respectively.

The grain yiclds associated with no-ull, minimum
tllage. and conventional tillage fallow practices were
32,9, 30.2, and 25.6 quintals/ ha, respectively.

Soil Conservation

Soil erosion by wind is a potential threat on
cultivated soils in the Great Plains when the soil is
loose, dry, and linely divided; vegetative cover is
sparse or absent; and wind velocity is greatenough to
initiate soil movement. Conditions are most
conducive to wind erosion duning February, March,
and Apnl, after the long period ol weathering
degradation of both vegetative matenal and soil
aggregates. During this time, peak wind veloaity
probabilities are high and vegetation s dormant.

Soil erosion can be controlled by creating a soil
surface resistant 1o erosion, by protecting  the
erodible-sized particles from the wind, or by a
combinution of both. | he resistance ol soil to erosion
is increased by increased surface roughness,
vegetation, barriers, and crop residue. Surface
roughness can be increased by ridging the sl surlace
or by increasing the quantity ol soil aggregates
resistant (o wind erosion. A soil aggregate more than
0.84 mm in diameter s considered to be resistant (o
wind crosion, and at least 671%, of the aggregates on
the soil surface must be (.84 mm or larger to protect
the soid surlace rom wind erosion |4} Crop residue
has been used toincrease resistance of sl to crosion



thiough conventional stubble mulch tillage. The
practice feaves an average of 1000 kg of residue/ ha
on the sotl surface at the end of lallow. This quuntity
of residue provides only marginal protection lor
loam and silt loam soils and inadequate protection
lor sandy soils. Mimimum tillage increases the
quantity of straw residue on the soil surface to 1880
kg ha at the end of fallow, which is probably enough
residuc lor protection of ncarly all soils. No-ull
management has resulted in 2050 kg of residue/ha on
the soil surface at the end of fallow, which would
adequatcely protect all soils.

A second benefut from straw residue on the surface
is that the formation of noncrodible-sized aggregates
is closely related to the quantity of residue on the soil
surface [5]. Determination of soil aggregate sizes in
the surface soil at the end of fallow showed that
under conventional stubble mulch tilage, 649 of the
aggregates were nonerodible greater than0.84 mmon
diameter. Under minimum tillage, 68% of the
aggregates were greater than .84 mm, and with no-
tll, 69.5¢. of the aggregates were greater than .84
mm. These percentages ol nonerodible aggregates
were highly correlated with the yuantity of straw on
the soil surface (r7= 0.990%%). '

The 649 nonerodible aggregates left by conven-
tional stubble mulch titlage is not enough to provide
a soil surface resistant to wind erosion. In contrast,
both mimimum tillage and no-till treatments jeft

nonerodible aggrepute percentuges that exceeded the
679 consudered the mimnmum  needed for sl
protection. ‘Thus, the resultant aggregate formation
with minimum tillage and no-till fallow practices
would provide an erosion-resistant soil surface, and,
along with the nearly 2000 kg of residue/ha on the
soil surlace, would prowvide & dual mechanism {or
wind erosion protection. The additional straw
residue lelt on the soil surface at the end of fallow
after fewer tiflage operations was a direct result of
practices that increased soil water storage.
Therelore, as stated earlier, good walter conservation
practices provide a large part of the measures needed
for soil conservation.
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