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OREGON STATE UNIVERSITY FIELD BURNING RESEARCH 

Oregon State University, involved in open field burning research for more 

than 30 years, is still seeking additional answers to a Willamette Valley problem: 

What to do to grass seed fields after harvest. 

Since the early 1940s, OSU research, supported by state, federal and grass 

seed industry fxmds, has changed emphasis as economic and environmental pressures 

shifted.  Today, some projects, like preliminary plans for a field sanitizer, 

have been completed.  Others, like the effects of heat on plants and cultural 

practices, are continuing. The university's contrib itions have been many, pro- 

viding knowledge and the impetus for new projects, most by non-university agencies. 

They include: 

1. The groundwork and continuing search for knowledge about the effects 
of burning on plants. 

2. Basic information and operational data on a mechanical field burner 
and a simpler version, a field sanitizer. 

3. How to handle straw easily and more economically, including 
cubing, briquetting, and new methods of baling. 

4. Alternatives to field burning, including the use of straw as 
a feed and as the principal ingredient of paper and construction 
materials. 

5. The economics of exporting straw. 

At OSU, field burning research can be divided into three periods: 

1. The early years, when ways to fight grass seed diseases, weeds, 
and insects were being explored. 

2. The broadened period when smoke from burning fields became an 
air pollution concern and research became widely based. 

3. The period that began when the 1971 Legislature approved the 
ban on field burning, effective January 1, 1975. 



HISTORY 

Studies on effects of field burning on disease control were started in 

1944 in the Department of Botany and Plant Pathology by J. R. Hardison, USDA 

research plant pathologist.  In the next four years, effectiveness of burning 

to control blind seed disease was established. 

• In 1948, to save the ryegrass seed industry, burning of perennial rye- 

grass was recommended to control blind seed disease.  Later, burning of other 

grasses was recommended to control various grass diseases. 

Burning was adapted widely because it was a success, controlling several 

diseases, some weeds, and certain insects.  It also increased seed yields.  In 

1949 and 1950, yields tripled in perennial ryegrass and similar yield increases 

were obtained in tall fescue, highland bentgrass, Kentucky bluegrass, and 

other grasses. 

Looking for a way to get rid of field residue and to control weeds, growers 

of annual ryegrass seed tried field burning and found it successful, too.  Soon, 

cereal growers did the same. 

While the number of growers turning to field burning was increasing, OSU 

Experiment Station and USDA scientists continued the search to find selective 

herbicides to control winter annual grass weeds in annual ryegrass seed fields. 

Today, there are still no satisfactory chemical treatments for some weeds and 

diseases available to growers. 

RESEARCH WIDENS 

Research began to intensify as it became obvious that open field burning 

was causing an air pollution problem in the boxlike Willamette Valley whose 

mountain walls provided little escape for particulate-laden air. 
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In 1969, when pressures for relief from field burning smoke were building 

up in urban areas and no major market for grass seed straws had appeared, more 

funds became available for research.  Selected as a possible answer to open field 

burning was development of an enclosed unit to burn straw and stubble on the field. 

MOBILE FIELD BURNER (SANITIZER) 

A committee of state legislators and representatives of the grass seed 

industry asked the Experiment Station to undertake the design, construction, 

and testing of a mobile field sanitizer, to be in the field in 1970.  The ori- 

ginal specifications were: 

1. Have a field capacity of 2.5 acres per hour. 

2. Have a burning capacity of 10 tons of grass straw residue per hour. 

3. Provide field sanitation through destruction of disease pathogens 
and weed seeds and provide physiological stimulus to certain per- 
ennial grass crops. 

4. Operate within acceptable limits for smoke emission. 

5. Confine the fire spread to the immediate area. 

During 1970, two stationary pilot test machines were built and tested by 

agricultural engineers.  A full size field model mobile field sanitizer was 

then built and tested after major modifications.  It included a pick-up system 

which lifted most of the field residue onto a grate for burning in the firebox. 

The rest of the residue was burned on the ground as the open-bottom firebox 

passed.  The system was soon modified to burn all residue on the ground, with 

high velocity air jets providing oxygen and turbulence for rapid combustion. 

The pick-up equipment was eliminated on the 1971 model which was designed 

for clean burning of large quantities of field residue and to provide good 

thermal sanitizing of the soil surface. Various systems were tested to mini- 

mize a continuing problem, the discharge of burning particles which created 

fire spread. 
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Under good operating conditions, the 1971 machine could meet the speci- 

fication of field capacity, burning capacity, field sanitation, smoke emissions, 

and fire spread. However, burning costs could not be determined precisely be- 

cause of unknown factors of machine life, possible hours of good operating 

conditions per season, and machine obsolescence. 

SMOKE PROBLEMS—BUENING TECHNIQUES 

..In the meantime, research on field burning abatement had been directed 

toward minimizing smoke emissions from open field burning and to alternative 

methods of field sanitation and seed yield stimulation.  In addition to in- 

vestigating the methods and timing of field burning which could reduce smoke 

emission, agronomists studied propane and other alternative heat sources for 

field sanitation and also non-burning alternatives, such as plowing under the 

residue of annual ryegrass and mechanical removal of residue. Work also began 

on understanding the basis for seed yield stimulation from post-harvest residue 

burning. 

Early efforts on field burning abatement were directed toward different 

times and methods of firing fields to reduce the amount of smoke produced, in- 

crease the efficiency of combustion, and decrease the problems of smoke accumu- 

lation in urban areas. 

Answers were needed because by 1971, growers of three crop categories— 

cereals and annual and perennial grass seed—were registering and burning 

286,000 acres in the valley.  Registration before burning, voluntary at first 

and later required, was an outgrowth of the growing concern about cleaning 

up the valley air. 

By 1970, meteorologist Earl Bates and agronomist David Chilcote had 

devised a method for predicting maximum acreage to be burned consistent with 

good air quality in the southern Willamette Valley, based on meteorological con- 

ditions of the day. 
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Their studies showed that field burning, which usually begins about July 

15, probably would end about the week beginning September 20 when rainfall 

climatology shows there is a 55 percent probability of getting at least .06 

inches of rain during the week. 

After setting up two mathematical models, the scientists agreed that there 

seemed to be evidence that the number of acres of field residue which can be 

burned in the Willamette Valley on a given day without overburdening the air 

can be predicted with a probability of about 85 percent and that about 100,000 

acres of burning could be reasonably well managed in a typical season. 

Agronomists also found that burning early in the season when green tissue 

is at a minimum, before regrowth is initiated and the straw is dry, apparently 

is beneficial for less smoke emission and dispersion and for seed yield.  Since 

soil moisture, amount of green leaf tissue, and the straw moisture content de- 

pend on the season and daily weather patterns, the decision to burn early should 

be based upon conditions for that year. 

Different methods of burning fields after harvest also were studied. 

Back-firing appeared to reduce emission and worked effectively when environmental 

conditions were optimal but the procedure is slow and becomes a problem when a 

wind shift is prevalent. 

Burning stubble is effective under dry, low humidity conditions.  No adverse 

agronomic effects from the various techniques of burning were noted. 

Work with propane flamer burning of stubble showed that to effectively 

remove remaining residue, the flaming must be done early in the season when the 

amount of green regrowth is at a minimum.  Because of incomplete combustion 

and afterburning, the technique contributed a lot of smoke which was retained 

at a lower level in the atmosphere. 

Seed yields after propane flaming were good, with yields comparing favorably 

with open burning and, in some instances, were even higher.  But studies in 



annual ryegrass showed that the temperature level and duration of propane flaming 

at the usual speed of operation were not sufficient to destroy many of the weed 

seeds left in the fields after harvest. 

NON-BURNING ALTERNATIVES 

Non-burning alternatives examined included no-removal and mechanical re- 

moval of residue after harvest and incorporation of straw using six species of 

grass. 

Results: Alternatives to burning of residue after harvest are not very 

promising from the standpoint of agronomic effects on subsequent seed yield, 

depending on the particular grass species.  Burning on an every other year basis 

could be an alternative if a use for straw can be found but seed yield reduction 

of some magnitude can be expected. 

Agricultural economists also began research in 1969 on the grass seed 

industry, focusing on the economic feasibility of technically feasible alterna- 

tives to open field burning and appraising the ability of the grass seed in- 

dustry to adjust to dynamic forces. 

STRAW UTILIZATION 

Agricultural engineers began work to develop better ways to remove straw 

from the field and densify, transport, and store it for various uses.  They 

began with the concept that rapid field removal of straw was important so 

field burning could be started immediately after harvest when weather condi- 

tions are right. 

Tests were run in 1970 at Burns, Oregon, to determine the adaptability 

of the John Deere hay cuber for cubing grass seed straw.  The tests indicated 

a promising possibility that ryegrass straw could be cubed when lignon sulfonate 

or sodium hydroxide is used as a binder. 
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The testing operation, moved to Hyslop Farm near Corvallis, continued to 

refine cubing techniques and evaluate the effects of binding agents and straw 

moisture content on cube quality.  During the summer of 1971, the mobile field 

cuber was used in the field to cube alfalfa, pea vines, annual rye grass straw, 

orchard grass straw, tall fescue straw,and blue grass straw. 

Later, tests were run at an Albany firm where a cubing plant had been 

set up to do commercial cubing of alfalfa hay and grass seed straws. 

In addition to establishing the moisture content and binding agents 

necessary for successful cubing, the engineers also evaluated stackers, balers 

(including one that produced a superbale weighing 1,600 pounds), and a briquet- 

ting machine. 

ANIMAL FEED POSSIBILITIES 

Animal scientists began research on the use and improvement of poor 

quality roughage in 1965.  The studies included improvement of nutritive 

balance, altering the physical characteristics (grinding, cubing or pelleting), 

chemical degradation of the non-digestible portions of the straws, and recon- 

stituting and ensiling it with various additives. 

Analysis showed grass seed straw to be low in protein and nitrogen-free 

extracts but high in crude fiber and ash.  The digestibilities of all con- 

stituents of straw are low and the lack of palatability and density further 

reduce its effectiveness as a livestock feed.  However, feeding trials with 

calves and lambs, incorporating additives into ryegrass straw silage, showed 

ryegrass straw has a future as a livestock feed.  Another test, to evaluate 

a diet based on ryegrass straw compared with a fescue hay diet, showed mature 

horses adapted to the all-pelleted straw-based rations with no difference in 

preference.  The test indicated that ryegrass straw can be utilized in rations 

for light working horses as a source of roughage. 
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Also in 1969, the Forest Research Laboratory at OSU began research on 

the problem of pulping straw, working mainly with straw residue from annual 

ryegrass production. 

Agricultural chemists were finding that cellulose, straw's major com- 

ponent, could be combined with a number of resins to produce a particle board 

equal in quality to particle board made from wood residues.  Studies also showed 

that the cellulose, lignins, pentosans, waxes and oils and ash, the components 

of straw, can be separated by solvent extraction, oxidation, and other chemical 

treatments to produce cellulose acetate, cellulose nitrate and other useful 

derivatives. 

Waxes extracted from straw are similar to waxes being used industrially. 

Lignins also are being used in industry. High pressure hydrogenation and des- 

tructive distillation of straw yield a combustible gas, an oily liquid, and a 

carbon residue. 

Also studied was the use of solid wastes as soil conditioners and fer- 

tilizers.  To compensate for the low concentration of plant nutrients, cellulose 

derivatives containing nitrogen, phosphorus, and potassium can be added. 

Straw residues also can be treated to form hydrocarbon gases and "oils." 

High pressure hydrogenation of straw, using a catalyst, yields an ether soluble 

oil and carbonaceous residue.  The oil has potential value as a fuel or as a 

source of chemical intermediates. 

The chemists reported that since the BTU content of straw is similar to 

the BTU of wood, it can be considered as a fuel and that initial results with 

bark and straw combined in fuel cubes appear promising. 

Straw also can produce many chemicals of commercial value, including 

cellulose, acetate, cellulose nitrate, and others. 
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BURNING BAN 

In 1971, when the Legislature voted to ban open field burning, effective 

January 1, 1975, the new model of field sanitizer was being tested.  With the 

field pick-up equipment eliminated, the machine was designed for clean burning 

of large quantities of field residue and thermal sanitizing of the soil surface. 

The next year, the agricultural engineers ran extensive field tests in 

cooperation with the Department of Agronomic Crop Science to evaluate the quality 

of the thermal treatment of the soil surface and to determine treatment limits 

so perennial grass crops would not be damaged. 

When seed yields from the plots were checked in 1973, it was found that 

the sanitizer provided a more uniform heat treatment than the typical open bum 

and that damage to the plant stand occurred only when extremely high machine 

temperatures were used. 

By 1972, a smaller mobile field sanitizer had been built to give agrono- 

mists and plant pathologists a more versatile field tool to study the effects 

of machine sanitizing.  The machine, called a "plot sanitizer," was about half 

the width and half the length of the parent model and had approximately one- 

fourth the field capacity of the larger machine.  It provided essentially the 

same thermal treatment. 

Field experience in 1970, 1971, and 1972 demonstrated the need for an 

innovative firebox liner design and various materials were tested without much 

success.  Tried next was a single metal shingle design, using a single wall 

construction which provided unrestricted natural convective and radiation heat 

transfer. After more than 200 hours of field operation, inexpensive chromized 

mild steel and various grades of stainless steel showed little sign of deteriora- 

tion. 



In 1974, two field model sanitizers built outside the university and using 

the basic OSU design had been converted from a ceramic liner to the single wall, 

crimped shingle construction. 

A forced vortex and regenerative burning concept which OSU had installed 

on a plot sanitizer and tested in 1973 was refined and built into a two-stack 

sanitizer financed by the State Field Burning Committee. 

During the 1974 season, no further development work was done on the field 

machine at OSU.  Drawings, specifications, and performance data were supplied to 

three engineering consulting firms engaged by the Field Burning Committee to 

refine the three basic machines in use in 1973 and to design an improved propane 

flaming device. 

These four machines, built by commercial shops, were tested by the committee 

during the 1974 burning season. 

In evaluating the effects of the field sanitizer, agronomists found the 

most effective bum treatments are made during the mid-summer season when the 

perennial plants are dormant.  Like late open field burning, sanitizer treatments 

late in the season (after the plant's regrowth had been initiated) increased plant 

mortality and reduced regrowth and seed production. 

To determine if extreme firebox temperatures would cause plant injury, large 

amounts of straw were burned.  Temperatures of more than 1,000 degrees on bare 

soil surface for short periods were recorded without seriously affecting plant 

survival and seed yield in the following year. 

Research indicated also that the sanitizer was capable of thorough removal 

of residue aroimd and on the plant crown over a moderate range of field conditions 

without serious injury to the plant and provided a more uniform residue and thermal 

treatment than does open burning.  Evaluation showed that the sanitizer will per- 

form effectively, using the straw residue for fuel, and can operate at higher 

ground speed with the straw removed, using stubble as fuel. 
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Other possibilities for sanitation of annual grass and grain fields— 

destruction of disease, weeds, and insect pests—probably could be accomplished 

by techniques such as ionizing radiation, microwave radiation exposure, organic 

chemicals.  However, these sanitation techniques do not remove the stubble, do 

not provide the seed yield stimulation benefits of burning, and cannot be used 

on perennial plants. 

Early work by the Forest Research Laboratory showed that annual ryegrass 

straw pulped readily and formed papers of surprising strength and quality.  Dif- 

ficulties included slow water drainage of the straw pulp, caused by short fibers. 

The straw papers, however, had high physical properties such as tensile, fold, 

and bursting strength.  The pulp yields were in the same range as those of wood 

pulps and the pulp from straw was quite clean and free from dirt and undesirable 

plant materials. 

Pilot plant bleaching and papermaking trials were run at Crown Zellerbach 

Corp. facilities at Camas, Washington, and rolls of corrugating medium made from 

straw were tested at the Institute of Paper Chemistry in Appleton, Wisconsin. 

Results of these and other tests showed that annual ryegrass is a good 

source of pulp for production of corrugating medium and possibly bleached pulp 

for fine papers.  Because of rising costs and the increasing scarcity of wood 

chips, straw is considered as an alternative source with good potential. 

Preliminary investigations by agricultural economists in 1971 indicated 

that prevailing market conditions were not conducive for intensive economic 

evaluation in use of straw as a raw material in production of microbial protein, 

oil, gasoline, presto-logs, plastics, and composed fertilizer.  Prevailing prices 

of raw material sources with which straw would compete and physical character- 

istics of grass straw relative to other raw material sources contributed to 

straw's lack of competitive ability. 
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Using proven forms of densification, secondary technical data sources and 

1972 costs, cost estimates were derived to compare six densification methods. 

In general, the more densification required, the higher the costs associated 

with the densification process. 

In 1971, research conducted on farmer alternatives to open field burning 

indicated that grower adjustments to the impending ban on open field burning 

would most likely come from operational and cost adjustments within grass seed 

enterprises rather than a wholesale shifting to other crop and livestock choices. 

The adjustment process by the grass seed growers since 1971 has borne out the 

expectations generated by the 1971 study. 

The agricultural economists also found that while individual grower res- 

ponse to changing economic conditions over time is and will likely be diverse, 

the collective or industry response is small and highly predictable.  The 

perennial nature of most grass seed production, expectation of improved prices, 

specialized nature of grass seed production restricting ease of conversion to 

other crops, and limited cropping alternatives all contribute to a "lock-in" 

situation for continued grass seed production. 

One of the most interesting uses for straw was developed in the Depart- 

ment of Microbiology where scientists found that grass straw can be used as a 

raw material for the production of food and fodder yeast. Laboratory studies 

using the yeast Candida utiZis with annual ryegrass straw have shown that 150 

to 200 pounds of dry yeast can be obtained per ton of straw. 

The odorless and tasteless yeast contains 49 to 52 per cent protein.  It 

can be used as a supplement to other food materials for human consumption or 

as a high protein supplement in livestock rations. 

However, the grass straw cannot be used directly for the production of 
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yeast.  The straw must be treated with hot, dilute sulfuric acid to hydrolize 

the cellulose portion of the straw to simple sugars.  The sugars are used by 

the yeasts in their diet.  Simple, inexpensive nutrients also are necessary to 

fortify the fermentation mix. 

Because chemicals are being continually improved, there is hope for chemical 

control of several major diseases of grass seed but practical chemical control 

for ergot, blind seed disease and grass seed nematode still is not available. 

Plant pathologists point out that if a new experimental chemical is discovered 

to be effective controlling these diseases, registration for its use will 

require three to five years. 

Until chemical control is possible, the present high degree of disease 

control can be maintained best by effective field burning or by treatment with 

a satisfactory field sanitizer. 

Although straw is an important fiber source in the manufacture of pulp and 

paper products throughout the world, wood fibers provide most of the total fiber 

source in the United States.  To investigate the potential industrial use of 

straw as a fiber source in pulp, paper, and particle board manufacture, OSU 

engaged Sandwell International, Inc., a consulting engineering firm specializing 

in technical and economic feasibility studies. 

Four hypothetical plants utilizing ryegrass straw were selected for study. 

The data indicate that straw fiber could not compete successfully with wood 

fibers at any of the four plant types under market conditions prevailing in 1972. 

Sandwell engineers said the corrugating medium plant appeared to offer 

the best potential use for straw fiber compared to fine paper and newsprint 

plants.  However, the questionable stability of the supply of raw material and 

relative prices of raw materials favoring wood fibers point up the need for 

considerable changes in technology and relative market prices before straw as 
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a fiber source can become a strong economic contender against wood as a fiber 

source in pulp, paper, and fiber board production. 

In studying the economics of straw as a livestock feed source, the same 

issue of relative market prices between straw and other raw materials was again 

the overriding economic consideration. 

One possible straw market is the Japanese dairy industry which seeks a 

source of fiber for dairy rations. An OSU faculty member, sent to Japan to 

study the potential involved in providing grass straw, reported five factors 

as important considerations affecting the Japanese demand for Oregon grass 

straws: reliable delivery, densification (packaged feed preferred), quality 

control, pricing (often secondary to quality and dependability of delivery), 

and other uses for straw—paper and particle board are potential uses. 

ONGOING RESEARCH 

In looking beyond 1974, agricultural economists said that solution to 

the field burning problem appears to have eluded the Willamette "Valley grass 

seed industry.  Some problems, such as the mobile sanitizers, are technical 

in nature but many problems continue to be economic. 

The profitability of grass seed production relative to other alternatives 

appears to have changed little.  Although wheat prices climbed to more than 

five dollars a bushel, no rapid conversion from grass seed to wheat took place 

because the price of ryegrass seed also increased markedly. Any major conversion 

to wheat in the 'Whitelands' section of the valley could only be made after major 

drainage. 

Technical issues continue to limit and often preclude substitution among 

grass seed types and between grass seeds and other crops. 
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By the end of 1974, most of the OSU projects dealing with field burning 

research will be completed. 

Work will continue on livestock rations based on ryegrass and other straws, 

on some alternatives to open field burning such as searing techniques, close 

clipping and cultural practices and on the effects of heat on plants and soil. 

Scientists will continue to work with weed control methods that might be used 

in conjunction with alternatives of open field burning that may be developed. 

Scientists also will continue to search for better chemical control of 

grass seed diseases, the reason open field burning came into being more than 

25 years ago. 
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FIELD BURNING TECHNIQUES AND ALTERNATIVES 

D. 0. Chilcote and H. W. Youngberg 

The program of research related to field burning abatement was directed 

toward minimizing smoke emissions from open field burning and alternative methods 

of field sanitation and seed yield stimulation.  Methods and timing of field 

burning which could reduce smoke emission were investigated.  The use of alter- 

nate heat sources such as propane for field sanitation and non-burning alter- 

natives such as plowing under residue of annual ryegrass and mechanical removal 

of residue were also evaluated.  In addition, some research was directed toward 

understanding the basis for seed yield stimulation from post-harvest residue 

burning. 

Timing and methods of field burning 

Some of the early efforts on field burning abatement were directed toward 

different times and methods of firing fields to reduce the amount of smoke pro- 

duced, increase the efficiency of combustion, and decrease the problems of smoke 

accumulation in urban areas. 

Burning early in the season when green tissue is minimal, before regrowth 

is initiated, and the straw is dry, appears to be very beneficial, from the stand- 

point of smoke emission and dispersion as well as subsequent seed yield (Table 

1).  Soil moisture, the amount of green leaf tissue, and the straw moisture 

content depend on the season and daily weather patterns.  Therefore, the decision 

to bum early should be based upon conditions for that year.  Late burning, 

after regrowth has begun, was less advantageous in terms of seed yield and greater 

stand injury was observed.  Selecting the proper temperature, wind, and humidity 

conditions of the atmosphere at the time when a minimum amount of green tissue 
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is present without regrowth should make it possible to optimize the benefits 

of burning in terms of subsequent seed yield and minimize the air pollution 

problems. 

Different methods of burning the fields after harvest also were studied. 

Backfiring the entire field and firing the field along a single flame front 

were compared with the standard technique.  Burning stubble after straw removal 

was also evaluated.  Backfiring appeared to reduce emission and worked effectively 

when environmental conditions were optimal (a moderate wind so that fire was 

not cooled too much and high enough temperature for good fire spread).  However, 

backfiring is quite slow and was a problem when wind shift was prevalent.  Burning 

stubble was effective under dry, low humidity conditions.  Although burning with 

a single flame front is theoretically better than a peripheral fire (encirclement 

of the field) in terms of combustion, little visual difference could be observed 

in total smoke emissions in these tests.  The smoke emission was "blacker" in 

appearance perhaps indicating more complete combustion of the residue.  However, 

fire control was a great problem since this type of fire was greatly influenced 

by local wind velocity and the flame front was of much greater intensity compared 

to the peripheral fire. 

No adverse agronomic effects of the- various kinds of burning could be 

noted in these studies.  Some growers have experienced burnout where backfiring 

had been utilized.  The experiments were conducted early in the season, which 

may have contributed to the lack of injury.  Results show that the severity of 

stand thinning increases with late burning. 

It should be noted that differences in smoke emissions from burning various 

species could be expected because of the different amounts of green regrowth 

present at time of burning and the rate of regrowth.  The smoke emissions usually 

were quite reduced in the case of annual ryegrass, probably because of the lack 

of green regrowth and the much drier condition of the residue remaining after 

harvest.  However, straw load is usually greater, partially offsetting benefits 
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of straw moisture content. 

Propane flaming 

The possibility of using heat from another energy source, such as propane, 

for sanitizing the fields after harvest was investigated in some detail.  This 

particular method requires the removal of as much of the residue and stubble 

from the fields as possible prior to flaming and burning of remaining residue 

in the field.  It should be recognized that the additional cost of the straw 

and stubble removal and disposal of this residue would be an inherent problem 

for this particular technique as an alternative to open field burning. 

Various speeds and times of propane flaming were evaluated in these studies, 

The research suggested that for effective residue removal with propane flaming, 

the flaming must be done early in the season when the amount of green regrowth 

is at a minimum.  As expected, slower speeds increased level and duration of 

temperature exposure. 

The technique was found to still contribute a copious amount of smoke 

because of incomplete combustion and afterburning, although the smoke was re- 

tained at a lower level in the atmosphere.  Interestingly enough (see Table 2), 

the seed yields subsequent to propane flaming were quite good. Yields compared 

favorably with open burning and in some instances, yields were higher than open 

burning treatments. 

However, no attempt was made to evaluate control of disease since the 

fields were quite sterile from previous burning.  There is concern that the 

temperatures developed by the propane flaming operation would not be sufficient 

to destroy organisms and an increase in disease incidence might occur if this 

practice were used as an alternative to open burning. 

Studies in annual ryegrass showed that the temperature level and duration 

of propane flaming were not sufficient to destroy many of the weed seeds left 

in the fields after harvest with a concommittant increase in weed infestation. 
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This demonstration of a reduced temperature exposure and survival of organisms 

of the soil surface would lend further credence to the possibility that disease 

control would not be as effective as with open field burning.  Since burning 

is at present the only method of weed control in annual ryegrass, propane flaming 

does not appear to be a viable alternative for this crop.  In perennial grasses, 

where herbicides are used for weed control, propane flaming may be a possible 

alternative although smoke emissions are still a problem. 

Non-burning alternatives 

Alternatives to open field burning would include no removal, mechanical 

removal of the residue after harvest or incorporation of the straw.  The ad- 

ditional cost of removing the residue from the fields and its disposal are in- 

herent problems in mechanical removal.  To further identify the effects of such 

practices on subsequent seed yield in annual and perennial grasses, studies 

were undertaken with six different species of grass to compare these various 

alternatives to open burning and propane flaming. 

ANNUAL RYEGRASS 

Incorporation of the straw into the soil by plowing and tilling techniques 

was evaluated.  Techniques involving seeding through the straw and stubble or 

through just the stubble after the straw had been removed were also studied. 

In this instance, weed control was accomplished using a non-residual contact 

spray prior to or just after seeding. 

Prior chopping of the straw was found to be a requirement for Moldboard 

plowing of annual ryegrass fields.  Even so, incorporation of all the straw was 

difficult, particularly where heavy straw loads were encountered.  In addition, 

the straw was layered at about a four-inch depth in the soil and after a two- 

year period, intact straw could be recovered from the soil in a relatively 

undercomposed state.  Therefore, problems may be expected in subsequent years 

where plowing may return the straw to the surface where it can cause difficulties 
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in establishment of new stands. Where plowing has been practiced on the fields 

it was found that the land is often too soft during the winter and early spring 

to support equipment used for distribution of fertilizer and sprays for pest 

control. 

Incorporation of straw with large disc plows could be accomplished but 

power requirements were large and weed problems were accentuated since seeds 

were not buried but distributed vertically in the soil at various depths. Roto- 

tilling was very slow because of the compacted dry soil condition and distribu- 

tion of weed seeds similar to disking could be expected with this technique. 

Attempts at seeding through the straw and stubble with experimental drills 

were largely unsuccessful.  The large amount of residue on the soil surface 

presented a problem in the subsequent establishment and survival of the seedlings 

of annual ryegrass.  Seeding through just the stubble after straw removal did 

appear to have some promise if weeds could be controlled satisfactorily through 

the use of non-residual non-selective sprays. 

In this case, one is dependent upon rainfall to germinate the weed seeds 

in the soil prior to establishing the crop. This could result in quite late 

establishment in some years, leading to poor stands and reduced seed yields. 

For this reason, the alternative of seeding through the stubble could not be 

viewed as a total replacement to the present practice of burning off the re- 

sidue and festablishing the crop with minimal tillage. 

PERENNIAL GRASSES 

The research on non-burning alternatives of perennial grasses centered 

on the mechanical removal of the straw and/or stubble in comparison to burning 

of the residue.  Alternating mechanical removal with burning over a period of 

several years also was evaluated. 
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Mechanical removal of residue was found to be inferior to open burning 

in the production of seed of all the perennial grass seed crops.  The greater 

the degree of residue removal, the higher the seed yield the subsequent year 

(Table 3).  Leaving the residue on the fields after the harvest was very dele- 

terious to seed yield.  It is of interest to note that some of the perennial 

grasses are more tolerant in terms of subsequent seed yield to mechanical re- 

moval techniques than others.  Orchardgrass apparently has greater ability to 

yield under a non-burning program, whereas fine fescue is very sensitive and 

shows considerable yield reduction after just one year of non-burning treatment. 

The possibilities of alternate year burning were considered and a program 

established so that information could be collected on seed yield of various 

combinations of burning and mechanical removal treatments over a period of 

several years.  The results of these are summarized in Table 4.  The incor- 

poration of mechanical removal technique is reflected in reduced yields when 

averaged over a several year period. 

The degree of.yield loss over this period is, however, reduced where 

burning can be alternated with mechanical removal technique.  The problem of 

build-up of disease and insect populations where alternate year burning is 

practiced was not assessed but increase in incidence of pest problems could 

be anticipated where annual burning is not practiced. 

Basis for seed yield stimulation by burning 

Studies were also established to attempt to elucidate the basis for the 

seed yield stimulation from burning.  These studies involved consideration 

of differences in the light environment in the burned and unbumed treatments, 

changes in stand density where burning has been practiced, possible stimulation 

of fall tillering as a result of burning and changes in the temperature environ- 

ment of the air and soil in fields that have been burned.  The results 
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of these studies have been documented and indicate that open burning of fields 

removes the residue, thus creating a micro-environment which is advantageous 

from the standpoint of light energy reception by the growing plants, results 

in higher daytime temperature levels in the soil (lower night temperatures) 

which improve tillering during the fall and provide the proper temperature 

exposure necessary for floral induction of these tillers with a greater ntnnber 

of reproductive tillers produced the following spring. 

IMPLICATIONS AND FUTUEE RESEARCH 

The results to date show that alternatives to burning of the residue after 

harvest are not very promising, from the standpoint of the agronomic effects on 

subsequent seed yield.  Burning on an alternate year basis may be a viable al- 

ternative if use for straw can be found, but seed yield reduction of some magni- 

tude can be expected.  Annual burning in some form is still the most promising 

since it provides all of the benefits of yield stimulation and pest control. 

A field sanitizer which minimizes smoke emissions seems the most hopeful al- 

ternative if costs are not too high and a use for straw is developed. 

Some of the other possibilities for sanitation of the annual grass and 

grain fields (destruction of disease, weeds, and insect pests) could perhaps 

be accomplished by techniques such as ionizing radiation, microwave radiation 

exposure, organic chemicals, etc. 

-4ciin, S. C  1973.  Influence of post-harvest burning, thinning, shading and 
residue management on the subsequent growth and seed yield of Festuea rubra L. 
Doctoral dissertation.  Oregon State University, Corvallis.  118 p. 

Stanwood, P. C.  1974 Influence of post-harvest management practices on 
plant growth and seed yield of cool season grasses. Masters thesis. 
Oregon State University, Corvallis.  71 p. 
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However, these sanitation techniques do not remove the stubble, do not 

provide the seed yield stimulation benefits of burning, and cannot be used on 

perennial plants. 

Work is continuing with particular emphasis on non-burning techniques 

which might provide the improved environmental conditions necessary for high 

seed yield. Techniques such as chemical thinning of the stands subsequent to 

seed harvest, mechanical mowing, thinning, defoliation, and chemical growth 

regulator applications are being investigated as possible seed yield stimulatory 

measures. 

Since species of grasses react so differently to the burning operation 

and to alternative techniques of residue removal, one could also expect that 

the varieties within species would also be quite different in their reaction. 

Research needs to be continued to determine the specific requirements of the 

varieties being grown for seed in Oregon in terms of post-harvest management. 
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Table 1. Mean seed yield of four grass species where post-harvest residue was 
burned early August versus late October 

Species Burned early Burned late 

Chewings Fescue                    920 648 

Highland Bentgrass                 459 299 

Orchardgrass                     1113 946 

Bluegrass                        1182 1044 

Mean                          918 734 

Table 2.  Seed yields for five grass species where propane flaming was compared 
to open burning (expressed as a per cent of early open burn yields) 

Species Percent of early open burning  

Chewings Fescue 100 

Creeping Red Fescue 90 

Orchardgrass 101 

Merion Bluegrass 102 

Highland Bentgrass 108 

Mean 100 

■'■Straw and stubble were chopped and removed prior to flaming and burning re- 
maining residue. 
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Table 3-  Comparison of seed yields for no post-harvest removal, mechanical 
removal and early burning (expressed as a percentage of early 
burning in six grass species averaged over a 4-year period) 

Species Bum Early Chop-remove-1- Rake2 No removal 

100 54 36 32 
100 78 71 46 
100 75 52 47 
100 84 72 64 
100 75 73 62 
100 65 — 60 

Chewings Fescue 
Creeping Red Fescue 
Highland Bentgrass 
Orchardgrass 
Merion Bluegrass 
Perennial Ryegrass* 

Mean 100 72 61 52 

-•-Flail chop remove all residue. 
^Straw removed, stubble remained 
3straw left spread over plot area, 
only a 2-year period for this species. 

Table 3.  Comparison of seed yields for no post-harvest removal, mechanical re- 
moval and early burning (expressed as a percentage of early burning 
in six grass species averaged over a 4-year period) 

Species Bum early Chop-remove-'- No removal 

56 38 
78 46 
75 58 
84 64 
69 62 
65 60 

Chewings Fescue 100 
Creeping Red Fescue 100 
Highland Bentgrass 100 
Orchardgrass 100 
Merion Bluegrass 100 
Perennial Ryegrass* 100 

Mean 100 71 55 

-'-Flail chop remove to 3"-4" stubble height 
2straw left spread over plot area. 
*only a 2-year period for this species. 
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Table 4.  Comparison of seed yields for annual burning, alternate year burning 
and mechanical removal (expressed as a per cent of annual burning for 
four grass species over a 3-year period) 

Species Annual Burning Alternate Year Burning"1" Mechanical Removal 

Creeping Red Fescue    100 

Orchardgrass 100 

Merion Bluegrass       100 

Perennial Ryegrass 100 

88 

98 

95 

86 

78 

84 

69 

65 

lA mechanical removal operation was performed in the alternate year so that 

the treatment began and ended with burning of the residue. 

* In this instance, only 2 years were involved. 
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FIELD SANITIZER DEVELOPMENT 

Dale E. Kirk 

In 1969, when no viable market for the grass seed straws appeared in sight 

and pressures for relief from field burning smoke were building up in urban 

areas, the mobile field burner and sanitizer was selected as a possible answer 

to open field burning. 

A committee composed of state legislators and representatives of the grass 

seed industry approached the Oregon Agricultural Experiment Station and worked 

out an agreement for the Station to undertake the design, construction, and 

testing of a mobile field sanitizer to be in the field in 1970. 

The original specifications set down by representatives of the Oregon 

grass seed industry: 

1. Have a field capacity of 2.5 acres per hour. 

2. Have a burning capacity of 10 tons of grass straw residue 
per hour. 

3. Provide field sanitation through destruction of disease pathogens 
and weed seeds and provide physiological stimulus to certain peren- 
nial grass crops. 

4. Operate within acceptable limits for smoke emission, (Ringleman 
number less than 1.0). 

5. Confine the fire spread to the immediate area under treatment. 

6. Operate at a total cost less than $10 per acre. 

During 1970, two stationary pilot test machines were built and tested 

and a full size field model mobile field sanitizer was designed, constructed, 

tested, and retested after major modifications. 

The first field model included a pick-up system which lifted a major 

portion of the field residue onto a grate for burning in the firebox.  The 
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balance of the residue was burned in place on the ground as the open-bottomed 

firebox passed over. The system was soon modified to bum all the residue on 

the ground with the assistance of high velocity air jets which provided the 

necessary oxygen and turbulence for rapid combustion. 

The 1971 model eliminated the field pick-up equipment and concentrated 

on the clean burning of large quantities of field residue and providing good 

thermal sanitizing of the soil surface.  Various baffle and screening systems 

were tested to minimize the discharge of burning particles which created fire 

spread problems. 

Under good operating conditions the specification of field capacity, 

burning capacity, field sanitation, smoke emissions, and fire spread could be 

met by the 1971 machine. Because of the unknown factors of machine life, pos- 

sible hours of good operating conditions per season, and machine obsolescence, 

exact determinations of burning costs could not be made. 

During the 1972 season, extensive field tests were made in cooperation 

with the Department of Agronomic Crop Science to evaluate the quality of the 

thermal treatment of soil surface provided by the sanitizer and to determine 

the treatment limits beyond which damage might occur to perennial grass crops. 

When seed yields from the plots were checked in 1973, it was found that the 

sanitizer provided a more uniform heat treatment than the typical open burn 

and that damage to the plant stand occurred only when extremely high machine 

temperatures were used. 

To provide the agronomists and plant pathologists with a more versatile 

field tool to study the effects of machine sanitizing, a smaller mobile field 

sanitizer was constructed in 1972 and its performance checked against the larger 

machine.  The smaller machine, dubbed a "plot sanitizer," was approximately 

half the width and half the length of the parent model.  It had approximately 

one-fourth the field capacity of the larger machine but provided essentially 
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the same thermal treatment. 

Field experience in 1970, 1971, and 1972 demonstrated the need for some 

innovative firebox liner design.  The original OSU machine used a double- 

metal wall, forced-air cooled design which required more involved construction 

and weight than were desirable.  It also demonstrated the need to isolate the 

structural frame from the firebox section to minimize thermal expansion problems . 

Various types of insulating and lining materials had been tested in the 

large machine and in the plot burner during 1972 season without notable success. 

These included exotic metals such as titanium, various forms of ceramic fibre 

materials in bat and board form as well as various grades of stainless and 

mild steels.  It appeared that one of the most promising types of construction 

which might strike an optimal balance between original cost, length of life, 

and weight was a single metal shingle design. 

By placing 1%-inch hat-shaped crimps in strips of metal 12 or 15 inches wide, 

used as a combustion chamber liner on a test model plot burner, problems of 

heat distortion were minimized.  The shingles were held to supporting hoop 

frames by point contact and kept in place by loose-fitting stainless steel 

fasteners. A single wall construction was used taking care to provide unre- 

stricted natural convective and radiation heat transfer from the outer surface 

of the firebox. 

After more than 200 hours of field operation, inexpensive chromized mild 

steel as well as various grades of stainless steel showed little sign of de- 

terioration. 

In 1973, one of two field model sanitizers built outside the University 

but using the basic OSU design was converted from the ceramic liner to the 

single wall crimped shingle construction and in 1974 the second one was converted. 
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Also in 1974, the forced vortex and regenerative burning concept which 

OSU had installed on a plot sanitizer and tested in 1973 was further refined 

by professional consultants and built into a two-stack sanitizer financed by 

the State of Oregon Field Burning Committee. 

Temperature measurement usually involves placing a sensing element such 

as a glass or metal bulb in air or some liquid until it stabilizes and then 

reading the indicated temperature. When referring to the temperature treatment 

received by a grass plant or the soil surface, no such stabilized condition 

exists.  During the 5 to 15-second exposure time as the firebox passes over 

the soil surface, the temperature profile within the firebox is not constant 

and the temperature of any plant or soil particle is not constant. 

The rate of temperature rise of any sensing instrument or of any plant 

or soil particle is affected by plant and soil moisture, the color or reflec- 

tivity of the particle surface, the temperature and velocity of the hot burning 

gases, and the temperature and proximity of any hot surfaces within the com- 

bustion chamber.  The rate of temperature rise is further affected by the 

thermal capacitance (ability to store heat) of the particle and by its ability 

to pass this heat along to the colder soil beneath. 

To have some measure of heat treatment by either open field burns or 

mobile sanitizers, a standardized thermocouple design was developed for use 

in the 1972 agronomic tests.  It utilized a standardized 0.030-inch diameter 

thermocouple junction bead projecting 1/16 inch above a cylinder 3/4-inch 

in diameter and 1% inches long.  The 28-gauge chromed alumel type K thermo- 

couple wire was cast in the cylinder made of dental stone.  The cylinder 

served as a standardized heat capacitor and as a mount or support for holding 

the thermocouple junction in place when buried and projecting even with the 

soil surface. 
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This type of standard unit was used by researchers in the Agronomic Crop 

Science Department in 1973 and 1974 during their evaluation of their own plot 

sanitizer and the sanitizers built for the State of Oregon Field Burning Com- 

mittee. 

The thermocouple system of measurement requires some electrical measuring 

device which might not be readily available to persons wishing to check the 

temperature treatment by a machine under a given set of field conditions.  A 

standardized metal tab was devised and tested in 1972 which required no other 

instrumentation.  Colored waxes having melting points at 25° F. increments 

were painted on 2-inch square tabs cut from 20 gauge aluminum sheet.  By 

placing the painted surfaces downward against the soil surface and noting which 

wax marks melted and which did not after the sanitizer passed over, a measure 

of heat treatment could be established.  This system attempted to simulate the 

conditions existing in a weed seed or soil particle at the soil surface. 

During the 1974 season, no further development work was done at OSU on 

the field machines.  Drawings, specifications, and performance data were supplied 

to the three engineering consulting firms engaged by the Field Burning Committee 

to refine the three basic machines in use in 1973 and to design an improved pro- 

pane flaming device.  These four machines were built by commercial shops and 

tested by the committee during the 1974 burning season. 
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AGRONOMIC EVALUATION 

OF THE 

FIELD SANITIZER 

Harold Youngberg and D. 0. Chilcote 

The development and construction of a mobile sanitizer to replace burning 

of grass straw residue created a need for information about proper operating 

conditions to maximize seed production.  The objectives of the sanitizer evalu- 

ation program are to retain or maximize benefits to the crop that have been 

obtained from open burning (disease control, weed control and yield stimulation). 

A series of tests have been conducted on the major perennial grass species grown 

in the Willamette Valley to determine the impact of sanitizer operation on seed 

production.  The study is continuing but results to date suggst the following: 

Season of operation 

The most effective bum treatments are made during the mid-summer season 

when the perennial plants are dormant. Field bums or sanitizer treatments 

made late in the season after the plant's regrowth has been initiated increase 

plant mortality, reduced regrowth, and seed production as does late open field 

burning. 

Duration of exposure 

The duration of the heat treatment is determined by the speed of operation. 

The straw load and burn conditions (straw and soil moisture) affect the temper- 

ture.  The sanitizer has been operated at speeds of 0.7mph to l.Smph, with ex- 

posures of from 7 to 14 seconds. These treatments were made without serious 

plant injury or adversely altering seed production which indicates a wide 

latitude in operational capability without crop damage. 
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These operating speeds sanitize the field at rates of 1.0 to 2.3 acres per hour, 

consuming all the stubble and straw residue.  This capacity is within the guide- 

lines established as project goals. More efficient operation is achieved if 

some or all of the loose straw is removed prior to sanitation. 

Temperature conditions 

Temperature within the firebox is influenced by fuel load, speed of opera- 

tion, and straw moisture.  Excessive amounts of straw were burned to determine 

if extreme firebox temperatures would cause plant injury.  Temperatures in excess 

of l,000oF at bare soil surface for short periods of time were recorded without 

seriously affecting plant survival and seed yield in the following year. Normal 

operating conditions with some of the straw removed developed temperatures in 

the range of 500oF to 700oF at the soil surface and appeared to provide optimum 

residue removal without apparent injury to the plant crown. 

Implication and future work 

Research indicates that the current sanitizer design is capable of thorough 

removal of residue around and on the plant crown over a moderate range of field 

conditions without serious injury to the plant.  The sanitizer provides much 

more uniform residue and thermal treatment than does open burning.  Chaff piles 

were completely destroyed without leaving burned out areas in the stand as 

frequently happens with open field burning.  Seed production in the following 

season is equivalent to that obtained from open field burning. 

Field evaluation has shown that the sanitizer will perform effectively 

using the straw residue for fuel and can operate at higher ground speed with 

the straw removed, using stubble as fuel. Work will be directed toward evalu- 

ating techniques that will increase seed production and reduce operating costs. 
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FIELD BURNING AND GRASS DISEASE CONTROL 

J. R. Hardison 

Studies on effects of field burning on disease control were started in 

1944 in the Department of Botany and Plant Pathology by J. R. Hardison.  Effective- 

ness of burning in controlling blind seed disease was established during 1944 to 

1948. Burning of perennial ryegrass fields was recommended in 1948 to control 

blind seed disease and to save the ryegrass seed industry. Later on, burning of 

other grasses was recommended to control various grass diseases, as shown in 

Table 1. 

Burning immediately controlled several diseases, some weeds, certain 

insects, and increased seed yields.  In 1949 and 1950, yields tripled in perennial 

ryegrass, and similar large yield increases were obtained in tall fescue, highland 

bentgrass, Kentucky bluegrass and other grasses. 

Although work on field burning has been continuous in the Botany and Plant 

Pathology Department since 1944, studies on certain aspects were intensified during 

1965 to 1974.  Studies on evaluation of a mobile field sanitizer and development 

of chemical control have been emphasized since 1969. 

Mobile field sanitizer 

After its invention by OSU agricultural engineers, the mobile incinerator 

was recognized as having great potential for field sanitation and disease control. 

The three major diseases controlled by field burning—ergot, blind seed disease, 

and grass seed nematode—also can be controlled by mobile sanitizer treatments. 

Seed nejiatodes are killed readily in the galls by nearly any heat treatment.'. ._ 

Blind seed disease is killed by most treatments.  The ergot fungus is the most 

resistant to heat, and the pathogen was not killed in sclerotia 
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exposed to a number of field sanitizer treatments. 

Evaluation of the mobile field sanitizer treatments during 1973 indicated 

that only part of the treatments at the soil surface killed propagules of blind 

seed disease and ergot, but all 1974 treatments were effective.  All sanitizer 

treatments in both years killed grass seed nematodes in galls placed on the 

soil surface.  Additional studies are needed to obtain information on the 

new machines. 

Chemical control 

Numerous chemicals have been studied for control of blind seed disease 

and ergot since 1965.  Chemical control can be directed to preventing flower 

infection, or, more realistically, to suppressing ascocarp formation for re- 

duction or elimination of primary (ascosporic) inoculum.  Protection against 

flower infection is difficult because the ovary is covered by the lemma and 

palea.  Certain systemic chemicals have prevented flower infection by root 

uptake after very high dosages were applied to soil.  This approach is not 

considered promising, but the study of additional chemicals for preventing 

flower infection will be continued.  Commercial fungicides as well as many ex- 

perimental chemicals have been tested for suppression of ascocarps of blind 

seed disease and ergot.  A few chemicals suppressed apothecia of blind seed 

disease and ergot.  A few chemicals suppressed apothecia of blind seed disease 

at fairly low rates, but much heavier dosages were needed to suppress ergot 

asocarps.  This places a heavier burden on control by chemicals, because ergot 

is the most serious disease and occurs on all perennial grasses grown. 

Except for salts of cadmium, the most active chemicals are recent inven- 

tions.  Two of the most active chemicals, triarimol and EL-279, from Eli Lilly 

& Co., were far superior to all other chemicals tested.  Unfortunately, these 

two chemicals were not accepted for federal registration, and apparently they 

will not become available for use as fungicides in the foreseeable future 
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(Dr. D. H. Ford, personal communication Eli Lilly & Co.).  Two of the more 

active chemicals, benomyl and thiophanate-methyl, are being used on turf and 

other ornamental plant disease problems.  These chemicals are too expensive 

for use on grass seed crops.  Cadmium chloride has been one of the chemicals 

with fairly good activity in suppressing ascocarps of both blind seed disease 

and ergot. However, cadmium compounds are not registered for use on food crops 

or crops that might be fed or grazed by livestock. 

Additional protectant and .systemic chemicals have been obtained from 

U.S. and foreign chemical companies during 1973 to 1974 in a continuing effort 

to find chemicals for control of major grass diseases.  Hope for chemical con- 

trol of the several major diseases is justified, however, because chemicals 

are being continually improved.  Additional candidates representing entirely 

new chemical families are being tested.  Eventually control of ergot and blind 

seed disease by elimination of primary inoculum will be obtained through sup- 

pression of asococarp formation with new chemicals. 

Possibilities for grass disease control, 1974 

Practical chemical control for ergot, blind seed disease, and grass seed 

nematode still is not available.  Feasible chemicals may be available eventually, 

and such chemicals probably will be new.  One chemical still in the experimental 

stage looks highly promising for control of ergot and blind seed disease by 

ascarp suppression.  Additional chemicals are constantly being requested from 

fungicide development companies around the world.  Hopefully, fungicides may 

be found that will provide economic chemical control for ergot and blind seed 

disease.  However, after effectiveness of a new experimental chemical is dis- 

covered, registration for its use will require three to five years. Meanwhile 

the present high degree of disease control can be maintained best by field 

burning or by treatment with the field sanitizer if this can be developed. 
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Table 1.  Significant diseases controlled and years field burning started 
on major perennial seed crops 

Grass 
Time universal 
burning started 

Diseases controlled by field burning 
Good control Partial control 

Perennial ryegrass 1948-49 Blind seed disease* 
Ergot* 
Silver top 

Helminth, leaf blotch 
Stem rust 
Other leaf diseases 

Tall fescue 

Bluegrasses 

1949-50 

igso's 

Blind seed* 
Ergot* 
Silver top 

Ergot* 
Silver top* 

Cercospora leaf-spot 
Other leaf diseases 

Stripe smut 
Flag smut 
Rusts 
Powdery mildew 
Other leaf diseases 

Chewings fescue 
Red fescue 

1950's 
1950's 

Silver top* 
Seed nematode* 
Ergot* 

Red thread 
Septoria blotch 
Powdery mildew 
Leaf rust 
Other leaf diseases 

Colonial bentgrass 1954 Ergot* 
Silver top* 

Seed nematode* 
Rhizoctonia 
Leaf diseases 

Orchard grass 1958 Ergot* 
Multiple leaf 
diseases* 
Silver top* 

Stripe smut 

Diseases marked with an asterisk were original reasons for field burning. 
Chemical control is available and used for rust diseases based on our 
studies during 1957-1962.  Chemicals are available for control of silver 
top but have not been necessary with field burning.  Chemicals are not 
available for control of blind seed, ergot, or grass seed nematode. 
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FIELD BURNING EFFECTS ON WEED CONTROL 

IN GRASS SEED CROPS 

W. 0. Lee 

Field burning, initiated in grass seed fields in western Oregon to control 

plant diseases, also proved effective in controlling other plant pests. While 

it has not been recommended specifically for weed control, satisfactory weed 

control in grass seed fields in western Oregon depends on burning. 

ANNUAL RYEGRASS 

Weed control by burning 

Field burning is the principal means of controlling winter annual grass 

weeds in annual ryegrass (Lolium multiflorum Lam.)   seed fields.  Burning destroys 

the seed source.  Limited experiments have shown that a good clean bum destroys 

95 to 99 percent or more of weed seeds in the field. Without burning, all these 

seeds return to the field to increase weed populations.  Because of the increasing 

weed problem, it is doubtful that without burning it would be possible to raise 

a crop every year. Without burning, growers will have to turn to crop rotations 

where soil and moisture conditions permit or take the land out of production 

part of the time.  It may be necessary to summer fallow every other year or 

every third year to keep weeds in check.  This would reduce total ryegrass seed 

production and necessitate higher prices. 

Chemical Weed Control 

Even though experiments have been conducted during the past 12 years to 

attempt to find selective herbicides for control of winter annual grass weeds 
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in annual ryegrass seed fields, no satisfactory treatments are available to 

growers. 

Paraquat (l,l'-dimethyl-4^'-bipyridinium ion), a non-selective contact 

herbicide, gives a degree of weed control when applied as a seedbed treatment 

in years when early fall rains cause weeds to sprout and emerge ahead of the 

crop. However, in dry years, the weeds and crop emerge at the same time and 

paraquat cannot be used.  Even under the best conditions, paraquat does not 

control all weeds.  Additional weed seeds germinate during the fall and winter 

and are not affected by the earlier paraquat application. 

Research shows that NC-8438 (2-ethoxy-2,3-dihydro-3,3-dimethyl-5- 

benzofuranyl methanesulphonate) has potential for selective control of winter 

annual grass weeds in annual ryegrass.  When it is applied preemergence or 

early postemergence, annual ryegrass is not injured at rates that are very 

effective in controlling troublesome weeds, particularly rattail fescue 

(Festuca  wn/uros L.)j   annual bluegrass (Poa annua L,)j  wild oats (Avena fatua L.). 

The future of NC-8438 is unknown because it is still an experimental 

compound with no registrations.  Its registration is being sought to control 

grass weeds in sugar beets and, if granted, the herbicide will become a commercial 

product and additional registrations will be sought.  If the sugar beet regis- 

tration is denied, the compound may be dropped!.'.  If a sugar beet registration 

is granted and the company decides to register the material for use in annual 

ryegrass, it probably will take at least three to five years to accumulate the 

data required for registration in annual ryegrass.  Thus, there is no hope for 

selective chemical control of winter annual grass weeds in annual ryegrass in 

the immediate future. 

j{V  Personal communication with Leo Ekin, Fisons Corp. , Bedford, Mass. 
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PEBEMIAL GRASSES 

In perennial grass seed fields, open burning not only destroys most 

of the weed seeds on the field but also removes crop residues which interfere 

with soil-applied herbicides used to selectively control winter annual grass 

weeds.  All herbicides now registered for selective control of winter annual 

grass weeds in established perennial grass seed fields are adsorbed and in- 

activated by crop residues.  Since 1965, a number of experiments comparing 

the effect of different methods of crop residue management on herbicidal activity 

have been conducted.  Results show that without burning in some form, none 

of the herbicides gave satisfactory weed control (Table 1).  There are no po- 

tential herbicides being evaluated for selective grass weed control in perennial 

grass seed fields that are not adversely affected by crop residues. 

SUMMARY 

Without field burning, it will be difficult to produce grass seeds that 

meet the high standards for purity demanded by the consumer.  Many farmers, 

especially those farming land with poor drainage, excessive slope or other 

physical limitations, will be forced out of seed production.  They will have 

few alternatives. 

Some farmers on better land will be able to continue grass seed pro- 

duction by adopting crop rotations that control weeds in alternate crops and 

by adopting improved practices such as chemical seedbed and charcoal banding 

to control weeds during crop establishment. However, much of the land now 

used for grass seed production is not suitable for alternate crops and improved 

practices at this time.  Perennial grass seed production probably will be 

drastically curtailed in western Oregon and costs of production will be increased 

greatly when perennial grass seed fields can no longer be burned. 
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Table 1.  Influence of the method of orchardgrass straw management on weed 
control 

No. Annual ryegrass plants/3 sq. metersl/ 

Herbicide and rate of application^/ 

Straw management treatment 
Atrazine 
2.5 lb/A 

Diuron 
3.0 lb/A: 

Chlorpropham 
3.0 lb/A 

Straw burned on field 

Straw removed - propane flamed 

Straw removed - not burned 

Straw left on field - not burned 

0 

0 

61 

12 

0 

0 

8 

1 

1 

1 

26 

16 

A/  Experimental area overseeded with annual ryegrass, an important seed 
crop but also a major grass weed problem in most perennial grass seed 
fields. 

2/ Diuron and chlorpropham are registered for use in orchardgrass.  Atrazine, 
not registered, shows potential for this use and registration is being pursued. 
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EFFECT OF FIELD BURNING ON INSECT PESTS 

J. A. Kamm 

Entomological research of insect pests of grass seed production has 

centered around acquisition of biological data that will avoid the use of 

pesticides when possible and permit the intelligent use of insecticides when 

necessary. 

The ecological diversity of the Willamette Valley complicates ento- 

mological research because each species of grass has a different complex of 

pests and often a single species of grass may have a different pest complex 

depending on the location in the Valley. 

In general, insects that complete most of their life cycle on the 

aerial portion of the plant and particularly those that use the leaves and 

seed culms as overwintering sites are affected by field burning.  Conversely, 

billbugs, cutworms, and sod webworms that feed on the roots or in the crowns 

of grass will not be directly affected by field burning.  However, predation 

by birds was more effective on wintering insects when fields were burned 

(Kamm, 1973). 

The plant bug complex in fine fescue, bluegrass, bentgrass, and ryegrass 

produces "silvertdp" by feeding activities. 

Results and implications of ongoing work 

Seven species of plant bug occur in the grasses grown for seed in the 

Willamette Valley that could potentially produce "silvertop", a condition in 

grasses in which part or all of the inflorescence prematurely turns white as 

a result of injury to the culm. 
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In small field plots where some were burned and others were left unburned, 

the incidence of silvertop increased from an average of 2.5 to 37.5 white heads 

per sample, respectively (Kamm and Chilcote, unpublished data). 

These data strongly imply that if field burning or some comparable treat- 

ment is not used, the incidence of silvertop will increase to the point that 

insecticides will be necessary to control the bugs. No data are available 

to project the percentage of fields that would require treatment with insecti- 

cide in the absence of field burning. However, circumstantial evidence suggests 

that the acreage would be substantial. 

In 1973, most bluegrass, ryegrass and fine fescue had some "silvertop" 

and in some fields the incidence of silvertop was as high as 7 percent of the 

total number of seed heads.  I attribute the increase of silvertop to the 

relatively poor burning conditions in 1972. 

In conclusion, the density of plant bugs in grass seed fields that 

are not burned will undoubtedly increase and a substantial increase in the 

use of insecticides to control the bugs will be required.  The increased 

use of insecticides will in turn create the need to develop chemical controls 

that do not contaminate the straw and seed screenings when fed to livestock. 

Kamm, J. A.  1973.  Biotic Factors that Affect Sod Webworms in Grass Seed 
Fields in Oregon.  Environmental Entomol. 2:94-96. 

45 



SMOKE MANAGEMENT IN THE WILLAMETTE VALLEY 

Earl M.  Rates 

The air pollution agent, smoke from open field burning, can probably 

be managed, for a prescribed acreage, well enough to maintain acceptable 

standards of air quality.  Air quality standard is a maximum value fixed by 

law... Though we of course accept lower values, because the air quality stan- 

dard is a fixed maximum, it can be treated as a constant and a model for 

management of this quality can be expressed as: 

Pollution Source Strength 
Air Quality - F (Meteorological Conditions) 

Source strength is the acreage to be burned and it can be managed or 

varied from day to day. Meteorological conditions cannot be managed but they 

can be measured and they can be predicted for a future period of several hours 

with a reasonable degree of success. 

Meteorological conditions can be said to define the "size of the con- 

tainer" into which smoke is dispersed. As meteorological conditions become 

"good," i.e., buoyancy and air transport increase, the container gets larger. 

Or, as source strength increases, meteorological conditions being constant, 

air quality must become smaller (poorer).  It can thus be seen that air 

quality is a function of meteorological conditions.  (Air loading by particu- 

late, if a source exists, is inversely proportional to the function of mete- 

orological conditions.)  The management problem is to predict each day of 

agriculture field burning season the source strength (i.e., acreage) which 

can be tolerated under prevailing meteorological conditions , maintaining air 

quality above the legally prescribed standards. 

A useful measure of air quality is visibility.  It is a long-standing 
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practice in the National Weather Service to report obstructions to visibility 

when the visibility is six miles or less.  Air which is so transparent that 

visibility is seven miles or more is such that obstructions to these large 

visibility values are of no significance. 

CLLMATOLOGICAL CONSIDERATIONS 

Certain knowledge of the late summer climate in the Willamette Valley 

helps in deciding what meteorological factors to use in a management decision 

and how to apply the method derived.  Stability of the air, winds near the 

surface, and winds at about 5,000 feet are factors of much concern. 

The effective depth of the valley is equal to a height to which smoke 

can be lifted and dispersed by atmospheric dynamics.  This can be determined 

routinely from an adiabatic diagram and is meteorologically called mixing 

depth or mixing height.  Suitable correlation between mixing depth and at- 

mospheric visibility has not been found through current research.  On nine 

mornings out of ten, an inversion near 3,000 feet or lower occurs in the July- 

August-September period and more than half these inversions persist into the 

afternoon.  Study of pollution (smoke) management by Bates and Chilcote (1970) 

indicates that large-scale field burning as practiced today is overloading 

the air on a number of days.  This research also reveals that poor visibility, 

due to smoke, runs in periods of three to five days.  For example, if visibility 

is reduced to one mile by smoke on one day, it is likely to remain low, no more 

than six miles, for the next two days.  It appears from the study that burning 

5,000 acres of field residue could overburden the air on certain days with 

poor dispersal characteristics.  The climatology of the Willamette Valley 

indicates that, at optimum ventilation conditions, burning should be held to 

no more than 10,000 acres on nearly all days. 
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Bates and Chilcote (1970) found a method for predicting maximum acreage 

to be burned consistent with good air quality in the so-uthern Willamette 

Valley, based upon meteorological conditions of the day. Research shows that 

there is a direct relationship between atmospheric instability near 3,000 feet 

and visibility in the southern Willamette Valley. A temperature fall of 4° C 

(7° F) or more is required in the region of 3,000 feet to 6,000 feet over the 

valley to get sufficient vertical motion to disperse the smoke from the lower 

atmosphere of the valley when more than 6,000 or 7,000 acres are burned in one 

day.  The air in the lowest 3,000 feet is brought to a dry adiabatic lapse con- 

dition (approximately 3° C of 5.4° F per 1,000 feet) on nearly all days of the 

field burning season by solar heating.  It appears from this study that the 

condition of instability—temperature fall of 4° C or more at 3,000 to 6,000 

feet aloft—occurs less than half of the time in the field burning season. 

Field burning usually begins near July 15.  Rainfall climatology shows 

that there is 55 per cent probability of getting at least .06 inches of rain 

in the week beginning September 20.  This high probability of rain'indicates 

a time when field burning probably should be completed.  Therefore, a 60 to 

65-day period is a normal period to expect suitable weather for open field 

burning in the Willamette Valley.  At the same time, sufficient instability 

aloft for good smoke dispersal can only be expected a little less than half of 

this time or about 25 to 30 days.  On this basis and assuming that burning would 

be restricted to about 4*000 acres a day, it would be possible to burn about 

100,000 acres in a typical year in the Willamette Valley.  This is well below 

the 7,000-plus acres which have been burned without noticeable problems when 

near optimum atmospheric conditions of wind and instability were present. 
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FURTHER INVESTIGATION 

During 1969, more data on field burning were collected and studied. 

Bates, Chilcote and Hartmann (1972) made extensive investigations of the smoke 

management problem by making use of the principle as earlier stated: 

Air Quality = Pollution Source Strength 
F (Meteorological Conditions) 

For a measure of air quality, visibility was used and with a value of visi- 

bility >^ 10 miles, air quality was considered satisfactory, thus we could say: 

A 
V " F(M) 

Where:  V is visibility 
A is acreage burned 
F(M) is a combination of meteorological variables. 

The preliminary work done by Bates and Chilcote (1970) considered only 

the southern Willamette Valley.  The 1972 study considered the entire valley 

and predictive equations for the two centers of population, Salem and Eugene, 

were developed. 

Two models 

In the Willamette Valley, wind speed and shear seem to be effective 

in plume rise and pollution transport problems.  Panofsky and Prasad (1967) 

indicate the fluctuations in concentrations in pollution are fairly well ex- 

plained by wind speed and vertical velocity.  In their case, wind direction 

was only important on special occasions.  This also seems to be generally true 

in the Willamette Valley. 

Salem is centrally located in the valley and is surrounded by burning 

for many miles both up and down the valley.  Wind speed at both surface and 

aloft are important for this community.  Stability through the first 3,000 

feet shows a relationship to pollution concentration. 
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The wind direction appears to have some influence on the concentration 

of smoke in the Eugene vicinity.  This is probably because nearly all agricul- 

tural burning at this season lies down valley from that city.  Surface wind 

speed is an influencing factor, but aloft, at 5,000 feet, the direction is of 

greatest importance.  Stability between about 6,000 and 10,000 feet has a rela- 

tively strong influence in this south valley location. 

Bates, Chilcote and Hartmann (1972) stated, "Using a step-wise discrimi- 

nant analysis for two groups, a model of the form:  D(X) = F(m) + C was de- 

veloped where F(m) is the function of acreage burned plus eight meteorological 

variables.  If D(X) > 0, we classify the day into the group of low visibility; 

that is, a day with visibility under 10 miles.  If D(X) <^ 0, the day is clas- 

sified into the group of high visibility—10 miles or greater.  The discrimi- 

nant is set equal to zero and the solution to the resulting equation, after 

substituting the meteorological variables, yields an acreage that can be 

burned in one day consistent with good air quality in the Willamette Valley. 

"The general form of the equation for Eugene is: 

South Zone Acreage = {(+.2583X, + .4248X„ + .0130Xo - .08756X, - .1687Xr 12 3 4 5 

+  .009952X£ +  .42563X    +  .25436X )  x  .00010508"1}  - 6.84 
6 7 8 

Where: 

X = 1000 Mb to 900 Mb temperature change in degrees C. 

X = 800 Mb to 700 Mb temperature change in degrees C. 

X = expected Max temperature "today." 
3 

X = surface wind speed. 
4 

X = cos 5000 ft. wind direction. 
5 

X = temperature advection. 
6 

X = 7 am visibility at Eugene airport. 

X = previous day's lowest visibility. 
8 
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"The X, advection term is the thermal wind, Vth, (5,000 feet wind minus 
D 

1,000 feet wind) multiplied by the magnitude of the component of the 5,000 feet 

wind normal to Vth.  If the 5,000 feet wind component is normal to the left 

side of Vth, the tenn is negative; but if it is normal to the right side of Vth, 

the term is positive.  This equation developed on 1969 data was tested on in- 

dependent meteorological and acreage data for 1970.  The test results show an 

ability to predict acreages in the South zone consistent with Eugene visibility 

of 10 miles or more, more than 80 percent of the time. 

"The general form of the equation for Salem is: 

North Zone Acreage = {(- .31208X + .02202X - .03546X + .06742X - .13206X 
12 3 4 5 

-   .0762X^ +  .18459X    +  .01518X )  x   .0005742~1} + 1.209 
6 7 8 

Where: 

X, = 1000 Mb to 900 Mb temperature change in degrees C. 

X = 800 Mb to 700 Mb temperature change in degrees C. 

X = low relative humidity. 

X, = pressure gradient direction x 7 am visibility 

X_ = surface wind speed. 

X^- = lagged 5000 ft. wind speed. 

X = 7 am visibility at Salem airport. 

X„ = previous day's lowest visibility. 

"The Xo term is the relative humidity at the next measured point in the 

radiosonde observation below the top of the inversion.  The X^- term is the 

5,000 feet wind speed from the observation 12 hours previous.  The equation de- 

veloped on 1969 data was tested in independent 1970 data.  Test results showed 

an ability to predict acreages in the North zone consistent with a visibility 

of 10 miles or greater at the Salem airport 88 percent of the time." 
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SUMMARY 

There seems to be evidence that the number of acres of field residue 

which can be burned in the Willamette Valley on a given day without over- 

burdening the air can be predicted.  Climatology of the valley indicates that 

by making proper use of the predictive equations, management of smoke from 

field burning is possible.  One hundred thousand acres of burning seem' to be 

a reas.onable estimate of what can be well managed in one season. 
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STRAW HANDLING AND DENSIFICATION 

Glen Page 

The objective of the straw handling and densification research was to 

develop economically and technically feasible methods of field removal, dens- 

ification, transport, and storage of straw for various utilization techniques 

under study at Oregon State University that might be developed by industry 

or agriculture.  Industrial utilization will depend mainly on receipt of the 

straw in a densified condition subject to automated handling and economical 

storage.  Baled straw has a low density of six to eight pounds per cubic 

foot, whereas cubing results in a bulk density of 20 to 30 pounds per cubic 

foot, and pelleting in 20 to 45 pounds per cubic foot.  Cubes and pellets, 

therefore, require much less storage space and automated handling becomes 

possible. 

Rapid field removal of straw is important, so that field incineration 

procedures can be accomplished as soon as possible after harvest - during 

proper weather conditions. 

Cubing 

Preliminary tests were run in February, 1970, at Bums, Oregon, to 

determine the adaptability of the John Deere hay cuber for cubing grass seed 

straw.  For the tests, bale slices of ryegrass straw treated with binding 

agents were fed into the John Deere 400 field cuber with a fork.  These 

preliminary tests indicated a promising possibility that ryegrass straw 

could be cubed by the John Deere cuber when lignon sulfonate or sodium 

hydroxide were used as binders. 

A John Deere 425 self-propelled field cuber (Figures 1 and 2) and 
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Figure 1.  John Deere 425 self-propelled field cuber 
and cube wagon with auxiliary tanks and spray 
boom for applying binding agents and mani- 
fold for heating die ring. 
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Figure 2.  The 18-foot conveyor used to uniformly feed 
broken straw bales into the cuber during 
stationary operation. 
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special auxiliary equipment were set up for stationary operation during the 

winter and spring of 1970-71 in a shed open on the north and east, adjoining 

a straw storage shed on the Hyslop farm near Corvallis.  The special equipment 

included an 18-foot conveyor to uniformly feed broken straw bales into the cuber, 

a spray boom and sprayer to apply binding agents to the straw, and a heater 

to preheat the cuber dies to operating temperature to allow test runs using 

a couple hundred pounds of straw instead of requiring tests using a ton of 

straw to get the dies to working temperature. 

The cuber was operated as a stationary unit during the winter and spring 

of 1970-71 and again in 1971-72 to evaluate effects of binding agents and straw 

moisture content on cube quality.  Bonding agents tested included lignon sul- 

fonate, liquid molasses, whey. All Bond, PMS - a liquid feed supplement - sodium 

hydroxide, and bentonite.  During the summer of 1971, the mobile field cuber 

was used in the field to cube alfalfa, pea vines, annual ryegrass straw, orchard 

grass straw, tall fescue straw, and blue grass straw. During the summer of 

1972, tests were run at Brennan Industries in Albany, Oregon, with a cubing 

plant set up to do commercial cubing of alfalfa hay and grass seed straws. 

During the cool, wet winter conditions of 1971 in western Oregon, the 

moisture level of straw bales rose to about 18 percent, resulting in inferior 

cubes irrespective of binding agents.  Tests using dried straw established 

that when ttft cube moisture level exceeded 15 percent, cubing operations 

were not successful. Moisture content was found to be an extremely critical 

factor in terms of cube quality, influencing binding, and perhaps die reten- 

tion time. 

In preliminary trials using ryegrass straw of approximately 10 percent 
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moisture, cubes with durability ratings-1- of 90 were produced using 4.4 percent 

Orzan GL (Crown Zellerbach brand of lignin sulfonate NH salt).  (Figure 3) 

Cubes with durability ratings of 96 were produced using 3.5 percent of Llgnosite 

(Georgia Pacific brand of Lignin sulfonate-calcium salt).  Cubes containing 

six percent whey solids had durability ratings of 90.  The use of four percent 

sodium hydroxide as a binder resulted in excellent cubes. 

Figure 3.  Durable ryegrass cubes containing four 
percent lignin sulfonate binder.  The 
cubes have a 1-1/4 inch square cross 
section. 

Table 1 gives the results of cubing tests using the John Deere 425 

cuber as a stationary unit.  Cube durability was best when cube moisture 

was between 12 and 14 percent. At moisture contents below 11 percent the 

ASAE STANDARD S259.2,  Wafers, Pellets, and Crumbles - Definition and 
Method for determining Specific Weight, Durability, and Moisture Content. 
Agricultural Engineering Yearbook. 
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cubes would not form—that is, they would not shape and would completely fall 

apart. 

The results of the field tests are shown in Table 2.  In most cases, it 

was necessary for the straw in the field to have a 9.5 moisture content or 

below to produce a cube with a durability rating above 80 and a size distri- 

bution index of 200.  Operating time was restricted because of the fluctuating 

moisture content of the straw in the field.  It was difficult to control the 

percentage of binding agent in the cubes during field operations. 

The results of tests conducted at Brennan Industries are reported in 

Table 3.  Production rates of 4.5 tons per hour of durable ryegrass cubes, 

bulk density 28.5 pounds per cubic foot, were reached using four percent lignin 

sulfonate binder. Most of the production-had a bulk density of about 22 pounds 

per cubic foot.  One of the main problems encountered was the high moisture 

content of straw received in late summer and early fall. 

Stackers 

Several stack builders that will load and pack loose hay into a closed 

wagon are available on the market.  When the wagon is full, the load is taken 

to a central storage area and ejected from the wagon in the form of a stack. 

During October, 1970, a Hesston Stakhand 30 was used to pick up and remove 

straw from grass seed fields and place the stacks at the edge of the field. 

The Hesston Stakhand 30 uses a flail pickup for loading the straw into the 

wagon.  When the wagon is full, the load is compressed vertically by lowering 

the top of the wagon hydraulically.  More straw is added to the load and com- 

pressed a second time.  This unit builds a compressed stack 8 feet wide, 14 

feet long, and 9-1/2 feet high.  Two stacks of annual ryegrass straw were 

built, one of Manhattan ryegrass, and one of bent grass.  The stacks were 
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left uncovered all winter and had considerable water damage.  One grower put 

up about 60 stacks of bent grass straw with the Hesston 30 during October, 1970, 

to feed beef cattle.  He was well pleased with the operation. 

During late August, 1971, a Hesston Stakhand 60 was used to remove dif- 

ferent kinds of straw from the grass seed fields.  This machine mechanically 

compacts the straw into small moveable stacks 9-1/3 feet wide, 20 feet long 

and 12 feet high.  A stack mover allows subsequent transport of the intact 

stacks. 

Using the Hesston Stakhand 60, orchard grass was stacked on August 23- 

24, annual ryegrass on August 25, tall fescue on August 26-27, and bluegrass 

on September 13-14.  One stack of each variety of grass straw was covered 

with a 6-mil polyethylene cover and one stack of each variety was left un- 

covered.  The annual ryegrass was covered on August 27.  The orchard grass, 

tall fescue, and bluegrass were covered on September 27.  Wind removed the cover 

from the annual ryegrass stack by November 1=  Several stacks of hard fescue 

were put up with a Stakhand 30 in the fall of 1971. All stacks were uncovered. 

The stacks were inspected in April and early May to determine the effects 

of rainfall on straw quality.  The hard fescue stacks made with the Hesston 

30 came through the winter in good shape with only a few inches of spoilage 

on top.  All the uncovered stacks made with the Stackhand 60 had excessive 

spoilage occurring at two points, corresponding to depressions formed into 

the sides of the stacks by extra reinforcement at these points in the press. 

These indentations were still visible in May on the orchard grass stack after 

removing the cover.  Each stack appeared to have a line where the stack sepa- 

rated while unloading.  Moisture had penetrated from the top of the stack to 

the ground along this line of separation.  (See Figures 4 and 5)   The end 

of the stack that was against the tailgate in loading had only slight moisture 
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Figure 4.  Cross section of orchard grass stack.  Two 
feet along the north side of the stack were 
removed to show moisture penetration.  The 
stack was uncovered from August 23, 1971 to 
April 14, 1972. 

Figure 5.  Hesston Stakhand 60 unloading a stack of 
orchard grass straw.  Note the vertical 
groove in the stack from the end of the 
tailgate flap to about mid-point. 
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penetration.  Indications are that a part of the spoilage was due to an in- 

experienced operator of the Stakhand 60.  The stacks that retained their covers 

were in excellent condition. 

Results suggest this to be a promising method for rapid removal of the 

straw from the field. If the straw is to be processed, the stacks should be 

covered. 

Baling 

Baling was also investigated as a means of straw removal from grass seed 

fields.  A comparison was made between stacking standard size bales, with a 

density of 8 Ibs/cu.ft. and dimensions of 16 x 18 x 38 inches; and high- 

density bales with a density of 12-1/2 Ibs/cu.ft. and dimensions of 10 x 16 x 

48 inches, on pallets as a means of straw removal from the field.  Placing 

bales of straw on pallets also enables long distance shipment as the pallets 

can be loaded and unloaded with a forklift. 

Observations were made during the summer of a new straw bale stacking 

method developed by Stanley Steffan of Silverton, Oregon (Figure 6). His 

method consisted of attaching a bale accumulator directly behind the baler, 

bunching 12 bales together before being released automatically. A truck 

and trailer system was then moved in to the field. Attached to the truck 

was a hydraulically operated hooked lift which picked up the 12 accumulated 

bales, and stacked them on a 10-ton trailer for transport to the edge of 

the field for stacking.  An 80-acre field, with three tons of straw per acre, 

can be baled and stacked in farm storage by this method in two days at a 

cost of $9.70 to $15 a ton.  This method looks promising for removing straw 

from the field. 

To further compress baled ryegrass, straw bales were placed in a testing 
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Figure 6. Method used by Stanley Steffan to 
load and to stack baled straw. 

Figure 7.  The two bales contain the same amount 
of straw. The bale on the right was 
compressed with a force of 300 tons. 
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machine and subjected to 300 tons compression and strapped, resulting in a 

bale with 25 per cent of the original volume.  (Figure 7). 

Hastro West in Jefferson, Oregon, has expanded on this idea by making 

a super bale, approximately 3 x 3-1/2 x 5 feet, weighing 1,600 pounds.  The 

extreme forces produced to make the dense super bale caused some problems 

in equipment development, which have since been overcome by redesigning the 

equipment.  The total cost of producing the super bale and delivering to 

dock side Portland (Table 4) was $18.70 to $33 a ton. 

Briquetting 

A machine designed for making charcoal briquettes was used for making 

straw briquettes.  The principle is entirely different than that used in 

the cuber.  The cuber uses an extrusion process to form the cubes, whereas 

the briquetter uses a roll forming operation. Mating pockets in a pair of 

rolls form and compress the briquette.  Test briquettes that were made by 

feeding the press wheels under extreme pressure and loading one or two cells 

at a time resulted in extremely good briquettes with a bulk density equal to 

that of cubes.  Under conditions of continuous operation, however, the briquettes 

had a much lower bulk density.  Development work is being continued on the 

briquetter by Russell Bonlie for the State Field Burning Committee. 
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Table 1. Results of cub ing tests using John Deere cuber as a stat ionary cuber 

Straw Cube bulk Size Cube 
Kind of moisture Percent density distribution Durability moisture 

Date straw % W.B. Binder binder lb/ft index* rating** % W.B. 

5- 7-71 Ryegrass 8.2 Orzan GL 4.4 25.2 232 90 11.9 

5- 7-71 Ryegrass 7.2 Orzan GL 3.7 19.0 232 82 13.7 

5-10-71 Ryegrass 7.0 Orzan AL 5.2 22.0 240 83 12.9 

5-10-71 Ryegrass 8.1 Orzan AL 4.8 23.0 252 90 13.4 

5-10-71 Ryegrass 8.5 Orzan AL 4.8 19.0 188 81 13.8 

5-10-71 Ryegrass 10.0 Orzan AL 4.5 19.0 172 85 15.0 

5-10-71 Ryegrass 11.2 Orzan AL 3.0 20.2 2.6 83 14.5 

5-10-71 Ryegrass 11.6 Orzan AL 2.5 21.7 150 79 14.2 

5-12-71 Ryegrass 8.7 Orzan AL 3.3 25.0 212 86 12.2 

5-12-71 Ryegrass 12.7 Orzan AL 3.3 20.0 159 72 16.2 

5-12-71 Orchard grass 7.8 Orzan AL 6.5 20.0 124 65 14.5 

5-12-71 Hard fescue 9.7 Orzan AL 6.9 16.0 84 57 17.8 

5-12-71 Bent grass 9.0 Orzan AL 6.9 16.0 140 61 17.2 

5-12-71 Chewing fescue 6.0 Orzan AL 6.9 18.0 244 84 13.9 

*Size distribution index of durability is obtained by multiplying the percentage of material in each 
of five size classes (pieces at least 80% of the original weight) by four; (80 to 60%) by three; 
(60 to 40%) by two; (40 to 20%) by one; and (less than 20%) by zero; then calculating the sum of the 
product.  A perfect index is 400. 

**Durability rating equals the percent by weight of cube pieces remaining after being tumbled for three 
minutes in a cage that weighs at least 20% of the average weight of untumbled cubes. 
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Table 2.  Results of field tests with John Deere 425 Cuber 

Cube bulk       Size 
Percent        density    distribution   Durability 

Date Variety Binder* straw moisture lbs/ft3 index rating 

7-21-71 Pea vines Water 

7-16-71 Alfalfa Water 

8-03-71 Orchard grass Orzan GL 

8-11-71 Alfalfa Water 

8-24-71 Annual ryegrass PMS 

8-24-71 Annual ryegrass Orzan AL 

8-25-71 Tall fescue PMS 

8-25-71 Tall fescue Orzan AL 

9-13-71 Bluegrass PMS 

9-13-71 Bluegrass Orzan AL 

9-16-71 Bluegrass Lignosite 

*Orzan AL and GL are Crown Zellerbach ammonium lignin sulfonate products; PMS is a molasses urea feed 
supplement; and Lignosite is a Georgia Pacific calcium lignin sulfonate.  Both Orzan and Lignosite 
are by-products of the paper industry. 

32.5 

14.0 23.0 

8.8 24.0 

7.8 30.0 

6.5 

6.5 20.0 

9.5 20.0 

9.5 19.5 

9.0 

9.0 

6.7 25.0 

372 97.0 

260 80.0 

224 80.0 

389 97.0 

213 87.4 

301 93.0 

148 64.0 

229 85.1 

350 94.2 

240 88.0 

332 94.9 
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Table 3. Results of cubing tests using the John Deere 390 stationary cuber 

Date 
Kind of 
straw 

Straw 
moisture 
% W.B. Binder 

Percent 
binder 

Rate 
tons/hr 

Cube bulk 
density 
lbs/ft3 

Size 
distribution 

index 
Durability 

rating 
Cube 

moisture 

7-19-72 Ryegrass 10 Lignosite 3.0 NA NA 257 95 13.0 

7-20-72 Ryegrass 10 Lignosite 2.0 NA 22.0 183 83 12.0 

7-21-72 Ryegrass 10 Lignosite 4.0 NA NA 236 89 14.0 

. 7-25-72 Ryegrass NA Orzan GL 4.0 4.5 28.5 248 89 NA 

7-25-72 Ryegrass NA Orzan GL 3.0 4.0 27.0 196 79 NA 

7-25-72 Ryegrass NA Orzan GL 2.0 5.5 25.0 163 72 NA 

8-07-72 C. fescue 8.5 Orzan GL 4.7 3.4 23.2 154 75 15.5 

8-07-72 C. fescue 8.5 Orzan GL 4.1 3.4 17.0 92 74 15.1 

8-07-72 C. fescue 8.5 Orzan GL 4.3 3.3 22.0 117 64 16.4 

8-07-72 C. fescue 8.5 Lignosite 4.0 2.5 27.5 280 91 14.3 

8-07-72 C. fescue 8.5 Lignosite 3.1 3.6 23.0 260 87 13.7 

8-08-72 Orchard grass 8.5 Lignosite 4.0 2.2 23.0 191 81 13.9 

8-08-72 Orchard grass 8.5 Lignosite 3.8 3.1 20.0 241 84 16.2 

8-08-72 Orchard grass 8.5 Lignosite 4.4 3.1 23.0 285 88 16.5 

8-08-72 Orchard grass 8.5 Orzan GL 4.6 3.2 18.0 153 65 14.9 

10-18-72 Bent grass 14.5 Orzan GL 3.0 4.5 23.0 163 77 17.5 

NA = Not Available 
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Table 4.  Costs per ton from field to dockside Portland for grass seed 
residue in selected densified forms * 

 Grass seed residue Cost range per ton 

For Baled Straw (regular and high density bales): 
Swath (custom $3-$5 per acre)  $ 1.70 to $ 3.00 
Bale (custom)  5.00 to 7.00 
Haul bales to on-farm storage  3.00 to 6.00 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 13.70 to $ 21.00 

For Super High Density Bale: 
Swath, bale, and haul to on-farm storage  $  9.70 to $ 15.00 
Compress into the super bale  5.00 to 12.00 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 18.70 to $ 33.00 

For Cubed Straw: 
By stationary cuber with baler for field removal: 

Swath, bale, and haul to on-farm storage  $  9.70 to $ 15.00 
Cubing of baled straw  5.50 to 13.00 
Binder  1.00 to 4.00 
Drying  . 60 to 1.50 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 20.80 to $ 39.50 
By stationary cuber with chopper for field removal: 

Swath (custon $3-$5 per acre)  $ 1.70 to $ 3.00 
Field chop and haul to on-farm storage  10.00 to 15.00 
Cubing of chopped straw  3.50 to 11.00 
Binder  1.00 to 4.00 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 20.80 to $ 40.50 

Field Cuber: 
Swath (custom $3-$5 per acre)  $ 1.70 to $ 3.00 
Field cubing and haul to on-farm storage  7.00 to 16.00 
Binder  1.00 to 4.00 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 13.70 to $ 29.00 

For Pellets: 
Swath, bale, and haul to on-farm storage  $  9.70 to $ 15.00 
Stationary pelleting. .'  10.00 to 16.00 
Haul to Portland  4.00 to 6.00 

TOTAL  $ 23.70 to $ 37.00 

*From Circular of Information    638, March 1973, AES, OSU, Technical and 
Economic Considerations in Shipping Grass Seed Residue to Japan, by Leonard 
Porfily and Frank Conklin. 
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STRAW UTILIZATION 

Virgil Freed 

Straw residue from the production of grass seed may someday become an 

important source of raw materials for a number of Oregon industries including 

the paper industry, the chemical industry, and the building materials industry. 

Grass seed straw may also find increased uses as an animal feed, soil 

amendment, and as a fuel.  Utilization could become a very advantageous means 

of disposal if economical methods of handling, compacting, and processing 

can be developed. 

Straw is a renewable resource; it is available year after year as a 

by-product from the production of grass seed.  Research on processes for 

utilization and products that can be made of straw is needed to expand its 

use. 

There are a number of potential uses for grass straw which have been 

demonstrated by research at Oregon State University as well as other labora- 

tories.  Cellulose from straw has potential use for the manufacture of paper. 

It is currently being used in some European and Asian countries for pulp and 

paper production.  Straw can be combined with a number of resins to produce 

a particle board which has a possible market in the construction industry. 

Straw also has the potential for many other uses through various chemical 

and biological processes among the fuel, plastics, animal feed, and nutrient 

enriched organic fertilizers. 

COMPOSITION AND CHEMICAL MAKEUP OF STRAW 

Straws contain varying quantities of cellulose, pentosans, lignins, and 

ash, depending on the variety and growing conditions (see Table 1 for composition 
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of straw).  All cereal and grass seed straws, however, contain more than 40 per- 

cent cellulose and more than 20 percent pentosans. 

Since cellulose is the major component of straw, a great deal of attention 

has been given to its potential utilization and the utilization of its products. 

Cellulose is a polysaccharide which yields only glucose upon hydrolysis and it 

is composed predominately of 31*4 linked D-glycopyranose units (Figure 1). 

The reactions of cellulose resemble those of the simple sugars.  Since 

all but one of the potential reducing groups of the glucose residues (the one 

terminating unit of the open chain) are involved in the glycosidic linkages 

between individual members of the chain, cellulose lacks the pronounced re- 

ducing power of most simple sugars.  The chief reactions of cellulose are 

those of its hydroxyl groups. 

All but one of the glucose residues in the cellulose macromolecule 

possess three free hydroxyl groups.  The C-6 position is the primary hydroxyl 

and those in the C-2 position and the C-3 position are secondary.  These free 

hydroxyl groups react as alcohols to form addition compounds with alkalies 

and certain complex salts.  Under certain conditions they also react with 

sodium metal to form compounds (comparable to the alcoholates) called cellu- 

losates.  Furthermore, the hydroxyl groups of cellulose react to form esters 

and ethers, and upon oxidation are converted stepwise into carbonyl and car- 

boxy lie groups. 

The reaction product of cellulose and sodium hydroxide, called alkali 

cellulose, is used in the production of cellulose xanthate and cellulose ethers. 

A variety of cellulose ethers can be prepared by reacting alkali cellulose 

with various alkyl chlorides.  Similarly, a variety of cellulose esters can 

be prepared by reacting cellulose with various organic acid anhydrides. 
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Acid hydrolysis of cellulose produces glucose which can be converted 

to hexane by reduction with hydrogen iodide and red phosphorus or to sorbitol 

by reduction with sodium amalgam. 

Cellulose can be degraded both thermally and chemically.  The main pro- 

ducts of thermal decomposition are carbon, carbon dioxide, and water.  Some 

of the other products formed are acetic acid, acetone, formic acid, formal- 

dehyde, furfural, hydroxymethylfurfural, ethene, carbon monoxide, and methane. 

A summary of the quantity of products produced by the thermal decomposition 

of cellulose (1) is included in Table 2. 

The end product of the hydrolysis of cellulose is glucose, but continued 

chemical action on the glucose results in the formation of hydroxymethylfur- 

fural which produces levulinic acid and formic acid.  Oxalic acid can be pro- 

duced from cellulose by alkaline oxidation (2) or nitric acid oxidation (3). 

Under some conditions, the alkaline degradation of cellulose can result in 

complex fragmentation reactions producing formic, acetic, glycolic, and 

lactic acids (4). 

Cellulose derivatives are used for a variety of purposes.  Some uses 

of cellulose derivatives are listed in Table 3. 

UTILIZATION OF STRAW 

Particle Board 

Straw is potentially useful as a component of pressed particle board. 

This material has possible uses in the construction industry for such products 

as wall board, sub-flooring, or ceiling materials.  Resins such as phenol- 

formaldehyde resin can be used as a binder to produce a solid sheet of particle 

board which can be used as a ceiling tile or wall board.  Colored bakelite 

powder can also be used with straw to produce a decorative board. 
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The cohesion of straw can be enhanced considerably through such chemical 

treatments as acetylation (to produce cellulose acetate) and cellulose cross- 

linking (by treatment with diisocyanates).  The solid board made from chemically 

treated straw should have application not only as a finished board but also 

as a laminating member and should be particularly useful in conjunction with 

applied finishes such as polyurethane paint, etc. 

Preliminary studies have shown this product to be equal in quality to 

particle board made from wood residues.  Indications are that straw particle 

board can be produced economically and competitively with the wood particle 

board. 

Soil Amendment and Fertilizer 

The use of solid wastes as soil conditioners and fertilizers is hindered 

by their low concentration of plant nutrients, especially nitrogen, phosphorus, 

and potassium.  Since the soil is an ideal location for the disposal of large 

quantities of solid wastes, it seems reasonable to consider enriching solid 

wastes with plant nutrients to make land disposal more attractive.  For wastes 

containing large amounts of cellulose this can be done chemically by preparing 

cellulose derivatives that contain nitrogen, phosphorus, and potassium.  The 

water-holding capacity of these organic materials, their insolubility in water, 

and their slow rate of degradation would be additional desirable characteristics. 

Since nitrogen and phosphorus are two of the main plant nutrients required, most 

of the experimental work has been concentrated on these two elements.  Potassium 

can be added to some cellulose derivatives which have ion exchange properties. 

In the laboratory, samples of straw have been treated with ammonia, nitric 

acid, urea, and phosphoric acid to give products with varying concentrations 

of nitrogen and phosphorus.  Several techniques were used for mixing and heating 
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the reactants.  Nitrogen and phosphorus concentrations were measured before 

and after water washing to determine the levels of fixed nutrients in the 

product.  Selected samples of these products were then tested in a greenhouse 

soil test to determine if they possessed fertilizing properties comparable to 

commercial fertilizers.  The long range or "slow release" fertilizing properties 

have not been evaluated. 

Potential markets for such a product include the home garden, nurseries, 

florists, and for land reclamation.  The advantages of this product as a soil 

amendment are:  1) high water-holding capacity; 2) ion exchange properties; 

and 3) release of nutrients over an extended period as the product slowly 

degrades. 

Fuel Uses 

Straw residues can be treated to form hydrocarbon gases and "oils." 

With the gradual dwindling of crude oil supplies throughout the world, research 

is being stimulated to find new sources of fuel.  High pressure hydrogenation 

of straw, using a catalyst, yields an ether soluble oil and a carbonaceous 

residue.  This oil has. potential value as a fuel or as a source of chemical 

intermediates.  Low boiling liquids are also present in the reaction mixture 

gas phase and could be used for fuel. Although this process is not fully deve- 

loped and the economics evaluated, it may eventually serve as a source of fuel 

to supplement dwindling fossil fuel reserves. 

Some other possibilities for use of straw for fuel is in the manufacture 

of presto-logs, fuel cubes or pellets.  The BTU content of straw is similar 

to the BTU content of wood so its use for fuel has merit.  Initial results 

with bark and straw combined in fuel cubes appear promising. 
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Chemicals 

Many chemicals of commercial value can be produced from straw.  The 

literature indicates that straws are composed of varying amounts of cellulose, 

lignins, pentosans, waxes, and oils and ash.  Laboratory studies conducted 

by the Department of Agricultural Chemistry have shown that these components 

can be separated by solvent extraction, oxidation, and other chemical treat- 

ments to produce such useful derivatives as furfural, cellulose acetate, 

cellulose nitrate, and others.  The waxes extracted from straw are similar to 

waxes now being used industrially.  Lignins are also being used in some in- 

dustrial applications.  High pressure hydrogenation and destructive distillation 

of straw yields a combustible gas, an oily liquid, and a carbon residue.  It 

is possible that certain chemical intermediates might be extracted from this 

material. 

Food and Fodder Yeast 

Grass straw can be used as a raw material for the production of food 

and fodder yeast.  Laboratory studies using the yeast Candida utilis  with 

annual ryegrass straw have shown that 150 to 200 pounds of dry yeast can be 

obtained per ton of straw.  The odorless and tasteless yeast contains 49 

to 52 percent protein.  It can be used as a supplement in other food materials 

for human consumption or as a high protein supplement in livestock rations. 

Grass straw cannot be used directly for the production of yeast.  It 

is necessary to first treat the straw with hot, dilute sulfuric acid to par- 

tically hydrolize the cellulose portion of the straw to simple sugars.  The 

yeasts utilize the sugars in their diet and cannot grow on untreated straw. 

It is also necessary to fortify the fermentation mix with simple, inexpensive 

nutrients. 

73 



SUMMARY 

Straw residues, the waste products of the grass seed industry, may prove 

to be a valuable source of raw materials for a number of industries.  The 

burning of large acreages of straw is not only a serious contributor to air 

pollution but also a waste of potential economic growth for Oregon.  Research 

and economic study will be needed to determine the best use of these materials. 
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Table 1.  Composition of Straws 

Wheat Straw 

Dry matter, % 90.1 
Cellulose, % 50.1 
Pentosans, % 11.5 
Lignins, % 13.7 
Ash, % 8.1 

Crude protein, % 3.6 
Ether extract, % 1.7 
Crude fiber, % 41.5 

Calcium % 0.17 
Sodium % 0.15 
Potassium, % 1.11 
Phosphorus, % 0.08 
Magnesium, % 0.12 
Iron, % 0.015 
Manganese 18.3  mg/11 

Fescue 
Straw 

86.3 
45.22 
27.12 

10.22 

7.02 

6.2 
1.0 

37.0 

0.19 
0.20 
1.50 
0.17 

1375  ppm 
65  ppm 

150  ppm 

Annual 
Ryegrass 

Straw 

88.0 
42.82 

23.72 

8.62 

6.62 

5.2 
1-3 

36.6 

0.18 
0.20 
0.77 
0.14 

750  ppm 
80  ppm 

125  ppm 

Bluegrass Bentgrass 
Straw Straw 

85.5 86.8 
41.62 44.22 

24.02 24.82 

8.72 9.02 

5.42 2.72 

8.4 7.6 
1.2 1.1 

34.1 31.8 

0.16 0.19 
0.16 0.17 
0.50 1.35 
0.16 0.15 

950  ppm 800  ppm 
91  ppm 83  ppm 
48  ppm 170  ppm 
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Table 2.  Products of Thermal Decomposition of Cellulose 

Pine Spruce Birch 
Cotton Pulp Pulp Pulp 

Carbon 38.8 36.9 34.9 33.4 

Carbon dioxide 10.4 12.8 11.9 11.1 

Ethene 0.2 0.2 0.2 0.4 

Carbon monoxide 4.2 3.4 3.9 3.5 

Methane 0.3 . 0.3 0.2 0.5 

Methanol 0.0 0.0 0.1 0.2 

Acetone 0.1 0.1 0.1 0.2 

Acetic acid 1.4 2.2 2.8 3.9 

Other organic comp 5.1 4.2 8.5 7.7 

Tar 4.2 4.8 6.3 9.6 

Water 34.5 34.2 30.0 29.4 
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Table 3.  Cellulose derivatives and Their Uses 

Compound 

Ethyl cellulose 

Methyl cellulose 

Sodium carboxymethyl cellulose 

Benzyl cellulose 

Ethyl hydroxyethyl cellulose 

Cellulose nitrate 

Sodium cellulose sulphate 

Cellulose acetate 

Cellulose xanthate 

Uses 

plastics, lacquers, sheeting, 

varnishes, adhesives 

adhesives, latexes, emulsions, 

foods, sheeting, cosmetics, 

pharmaceuticals 

colloid, thickener 

coatings, plastics, lacquers 

emulsifier, thickener, 

stabilizer 

lacquer, plastic, explosives 

gelatin films, glues, paints, 

textiles, sizing, paper, coating 

yarn, photographic films, 

sheeting, plastics, coatings, 

membrane 

fiber, cellophane, plastics, 

sponges 
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UTILIZATION OF STRAWS—MICROBIOLOGY 

A.   W.   Anderson 

Photooxidatlve degradation of ligninsulfonate to substrates enhancing microbial 
growth 

Photolysis was evaluated as a procedure by which a recalcitrant polymer 

could be modified to improve biological availability.  Ligninsulfonate was used 

as a model substrate, and Aspergillus growth responses measured by fungal dry 

weight in relation to substrate carbon before and after growth.  Ligninsulfonate 

solutions with initial pH values of 3, 7, and 12 were irradiated, and maximum 

growth response found to occur when decoloration was achieved.  The photolysis 

time required for decoloration increased with pH. 

Approximately 50 percent of the total carbon was utilized in all cases 

at the point of maximum microbial growth response. Photolysis at all exposure 

times altered the substrate in such a way as to increase microbial response 

and, therefore, appears to be an effective method for treating ligninsulfonate 

to increase microbial degradation. 

The biodegradability of cereal straw in soil is low because of lignin 

and lignin-cellulose complexes in their structure.  Photooxidation prior to 

soil incorporation was evaluated as a means of modifying these structures to 

improve biodegradability.  Microbial activity increased significantly when 

an annual ryegrass straw was photooxidized as a 0.5 percent w/v mixture in 

water by ultraviolet light in the presence of hydrogen peroxide. 
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Production of food yeast from straw 

At the Department of Microbiology, we have shown that a part of rye straw 

(Lolium multiflopum)  breaks down very easily under steam pressure with dilute 

acid (0.5 percent to 3 percent).  The predominating sugars in order of highest 

concentrations are: xylose, glucose, mannose, galactose, arabinose, rhamnose. 

Glucose, the predominating sugar, is especially important since most yeasts 

can use glucose; the pentoses, which are common to wood, limit somewhat the 

choice of yeasts (Frey, Master's thesis, Oregon State). 

We have demonstrated that under proper conditions, treated straw will 

support luxurious growth of yeasts (Frey, Master's thesis, Oregon State). 

Analysis of the sugars in the effluent media indicated that yeast (Candida 

utilis)  preferentially utilized hexose to the pentose sugars. Maximum total 

sugar utilization was approximated at 82 percent. Arabinose which contributed 

10-15 percent of the total hydrolyzate sugar was not assimilated (Lekprayoon, 

Master's thesis, Oregon State). 

We have investigated various salt mixtures which give excellent results. 

Our experiments indicate that supplementing with common fertilizer nitrogen 

(urea or ammonium phosphate and magnesium sulfate) is sufficient (Lekprayoon, 

Master's thesis, Oregon State). 

The optimum temperature and pH levels for bacterial growth are fairly 

well established and can be obtained from the available literature on wood 

hydrolysates; however, we feel that these physical conditions may differ 

somewhat for straw and have investigated the levels (32 C + 2) which give 

the best results (Lekprayoon, MS thesis, Oregon State, Kurt Frey, MS thesis, 

Oregon State). 

The type of yeast best suited for the desired fermentation will depend 
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on the end-product desired.  For a food yeast (protein supplement) Candida 

utitis  is widely grown on many substrates for both human and animal foods, 

either dried or added to various protein preparations.  It has a meaty flavor, 

devoid of bitterness, and grows well, producing high yields on wood or straw 

(up to 200 or more lbs/ton of straw). 

In addition to the above, we have devised rapid, precise methods to 

analyze sugars and volatile acid, making it possible to select the optimum 

conditions for hydrolysis and fermentation. 

The various parameters studied (i.e., sugar release, cell production 

rates, yield constants, and sugar utilization) have shown that annual Ryegrass 

straw hydrolyzates fortified with inexpensive fertilizer nutrients can support 

luxuriant yeast growth.  Statements concerning the economics of yeast production 

from straw hydrolyzate cannot be -made from the preliminary study.  Such in- 

formation can be obtained only from pilot plant scale investigations, and will 

depend also upon the prevailing costs as well as the price put on pollution. 

Improving the nutritive value of straw as an animal feed.  (ARS Project). 

A variety of foods are prepared by a semi-solid fermentation (Koji process) 

in the Orient.  Soy sauce, Miso sake, and tempeh are a few examples.  This process, 

unlike that of submerged fermentation, requires no complex fermentation controls 

or expensive dewatering for product harvest.  Thus, the semisolid fermentation 

approach appears ideally suited for the fermentation of partially hydrolyzed 

cellulosic materials such as a grass straw intended for animal feed. 

Acid hydrolysis is an expensive step in the commercial production of yeast 

from cellulosic materials.  Preliminary tests have shown that hydrolyzing rye 

grass straw with a 0.5 N H„S0, in a water-to-straw substrate ratio of 3 to 1 

respectively and then subjecting it to 121° C for 20-30 minutes result in a 
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satisfactory release of sugars in their monomeric form.  This semisolid hydrolyzate 

is then neutralized with liquid ammonia (fertilizer grade) to a pH of approximately 

4.5.  The product is then inoculated with a fast growing fermentative microorganism 

(Torula util-is,  Pullularia pullulans  or Trichoderma v-Lride).    Because of the 

fast growth and low pH, sterility appears not to be necessary. 

After a suitable incubation period (approximately 36 hours) the protein 

content (based on total N X 6.25) of the ryegrass straw can be increased from 

4 percent +0.5 percent to approximately 14 to 15 percent, the fat content 

increased 5 fold and digestibility based on in vitro trials increased by 40 per 

cent.  The final product which contains the straw and yeast is easily dried or 

could be pelletized with a slight reduction in moisture. 

In the present state of the art it is necessary that further chemical 

analysis be made, further research on methods be explored, and animal metabolism 

and feeding trials be carried out to verify in vitro tests as well as to establish 

commercial feasibility. 
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EXPERIMENTAL PULPING OF WILLAMETTE VALLEY GRASS STRAWS 

W. J. Bublitz 

Straws of various types have been used as sources of papermaking fibers 

for many centuries, and were historically the first source of such fibers. 

In those countries which are short of wood, straw is widely used for paper, but 

in the United States straw has not been used for paper since the end of World 

War II, primarily because it has been cheaper to make similar products from 

wood. 

There are many reasons for this, such as the limited season of straw 

harvest, the biodegradability of the straw in storage, and certain manufacturing 

difficulties in processing straw into pulp and paper.  These "disadvantages are 

relative, and the increasing shortage of wood and rising prices of wood chips 

suggest that straw may once again be considered a suitable source of fiber 

for the pulp and paper industry. 

The Forest Research Laboratory at Oregon State University began research 

on the problem of pulping straw in 1969, at the request of the Department of 

Agronomic Crop Science.  Our work has dealt mainly with straw residue from 

annual ryegrass seed production but there are other types of straw that con- 

ceivably could be used.  The bulk of this report, however, covers our paper- 

making experiments with annual ryegrass straw. 

PRELIMINARY RESEARCH WORK 

Applying conventional methods of wood pulping to annual ryegrass straw, 

we found this material pulped quite readily and formed papers of surprising 

strength and quality (1).  In general, straws are quite easily pulped, because 
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pulping liquors can penetrate straw stalks more readily than wood chips.  Thus, 

shorter cooking times and lesser amounts of chemicals are needed for pulping 

straw, indicating that straw pulping would be simpler than wood pulping.  How- 

ever, there are certain difficulties, some encountered in this initial work. 

Among these are the slow water drainage of the straw pulp which causes handling 

problems during the processing of pulp and papermaking.  This is caused by 

short fibers which in turn lower the tearing strength of the paper.  On the 

other hand, we.found that these papers had quite high physical properties such 

as tensile, fold, and bursting strength.  The pulp yields were in the same 

range as those of wood pulps, and the pulp from straw was quite clean and free 

from dirt and undesirable plant materials (pith cells, nodes, etc.). 

It thus appeared that pulping of straw was feasible, and we have scaled 

the work up to three pilot plant runs to prove the validity of our assumptions. 

BLEACHING TRIALS 

The early work suggested that we would produce a readily bleachable pulp 

starting with the soda pulping process, using only sodium hydroxide (NaOH) as 

the pulping chemical.  The pulps produced at a 50 percent yield were clean and 

appeared to be easily bleachable. We tried a variety of conventional wood pulp 

bleaching techniques and found that the straw pulps could be bleached similarly. 

As was true in the pulping experiments, the straw pulp needed less chemical for 

bleaching than wood pulps. 

Based on this work, we arranged with Crown Zellerbach Corp. to conduct 

pilot plant bleaching and papermaking trials in the Central Research Division 

facilities at Camas, Washington, in late 1972. We prepared the unbleached 

pulp in the digesters at the Forest Research Laboratory and took the pulp to 

Camas for the bleaching trials.  Because of equipment limitations, we were 
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not able to bleach the pulp in the same manner as hoped.  Changes were necessitated 

by equipment limitations at the Camas laboratory.  In spite of these limitations, 

we were able to produce a pulp with a brightness of 83 in four stages of bleach- 

ing which met our minimum requirements. 

Two runs were made on the pilot plant paper machine, a control run con- 

sisting of all wood pulp (50 percent hardwood and 50 percent softwood pulps), 

and a trial run consisting of a blend of 50 percent straw and 50 percent soft- 

wood pulps.  In both cases, we attempted to simulate a No. 1 sulfite bond, a 

grade that is in large volume production and widely used in office work for 

typing and duplicating papers.  The two trials ran similarly on the paper machine, 

with no particular advantage of one over the other in this respect.  The tests 

of the two papers showed that they were substantially equal, with certain ad- 

vantages to the straw paper (Table 1). 

The major difficulty experienced in this trial was the slow drainage, 

or low freeness, of the straw pulp.  During the bleaching operation, the straw 

pulp was completely defibered, and the drainage of water during the interstage 

washing operations was extremely slow.  This resulted in a lengthy trial, with 

considerable fiber loss during these steps. We feel, however, that there are 

alternative methods to handling the straw pulp in this fashion, and that the 

drainage need not be so slow.  Otherwise, we were satisfied with the results 

of the trial, and postulate that bleached straw fiber can find a place in the 

paper industry for certain grades of fine paper such as bonds and tablet papers. 

CORRUGATING MEDIUM TRIALS 

Corrugating medium is a large tonnage commodity paper item in the United 

States, about 4-5 million tons being produced annually.  It is used as the 

inner core of corrugated boxes, and is fluted (corrugated) to give the box 
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its stiffness and rigidity.  It is commonly made from hardwood species by the 

neutral sulfite pulping process.  Straw, however, was one of the original 

sources of corrugating medium fiber in the United States, before it was re- 

placed with wood pulps, and we investigated the suitability of annual rye- 

grass straw for this purpose. 

Laboratory experiments once again suggested the proper processing con- 

ditions for this product, and we ran the pulping and papermaking trials at 

the Crown Zellerbach pilot plant in .Camas in the summer of 1972.  The pulp 

was prepared in a large rotary digester using the neutral sulfite process 

and was not bleached for this trial.  The paper was made on the pilot plant 

paper machine using a mixture of 20 percent recycled corrugated box clippings 

and 80 percent straw pulp.  A control run was made using recycled commercial 

corrugating medium.  Both pulp furnishes ran satisfactorily on the machine, 

although there were problems obtaining the proper basis weights, moisture 

contents, and calipers of the sheets.  These problems could be solved with 

more material and greater time for experimentation. 

The rolls of corrugating medium were slit, rewound, and shipped to 

the Institute of Paper Chemistry in Appleton, Wisconsin, for runnability trials. 

In this test, the medium is corrugated and laminated to one ply of linerboard 

to form a simulated corrugated boxboard, minus one face of linerboard.  During 

the trial, the speed of production is varied, as well as the tension on the 

incoming web.  If the medium is corrugating satisfactorily at the maximum 

speed and tension, the trial is considered successful for runnability.  The 

physical tests, such as crush resistance, are then run on* the samples to 

establish the suitability for actual boxboard production (Table 2). 

The runnability of the straw corrugating medium was quite satisfactory. 
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and a product was made that was about average in all strength respects for cor- 

rugating medium.  The straw medium ran slightly better than the control paper, 

but it was somewhat weaker in crush resistance than the control. 

We conducted a second corrugating medium trial at Crown Zellerbach, this 

time endeavoring to improve the overall characteristics of the straw corrugating 

medium.  Various changes in processing were made for this purpose.  Overall, 

the results were not substantially better than those of the first trial, and 

in certain respects the paper was weaker.  Further trials were impossible for 

financial reasons. 

In retrospect, we feel that straw pulp from annual ryegrass can be made 

into a satisfactory corrugating medium, either alone or blended with commercial 

medium pulp.  Inasmuch as this was one of the early uses for straw pulps in 

this country, we feel that they could be successfully used in this application 

again.  One advantage is that corrugating medium is relatively insensitive 

to factors such as dirt and dark color that seriously affect the utilization 

of pulps for other products, such as white bond papers.  There are a number 

of corrugating medium mills in Oregon, and we feel that straw piilp might repre- 

sent an attractive alternate source of fiber for these mills to replace all or 

part of their wood chip supply. 

MISCELLANEOUS 

Cubed and pelleted straw (Figure 1) can be pulped as well as loose, 

chopped straw, and they have a major advantage in allowing greater amounts of 

material to be put into a pulp digester.  Pelleted straw, however, produces 

weaker pulp than cubed straw, because the straw is chopped so finely in pre- 

paration for pelleting, and this reduces the strength properties of the re- 

sultant pulp (Figure 2).  If the economics of cubing are attractive, this 
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would be an ideal way to prepare straw for the pulping operation. 

Other types of straws have been investigated as a source of fiber for 

pulp, and the fescues produce pulps with strengths superior to those of annual 

ryegrass (Figure 3).  Bluegrass, on the other hand, produces substantially 

weaker pulp than annual ryegrass and thus is not suitable for pulp and paper 

production.  On an absolute basis, pulp from annual ryegrass straw would be 

equivalent in strength properties to a good hardwood pulp such as maple or 

alder pulp, both used today in the paper industry.  These pulps, however, 

are all lower in tearing strength than softwood pulps such as Douglas-fir or 

hemlock pulp, and where tear strength is most important, straw and hardwood 

pulps would not be used.  If improvements in burst, tensile, fold, and 

smoothness are desired, hardwood and/or straw pulps have their place in the 

industry. 

CONCLUSIONS 

Annual ryegrass straw is a good source of pulp for production of cor- 

rugating medium and possibly bleached pulp for fine papers.  There are pro- 

cessing and economic problems involved, but with the rising cost and in- 

creasing scarcity of wood chips, the paper industry is now considering many 

sources of cellulose fiber and we feel that straw is one alternative source 

with good potential. When the price of producing pulp from wood exceeds the 

cost of producing pulp from straw, we feel the paper industry will take another 

look at this material as a source of fiber for their product.  The day may not 

be far away. 
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Table 1.  Testing Eesults for Bond Papers 

Average 8 
commercial 
sulfite 
bonds 

Control 
paper 

Straw 
paper 

Ash content, % 7.7 
Wax pick test, pick 18 
Wax pick test, rupture 20 
Tappi brightness, % 88.6 
Printing opacity, % 88.6 

4.2 
18 
20 
82.2 
81.0 

5.2 
18-20 
20-23 
81.9 
84.4 

Tensile strength, meters 
Stretch, % 
Tear factor, dnr- 

Fold 

Burst factor, m /cm 

Direction 
Machine cross 

24 

Direction 
Machine cross 

Direction 
Machine cross 

5,880 3,360 8,920 3,390 7,470 2,730 
2.1 4.4 2.2 4.0 2.7 4.3 
78 79 90 105 94 114 
78 56 211 57 317 61 

32 36 

90 



Table 2.  Test results of corrugated medium 

Commercial    Trial 1        Trial 2 
Measurement medium  Control Straw Straw 

Tests on medium only 

Basis weight, lb/1,000 ft2 

Modified ring compression, lb/inch 
Concora strength, psi 

Tests on single-faced board 

Ring compression, lb/20 inch       500-600 480    620        540-590 
Flat crush, psi 33-35   32     30-31      23-27 

26 22 29 26 
12-13 10.6 12.6 12.7-13.6 
60-65 60-61 61-65 52-56 
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RYEGRASS STRAW LIVESTOCK FEEDING 

A. T. Ralston 

Research concerning the use and improvement of poor quality roughage has 

been carried on by the Animal Science Department since 1965.  This has involved 

a wide range of approaches including the improvement of nutritive balance, al- 

tering the physical characteristics (grinding, cubing or pelleting), chemical 

degradation of the non-digestible portions of the straw and reconstituting and 

ensiling it with various additives. 

Proximate analyses of grass seed straws indicate they are low in protein 

and nitrogen-free extracts but high in crude fiber and ash.  The digestibilities 

of all constituents of straws are low and the lack of palatability and density 

further reduce its effectiveness as a livestock feed. 

Indications of the effectiveness of increasing density and improving 

nutrient balance were reported by Ralston et al., (1966).  The results are 

summarized in Table 1. 

Table 1.  Calf gains on wheat chaff, alfalfa and chaff: Alfalfa pellets  

Ration Average daily gain, kg. 

Chaff + 0.68 kg protein (40%) 0.01 

Alfalfa (long) 0.45 

Chaffralfalfa pellet (50:50) 0.79 

The next two trials using calves were conducted to determine the effective- 

ness of non-protein nitrogen in rations containing only small amounts of soluble 

carbohydrates (Ralston and Anderson, 1970).  The first of these trials demon- 

strated that 1.8 percent urea was equally as effective as a combination of 
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alfalfa, mustard seed and urea and both were superior in gains produced and 

feed efficiency to an isonitrogenous diet with cottonseed meal serving as the 

nitrogen source.  These were pelleted rations consumed at 2.1 to 2.4 percent 

of the animal's body weight.  The respective gains for the above treatments 

were 0.80, 0.80 and 0.70 kg per head daily. 

The second trial consisted of two levels of urea (1.3 and 1.8 percent) 

and three levels of wheat (5.0, 7.5 and 10 percent) incorporated in ryegrass 

straw pellets. . The results (Table 2) indicate that the 7.5 percent wheat 

produced greater gains and the 1.3 percent urea produced greater gains at 

any level of wheat. 

Table 2.  Calf performance on ryegrass straw pellets supplemented with varying 
levels on NPN and ground wheat 

Urea (percent) 1.3 1.3 1.3 1.8 1.8 1.8 

Wheat (percent) 5.0 7.5 10.0 5.0 7.5 10.0 

Average daily gain, kg. 0.53 0.69 0.56 0.38 0.54 0.53 

Calculated digestibility 
of ryegrass straw (percent) 

48.7 
* 

51.5 46.1 42.6 53.6 46.5 

*Using requirements for this level of growth and book values for the other 
ingredients.  Calculated digestibility arrived at by differences. 

Hydroxides tend to break down lignin which forms a lattice-like protective 

barrier around the cellulosic portion of the crude fiber.  Soaking ryegrass 

straw for 24 hours in a 2 percent solution of sodium hydroxide (NaOH) resulted 

in a 105 percent increase in digestibility in vitro.  Each additional 2 per- 

cent concentration of NaOH resulted in an 11 percent increase in digestibility 

until a leveling off point was reached at about an 8 percent solution.  The 

spraying of straw with a 2 percent NaOH solution increased the in vitro 

digestibility by 17 percent but this was only slightly better than the soaking 
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of straw in plain water for a 24-hour period.  The length of fiber had no effect 

upon digestibility of either the control or NaOH treated ryegrass straw when 

2 1/2 or 1/4-inch cuts were compared to material passed through a 60 mesh Wiley 

Mill (Anderson and Ralston, 1973). 

Potassium hydroxide (KOH) produced results similar to NaOH but there was 

no synergistic or additive effect when the two were combined.  Other products 

tested but not as effective were sodium formate which increased digestibility 

more than ammonium hydroxide (Anderson and Ralston, 1973). 

This chemically treated straw must be dried before it is pelleted.  This 

means that most of the effluent is usually drained off before artificial drying 

takes place. When this was done, much of the soluble carbohydrate and protein 

material was lost (Table 3). 

Table 3. Means and standard deviations of in vitro dry matter digestibility 
of ryegrass straw when drained or undrained 

Treatment Drained3 Undrained 
level NaOH % % digestibility % digestibility 

2 47.5 ± 0-32 64.5 ± 0.98 

4 49.4 + 0.94 67.2 + 1.15 

6 56.6 + 1.21 79.9 ± 1.08 

Untreated soaked undrained straw 32.3 percent dry matter digestibility. 
aEffluent drained prior to drying (Anderson, 1972) 

In vivo digestion trials with lambs were conducted with straw from which 

the effluent was drained prior to drying but the differences in digestibilities 

were not as great as in vitro work suggested. 

Digestibility trials using wether lambs showed digestibilities of 48.3 

percent and 51.9 percent for the controls and NaOH treated straws, respectively. 
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If the untreated straw had been soaked, drained and redried before pelleting, 

the advantage to NaOH treatment would have been greater as the differences in 

the increased digestibilities of protein and cell contents of untreated straw 

indicated. 

Lambs on NaOH-treated straw drank 57 percent more water and excreted 

376 percent more urine than the controls. However, in all other respects they 

appeared quite normal. 

In an experiment utilizing calves, an isonitrogenous comparison of two 

forms of non-protein nitrogen (urea vs. biuret) and three treatments of rye- 

grass straw (NaOH treated and pelleted, ground fed loose and untreated pelleted), 

urea produced significantly greater gains than biuret with NaOH-treated straw. 

The gains of calves fed treated straws were greater than ground fed loose 

although the feed intake was less (Shultz and Ralston, 1973).  Blood urea 

levels were less for biuret and total volatile fatty acids (C2-C5) were 

greater for the NaOH-treated straw. 

Since earlier work demonstrated a significant loss of digestible nutrients 

when the effluent is drained from NaOH-treated straws, it seemed that one way 

to circumvent this loss might be through reconstituting this material with 

supplementation and ensiling.  This would eliminate the need for drying so 

the material could be kept until fed. 

A progressive series of trials was  conducted comparing various additives 

incorporated into ryegrass straw silage.  As an ingredient proved effective 

it was included in trials until something surpassed it. Materials tested but 

found to be of limited value included biuret, formic acid, and elemental 

sulfur (Shultz, 1973)• 

In a lamb metabolism trial, NaOH-treated silage was significantly more 

digestible even though the intake of treated silage was significantly greater 

(Table 4). 
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Table 4.  Apparent digestion of ryegrass silage by lambs' 

Untreated13 Treated0 

Dry matter intake g/day 710d ± 94 949e ±  167 

Dry matter digestion % 46.9d ± 2.4 60.7e ± 2.3 

Organic matter digestion % 48.5d + 5.1 62.2e + 2.2 

Acid detergent fiber dig. % 40.4d + 5.0 54.3e + 2.9 

Acid detergent lignin dig. % 1.2d ± 8.0 11.I6 ± 5.7 

Cell wall constituent dig. % 44.9d + 4.4 62.5e ± 3.0 

Crude protein digestion % 43.7d + 4.9 52.6e + 4.6 

aMeans + SD based on eight animals/treatment 
bStraw + water + 20% molasses + 1% urea + .5% limestone 
^Same as b + 4.5% NaOH 

'eMeans in same row with unlike superscripts differ significantly (P<.05). 

A heifer calf feeding trial was conducted comparing straw silage (straw 

+ 10 percent molasses + 1 percent urea + .5 percent limestone reconstituted 

to 70 percent moisture), straw silage (as above) +4.5 percent NaOH, and typical 

grass silage.  These were supplemented with either a dry 20 percent protein 

supplement or a 20 percent semi-solid protein supplement. 

During the initial 60 days, the animal intake on the straw silages was 

below the grass silage (3.1, 3.5 and 5.1 kg/head daily, respectively).  At 

this time, .9 kg of grain per head was added to the daily ration.  This stimu- 

lated an increase in straw silage intake to 5.0 and 4.9 kg whereas the straight 

grass silage intake dropped to 3.9 kg per day. 

Gains for the entire 98-day feeding period were not significantly dif- 

ferent for silage type averaging slightly less than one pound per day for 
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those receiving the dry supplement and less than one-tenth pound per day for 

the semisolid supplemented calves. 

Silages treated with NaOH reach their lowest pH (4.8 - 5.1) by day eight 

whereas untreated silage continues to ferment until day 38 (pH. 3.8 - 4.0).  This 

could be an important factor when silo space is limiting. 

We now have two trials in progress.  The use of treated ryegrass straw 

silage (straw + .75 percent solution of NaOH + 1 percent nrea + 10 percent 

molasses + .5 percent limestone) to replace 50 percent of the com silage in 

a typical dairy ration for cows in the last trimester of their lactation period 

has shown no effect on drop in milk production, percent butter fat, or animal 

intake. 

A comparison of the same treated ryegrass straw silage as a complete feed 

for 591 kg mature beef cows versus ryegrass silage prodnced losses of about 0.36 

kg per head daily as opposed to 0.18 kg of gain per day from grass silage.  Losses 

of this magnitude are of little consequence as long as adequate feed is available 

for the month prior to parturition and until the breeding season is completed. 

The health of the calves in this trial was not affected by the treated straw 

silage consumption of their dams. 

Additional data from the last two trials will be available upon completion 

of laboratory analysis but unless something unforeseen develops, the use of 

ryegrass straw as a livestock feed seems assured and its use should continue 

to increase. 
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RYEGRASS STRAW IN LAMB AND STEER FINISHING RATIONS 

D. C. Church 

Two experiments have been carried out with relatively high levels of rye- 

grass straw used to fatten steers and lambs. 

In the 1973-74 steer experiments, rations containing straw were compared 

to conventional type starting and finishing rations (Table 1).  One high-straw 

ration used as a starter (#3) contained 50 percent straw. This ration was pel- 

leted, making it more feasible to use larger percentages of straw since con- 

sumption is higher on rations of this type.  This amount of straw was probably 

too much to obtain optimal gains (Table 2). However, a daily gain of 2.6 lb./day 

for steer calves from a weight of about 600 pounds to about 840 pounds is 

certainly not an unsatisfactory rate. 

Calves fed the high-straw meal ration (#4, 25 percent straw) gained more 

rapidly than steers on the pelleted high-straw ration and steers on the con- 

ventional ration, clearly indicating that this amount of straw can be well 

utilized and rations of this type are apt to produce fewer problems in feedlot 

cattle.  Of course, nutrient dilution with straw may be expected to increase 

the requirements of feed/unit of gain but the increase in this case was of a 

minor nature. 

The cattle finished on the straw ration (#5, 12.5 percent straw) also 

performed well as indicated by the gains in the second half of the feeding 

period (Table 2), 3.15 lb./day for the lot initially fed the high-straw meal 

and 2.94 for those initially fed the high straw pellet, or an overall performance 

of 3.04 for all lots finished on this ration compared to 3.12 for those finished 

on the control. 
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Based on our feed mill prices in January, the cheapest gain was produced 

by the cattle fed the high-straw meal . (#4) and finished on the conventional 

ration (#2).  The straw finisher (#5) was priced lower initially, but a shift 

in grain prices resulted in it costing more per pound than any of the others. 

Feed costs might not be at all representative of those in another year. 

Carcass data did not indicate any appreciable differences in the cattle, 

regardless of the ration combinations used. 

On average, cattle on the different straw rations consumed from 2.5 to 

6.2 pounds of straw/day (about 150-day feeding period).  Some of these were, 

of course, getting straw only during the first feeding period (those which 

were finished on the control rations). 

The feeding trial with lambs was done in 1972 when feed prices were con- 

siderably lower.  The intent was to formulate a high-straw pelleted ration and 

determine if any added protein or urea would give an improvement in performance 

The basal ration used (Table 3) contained 60 percent ryegrass straw with a 

variety of other components.  The other rations were fortified with either 

urea or soybean meal. 

The performance of the lambs (Table 4), even on the control ration, was 

satisfactory in terms of gain.  Lambs finish out to a satisfactory degree on 

appreciably more roughage than steers, especially on pelleted rations. 

Supplementation of the basal ration with either urea or soybean meal 

did improve gain and feed efficiency appreciably, the cheapest gain being pro- 

duced on the ration supplemented with urea.  Carcass quality was not affected 

by rations. 

This experiment also shows the potential for utilization of ryegrass 

straw in finishing rations for lambs.  Comparable rations could be formulated 
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for use with ewes.  Although it is usually not feasible to pellet rations for 

ewes, sometimes the mechanics of feeding make it convenient to do so. 
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Table 1. Steer rations, 1973-74 

Ration # 
Ration Ingredients 1 2 3* 4 5 

  -———1 K / t" l^Tt—— XD/ton  

Alfalfa hay, gr. 100 
Alfalfa hay, coarse gr. 100 100   100 100 
Grass hay, coarse gr. 200 — —     

Ryegrass straw, gr.     1000 500 250 
Barley, steam rolled 900 900 500 455 665 
Com, steam rolled 360 450 — 600 700 
Beet pulp, shredded 190 320 —     

Molasses 100 100 150 150 150 
Mustard seed, gr. 100 60   150 60 
Tallow   40     40 
Urea 31 5 40 33 15 
Wheat mill run     200     

Limestone 9 15     11 
Salt, trace min. 4 5 8 4 5 
Tricophos 4 4   6 2 
Antibiotic premix 1 1 1 1 1 

(TM-10) 
Vitamin A premix 1 1 1 1 1 

2 million lU/lb 2000 2000 2000 2000 2000 

Estimated 
crude protein, % 
estimated TDN, % 

Ca, % 
P, % 

* Ration #3 to be pelleted 

14.01 10.06 14.0 14.0 11.0 
71.1 76.6 56.7 67.1 73.5 

.457 .498 .435 .404 .447 

.301 .30 .31 .302 .304 

Rations #1 and #2 are more or less conventional starter and finishing rations, 
respectively.  #3, a pelleted ration with 50 percent ryegrass straw, was used 
as a starter, and #4, a meal with 25 percent straw, was also used as a starter. 
#5, with 12.5 percent straw, was used as a finisher.  The crude protein contents 
are similar for starters and finishers as are the estimated TDN values and CA and P 
percentages. 
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Table 2. Performance of steers fed rations containing ryegraaa straw. 

Teed/ .  Ay.       Teed TDN - 
Bations    Daily gain, lb          day, straw/     conversion conversion    Cost/lb. 

Treatment fed^no.* 1st- half  ■ 2nd half  Total Ih. day.lh-- 

Control 1-2        '2.91      3.20     3.04    21.2          6.92 5.09 40.80 

High-straw pellet, 
control         3-2        2.64      3.01     2.83    21.9 5.50     7.74 5.15         40.62 

High-straw pellet 
straw finisher    3-5        2.61      2.94     2.77    22.4 6.23     8.08 5.32'         44.13 

High straw meal 
control finisher  4-2        2.94      3.23     3.09    21.3 2.54     6.89 4.96         38.85 

High-straw meal 
straw finisher    4-5        3.06      3.15     3.10    22.6 4.19 '    7.31 5.15         41.98 

Pellets initially               2.62      2.97     2.80 7.91 5.24         42.42 

Meal initially                 3.00      3-19     3.09 7.10 5.05         40.40 

Finished on //2                 2.79      3.12     2.96 7.28 5.05         39.67 

Finished on #5              .••■ 2.83      3.04     .2.93 ...7.68 5.23         43.02 

*See Table 1 for rations. #1 and 2 are more or less conventional starter-finishing; 33  contains 50 percent RGS and was pelleted; 
//4 contained 25 percent straw; and 35  contained 12.5 percent straw. 
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Table 3.  Rations used in pelleted straw study for finishing lambs 

Ingredient Ration No. 

Ryegrass straw, ground 
Alfalfa hay, ground 

12Q0 
100 

1200 
100 

1200 
100 

Barley, ground 
Wheat mill run 
Molasses, cane 

350 
200 
150 

350 
200 
150 

350 
200 
150 

Soybean meal 
Urea 

350 
40 

XP-4 mineral supplement 
Antibiotic (TM-10) 

Total weight 

Estimated composition 
crude protein, % 

Ca, % 
P, % 

1 
2001 

8.1 
0.53 
0.32 

3 
1 

2354 

13.4 
0.49 
0.39 

7 
1 

48 

13 4 
0. 52 
0 39 

Table 4.  Performance of lambs 

Treatment 
Av. daily gain, lb 

all lambs with poor 
gainers out 

Feed 
conversion 

Cost of gain* 
C/lb 

Control (no 
supplemental protein) 0.47 0.51 8.64 21.4 

Control + 
soybean meal 

Control + urea 

0.64 

0.63 0.66 

6.70 

6.62 

24.6 

16.9 

*1972 prices. 
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GRASS STRAW:  AN ALTERNATIVE ROUGHAGE FOR HORSES 

W. A. Schurg, R. E. Pulse, A. T. Ralston 

There is an urgent need in the Pacific Northwest, especially the Willamette 

Valley of Oregon, for developing alternative means for disposal of grass straws 

which are by-products of the extensive grass seed industry. 

After harvesting ryegrass seed, it has been traditional to dispose of the 

residue by open field burning.  One alternative is using straw as roughage or 

energy source in horse rations. 

Ruminants are able to perform satisfactorily on low quality rations 

incorporating straw as roughage and energy sources (Oh et al., 1971; Anderson, 

1972; Shultz and Ralston, 1973).  Similarly, horses subsist on high roughage 

diets of low quality (Pulse, 1973; Hintz ej: al. , 1971; Leonard, 1973). 

Competition for feed grains and protein sources between meat animals, 

man, and horses is becoming greater (Pulse, 1973). Hence, there is an in- 

creasing need for development of horse rations which take advantage of eco- 

nomical roughages and waste products.  The objective of this study was to 

evaluate ryegrass straw as a roughage source for horses. 

Experimental Procedure 

Twenty mature (500 kg) mares and geldings were divided according to body 

weight and sex and randomly allotted to one or two experimental diets based 

on ryegrass straw or fescue hay (Table 1). Rations were pelleted, isonitrogenous 

and isocaloric containing 5.1 percent digestible protein with 2.35 Mcal/kg and 

2.53 Mcal/kg digestible energy (D.E.) in Diet I and Diet II, respectively. 
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Table 1.  Experimental Diets 

 Trial 1 - Ryegrass Straw vs Fescue Hay 

Ingredients Diet I 

Oats 19.25 
Barley 18.25 
Molasses 5.00 
C. S. M. 6.00 
Limestone 0.50 
Ryegrass straw 51.00 
Fescue hay   

Vitamin Premix + 

Diet II 

22 50 
20. 50 
5. 50 

0.50 

51.00 
+ 

Total 100.00 .100.00 

Composition 

Digestible Energy Mcal/kg 2.35 2.53 
Crude Protein % 10.88 10.89 
Calcium % 0.36 -0..34 
Phosphorus % 0.27 0.28 
Vitamin A lU/lb 2,500 2,, 500 

^r2^3:  0-25% chromic oxide to be added to 1.5 ton of each diet. 

The horses were maintained individually in tie stalls, exercised daily, 

and fed and watered twice a day for 60 days to maintain body weight at light 

work.  Trace mineralized salt was provided free choice. All horses were 

weighed initially and at weekly intervals to monitor body weight. 

During the last ten days of the feeding trial, the diets were altered 

to include 0.25 percent chromic oxide (^203) as an indicator. A digestion 

trial followed with fecal grab samples taken daily from each horse for the 

last three consecutive days of the trial.  Representative samples of feed 

were taken at each feeding and composited.  Fecal samples were composited 

and 50 gram aliquots were taken for analyses.  Feed and feces were dried, 

in a forced air-draft oven at 70oC for 72 hours and ground in a Wiley mill 
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through 60 mesh screen in preparation for further analyses. 

Chemical analyses for dry matter (DM) , and crude protein (CP) or Kjeldahl 

nitrogen were carried out in accordance with A.O.A.C. (1970) procedures. Acid 

detergent fiber (ADF) and cell wall constituents (CWC) data were obtained by 

following the procedures of Goering and Van Soest (1970) and the modified 

micro-procedure of Waldern (1971). Apparent digestibilities were calculated 

using the indicator ratio techniques of Hill and Anderson (1958).  Treat- 

ment differences were tested for by analysis of variance (Steel and Torrie, 

1960) . 

Daily observations of feeding behavior, general body appearance, digestive 

disturbances, diet preference and acceptability were made. 

Table 2. Mean body weights and daily feed intakes of ryegrass 
straw vs. fescue hay fed to mature horses 

Diet I    Diet II 

Item 

Initial Body Weights (kg) 
Final Body Weights (kg) 
Daily Feed Intake (kg) 
Digestible Energy Intake (Meal/day) 
Energy Requirements (NRC, 1973) 
for 500 kg mature horses (Meal/day) 
Daily Crude Protein Intake (kg) 

509.00 498.00 
519.00 499.00 

7.94 7.52 
19.64 19.30 

21.89 21.89 
1.90 1.80 
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Table 3.  Mean apparent digestibility for DM, CP, ADF, and CWC 

% ± S.D. 

DM CP ADF CWC 

Diet I  56.01 + 5.64a  76.17 + 2.49°  18.47 ± 4.87  30.80 + 1.42 

Diet II 65.95 ± 4.16b  70.30 + 3.05d  21.03 + 4.74  36.03 + 5.21 

a,b significant differences at (P<0.05) 
c,d significant differences at (P<0.01) 

EESULTS 

All horses adapted from preliminary longstem hay and grain rations to 

the complete pelleted rations quite readily during a three-day transition period. 

The general health was normal; no digestive disturbances were observed among 

the horses during the trial. 

Considerable appetite depravity (wood chewing) was noted with most horses 

during the initial three weeks of the feeding period.  However, the wood chewing 

was considerably reduced by trimming most exposed wood edges with metal and 

weekly applications of creosol to exposed wood surfaces. Moreover, there ap- 

peared to be an overall decline in appetite depravity irrespective of the metal 

surfacing as the horses adjusted to the all-pelleted diets. 

Body appearance improved considerably during the trial with all horses 

losing their "hay bellies" and appearing trimmer and neater within three weeks 

following initiation of the trial.  Both groups of horses maintained body 

weights during the trial with initial weights of 509.0 kg and 498.0 kg and 

final weights of 519.0 kg and 499.0 kg, respectively, for Diet I and Diet II. 

There was a tendency for the ryegrass straw group to show a gain in body weight. 

All horses were maintained in above average condition on diets somewhat lower 

111 



in digestible energy than that recommended by NRC (1973) for mature 500 kg 

horses at light work (Table 2).  General observation of feeding behavior in- 

dicated no differences in acceptability of either ration. 

Apparent digestibilities of Diets I and II are presented in Table 3. 

Mean dry matter digestibility was significantly (P<0.05) greater for Diet II 

than for Diet I.  There was a trend for ADF and CWC digestibility to be greater 

in Diet II.  However, there was no statistical differences between the two diets. 

Mean ADF and CWC digestibilities were 18.47 + 4.87 and 30.80 + 1.42 for Diet I 

respectively, and 21.03 + 4.74 and 36.03 + 5.21 for Diet II, respectively. 

These values are in agreement with ADF and CWC digestibility values for mature 

horses and ponies as reported by (Hintz et^ al., 1971; Baker et al., 1973, and 

Leonard et al., 1973). 

Apparent crude protein digestion in Diet I was significantly (P<0.01) 

greater than Diet II.  The apparent digestibility values that were observed 

for crude protein were similar to these observed by Knox et al., (1971) and 

Pulse et al. , (1973). Although the diets were calculated to be isonitrogenous, 

the inclusion of the supplemental protein source (CSM) in Diet I possibly 

provided for an increased availability of protein in Diet I. Apparent digestible 

protein in Diet I was 8.29 percent in comparison to 7.66 percent for Diet II. 

The maintenance and gain in weight, improved appearance and apparent ex- 

cellent health of the animals in this trial indicated that complete light 

horse rations can be based upon poor quality roughage such as ryegrass straw. 

Although the ration based upon ryegrass straw was the cheaper per ton, the 

increased intake made daily feed costs equal. 

More economical formulation of horse rations based upon ryegrass straw 

could do much to help dispose of one of our solid waste problems.  Additional 

research is needed to establish the extent of usefulness ryegrass straws may 

play in equine diets. 
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GRASS SEED SCREENINGS IN DAIRY RATIONS 

Don Claypool 

Grass seed screenings can be substituted for part of the forage in a 

ration fed to milking cows but a drop in fat test can occur if too much is 

included, preliminary findings show. 

When commercially pelleted grass seed screenings made up 17 percent of 

the ration of milking cows, their fat test averaged 3.26 percent. When half 

or all the grass seed screenings was replaced with chopped alfalfa hay, their 

average fat test averaged 3.52 percent.  This much of a difference in test 

is large enough to make a substantial dent in a dairyman's milk check. 

Since all rations had essentially the same amount of fiber, the depression 

in milk fat test probably was caused by a lack of coarse fiberous material, 

provided by alfalfa hay in the other two rations.  The rations were identical 

in all other respects.  Sixty-four percent of the ration was com silage; the 

remainder was a standard 15 percent dairy grain mixture.  These rations were 

fed once a day with all ingredients mixed together. 

The group of cows fed the ration containing grass seed screenings (and 

no alfalfa hay) ate somewhat more feed and gained a little less weight than 

cows fed either alfalfa hay-grass seed screenings or all alfalfa hay rations. 

They also produced a little less milk when their production was compared on 

a 4 percent fat-corrected basis. 

Earlier work with grass seed screenings by Nutritionist Dave Church 

in the Animal Science Department showed screenings to vary widely in composi- 

tion and nutrient value.  Ryegrass seed screenings may vary in crude protein 
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from 8-12 percent and in crude fiber from 10-25 percent. Screenings contain 

less calcium than alfalfa.  When screenings are included in the ration of dairy 

cows, care must be taken to adjust the ration to include adequate protein, 

minerals and coarse fiber. 
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ECONOMIC RESEARCH 

RELATED TO FIELD BURNING AND 

THE WILLAMETTE VALLEY GRASS SEED INDUSTRY 

Frank S. Conklin 

The Department of Agricultural Economics, Oregon State University, since 

1969, has conducted economic research that focused upon Oregon's Willamette 

Valley grass seed industry.  The principal thrust of these research projects 

has been to (1) evaluate the economic feasibility of technically feasible al- 

ternatives to open field burning, and (2) to appraise the ability of the grass 

seed industry to adjust to dynamic forces over time, including but not ex- 

clusive to a field burning ban. 

This document is intended to serve as a progress report inasmuch as 

four projects are anticipated for completion and publication in the fall and 

winter of 1974.  They include (1) Demand and Supply Analysis of the Oregon 

Grass Seed Industry, (2) Oregon's Comparative Advantage in Grass Seed Production, 

(3)  A Programming Analysis of Anticipated Grower Response to Alternatives to 

Open Field Burning, and (4) Observations on the Japanese Market for Grass Straw. 

Results from these projects will be treated to only a limited degree in this 

progress report. 

To report on the variety of projects completed in a systematic fashion, 

presentation of results is separated into the areas of: 

1. Straw Utilization 

2. Grower Adjustments 

3. Industry Adjustments 
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This presentation represents a summary of research findings.  A detailed speci- 

fication of published economic research and its contributors is listed in the 

bibliography. 

STRAW UTILIZATION 

Commercial utilization of grass straw is perceived to be an important 

joint practice to be used in conjunction with some form of thermal field sani- 

tation.  To date, thermal sanitation is the only economically feasible treat- 

ment for control of major diseases in grass seed production which seriously 

impair yields and seed quality.  Chemical treatment has not yet developed suf- 

ficiently to provide effective disease control without being prohibitively 

expensive. Acceptable thermal treatments have been obtained from experimental 

mobile field sanitizers developed by OSU agricultural engineers and three 

pre-commercial test units developed by private firms in Oregon. To date, all 

mobile field sanitizers have had difficulty in achieving acceptable field rates, 

a significant aspect in keeping operating costs within limits, without removal 

of a significant portion of the straw.  In this context, removal of grass 

straw is perceived as a companion activity to thermal sanitation. While a 

wide variety of market uses in which straw serves as a raw material are techni- 

cally feasible, straw will be used commercially only when it can successfully 

compete on an economic basis with alternative raw materials. 

Economic research on market feasibility was confined to: 

(1) The economics of densification and handling, 

(2) Straw utilization in paper and fiberboard products, and 

(3) Straw as a fiber source for livestock feed in foreign 
and domestic markets. 

Preliminary investigations in 1971, when straw utilization research was 

initiated, indicated that prevailing market conditions were not conducive for 
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intensive economic evaluation in use of straw as a raw material in production 

of microbial protein, oil, gasoline, presto-logs, plastics, and composted 

fertilizer.  Prevailing prices of existing raw material sources with which 

straw would compete and physical characteristics of grass straw relative to 

other raw material sources, contributed to its lack of competitive ability. 

Densification and handling 

Straw bulkiness is a major problem in its potential for commercial utili- 

zation.  Currently it imposes high cost requirements for densification, handling, 

transportation, and storage relative to existing raw materials now used in 

commercial channels.  Using proven forms of densification, secondary technical 

data sources and 1972 costs, cost estimates were derived to compare six densi- 

fication methods:  (1) regular and high density baling, (2) super high density 

baling, (3) field cubing, (4) stationary cubing from field bales, (5) stationary 

cubing from chopped straw, and (6) stationary pelleting from field bales.  A 

summary comparison of costs is shown in Table 1. 

Table 1.  Estimated Custom Costs Per Ton (2,000 lbs.) for Densification and 
Transport from Field to On-Farm Storage for Grass Straw Using 
Selected Densification Forms, 1972 Conditions 

Densification form Cost per ton 

Baled straw (standard or high density)-' $ 9.70 to $15.00 

Super high density balei?/  14.70 to  27.00 

Field cubing   9.70 to  23.00 

Stationary cubing 

from field bales  16 .80 to 33.50 

from chopped straw  16.80 to 34.50 

Stationary pelleting from field bales  19.70 to 31.00 

^./Standard bale - 6 to 8 lbs./cubic foot. 
High density bale - 10 to 14 lbs./cubic foot. 
Super high density bale - 32 to 36 lbs./cubic foot. 
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The range in costs reflects expected differences in custom rates, volume of 

output, and handling requirements.  In general, the more densification required, 

the higher the costs associated with the densification process.  For domestic 

hauls in the U.S., Interstate Commerce Commission regulations do not permit a 

transportation advantage for increased bulk density of straw shipped in inter- 

state commerce.  This regulation is especially discriminatory against cubed 

and pelleted forms which have high density suggesting that, except possibly 

for limited special markets, any commercial utilization of straw in the PNW 

will be in the form of standard bales or other low cost densification methods. 

For overseas shipments, freight charges are calculated on density, thereby 

gaining some advantage for highly densified forms.  More detail is provided 

on this issue in the section on potential for straw utilization in Japan. 

Straw Utilization in Paper and Fiberboard Products 

Throughout the world, straw is an important fiber source in the manu- 

facture of pulp and paper products.  In the U.S., wood fibers now provide 

essentially the total fiber source.  It is not clear, however, what conditions, 

both technical and economic, are necessary for straw fiber from the Willamette 

Valley grass seed industry to be competitive with wood fibers in the Pacific 

Northwest.  Oregon State University engaged Sandwell International, Inc., a 

consulting engineering firm specializing in technical and economic feasibility 

studies, to conduct an exploratory investigation into the potential industrial 

use of straw as a fiber source in pulp, paper, and particleboard manufacture. 

Four hypothetical plants which would utilize ryegrass straw were selected 

for study.  The same procedure was duplicated using wood as the raw material 

and results compared with the straw based plants.  The potential to convert 

plants from straw to wood, or vice versa, was also evaluated.  Estimates of 

plant capital manufacturing costs, mill sales, and gross return on investment 

for constructing eight case study plants were prepared. 
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They are: 

Case 1, a straw-based 136,000 tons per annum corrugating 

medium paper mill, versus Case 1A, a similar capacity 

wood-based mill. 

Case 2, a straw-based 80,000 tons per annum fine paper 

mill, versus Case 2A, a wood-based integrated 80,000 

tons per annum fine paper mill and 85,000 tons per annum 

bleached softwood kraft market pulp mill.  Market pulp 

has been included in Case 2A to take advantage of the 

economy of size which would not be feasible for the 

straw-based mill. 

Case 3. a straw-based .170,000 tons per annum newsprint 

paper mill, versus Case 3A, a wood-based mill which 

would be capable of producing 200,000 tons per annum 

on a similar paper machine operating at higher speed 

with the superior strength of the wood fiber furnish. 

Case 4, a straw-based 73 million square feet per 

annum, (3/4-inch basis), medium density fiberboard 

plant, versus Case 4A, a similar wood-based plant. 

Cost and return data were estimated from Sandwell files of individual 

firm and industry data and synthesized to represent plants of a size normally 

expected to be economically competitive on a cost per unit of output basis. 

Pulping characteristics of ryegrass straw were used as the norm for straw 

fiber. Capital and manufacturing cost estimates and mill sales prices were 

based on 1972 price and market conditions and an estimated baled straw cost 

of $15.00 per ton delivered to the plant.  The straw cost included baling. 
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handling, storage and transportation charges, but no value for the straw itself. 

Quality and marketability of ryegrass straw-based products were unknown at the 

time of the study, but assumed.to be equal to wood fiber products.  A detailed 

market feasibility would be required to address marketability issues. 

A summary of Sandwell's findings are presented in Table 2.  The summary 

presents gross sales, manufacturing cost, gross profit, plant capital, and 

gross returns on plant capital estimates for each of four plant types using 

wood and straw as the raw materials. Newsprint and fine paper mills required 

the largest capital investment with flberboard having the lowest.  Using a 

crude rule of thumb of a 25 percent gross return on plant capital as a minimum 

for considering plant construction, fiberboard appeared to be the only plant 

type economically viable under 1972 conditions.  Even so, it was at a compe- 

titive disadvantage with wood-based plants for all plant types.  These data 

indicate that straw fiber could not compete with wood fibers with any of the 

four plant types under market conditions prevailing in 1972. 

Corrugating Medium.  It is Sandwell's judgment that, of the three types 

of pulp and paper plants evaluated (corrugating medium, fine papers, and 

newsprint), corrugating medium plants appear to offer greater potential use 

for straw fiber.  Fewer technical difficulties exist in the manufacturing 

process and paper quality is not a major consideration.  Several major eco- 

nomic differences would appear to be current limitations in use of straw 

under 1972 conditions.  A straw-based corrugating medium mill would utilize 

the soda pulping process and have a capital cost some $9 million higher 

than its wood-based counterpart utilizing the neutral sulphite semi-chemical 

process.  In considering plant conversion, the high silica content of the 

straw would appear to preclude substitution of one fiber source for another 
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without extensive process and equipment modification. Finally, for manufac- 

turing costs to be comparable between wood and straw-based plants, while 

ignoring the capital differences, straw could not cost more than $7.50 per 

ton to be competitive with a wood-based mill using hardwood logs at the 1972 

price of $21 per cord. 

Table 2.  Estimates of Annual Gross Profit and Return on Plant Capital for 
Four Plant Types Producing Paper and Fiberboard Products Comparing 
Wood Versus Straw as the Raw Material, 1972 Conditions 

Gross 
Gross    Mfg    Gross-i/  Plant     returnS/ 
sales   cost    profit  capital—'   on plant 

 Plant $l,000s  $l,000s  $l,000s  $1,000s capital 

Corrugating Medium 
- Case 1, Straw 13,600   11,900   1,700  43,000       4.0% 
- Case 1A, Wood 13,600   11,100   2,500  34,000       7.0% 

Fine Paper & Pulp 
- Case 2, Straw 17,700   14,900   2,800  41,000       7.0% 
- Case 2A, Wood 30,000   21,400   8,600  78,000       11.0% 

Newsprint      . 
- Case 3, Straw—'  
- Case 3A, Wood 29,000   21,800   7,200  58,000       12.0% 

Fiberboard 
- Case 4, Straw 11,700   6,800    4,900  12,500       39.0% 
- Case 4A, Wood 11,700   5,100    6,600  12,000       55.0% 

—'Gross sales minus manufacturing cost, before depreciation, interest, and 
income taxes. 

- With no allowances for interest during construction or working capital. 

SJGross profit as a percentage of plant capital. 

il'Not technically feasible to produce straw-based newsprint meeting industry 
standards in 1972. 

Fine Papers such as bond, book, onion skin, writing, and ledger are 

manufactured from straw pulp in many countries.  Under 1972 conditions, a 

straw-based fine paper mill with its high unit manufacturing costs would 

not be economically competitive in the Pacific Northwest.  Capital cost 
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comparisons could not be made because of the additional volume of bleached soft- 

wood pulp production from the wood-based plant.  The issue of product quality 

and its effect upon saleability are unknown elements facing straw-based fine 

papers.  Dissimilarities of pulping characteristics and processes preclude 

the convenient conversion from straw to wood fiber sources, or vice versa in 

existing mills.  Finally, fir chip prices would have to more than double from 

the 1972 level of $24 per unit to permit straw to be competitive as a raw 

material on a manufacturing cost basis. 

The Sandwell report indicates that no commercial process exists as yet 

whereby an acceptable quality of newsprint can be manufactured, by 1972 com- 

mercial standards, with a high straw content.  Under those conditions, any 

economic comparison between straw and wood fibers would be purely academic 

and hence no cost data are included in Table 2 for the use of straw. 

A straw-based medium density fiberboard plant, if it could produce a 

premium quality product for the furniture industry, would be economic in terms 

of achieving more than a 25 percent gross return on plant capital, as long 

as the current high mill sales price of $160/thousand board feet prevails. 

However, such a plant would have to receive straw for about 50 cents per ton 

under 1972 conditions for straw-based plants to achieve comparable relative 

returns on plant capital as similar plants utilizing wood residuals.  Sandwell 

suggests that in the event of straw shortage, a fiberboard plant probably 

could be more readily converted to utilize wood than could a pulp and paper 

mill, and therefore, be a less risky investment.  Existing wood-based fiberboard 

plants may present the opportunity to utilize some straw, but this prospect 

would have to be substantiated by research and pilot plant work. 

With the exception of medium density fiberboard, the capital intensive 
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pulp and paper plants would be dependent on straw supplies which may be dras- 

tically affected by changing conditions of seed markets, farming procedures, 

weather, collection costs, and alternative uses for straw. These reasons of 

stability of raw material supply coupled with relative prices of raw materials 

heavily favoring wood fibers in 1972, suggests that considerable changes in 

technology and relative market prices will be required before straw as a fiber 

source can become a strong economic contender against wood as a fiber source 

in pulp, paper, and fiberboard production. 

A cursory view of 1974 conditions suggests that prices have changed 

markedly, and perhaps straw is now in a more competitive position. Wood 

chip prices have increased from the 1972 level of $20 per ton to over $30 in 

1974. However, so also has developed some semblance of a market for straw. 

A record low snowfall in 1972 generated poor hay harvest conditions on eastern 

Oregon ranches in 1973.  This additional demand for hay, aggravated by con- 

tinued strong Japanese demand for alfalfa, drove alfalfa hay price to record 

levels.  On the basis of this, an estimated 10 to 20 thousand tons of the 

1973 crop of grass straw was sold.  September 1974 grass straw prices in the 

field appear to be ranging from $16 to over $30/ton, depending upon whether 

the residue is straw or hay. 

These price changes suggest that, while the absolute price of both fiber 

sources has increased substantially from the 1972 levels, their relative prices 

have changed very little.  And, it is relative prices, rather than absolute 

ones, which determine the fiber source selected in the market place for use 

in pulp and paper production. 
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ECONOMICS OF STRAW AS A LIVESTOCK FEED SOURCE 

Chemical analysis and feeding trials with grass straw indicate that, 

generally speaking, it is high in cellulose and lignin fibers (30 to 40 per- 

cent) and low in protein (2.5 to 5 percent) in its natural state.  This has 

suggested to the livestock community that grass straw may provide a good 

fiber source for rumen stimulation and as a wintering ration for non-pregnant 

mature cattle.  Low protein and carbohydrate levels appear to preclude use 

of grass residue for growth and fattening rations unless these constituents 

are supplemented from other feed sources.  Low bulk density of grass straw 

necessitates costly densification, handling, and transportation requirements 

similar to those for high valued roughage feeds. While research on chemical 

treatment of residue is being undertaken, the cost of treatment and market 

prices of comparable feed sources appear as the major economic issues in- 

fluencing the degree to which grass straw will be used extensively as an 

alternative feed source.  The same issue of relative market prices—between 

straw and other raw materials—as discussed in the previous section on straw 

utilization in pulp and paper production is again the overriding economic 

consideration. 

At present, very little is known about the nature of the PNW market for 

straw as a potential livestock feed other than the estimate of 10,000 to 

20,000 tons having been marketed in 1973.  The principal buyers, prices, and 

destination of haul are subject to varying opinion.  Two preliminary market 

research explorations have been conducted by the Department of Agricultural 

Economics in this area.  One involved the potential for marketing straw as 

a horse feed in the PNW, and the other explores the economics of marketing 

straw in Japan as a fiber source in dairy -rations. 
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Market prospects for straw in Japan 

The Japanese dairy industry through a variety of sources has expressed 

interest in obtaining densified grass straw as a possible source of fiber for 

use in dairy rations. High proportions of carbohydrate and protein feeds in 

concentrated forms, scarcity of rice straw, and lack of other local roughage 

supplies have resulted in low milk production and digestive problems in dairy 

herds in Japan.  Lack of fiber for rumen stimulation has been identified by 

the Japanese as a major feeding problem. 

Preliminary cost calculations indicate that a wide variety of forms of 

straw densification could permit straw to be shipped dockside Japan within a 

cost range of $40 to $80 per ton in 1972.  The increased costs for densifi- 

cation, treated in an earlier section, are generally offset by lower ocean 

freight unit costs. This permits cube, pellet, briquet, standard bale, and 

super bale forms of densification to be competitive with each other on a 

cost basis in moving straw from grass seed fields to Japan.  This condition 

for overseas shipment is a marked contrast to domestic shipments which do 

not favor high densification. A summary of costs from field to dockside 

Japan is shown in Table 3. 

On this basis, market issues of preference by Japanese dairmen for certain 

feed type forms and market price would then appear to emerge as the more 

crucial issues.  An Oregon State University faculty member was sent to Japan 

in the late summer of 1973 to study those issues on an observer basis.  Techni- 

cal, economic, institutional, and political issues involving the potential 

market for grass straw were of primary concern. 
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Table 3. Summary of Total Cost Per Ton (2,000 lbs.) in Shipping Grass Straw 
from the Willamette Valley to Dockside Japan in Selected Densified 
Forms, 1972 Conditions 

Cost range from 
Overseas field to 

Densification form shipment choice        dockside Japan 

Super high density bale  container $37 - $56 

Field cubing  container $37 - $60 

Pellets  bulk $41 - $56 

Field cubing  bulk $44 - $66 

Stationary cubing from bales  container $44 - $70 

Stationary cubing from chop  container $44 - $71 

Pellets  container $46 - $61 

Stationary cubing from bales  bulk $51 - $77 

Stationary cubing from chop  bulk $51 - $78 

Standard bale  bulk $53 - $60 

Five factors were reported as important considerations affecting potential 

demand by Japanese for Oregon grass straws: 

(1) Reliable and consistent delivery schedule - To be useful to Japanese dairy 

farmers, deliveries must be dependable and continuous.  Straw deliveries, co- 

inciding only with harvest months of July through October, may compete with 

rice straw in Japan, since it, too, is harvested at that time.  Storage in 

Oregon on a year-round basis, and procurement of containers throughout the 

year become critical factors. 

(2) Densification of straws - Straw in standard bale form is least appre- 

ciated by Japanese farmers and likely to compete with Japanese government 

attempts to promote rice straws.  The metropolitan dairyman would prefer 

packaged feed that is ready to be opened and fed.  Most preferred are the 
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highly densified forms (pellets, cubes, etc.) pre-packaged in bags of 50 pounds 

for direct use by dairymen or by feed processors interested in physically mixing 

straw in cube or pellet forms with high protein industrial wastes to make a com- 

plete dairy feed. Also, the more densified forms (cubes, pellets, briquets) 

appear least likely to create quality control problems with Japanese quarantine 

and using molasses as a binder (allowable up to three percent) can improve 

product palatibility and reduce crumbling. 

(3) Quality control - Japanese people have high regard for the quality of 

American products generally, and are willing to pay a premium over products 

from less dependable sources.  Pre-packaged forms are preferred by Japanese 

because of convenience in feeding, elimination of waste from fines associated 

with bulk container shipments, and perhaps to better maintain freshness and 

appearance of the product for a longer period of time.  To Japanese, quality 

is often synonymous with appearance.  When cubes are broken up they are con- 

sidered to be of inferior quality, even if their nutritional value has not 

decreased.  The observer was told of instances where alfalfa cubes, on dock 

in Japan, were sold to salvagers at very low prices because of the untidy 

appearance of the cubes.  Japanese farmers are especially wary of surface and 

interior molds both because of their appearance and because of deterioration 

of feeding quality.  Inclusion of restricted materials in shipment of grass 

straws, including oat straw, rice straw, or other non-grass straw material 

is unacceptable under current import standards and could easily force Japanese 

to quarantine all shipments to Japan regardless of port of entry and placing 

of grass straw on the import prohibition list. 

(4) Pricing - Japanese cooperatives buy their feeds and straws from trading 

firms which trade both in domestic and foreign markets.  There are several 
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hundred trading firms ranging from the huge Mitsubishi and Mitsui groups to 

very small and new firms.  Some firms, such as Toyomenka, specialize in agri- 

cultural products and are concerned with the welfare of Japanese farmers 

while others care only for corporate interests and may resort to price manip- 

ulations policies.  Price often is secondary to product quality and depend- 

ability of delivery. When agreed upon prices turn out to be unprofitable, 

Japanese generally have shown willingness to renegotiate for more viable agree- 

ments.  Unreasonable price competition probably should be discouraged at the 

beginning of marketing efforts, both by Oregon seed industry and Japanese 

dealers.  If too low, commercial densification efforts will be discouraged 

in Oregon and, if too high, commercial utilization of Japanese rice straws or 

importation of sugar cane and beet pulp fibers from other countries would 

result. 

(5) Other Uses for Straw in Japan - Potential use of grass residues in Japan 

is not necessarily limited to dairy cattle.  The Japanese paper industry is 

continually looking for alternative fiber sources and has a long history of 

using rice straw in paper production.  The Ministry of International Trade 

and Industry has expressed interest in Oregon-produced straw particle board 

for their construction industry, and to help ease their current paper shortage 

crisis. 

Market Prospects for Straw in Feeding Horses in PNW Markets 

An initial market survey of 463 Pacific Northwest horseowners was con- 

ducted in the spring of 1973.  These respondents represented some 26 percent 

of 1,800 surveys mailed.  The primary purpose of the survey was to generate 

preliminary information on whether the potential market for horsefeed in the 

PNW is large enough to include a horse feed based primarily on grass straw. 

A simple one-page questionnaire was used. 
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While the results could not be tested statistically, several tentative 

conclusions were drawn.  The urban horseowner dominates the market in numbers. 

While most owners have only one or two horses, large horse owners do prevail, 

as reflected by three percent of the owners having 23 percent of the total 

number of horses.  Most commercial feed is in the form of hay. Pasture in 

some areas is also important.  The volume of potential sales for a commercial 

operation centered around straw is open to considerable question. While 

horseowners have some, degree of sensitivity to market price, it appeared that 

their preference for certain types of feed, especially forms of hay, was of 

greater importance.  It is tentatively concluded that a maintenance ration 

including straw could be marketed, but would initially have to compete with 

alfalfa and grass hays and the extent to which this can be done will, in 

a large part, determine sales volume.  The horseowner public, having been 

limited to hay and pasture choices, presented a mixed reaction to use of 

pellets, wafers, and cubes.  Price and product awareness would appear to 

be important issues in potential marketing in the more densified forms.  The 

urban areas showed the least sensitivity to product price. 

GROWER ADJUSTMENTS 

Research conducted in 1971 on farmer alternatives to open field burning 

indicated that grower adjustments to the impending ban on open field burning 

would most likely come from operational and cost adjustments within grass 

seed enterprises, rather than a wholesale shifting to other crop and live- 

stock choices.  This was expected because: 

(1)  The Willamette Valley grass seed industry has held a traditional 
comparative advantage in production of seed relative to other 
producing areas in the world. 
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(2)  Grass seed production in the Willamette Valley has held a 
relative profit advantage over other crop and livestock al- 
ternatives, especially on the "Whiteland" soils subject to 
water saturation during winter months.  Contributing factors 
are: 

(a) that other annual crops face high risks during fall and 
spring planting when rains often prevent field preparation. 

(b) Few annual and perennial crops will tolerate the high 
water table prevailing in winter. 

(c) Intensive crops, such as sweet corn and bush beans, can 
be grown on Whiteland soils but first require expensive 
capital improvements for drainage and summer irrigation 
facilities.  Improved market conditions favor crop ex- 
pansion on well drained Willamette and Chehalis soils first. 

(d) Beef and sheep operations, while at times equally or 
more profitable than grass seed production, face high 
price risks, high capital investments, specialized 
management skills, and perhaps most importantly, an 
inadequate supply in Oregon of a low-cost, high-carbohydrate 
feed to permit livestock feeding to compete with other 
areas in the U.S. 

The adjustment process by the grass seed growers since 1971 has borne 

out the expectations generated by the 1971 study. 

Because adjustment to changing technical, economic, institutional, and 

natural forces over time by the Willamette Valley grass seed industry has been 

internal to grass seed growers, the nature and form of grower adjustment become 

an important subject for economic research. Which growers adjust and which do 

not, or cannot, as pressures for termination of open field burning mount and 

do all growers share economic consequences equally? Research results indicate 

that gains and losses are not shared equally because of differences between 

growers in unit costs, production potential, and economies of size. 

A 1969 survey of 147 Willamette Valley grass seed producers showed re- 

source returns averaged 2.7 percent to equity capital in a year in which grass 

seed prices generally were higher than average.  Resource returns ranged from 

negative to well in excess of 10 per cent on equity capital.  Production cost 

131 



variability between farms producing the same seed type, and between seed types, 

contributed to the situation. 

Factors which contributed to large cost differences between farms pro- 

ducing the same seed type, in general, were diverse.  Factors which made one 

grower a high cost operator, in general, could not be extrapolated or general- 

ized as the set of factors which caused high costs for other operators.  A 

highly complex set of unique qualities or characteristics existed on each 

sample farm, and the way in which they were combined influenced the income 

obtained.  Usually materials (fertilizer and chemicals) and machine cost cate- 

gories were the most important contributors to total production costs 

(generally more than 50 percent) so any serious attempts to reduce production 

costs should start with an evaluation of those costs.  For many farms, how- 

ever, other cost components emerge as being more important. 

Production costs per acre between seed types showed less variability 

than within seed types.  The results reflect similar cultural and managerial 

practices used across all seed types. 

Net returns per acre over production costs differed markedly from one 

seed type to another. The greatest variability per acre came from yield 

and price differences since production costs per acre were similar across 

seed types.  Price variation was the largest contributor. Kentucky blue- 

grass and orchardgrass were considerably more profitable than the other 

grass seed types in terms of returns over production costs.  They were lower 

but positive for tall fescue, fine fescue, and Highland bentgrass.  They 

were zero or negative for annual ryegrass and perennial ryegrass in 1969. 

In terms of price and yield variability, perennial ryegrass, Highland bent- 

grass, and orchardgrass provided less risky choices relative to the other 

four grass seed types.  Unfortunately, the higher income seed crops generally 
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are not interchangeable with annual ryegrass on many Dayton soil sites. 

Return over operating costs was positive for all 147 sample farms. It 

was positive also for each grass seed type grown. Annual and perennial rye- 

grasses generated the lowest return over operating costs per acre. This in- 

dicates that while each farm and each type were able to generate sufficient 

income to more than cover out-of-pocket operating costs, many farms were not 

able to cover overhead costs and provide a positive return to operator equity 

capital and labor and management resources in 1969. 

Potential farm size economies were evident for all farm types, but were 

particularly so for the smaller farms of less than 600 acres in size.  Capa- 

bilities for spreading ownership costs (depreciation, interest, taxes, and 

insurance) from existing machinery and equipment by controlling more acreage 

were greatest in that size class.  Under-utilization of machinery resources 

was particularly costly from a cost per acre standpoint for smaller farms. 

Farm size economies rapidly dissipated once farm size exceeded 1,000 acres. 

The implication is that farms of 500 to 700 acres in size are or have po- 

tential for being just as efficient from a cost per acre standpoint as 

farms having more than 1,000 acres of grass seed.  Furthermore, large farm 

size alone did not assure low unit costs per acre as noted by several large 

farms in the sample having high unit cost operations. 

Because of differences between individual grass seed growers in ability 

to withstand economic stress, grower adjustment over time will not be uniform 

throughout the Valley.  Furthermore, the rate and nature of adjustment is in- 

fluenced by market conditions which are not uniform over time.  It was esti- 

mated in 1969 that 800 to 1,400 growers produced grass seed commercially in 

the Valley.  By early 1973, another survey indicated there were more likely 
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600 to 1,200 commercial growers. A year of high grass seed prices, such as 

1973, sees few growers leave the industry. 

Generally, as farm gate prices decline and costs influenced by inflation 

increase, the rate of adjustment is more pronounced. As this occurs, grass 

seed farms in Clackamas and Multnomah Counties, characterized by small size, 

advanced operator age, low returns, and urban pressure on land, are expected 

to be the first to seek alternatives.  These farms are apt to convert to more 

intensive agricultural and/or non-agricultural uses when their operators retire. 

Their effect upon industry grass seed production would be negligible, however. 

Grass seed farms in Linn, Benton, and Lane Counties generally are large, specialize 

in ryegrass seed production, and obtain higher returns than other grass seed 

regions in the Valley.  It is expected that organizational adjustments in this 

region will involve further grass seed specialization and reduction in farm 

number as the more efficient operators replace those earning low or negative 

returns. The heterogeneous nature of "Marion County precludes making meaning- 

ful generalizations.  Some increased specialization in grass seeds, as well 

as shifting to other enterprises, is expected depending upon individual farm 

situations.  In Polk County, complementarity between grain and ryegrass pro- 

duction suggests continued production of both crops on most farms.  In 

Washington and Yamhill Counties, grass seed enterprises often provide less 

than 30 percent of farm sales, so serve a complementary or supplementary role 

relative to other enterprises.  In those instances, major economic gains are 

not expected from improvement in internal grass seed production efficiency 

and economies of size.  Those operators may increase production of proprietary 

seed varieties and breeders seed stock requiring higher unit costs and more 

intensive managerial effort, with the expectation of obtaining a significant 

price advant age. 
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INDUSTRY ADJUSTMENTS 

While individual grower response to changing economic conditions over 

time is and will likely be diverse, the collective or industry response is 

small and highly predictable.  The Willamette Valley grass seed industry 

responds very sluggishly to changes in market price and production costs 

generally and for specific grass seed types as well.  Over the past two 

decades, aggregate production has increased in spite of generally declining 

market prices.  Increases in farm cost efficiency apparently more than off- 

set negative price effects during that period. Much of the between-year 

variation in grass seed production is attributable to weather influences. 

Stability of acreage devoted to grass seed production suggests that little, 

if any, general decline in total production of grass seed is expected as a 

result of a ban on open field burning which might force use of alternative 

sanitation schemes with considerably higher operating costs.  While the 

adjustment may be severe for certain operators precipitating a further de- 

cline in number of growers, the collective supply effect is not expected to 

be great.  Resource transfer from high to low cost producers over time, ex- 

pectations for increased market prices, adoption of cost-reducing technologies, 

and limited between seed type production shift all serve as grower adjustment 

options which not only dampen industry supply contraction adjustments, but 

may result in larger volume of total seed production. 

Market supply is only one component of market price determination. 

Market demand is the other.  Domestic consumer demand is considerably more 

responsive to price than is industry supply.  Nevertheless, consumer demand 

for grass seed measured at the farm gate is, relatively speaking, less res- 

ponsive than for many farm products.  The 15 to 30 percent of Oregon 

135 



grass seed production entering foreign markets faces a very price-insensitive 

market demand.  Strict import controls and preference for proprietary varieties 

in Western Europe markets appear to be primary characteristics of the foreign 

market. 

Because producer supply and consumer demand response are both quite in- 

sensitive to market forces, widely fluctuating farm gate prices become the 

net consequence of small changes in market conditions for grass seed over 

time.  Total grass seed production by volume decreased less than 20 percent 

from 1971 to 1973; farm gate price averaged a threefold increase. However, 

until such time as changing market conditions for grass seed can be predicted 

with far greater accuracy than now and adjusted with supply control measures 

such as storage, forward contracts, etc., a high degree of price instability 

appears as the inevitable result of market changes in the grass seed industry. 

The perennial nature of most grass seed production, expectation of improved 

prices, specialized nature of grass seed production restricting ease of con- 

version to other crops, and limited cropping alternatives, all contribute to 

a "locked-in" situation for continued grass seed production. 

An Assessment of the economic climate in 1974 and beyond 

Solution to the field burning problem appears to elude the Willamette 

Valley grass seed industry. While some of the problems such as the mobile 

sanitizers  are technical in nature, many of the problems continue to be 

economic. World conditions are ever dynamic resulting in changes over time 

of economic conditions including the marked increase in grass seed prices 

in 1973 and a downturn in 1974 without corresponding decreases in production 

costs.  The paramount economic issue then is not the absolute change in prices 

and costs but rather their relative change.  This section of the economic 
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report seeks to address that question on the basis of this writer's interpre- 

tation of current conditions and the previously reported research findings. 

Consequently, these remarks are subject to errors of judgment and personal 

interpretation. 

In terms of straw utilization, the economic climate has improved only 

slightly.  Undoubtedly, some baled straw will enter PNW feed markets this 

year as it did in 1973.  The market price may not be as high this year be- 

cause the supply of alfalfa and other hay is expected to be greater without 

equally offsetting increases in demand. An important factor is that the 

feeding market is limited not only by the price of hay but also by the ability 

of straw to substitute for that component of the hay market used to winter 

mature and non-pregnant livestock without significant feed supplementation. 

At best, 20 to 40 thousand tons of straw might be absorbed in this manner. 

This is encouraging but hardly a significant component of the 1/2 million 

or so tons of straw which could be made available. 

Wood chip prices have increased from an average of $20/ton in 1972 to 

over $30 in 1974.  But, because a rudimentary market for straw now exists 

in livestock feeding, the likelihood of pulp and paper mills getting baled 

straw at $15/ton as reported in the research also has diminished. On balance, 

the relative price disadvantage in using straw in 1972 as a substitute for 

wood chips in pulp, paper, and fiberboard markets appears to have diminished 

only slightly, if at all.  In addition, many thousands of tons of wood fiber 

remain in the forest as logging residue of which only some is slash burned. 

This fiber source has not been used because its cost of collection, trans- 

portation, and preparation was excessive relative to wood residuals which 

historically have been used. While unknown, it is possible that economic 

conditions sometime in the future might favor utilization of logging residues 
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ahead of straw as wood chip prices continue to rise. 

Japanese market potential appears to be plagued as much by technical 

difficulties as by economic ones.  Inability to ship sufficient volume of 

straw in a variety of densified forms to meet contract commitments, inability 

to meet Japanese import tolerances on product contamination, and inability 

to meet quality preferences by Japanese dairymen on color, appearance, form, 

and packaging have been technical problems of considerable magnitude. Until 

these are overcome, the ultimate questions of potential market scope, price, 

and other market conditions cannot be answered.  It appears that market demand 

for animal protein in meat and milk products in Japan will continue strong 

for many years and that the Japanese government has set a clear course for 

producing the livestock and poultry products in Japan rather than importing 

the finished product.  Thus, nearly all of the feed requirements must continue 

to be met from outside Japan.  This suggests that price of straw delivered to 

Japan, while important, may not yet be the dominant factor in establishing 

commercial trade in straw sales with Japan. But continued increases in con- 

tainer ocean rates for shipping straw to Japan are expected at some point to 

influence the situation. 

The profitability of grass seed production relative to other alternatives 

appears to have changed very little. Production costs have increased markedly, 

especially for fertilizer, but this appears to have occurred quite uniformly 

across all crops.  Farm gate prices increased in 1973 for many crops including 

grass seeds.  So, while wheat prices rose to over $5/bushel, no rapid conversion 

from grass seed to wheat took place because the price of ryegrass also increased 

markedly with the relative profitabilities between crops have changed very little. 

Technical issues also continue to limit and often preclude substitution among 

grass seed types and between grass seeds and other crops. 
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Farm profits in 1973 for grass seed producers were markedly higher than 

in many previous years.  This slowed out-migration and farm enlargement adjust- 

ments and provided financial ability to buy capital intensive machinery to re- 

place old and worn-out equipment. Again, the benefits were not even, however. 

Some growers on forward contracts were not able to sell their crop at the 

average high price.  Consequently, the wide range of prices received by growers 

in 1973 more accurately portrays the diversity of grass seed enterprises than 

does average price. 
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