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Foreword

Fiber flax is well suited to the crop rotation system widely used
in the diversified farming of the Willamette Valley. The fertile soil
and the cool, moist climate of this large valley compare favorably
with the best fiber flax growing areas of the world.

Flax is a valuable fiber for both civilian and military use. It is
a crop that the United States imports annually in large quantities.
Oregon is the only state in the Union that is growing fiber flax and
the only state with the people who have the knowledge, buildings,
and the equipment required for flax processing.

Through research, improved varieties and production methods
have been developed. Greatly improved processing equipment and
procedures which reduce labor requirements and preserve the good
quality of the Oregon fiber have developed through research. When
these results are fully coordinated in the growing and processing
the competitive position of Oregon fiber flax will be substantially
improved.

Dean and Director
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Introduction

THE
SUCCESS of the Oregon fiber flax industry will depend largely

on the economics of growing and processing the flax straw. The
returns from flax must be comparable to those the farmer can obtain
from competitive crops grown in the Willamette Valley. This can
be accomplished only through the adoption of improved farming
practices and the modernization of their processing plants with the
installation of improved labor-saving equipment. Flax growing and
processing fits vell into the farmer's crop rotation and furnishes
qrrk for surplus rural labor. It is a nonsurplus crop.

The material contained in this bulletin was obtained through
18 years of cooperative investigation by the Oregon Agricultural
Experiment Station and the U, S. Department of Agriculture.

History
Early efforts to develop the industry

Fiber flax has been grown in Oregon since about. 1844. A twine
mill was operated in Albany, Oregon, as early as 1876, with a re-
ported capacity of 5,000 pounds of twine per month.

The Oregon Agricultural Experiment Station issued a publica-
tion on fiber flax in 1897. The Ti. S. Department of Agriculture,
in cooperation with the Oregon Station, began work on the agro-
nomic phases of the crop in 1932. From 1934 to 1936, these agencies
made a study of the cost and efficiency of flax production in the
state. In 1938, work of an engineering nature was started by the
department in cooperation with the Oregon Agricultural Experiment
Station. A study was made by Oregon State College in 1942 dealing
principally with the marketing of flax fiber. The research projects
dealing'with the agronomic and engineering phases of the industry
have been continued.

This bulletin was prepared by W. M. Hurst, Head of the Division of Mechanical
Processing of Farm Products; E. G. Nelson. Senior Agronomist; J. E. Harmond, Senior
Agricultural Engineer; Leonard M. Klein, Associate Agricultural Engineer; and D. \V.
Fishier, Agronomist; of the Bureau of Plant Industry, Soils, and Agricultural Engineering.

The authors acknowledge assistance from many persons, including Dr. B. B. Robinson,
who did much of the earlier research on the flax breeding and production; Dr. \V. B.
Bollen for the results of flax retting investigation; B. E. Bulils for making flax wax
determinations and chemical retting studies; N. R. Brandenburg, B. L. Slagle, C. A.
\Velch, and J. L. Khmer, for their assistance in constructing and testing the experimental
processing equipment.
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In 1915, the Oregon legislature appropriated funds for the
establishment of a processing plant at the State Penitentiary in
Salem. This venture was intended to make available processing and
marketing facilities to flax growers, to furnish employment for in-
mates, and to provide leadership in development of the industry.
Appropriations were needed for a number of years to keep the mill
in operation. Since mechanical harvesters were introduced in 1925,
and improved processing equipment was installed in 1927, however,
the mill has operated at a profit. The plant has been an excellent
source of revenue for the state treasury in recent years.

Several attempts were made to establish private or farmers'
cooperative processing plants from 1915 to 1936 with little success.
In 1936, three new processing plants, commonly known as flax mills,
were constructed. They were financed by the Federal government's
Works Progress Administration and given to the State of Oregon,
which, in turn, leased them to the farmers' cooperatives.

Each of the three new mills was designed for a capacity of
1,200 tons of pulled flax per year. The state (penitentiary) plant
had, at the time, a rated capacity of about 4,000 tons per year, mak-
ing a combined capacity of the flax processing plants of 7,600 tons
of pulled straw. With an average yield of 1.6 tons flax straw per
acre, 4,750 acres were needed to keep the plants operating at capacity.
Prior to 1941 the flax tonnage did not reach the rated volume of
the mills. The increased demand for fiber to supply military and
civilian needs resulted in 100 per cent price increase and a produc-
tion of straw far beyond the capacities of the processing plants in
1942. The interruption of production in other countries and the
demand for flax fiber to fill military requirements stimulated the
interest in producing and processing fiber flax in the United States,
resulting in an expansion program.
World War II expansion

In 1941 one privately owned and two farmers' cooperative flax
mills were constructedlargely with local capital. The next year,
three farmers' cooperative and two private mills were built. The
cooperatives were financed by federal funds and the privately owned
mills with local capital. Two more cooperative mills, government
financed, were completed in 1943, making a total of fourteen flax
processing plants in Oregon. Of the ten new mills, four were fi-
nanced largely by local capital and six by government agencies includ-
ing the Bank for Cooperatives, the Commodity Credit Corporation,
and the Defense Plant Corporation.

The annual rated capacity of all fourteen plants was approxi-
mately 35,000 tons of pulled flax which normally would produce
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Table 1. FLAX, UNMANUFACTURED: UNITED STATES IMPORTS FOR
CONSUMPTION

Source: Foieign Co,nrnerce a ai Navigation.

2,500 to 3,000 tons of processed line fiber. With a yield of 1.6 tons
of pulled flax per acre, the mills were capable of handling the straw
from about 22,000 acres. In 1942 approximately 18,000 acres of
fiber flax were harvested.

The majority of the plants were constructed froni plans and
specifications prepared by the cooperative state and federal research
agency. Some pieces of equipment developed by the engineers were
used in all new plants. However, the major machinery which has
been developed on the research project, including pullers, deseeders,
and scutchers, was not developed until after the new plants were
constructed. Economic status of the industry has prevented the new
and improved equipment from being widely adopted.

The postwar slump
As the demands for flax fiber to manufacture war materials

ended and a supply of graded European fiber again became available

Calendar
year

Hackled
(3,261)

Unhackled
(3,2625)
(3,262.6)

Nails
(3,262.7)

Tow
(3,262.8)

Straw
(3,262.9)

Long tons Long tons Long tons Long tons Long tons

1931 517 1,228 29 1,105 208
1932 543 2,257 10 521 194
1933 690 2,186 179 1,381 246
1934 1,021 2,341 292 896 32
1935 1,246 2,121 384 1,271 20

Average 803 2,027 179 1,035 140

1936 1,208 2,448 499 1,292 174
1937 1,203 2,815 809 1,080 234
1938 574 452 62 45 118
1939 1,274 2,410 1,963 195 73
1940 402 1,116 1,306 1,486 0

Average 932 1,848 928 820 120

1941 10 800 0 1,907 57
1942 7 3,321 15 4,309 296
1943 921 2,196 0 1,151 72
1944 0 1,591 0 1,063 494
1945 10 755 5 1,240 75

Average 190 1,446 4 1,934 199

1946 458 1,200 88 2,965 380
1947 219 1,469 240 1,805 228
1948 50 1 496 0 681 127
1949 109 976 530 875 296
1950

Average
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to the spinners, the Oregon processors found it increasingly difficult
to sell their line fiber.

The price of the properly sorted and graded fiber increased
with the removal of the wartime ceiling, whereas the price of un-
graded domestic flax fiber decreased. To encourage flax production,
several European countries are paying subsidies to further increase
the returns to the producer and processor.

The inadequate grading and sorting, high returns from com-
petitive crops, competition from synthetic fibers, the absence of a
sales organization for orderly marketing of flax products, and adverse
weather conditions during the planting season for several years have
all had a depressing effect on the U. S. industry since the termina-
tion of World War II. These adverse factors caused the Oregon
fiber flax acreage to drop from 18,000 acres in 1942 to less than
1,500 acres in 1952 and the number of active processing plants to
drop from fourteen in 1944 to four in 1952.

Production
The production of fiber flax in Oregon is confined to the Wit-

laniette Valley in the western part of the state. The acreage grown
per farm varies widely depending on the individual farmer. The
selection of proper land is of greatest importance in the production
of fiber flax. It is a crop that responds to a well drained fertile
soil.

Many of the agronomic problems have been solved. Some of
the growers profitably follow the recommendations made as a result
of research. Some questions need further study before definite
recommendations can be made. The effect of agronomic practices
on fiber quality, weed control by new chemicals, and the development
of a winter fiber variety are some of the most important phases that
need to be studied. As a result of the flax breeding program, the
Cascade variety was released to growers. This variety has proved
to be superior in yield and in disease resistance both in Oregon and
in several foreign countries. Under the same program new foreign
varieties are being tested and evaluated in order to furnish informa-
tion to local producers. The breeding program also maintains a
pure line stock of all important varieties which could eliminate the
need for further commercial importation of seed supplies.

At the present time it is believed that agronomic practices de-
veloped by research are considerably ahead of the average farmer's
use of them. More research of an agronomic nature will be needed
with the development of agriculture in the area and the advent of
machinery for producing, harvesting, and processing.



Table 2. ACREAGE, PRtCE, AND PRottucrIoN OF FLAX AND FLAX FIBER IN ORtoN1
(Fiscesl years 1925 to 1951)

'Fiber production data are revised from those
shown in annual report for 1942 and previous years.
All data 1925 to 1935 inclusive courtesy of the State
Flax Industry, Salem, Ore., and represent their pro-
duction only. No other fiber flax was produced in
Oregon during tins period except in 1935 (see foot-
note 3 below). Farm acreage, production, and price
data 1936 to 1945, courtesy of M. 13. Thomas1 Ex-
tension Economist, O.S.C., and have been published.
Data from 1946 and 1949 were collected and tabu-
lated by the U. S. Bureau of Agricultural Eco-
nomics, Portland, Oregon.

'Fiber production is mostly from crops grown one
or two years preceding the year reported, and is on
a fiscal year basis, mostly July 1 to June 30 of the
same year shown. Some plants end their fiscal year
in May or early June.

about 500 acres cut for seed and threshed
on the farm and does include 1,200 acres contracted
by the Champaign Paper Corporation, New York,
New York, and 100 acres contracted by the Farmer's
Flax Co-op. Association, Eugene, Oregon, only part

of whicl was harvested and none processed.
'Tow (short tangled fiber) production in 1936 and

1945 estimated from the line-tow ratio obtained at the
State Flax Industry, Salem, Oregon. The 1936 and
1948 estimates are from the averages obtained pre-
viously, 79 per cent of the line (long parallel fiber)
production. Tow produced at other plants was not
recleaned and complete data were not available. In
the State Flax Industry figures, the combings from
the butts are included with the line and from the
tips with the tow. Both tips and butts included with
the line from other plants.

'All line fiber produced by Oregon Flax Cooperative
in 1946 was placed under loan to Commodity Credit
Corporation. Loan prices per pound of fiber were as
follows: 4x and 5x, 48; 3x, 46; 2x, 44; lx, 42g.

'Very little Oregon fiber was sold from the 1947
and 1948 crops and prices ranged from 26 to 49
per pound.

'Clean tow prices ranged from 9 to 12 per
pound, depending on the cleanliness.

'Very little unclean tow was sold.

Top price per
pound

Net Net Farm Fiber scutched during
Scutch-Ares farm yield price Over year'

bar- pro- per per 30" in Sorted ing
Line Tow TotalYear vested duction acre too length (line) (tow)

Acres Short Short Dollars Short Short Short Cents Ce its
tons tons tons tons tons

1925 2,100 2,646 1.26 31.60
1926 1,644 2,367 1.44 87.20
1927 2,100 3,801 1.81 34.85 -

1928 . 2,782 3,811 1.37 33.85

1929 3,462 5,955 1.72 34.65
1930 3,811 8,727 2.29 36.00
1931 1,793 3,012 1.68 23.35 297 207 504 20 4
1932 713 1,041 1.46 21.17 295 160 455 17 4

1933 461 940 2.04 19.41 99 345 133 478 21 5
1934 1,904 3,884 2.04 22.50 100 277 108 385 21* 5
1935 2,465' 1,430 .58 16.30 37 256 199 455 28 5
1936 2,540 5,120 2.02 25.00 01 210 160' 370' 23 5*

1937 2,750 4,324 1.57 27.00 87 240 260' 500' 25
1938 8,580 2,622 .6S 20.00 23 250 240' 490' 25 5*
1939 3,900 5,600 1.44 35.70 59 220 200' 420' 28* 7
1940 7,300 8,615 1.18 55.50 62 220 200' 420' 58 10*

1941 11,000 23,825 2.16 58.00 87 640 500' 1,140' 59 11*
1942 18,000 37,000 2.06 55.00 81 1,240 860' 2,100' 58 13
1943 12,000 20,000 1.67 52.00 58 1,800 1,500' 3,300' 58 13
1944 8,500 14,000 1.67 48.00 50 1,800 1,400' 3,200' 58 10

1945 7,300 12,500 1.71 53.00 65 1,850 1,400' 3,250' 58 10
1946 7,600 14,400 1.90 54.00 71 1,160 920' 2,080' 48'
1947 5,700 9,200 1.90 40.00 63 880 700' 1,590' ...'
1948 2,000 3,400 1.70 .... 975 770' 1,745' ....' 9-12'

1949 2,300 4,100 1.80 .... 354 280' 634' ...'
1950 800 1,500 1.85 .... 201 159 359
1951 2,100 3,400 1.60 .... 217 171 388



Table 3. SUMMARY OF PROGRESS, PRODUCTION PRACTICES RESEARCH

More detailed explanations in body of report, orindicates consensus of what will happen.
Differences indicate imlirovement of variable listed first (in boldface type).

Investigations Selected variables compared'

Number of
tests or

replications

Years
reported

here

Increase in
straw yield
(pounds per

acre)'

Line
fiber'
(per
cent
in

straw) Fiber quality ()tlicr

I. Soil series Cftelialis vs. Amity Several 3 600 + Better

Cheliatjs vs. Wtllamette Several 3 600 + Better

2. Time of plowing Spring vs. fall Several 3 280 +
3. Date of planting First date vs. 5 weeks

later 5 12 1,600 2.3
Much better

early

4. Seed treatment (Ceresan) Treated vs. not treated 4 to 10 3 0 to 400 Same Finer
Usually much

better stand

5. Variety Cascade vs. Concurrent 6 4 600 Same Same
Cascade disease

resistant

6. Rate of seeding 89 vs. 64 lb/acre 4 or more 12 Same 0 to 2 Much finer

7. Weed control (sinox) Sprayed vs. not sprayed Varied 4 Improved
Somettmes
improved Weeds add to costs

S. Fertilizers Light application vs. no
nitrogen 4 or more 10 0 to 1,500

May be
decreased

Light vs. heavy application
of nitrogen 4 or more 10 0 to 1,000 . Stronger

9. Previous crop Legume vs. small gratn Farms 3 600

10. Irrigation Irrigated vs. dry None 10 900 2.0 May avoid failure

II. Time of harvesting Optbnutn vs. late 4 or more 5
Slight

increase 0 to 3 Much better Less wax

12. Retting
a. Temperature

b. Aeration

c. Leach prior to ret

(I. Drying in field

95' vs. 72' 8 1 .. Same Less lime 95'

Aeration vs. no aeration 8 1 Same Darker No acidity

Leach draitied vs. none 8 1 Same Same Less acid

Turtied vs. not turned 8 1 Same Lighter color More untform



Soil series. Results based on survey of farmers' deliveries over
a large area. Chehalis very good soil Amity--about poorest soil on
which fiber flax is grown; \Villamette--intermediate.

Time of plowing. Results based on survey of farmers' deliveries
over a large area.

Date of planting. Results shown represent five replications per
year for a period of 12 years. These results are without irrigation.

Seed treatment Ceresan. Treated seed for this experiment was
dusted with Ceresan ounce per bushel approximately one week before
planting. Results shown represent four replications and one year's data.
Subsequent field observations and results wilts other crops and in olher
areas bear Out these results.

Varieties. Cascade, a variety recently released to growers, and
Concurrent, a Dulch variety which is being replaced by Cascade, are the
two best varieties under Oregon conditions that have been available.
Results shown here represent four years' data and six replications per
year. The disease resistance of Cascade makes it a highly desirable

' variety under Oregon conditions.
Rate of seeding. The rates shown in the example are the ex-

tremes tested and probably represent extremes so far as agricultural prac-
tices are concerned. Since the rate of seeding has litlte effect on yield
of straw thinly planted, flax grows taller. Il has sometimes been difficult
for mills to get their growers to plant at the higher rates which is
usually necessary for good quality production. The results shiovn here
represent 2 to 4 replications per year and several years' data.

Fertilizers. A light application of nitrogen (not usually exceed-
ing 20 pounds per acre) has often increased the yields without damaging
the fiber. Even a small application may be more detrimental than bene-
ficial if applied to very fertile soil. A heavy application of nitrogen is
likely to decrease the yield of line fiber, cause lodging, and only produce a
moderate increase in straw yield over the light application. Farmers who
are paid for Straw by length or height and weight delivered often add
too much nitrogen in order to get high yields at the expense of straw
and fiber quality.

Previous crop. The results shown here are also based on farmers'
yields over a period of years.

Irrigation. The results shown here are the average of 10 years'
data on an experiment conducted at Oregon State College. Often a field

EXPLANATION OF ITEMS IN TABLE 3.
(Paragraph numbers correspond to line numbers in the stub column of the table.)

that is irrigated may produce a croti that would otherwise be a complete
failure, and would show much greater benefit than is reported in the
table.

Time of harvesting. The optimum time of harvesting is when
only about half of the seed boils are mature. Very early harvesting
sometimes produces a finer fiber at the expense of yield, but late liar-
vesting results in a low quality and often a reduction in line fiber yield.
A further important consideration is the accumulation of wax on the
fiber with more advanced maturity. Wax accumulation has been a
serious criticism of the Oregon fiber.

Retting. In general, the yield and quality differences are small
and other considerations are more significant.

a. Temperatures. Several different temperatures have been tested,
and it is found that higher temperatures (up to 97 F.) ret much more
quickly than at lower temperatures. Speed of retting, however, is of
less importance than the quality and fiber yield that results. It has been
found in these experiments that rapid retting is more difficult to stop
at the optimum time than a slower ret. A gradually increasing tempera-
ture has also been found to he beneficial in some cases and produces a
higher percentage of line fiber.

h. Aeration. Aeration has little detrimental effect on the fiber and
has two main advantages. It keeps down the acidity during the progress
of the ret and it eliminates the pollution characteristic of the retting
affluent so that it can be discharged into the streams without killing the
fish. The water distiosal problem iii Oregon has been handled satis-
factorily so far, but this offers a possibility in case other measures have
to be taken.

c. Leaching. Preliminary leactung is accomplished by allowing the
first water that is added to remain a few hours and (training it off. This
process eliminates many of the supars and other soluble compounds that
encourage the growth of acid forming bacteria. Leaching results in fiber
of better color and sometimes increases the yield of line fiber.

d. Dryin.9 iii /leld. \Vhen the flax is removed from the relting tank,
it is set up in a wigwam shape to dry. Large bundles often dry very
slowly where the tops come together and if these are turned inside out
after a few hours drying, more uniform Straw and fiber and easier
scutching results especially with larger bundles. These results have not
always been consistent, and the processis recommended only for damp
weather or large bundles and then only if the straw is of a quality that
may produce good fiber.
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Most of the flax straw produced in Oregon was sold on the
basis of height (or length) for grade and weight delivered. In
order to secure a top price for flax the producers often employed
practices which produced a tall coarse straw which actually contained
a very low percentage of fiber. Most of the line fiber produced in
Oregon was sold largely on the basis of length, and little attention
was given to quality. This method of culture and marketing has
developed a feeling of indifference and has encouraged a practice
that is not desirable. In an effort to correct this evil some of the
mills processed each grower's straw separately and paid on the basis
of percentage of fiber and seed that was produced. This method of
payment is much more fair and has resulted in better farming
practices.

More specific straw grades based on measurement of length,
diameter, branching, color, and disease were developed by 0. 5. C.
Agricultural Experiment Station but were never generally accepted.
These grades were used and found to be satisfactory by one of the
processing plants. The Oregon Station developed a method of
selecting sample straw bundles from farmers' fields for determining
the fiber yield of the straw and for evaluating the quality of the
fiber. This method provided a basis of payment that was equitable
and has encouraged better production practices. It has also elim-
inated the need for processing each grower's crop separately.

A summary of the results of agronomic research is included
in Table 3.

Present Processng Methods
To transform fiber flax growing in the field to line fiber for

spinning involves several processes. These are harvesting, deseed-
ing, retting, drying, scutching, and hackling.

Harvesting
The present method of harvesting fiber flax is by pulling. The

fiber in the flax stem extends to the roots. For this reason, flax is
pulled from the ground instead of cut, which would leave several
inches of fiber in the stubble. The Oregon flax industry has used
many types of pulling machines, all of which were of the trailer
typeresulting in the tractor running down a 5- or 6-foot swath
of flax in opening a field. The commercial pullers tie uneven bundles
with a single string and damage the straw in the pulling operation.
Both machines are operated with a two-man crew and pull a three-
foot swath into two 18-inch throats, at the rate of approximately one
acre per hour. A push-type puller has been developed with six



Table 4. OREGON FLAX PROCESSING MILLS

'Plant purchased by a private corporation in 1951

12-inch-width pulling throats, that will harvest more than 2 acres
per hour in a 2-ton crop. This puller places two strings on the
bundles and does less damage to the straw.

Deseeding
Deseeding, the removal of the seed pods from the flax stem, is

the first of several steps that take place at the flax processing mill.
The seeds are valuable. Some are used for planting, and the excess

Plant and type of ownership

Year
con-

structed

Rated
capacity
in pulled

flax
Year
closed

Short tons
Privately owned plants

Approved ax Company,
Eugene 1941 5,000 to 6,000 1945

Northwest Flax Production Company,
Eugene 1942 2,400 to 3,000 1947

Silverton Flax Processors,
Silverton 1942 2,400 to 3,000 1946

Farmers' cooperative plants
Benton County Flax Growers,

Junction City
Clackamas Flax Growers,

Canby
layton Flax Growers,
Dayton

1942

1936

1942

1,600 to 2,000

2,400 to 3,000

1,600 to 2,000

1947

1947

Harrisburg Flax Growers,
Harrisburg 1941 1,600 to 2,000 194

Molalla Flax Growers,
Canby

Mt. Angel Flax Growers,
Mt. Angel

Oregon Flax Growers Association,
Springfield

1942

1936

1936

2,400 to 3,000

2,400 to 3,000

1,600 to 2,000

1950

1949

St. Paul Flax Growers,
St. Paul

Santiam Flax Growers,'
Jefferson

1941

1943

1,600 to 2,000

2,400 to 3,000

1949

Washington County Flax Growers,
Cornelius 1943 2,400 to 3,000 1949

State-owned plants
State Flax Industry,

Penitentiary, Salem 1915 5,000 to 6,000

THE FIBER FLAX INDUSTRY IN OREGON 11
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is sold to the crushers, where they are converted into linseed oil
and flax seed meal, the same as seed-flax seed.

The whipper-type deseeder was used by commercial fiber flax
processors for many years, but has been replaced by the rotary-
comb type except at the State Penitentiary where labor is plentiful.
Deseeding is accomplished by passing the head end of the flax be-
tween rollers, which crush the seed pods and liberate the seed. The
whipper deseeder with a crew of 10 men processes an average of
1 ton of pulled flax per hour.

The rotary-comb deseeder facilitates a continuous flow of flax.
The gripping device conveys the straw so that the rotary combs re-
move the seed. A double-needle binder ties two strings around the
bundles of straw. A crew of 7 men deseeds approximately 2.5 tons
per hour with the commercial rotary machine.

Retting
Retting or rotting is the bacterial process that dissolves the pec-

tin cementing the flax fibers to the woody portion of the plant,
making it possible to recover the fiber in further processing. This
operation is performed at the processing mill during the summer
season by soaking. The concrete tanks, which are 16 by 40 by 7
feet, in batteries of six, are used to soak the flax in warm water for
a period of several days. The battery of tanks will accommodate
approximately 50 tons of deseeded flax per filling, and will ret an
average of 600 tons of flax per season. A crew of 3 men can empty
and fill a tank in 1 day. Large timbers and heavy racks that hold
down the straw in the tanks were formerly handled by hand, but
most mills now employ a mechanical retting tank top lift. The
timbers and racks for each tank are bolted together into a single unit.
Trolleys with chain hoists carried on an I-beam over the tanks pick
up and convey the retting tank top. When tank top timbers and
grates were moved into place by hand, 3 man hours were consumed
in the capping and uncapping operation. The mechanical retting
tank top lift has reduced the time of operation to 1/6 man hours.

Drying
Drying, or the removal of water from the retted flax straw,

takes place immediately after the retting water is drained. Wet
bundles removed from the tank are distributed and set up in the
form of wigwams in the field to dry. After 3 to 15 days, depending
on the weather, the dry bundles are removed from the field and
carried to the binder by a crew of 3 to 5 men. The bundles are
bound and deposited in piles on the ground, and are later removed
and trucked into storage by a crew of 2 to 3 men.
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Scutching
Scutching is the mechanical separation of the liax fibers from

the woody portion of the straw. This operation is performed at the
processing mill, usually during the winter months when the moisture
content of the flax straw is higher and thought to be more nearly
the optimum condition for scutching. The Van Hauwaert and the
Vansteenkiste machines are the most popular commercial scutching
machines used in the Oregon flax processing mills. Each machine is
composed of a breaker, a root-end scutching unit, a seed-end scutch-
ing unit, and a straw and fiber gripping device that conveys the
material through the entire machine. The breaker consists of several
pairs of fluted rollers above and below the straw on either side of
the gripping devices, that break the woody core into short lengths
called shives. The scutching is achieved by means of a pair of
rotary beaters spaced so that the blades mesh as they rotate in oppo-
site directions. They scrape or flail the straw, removing the shives
and tow fiber.

The commercial machines differ in that the Van Hauwaert
scutcher has six blades on each rotor and a metal clip and rubber belt
gripping device, whereas the Vansteenkiste has only three blades per
rotor and a gripping device of two rubber belts, one with convex
and the other a concaved surface.

The capacity of a scutching machine is approximately 1,000
pounds of retted straw per hour with a 7- or 8-man crew. The
yield of line fiber from the retted straw varies from 8 to 20 per
cent depending partly upon the amount and condition of fiber con-
tained in the flax, partly upon the skill of the operating crew to
properly set and operate the machine, and partly upon the mechani-
cal condition of the machine.

The short fibers called tow that are produced by a scutching
machine are conveyed to the tow cleaning mechanism where a large
percentage of shives are removed. Tow cleaning equipment usually
consists of a drier, shakers, breakers, and tow scutchers. Removal
of the moisture makes the shives and weed straws more brittle and
easily broken for removal. The tow is passed through several units
consisting of fluted rolls for breaking, and oscillating pins for remov-
ing the shives. Tow scutching units are used to further clean the
fiber.

The clean tow is sold to the spinner for the manufacture of
tow yarns used in many household and industrial products.
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Hackling
Hackling or combing is the operation of drawing the line fibers

over pins to parallel and remove tangled fibers. This operation is
accomplished in two steps, by hand in the processing plants and with
machines in the spinning mills.

Engineering Research Accomplishments
A number of accomplishments have been made by personnel

of the cooperative fiber flax research project. Among the develop-
ments are the following: 1. A self-propelled push-type flax puller;
2. A rotary comb deseeder with auxiliary butting, conveying, and
bundle forming mechanism; 3. A mechanical lift for retting tank
tops; 4. A retted straw field binder loader; 5. Double string bundle
binders; 6. A string cutter and removers; 7. A bulk straw handling
system; 8. A more efficient flax scutching machine; and 9. A flax
tow drier and cleaning system.

The tractor mounted, self-propelled, push-type flax puller was
constructed in 1949. In 1950 and 1951 the unit was field tested,
refined, and successfully pulled flax in 1952. The unit has many
advantages over the present commercial flax pullers such as a greater
pulling capacity, a two-string bundle binder to afford better protec-
tion to the flax, narrow pulling throats that pull the straw with less
variation in the root ends, a wide, soft-faced pulling belt that re-
duces the pulling damage at the belt gripping points, auxiliary
power unit that makes the pulling belts speed independent of the

Figure 1. Self-propelled flax puller.
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Figure 2. Deseeder developed on the research project. The machine
butts the root ends of the straw, removes- the seed, and conveys and

bundles the deseeded straw.

speed of the tractor so that the pulling can be regulated according
to the density of the crop. The 72" composite pulling section in
front of the tractor facilitates the opening up of a field and the seg-
regation of weedy or diseased sections of the field without running
over unpulled flax. The machine can be operated with one man
and will pull at the rate of 2 acres an hour in a 2-ton crop.

The experimental rotary comb deseeder equipped with the aux-
iliary equipment developed makes it one of the outstanding contribu-
tions to the flax industry. The unit with a crew of 5 people will de-
seed 3 tons per hour as compared to the whipper deseeder that will
deseed 1 ton per hour with a crew of 10 men. The latter type was
used throughout the U. S. flax industry prior to the development of
the rotary comb machine. The deseeding unit consists of an auto-
matic string cutter and remover, a straw butting and conveying feed
table that butts the root ends and feeds the straw into the rotary
comb deseeder and a bundle former. The seed is removed, the straw
is butted, tied into bundles, and conveyed to the wagon. The saving
in man hours and the increased capacity are only a part of the ad-
vantages of the deseeder as the efficient seed removal and the better
prepared bundles substantially reduce the handling losses through-
out the remainder of the processing.
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An overhead trolley system and mechanical ]ifts were adapted
to flax retting tanks. This facilitates the joining together and hand-
ling of the 100 tank-top parts as a single unit so it can be removed
and replaced quickly. It also reduces the human effort and makes
possible solid covers to reduce the heat loss to the atmosphere. The
lift could be used in conjunction with the bulk loading and unloading
of flax in the retting tanks.

In an effort to increase the capacity and reduce the labor re-
quirements of removing the dried flax from the field a machine was
developed to lift the wigwams of flax from the drying field, bind,
and convey them to the trailing wagon. The field binder-loader
was tested under commercial conditions and was found to have a
greater capacity than the small portable units and required only 3
men for its operations as compared to a crew of 6 or 8 men on the
conventional unit.

Prior to the development of the double-string binder, flax
bundles were tied by hand. The unit consists of the parts of two
standard grain binders assembled on a central shaft so that both
knotters work simultaneously to place two strings on each bundle
of flax.

A string cutter and remover was developed to perform the
duties of one man in the deseeding and one in the scutching opera-
tions. The unit cuts the string on the top side of a bundle that is
being conveyed to the feed table. A saw hooks the string on the
underside of the bundles and pulls it from the table, a brush removes

Figure 3. Experimental self-propelled retted flax straw field pick-up
loader.
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Table 5. PERFORMANCE OF SOME OLD AND NEw MACHINES

The tests listed above were obtained under experimental conditions.

the string from the saw and deposits it on the floor. The unbound
flax is conveyed on to the respective feed tables for deseeding or
scutch i ng.

A bulk straw handling system was initiated to unload and reload
flax into the storage sheds. The system consists of a lifting frame,
rope slings, and a power hoist. The rope slings are placed on the
farm truck bed prior to loading it with flax. The load of flax is
trucked to the processing plant where the ends of the rope sling are
fastened to a lift frame and electric hoist. A 2- or 4-ton load of
flax can be removed in less than 10 minutes, whereas 1 man-hour
per ton of flax straw is required to unload the flax by pitchfork and
man power.

Further bulk handling studies have been made using fork-lift
trucks and wood pallets which unload 3-ton loads from the farmer's
trucks and place them in storage sheds. Tests showed that savings
can be made in handling flax straw in and out of storage. One man
operating a fork lift was able to complete the job in 2- minutes. At
this rate, he could unload 72 tons in 1 hour, as compared to the 1 ton
per hour with a pitchfork. The fork-lift method also eliminates
much of the delay for the farmer waiting the unloading of his truck.

Fufure PossibiRfies
Iviany new methods are possible in improving flax production

and processing.
Continuing experiments are under way to develop new varieties

with desirable characteristics such as a higher yield of quality fiber,

Pulling 1.6 3.2 2 1.25 2 .63
Deseeding 1.0 3.0 7 7.00 4 1.30
Capping and uncap-

ping tanks 8.0 8.0 3 .28 3 .03
Retted straw binding

and loading 2.5 4.0 6 2.40 2 50
Scutching .75 7 9.00 5 6.60
Unloading wagon 3.00 15.00 3 1.00 2 .13

Machine capacity
per hour

Labor

Old New

Man
hours

Man
hours

Old NewOperations Crew per ton Crew per ton

Ton., Tone
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disease resistance, adaptability to a wider range of temperature and
moisture, uniform growth and maturity, and resistance to chemical
weed sprays. New possibilities in the agronomic phases may include
the control of weeds by use of pre-emergent spray, the production of
winter flax by use of new chemical weed control measures, and
further improvement of varieties.

Other experiments are aimed at finding new and improved
methods and techniques of flax retting and degumming in an effort
to accelerate the retting and preserve the inherent good quality of
the flax fiber.

Bacteriologists are investigating methods of flax retting to de-
termine scientifically the end point of flax retting, methods of ac-
celerating the ret, and methods of obtaining higher percentages of
the line fiber. These investigations include trials to determine the
effect of the addition of air or oxygen during the retting; forced
retting liquid circulation in the tanks; adding riboflavin, yeast ex-
tract, bacteria, and chemicals such as urea, ammonium sulfate, and
sodium nitrate to the retting liquid.

The chemist is investigating chemical retting of the green de-
corticated fiber and the removal of excessive gums or waxes from
retted fibers.

Figure 4. Experimental flax retting equipment in the Oregon State
Bacteriology Department.
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The flax processing can be streamlined so that it would be a
continuous rather than a seasonal operation. The adoption of new
and improved processing equipment and methods would reduce the
processing cycle from 18 months to a period of 2 or 3 weeks. The
labor costs would be reduced to less than one-half of the present
requirements. The development of a scientific method of determin-
ing the end-point of a ret would eliminate much of the gamble in
stopping a ret. The industry depends on the knowledge and skill
of personnel who find it difficult to stop the retting at the correct

- time for optimum fiber recovery and quality.
The present processing method could be altered so that pallets

and a fork-lift truck would be used to unload the farm truck and
stack the straw in the storage sheds and to remove and load the
straw for further processing. The deseeding equipment equipped
with a string cutter and double string binder could be located near
the retting tanks so that the straw would be deseeded and conveyed
directly into the tanks. A metallic cable sling would be placed in
the tanks and the straw from the deseeder stacked in the slings. At
the conclusion of the retting, the water would be drained and the
sling load of flax removed by means of an overhead crane and de-
posited at the intake of a forced air drier. An alternate method
would be to use tank elevators to convey the retted straw to the drier
entrance. The straw would be subjected to alternate washing and
squeezing before being fed into a drying and conditioning unit. The
flow of the retted straw from the drier could be automatically fed
into the scutching machine. This would complete the processing
line from the pulled straw to the scutched fiber, thereby greatly
reducing the labor requirements and processing time.

Another possibility is to handle the flax in sheets or rolls. The
roll method consists of replacing the bundle-tying mechanism on the
pullers with the double head sewing machine that would sew the
flax into a continuous mat and deposit it on the ground to cure.
Mechanical turners could be used to turn the mats so that they
would cure evenly. A pick-up machine would roll the mats into
700- to 1,000-pound rolls on a central shaft. The rolls of flax would
be handled with a mobile boom loader. The rolls could be trucked
to the plant and handled in and out of storage with the lift trucks.

In deseeding, the roll could be placed in a rack, and the mat of
flax unwound, deseeded, and then rewound. The mat could be
retted in the roll, unwound, and hot-air dried and conditioned. The
dried mat would be fed directly into the scutcher with the sewing
thread binding the mat being removed as the straw enters the grip-
ping chain. The wound mat would be handled by a rope sling and
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a mechanical lift throughout the processing. If this method works,
it will eliminate the several binding and bundle cutting operations
and the 20 or more times of handling the bundles manually.

Another method worthy of consideration is decorticating the
green flax and chemically degumming the fiber. Claims have been
made for processes which will degum flax fiber so that the ultimate
fibers are liberated, making it suitable for spinning on cotton and
wool machinery and for blending with cotton, wool, rayon, nylon,
and other short fibers. None of these processes, however, have
come into use in the United States.

A portable harvesting machine that would clip the flax heads,
pull and decorticate flax stems would be.used in lieu of the present
pullers. The clipped heads would be either conveyed to a trailer for
transporting to an artificial drier or to a windrov to be sun dried.
The decorticated fiber would be bundled and trucked to the de-
gumming plant. The fiber could be chemically degummed, breaking
the long fibers down so that they could be blended with other natural
or artificial fibers and spun on short staple equipment.

Summary

Fiber flax was first grown in Oregon in 1844. Many attempts
were made during the succeeding years to develop a fiber flax in-
dustry. During World War II it was difficult to obtain foreign flax
fiber and local fiber prices were stimulated, which resulted in the
expansion of the fiber flax program. The production of the crop
was confined generally to the Willamette Valley.

Cooperative research on the agronomic and retting phases has
been conducted since 1932 by the Oregon State College Agricultural
Experiment Station and the U. S. Department of Agriculture. Re-
search on the mechanical processes of handling flax was initiated in
1938 and stressed the importance of labor-saving harvesting and pro-
cessing machinery. In 1942 there were 18,000 acres devoted to fiber
flax production. Due to adverse weather conditions during the past
4 years, along with inadequate fiber sorting and grading and high
returns from competitive crops, the flax industry has decreased to
its prewar size.

Oregon fiber is used in the manufacture of gill nets, shoe
thread, marine packing, parachute webbing, sack twine, and yarns
for hand weaving. Tow is used principally in the manufacture of
rugs, toweling, upholstery, and drapery material.

The Oregon State Flax and Linen Board has taken an active
interest in preserving and developing the flax industry.


