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High Residue Producing Crops and
Reduced-Till Improve Soil Productivity

Studies show how practice reduces soil erosion and increases soil organic
matter to produce both yield and economic benefits.

Summary: Sustaining or increasing soil
productivity and profitability dependson
soil and crop management practicesthat
maintain or increase soil organic matter.
Crop management systemsthat include
rotationswith high-residue producing
crops and maintenance of surfaceresidue
cover with reduced or no-tillageresultin
greater soil organic matter, which may
improve soil productivity. Increasing
input efficiency, protecting the environ-
ment, and sustai ning the productive
capacity of our soilsarecritical compo-
nents of successful farmmanagement.
The future and viability of agriculturein
the Great Plainsdepend on sustaining the
soil resource base and increasing producer
profitability. Conservation technologies
providethe greatest opportunity to
achieveagricultural sustainability and
profitability.

Itisessential that producersrecognize
that soil erosion and loss of soil organic
matter can reduce soil productivity,
which reduces crop yield and profit
potential. The practical approachto
solving the problem involvesacoupl e of
steps: reducing tillageintensity and
increasing carbon input through cropping
systems that produce more residue. Soil
erosionwill beminimized and organic
matter oxidation reduced.

Level of soil organic matter isdeter-
mined by numerous soil propertiesthat
areinfluenced by cropping practices such
asresidue management, crop rotation,
and many others. Carbon contained in the
crop residueisincorporated into the soil
as organic matter through degradation of
crop residues by soil microorganisms. In
one study, for example, tillagein awheat-
fallow system greatly influenced soil
organic matter content. Conventional

tillagewheat-fallow rapidly reduced soil
organic matter, whereasminimumtillage
maintained soil organic matter and
ultimately enhanced soil productivity.

Similarly, organic matter increased
when quantity of residue produced
increased between soybean/soybean,
sorghum/soybean, and sorghum/sorghum
rotationsin eastern Kansas. However,
increasein organic matter wassignifi-
cantly greater when all residue was |l eft
undisturbed on the soil surface (no
tillage) compared to conventional tillage.
Increasing the quantity of total carbon
input by increasing residue and decreas-
ing quantity of carbon oxidized or lost by
decreasing tillage conserves or increases
soil organic matter. Studies also show
that the moreintensive the crop rotation,
the more productive the soil becomes.

Our agricultural production system can
meet future popul ation demand provided
soil and crop management technologies
areused to maintain productive capacity
of the soil. The challengeisto manage
soils so that they will be as productive for
future generations asthey are today.
Understanding those factorsthat influ-
ence soil productivity will help usto

identify the appropriate management
technol ogiesthat sustain or enhance
agricultural productivity and profitability.

Erosion

A significant problem associated with
declineinagricultural productivity isthe
loss of topsoil and soil organic matter.
The concerns about declining productiv-
ity are not new. Data collected in Kansas
wheat fields from 1910 to 1946 show
that soil N decreased 50 percent in just
40 years. Approximately 95 percent of
soil N occursasorganic N in organic
matter. Recent studiesin Kansas showed
significant loss of soil organic matter
associated with erosion of organic
matter-rich topsoil. Similar resultshave
been reported throughout the U.S. and
Canadian prairieregionsand confirmed
that soil organic matter decreases about
50 percent during the first 50 years of
cultivation.

Loss of topsoil by wind and water
erosion can reduce the productive
capacity of agricultural soilsand signifi-
cantly reduce profit potential . Erosion-
productivity relationshipswere quantified
for dryland winter wheat, grain sorghum,
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Figure 1. Influence of topsoil on grain yield and profit, Havlin et al., 1994.
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and soybeans grown on five Kansas soils
over six years. Resultsindicated that
grainyieldssignificantly decreased with
decreasing topsoil depth (Figure 1). Yield
losses as high as 2 bu/A per inch of
topsoil lost resulted. Profit losseswere as
high as $51/A in thefirst 6 inches of
topsoil eroded.

Datain Figure 1 can be used to project
the cumulativeyield and profit loss
associated with long-term soil erosion.
Let's assume that 6 inches of topsoil
eroded over 40 years, representing an
annual soil lossof 0.15inches/Alyear
(Figure 2). As can be seen, using 1990
market prices with deficiency payments,
cumulative profit lossover a40-year
span could run as high as $1,027/A.
These cumulative profit lossesare similar
to current land pricesin Kansas, thus, if
soil erosion had not occurred the pro-
ducer would have had sufficient revenue
to pay for the land.

Water management
Water frequently limitscropyield
potential, which isespecially trueaswe
move from the Midwest to the Great
Plains. Unfortunately, water management
isseldom the highest management

Table 1. Water-use efficiency,
conventional vs. conservation-till.
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Figure 3. ABC method of sampling.

priority, ranking behind variety selection
and fertility. After water, fertility and
pests usualy become the next most yield-
limiting factors.

Growers are reducing water runoff and
evaporation, and increasing water
infiltration by maintaining surface crop
residue cover (reducing tillageintensity).
The water loss reductions and increased
infiltration are essential to increasing
stored soil water. Reduced-till systems
amost alwaysimprove water-use
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Figure 2. Influence of topsoil erosion on cumulative yield and profit loss, Havlin et

al., 1994,
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potentially 100 percent availabletothe
next crop. Therefore, any soil profile
water left after harvest must not be lost.
The major losses of stored water during
non-crop periods occur through weed
growth and evaporation from the soil.
Theamount of rainthat infiltratesthe
soil greatly increaseswith standing
residue. Rainfalling on abare sail, for
example, can seal off the soil surface
within 30 minutes. Aslittleas 0.5 inch of
rainfall can seal the surface of abare soil.
Once sealed, infiltration slows or ceases
and water beginsto run off. Surface
residue cover can increase the time for
infiltration by two- or threefold, greatly
reducing runoff and soil loss by erosion.

Nutrient management

Soil testing. Obtaining profitable crop
yields, minimizing water- and nutrient-use
efficiency, and minimizing environmental
impacts of nutrient use require regular
soil testing. Soil testing isthe best method
availableto accurately determine nutrient
availability and provideaguiddinefor
optimum fertilization.

Soil sampling under reduced-till
presents aspecial problem that should be
addressed. Sincethelandisno longer
mixed with amoldboard plow, nutrient
stratification can occur (Table 2). Thus,
immobile elements such as phosphorus,
potassium, and zinc may concentrate
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Figure 4. Nitrogen management effects on no-till sorghum yield, Lamond et al., 1991. tion of groundwater. The N management
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phosphate uptake were much greater
with band-applied phosphate (Figure 5). Figure 5. Early no-till winter wheat growth response to phosphate rate and placement,

The dramatic early growth response to Havlin et al., 1990.
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