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The Problem

"Conservation tillage begins before
harvest" is a comment frequently heard
from farmers and scientists working with
minimum and no-tillage production of
dryland cereal crops. Poor distribution
of chaff and straw during combining
causes a number of problems:
1. Poor drill performance (plugging,

shallow seeding)
2. Uneven seedling emergence (poor

seedbed, variable seed depth)
3. Slower growth (increased shading,

cooler and wetter soil)
4. Inadequate plant nutrition

(increased immobilization of N, P, &
S)

5. Favorable disease environment (cool,
wet, high humidity)

6. Decreased herbicide efficiency
(residue absorption, poor spray
contact)

7. Concentration of weed and crop seed
(competes for moisture and
nutrients)

8. Increased rodent damage (greater
protection from predators).

The Research 
USDA Soil Scientists* located at the

Columbia Plateau . Conservation Research
Center, near Pendleton, evaluated the
distribution of chaff and straw from
twelve combines. They devised a method
for collection and measurement of residue
left by combines. Briefly, they:

(1) Cut a 31/2 foot wide swath with a
sickle mower through standing grain at
right angles to the direction of combine
travel.

(2) Laid a 3-foot wide by 24-foot long
canvas in the swath to catch the residue
from the combine.
(3) Collected samples in three foot

increments from the canvas to be weighed,
sorted for size, and analyzed.
(4) Collected whole plant samples ahead

of the combine and standing stubble
remaining after combining.

The 12 combines and different config-
urations of flails, chaff spreaders and
straw choppers are described in Table 1.

Table 1.

Combine Threshing
number principle Retrofit spreader

	

1	 Rotary

	

2	 Cylinder

	

3	 Cylinder

	

4	 Cylinder

	

5	 Cylinder
	 Chaff-spreader

	

6	 Cylinder
	 Straw Chopper

	

7	 Rotary	 ---

	

8	 Rotary
	 Modified Flails

	

9	 Rotary
	 Chopper-Spreader

	

10	 Cylinder

	

11	 Cylinder.

	

12	 Rotary

The width of the cutter bar on combines
tested, ranged from 18 to 24 feet.



The Results

Table 2 below shows the differences
between the concentration of residue in
the chaff rows as compared to the area
between the rows for several combine
configurations. It is obvious that the
combines with the modifications were more
efficient in spreading the residue. Mach-
ines with factory flails or a factory
straw chopper left a lot to be desired in
their performance as residue distri-
buters.

Impact of Poor Distribution on Nutrition 

Chaff rows in a field of emerging grain
harbor, pests and make weed control diff-
icult. Another disadvantage of having
the chaff rows present, in reduced til-
lage situations, is their effect on plant
nutrition. Tie-up of nutrients, espe-
cially nitrogen, can be measured and as-
signed a cost value. Concentration of
residue, and the resulting nitrogen defi-
cit, at increments across the header of
two rotary combines with different distri-
bution systems, is shown in Table 3.

Residue distribution behind the ro-
tary combine with standard flails varies
by a factor of three from a low of 2.4
tons per acre (T/A) in the first four
feet to a high of 7.32 T/A in the 12-16
foot increment. The nitrogen deficit
caused by decomposition of residue is

Table 2. Concentrations of residue behind
mechanisms

also three times as high in the 12 - 16
foot increment. On the other hand, the
rotary combine with the modified flail
(extended shaft, increased speed) has a
much more uniform distribution pattern.
The highest concentration of residue is
only 1.1 tons/acre higher than the low-
est, and the nitrogen deficit is only
eight pounds more.

This provides a numerical basis to
explain the yellow strips seen in re-
duced tillage wheat and barley fields,
and even some plowed fields in north-
eastern Oregon.

Summary 

No-till and reduced tillage production
of cereal grains in Oregon presents grow-
ers with opportunities for reducing soil
erosion, cutting production costs, and
increasing profits. The major obstacle
to securing these benefits is the manage-
ment of residue from the previous crop.
Higher grain yields and wider combine
headers accentuate the problem with
chaff rows.

Unless residues can be spread evenly,
farmers are likely to be disappointed
with the results of their conservation
planting efforts. The effect of chaff
rows on plant nutrition is as important
as any problem. Fertilizing to offset
the deficit in the chaff row will

combines with a variety of spreading

Highest
	

Lowest
concentrationa
	 concentrationa

Combine
	

(in chaff rows)
	

between rows
tons/ac.

Cylinder w/Chaff spreader 5.9 4.0
Cylinder w/Factory straw chopper 9.0 2.2
Cylinder w/Factory flails 8.0 2.1
Rotary w/Prototype straw chaff spreader 6.7 3.5
Rotary w/Modified flail system 5.4 3.9
Rotary w/Factory flails 8.8 2.1

aAverage of cut straw, chaff, and uncut stubble was 4.7 tons per acre.



Table 3.
Straw Distribution Effects on

Residue Levels and Nitrogen Requirement

Increment across header (feet)
Component Combine	 0-4	 4-8	 8-12	 12-16 16-20 20-24
Straw level Rotary standard	 2.40	 3.41	 4.35	 7.32 6.79 2.91
(tons/acre) Rotary modified	 4.37	 4.31	 5.43	 4.61 4.29 4.37

N Deficit Rotary standard	 17	 24	 30	 51 48 20
(lbs/acre) Rotary modified	 31	 30	 38	 32	 - 30 31

Residue N content: 0.45%; soil C/N ratio: 12
Residue retention: 19% of carbon incorporated in soil organic matter
Residue level: 4.77 tons/acre (95 bushels/acre grain yield)

require that excess materials be applied
to the inter-row area. Failure to
satisfy this deficit will result in a
substantial yield reduction in 17 to 22%
of the field. Additional problems with
pests (weeds, insects and diseases) can
add to the frustration and cost. Poor
drill performance can affect crop emer-
gence, vitality and, ultimately, yield.

There ARE adjustments that can be
made and/or attachments that can be
purchased to increase the uniformity of
straw and chaff distribution behind
combines. Farmers determined to make
their reduced tillage seeding systems
succeed will recognize that planning
DOES begin before harvest.

*Ray Allmaras, Paul Rasmussen, and Clyde Douglas
and Biological Technician Larry Baarstad, United
States Department of Agriculture-Agricultural
Research Service (USDA-ARS)
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