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Do .you really
want to remove
crop residue?
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Do you really want to remove crop residue?
Most farmers would probably prefer to
leave corn stalks or small-grain stubble
in the fields after harvest. That's the best
way to trap winter moisture and prevent
wind erosion, provide a little cover and
food for wildlife, save some plant
nutrients, and improve soil tilth for the
next crop.
But leaving crop residue sometimes
means buying high -priced feed instead.
Consequently, more and more South
Dakota farmers are stripping small-grain
and row-crop fields of crop aftermath for
livestock feeding. They can.e.utlivestock
production costs $10 to $25 per animal
unit if they do .
They're leaving themselves open to
trouble if they don't make some
compensating moves. Running a forage
packaging machine through the field can
seriously affect all future operations in
that field. Removing residues takes out
organic matter, which means fewer soil
nutrients and lower water absorbing and
holding capacity because of
deteriorating soil structure. The result is
lower yields and higher costs of
production in the future.

strip residue for feed each year, it's
inevitable that soil productivity will
decline and profits, in a few years, will
also drop.

present in almost all of our soils and a1 c·
not in immediate danger of becoming
deficient under our present system of
agriculture .

Soil Nutrients

The Nutrients in Crop Residues

A 65- to 70-bu corn crop or an 80-bu
Of the 16 elements for plant growth,
oats crop normally produces
the 13 mineral elements (nitrogen,
approximately 2 tons of stover or straw. A
phosphorus, potassium, sulfur, iron,
25-bu wheat crop usually produces about
boron, and to a lesser extent, calcium,
1 ¼ tons. One ton of corn stover,
magnesium, man~anese, zinc, copper,
cobalt, an rl molybdenum) found in the containing 20 lbs of nitrogen and lesser
OM, or residues of plants, are gradually amounts of phosphorus, sulfur, and other
released in plant-available forms by the nutrients, will decompose into 100 lbs of
decaying activities of mu1titudes of soil humus.
The critical value of these residues in
microorganisms.
OM is the soil storehouse of nutrient sustaining the productivity of soils in
reserves. In South Dakota soils, for
South Dakota has long been known. .
example, up to 50% of the total zinc may During a 1942-60 study, soil OM levels
be contained in OM or in clay-organic declined 15,000 lbs per acre for
complexes. Yet only about 2% ofthe zinc continuous corn where residues were
is released in plant-available forms each removed, compared to 2,900 lbs in a
year-sufficient for crop growth, but not corn-oats-wheat rotation where the straw
enough to cause any toxicity problems. was returned. Residue return increased
Approximately 40 to 80 pounds of
yields 10-18% for some crops. Added
nitrogen are released annually from soils manure gave further yield increases over
with good OM content.
and ab0ve those from crop residue return
OM also helps prevent harmful
alone. With plowing as the tillage
amounts of potentially poisonous metals method, the resulting residue removal
Organic Matter
(lead, mercury, cadmium, and nickel)
cost 3 bu, 5 bu, and 2 bu per acre
You must return some form of organic from entering crops and the food chain. respectively in corn, oats, and wheat
matter to the soil on a regular basis if you
It's estimated that the average OM of yields.
wish to reach top yields.
Table 1 shows that the straw of some
tilled South Dakota soils has dropped
Organic matter (OM) is produced by 50% in the last 100 years. This reduction crops contains considerable amounts of
plants and animals. It comes primarily has affected, most of all, nitrogen and
the major bases (potassium, calcium, and
from plant residues and manure, and
phosphorus-to the point that our soils magnesium) and ofthree minor elements
contains about 50% carbon, relatively
are now supplying only about half the
(copper, manganese, and zinc).
large amounts of oxygen and hydrogen, amount ofthese two elements needed fo1
The depletion rate of soil potassium
3% nitrogen, and lesser amounts of
maximum crop yields. Farmers purchas< reserves is much greater when crop
phosphorus, sulfur, and other nutrients. about 262 million pounds of these
residue as well as the grain is removed.
Commercial fertilizer can help
nutrients annually in South Dakota to
For example, corn stover and small grain
compensate for the loss of fertility if you make up the deficits.
straw contain 4 to 5 times more
strip residue off. But boughten fertilizer
Potassium and zinc are only recently potassium than the grain. The effect of
cannot stop the decline of the other soil becoming limiting for some crops on
removal on calcium, magnesium,
factors important to crop production (soil some soils. The remainder (calcium,
manganese, and zinc levels is also very
tilth, structure, infiltration, aeration,
magnesium, manganese, copper, sulfur, significant. Wheat is the one crop that
bulk density, etc.)
contains significantly more zinc in the
iron, boron, cobalt, and molybdenum)
Adding to the problem is the fact that appear to be in adequate supply at
grain than in the straw.
cropping practices have slowly shifted
a'Yay fi·om r?tations containing 1-3 years
of grass or forage with the tilled crops.
More farmers are planting back to the
Table 1. Nutrients in straw, stover, and grain of four cereal crops, SDSU Agronomy Farm,
same crop year after year. If they also
Brookings.
Crop

This cooperative publication was prepared
by: Earl P. Adams, Extension
agronomist-soils; Lyle A. Derscheid,
Extension agronomist; both of the
Cooperative Extension Service; L. 0. Fine,
professor of soils, Department of Plant
Science, Agricultural Experiment Station, all
of SDSU , and M. Scott Argabright,
conservation agronomist, Soil Conservation
Service, Huron.

Barley
Corn
Oats
Wheat

Yield
Bu/A

Potassium

40 Grain
Straw
150 Grain
Stover
80 Grain
Straw
40 Grain
Straw

10
30
40
145
15
80
15
35

Pounds nutrients for indicated yield
Manganese
Calcium
Magnesium
Copper

1
8
16
28
2
8
1
6

2
2
20
17
3
8
6
3

.03
.01
.06
.05
.03
.03
.03
.01

.03
.32
.09
.80
.12
.09
.16

Zinc

.06
.05
.15
.30
.05
.29
.14
.05

lbs of nitrogen, enough for about 9½ bu
of corn.
On the other hand, a ton of residue
from an alfalfa crop contains about 50 lbs
ofnitrogen and 3½ lbs ofphosphorus. Ifa
2- or 3-ton crop is plowed under, it will
add enough nitrogen but not enough
phosphorus for one good corn crop.
However, it just isn't economical to
rely on alfalfa alone to provide all the
nitrogen needed for corn. This would
mean plowing down a crop of alfalfa
every second or third year.

Soil Erosion

Feeding from stacks scattered through the field will also scatter animal
manure. However, only about half of the residues will be returned to the soil by
livestock.

Soil Structure
OM content of up to 3-4%, plus iron
oxide, open up the soil, forming
aggregates of soil particles. Since
aggregates are usually larger than single
particles, they cannot be packed together
as tightly. Consequently, there is more
pore space between aggregates to be
filled with air or water.

In South Dakota soils, as in other
temperate regions of the world, OM
content and renewal are more important
than anything else for the formation and
stability of aggregates. OM is
approximately three times as effective as
the next most important constituent of
soils (colloidal iron oxide) and 30 times
as important as the clay content in
keeping soil aggregates from breaking
down.
You want an open soil to retain good
soil tilth, which is the overall physical
condition of the soil. If soil tilth
deteriorates, the soil packs and tillage
operations and seedling emergence
become more difficult.
Infiltration, water-holding capacity
The water-holding and infiltration
properties of soils are intimately related
to OM and tilth.
Tillage tends to break soil crumbs into
individual soil particles, such as sand,
silt, and clay. When this happens, (1) less
water can enter the soil during
precipitation, and (2) that which does
penetrate is held so tightly on the
surfaces of smaller aggregates that not
much of it will move into plant roots.
Crop residues and water infiltration
The water that can't penetrate the soil
runs off, carrying part of the soil with it.
Just a 1 % additional soil OM content will
reduce surface runoff from a 2.5-inch rain
by .25 inch.
Annual incorporation of crop residues
is almost as effective as a crop canopy for
maintaining and/or improving soil
infiltration rates.

The detrimental effects of removing
the entire crop growth as silage or as a
harvest aftermath without replacing it
with other farm manures or wastes are
obvious. Losing an estimated 7-8% of an
already inadequate precipitation as
runoff could result in 1.5-2.0 inches less
water for crop production each year. This
loss alone could mean, per acre, 4-8 bu
less corn annually.

Organic Matter Replacement
If you remove stover and straw, you
can partially offset OM losses by
returning animal manure to that field or
incorporating green manure crops .
Animal manure
A ton of manure contains, on the
,l\·erage, about 10 lbs ofnitrogen, 5 lhs of
phosphoric acid, and 10 lbs of potash.
This is only enough plant food to
produce about 6½ bu of corn, 9 bu of
barley, or 5½ bu of wheat.
Hauling manure is a tiresome task that
1s often hampered by weather and field
conditions. It is usually more practical to
feed the corn husklage or grain straw and
chaff in the field where it was produced.
1£ forage stack · ar.e....di s trihuted_
throughout the field, livestock droppings
will be scattered.
Nevertheless, only about 60% of the
small-grain straw and 55% of the corn
stover consumed by cows can be
returned to the land. Even if all manure
,s returned, the depletion of soil OM will
he more rapid than if crop residues are
left on the land.
Green manure crops
One good green manure crop will add
more OM and nutrients than the residue
from one crop of corn or small grain.
Two tons of corn,stover, for example,
containing about 40 lbs of nitrogen and
lesser amounts of phosphorus, sulfur,
and other nutrients, will decompose into
about 200 lbs of humus.
Though the stover from 65- to 70-bu of
corn will provide this much OM, it
contains only enough nitrogen to
produce 26 bu of corn in the next crop.
One ton ofbarley straw contains about 14

Bare ground and tight soil caused by
removal of plant residues increase soil
erosion. In turn, soil erosion accelerates
the decline in whatever OM remains.
Growing plants are the most effecti, e
a11d least expensi, e means of erosion
control. 011 cropland, however, growing
crops protect the soil for only part of the
year. Tbe erosi, e forces of wind and rain
fall are most se, ere at times when new
crops are not yet planted, or are too early
in their growth cycle to adequately pro
tect the soil.
The most erosive winds normally
occur in March and April. Erosive rains
occur throughout the spring, reaching
their peak in June. Well-managed crop
residues are the most important means of
erosion control during these critical
periods.
Residues on the surface protect soil by
(1 ) absorbing the impact of raindrops, (2)
reducing wind velocity near the soil
surface, and (3) slowing runoff velocity.
When crop residues are plowed under or
removed, these benefits are sacrificed.
Coarse residues from crops like corn
are less effective for erosion control than
finer residues from small-grain crops. In
eastern South Dakota erosive winds are
less severe, and higher yields of
row-crop grain and residue are produced
than in central or western areas of the
state. If this crop residue is left standing
until spring, it generally gives adequate
wind erosion control.
If the field is fall tilled, some residue is
destroyed, and wind erosion may occur
the following spring. Chisels or
sweep-type equipment used in the fall
destroy less residue than other tillage
implements and leave the surface rough.
Erosion following fall tillage with these
types of equipment is seldom serious.
When corn is harvested for silage, only
500-700 lbs ofeffective residue are left to
protect against erosion . Table 2 shows
that tillage of the standing residue after
corn grain harvest can increase the
potential soil loss. However, the loss
may be four to eight times greater if all
residue is removed. Soil losses of20 tons
pe1; acre are possible after silage or
stocklage removal on loamy sands iffield
widths of 40-80 rods are exposed.
In central South Dakota corn yields are
lower. Less residue therefore remains
after grain harvest. Erosive winds are
more severe. Table 3 shows that some
wind erosion may occur 011 the more

erodible soils even when residue is left
standing and undisturbed. Soil loss after
fall tillage, even with chisels, is
excessive on many fields. Following
silage harvest, soil losses may reach 30
tons per acre where erodible soils occur
in large exposed fields.
Winds not only blow soil away. Winds
also may damage nearby newly seeded
crops tluough abrasion of the young
plants by windblown soil particles.
Removing corn for silage also
increases potential water erosion by
ahout 20% . Normally, less erosive
rainfall occurs in central South Dakota,
hut there is also usually less residue
available to provide protection. Tables 4
and 5 show potential water erosion
losses following corn harvest on gently
sloping land in eastern and central South
Dakota. More severe losses can be
expected on steeper slopes.

Table 2. Soil losses from wind erosion in cornfields harvested for grain or silage in eastern
South Dakota*.
Potential Soil Loss (T/A/Yr)*
Harvest,d for Grain
-~-- --------

Silage

Field
Width
(Rods)

Residue
Left
Standing

Residue
Fall
Chiseled

Loamy sands

10
20
40
80

0
0
0
0

2.0
3.0
4.5
5.5

12
16
20
23

Sandy loams
and clays

10
20
40
80

0
0
0
0

0.5
1.0
2.0
3.0

5
8
10
13

Silt loams and
silty clay loams

10
20
40
80

0
0
0
0

0
0
0.6
0.9

Soil

Residue
Removed

1.5
2.5
3.5
5.5

• Calculations based on 55 bu/A yield and climatic factor of 30.

Erosion Control
You can safely utilize part of yom crop
residues for Ii\ estock forage or grazing.
But you should still keep adequate
amounts 011 the soil surface for erosion
control.
The mnount needed depends on the
crop, the soil and climate, and on other
erosion control measures applied. In
general, erosion losses are greatly in
creased when less than 1000 to 2000 lbs
of flat small-grain residue or its equi\ al
ent are left on the surface.
You will ha\ e to use compensating
measures to pre\'ent increased erosion.
These measures are not perfect; they
will not restore OM or the m1trients con
tained in the residue.
Reduce the area exposed
to erosion forces
Strip cropping reduces the exposed
width of fields, measured along the
direction of erosive winds. Field
windbreaks or barriers have a similar
effect. By protecting part of a field, they
reduce the width of the exposed portion.
Terraces influence the eHects of runoff
in the same way.
Tables 2-5 show that potential erosion
is less on narrow fields or those having
slopes.
Create surface roughness
A rough or cloddy field surface
reduces wind velocities and runoff
water, and creates a trapping effect. The
effect is greatest when roughness is
across the slope, or perpendicular to the
direction of erosive winds.
Chisels and deep-furrow drills create
surface ridge roughness. On the other
hand, conventional tillage implements
(plows, disks, or harrows) create a
smooth surface which is more
susceptible to both wind and water
erosion.
Make the best use of
remaining residues
Conservation tillage systems and use
ofimplements designed to keep residues

Table 3. Soil losses from wind erosion in cornfields harvested for grain or silage in central
South Dakota*.
Potential Soil Loss (TIA/Yr)*
Corn Harvested for Grain
Field
Width
(Rods)

Residue
Left
Standing

Loamy sands

10
20
40
80

0.9
1.5
2.0
2.5

Sandy loams
and clays

10
20
40
80

0
0.4
0.6
0.9

2.0
4.5
6
8

Silt loams and
silty clay loams

10
20
40
80

0
0
0
0

0
1.0
2.0
3.0

Soil

Silage

Residue
Fall
Residue
Chiseled
Removed
-----------·

7
9
12
14

17
23
28
31
8
12
15
18
2.0
3.5
6
8

• Calculations based on 30-40 bu/A yield and climatic factor of 40.

Table 4. Soil losses from water erosion in cornfields harvested for grain or silage in eastern
South Dakota*.
Potential Soil Loss (TIA/Yr)*

Soil

Slope
Length
(Ft)

Sandy soils

100
200
300
400

Silty and
clayey soils

100
200
300
400

Corn Residue
Left Standing
or Fall Chiseled

4.0
5.0
6
7
6
7
9
10

• Calculations based on corn yields of 55 bu/A on 4o/c slope and rainfall factor of 100.

Corn Residue
Removed For
Silage

4.5
6
7
8
7
9
11
12

Table 5. Soil losses from water erosion in cornfields harvested for grain or silage in central
South Dakota*.
Potential Soil Loss Cf/A/Yr)*
Slope
Length
(Ft)

Corn Residue
Left Standing
or Fall Chiseled

Sandy soils

100
200
300
400

3.5
4.0
5.0
6

Silty and
clayey soils

100
200
300
400

5.0
6
7
9

Soil

Corn Residue
Removed For
Silage

4.0
5.0
6
7

6
7
9
10

• Calculations based on corn yield of 35-40 bu/A on 4'7< slope and rainfall factor of 75.

on the surface can reduce the length of
time and surface area of soil exposed to
erosive forces.
Disk-type implements leave only
40-60% of the emaining residue after
each operation, while subsurface
implements normally retain 75-90%.
After two operations with a disk-type
implement, about 25% of the residue
would be left on the surface; about 60%
would be left after two operations with a
sweep-type implement.
Balance crop rotations
Closely sown high-residue crops
included in the rotation some years tend
to average out the lack of erosion control
from low-residue crops in other years.
On highly erosive soils, use cover crops.
On small and critical erosion areas, add
mulches of straw or manure.
Leave temporary barriers
The pattern of residue removal can be
modified to give some protection. For
example, silage or stalklage can be

h::u-\'ested in strips within a field, leaving
strips of standing corn or sorghum as
temporary barriers against wind erosion.
You can also cut silage higher, leaving a
stubble of 8 inches or more.
Chisel instead of plow
Using a chisel plow instead of a
moldboard plow often reduces the cost of
production and decreases erosion
without adversely affecting crop yield.
At the Southeast Experiment Farm
near Beresford, in a 2-year study, yields
of corn and soybeans were slightly
higher on plots that were chiseled in the
fall than on plots that were fall plowed.
The reverse was true for spring tillage. In
other studies, soil erosion was much less
on chiseled fields than on fields that
were plowed or disked.
Chiseling requires less fuel than
plowing. It takes ½-1 gal of gasoline per
acre for chiseling and 2-3 gal for plowing.
Chiseling saves time, as it takes less than
half as much time to till a field with a
chisel plow as it does with a moldboard
plow.

Summary
You may have to feed some of your
c rop residue, especially in dry years
when cattle prices are low. You should
remember, however, that short-term
b enefits will result in long-term losses.
vVhenever you remove crop residues,
you also remove nutrients that can only
h e replaced by expensive fertilizers.
W hile nitrogen and phosphorus are the
important nutrients at the present time,
c ontinuous removal of residues may
e ,·entually cause deficits of some of the
o ther elements. Thev are even more
c ostly.
~1ore important, you remove organic
m atter that can only be replaced by
m anure and green manure crops. You
m ay have to plow down several alfalfa or
s weetclover hay crops to replace the OM
t hat you now remove when you feed your
c rop residues.
If vou111aintain the OM corrtentin--the
s oil you maintain good tilth; this holds
y our power costs to a minimum for tillage
o perations. It also keeps the soil open so
t hat it will absorb and hold the limited
a mount of rainfall that you receive, hold
r unoff to a minimum, and reduce wind
e rosion.
Though you can use some tillage
o perations to help prevent erosion, if you
r erno\'e residues, these operations may
c ost more than you save by using crop
a ftermath for feed.
If you must feed residues, do it
c arefully. Leave at least some residues in
p lace and return all manure.
C over photo: This soil will be many times
m ore vulnerable to wind and water erosion.
T his farmer is removing both nutrients that he
w ill have to reapply in costly fertilizers and
o rganic matter that would have conditioned
t he soil and given it good tilth. Flax residue is
s tacked to the side.
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