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SOIL, NUTRIENT AND IRRIGATION REQUIREMENTS
OF FIBiR FLAX

By
W. L. Powers, Oregon Agricultural Experiment Gtation

Suitable soil maintained in a good state of fertility and tilth is of
primary importance in the successful preduction of fiber flax in the north Pacific
coast repion. Progress has been made in recent years toward successful mechaniza=-
tion of harvesting operations, and modern scientific and mechanical skill should
help *to firmly establish processing and milling operations to provide local mar-
kets and manufacturing plants for flax produced. Flax growing promises to provide
an additional cash crop to the farmer, for which thero should be a protected mar-
kot in this country. According to Thomas Bowman, Chiel Counsel for the U. S.
Government at Belfast, ths linen goods imported into this country annually have a
retail value of approximately $50,000,000. The linen textile industry of Bolfast
alone is reported to employ 85,000 workers. The possibilities in flax and linen
under western Oregon climate oause much interost in the industry. This article
is prepared in the hope of directing flax soil selection and management mzthods
along suitable linss.

The pgeneral soil conditions suitable fer fibor flax include good drainaga,
a good supply of nitrogen and organic matter, and slightly heavy textured soil
such as silt loam, having good tilth, and usable water capacity and fertility.
Early plantings on clean, well preparsd clover sod land sesded around karch 15 to
April 10 have been most successful. Supplemental irrigation has been very helpful,
espaecially whon there was dry weather in Junc. Early planting permits taking ad-
vantagoe of tho spring moisture, and moist atmospheric conditions in early scason,
and brings on thoe "grand poriod of growth" during the longost days of tho yoar,
which was proved by Redington and Priestlsy (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 thore is an abundance of land suitable for
fiber flax production in this regione Soils on the old valley filling or the
main valley floor well suited for fiber flax production include those of Willamette
and Hillshoro series, and also the soils of the Amity series whore needod drainage
has been provided. The Willamette series includes 351,680 aores and the Amity ser-
ies 277,552 acres, so that there is ovor half a million acres in the main valley
floor oapatle of producing flax. Some of this land is now devoted to pormanent
cropse Thess solls are suitable for flax growing about once in four years in a
crop rotation that will include grain, clover and a cultivatad crop. Tho clover
sod will supply nitrogen and the cultivated crop helps to eliminate weads. It
should not be difficult to find 50,000 acros a year that could be devotsd to fibar
flax if market and economic conditions come to warrant it. The soils from flax
contract ficlds were tostod and found to bo moderately acid with 1 to 25 tons of
limo requircment and tho available phosphate was moderate in amount, ranging from
25 (low) to 125 (good) pounds per acrc Lo plow dopth.

The rceent stream bottom soils include somo good flax land, principally the
soils of the sccond bottom of Chehalis scries, with a total arca of 215,716 acros.
Flax has also been successfully grown on the soils of Sauvie series and on shallow
mucke These latter two soils series arc suitable for fiber flax only when needed
drainage has been provided. There are approximately 24,000 acres of Sauvie, mainly
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in Multnomah County, and 2,000 acres of muck and shallow peat, making about &
quarter of a million acres of bottom land, of which perhaps 25,000 acros should

be available for flax production annually in a four-year rotation. It should not
bs difficult, therefors, to grow as much as 50,000 acres of flax on the main val-
ley floor, 25,000 acres on suitable bottom land, if market and cconomic conditions
should come to warrant it. RobinSOn,(1932) reported most of ths fiber flax
grown in Oregon was planted in three soil serios with the following productiont
Chehalis -~ 3,514 lbs. per acres Willamette - 3,092 1lbs. por aocre; Amity - 2,633
1bs. por acro.

Fortilizer or Nutrient Requirements of Fiber Flax

Thu 80ils Departmoent of the Oregon Agricultural Zxporiment Station has con-
ducted ficld and plant house studises of the nutrient requiroments of fibor flax
for a period of nins yoars. Roview of thu literaturc and carly results obtained
hav. bocn roported proviously by Powors (1928), Flax was grown in wator cultures,
soil plats, and ficld fertilizer trials with a view to obtaining information as
to nutritive roquiromonts of this plant for maximum fibor production. Potassium
nitrate was found to be a promising potash carrisr and potash was found important
in tho oarly growth peoriods Potash socmod to incroase the yicld and also the
longth and strength of fibors.

Barlicr oxporimonts have given indication of the value of potassium sul-
fato for inducing incroascd fiber yiclds, particularly when used in conjunction
with nitrate. Tho offuct of nitratc on vegotative growth has boeon marked in some
sxporiments, Workors have shown instances whorc nitrato inercased fibor yiol?
less than it did straw yield, whiloe potassium scemed to affcct fiber production
mora. Thore is also an indieation that supcrphosphate is offcetive in incrons-
ing tho sced yiold, whilo potassium sulfate inerceascs tho ratio of fibor to that
of sceocd.

Further Fertilizor Trials

A fortilizer trial was initiatoed on Willamctte silty cluy loam ncur lMon-
mouth, Orcgon, boginning 1927, and continuod four sensons. Junc 18, 1330, the
flax of cortain fortilizod plats had received potassium and nitrate or completo
fortilizors, and was approximetely 4 foct highe. Yicld data apparontly wes not
sccurad (during absonca of the writer {for Sccond International Soil Congross).
This trial has boen movoed from ficld +to ficld, and has gonorally boon on clover
sod land cnd alweys on Willamotto silt loam soil, though troatmonts have boon
applisd cach soason at u new location.

The rosults, Table 1, indicate thot potassium is of importoncoe in waking
for l:ngth and strongth of fiber; and +thot nitrate supply is vssontinl to sceuro
full roturns from the potassium. Fioeld obscrvations indicate that a small emount
of phosphntc included in tho traatmont wmny hoelp rooting and avoid lodginize Whors
phosphats has boen included in the troabment it has hestonced blooming and owrcour-
aged branching, which is objoctionabl: to fiber flax, but porhaps desirable for
scod flax,

A plant housc fortilizer trial has boon maintained for four spring scasons,
usinl fourtoon 4-gallon stonuware jars filled with Willemotvto 8ilt loam s0il from
the college farm. Tho jars wore refillod in 1929 and thoe troatment simplifioed so
thot four jars of sach trontment wers provided instoad of two, as in provious

yearse. The yiold is prescnted in Tables 2 and 3.

Fotassium nitrate has froguently givon o maximum yicld and hoight in those
trials. Tho rottod fibor was judged as to quality by Supurintoendont Fitzgoerald,
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of the Oregon Linen }ills, who has had 25 years' experience in the flax indus-
try, and who placed ths retted, scutched fiber from the plat receiving potassium
nitrate as first in relative quality, without kmowing the treatment under which
the various samples for judging had been produced.

Uicroscopic and X-Ray Studies

Microscopic examination of many stained cross sections of fertilized and
unf'ertilized flax stems and fibers show that potassium increases the plumpness
and causcs wedging or crewding. X-ray photographs, secured through coopsration
of Professor Dore, of the University of California, show no difference in indi-
vidual cellulose units resulted from fertilizations

Fertilizar for Piber Flax‘gg Muck Soils

Fiber flax has been observed o make excellent wvegotative growbh on muck
soil yet the yield of fiber was disapurinting. A trial was conducted with poat
solls from Lake Labish, Oregon during thrce seasons, to determine the valus of
potassium and other fortilizers for increasing tho fiber flax yield on organic
soilss, Tho results of the trials for the two seasons arc reported in Tables 4
and 5.

In 1928 manure produced the maximum yield, although a combination of potas-
sium and nitrogon yislded nearly as highe In 1929 a complete fertilizer produced
the maximuwn yield, but it was practically equalled by the use of manurs and potas-
sium chlorides Trials with numerous peat areas show that this soil is low in
water soluble potassium, and that additions of potassium increase the yiclds of
various crops commonly grown on muck soils in Oregon. A little well rottsd manure
seems to inoculate the peat and aids i1ts deocomposition and formation of nitrates.
It also increascs tho water soluble potash, according to laboratory studics re-
ported clsowhero by Powers (1930). Limc on acid peat corrects acidity and aids
nitrification. The liberation of soms potassium by base sxchange may also occur.

While good peat soils will porhaps be employed for moro intonsive crops
then fiber flax, yet thore are areas of shallow poat and muck soils, which by
fortilization with potassium salts and othor indicated troatmonts following drain-
age, produce flax fibor of cxecollent lengths

Irrigation

Supplomontal irrigation scems to aid aetivity of beneficial micro-organisms
of tho soll and promotc the liberation of nutricents for plantse Onc five-inch
irrigation has increascd tho longth of fibor flax 20 cm. and has givon a 4-yoar
average increase in yiold of .91 ton an awore; or an average gain in net profit of
$12.35 (Table 7). Irrigation may be helpful in retarding rivoning so that pulling

ay by comploted beforo the plants ars dead ripe. This should aid in sccuring o
high quality of fiber. Tall flax is no% only morc valuuble but is morc rucdily
harvested, cithor by hand or with machincery. With irrigation and fertilizer the
total yield has beon increased as much as 2.11 tons an acre (Table 6).



YIELD, HEIGHT, AND QUALITY OF FIBER FLAX IN FERTILIZER TRIALS ON WILLAMETTE SILT LOAT.,
JIOFHMOUTH, OREGON, 1927, 1923, and 1929 - Table 1.

Trcatment Yicld per icrc
Amount per Acro 1527 19283 1929
Haturc 1927 1926 4 1929 | Per A. | Height [Qual. of | Por i. {Height | Per i..] Height

l1bs. | 1bs. ! 1bs, 1bs. or.¥ fibeor lbse ! cma 1bs. Crla
Nonc - - 4200 58 11 7520 6340 - -
Mitrate of Soda 100 100 4640 81 3 8160 6340 - -
Supcerphosphate (acid phosphate 200 200 39520 55 5 - - - -
Potassium Sulfatec 100 100 200 4000 66 4 6000 63.0 9280 53
Potassium Sulfate - - 400 - - - - - 9120 57
Nitrate and Potash 100 100 4800 69 1 3220 65.0 - -
Wone - - 4600 85 7 7330 85.5 704C 49
Pctash and Supcrphosphate 100 100 44380 58 3 3000 €9.0 - -
Potassium Sulfate 100 & - - - - - 3320 52

Arzioniun Sulfate - - 200
6-7-0 1927 (10-5-10) 1928 100 250 4640 55 6 2800 7040 - -
6=7=3 1927 (10-5-10) 1928,

(10-10-10) 1522 200 500 500 2520 55 10 3950 6340 10240 8%
6-7-5 300 - 3520 61 2 - - -
Nonec - - 3360 54 9 7340 6340 3320 52
Tonsilc strongth (Avorago of 10 tests, 6 strands cach).

* 30 contimctors is approxinotely one foob.

o Hitrogon, phosphorus and potassium, rospocetively.



Fertilizeor Expeoriment with Fiber Flax -~ 1927-30

fillamette Silt Loam Soil in 4

gale Stonavrarc Jars

. Yields
Pot Yo, . Treatments 1927 1928
Nature Rate por | Ave. Ave. Tensile | Compara-~| Ave, Avo.
acre Height | Weight | Strength | ative [leight |Weight
Quality
Cllt e gFms s OZe Clle 1M
1& 2 Check - 70 29.5 36 6th 95 3lel
3& 4 Halo, 200# 78 39.1 38 5th 110 60.8
5& 6 Cally(POy)p  200# 67 19.5 35 4th 102 40.3
7 &8 Ky804 2004 65 2048 52 3rd 95 35,1
9 & 10  KNOg 2004 80 41,5 45 1st 110 58.3
11 & 12 K,S0 o
2774 100#) 75 22.8 56 2nd 98 3744
Caly(POg)s  1004)
13 & 14  KNO
3 1007) 80 3648 57 Tth 110 48,0

Cally(P0y) s

1007r)




Table g

Fertilizer Experiment with Fiber Flax

Tillamette Silt Loam Soil -~ 1929

Treatments i Yields
Pot Hos. Hature Rate per i Ave. Height | Ave. Dry
Acre } in Cms. Wte Gms.
1bs.
(xc1 50)
1 -4 (NaNO 50) 74.8 26.6
(CaH4%P04)2 100)
5 - 3 ChGCk - 7100 2407
9 - 12 (xe1 100)
(NaNOg 100) 7345 32.5
13 16 ¥Cl 200 84.8 19,3
Table 4
Flax Yields = Lake Labish Peat -« 1928
Plants Grown in Pots
Treatments Yields
Nature | Rate per Acre Ave. Height [ Dry Weight
Tons cmsSe gmS o
Check - 114.3 48.6
Lime 2 11545 43,9
Manure 12 118,0 670
Potash o1 116.8 48,5
K and ¥ o1 12149 56.8
Lime and 2.
Potash .1 11545 5541
Lims and 2 11443 67,1
Manure 1z
Lime, 2
Potash and .1 115.5 54,6
Manure 12
Excess water - 36.3 1041
Complete (4~5-5) «25 109.2 49,2




Table E

Flax Yields =~ Lake Labish Peat for 1929

Plants Grown in Pots Containing 14# Air Dried Soil

Treatment Yields
Nature { Lbse. per Acre | Ave, Height ! Dry Weight

lbs, cmS e £ms .

Potassium Chloride 200 61e3 3648

Sodium Nitrate and 100) 7%.6 42.1

Potassium Chloride 100)

6"7"8 200 6803 4:4-2

ilanure and 10T)

Potassium Chloride 100) 676 43.6

Lime + 2T) 65.0 38.0

Potassium Chloride 100)

Potash~compound 400 6446 39.6

(contains ¥, Ca, g, & 804)

Check - 665 3343




Teble E
FILAX YIELDS 4 YEAR AVERAGE TONS PER ACRE

Soil Dept. = Ore. Agr. Exp. Sta.

Ave. Gain Gain Gain
Irriga. 1930* 1932 1934%* 1935 Total Average by by by irr.
in inches irr. fert. & fert.

Tons per acre

Dry 1.95 W77 2.20 .94 5.86  1.47 .
Check 2436 .72 2.94 .76 6.78  1.70 .23
K (Potassium) 4.12 .92 3.00 .82 8.86 2.22 .75
NK (Nitrogen~Potassium) 6430 1.02 3.72 .88 11.92  2.98 1.51
NKP (Nitrogen-Potassium=Phos. )
Light (Irriga) 3425
Check 3.14 1.20 2.64 1.62 8.60 2,15 -68
K 3.62 .96 3.00 1.84 9.42 2.36 .68 .21 .89
K 4.60 1.54 3.34 2.06 11.54 2.89 .67 .74 1.42
NEP 7.76 1.38 3.80 1.38 14.82 3.71 .73 1,56 2.24
Med. (Irriga) 4.87
Check 3.24 1.54 2.86 2.16 10.20 255 1.08
K 3.06 1.70 3.80 2.20 10.76  2.69 .99 .14 1.22
NK : 5.50 1.60 3.76 2.56 13.42 3,35 1.13 «80 1.88
NKP 5452 1.52 4.16 2.24 13.44 3436 .38 .81 1.89
Heavy (Irriga) 6.50
Check 3.89 1.48 2.66 2,08 10.11 2,53 1.06
K 4.30 1.60 3.76 2.20 11.86  2.97 1627 W44 1.50
NK 5.88 1.34 4.16 2.52 13.90 3.48 1.26 .95 2,01
NKP 6.44 1.64 4.16 2.48 14.72  3.68 .70 1.15 2.21
Average 4,87
Check 3.05 1.35 2,59 1.70 8.69 2.17 .94
3.34 1.25 3.38 1.75 9.72  2.43 .97 .255  1.20
5.03 1.35 3.57 1.99 11.94 2.98 1.02 .81 1.77
6451 1.39 3,96 1.87 13.73  3.43 .60 1.26 2.11

*FThis was a very heavy crop and might not have been thoroughly dry when weighed.
**Not air dry, perhaps irrigated plats were less drye.



Table 7

EFFECT OF 4 YEARS IRRIGATION ON FLAX
Soil Dept. Oregon State Exp. Station

1930-32-34~35 -

l Het profit Gain in
Irrige- Yield per acre Increase from irrigation ! Whole Crop ilet
Year tion in ' All Gain | Gain | § per fﬁ per | o Profit
inches Dry ! Irrigation! per | Per A. acre | acre in.i Dry 3 Irrigation ! by
! Trials , acre . inch | § | & | ! i Irrigation
tons tons tons tons & o @ ¥ 5
1930 3e 3468 4,83 1.15 « 38 28,75 9.58 52.00 70.85 18,85
1932 5 .858 1.492 534 .127  15.85 317  ~18.55 ~11.5C 7.05
1834 Be 296 3451 «b5 .00 13.75 2.29 34,00 33445 4,45
1938 Ge .85 2417 1.32 22 33,00 5,50 ~18.75 +33 19.08
Average 5e 2.09 3400 «9135 .204 22,84 5.14 12,18 24453 12.35

Crop Valuation used

$25.00 per ton. Cost of harvesting excess

figured @ $6.00 per ton with water at $1.00 per acre inch.
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The four year average yield on Willametie silt loam in the irrigation field
at Oregon Agricultural Sxperimeont Station follows:

Table 8
Treatment Yield - Gain by Gain by Total Cain
Irrigation Fertilizer

Tons Tons Tons Tons
Untreated 2417 94 - -
Potassium sulfate 2443 97 +255 1.20
Potassium and nitrate 2.98 1.02 «81 1,77

Potassium, nitrate
and phosphate 3443 «603 1.26 2411

Fiber yiolds were determinod from these plats by Dr. B. B. Robinson (1934
only) shown in Tablo 9.

DISCUESSION

: The potassium ion seems to be an especially important nutrient for fiber
flax. It appears to give strength, to increase the length of straw, and to ren-
der plants more vigorous and disease resistant. This may be dus to the action of
potassium in keoeping lower carbohydratecs in solution until they can bo translocated
to the bhast fibers where they are built into tissus. The potassium ion may aid
formation of an ¢nzyme or co-gnzyme. It is suggosted that this ion may also be
helpful in formation of beet sugar and potato starch. Full returns may not be
realized from potassic salts unless nitrates are also present to accompany potas=-
sium ion into the plant. A little phosphate may be helpful under some conditions
as an aid tec root development, and it should increasse yield of soed flax.

The fertilizer requirements of fiber flax may be expected to vary with the
soils and its previous cropping and treatments; howsver, pobtassium seems to be of
first importance as to mineral nutrients needod. Nitrate may be more in demand
for early vogetative growth and potassium most needed for fiber formation. This
point is being investigated further. PFiber flax makes vigorous vegetative growth
on muck soil, but the product is low in fiber contente Furthor studies are under
way to test the valus of potassic salts for overcoming this doficiency.

Bottor growth and yicld may boe expected when flax is planted vory carly
undor wostern Orogon conditions, and provided with a uniform, moderate moisturo
content. Sincoe flax responds to o l6~hour day longth, as roportod by Rodington
and Pricstly, it is suggosted that the value of carly planting hure is to sccuro
maximum growth during thoe longest days of the yoar, and bofore the fiold moisturo
is dopleteds Providing a uniform supply of moistursc and nutricnt with tho aid of
supplomontal irrigation should increasc the length and provent rapid ripening in
order that pulling may be completed before the flax is dead ripe so as to secure
a higher quality of fibsr.

Table S
Total Fiber in Pounds 1/10 Acre, 1334, Data by B. B. Robinson
No irrigation 46,72 No fertilizer 56,03
Light " 61.21 NK " 64,15
tiedivwm " 68,186 NK " 6l.24

Heavy " 71.01 NPK " 65.67




SUNMARY

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

Potassic salts with nitrogen supplied may be expected to increase length
and valuec of fiber flax. The potassium jon may play a catalytic role in synthesis
of carbohydrates, or function to keep simpler carbohydrates in solution wntil they
can be doposited in the transforming bast fibers in the flax plant. Ilicroscopic
examination of stainced cross sections show that potassic salts increass the plump=-
ness of the flax fiberse. X-ray studics show that fortilizors do not change the
arrangoment of tho cellulose unite of the fiber.

Supplemuntal irrigation has increcased height and yicld of fibor flax os-
pocially when usceé with fertilizors. One carly five inch irrigation appears to
be a suitable amount on Willamotto Vallay flax soils. FEarly planting and provid-
ing uniform moisturc and nutricnt supply with the aid of supplomental irrigation
in wostorn Oregon tcnds to dolay tho maturity and incrcasc the longth and valuo of
fiboer flax,

Powers, W. L. Fertilizors for Fibor Flax. J. Am. Soc. Agron.
1928 201755-763,

Redington, G. & A Study of the Effect of Diurnal Psriodicity Upon
Priestley, J. H, Fibor Production. Froc. Loeds Philos. Soc.

Robinson, B. B. Fibor Flax Statistics. M., S, Offico of Fiber Plants,
1532 U. S. D. A.



