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Farmer Alternatives to Open Field Burning:
An Economic Appraisal

FRANK S. CONKLIN and R. CARLYLE BRADSHAW

THE CASE FOR OPEN FIELD BURNING

Open field burning is a widely adopted cultural prac-
tice used in the production of grass seed in the Willam-
ette Valley of Oregon. It was established as a technique
for field sanitation in the late 1940's. At that time, some
50,000 acres of perennial ryegrass grown for seed be-
came infested with blind seed fungus which markedly
reduced viable seed production. Research indicated that
open field burning of crop residues after harvest was an
effective and economic means for destroying the fungus
in infected seeds which wintered in crop residues and
at the soil surface [7].

Burning also controlled other major grass seed dis-
eases and pests, including ergot, grass seed nematodes,
and silver top. Other interrelated benefits became evi-
dent, including (1) stand thinning and physiological
plant stimulation, (2) increased fertilizer efficiency, (3)
increased effectiveness of soil-active herbicides, (4) ex-
tended productive life of stands, and (5) reduced pesti-
cide needs. Each of these benefits contributed to in-
creased yields of grass seed at low cost. Upon realiza-
tion that field burning was not only an effective field
sanitation measure, but also the most expeditious and
least costly means for disposal of 1.5 to 6 tons per acre
of residue (straw or aftermath) having little or no eco-
nomic value, field burning "spread" to other grass seed
crops and the cereal grains.

By 1969, nearly 500,000 acres of grass seed crops
and cereal grains were grown in the Willamette Valley.
Of that total, almost one-half or 232,000 acres were in
grass crops [12]. From that total an estimated 225,000
acres were field burned [1]. Of the 255,000 acres of
cereal grains, some 85,000 to 90,000 acres were esti-
mated as having been burned. The burn removed an
estimated one million tons of residue during the post-
harvest season in August and September.

Open field burning is not limited to the Willamette
Valley. More than 400,000 acres of rice and other cereal
grain straws are burned annually in California. 1 About
5,600 acres of bermuda grass in Arizona, some blue-
grass in Minnesota, and various types of grasses in
eastern Washington and Oregon and northern Idaho
are field burned. In the southeastern United States,

David 0. Chilcote. Department of Farm Crops, Oregon
State University. Personal communication, March 1971.

sugar cane stalks are burned. The practice of field burn-
ing is not limited to the United States. Cereal grain resi-
dues are burned in Denmark, Australia, New Zealand,
England, and Greece. The Netherlands burns some
bluegrass and ryegrass fields.

Grass seed is marketed principally as a blend in turf
and pasture grass mixes and in pure form for cover
crops. Of the 232,000 acres of grass seed crops grown
in the Willamette Valley, some 134,000 acres are de-
voted to production of both annual and perennial rye-
grass, accounting for virtually all of the ryegrass grown
in the United States. The remaining 98,000 acres include
bentgrass, red fescue, chewings fescue, tall fescue, and
Merion-Kentucky bluegrass grown for seed. The Wil-
lamette Valley produces over 95 percent of U.S.-grown
bentgrass, red fescue, and chewings fescue [12]. It ac-
counts for 10 to 25 percent of U.S.-grown tall fescue
and Merion-Kentucky bluegrass and some 50 percent of
U.S.-produced orchardgrass.

Grass seed production, a grass monoculture, is the
most extensive form of cropping on the valley floor.
The Willamette Valley, noted for its intensive cropping,
generates 155 million dollars of crop production each
year. This is 50 percent of Oregon's annual gross value
of agricultural crop production of 310 million dollars
[16]. Tree fruits and nuts, sweet corn, green beans,
cole crops, strawberries, cane berries, and ornamentals
comprise the principal crops. They are grown on high
quality valley floor soils of the Willamette, Woodburn,
and Chehalis soil series.

This leaves more than 500,000 acres of Dayton and
poorly drained Amity (called "Whiteland") valley soils,
which produced only pasture and cereal grains until the
introduction of grass seeds [6]. The top soil is excellent
but has serious drainage problems caused by a nearly
impermeable layer 12 inches thick located 16 to 24
inches below the surface. Ground water is at or near the
surface from November to April. The wet soils often
create tillage problems in the spring, hamper post-Sep-
tember harvesting in the fall, and produce manganese
toxicity in some plants. Yet this is the very type of con-
dition under which certain grasses, particularly the rye-
grasses, thrive. They are tolerant to saturated soil con-
ditions for extended periods. The cool, moist springs
favor grass pollination, and the warm, dry summers en-
hance seed maturity.
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A POLLUTION PROBLEM

Associated with open field burning is a smoke emis-
sion by-product. Although meteorologists estimate that
air emission pollutants from field burning contribute
only 15 to 20 percent of the total annual fine particulate
emissions in the Willamette Valley, smoke plumes in
August and September are obvious to all [14]. Also con-
tributing to the issue is an increasing concern of Ore-
gon's outdoor-oriented public over the deterioration of
the environment. Open field burning is one of the sev-
eral sources of pollution which have come under public
scrutiny. Major critics of field burning are the metro-
politan centers in the valley. The Eugene-Springfield
area has been most critical, due in part to geographic
and climatic conditions which tend to concentrate much
of the smoke in that area. Major criticism of the smoke
has been due to its nuisance effect, soiling damage, res-
piratory ailments, driving hazards, and loss of aestheti-
cally desirable views which attract tourists [4].

Private burning regulations were initiated by grass
seed producers themselves in the mid-1960's on a self-
regulating basis. The first public regulatory burning
controls were enacted for the 1969 burning season? They
included daily acreage restrictions from meteorological
monitorings. The public controls were designed as an
interim measure and administered by the Department of
Environmental Quality, Oregon's regulatory agency for
environmental issues. Oregon's legislature is now con-
sidering more permanent controls leading to prohibition
of open field burning by January 1, 1975.3

A NEED FOR ALTERNATIVES

With inception of a field burning ban in 1975, a
strong case exists for seeking on-farm alternatives. This
could take the form of alternatives to grass seed produc-
tion itself, alternatives to open field burning, or both.
Alternatives for field sanitation, residue removal, and
residue utilization or disposal are necessary since burning
serves all three functions.

Fundamental to farmer selection of alternatives is
their economic impact. Each choice must be evaluated
by individual farmers in terms of how it would change
existing income, costs, or both. Alternative land uses
should be compared with each other and with grass seed
production from a net income or earnings focus. Where
grass production is expected to be continued and substi-
tutes for field sanitation, residue removal, and disposal
are considered, choices should be evaluated from a cost
standpoint. Here the issue involves picking a substitute
which performs the task satisfactorily from a technical

An excellent popular article treating the complexities of
controlled field burning is available in The Farm Quarterly, Vol.
25, No. 6, November-December 1970.

The Oregon Senate, on March 24, 1971, voted to ban field
burning by January 1, 1975. The House passed a similar measure
on June 11, 1971.

standpoint at a lower cost than other alternatives. In-
come effects, if any, should be included in the cost
structure.

SCOPE OF STUDY

The purpose of this study was to evaluate the eco-
nomic impact of suggested technical choices for open
field burning. The study was not designed as an exhaus-
tive effort. However, it does include the choices which
are most often suggested. Technical and economic data
were collected from available published sources. A spe-
cial effort was made to use Pacific Northwest data wher-
ever possible. To the extent that data were available,
both custom rates and ownership costs of machine use
are quoted to provide a probable cost range for the
machines considered.

The technically feasible alternatives for open field
burning chosen for economic analysis include:4

Alternatives which require no residue incineration
Alternative land use

Extensive crops
Intensive crops
Forage-livestock production

Soil incorporation of residues
Alternatives utilizing mechanical measures for resi-

due incineration
Mobile field sanitizer
Mechanical residue removal followed by field sani-
tation

Bunching and field bucking
Baling and hauling
Field chopping and hauling
Stack former and mover
Cubing and hauling

Since many farm adaptations of mechanical residue
removal techniques are noted, the five techniques above
were chosen as being most representative of the total
choices available. This was done to confine analysis to
manageable limits.

ALTERNATIVES WHICH REQUIRE NO
RESIDUE INCINERATION

Alternative Land Use
Several alternative land uses exist, each with differ-

ent resource requirements and income potential. They
include extensive crops, intensive crops, and f orage-
livestock production. Extensive crops are traditionally
defined as those crops which have comparatively low
gross incomes and low expenses per acre. For purposes
here, that definition is extended to include those crops
which do, not require additional capital inputs for land
reclamation. Intensive crops are characterized by high

Research under way at Oregon State University may result
in future development of technically feasible alternatives. A por-
tion of the OSU research effort involves continued economic
evaluation of new technical developments.
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gross income and expenses (relative to extensive crops)
per acre and require reclamation of "Whiteland" soils
to provide winter drainage and supplemental summer
irrigation.

Extensive crops. Only a limited number of field
crops will tolerate winter conditions on "Whiteland"
soils without land reclamation. These include grass pas-
ture for livestock, spring-sown oats, alsike clover, and
vetch. Unfortunately, no large-scale economic studies
have been conducted on these crops recently to provide
direct comparison of their incomes with the income of
grass seed production. The most recent study was con-
ducted in 1958 [9]. This study was adjusted by updating
costs to current levels. Cultural practices were not
changed. The comparisons are shown in Table 1. The

Table 1. Returns to land for selected crops grown on
Whiteland soil, Marion County, Oregon, 1958'

Crop	 Soil
Gross
return Cost'

Residual
return

to land'

Dollars per acre
Spring oats 	 Amity $57.34 $29.63' $27.71

Dayton 43.23 31.64 11.59
Oats and
vetch 	 Amity 77.00 38.07' 38.93

Ryegrass 	 Dayton 61.77' 47.76 14.01
Bentgrass 	 Polk 121.07' 64.06 57.01
Chewings
fescue 	 Amity 110.98 88.46" 22.52

SOURCE: Sydney C. James, "Techniques for Characterizing Oregon
Soils for Agricultural Purposes in Terms of Physical and Economic
Productivities." Unpublished Ph.D. dissertation, Oregon State Univer-
sity, 1961.

Costs and returns adjusted to 1970 levels.
b Costs include cash and overhead expenses. A charge for labor and

management is included with the overhead. All costs were adjusted to
1970 levels using indices from Agricultural Statistics, 1970, USDA.
An index of 127 was used to adjust the data, reflecting a 27% increase in
average farm costs from 1957-59 to 1969. Yields were not changed for any
Crops.

Residual return to land defines the income remaining after cash and
overhead expenses are subtracted from gross returns (physical produc-
tion x average price). Land taxes and other land charges, if any, must be
paid from this residual claimant to land.

d On Amity soils, an annual overhead expense for tiling is included.
An average price of $6.78/cwt. was used here, representing the aver-

age price from 1959 through 1968 for ryegrass in Oregon, a somewhat
higher price than used in the study by James.

f An average price of $34.20/cwt. was used here, representing 1959-
1968 average prices in Oregon for bentgrass, a somewhat higher price
than used in the study by James.

greatest contrast was between ryegrass ($14.01) and
oats and vetch ($38.93), where a difference of $24 per
acre prevailed. A portion of the difference is ascribed
to soil quality and tiling influences, since one crop was
grown on Amity soils and the other on Dayton soils. A
principal reason for the small differences is that all
choices available without major land improvements are
limited to extensive low margin crops. Inclusion of price
and yield variability considerations do not favor alterna-
tive crops either. A comparison of gross incomes and in-
come variability between extensive crops from 1960 to

1969 in Marion County was made. 5 No great differences
existed which would lead farmers to choose vetch, oats,
or clover over grass crops due to significantly higher
expected gross income or lower income variability.

From these results, one must conclude that factors
other than net returns per acre and income variability
must have major influence in the high preference of
farmers for grass crops over other extensive crops. One
possibility is that single crops usually are not viewed in
isolation, but rather in combination with other crop en-
terprises. Several crops may be grown on the same farm
to permit more effective utilization of farm resources on
a continuing basis throughout the year. Several different
grass seed enterprises grown on the same farm tend to
complement one another in resource use and manage-
ment requirements. These impacts often are not re-
flected in cost studies.

When considering potential shifts in production from
one crop to another by a large number of farmers, the
impact on market price of an increased supply of a new
crop must be included. It is suspected that the market
for oats, vetch, clover, and pasture grass seeds is quite
limited. That is, a small increase in market supply would
have large price-decreasing effects. If this is so, then
large-scale shifting from grass seed production to these
other crops could make farmers worse off than continu-
ing grass production under imposed burning restraints.
The basic economic question is: What would net returns
in producing grass be with the internalized higher costs
when alternatives to open field burning are employed, as
compared with returns from other extensive crops under
price conditions prevailing, if a large portion of farmers
in the valley were to shift to these crops as substitutes
for grass seed production? A price analysis study would
shed light on this issue.

Intensive crops. Results from experiments initiated
in 1963 by the Department of Soils, Oregon State Uni-
versity, indicate that "Whiteland" soils can produce sat-
isfactory yields from intensive field and horticultural
crops if adequate field drainage, supplemental summer
irrigation, and liming are provided [3]. Yields on bush
and pole beans, sweet corn, alfalfa, and other intensive
crops on reclaimed "Whiteland" soils are reported to be
comparable to those attained from the well-drained
soils of the Willamette, Woodburn, and Chehalis series.

Capital investment requirements to provide adequate
drainage on "Whiteland" soils range from $150 to $300
per acre, depending upon the type of drainage system
and its spacing requirements. 6 With an assumed useful
life of 20 years and interest on average investment at

Gross income data which reflected prices and yields from
1960 through 1969 were obtained from information supplied by
Don Rasmussen, Marion County Extension agent, Cooperative
Extension Service, Salem, Oregon, 1970.

Larry Boersma. Department of Soils, Oregon State Univer-
sity. Personal communication, February 1971.
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8 percent, the annual costs for the drainage system would
range from $15 to $30 per acre.

Supplemental summer irrigation requirements for
intensive crop production are estimated by the OSU
Soils Department as averaging nearly 12 acre-inches
of water per acre [6]. For "Whiteland" soils this will
have to be obtained, in most cases, from ground water
supplies. Ownership and operating costs would vary
from farm to farm, depending upon well diameter and
depth, size of pump, and number of acres. It seems rea-
sonable to assume that these costs would be comparable
to those required for supplemental irrigation on Willam-
ette and Woodburn-type soils. These irrigation invest-
ment charges range from $160 to $320 per acre accord-
ing to Extension Farm Management estimates [8].
By projecting a useful life of 20 years and interest on
average investment at 8 percent, annual costs for irriga-
tion range from $16 to $32 per acre. Consequently, to
upgrade "Whiteland" soil for intensive crop production,
capital investment requirements for both drainage and
irrigation facilities could add $31 to $62 per acre to
existing annual costs. Because Willamette, Woodburn,
and "Whiteland" soils require supplemental irrigation
for production of intensive crops, the principal cost dif-
ference between them is the drainage charge ($15 to $31
per acre). It appears conceivable that high quality man-
agement could partially overcome the $15 to $31 annual
cost disadvantage for farming on "Whiteland" soils
through advantages in other management practices.

Of greater consequence than drainage reclamation is
the issue of market access. Most horticultural crops in
Oregon are grown under contract to specific processing
plants. If a farmer cannot obtain a contract, he simply
cannot sell his crop for processing at any price. Setting
of contract levels is determined entirely by the proces-
sors, based upon expected market conditions, inventory
levels, plant capacity, and grower production efficiencies.
In recent years, contract acreages for processing have
been reduced on many horticultural crops, particularly
snap beans and sweet corn which account for a majority
of acreage in the valley devoted to intensive crop produc-
tion. Stocks have accumulated to the point where sweet
corn acreage for 1970 was reduced some 11,000 acres
from the 1968 high of over 43,000 acres [15] . The 1968
acreage was an all-time high for Oregon. Average yield
of 4.5 tons per acre in the early 1950's increased to 7.1
tons per acre in 1970, further contributing to contract
reductions. The snap bean acreage of 28,100 acres for
1970 was 2,500 acres lower than the 1968 level. Again,
the 1968 acreage represented an all-time high.

This situation indicates little possibility for expan-
sion of intensive crops onto "Whiteland" soil in the near
future. When expansion occurs it will come first on
those Willamette-Woodburn soils where contracts were
cut. The next expansion will extend to thousands of
acres of Willamette-Woodburn soi l s now growing exten-
sive crops. This could be followed by expansion to the
"Whitelands" if profit conditions permit coverage of the

drainage cost ($15-$31 per acre) not required on the
Willamette-Woodburn soils. Consequently, economic
feasibility of using "Whiteland" soils to any great de-
gree for production of intensive crops within the forsee-
able future does not appear bright.

A further complicating factor appears to exist in the
form of limited ground water supplies for the Willam-
ette Valley. ? If a large number of farmers were to sink
wells for supplemental irrigation use, the existing sup-
ply likely would become exhausted, requiring supple-
mental flow sources. To prevent this from happening
and to protect existing wells, the State Engineer would
likely disallow additional well drilling permits. This
would require group action to form irrigation districts as
a means for acquiring capital investment needed to con-
struct storage facilities and capture unallocated winter
flow supplies of water.

Forage-livestock production. Several livestock en-
terprises have been suggested as substitutes for grass
seed production. These range from a combined grass
seed and sheep operation to an irrigated year-round beef
program. The most likely livestock choices include ewe-
lamb, feeder lamb, cow-yearling, beef feeder, and cow-
calf operations. These choices are considered here.

Two sheep enterprise studies were conducted in the
fall of 1970 with mid-Willamette Valley sheep produc-
ers and Extension Farm Management personnel at Ore-
gon State University cooperating. One study involved
a 100-ewe operation on dry improved hill pasture, and
the other involved a 200-ewe operation under "White-
land" conditions where half of the pasture land is irri-
gated and the rest is dryland pasture. In both cases, net
returns were low. Returns of 7 to 8 percent on capital
investment and $2.50 per hour for operator labor were
not achieved in either case until reaching a lamb price
of 28 cents a pound and 150 percent lamb crop. The
likelihood of both occurring is extremely low. Results
were comparable to those obtained by Douglas County
sheep producers. Both findings indicate that sheep pro-
duction is similar to grass production in that it is exten-
sive in form with low returns per acre.

It is unlikely that sheep production on "Whiteland"
soils will provide as high a net farm income as that re-
ceived from grass seed production under open field burn-
ing. Willingness to handle sheep and market price varia-
bility also must be considered. Where irrigation is
needed, an additional capital investment also would
be required. A complete shift to sheep with no grass
production would involve decapitalization of highly spe-
cialized grass machinery and new investments in build-
ings and specialized livestock equipment which might
result in a net capital loss.

Research results on the economic feasibility of utiliz-
ing irrigable Willamette Valley floorland for beef pro-
duction also are generally characterized by low returns.
A 1965 economic research study points this out [11].

Marvin Shearer. Department of Soils, Oregon State Univer-
sity. Personal communication, February 1971.
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Average prices from Portland for the 1959-1970 period
were substituted for the 1958-1964 prices used in the
1965 study. Irrigation was required in all cases to assure
year-round pasture. Ten systems ranging from cow-calf,
cow-yearling, and various feeder operations were budg-
eted. The budgets were set up for a one-man livestock
operation on a 242-acre irrigated farm. Results of the
comparisons are shown in Table 2.

Gross incomes ranged from a low of $25,974 for a
cow-calf program to a high of nearly $200,000 for a pro-
gram of fall-purchased feeders. This represented a wide
range in capital, labor, and land intensity. Positive re-
turns to management were realized in only three cases.
These were associated with the more intensive pur-
chased-feeder operations which required from $80,000 to
$130,000 in capital investment for livestock, cattle hous-
ing, and hay storage. Associated with these choices were
high price risks for feeders purchased and fat stock
sold. In some instances, high profits can be expected,
and in others, equally high losses. The cow-calf and cow-
yearling choices resulted in gross incomes when ex-
pressed on a per acre basis of $107 to $120. These gross
incomes are somewhat higher than those for current op-
erations on annual and perennial ryegrass. However,
high costs on the livestock choices result in net returns
per acre comparable to the ryegrasses. This is attributed
to the low numbers of pounds of beef turned off per acre
and the large amount of feed and other expenses re-
quired to maintain the breeding herd.

Cost and return information for the Willamette Val-
ley on sheep and beef enterprises indicate that they
offer no panacea as income substitutes for grass seed
production. Some grass producers may find several live-
stock alternatives to be acceptable substitutes for grass
production, but these alternatives appear to offer no
general solution for grass growers in the valley. While
eliminating smoke emission problems, these alternatives
create pollution problems of their own with odor and ef-
fluent and require changes in management, labor use,
and machine use. All these factors serve as negative
components for profits. High price risks and capital re-
quirements are additional economic deterrents. Included
with the capital requirement is the need for drainage
to permit pasturing on "Whiteland" soils from Novem-
ber to April.

Incorporation of Residues into the Soil
Soil incorporation of grass residues by mechanical

means is limited to annual ryegrass. Perennial grasses
are not cultivated during the life of the stand, so soil
incorporation is not technically possible except at the
time of stand establishment. Mechanical means for soil
incorporation of annual ryegrass residues include mold-
board plowing, disk plowing, and rototilling. Each prac-
tice controls short-run residue disposal problems but
does not satisfy disease and weed control requirements.
Possible long-term yield decline from lack of bacterial
action for residue decomposition may prove to be an-

other disadvantage. Since field burning has been the only
cultural practice employed for disease and weed con-
trol, a paucity of information exists on the technical and
economic complexities of residue plowdown.

Soil incorporation of grass residues would add an
appreciable amount to existing production costs. Field
chopping of residue aftermath and stubble would be
required to permit plowdown. The estimated custom
rate for field chopping is $2 per acre. This would likely
be followed by moldboard plowing, disking, and harrow-
ing once over for seedbed preparation, with custom
charges ranging from $7 to $13 per acre. 8 An alternative
would be rototilling at $9 to $12 per acre, which would
substitute for the three seedbed preparation operations.
Field chopping and seedbed preparation would then
range from $11 to $15 per acre.

Some suggestions have been made in regard to the
use of Paraquat and 2,4-D for herbicidal control. Un-
fortunately, no technical data are yet available for evalu-
ation. On residue breakdown, 30 pounds of nitrogen per
acre might be required to break down the grass residue
after plowdown. At 13 cents per pound of nitrogen and
the custom application rate of $1 per acre, the fertiliza-
tion cost at plowdown would total $4.90 per acre.

Production cost estimates obtained from selected
annual ryegrass growers by Extension Farm Manage-
ment specialists, Oregon State University, indicate that
total costs for annual ryegrass seed in the establishment
year are about $105 per acre. Once annual ryegrass is
established, it can be "grasslanded" for three to five
years, or until weed infestation reaches a point where
yields are reduced substantially. "Grasslanding" is a cul-
tural practice which permits direct seeding of annual
ryegrass into the unplowed soil following a field burn.
This cuts costs over standard seedbed preparation some
$11 per acre, or an average of $7.30 per acre where
plowing is required every third year [5].

Alternative cultural practices for open field burning
will likely require field chopping, seedbed preparation,
disease and herbicide control, fertilization for residue
decomposition, and elimination of "grasslanding." Ex-
clusive of unknown costs on herbicide control and yield
effects from residue incorporation, an annual plowing
program is estimated to increase costs on annual rye-
grass some $21 to $26 per acre. The specific cost-increas-
ing items include:

Field chopping of residue 	 $2/acre
Seedbed preparation 	 $7-$13
Fertilization for residue breakdown 	 $4.90
Annual effects of eliminating grasslanding 	 $7.30

$21-$26/acre

The prospect of residue removal followed by deep
plowing has been suggested for use on annual ryegrass
and warrants economic consideration.

8 Based upon custom rates from California and Washington
as compiled by economists of the Extension Service in those
states.
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ALTERNATIVES REQUIRING FIELD
INCINERATION OF RESIDUES

Mobile Field Sanitize?
In 1970, the Department of Agricultural Engineer-

ing, Oregon State University, developed and field tested
a self-propelled field sanitizer [2]. It was powered by a
converted self-propelled combine with pickup attach-
ment. A second-generation prototype sanitizer has been
developed in 1971. It uses a farm tractor as its pulling
source and an auxiliary engine to power the blower and
hydraulic units. The sanitizer is designed to burn all

Table 3. Probable range in ownership and operating costs
for field sanitizer pulled by a 4-plow tractor'

Low	 High
cost	 cost
case	 case

Acres sanitized 	 1,500 acres 1,250 acres
Total hours of machine operation 	 600 hours 500 hours

Useful life of sanitizerd 	10 years	 7 years

No. of 10-hour days used' 	 	 60f	 50

Purchase price of 4-plow tractor 	 	 Ob	 12,000'

Operating rate 	 2.5 acres/hr. 2.5 acres/hr.

Purchase price of sanitizer 	 $10,000	 $14,000

Annual ownership costs
Sanitizer

	

Depreciations 	 $ 1,000	 $ 2,000
Interest on average investment

at 9W 	  450	 630
Taxes' 	 	 0	 0
Insurance at .35% i 	 	 18	 24
Repairs at 10% of average

	

investmentk 	 	 500
	

700
70 H. P. tractor 	 	 0'

	
2,459m

Pickup 	 	 On
	

0°

	

Portable sprayer 	 	 131°
	

131°

TOTAL 	 $ 2,099 $ 5,944
AVERAGE OWNERSHIP COSTS PER ACRE._ $1.40 $4.76

Operating costs per acre
Two men at $2.50/hour	 2.00 2.00
Operating costs of $2.05/hour for a

4-plow tractor 	 .86 .86
Operating costs of pickup and pumping

engine ; 16¢/mile for .4 mile/acre P 	 .11 .11
Propane for sanitizer 	 .50 .50
Operating cost for auxiliary engine on

the sanitizer 	 .40 .40

TOTAL OPERATING COST PER ACRE 	 $3.87 $3.87
TOTAL COST PER ACRE 	 $5.27 $8.63

° The field sanitizer was developed at Oregon State University.
b Assumed that the producer would use a tractor already owned.
e Assumed that a tractor would be purchased and used exclusively with

the sanitizer, as would be the case with a custom operation.
d Useful life will vary depending upon the amount of annual use, re-

pairs, and obsolescence. The seven-year life assumed a high rate of obso-
lescence due to further development prospects if the sanitizer becomes
used extensively.

Assumes a 10-hour working day. If a round-the-clock working day is
feasible, minus down-time for -repairs, the total operating hours could be
expanded considerably.

f An average of 50 to 65 burning days are available from July 1
through September, based upon meteorological data for the Willamette
Valley compiled by the U.S. Weather Bureau, the Oregon Agricultural
Experiment Station, in Special Report 277, "Local Climatological Data
for Oregon State University," revised July 1970.

residue and stubble in its path within a self-sustaining
combustion chamber. Smoke emissions are estimated to
be reduced by 80 to 90 percent and unburned hydrocar-
bon emissions by 99 percent when compared with open
field burning.

Field sanitizers are not commercially available, al-
though several companies appear to be interested in their
production when the economic climate becomes commer-
cially feasible. If so, a time lag of four to five years may
be required for their production. An additional 5 to 10
years of use assurance to the farmer by pollution control
agencies might be required to entice its purchase, as-
suming that grass growers could internally absorb the
sanitizer costs and continue to operate profitably. Tenta-
tive cost estimates based upon materials , machine per-
formance, and varying conditions (from OSU's investi-
gations) are advanced here to provide an economic point
of reference.

Major cost determinants for the sanitizer include
purchase price, daily use, length of burning season, field
operation rate, and field efficiency. To represent a rea-
sonable range of expected cost variation, two extremes
(low cost and high cost) are advanced.

Low-cost case. This choice assumes that the ma-
chine is purchased for $10,000, has a useful life of 10
years, and will be used effectively for 10 hours per day
over a 60-day burning season. The field operation rate is
2.5 acres per hour, so 1,500 acres are burned annually
with a single machine. The sanitizer is pulled by a 4-
plow tractor already owned by the farm operator and
used for general farm work at other times of the year.
A pickup outfitted with a 300-gallon tank and pump for
fire suppression is already owned by the operator as well.
Since the tractor and pickup did not need to be purchased
for this operation, no overhead expense on them is
charged. The 300-gallon tank, pump, hose, and 8 H. P.
motor mounted on the pickup are purchased for $670.
Further expense details for the low-cost case are shown
in Table 3. The cost per acre of this choice is $5.27.

g Straight-line method of calculation and no salvage value were
assumed.

h Average investment = Purchase price + salvage value.

2

provides a pollution abatement credit, no charge was made.

the particular case. If a machine is not used, it, of course, incurs no re-
pairs. Due to the fairly high level of use assumed in the two cases pre-
sented, a constant repair rate was deemed adequate.

k Repairs may be treated as a fixed or variable cost depending upon
Insurance on average investment for risk against property damage.

Property taxes are normally charged on machinery. Because Oregon

For a machine which is already owned, annual overhead costs would
exist whether the machine is used or not. Hence, until such time as the
tractor is replaced, overhead costs need not be covered to justify its use.

fg Depreciation, interest, insurance, and repairs were charged at the
same rate as that quoted for the sanitizer. A 10-year life for the tractor is
assumed.

g Assumed to be already owned, either by the farmer or the custom
operator.

° The cost of an 8 H. P. motor, 300-gallon tank, and high-pressure, self-
prime pump with 50 feet of hose is $670. Assuming a useful life of
10 years and depreciation, interest, insurance, and repair rates the same
as quoted for the sanitizer, the annual overhead cost becomes $131.

P Based upon operating cost data from California compiled by econ-
omists of the Cooperative Extension Service, University of California,
Davis.



High-cost case. This choice assumes a field sanitizer
is purchased at a cost of $14,000 with a useful life of 7
years and operated 10 hours daily for a burning season
of 50 days. With an operational rate of 2.5 acres per
hour, 1,250 acres are incinerated during the season. This
choice further assumes that a 4-plow tractor is purchased
for sole use with the sanitizer. The tractor costs $12,500
and has a useful life of 10 years. Since the tractor is
used solely with the sanitizer, its overhead charges are
included as part of the sanitizing costs. As with the low-
cost case, the pickup is assumed to be already owned by
the operator, so no overhead charge is made to the sani-
tizing process. However, the sprayer expenses are
charged to the operation. Total cost of the high-cost case
is $8.63 per acre (Table 3). Both operations require two
men—one on the tractor and another in the pickup—for
fire control.

It appears likely from these estimates that mobile
field sanitizing costs might be expected to range from $5
to $10 per acre. If, however, the initial purchase price is
underestimated from a commercial standpoint because
research and development cost components were not
included with this cost structure, a pickup were required
for exclusive use with the incinerator, a larger crew were
required for fire control, or other aspects not considered
here were to develop, then costs per acre easily could ex-
ceed $10. On the other hand, the ability to extend the
sanitizing season beyond 10 hours per day provides a
cost-reducing effect. Further research and development
advances will need to be made before refinements in the
cost estimates become meaningful. If field sanitizers be-
come commercially available, then prospective farmer
purchasers would need to budget their individual situa-
tion to determine technical and cost components appro-
priate to their specific case.

Residue Removal Followed by Field Sanitation
Field burning serves a threefold function of field

sanitation, residue removal, and residue utilization or
disposal. Physical removal of grass residue substitutes
for only one of these functions. It requires physical
collection and transfer of residue from the field. Conse-
quently, this function must be followed by some form of
field sanitation and residue utilization. Since chemical
and biological control measures are not yet technically
feasible for field sanitation, mechanical propane flaming
or mobile field sanitizers must be included to serve this
function. Preliminary research results by the Depart-
ment of Farm Crops, Oregon State University, indicate
that flaming accomplished in August will result in imme-
diate future yields comparable to those achieved with
open field burning. Late burning was decidedly inferior
for field sanitation control because plant regrowth had
begun to impair burning effectiveness, resulting in lower
burn temperatures and increased smoke emissions. How-
ever, the flash treatment from flaming raises technical
questions regarding long-run disease control, so is
viewed as an inferior choice to sanitizing.

The mobile field sanitizer will be assumed to be used
in addition to the mechanical removal techniques de-
scribed in the following sections. A custom rate of $8
per acre will be assumed. This charge is added to me-
chanical removal costs in providing cultural practices
somewhat comparable in effectiveness to open field
burning. Expenses, if any, required for residue utiliza-
tion or disposal are excluded from this analysis. The five
representative mechanical removal choices selected for
economic analysis are now discussed.

Bunching and field bucking. This mechanical tech-
nique is handled in two phases; first the straw is bunched
as it comes from the combine and then the bunches are
hauled from the field to a storage area. A version of this
system has been employed on eastern Oregon ranches
for many years in handling loose, mountain meadow hay.
Bunching is achieved by use of a Foster dump wagon
attached to the combine. A blower unit on the combine
blows the straw and chaff directly into the dump wagon.
The blower unit is powered either by an 18 H. P. gaso-
line engine or from the cylinder shaft of the combine it-
self. The dump wagon is used extensively in eastern
Oregon for bunching grain straw in the field. Livestock
are permitted direct access to the field stacks after har-
vest. In the case of grass residues, the wagon is filled to
capacity, then dumped on the ground as a stack some 10
feet long, 7 feet wide, and 8 feet high. The stack is
moved to a storage or dumping site by means of a trac-
tor-mounted buck rake.

Purchase price of the wagon unit ranges from $2,100
to $2,800, depending upon size and accessories desired.9
With an estimated useful life of 10 years, depreciation
calculated on a straight-line basis with no salvage, inter-
est on average investment of 8 percent and insurance at
.35 percent, the annual overhead or ownership cost
ranges from $310 to $410 per year. Operating costs
range from 10 to 40 cents per acre, depending on
whether the combine or gas engine is used to power the
blower unit. A likely cost range for use of the Foster
dump wagon would be from $2 per acre where around
200 acres are harvested to a low of 50 cents per acre
where 1,000 acres are harvested.

The purchase price for a tractor-mounted buck rake
or Farmhand is around $600." With an assumed life of
10 years, 10 percent salvage value, interest on average
investment of 8 percent, taxes, and insurance of 1.5 per-
cent of average investment, the annual ownership or
overhead expenses total $89. Operating costs per hour
with the buck rake mounted on a 4-plow tractor come to
$2.05 for the tractor and $2.50 for labor, resulting in a
total operating cost of $4.55 per hour. The distance of
field haul and total tonnage hauled become major vari-
ables affecting cost per acre. Assuming a removal rate of
10 tons (or 10 stacks) per hour, the average total cost per
ton would range from a high of 90 cents per ton where

° Obtained from 1971 dealer prices in Oregon.
10 Ibid.
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200 tons are handled to a low of 50 cents per ton where
2,000 tons are handled. Combined costs for bunching
and field bucking will vary depending upon machine use
and number of tons of residue per acre to be hauled.
A likely range in cost per acre for the joint operations
is shown below:

Tons of residue
per acre

Acres harvested

200 1,000

1 $2.90 $1.10
2 3.80 1.50
3 4.40 2.00
4 520 2.30
5 5.75 2.75
6 6.50 2.90
7 725 3.30

No custom rates for these operations are available. From
the cost estimates, it is expected that custom rates for
use of a Foster wagon would range between 50 cents
and $3 per acre and for field bucking from 60 cents to
$1 per ton.

Baling and hauling. Custom rates for swathing,
baling, and hauling of grass residue to a roadside or
farm storage area range from $8 to $12 per ton." Actual
ownership costs could exceed this range, depending
upon the volume of straw to be handled and the extent
to which any unpaid family labor is employed in the
operation. If the baler can pick up directly from the
combine swath, some 60 to 90 cents per acre can be
saved in by-passing the swathing phase. Ownership costs
for baling alone vary from $2 to $9 per ton based on
data from an Arizona study which compared baling costs
in California, New Mexico, and Arizona [13].

Chopper-blower and hauling. Custom rates in Cal-
ifornia for field chopping and blowing into a wagon and
removal to a nearby storage area range from $10 to
$10.50 per ton." Ownership and operating costs data for
field choppers are difficult to obtain since choppers are
not commonly used in the Northwest except with mint
and silage operations. A Minnesota study indicated that
ownership and operating costs are likely to be near the
$10 custom rate [10].

Stack former and mover. Several types of stack
former and mover units" are commercially available
with varying prices and capacities. The general principle
of operation involves placing the residue or roughage
into a screened wagon where it is compressed and then
moving it to a storage site for dumping when unit ca-
pacity is reached. The unit considered picks up the resi-
due from the combine windrow and blows it into a

Custom rates obtained from Extension Farm Management
studies in Washington, California, Wyoming, and Oregon since
1964.

Obtained from A. Doyle Reed, Extension Farm Manage-
ment Specialist, University of California, Davis, March 1970.

" Commercial names of machinery used for this basic tech-
nique include Stakhand, Stack Eze, Stackmaker, and Stack
Former.

screened wagon where the residue is densified by means
of a hydraulic press. When the wagon is full, the esti-
mated 4-ton load is transported in the wagon to a stor-
age site and unloaded mechanically. Field tests indicate
2.5 loads per hour, or 10 tons per hour, as a normal field
rate. Estimated ownership costs are as follows:

Purchase price 	  $8,000
Estimated useful life 	  10 years
Salvage value 	  800
Ownership costs

Depreciation 	 	 720
Interest on average investment at 8% 	  325
Insurance at .35% 	 	 14

TOTAL OWNERSHIP COSTS 	  $1,086

Operating costs per hour
Repairs: $480 per year on 1,000 hours of annual

use 	 	 .48
Tractor operating costs 	  2.05
Labor: 1 man at $2.50 per hour 	  2.50

TOTAL OPERATING COSTS PER HOUR 	  $ 5.03

Ownership and operating costs based upon these figures
would vary from a high of $8.05 per hour for 300 hours
of annual use to a low of near $6 per hour for 1,000
hours of annual use. Custom rates are not yet available
since the system was used in Oregon for the first time
in 1970.

Cubing and hauling. Cubing of roughages, prin-
cipally alfalfa hay, has become a fairly common practice
in New Mexico, Arizona, and California. Much of the
roughage is destined for feedlots and dairy farms lo-
cated near centers of population and a considerable dis-
tance from the feed source. Cubing is accomplished
either by a portable field cuber costing $38,000, or a
stationary cuber, costing some $10,000 to $13,000. With
the stationary unit, additional investment must be made
for field transportation to the cubing site, storage facili-
ties, conveyors, a motor for the cuber, and a power
scoop. Lack of technical information on stationary cub-
ing as it relates to grass production precludes further
economic analysis at this time. The practice of cubing
roughages is not common in the Northwest. This is due
principally to its high cost compared to baling and to
the generally short-distance hauls where the transporta-
tion cost advantage of the more densified cube does not
offset the higher cubing costs per ton over baling.

A study utilizing field data from 30 field cubers in
Arizona and a comparison of cubing costs from Cali-
fornia and New Mexico indicated that cubing costs
range from a high of near $16 per ton where only 1,000
tons are cubed to a low of $7 per ton where 6,000 tons
are cubed annually [13]. Most cost efficiencies have
been achieved as machine use exceeds 3,000 tons per
year. The costs include field cubing and hauling to a
storage area on the farm. The principal advantage in
using cubes instead of bales is that livestock feeders cut
their labor costs appreciably in loading, unloading, and
feeding of cubes. Hay cubes can be handled more like
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grain than bales, hence mechanization is easier to apply.
Elevators, dump trucks, and loaders can be used with
cubes, thereby eliminating hand feeding. This can be a
crucial factor in large, highly mechanized feedlots and
dairies. This might prove to be an advantage in using
grass residue as a substitute for wood chips, as paper
and pulp mills handle chips entirely on a mechanized
basis.

Projecting the available cubing information to the
Willamette Valley situation, it appears that by operating
a field cuber 10 hours per day for 60 days at a rate of 3
tons per hour, some 1,800 tons could be cubed by one
portable field cuber. Total costs might then be in the
range of $8 to $14 per ton. A reduction of the season
to 40 days would increase the cost by about $5 or $6 per
ton for a total of $13 to $20 per ton. The useful operat-
ing season of the field cuber could be extended by having
some grass straw removed from the field and stacked,
then using the field cuber as a stationary unit through
the winter months. This would involve the extra cost of
bunching, buck raking the straw, and stacking as dis-
cussed in the previous section, adding $1 to $2 per ton to
costs. The total cost per ton of straw cubed could then be
expected to fall into the $9 to $16 per ton range, depend-
ing upon the amount of off-season use made of the
portable cuber.

The custom charge for stationary cubing in the Pen-
dleton area is $10.50 per ton.14

Cost Comparison of Mechanical Removal
Techniques

To provide a common base for comparing the cost of
the five mechanical systems of residue removal de-
scribed above, cost per ton is used as the common denom-
inator. This base was chosen since most custom rates
and cost data for forage harvesting are quoted on a per
ton basis. Furthermore, grass residue yields vary widely
between grass types, so cost calculations on a per ton
basis provide an easy transition to costs on a per acre
basis. Cost summaries were prepared for four situations
(Table 4). The custom rate is viewed as a maximum
charge for machine operation for small operators for
which machine ownership is not economically justified.
The 1,000-ton, 3,000-ton, and 6,000-ton levels represent
increasing use of the machine owned by the farm oper-
ator.

Estimated custom rates range from a low of $1 to
$2.50 per ton with a Foster dump wagon and buck rake
for residue removal in loose form to a high of $13 to
$17 per ton for field cubing and hauling. Stack formers
and movers provide an alternative low-cost means for
residue removal in a loose form, with costs ranging from
$3 to $5 per ton. Stack-former-mover and bunching-
field bucking methods provide the logical economic
choices preceding composting or stack burning. With
composting, additional costs in returning composted ma-

"Robert Estoup, manager of Pendleton Grain Growers, Mil-
ton-Freewater, Oregon. Personal communication, 1970.

terials to the field and fertilization would need to be
considered before making a final evaluation. Chopping,
baling, and cubing costs individually range from $8 to
$17 per ton. These three choices should be viewed as
high-cost operations suitable where the residue is mar-
ketable and densification is necessary to facilitate trans-
portation. The relative standing of each technique does
not change under the case of farmer ownership for the
machine. The cost structure under farmer ownership
can be less than custom rates if high rates of machine
use are achieved and the overhead costs for farmer-
owned tractors which are used to pull the equipment are
not charged to the residue removal operation, a reason-
able choice only for the life of the existing tractor. Con-
sequently, comparison of the choices here must not be
used in evaluating machine ownership versus custom
hiring.

Effect of Alternative Residue Removal Methods
on Production Costs

The impact of using various residue removal meth-
ods on different grass seed crops will be affected in part
by the amount of residue produced by the grass in ques-
tion. Most residue removal methods are charged on a
cost per ton basis. Consequently, those grasses produc-
ing the larger volumes of residue per acre will pay pro-
portionately higher residue removal costs on a per acre
basis. Research results from the Department of Farm
Crops, Oregon State University, indicate the following
average residue levels per acre by seed type:

Average yield per acre
Seed type	 in tons

Annual ryegrass 	 3.5
Orchardgrass 	 3.1
Perennial ryegrass 	 2.6
Fine fescue 	 1.75
Highland bentgrass 	 1.7
Merion bluegrass 	 1.35

Using these figures and the cost data from Table 4,
cost information can be converted to a per acre basis for
comparing grass types. This was done with results
shown in Table 5. The results are presented in the form
of additions to total cost per acre in producing a partic-
ular grass crop by employing selected alternative cul-
tural practices for open field burning.

Incorporation of residue into the soil is a technically
feasible choice only with annual ryegrass. It is a poor
economic choice when compared with the mobile field
sanitizer, bunching and field bucking, and the stack
former and mover. Unanswered technical questions exist
surrounding fertilizer requirements and methods of dis-
ease control associated with this choice.

At this stage of development, the mobile field sani-
tizer appears to have the brightest prospects from a
purely economic standpoint. Its range in cost of $5 to
$10 per acre for each of the grasses is the lowest cost
choice. Compared with the other six alternatives, it be-
comes a particularly attractive choice with annual rye-
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$ 5410	 $ 5410

VA	 VA	 $/A$/A
$21426
$ 5410

$12—$16
$15425
$43
$24–$39
$34468

$ 5—$10

$11414
$13421
$34
$18428
$34452

$10412
$11174
$25
$18428
$25437

VA

$ 5410

$ 9411
$11—$15
$22
$16424
$22—$31

$10—$12
$11417
$25
$18428
$25437

Table 4.	 An economic comparison of mechanical techniques available for grass residue removal

Cost ranges

Mechanical residue removal technique
Estimated

Estimated ownership costs at varying use levels

custom rates 1,000 tons 3,000 tons 6,000 tons

Bunching and field bucking 	 $1 to $2.50/ton $1 to $120/ton" 730 to 88¢/ton" 660 to 81¢/ton"
Foster wagon for bunching 	 50¢ to $3/acre 413¢ to 60¢/ton 200 to 35¢/ton 15¢ to 300/ton
Field bucking 	 60¢ to $1/ton 60¢/ton 53¢/ton 510/ton

Stack former and mover 	 $3 to $5/tone $1.63/ton' 88¢/ton' 70¢/ton'
Chopper-blower and hauling 	 $10 to $10.50/ton N.A. N.A. N.A.
Baling and hauling 	 $8 to $12/ton $4 to $9/ton' $2 to $6/ton' $1 to $4.50/tonb
Field cubing and hauling 	 $13 to $17/ton' $11 to $16/ton $6 to $8/ton $4.50 to $6.50/ton

Cubing from windrow 	 $10 to $12/ton
Windrowing 	 $3 to $5/ton
Hauling 	 $2 to $3/ton

The low-cost side on ownership costs assumes residue yield of 5 tons/acre, while the high-cost side assumes 2 tons/acre.
b Ownership costs exclusive of overhead charges on the tractor.

Custom rates not available due to newness of machine type. Figures represent estimates of a probable range in custom rates.
d An additional $1-$3/ton is added if molasses, other sticking agents, or feed additives are required.

Table 5. A summary of increases in total costs per acre over open field burning
with alternative residue removal techniques

Residue removal techniques
Annual

ryegrass
Perennial
ryegrass

Highland
bentgrass

Fine
fescue

Merion
bluegrass

Incorporation of residues into the soil 	
Mobile field sanitizer 	
Mechanical removal of residues followed by field sani-

tation'
Bunching and field bucking 	
Stack former and mover 	
Chopper-blower and hauling' 	
Baling and hauling' 	
Field cubing and hauling' 	

Costs include an $8/acre charge for use of a mobile field sanitizer but exclude any expenses which may be required for residue utilization or disposal.
b Due to a lack of data, no ranges in costs were calculated. Only custom rat es of $10/ton for chopping, blowing, and hauling, and

tation were used.
c Projecting a range in baling and hauling costs of $6 to $12/ton with no swathing required.
d Projecting a range in cubing and hauling costs of $10 to $17/ton.

$8/acre for field sani-

grass, orchardgrass, and perennial ryegrass, each of
which have high residue yield levels and low returns per
acre. Apparent inferior disease control from propane
flaming also favors the sanitizer. Unfortunately, use of
the sanitizer cannot be viewed as operationally feasible
for several years. It is also not clear at this time whether
effective disease sanitation can be achieved if a portion
of the crop residue is removed, thereby reducing the
fuel level for combustion in the sanitizer.

The most favorable method of mechanical residue
removal from a purely economic standpoint involves
bunching and field bucking combined with the field sani-
tizer. This ranges from $9 to $16 per acre, depending
upon residue yield level. With this choice, the sanitizing
charge of $8 per acre accounts for the bulk of the cost.
A close substitute involves stack forming and moving,
with costs ranging from $11 to $25 per acre. These two
will be the likely choices as long as grass residues con-

tinue to bring a near zero value in the market. They may
not be so attractive, however, if additional costs must be
incurred in the distribution of stacked compost back onto
grass fields or some form of residue disposal is required.

If a market were to develop for use of grass residues
in livestock feeds, or as a substitute for wood chips in
the making of paper, particle board, or prestologs, or as
a raw material in making plastics or fuel oil, then the
high-cost residue removal methods which involve densi-
fication might be justified economically. These include
the chopper-blower, baling, and cubing, resulting in in-
creases in cost of $16 to $68 per acre. The advantages
of these choices would be in reduced handling, shipping,
and storing charges associated with the residue when
used as an input in the production of another product.
Although cubing is the highest cost choice of the three
densification alternatives described, its ability to provide
a more densified product might provide a partially off-
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setting force in cases where storage and transportation
charges become a significant portion of total input costs.

SUMMARY

Few extensive crop alternatives exist for "White-
land" soils without capital improvements. They include
grass pasture, vetch, alsike clover, and spring-sown oats.
Historically, grass production has held a profit margin
over these crops. Cultural problems created by the long,
wet winters and limited markets for the alternative crops
also are viewed as limiting factors.

Intensive crops, principally sweet corn and bush
beans, can be grown on "Whiteland" soils when drainage
and summer irrigation facilities are provided at an in-
vestment of $310 to $620 per acre. However, processing
contracts provide the only access to market for these
crops. Large stocks of these frozen vegetables are cur-
rently on inventory, and the availability of consider-
able acreage of Willamette, Woodburn, and Chehalis
soils now growing less intensive crops precludes short-
run prospects for widespread "Whiteland" reclamation.
The prospect of limited ground water supply also casts
doubt upon unlimited well expansion for summer irri-
gation.

Beef and sheep operations may or may not be viewed
as particularly attractive choices. In some cases, returns
were equal or superior to grass production, but high
price risks, high capital investments, and the necessity
for specialized management skills also were encountered.

Soil incorporation of residue is technically feasible
only for annual ryegrass, since perennial grasses are not
cultivated during the life of the stand. This has not been
used as a cultural practice on annual ryegrass for sev-
eral important reasons. Annual plowdown is costly,
estimated at $21 to $26 per acre including fertilizer for
residue breakdown. Even then, it is unknown what the
effects of long-run plowdown will be under conditions
of impaired bacterial action for decomposition. Disease
and weed control effects have not been evaluated either.

The mobile field sanitizer is projected for use in field
sanitation and residue disposal. Current data indicate
that custom rates might range from $5 to $10 per acre.
These costs, if correct, are attractive when compared
with costs of other choices. Unfortunately, commer-
cially operable units are not yet available.

Mechanical removal techniques are generally ex-
pensive unless the residue commands a satisfactory
price. To date, no active market exists for grass residue.
High residue tonnage ranging from 1.5 to 6 tons per acre
contributes to the cost. The cheapest mechanical means
for field removal of residue involves bunching and field
bucking at an estimated cost of $9 to $16 per acre or a
stack former and mover for $11 to $25 per acre. The
range in cost is determined by residue yield per acre and
machine use. An $8 per acre charge for field sanitation
is included. Chopper-blower, baler, and field cuber
choices, plus subsequent hauling, involve densification of
the residue. They can be considered as high-cost opera-
tions. Their costs range from $16 to $68 per acre in-
cluding the sanitation charge. These choices become
practical only if a market exists for the residue and its
densification becomes an important economic consider-
ation.

Note
This economic report covers only the most pressing and ob-

vious economic questions surrounding the issue of open field
burning as it affects the individual grass producer. Many tech-
nical and economic questions in this area have yet to be an-
swered.

For example, technically feasible prospects may exist in
utilizing grass residues for livestock feed or in making paper,
fiberboard, or prestologs. Research is being conducted to de-
termine if an economically feasible means can be developed for
breaking down the undigestible cellulose and lignin content of
residue to provide a livestock feed. Investigations are also under
way to determine the technical and economic prospects for using
grass residues as a wood-grass blend in both domestic and inter-
national papermaking markets.

Furthermore, issues involving ability to compete with other
grass-producing regions have not been discussed; nor have abili-
ties for Willamette Valley growers to absorb higher internal
costs been analyzed. Information on these issues will be re-
ported as research progresses in this area.
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