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SOIL, NUTRIENT, AND IRRIGATION REQUIREMENTS OF FIBER FLAX

by

W. L. Powers

Suitable soil maintained in a good state of fertility and tilth is of
primary importance in the successful production of fiber flax in the north Pacific
Coast region. Progress has been made in recent years toward successful mechanization
of harvesting operations, and modern scientific and mechanical skill should help to
establish firmly processing and milling operations to provide local markets and
manufacturing plants for flax produced. Flax-growing promises to provide for the
farmer an additional cash crop, for which there should be a protected market in
this country. According to the Consul General for the U. 6. Government at Belfast,
the linen goods imported into this country annually have had a retail value of
$25,000,000 to $50,000,000. The linen textile industry of Belfast alone is reported
to have employed 85,000 workers. The possibilities in flax and linen under western
Oregon climate cause much interest, particularly since the European war has inter-
fered with production and importation. This article is prepared in the hope of
directing soil selection and management along suitable lines.

The general soil conditions suitable for fiber flax include good drainage, a
good supply of nitrogen and organic matter, and a slightly heavy textured soil, such
as silt loam, having good tilth, usable water capacity, and fertility. Early
plantings on clean, well-prepared land seeded around March 15 to April 10 have been
most successful. Supplemental irrigation has been very helpful, especially when
there was dry weather in June. Early planting permits taking advantage of the
spring moisture and the moist atmospheric conditions in early season and brings on
the "grand period of growth" during the longest days of the year, which was proved
by Redington and Priestley (1925) to be important in fiber flax production.

Flax Soils

The recently completed soil survey of the Willamette Valley and a study of
the flax crops in recent years shows there is an abundance of land suitable for fiber
flax production in this region. Soils on the old valley filling or main valley floor
well suited for fiber flax production include those of Willamette series and also
the soils of the Amity series where needed drainage has been provided. The
Willamette series includes 361,680 acres and the Amity series 277,568 acres, so
that there is over a half million acres in the main valley floor capable of producing
flax. Some of this land is now devoted to permanent crops. These soils are
suitable for flax growing about once in four years in a crop rotation that will
include grain, clover, and a cultivated crop. The clover sod will supply nitrogen
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while the cultivated crop helps to eliminate weeds. It should not be difficult to

find 50,000 acres a year of old valley filling soils that could be devoted to fiber

flax if market and economic conditions come to warrant it. The soils from flax

contract fields were tested and found to be slightly to moderately acid, and the

available phosphate was moderate in amount, ranging from 25 (low) to 125 (good)

pounds per acre to plow depth.

The recent stream bottom soils include some good flax land, princiDally the

soils of the second bottom of Chehalis series, with a total area of 218,715 acres.

Flax has also been successfully grown on heavier textured soils of the Newberg series.

There are approximately a quarter million acres o1 bottom land that would grow flax

as cleared, of which perhaps 25,000 acres should be available for flax production

annually in a four-year rotation. It should not be difficult, therefore, to grow

as much as 50,000 acres of flax on the main valley floor, and 25,000 acres on

suitable bottom land, if market and economic conditions should come to warrant it.

Robinson (1932) reported most of the fiber flax grown in Oregon was planted in

three soil series with the following production: Chehalis -- 3,514 lbs. per acre;

Willamette -- 3,099 lbs. per acre; and Amity -- 2,633 lbs. per acre.

Nutrient Requirements for Fiber Flax

The Soils Department of the Oregon Agricultural Experiment Station has

conducted field and plant house studies of the nutrient requirements of fiber flax

during a period of 12 years. Review of the literature and early results obtained

with several soils have been reported previously by Powers (1928 and 1936). Flax

was grown in water cultures, soil plats, and field fertilizer trials with a view to

obtaining information as to nutritive requirements of this plant for maximum fiber

production. Potassium and nitrate were found to be especially needed and potash

was found to be important in the early growth period. Potash seemed to increase

the yield and also the length and strength of straw or fibers. The effect of

nitrate on vegetative growth has been marked in some experiments. Nitrate

appeared to increase fiber yield less than it did straw yield, while potassium

seeraed to affect fiber production more. There is also an indication that super-

phosphate is effective in increasing the seed yield and quality of fiber. Heavy

fertilization without irrigation may increase drought injury in dry years. Ten

pounds of borax an acre, sown like clover seed a little before planting flax, appears

to be beneficial on western Oregon soils.

Microscopic arid X-Ray Studies

Microscopic examination of many stained cross sections of fertilized and

unfertilized flax stems and fibers show that potassium increases the plumpness and

causes wedging or crowding. X-ray photographs, secured through cooperation of

Professor Dore of the University of California, show that no difference in

individual cellulose units resulted from fertilization.
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Fertilizer Experiments at O.S.C. Arieultural Experiment Station

Field fertilizer and irrigation trials with fiber flax have been conducted
for the past decade on Willamette silty clay loam in the irrigation field of the
College Farm and the results are summarized in Table 1.

Treatments were applied ahead of the flax crop in a 5-year rotation.
Including some phosphate with potassium and nitrate in the fertilizer had increased
yields in three out of four cases on soil that had been cropped for 38 years. The

average gain in fiber flax yield has been .14 ton from potassium; .27 with

potassium and nitrate; and .33 with nitrogen, phosphate, and potassium included in
the fertilizer.

Irrigation has increased the length of fiber flax some six inches.
Supplemental irrigation as reported elsewhere by Tomsheck (1936) aids the activity
of beneficial micro-organisms of the soil and promotes the liberation of nutrients
for plants. Irrigation has given an 8-year average increase in yield of .78 ton an
acre, an average gain in net profit of $13.22 (Table 2). Tall flax is not only of

a more valuable grade but is more readily harvested either by hand or with machinery.

With irrigation and fertilizer, the total yield has been increased as much as 1.4
ton an acre.

Flax that is to be given a surface irrigation should be corrugated immediately
after planting. Fiber flax should be irrigated early. Recent studies by

Mr. Gerald Iewcomb (1940), made as a graduate student, show that maintaining the
soil moisture supply at above 50 per cent of the useful soil moisture range favors
increase in length and in yield of fiber flax. Providing an ample supply of
moisture and nutrient should prevent rapid ripening so that pulling may be completed
before the flax is dead ripe so that a high quality of fiber may be secured.

The 6-year average fiber yield on Willamette silt loam in the irrigation
field at the Oregon Agricultural Experiment Station is given in Table 3. Fiber

yields were determined from these plats by Dr. B. B. Robinson and E. G. Nelson.
The yield and quality of fiber appears to have been definitely improved both by
fertilizer application and by irrigation.

The primary object in the growing of fiber flax is the production of the
maximum amount of line or straight fiber. The line fiber is valued at from four

to five times that of the tow or tangled fiber. A small additional percentage of
line fiber may make a considerable difference in the net profit from a crop. The

relative amount of line fiber, as shown by Table 3, was increased with irrigation.

Flax that is less than about 24 inches in height has been processed into tow,
which commands a much lower price than could have been realized if line fiber had

been obtained from it. Flax in this class in Oregon is called No. 3 flax, and with
the small price that is paid per ton and the low yield per acre, the total amount

realized for such a crop may be small.

In Table 3 the relative amount of tow varies from year to year. This is

probably due partly to the extent that the straw was retted before it was scutched
and to the total height of the flax. The taller the flax and the less it is retted,

up to a certain point, the less short fiber will be obtained from it.
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Discussion

Potassium seems to be an especially important nutrient for fiber flax. It

appears to give strength, to increase the length of straw, and to render plants

more vigorous and disease resistant. This may be due to the action of potassium in

keeping lower carbohydrates in solution until they can be translocated to the bast

fibers where they are built into tissue. Full returns may not be realized from

potassic salts unless nitrates are also present to accompany the potassium ion into

the plant. A little phosphate may be helpful on old farm land as an aid to root

development, and it may increase yield, particularly of seed flax. A low ratio of

phosphate in the fertilizer seems desirable for fiber production.

The fertilizer requirements of fiber flax may be expected to vary with the

soil and its previous cropping and treatments. However, potassium seems to be of

first importance as to the mineral nutrients needed. Nitrate may be more in demand

for early vegetative growth and potassium most needed for fiber formation.

Better growth and yield may be expected when flax is planted very early

under western Oregon conditions and provided with a uniform, moderate moisture

content. Since flax responds to a 16-hour day length, as reported by Redington and

Priestley (1925), it is suggested that the value of early planting here is to secure

maximum growth during the longest days of the year and before the field moisture is

depleted.

SUTVIMARY

Over a half million acres in Willamette Valley are suitable for fiber flax

production.

Potassic salts with nitrogen supplied largely through legume residue may be

expected to increase length and value of fiber flax. The potassium may play a

catalyt c role in synthesis of carbohydrates or function to keep simpler

carbohydrates in solution until they can b deposited in the transforming bast

fibers in the flax plant. Microscopic examination of stained cross sections shows

that potassic salts increase the plumpness of flax fibers. X-ray studies show that

fertilizers do not change the arrangement of the cellulose units of the fiber.

Supplemental irrigation has increased height and yield of fiber flax,

especially when used with fertilizers. One or two irrigations, or a total of six

inches depth, appears to be a suitable amount on Wiilamette silty clay loam. Early

planting and providing uniform moisture and nutrient supply with the aid. of supple-

mental irrigation in western Oregon tend to delay the maturity and increase the

length and value of fiber flax.
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TABLE 1
E'FECT OF EIGHT YEARS IRRIGATION AND FERTILIZATION ON FIBER FLAX

Yields Given Are In Tons Per Acre

Oregon Agricultural Experiment Station
Soils Department

Average Gain Gain Gain by

Irrigation 8-Yr. by by Irrig.&

Treatment In Inches 1932 1934* 1935 1936 1937 1938 1939 i9LO Ave. Irrig. Fert. Fert.

DRY
Check .77 2.20 .95 .74 2.42 1.20 2.72 .96 1.50

K .72 2.94 .76 .88 2.54 1.42 2.84 .77 1.61 .11

NK .92 3.00 .82 .92 2.70 1.48 2.92 .80 1.70 .20

NPK 1.02 3.72 .88 1.24 3.30 .70 2.78 1.24 1.86 .36

LIGHT IRRIGATION 4.15
Check 1.20 2.64 1.62 2.26 3.00 2.50 2.72 1.71 2.21 7l

K .96 3.00 1.84 2.32 3.30 1.78 3.28 1.60 2.26 65 .05 .76

1.54 3.34 2.06 2.58 3.00 2.04 4.00 1.63 2.52 .82 .31 1.02

NPK 1.38 3.80 1.88 2.40 3.30 1.82 3.44 2.34 2.55 69 .34 1.05

MEDIUM IRRIGATION 6.05
Check 1.94 2.86 2.18 2.30 2.60 2.70 3.62 2.18 2.55 1.05

K 1.70 3.80 2.20 2.38 2.86 2.22 3.80 2.18 2.64 1.03 .09 1.14

NX 1.60 3.76 2.56 2.66 2.60 2.10 4.22 2.40 2.74 1.04 .19 1.24

NPK 1.52 4.16 2.24 2.80 2.80 1.70 3.40 2.92 2.69 .83 .14 1.19

HEAVY IRRIGATION 8.60

Check 1.48 2.66 2.08 2.62 2.88 2.18 3.12 245 2.43 .93

K :L6O 3.76 2.20 3.08 3.40 1.98 3.50 2.37 2,74 1.13 .31 1.24

NK 1.34 4.16 2.52 3.32 3.20 1.82 3.32 2.62 279 109 .36 1.29

NPK 1.64 4.16 2.48 3.48 3.20 1.44 3.62 3.14 2.90 1O4 .47 1.40

Average Irrigation 6.27

AVERAGE, DRY AND IRRIGATED
Check 1.35 2.59 1.71 1.98 2.73 2.15 3.05 1.83 2.17 .90

K 1.25 3.38 1.75 2.17 3.03 1.85 3.36 1.73 2.31 .94 .14 1.05

MC 1.35 3.57 1.99 2.37 2.88 1.86 3.62 1.86 2.44 .98 .27 1.18

NPK 1.39 3.96 1.87 2.48 3.15 1.42 3.31 2.41 2.50 .85 .33 1.21

GRAND AVERAGE .92 1.14

*Not air dry -- perhaps irrigated plats were less dry.



TABLE 2.

EFFECT OF EIGHT YEARS' IRRIGATION ON FIBER FLAX

Oregon Agricultural Experiment Station

Soils Department

Year

Irriga-
tion in
Inches

LnsJIncreaseFrornIrriationj
Yield

4c____
Dry Irrig. I

Gain Per
Acre

L_
Gain Per $ Per $ Per

Acre Inch Acre Acre Inch

Net Profit

_Per Acre
_1Nhole Crop
Dry Irrig.i

Lbs. Water Per
j.DryMatterf

I

Total_Pro&4
Dry Irrig.

Gain in
Net
Profit By
Irrigation

Inches Tons Tons Tons Tons 3 3 3 Lbs. Lbs. $

1932 5.0 .86 1.49 .63 .13 19.02 3.80 -14.26 4.04 10.22

1934 6.0 2.96 3.51 .55 .09 16.50 2.75 48.80 56.00 3.88 4.83 7.20

1935 6.0 .85 2.17 1.32 .22 39.60 6.60 -14.50 11.18 25.68

1936 63 .95 2,69 1.74 .27 52.20 8.25 -11.50 23.93 1828 760 35.43

1937 1.9 2.74 3.02 .28 .15 8.40 4.42 42.20 47.02 4.82

1938 7.5 1.18 2.03 .85 .11 25.50 3.40 -4.60 8.30 12.90

1939 9.4 2.82 3.50 .68 .07 20.40 2.17 44.60 51.52 6.92

1940 7.5 1.83 2.00 .17 .02 5.10 .68 14.90 11.48 3.42

Average 6.2 1.77 2.55 .78 .13 23.34 4.01 13.20 26.68 13.22

Note: Cost of Production $40.00 per acre.

Crop Valuation Used $30.00 per ton. Cost of harvesting excess figured at $6.00 per ton.

With water at $1.00 per acre inch.



TABLE 3.

FIBER YIELDS SEVEN-YEAR TEST°

Under Irrigation and Fertilization
All Yields in Pounds Per Acre.

1934 1935 1936 1937 1938* 1939 1940 Avege*
Treatment Line Tow Line Tow Line Tow Line Tow Line Tow Line Tow Line Tow Total Line

I
Tow

3 Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.

No Irrigation 355 113 74 60 169 54 477 130 - 475 221 43 308 413 265 148

Light 475 137 269 110 544 84 567 139 340 144 888 316 152 381 677 483 194

Medium 510 172 300 109 498 80 470 127 405 141 987 324 294 392 711 510 201

HeaV 563 147 296 124 790 68 621 190 374 112 741 300 409 377 771 570 201

No Fertilizer 429 131 233 84 415 57 521 135 402 138 785 328 216 344 613 433 180

K 496 145 232 101 425 81 509 124 - - 772 289 183 384 623 436 187

N K 450 163 239 115 566 68 528 135 275 125 840 279 187 343 652 468 184

N P K 527 130 235 103 596 78 579 192 256 104 694 267 311 387 684 491 193

°Data supplied by E. G. Nelson who also reviewed the manuscript and made suggestions.
*1938 is not used in the averages.
Line is the long fiber as it comes from the scutching machine before it is hackled.
Tow is the short fiber that comes from the scutching machine.



Flax Grown at 0. S. C. Agricultural Experiment Station, Corvallis, 1939

Flax Given Irrigation and Nitrogen and Potash Yielded 4.2 Tons Cured Weight
iear1y A World Record

0. S. C. Agricultural Experiment Station, 1939




