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THE EFFECT OF FERTILIZERS ON THE
YIELD AND QUALITY OF FIBER FLAX
PRODUCED UNDER IRRIGATION

INRTRODUCTION

Flax, which supplies the raw material for the
linen industry, is little known to most of the growers
of the world. The production of it is considered
specialized and is definitely limited,

Wherever this erop is grown, the growers face a
great problem of maintaining the proper balance of
nutrients in the solls. Deficlency and excess of any
nutrient show adverse results on the yield and quality.
Deficlency of nutrients may lower the yield of straw
and fiber, but excess of nutrients such as nitrogen,
would inerease the yield of fiber and straw. However,
excess of nitrogen would deteriorate the quality which
reduces the market value of the fiber. The quality of
fiber is more important than quantity and should not
be sacrificed in favor of yield.

Quality is becoming more and more important in the
fiber. The following factors have been considered
under quality: strength, yleld of hackled fiber, loss
of hackled tow fiber, color, cleanliness and wax
content of fiber. Seed quality includes oil content of

seed and iodine number of oil.
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Strength 1s ern important consideration in the be=-
havior of meny materisls used in manufscturing. This
is commcnliy realized in such massive structural
materisls as steel, concrete and wood. It is equally
Important for flax textiles because fiber strength is
related to the efficiency of such operstions as
hackling, spinning end weaving. Fiber strengths are
frequently reported in terms of load per unit fineness,
where rineness has the dimensions of mass per unit
lengtli. The tensile strength i1s one of the generally
accepied measures of flax {iber quality which has been
neglected in the industry and also by research workers,
The grower who produces the {iber of high strength
does not get a premium because this erop 1s not graded
on this basis,

There is not mueh informmation avallable rertaining
to strength of fiber. Whatever information is avail-
able comes from the research conducted in Europe, which
is of little value under Oregon conditions, Some work
has been done in Oregon and in some of the other states
on fertilizer requirement of this erop, but all the
experiments were conducted under non~irrigated cone
ditions. Such fertilizer recommendations are of 1little
or no value under irrigated conditions in order to maine-

tain high yleld of straw and fiber,
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The objectives of this research were to study the
effects of the different levels of fertilizer nutrients
including minor elements under irrigated conditions on

the yield and quality of fiber flax.



REVIEW OF LITERATURE

The fertilizer requirements of fiber flax
appear to vary with the fertility level of the soil
and its previous cropping system.

Lewis (23, p. 169-173) and Ince (18, p. 5-9) re-
ported that excessive amounts of nutrients were not
removed from the soil by the fiber flax. According
to Deterre (9, p. 271-273), the fiber flax did not
need high fertility requirement. It was aslso found
that the application of excessive rates of fertilizer
was deleterous to fiber flax quality. That was es-
pecially true with nitrogen.

Gross (14, p. 37-51) obtained no beneficial
effects when nitrogenous salts were supplied in
addition to potash salt, but explained that the ex-
periments were conducted in an extremely dry year.
Tobler (48, 47, p. 26-51, 208-21l;) stressed more on
the importance of making anatomical studies of the
bast cells when studying the effect of fertilizer. The
shape of bast cells, which influence the quality of
fiber, had generally been considered due to hereditary
characters, but was more likely to be the result of

soil nutrients.



Nitrogen

Bredemsnn and Febisn (2, p. LO6-407) and Fablan
(11, p. 18) found that a medium amount of nitrogen was
needed for the best guality and yield of fiber. A
smaller or & larger applicestion of nitrogen would pro-
duce uneconomie returns. A deficiency of nitrogen
caused short fine stems of fiber flax which contained
little fiber, while excessive nitrogen in the soil
tended to produce thick stems with lower fiber per-
centages and fiber of low guality.

In Western Oregon the soil is cold during the
early spring and the level of avalilable nitrogen is
low in the soil because of low nitrifiecation.
Halverson (16, p. 868-875) studisd the seasonal
variation of nitrates in the Willemette Valley of
Oregon and found that during winter and spring months
the nitrification rate was low. Therefore, only
traces of nitrates were present in the soil. The
humid season breaks suddenly into summer and after
this, molsture becomes the limiting factor, and the
application of nitrogen in the spring was recommended.
Powers (35, p. 755~763) also pointed out the necessity
of nitrogen for early vegetative growthe.

According to Week (51, p. 13~35), nitrogen alone

caused inferior fiber formation and fiber of poor



quality. But on the other hand, these bad effects
might partly bentmpreved with the epplication of P
and K salts in combination with nitrogen.

Kleberger (21, p. 119-123) obtained increased
vields of flax when nitrogen was applied in combination
with other elements. Scheel (L1, p. 489-523) got in-
creased yield of fiber when nitrogen was applied, but
line fiber percentage decreased and tow percentages
increased. Scheel (41, p. 489-523) and Devin {8, p. 827)
also found that excessive use of nitrogen causes a re-
duction in straw value, delay in maturity, and danger
of lodging.

Robinson and Cook (39, p. 497-509) reported that
nitrogen in the fertilizer mixture gave very little
benefit. Nitrogen combined with potash and phosphorus
fertilizers, gave no increased fiber yields and only
8lightly increased seed yields. The use of nitrogen
seemed to increase the hackling percentages slightly,
but lowered the strength. Neither of these measure-
ments were significant.

Unpublished results of three years fertilizer
trials in Western Oregon by Robinson and Nelson
(4O, p« 35) indicated that by the increase of nitrogen,
the straw yleld was increased, but line fiber at

higher rates decreased.
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Nelson (30, p. 41) (unpublished thesis) found that
fiber flax was very sensitive to either a deficiency or
an excess of nitrogen. A deficlency tended to produce
short fine straw. An excess of nitrogen inereaessed the
straw yleld, but lowered the guality.

Opitz (34, p. 61-116) stated that the good effect
of nitrogen fertilizer on the yield and quality of fiber
flax depended mainly upon the abundant and even water
supply. Deficiency of water or irregular water supply
diminished the effect of nitrogen. The maximum yields
were obtained with small nitrogen applications. It was
also found that seed yield end crude fat content were
influenced slightly by the nitrogen applieation but
much more by weather.

Milthorpe (29, p. 66) was of the opinion that
nitrogen and phosphorus were two most important elements
for flax. Satisfactory yields of straw and fiber were
obtained only when both nitrogen and phosphorus were at
high levels, Increasing the level of K did not greatly
influence the development of the plant or its fiber.

Na could apparently replace K. The level of Mg had a
pronounced influence on dry welght, height, water con-
tent and fiber content. Superphosphate increased the
total plant yield. Superphosphate decreased while

(HHM)ESQh increased the percentage and total yield of



fiber. Superphosphate increased the fiber strength
and coarseness of fiber.

Veltman (49, p. 12-23) reported that flax was
sensitive to alkalles and required much water. To
obtain the best fiber quality, a correct mixing ratio
of N, K and Ca was essential.

Jordan, et. al. {20, p. 551=563) found that
Americen hemp responded moderately to fertilizers,
and nitrogen reduced the breaking strength of fiber.

Black and Vessel (1, p. 179-18L) found that by
employing nitrogen, phosphorus and potassium singly
and in all combinations for hemp, nitrogen gave the
most benefit, followed in order by phosphorus and
potassium when alone.

Gupta (15, p. 16) reported that on jute there was
particularly good response to increasing rates of
nitrogen, and Nﬂh appeared to be a better source of N
than Noj. Omission of P from the nutrient solution

produced the most adverse effect.

Potassium

Potash plays a very important role in the develop=
ment of flax. There appears to be a definite relation
to the fiber formation and improvement of the quality
of fiber. Davin (8, p. 827) showed that potash in-
creased the height of the plant and mentioned the work
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of others at the same institute, to prove that a large
number of relatively small flbers with a very little
decrease In the percentege of f{iber in cross sections
were correlated with Increecse in height, It was
further stated that there was additional fiber in the
extra height produced by the potashe.

Bredemenn and Febian (2, p. L06-107) found that
rotash counteracts the deleterions influence produced
by an excess rate of nitrogen fertilizer. Potash as a
fertilizer did not produce any detrimental effect on the
fiver and also did not increase the yield when applied
on rich soil. Potash was especially beneficial when
the soll was defilicient in this nutrient.

Powers (35, p. 755=763) reported that potassium
tended to increase the length and the value of fiber
flax end that the potassium ion might pley = catalytiec
role in synthesls of carbohydrates or function to keep
gimpler carbohydrates in solutian‘until they could be
deposited in the transforming bast fibers in the flex
plant. Early plenting and providing uniform moisture
and nutrient supply with the aid of supplementel irri-
gation in Western Cregon tends to delay the maturity
and lneresse the length end value of fiber flax,

Scheel (L1, p. L89=523) found that by the appli-

cation of potassium, the straw, fiber and seed yield
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was incressed. This also increassed the length of
straw,.

Krafft (22, pe. 1i45) was of the opinion that
chloride ion was beneficial to flax. Kleberger (21,

p. 119=123, 158) obtained most satisfactory results
with Keinite, but Tobler (47, p. 208-21L) thought that
potassium sulphate was the best. Stelgerwald (45,

p. 282-28l) found that chemically impure salts of
potassium and megnesium were better for seed yleld
than pure potassium chloride salts. For fiber yield,
these salts behave quite opposite and for this, po-
tassium chloride salts were the best. Robinson and
Cook (39, pe L97=509) reported that potash in combina-
tion with phosphorus, gave increased ylelds of fiber
and seed.

An 1ncrease in the icdine value of the oll was
found by Schmalfuss (42, pe. 65-66) when soll K had been
more or less exhausted. Lewls (23, p. 169~173) thought
that potassium could only be beneficial when the soil
was deficient in potassium and phosphorus. The additiom
of either of these elements appeared to give no signi-
ficent increase in yield.

A study of Willamette Valley solils by Stephenson
and Schuster (46, pe 31) showed that little response

was obtained from potassium application and their
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recommendations were for a program that would supply
nitrogen, phosphorus and probably sulphur. Nelson
(30, p. Lhl) reported that potassium did not improve
yields and quality in any of the experiments, There-
fore, K was not recommended for this erop in Western
Oregon. Deterre (9, p. 271-273) found that potassium
helped in the production of fine, regular, long fiber,
Jekobey (19, p. 13-22) reported that the plant used
large amounts of mineral nutrients in earliest stage
of growth. Uptake of K, PZO; and N reaches its maxie
mum at blossoming time. The X requirement of fiber
flax was nearly 50% higher than that of the oil flax.

Choudhery (6, p. 55«63) conducted a series of
experiments on jute and found that there was no in-
crease in growth or yield by the application of Kel
and superphosphete singly and in combination. Optiz,
et. al. (32, p. 257-280) found that K manuring had good
effects on most commercially desirable qualities of
fiver flax, but the chloride ion was liable to cause

damage,

Phosphate
The phosphate is not considered as effective as

the X and N for this erop. It has a mere indirect
effect, or in other words, it aects in eonjunction with

other elements. Davin (8, p. 827) found that with the
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application of phosphate there was an increase in the
percentage of fiber in the cross section, and in the
fiber content of the flax plent, without causing any
significant differences in the number and size of the
fibers. Bredemann snd Fabian (2, p. 406-407) stated
that phosphate was slightly beneficial, but sometimes
it lowered the fiber quality, producing more tow in
proportion to line fiber and fiber strength was re-
duced. According to Deterre (9, p. 271-273), phos=-
phorus increased resistance to lodging when applied
as an optimum rete, but excess might cause ecarseness
in fiber. The findings of Scheel (41, p. 4B89~523)
and Powers (35, p. 755~763) were contradictory to the
work of Deterre, Bredemann and Fablan. It was found
that phosphate improved the fiber. Scheel (L1,

p. 189-523) also reported that by the applicetion of
phosphorus, the seed yleld was inecreased.

Robinson and Cock (39, p. 497-509) found that
phosphorus, when applied alone, d1d not seem to in-
crease the yleld of fiber and seed over the untreated
plots. In combination with potash, increased ylelds
were obtained and alsc often inereased the length of
straw. Nelson (30, p. 12-41) reported that fiber flax
did not respond to phosphate directly and recommended
that phosphate should be applied to the legume in the
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rotation so that flax would be beneflited indirectly.
Opitz (33, p. 185-195), on the other hand, reported
that for each addition of Ppog, there was a corres-
ponding increase in yield of straw and seed. Small
eamounts of Pgag gave more marked effect on the straw
yleld and large amounts decreased the straw yield.

Lewis (23, pe 169-173) was of the opinion that
phosphorus should not be applied unless the soll was
deficient in this element. The sddition of this
element did not sppear to give any significent inerease

in yield.

Calcium
According to Robinson and Cook (39, p. 497=509)

calcium (limestone) had only a slight beneficial effect
on ylelds and it lowered the percentage of fiber in

the straws In most cases 1t also lowered the [fiber
strength and the hackling percentage, indicating a

poor quality of fiber. Bredemann and Fabian (2,

pPe 406-407) found that recent application of lime gave
detrimental effect on flax growth. Deterre (9,

Ps 271-273) reported that lime in excess gave short
fiber and recommended that it should not be applied
immediately before sowing the flax.
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Magnesium

Robinson snd Cook (39, p. 497-509) sﬁated that
magnesium, when applied with calecium, tended to remove
the detrimental effect produced by calecium on fiber
strength.

Minor Elements

Zine
Aceording to Smith (LL, p. 99-100), zinec de-

ficleney in flax causes die-back symptoms which occurred
on heavy black soils. The use of zine sulphate with
normal superphosphate dressing to insure normal erop,
was recommended. Milliken (28, p. 69-73) found that
heavy rates of superphosphste, when applied in combina-
tion with 30 pounds per aecre of zinc sulphate, caused

a significant inereass in the percentage of plants
showing zine deficliency symptoms, as compared tc those
receiving 30 pounds of zine sulphate alone. However,
this result was not considered conclusive because
similar dressings of superphosphate, when applied,

gave no significant effect on the incldence of zine
deficiency symptoms when compared with untreated plants.
Walkley (50, p. 255-260) associsted these conflicting
results with the presence of zine impurity in the super
phosphate used. Riceman (38, p. 336-38L) conducted
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experiments on zinc~deficient soil and found that oat
plants which were treated with superphosphate, showed
a discoloration characteristic of phosphorus deficiency.
This was reduced by the addition of zine, especially
et lower levels of phosphate,

Piper (37, p. 199-206) and Millikan (27, p. 33=35)
showed in the water culture experiments with cereals
that this discoloration was not a characteristic of
wheat or cats grown under conditions of zinc deficiency.
In soils conteining excessive zine, Gall and Barnette
(13, p. 23-32) reported that, although phosphate
apparently did not change the toxic limits of re=
placeable zine, it stimulated the growth of corn and
cow peas on a sandy loam and a clay loam, while no
effect was noted in a sand.

Millikan (26, p. 273-278) reported that heavy
applications of phosphate, both with and without zine
sulphate, caused significant inerease in the severity
of zine deficiency symptoms in flax. The effect of
disodium phosphate was significantly greater than that
of superphosphate. This difference was due to & much
greater amount of zine impurity in the superphosphate

than in the disodium phosphate.
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Boron

Clagett and Klosterman (7, p. 64=65) reported that
8 grest majority of the early work on Boron in relation
to flax culture, was dealt with symbiotrapism or the
role of this element in the competition of the soil,
in a soil containing considerable organic matter. Re-
quirement of flex for Boron was shown in the early
'30's by Shkolnik. It was found that about .5 ppm of
Boron in sand culture stimulated the plant growth,
whereas with no Boron, root growth was poor and re-
sulted in early death of the plant. Over .5 ppm
showed toxic effect. Other Russian workers have re-
ported that In the asbsence of micro organisms, no
Boron is needed, but these authors thought that these
workers could be discounted, probably on the basis of
use of impure chemicals or improperly washed medium

of support.

Copper

Milliken (25, p. 113-116) reported that copper
deficlency in flax causes chlorosis and retards the
growth. Subsequent shortening of the interncdes gave
the plants a somewhet rosetted appesrance. The leaves
become puckered, slightly rolled along the edges, and
very twisted. Growth finally ceased and the plants

commenced to die from the top., These symptoms were
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simllar to those described by Piper (37, p. 199-206).
&

Wex

According to Chelikin and Kamalava (5, p. 38<42),
the flax and its waste products contained up to 2.5%
of wax~like substances.

Bullls (3, p. 176-189) reported that the foreign
flax fiber had lower wax content than the Oregon flax.
It was found that wax content of flax fiber appeared
in some seasons, to increase with maturity of the flax
from which it was prepared, but this relationship was
not consistant for three seasons in which this corre-
lation was studied. This relationship may at times be
complicated by other factors, such as soil or seasonal
weather conditions. It was also stated that wax con-

tent of flax fiber definitely related to variety.
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MATERIAL AND METHODS

An experiment was designed to determine the effect
of different levels of fertilizer nutrients including
minor elements under irrigated conditions on the yield

and quallty of the fiber flax.

Two experiments were established in the spring of
1955, one on Mr, Leo Michele's farm located five miles
west of Jefferson, Oregon, and the other on Mr. Cox's
farm located three and one-half miles west of Jefferson,
Oregon. Two soll series were selected. The soil series
on Mr. Leo Michele's farm was Chehalis, and on Mr. Cox's
farm, Amity.

Chehalis series is a well drained Chehalis silt
loam which is developed from recent alluvium on a flood
plain. This is the best all-around soil in Linn County,
Oregon, for general farm crops, especially flax, red
clover, corn and wheat. Amity series is an imperfectly
drained Amity silt loam which is developed from old
sllty alluvium on a terrace.

One variety of fiber flax with 1l fertilizer treat-
ments and & replications was superimposed on both
locations. The experimental plots on Mr. Cox's farm

could not be harvested because the farmer invertedly
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harvested the c¢rop. The data presented represents
the crop from the experiments on Mr. Leo Michele's
farm only. To have additional information on fertili-
zer response of flax, two varieties were planted on
the East Farm of Oregon 3State College in the fall of
1956. This farm is located one mile east of Corvallis,
Oregon. This experiment had 1l treatments and 6 repli-
cations for each variety. Unfortunately, this experi-
ment was destroyed by a flood which covered the area

with water and destroyed the plots.

So0ll Test

Before the flax was planted, the soils were tested
for phosphorus, potassium, caleium, organie matter,
Boron and pH. The analysis of the soll samples were
made by the standard methods (24, p. 1-8) currently
being used in the Soil Testing Laboratory, Department
of Solls, Oregon State College, Corvellis, Oregon. The

results are shown in Teble I.



Table 1

Soil Analysis of Chehalis and Amity 3o0ll Series

LM
Reg't. P

Soill Series PH T/A  PPM
1. Chehalis

Surface 6" 6.0 13 She2

Sub surface 12" 6.1 3 51.0
2, Amity 4 N

Surface 6" 6.1 1% 62.0

Sub surface 12" 6.3 1 32.75

IM = Lime requirement

PPM S Parts per million

C.E.C. = Cation exchange capacity
O«Me = Organic matter

K Ca Hg B
ME/100g ME/100g ME/100g PPM

1.21
0.98

0.86
0.8l

13.60
18,10

11.70
12465

10.76
1h.39

6.99
10.44

0o,
%

0.77
0.67

0.80
0.62

3,22
1.77

2,27
0.67

CeEeCo

HME/100g

28,90
33.42

22,87
2,12

oe
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The soll analysis indicated the fertility level be-
fore planting the crop and it had no bearing on the
treatments.
The previous crop history of Mr. Lec Michele's
farm 1is givém in Table 1I.

Table II
Previous Crop History

Year Crop Fertilizers Applied Quantity Used

1952 Corn 16=20-0 LOO pounds per acre

1953 Squash 6-20=20 300 pounds per acre

1954 Corn 6=-20-20 130 pounds per acre
Establishment

A good seed bed was prepared just before planting.
Holland Concurrent, a white flowering commercisl variety,
was used In the experiment. The experiment consisted of
1} treatments end 6 replications and was designed as
reandomized block. The first elght treatments were a
b x 2 nitrogen and phosphorus factorial experiment. Plots
were 30 feet long and 8 feet wide. The treatments are

shown in Table III.



Taeble III

Fertilizer Treastments
with Rates of Application

Treatment Minor Elements
Number Trestments (Pounds per acre)
1 N P

2 N2 PO

3 Nho Po

L Ngo  Po

6 i 20 Pb()

7 NLo Peo

8 N80  Peo

9 No Pgo : ZnSeh; CuSo;, and Borax,

20 peuﬁﬂa per acre

znseh, CuS0),, and Borax,
20 pounds per acre

i
Lo
el
N
(]
o
&

11 gho P&G ZnSfoh, Clﬁ@u and Borax;
20 pounds per acre
12 Nog Peo K50, 60 pounds per aere
13 N2 Peo Borax, 20 pounds per acre
1 B0 Pgo Borax, 20 pounds per acre

Nitrogen rates were 0, 20, 4O and 60 pounds of
available nitrogen per acre applied as EH&H@B.

Phosphorus rates were 0 and 60 pounds of available
Pgag per acre applied as treble superphosphate. Twenty
pounds of available sulpher was added to each plot and
the source of sulpher was cuSoh.

The source of K0 was Kel.

The #murae of zine, copper and boron was zinc

sulphate, copper sulphate and borax respectively.
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The fertilizers were weighed and tgeroughly mixed.
They were broadcasted over their respective plots and
disced in just prior to planﬁing. The seed was drilled
on the 10th of May, 1955. The erop was irrigated by
overhead sprinklers on the 28th of May and on the 10th

of June.

Harvest

The method of determination for yield, quality,
physleal and seed yield factors were as follows:
Pulled Flax

The plots were harvested when most of the leaves
had fallen, which is considered to be optimum for best
quality. An area 3 feet by & feet was pulled by hand
from the center of each 30 foot by 8 foot plot. The
pulled straw was shocked immediately after harvesting
and 1t was exposed to sun for immediate drying and
bleaching. Air-dry straw welights were recorded in grams

for each plot.

Seed

Speclal threshing equipment called "whipper flax
deseeding machine" was used to thresh the seeds from the
fiber flax. The machine eonsisted of a pair of steel
rollers, each of which was fastened to the end of a

shaft. One roller was power driven, which in turn drove
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its twin roller by friction. By passing the tip ends
of the straw between the rollers, the seed bolls were
threshed without disturbing the parallelism of the straw.
The seeds were eleaned in e small fanning mill custo-
marily used for cleaning experimental seed lots. Weight
of the seed per plot was recorded in grams and weight of
deseeded flax was obtained by subtracting the weight of
seed from the pulled flax weight.

Retting

Retting 1s the bacterial decomposition of the en-
cresting substances which binds the fiber together and
to the inner woody portion of the straw. Bacteria which
are normally present on the straw helps in decomposition.
Before retting, a string with an attached metal tag was
tied around each bundle in order to maintain the identity
of the plots during and after a retting process. The
bundles were kept in an upright position in the tank snd
it was filled with cold water. The cold water was
allowed to remain on the strew for four hours, after
which 1t was drained. Fresh water, at a temperature of
92° F., without the addition of chemicals, was allowed to
enter the tank. Throughout the retting process, 92° F.
was maintained and this is an optimum temperature for
development of retting organisms. Twenty percent of the
water was replaced daily to lower the aeidlty, thus
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maintaining an optimum condition for the development of
retting bacteria. As soon as the retting process was
completed, the ligquor was drained and the straw was
rinsed with cold water in order to check further baec-
terial action. The tanks were drained and the stiraw
was dried out in the open sunlight. After dryling, the
straw was stored until e¢limatic conditions were
favorable for the scutching process, The bundles were
weilghed in grams in order to obtain the weight of

retted strawe.

Secutching Process

Scutehing is the process by which the woody
materiesl and short fiber from the long line fiber is
removed. Thils is always done during a period of high
humidity. All the samples were scutched in a commercial
Van Hauewest machine under high humidity conditions.

The speed of the beaters were kept constant for each
sample in order to eliminate variation due to scutching
speed. The scutched clean fiber is known as the line

fiber snd it was weighed immedlately after scecutching.

Percentage Yields
In this study, percentage of seed and fiber are
based on the pulled straw weight and also percentage of

line fiber on the deseeded straw weight. These were
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calculated by the following methods:

Percentage of fiber
1lled f Line Fiber x 100
i P Thax Weight of pulled flax (air dry)

i

Percentage of flber

in retted flax = Line Fiber x 100

Weight of retted flax (eir ary)
Percentage of seed = Seed Weight — X 100
Welgnt a% pulled flax (air dry) a0

Quality

Wax Content

The wax determinations of the fiber were made by
the Department of &griaultural Chemistry, Oregon 3tate
College, Corvallis, Oregon.

Method of analysis: The wax content was determined
by extracting weighted samples of fiber with ether.
After extraction, the ether was evaporated from the
flask and the wax which remained was welghed and cal-

culated as percent of the original fiber (4, p. 2).

Tensile strength was determined by using a power
driven Scott Tensile Tester, Model D. H. Pendulum type,
with a 50 kilogram maximum load. Before starting the
strength tests;, the fiber samples under test were kept
in a contrelled atmosphere room where all air condition-
ing, weighing and tensile testing took place. The

average room conditions were maintalned at a dry bulb

4
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temperature of 79° % 30 F, and wet bulb temperature
68° * 30 yhich made for a relative humidity of
56% t 1%.

After three days exposure in a conditioned room,
10 ssamples were selected at random from the middle of
the sample (hank of fiber). A section 10 inches long
was then cut from the center of each sub sample for
2trength test. Each sub sample was constructed with a
welght of 230 mg * 20 mg as determined by the torsion
balance and the actual weight was recorded. Each
specimen was placed in Capstan "wrap around"™ clamps
and tested in a flat bundle form. Ten determinations
wers made for each treestment. The breaking load was
recorded in kilograms. All results are calculated and
reported on the basis of lecad per unit fineness and are

expressed in terms of Kg/gz/em.

Fiber Judging for Quality
The fiber was judged for quality by two judges,

Mr. E. G. Nelson and Mr. D We Fishler, on the basis of
cleanliness and color, snd were rated 1 to L} on the
visual observations,
Color: 1. Bright, few or nc greenish streaks.
ke Mostly greenish except at butt ends.
Cleanliness: 1. Absclutely no shives.

e Numerous shives.
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Hackling Test
The samples were hackled on a commercial hackling
machine and were weighed on molsture free basis before
and after hackling. The loss of weight in hackling on
moisture free basis was noted. This is measured as the
loss of hackled tow fiber. The hackled fiber yield on

moisture free basis was also reported in grasms per plot.

Seed 0il Content and Iodine Number

01l content and iodine number were determined by
tests condueted by the United States Department of
Agriculture, Agricultural Research Service, Field Crops
Research Branch, St. Paul, Minnesota.

There are two methods used for determining oil
content: one is a dielectric method which requires a
large sample of seed (75 grams). The other is a "small
sample"” technique which is considered quite reliable.
Helther method is fully accepted as "offieial®™, but the
investigators at Minnesota Research Station report that
both are sufficiently accurate to place the samples in
their relative order. In this study the small sample
technique was used. These tests were run in duplicate
and means of the tests were used in the statistical

enalysis,
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ab_Analysis of the Straw for Total Fiber

Dismeter Index of the Straw: Nelson and Sather
(31) made a study of three different methods of
measuring dismeter of straw. The first measurement by
the caliper was by use of a swing caliper which
measured each individual straw. The second meesure=
ment consisted of a tying & string around a group of
50 straws and measuring the length 1n centimeters,
The third was merely the weight of 25 centimeters of
50 straws. These measurements were all indexes and
showed a high degree of correlation. The string
measurement and the weight of 50 straws were considered
80 much more rapid then measuring the individual straw
by the swing caliper method on the basis of their
Judgings. Circumference of 50 retted straws by the
string method was determined and from this the dismeter

index was calculated.

Total FPiber Determination

The 50 straws from the diameter index determination
were weighed on moisture free basis. These straws were
scutehed by Grant Lowry's small seutching machine in
order to remove the woody portion from the fiber. These
semples of fiber were boiled for 20 minutes in 1% NaOH.
The samples were then washed with weter in order to re-

move the shives from the fiber. Fiber was dried in an
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oven at 105° C. and weights were recorded. The percen-

tage of total fiber was calculated.

Percentage of . Weight of fiber (dry basis)
total fiber ™ {oTont of 50 retted straws (dry basis) » +°0

The ratios of Welght of 50 retted straws were also
Diameter index of 50 retted straws

calculated and reported as ratios %%é%%%g;

Methed of Analysls

The data were analysed by the analysis of variance
as outlined by Immer (17, p. 157). The means were
ranked by using the multiple range test developed by
Duncen (10, p. 1=42) in 1955. The averages of each
yield, quality and physical factors were computed and
arranged according to thelr respective magnitude. These
were underscored with lines as shown in Table VIII and
these different lines give the sub-groups A, B, C, and
D. These means are of statistical significance. The
sub=group A contain treatment means which are signifi-
cantly higher than the other sube-groups. The position
of overlapping sub-groups ABC or ABCD, etc., were not

determined,



Experimental Results

The conditions for flax production in the Willamette
Valley in 1955 were fair except for insufficlent rainfall
during the critiecal growing period and the fiber flax
yields were about average. The farmers who had facilities
for irrigation produced a good erop. The experimental
Plots were irrigated in order to obtain full response of
fertilizer. Weather conditions were ideal for harvesting

and curing fiber flax.

Analysis of the Results

Summary of analysis of varisnces showing the mean
squares for different yield, quality and physical
factors are presented in Tables IV and V. The effect
of the treatments were significant for retted flax, line
fiber, percent of total fiber, haekled fiber, diamater
index and seed yield.

Likewise, the treatment mean squares for pulled
flax, deseeded flax, percent fiber in pulled flax, per=
cent fiber in retted flax, percent of seed in pulled
flax, oll content of seed, iodine number and fiber
strength were highly significant.

There were significant differsnces for replications
in the case of percent fiber in retted flax, eleanliness

of flber, diemeter index, weight of 50 retted straws,
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retios of %?%ﬁ%%;; and lodine number of oil. The
variation for line fiber, percent fiber in pulled flax
and Iiber strength were highly significant.

In the sampling technique Ior the determinstion
of fiber strength, no significant varistion within the

sample was found, as shown in Table V.



33

Table IV

Summary of Analysis of Variances
Showing Mean 3quares and Degrees of Freedom

Analysis for

Sources of Varisticn

Straw Yields
1lle lax
Deseaeded {lax

Retbted flax

Fiber Yield

fine fiber

% fiber in pulled flax
% fiber in retted flax
% total fiber

Quality
Hackled fiber
Hackled tow fiber loss

Color
Cleanliness

Physical
Welght 50 straws
Diameter index

Ratios g%&&ht

iameter
Yield
Seed yleld

% seed in pulled flax

Seed guality
U1l contents
Iodine number

Replicstion Tregtment Hep.xTreat,
Degrees of Freedom
5 i3 65

3l4,179.28  137,681.38%% 45,311.10
22,015.50 62,01k .00%% 21,222,15
2L, 10k 27 31,350 2h#%  1l,90L.66

3,528,908 2, h?S-hgﬁ' 1,02L.56

o B9 Baes 1.20
Gely3% 10.23%§ goh?
324,90 36,04 1
518.02 82l .01 368.21
167.056 322.22 224413
0.056 0.268 C.241
1.396% 0.548 C.36l
67.053% 0.341 20.403
0406 0.0l 3 0.011
20.663% 9.115 6.235
2,696.55L  3,606.82L% 1,732.7h
3,172 Te3330% 2.525
l.228 2e3T20% 0.787
15,1l 6% 17613%% 5815

#F value exceeds the 5% level of significence.
#%F value exceeds the 1% level of significance.
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Table V

Summary of Analysis of Variance
For Fiber Strength and Flber Wax Content

Fiber Strength _Fiber Wax Contents

Variation ) }

due t@ QQFQ M.S, Mc Mt%o
Replication 5 3,291,510,) 6% 3 0.0217
Treatment 13 1,9L46,068,55% 13 0.0422
Rep x Treat 65 495, T46.99 39 0.0268
Variation with=-
in sample 756 104,203.05

# F value exceeds the 5% level of significance.
## F value exceeds the 1% level of significance.

To show the effect of nitrogen and phosphorus on
pulled flax, line fiber, fiber strength and percent
total fiber, the analysis of variance of i} x 2
factorial design is given in Table VI.

The rates of nitrogen gave highly significant
effect on the yleld of pulled flax. Tﬁenty pounds of
nitrogen did not increase the yield significantly, but
the increase of yield was significant at L0 pounds and
80 pounds of nitrogen. Response to phosphorus was not
significant end no interaction between nitrogen and
phosphorus was found.

Nitrogen application on the whole increased the
yield of line fiber: Forty pounds of nitrogen was the
optimum rate which inecreased the yield significantly

over check and 80 pounds of nitrogen decreased line
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fiber yield over L0 pounds of nitrogen. Phosphorus did
not show any significant effect on the yleld of line
fiber and the same was true with the nitrogen and
phosphorus interasction,

The effect of nitrogen was highly significant and
increment of nitrogen decressed the fiber strength sig-
nificently. At 80 pounds of nitrogen the decrease of
fiber strength was highly significant. Effect of phos~
phorus was highly significant and decreased the filber
strength significantly. No interaction between nitrogen
and phosphorus was noted.

No response of nitrogen and phosphorus was ob-
tained in total fiber. The interaction between nitrogen
and phosphorus deeressed the total fiber which could be

due to chance.



Table VI

Analyses of Variance of I x 2 Factorial Design
of Nitrogen and Phosphorus on Pulled Flax,
Line Fiber, Fiber Strength and % Total Fiber
—Paiied Filax _ Line Fiber _Fiber Strength Total Fiber
D.F. _Mean Square Mean Squsre Mean Square Mean Sguare

Replication

5 40,157.00 25525. 7% 239,048, 68%% 35.676
Treatment 7 146,417.29% 16, 357, 6l 285, 757« Sl 5l 609%
N 3 319, 707664 5,081,35% 419, 607.50%% 150
P 1 13,802.10 204.188 537,132, 10%% 23.56
NxP , 3 7,1401.96 303+129 68,016.1 118,074
Ng Vs Npg + ﬁh_g + Ngg 1 743,906,25%% 1,757.00
Npo Vs Nyo + Ngo 1 214,512.50% 1,020.1 v
Ng Vs Ngg 1 1,908.16 2;773.5 lj5 695.88
Ng Vs Npo 1 724,537 « 50 64 53l,00% 66, T716e423
Ng Vs Nggo. 1 680,066, T0%% 95040} B7hs 348 o 7To%%
Npg Vs Npo 3 171,704.2 79350 106,901.41
Nyo Vs Ngg : 701.17 12,1467:0hx 157,862,254
Nzo Vs N8o 1 , " - 1,007,2L3.36%%
Rep x Treatment 35 47,680.91 1,169.80 50,663,914 17.803

Total LT

# F value exceeds the 5% level of significance.
#% P value erceeds the 1% level of significance.

9€
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The means for each yield and quality factors raakeé
by multiple range method are given in Tables VII and VIII.
The position of overlapping sub groups ABC or ABCD, etc.,
was not determined. These may belong to A, B, C or may be
a group by themselves. Only further experimental evidence
would elarify the situation.

The averages of different fertilizer treatments for
each yield and quaslity fectors are given in Table VII
with their ranking such as A, AB, ABC, D.

Treatment Responses

YTield

There was no significant response of potassium. The
treatments of zlne, boron and copper slightly decreased
the yield of pulled flax in all cases. Doron alone with
20 pounds of nitrogen and 60 pounds of phosphorus did not
show any significant effect, but with 4O pounds of nitrogen
and the ssme rate of phosphorus, the yield increased sig-
nifieantly,; but only slightly more than with [0 pounds of
nitrogen alone.

Each rate of nitrogen showed a pronounced effect on
deseeded flax. At the rate of 80 pounds of nitrogen, the
yield of deseeded flax was significant. Respcnse to phos-

phorus was not measured. The effect of zlne, copper and
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boron mixture was not significant at all levels of nitro-
gen, There was also no effect of potassium. Boron alone
at 440 pounds of nitrogen and 60 pounds of phosphorus in-
creased the yield significantly and gave the highest
yield.

Twenty and L0 pounds of nitrogen did not show any
slgnificant effect, but loss of weilght in retting was more
at 80 pounds of nitrogen. The mixture of zine, boron and
copper did not show any significant effec¢t at O and 20
pounds of nltrogen with 60 pounds of phosphorus but at
4O pounds of nitrogen with 60 pounds of phosphorus, gave
significant increase in yield., Potasslum did not show
any pronounced effect. DBoron alone at 20 pounds of nitro-
gen and 60 pounds of phosphorus showed no significant
effect, but at 40 pounds of nitrogen and 60 pounds of
phosphorus gave the highest mean and decreased the loss
of weight in retiing.

Potassium did not show any significant effect on line
fiber yleld. The mixture of zine, copper and boron at 4O
pounds of nitrogen with 60 pounds of phosphorus gave sig-
nificent effect then at 0 and 20 pounds of nitrogen. When
boron applied alone at 20 pounds of nitrogen with 60
pounds of phosphorus gave no significant effsct, but at
40 pounds of nitrogen and 60 pounds of phosphorus gave
highest yield of line fiber. Phosphorus without nitrogen
showed a detrimental effect.
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Eighty pounds of nitrogen with and without phos=-
phorus decreased the percent of fiber in pulled flax
significantly. The remaining fertilizer treatments
showed & significant increase.

Eighty pounds of nitrogen with or without phosphorus
reduced the percent of fiber in retted straw, while the
other treatments gave aignifiaantly high percentages of
fiber,

The mixture of minor elements reduced the detri-
mental effect of nitrogen and phosphorus on percent total
fiber yield, but showed detrimental effect when applied
with J0 pounds of nitrogen and 60 pounds of phosphorus.
Potassium with 20 pounds of nitrogen and 60 pounds of
phosphorus incresassed the nitrogen percent total fiber
Yyield as compared to the treatment of 20 pounds of nitro-
gen and 60 pounds of phosphorus. Boron alone gave in-
creased percent total fiber as compared to treatments
20 pounds of nitrogen with 60 pounds of phosphorus and
4O pounds of nitrogen with 60 pounds of phosphorus.

Quality

At 20 and [0 pounds of nitrogen, the decrease in
strength was not very marked as compared to 0 pounds of
nitrogen, but 80 pounds of nitrogen decreased the fiber
strength significantly. At 0, 20 and 40 pounds of
nitrogen with 60 pounds of phosphorus, the averages fell
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in the same category, but 80 pounds of nitrogen with 60
pounds of phosphorus gave the lowest strength. Potassium
did not show any significant effeect. The mixture of zine,
copper and boron at each increment of nitrogen improved
the fiber strength and at 40 pounds of nitrogen with 60
pounds of phosphorus gave the second highest mean of
strength. Beoron alcne decreased the strength with in-
creasing rate of nitrogen.

Nitrogen at 0, 20 and L0 pounds did not give any sig-
nificant differences, but 80 pounds of nitrogen alone gave
the very low yield of hackled fiber as was the case with
80 pounds of nitrogen and 60 pounds of phosphorus. Sixty
pounds of phosphorus without nitrogen gave significantly
low yield.

Response to potassium was not very noticeable. The
mixture of zine, copper and boron inereased the hackled
fiber yield. Forty pounds of nitrogen and 60 pounds of
phosphorus with minor elements mixture gave highest yield
of hackled fiber yield. Boron alone did not show any sig-
nificant effect.

Physical Factors
The high rate of nitrogen, L0 and 80 pounds with 60

pounds of phosphorus gave significent increase and 20
pounds of nitrogen with no phosphorus gave significantly

low diemeter index. As the rate of nitrogen inereased with



41
phosphorus, the diemeter index increased significantly.
The response of potsssium was not very significant. The
wmixture of minor elements (zinc, boron and copper) in-
creased the diameter index significantly with increasing
rates of nitrogen and 60 pounds of phosphorus. Boron
alone, at 20 pounds of nitrogen and 60 pounds of phos=-
phorus, slightly decreased the diemeter, but did not
show any effect at 4O pounds of nitrogen and 60 pounds of
phosphorus.

Seed Yield and 011 Quality

Forty pounds of nitrogen gave the highest yield of
seed and 80 pounds of nitrogen decreased the seed yield
significantly. Phosphorus and potassium did not show any
significant effect. ’?be same response was obtained with
the minor elements (zine, boron and copper) mixture and
boron alone on the seed yield.,

Low rates of nitrogen up to 40 pounds gave a signifi~-
cant ilnecrease in percent of seed. At high rates of nitro-
gen, 80 pounds with and without phosphorus, decreased the
yield significantly. The response of potassium produced
the highest mean but not significantly different from
other means. The mixture of minor elements (zine, boron
and copper) and boron alone, did not show any response.

Twenty pounds of nitrogen with 60 pounds of phos=
phorus gave the highest yleld of oil and 20 pounds of
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nitrogen alone did not come to the same level. Eighty
pounds of nitrogen with and without phosphorus gave a
significant deerease. The range of means depleted that
with inereasing rates of nitrogen, the oil content of
seed decreased significantly and 20 pounds of nitrogen
with 60 pounds of phosphorus seemsd to be the optimum
rate of nitrogen. The mixture of minor elemsnts (copper,
zine end boron) and potassium did not show any signifi-
cant effect. Boron alone deereased the 0oil contents of
Seeds.

A very high rate of nitrogen, 80 pounds with or
without phosphorus, deecreased the iodine number of oil
significantly. Forty pounds of nitrogen with 60 pounds
of phosphorus gave significantly high ifodine number.
The mixture of minor elements (zine, boron and copper)
gave beneficial effect and increased significantly the
iodine number at 20 pounds of nitrogen with 60 pounds
of phosphorus. Potassium and boren alone did not give

any signifiecent response.



L3
Table VII: THE EFFECT OF DIFFRRZaT LEVELS OF FERTILIZER NUTRIENTS INCLUDING MINOR ELEMENTS ON THE YIELD AND QUALITY OF FIBER FLAX -

Pulled Deseeded Retted Line % Fiber % Fiber Fiber Hackled Loss in Dh Wt % in

Flax Flax Straw Fiber in Pulled in Retted ¢ Total Str:}gth Fiber Yield Hackling Fiber Jud Wex 50 Straws 50 Straws Wt,. Straws Seed Pulled 0il Iodine
Treatment Gms. Gms. Gms. Gms. Flax Straw Fiber Kg/g/cm. Gms., Gms., Color Eluﬁimu Content cus. Gms . Pia. QE Straws Yield Gms. Flax Content Number -
A

l. Ny Py BC ABCD ABCD ABC A A A ABCD BC ABC A AB AB
1928,33 1365.00 1156.33 190.83 9.9 16.b8 281  2517.95  106.91 k2.3 2.7 2,33 2,99 1.029 13,78 13.35 323433 16,82 36,78 195.33

2. Npg Pg ABC ABCD ABCD ABC A A B ABC ABCD c ABC A ABC AB
2101.67 1426.,67 1222,33 200,13 9.5 16439 25.50  2293.3 113,59 Lo.60 2.2 1.67 3.01 0.905 17.58 15,87 330,67 16,13 36,60 195,42

3. W Po A# ABC AZC AB A A A ABC ABCD BC A A ABCD AB
2256.67 1473.33 1263.67 219.17 9,7 17.18 30,91  2296.5 117.75 58,27 2,17 1.92 2,86 1,008 13,83 13.75 368.83 16430 36,57 195,67

Lhe wg, Py AB A AB c B B A c D B c B CDE BC
2210400 1570400 1270,17 170.83 7.7 1339 31.17  2083.06 93.59 35493 2,75 1.67 2.77 1,056 13,02 12,06 293.67 13.1  35.57 192,50

5. W Pgo c D D c A A A ABC cD BC BC A BC AB
1828,33 1270,00 1091.17 174467 9.5 15,97 30,45 223,91 96.09 L3.10 2,50 2,50 2.89 0,971 12,75 12,83 301,50 16451 36492 195,25

6. Ngo Pgp  ABC ABCD ABCD ABC A A B ABC ABCD B ABC A “ AB
2011.67 1380,00 1186,00 208,17 10,3 17.L4 25.59  2337.2 115.42 L3.60 2,00 1.92 2,87 1,045 14404 13.37 321,50 16,05 37.13 195.50

7o Mo Pgo AB AB AB ABC A A B ABC ABCD A AB A ABCD A
2195.00 1501.67 1272,17 212,33 9,7 16,69 22,5,  2253.19 115,92 57.10 2,25 2,08 2.73 1.21) 20.37 16457 353.17 16,05 36.42 195,83

A A ABC e . B B B D D A BeC B E+# c
8s Ngp Pgo 2220,00 1565.00 1260.00 169.50 7.6 13,32 27.55  180L.91 93.25 56,60 2,58 2,50 2,73 1.211 18.2 1h.47 297.83 13.45 3L.98 189,92

9. Ng Pgp c cD BCD BC A A A ABC ABCD BC BC A ABCD  AB
~ ZnCuB  1880.00 1293.33 1110.83 179,17 9.6 16,15 30,73  2365.3 116,59 37.27  2.50 2,17 2.77 0.997 12,89 12,70 297.83 1579 36453 195.67

10. TNpg Pgg c BCD- cD c A A A AB BCD B ABC A A A
 %m CuB 1890.00 1301467 1105.50 175.83 9.3 15.88 28,88  2/,56.58 98.25 L3.27 2,17 2.2 2.86 1.048 el 12,70 313450 16657 37,07 196400

11. W}0 Péo AB AB A A A A B I3 A B ABC A BCDE  AB
Zn Cu B 2191.67 1506.67 1279.17 223.33 10,2 17.48 27.22  2478.99 129,65 5he60 2,08 1,58 2,71 1.061 .72 1376 3L7.83 1587 35485 19L.L5

12, Npg Pgo ABC  ABC ABCD ABC A A A ABC ABC BC AB A AB AB
v 2098.33 1480.00 12112,00 20L.33 9.7 16.L6 28,92  2313,87 120,59 63493 2,42 2,08 2,85 0.965 13.L5 13,78 354.33 17.11 36483 195.33

13. Npq Pgo AB ABC ABC ABC A A A ABC ABCD BC ABC A ABC AB
B 2153.33 1471.67 1258.50 210,50 9,8 16465 31.04  2309.52 114,59 52.27 2,17 2.08 2,78 04992 13,12 12,99 33L.83 15,50 36462 195,67

. N Pgo A A A A A A A BC AB B ABC A DE AB
B 2260400 1555.00 1304.33 225,83 10,0 17.23 29,8,  2167.0k 123.10 L6.93 2,50 2.17 2,67 1,055 1&.:7 13.52 318,00 15:35 35.43 193.58

NOSO N.s. H.s. N.s. H. L nOS.

* Significantly high ranking mean,
#* Significantly low ranking mean,



PulTed Flax

Table VIII: Duncan's Multiple Ranges of Averages of Different Measurements of Fiber Flax Yields and Quality at 5% Level of Significance

Deseeded Flax  Retted Flax  Line Fiber  Percent Lime  Percent Fiber Tackled Fiber Diameter index  Seed Yield  Percent Seed

Means in Means in Means in Means in Fiber in in Retted Percent Total  Fiber Strength Yield of 50 Retted Means in in Pulled Seed 0i1 Iodine
Gms/Plot Gms/Plot Gms/Plot Gms/Plot Pulled Flax Flax Fiber om Means in Gms/Plot Straws “Gms/Plot Flax 0il Contents Number
1828.33 ] 127167 1091.17 1169.50 7| 7.6 1 13.32 ] azfsh 7 180k.91 -r‘{ 93.25 ] 0.905 7 293.67 | 13.a | 34,98 | 189.92 '(!
1880,00 c.l 1293.33 1105.50 -1 | 170.83 7.7 | 13,39 j 2550 ! 2083 .06 93.59 0.965 297.83 7 13.45 _T 35.L3 1 192,50 7T
189000 1301.67 1110.83 ] 174467 93] 15.88 25.59 2167.0L 9%.09 - 0,971 297.83 154357 35.57 | 193458
1928.33 1365.00 1156433 7 : 175.83 9.5 15,97 27.22 221,3 ,91 — 98.25 - 0.992 ¢ 301,50 15.50 35,85 7 I 19h.45
2011,67 ]| 1380,00 1186.00 179.17 . 9,5 * 16.15 27.55 2253,.19 106,91 0.997 513450 - 15.79 36sl2 7 195.25
2098.33 14126,67 1222,33 190.83 7 9.6 16.39 28,11 - 2293,30 113,59 1.008 321,50 15.89 36453 195.33
2101.,67 | _ [ 1h71.67 ! 121;2.00‘ - 200.33 9.7 16.47 28,88 2296.53 . 114,59 | 1,029 - . 323433 16.05 L 36457 c 195,33
2153.33 1473.33 1258,50 20L.33 . 9.7 | 16,18 A 28,92 2309.52 115,42 1,045 330,67 . 16,08 36460 195,42 .
2191,67 X 11,80,00 A 1260,67 | 208,17 . 9¢7 A 16.65 29.8, 1 2313487 ! 115,92 ! 1,055 33L.83 1§.13 36.62 L= 195,50
2195.00 1501,67 1263.67 BJ 210,50 9.8 16,69 30,15 2337.20 116,59 ! 1,056 310,83 1] 1630 36,78 195.67
2210400 1506.,67 | - 1270,17 ) 212,33 J 9.9 17.18 30473 2365.30 | | - 117.75 ) . 1.061 348,00 || < 16,51 36,83 ) 195467
222000 1555.00 1272,17 | - 21917 | 1 10,0 17.23 3091 256,58 | 120,59 | |- 1.098 353.17 16457 36.92 |- 195,67 |
2256467 1565400 1279.17 223433 10.2 17.Lk 31,04 2Li78.99 123.10 | _ 1.214 7] ; 354433 | 16,82 37.07 195.83
226°-°°_T 1570.00 - 13°h-33-T 225,83 10,3 17.48- 31.17J 2517.95_? 129459 - 1.2l j 568.’33_[A 17.11- 37.13 _ 196.oo_AI

* Means statistical significance.
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DISCUSSIOHN

Fiber flax 1s considered very sensitive to fertility
levels of the soll. Proper fertility level of soill plays
a vital role in maintaining the high ylelds and quality
of the crop. Both are of value to growers and processors. .
It was found that under the conditions of this experiment,
some fertilizer applications were beneficial to fiber flax.

Most of the flax fertlility studies have been con=-
ducted under non-irrigated conditions in Oregon and fer=-
tilizer recommendations made on that basis are of little
or no value under irrigated conditions. This study in-
dicates that yield and quality were influenced by nitrogen,
phosphorus, boron, and minor elements (Zn, Cu, B) in
combination. Although the yield and gquality of the un=
fertilized plots were quite high as compared to some of
the other treatments which could be due to the high fer-
tility level of the soil. This chemicel analysis of soil
also showed that over-all fertility level of soil was
high. Phosphorus, on the other hand, did not show any
beneficial effect on the fiber strength and produced

coarse fiber.

Nitrogen
Nitrogen 1s considered very important element in

development of fiber flax and a deficleney or excess of
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nitrogen show detrimental effect on the production. The
results reported in this study indicate thet low rates
of nitrogen, such as 20 pounds per acre, did not increase
the yield of pulled flax, deseeded flax, retted straw,
line riber, percent of total fiber, hackled fiber, seed
yield, oil content and iodine number. In addition, the
low level of nitrogen affected the physical characteris-
tics of fiber flax. This was especially true in the case
of diameter index of the straw and gave fine straw. This
type of straw is difficult to process and most of the
fiber 1s reduced to tow.

On the other hand, nitrogen at all levels did not
show any effect on other physical factors such as weight
of 50 retted straws and the ratio of Eg&ﬁ%%;;‘ These
determinations are mainly the physical factors by which
a plant breeder can judge whether his breeding material
is of high or low fiber content and also important in
crop judging. Feaster (12, p. L3=47) recently has made a
similar study and found that the correlations between
percent fiber and stem weight, percent fiber -and stem

diameter, ratio of the &Eﬂ%.!ﬁiﬂ&..anﬂ percent fiber
diameter

were negative for the plants with the monoecious straws
of hemp.
In the present study, the correlations of the above

mentioned factors were not made with the percent total
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fiber and nothing can be sald whether thin straw or

thick straw of flax would give high percentage of total
fiver. 3Such an information would be of great value to
the flax breeder, grower and processcor., It would also
help a great deal in crop grading.

By the application of nitrogen, even at low rates,
fiber strength was affected, but the effect was neg sig=
nificent., This indicates that nitrogen is detrimental
for fiber strength. This is only true when the fertility
level of soil is high.

Nitrogen also did not show effect on other quality
factors such as color, cleanliness and wax content of
fiber. Color and cleanliness are very important factors
in fiber judging and of a great value in the linen in-
dustry. There 1s no way to measure these factors quite
accurately by mechanical means, although this can be
determined by visual observations. Such determinations
are affected by personal experience and other factors.

01l content of seed and lodine number of oil are
very sensitive for nitrogen application. As the rate
of nitrogen increases, the oll content of seed decreases
gignificently. At 20 pounds of nitrogen with 60 pounds
of phospherus, the oil contents of seed did show signifi-
cent inereass. This beneficlal effect can be attributed

to phosphorus,
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In order to procure high ylelds of pulled flax and
deseoded flax, high rates of nitrogen can be applied, but
there 1s a danger of lodging and straw of green color at
very high rate, l.e., 80 pounds per acre. In this study,
4O pounds of nitrogen is moderate level of nitrogen in
order to obtaln economlc yield of pulled flax, but very
high nitrogen, no doubt, glves higher yleld than 40
pounds. This rate of nltrogen shows other detrimental
effects such as lodging, delay 1n maturity and straw of
green color, which lowers the grade of the flax.

At 40 pounds of niltrogen per acre, high yields of
line fiber, high percent of total fiber, percent fiber
in pulled flax, percent fiber in retted straw and high
seed yields are obbained. The fiber strength is also not
affected significently and it is not lowered to such a
point that it would not justily its use. On this basis,
4O pounds of nitrogen seems to be the optimum rate for
fiber flex production, but findings of Nelson (30,

L1l p.) does not agree with this and recommended only 20
pounds of nitrogen per acre, but these experiments were
conducted under non-irrigated conditions.

Very high rates of nitrogen, such as 80 pounds per
acre, show detrimental effect in all the yileld factors,
except the deseeded flax. Very thick, green colored

straw, delay in maturity, is produced and lodging also
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takes place. The yleld of percentages and quality of the
fiber 1s lowered very much and these detrimental effects
would net justify the use of high nitrogen for fiber flax
production. Such a high level of nitrogen is also detri-

mental to linseed production.

Phosphorus
The present study indicates that phosphorus does not

play an important role in the development of fiber flax.
This is true when the availsble phosphorus level of the
80il 1s high. Phosphorus did not show any significent
effect on the yield of straw, fiber and seed. It
appears to inerease the o0il content of the seed and has
some beneficial effect on the i1odine number of oil. No
analysis was made in order to determine the effect of
phosphorus on seed yield and seed quality factors,
Further study of this pessible improvement of seed gquality
would be of real value because the sale of seed is an
additional source of income to the growers.

On the other hand, phosphorus is very detrimental to
fiber quality, whieh lowers the fiber strength and pro=-
duces a coarse fiber and thick straw. In the current
study, 60 pounds of phosphorus per acre was applied and
this seemed to be a high rate of phosphorus on such soils
which had a very high level of available phosphorus in
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the soil to begin with, so increase in yield or beneficial
effects were not very likely. On this soil, a high rate
of phosphorus is not justified and optimum level should
be determined by further investigations at lower rates

in combination with nitrogen,

Potassiwm
Potassium did not improve the vield, quality of

fiber flax and seed aignifieahtly, because the ex-
changeable potassium was very high, that is, 966 pounds
per acre initially, Such a high level of exchangeable
potassium in the so0il would not Justify the use of
potassium fertilizer. The data does show that po-
tassium has some beneficial effect on percent total
fiber. It means that this element plays an important
role in total fiber Production, but this faet should be
confirmed by further trials. This nutrient should only

be used on the soils where the deficiency occurs.

Minor Elements

Minor elements seem to play an important role in
the development of fiber Plax. Some very interesting
results were obtained,

Borax, when used alone at the rate of 20 pounds per
acre, combined with 40 pounds of nitrogen and 60 pounds
of phosphorus showed some beneficial effect on the yield
of line fiber, but detrimental effects on the quality of
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fiber. No noticeable effect was observed on inereased
seed yleld and iodine number of oill.

Zine sulphate, borsx and copper sulphate, in com-
binetion, each at the rate of 20 pounds per acre, showed
a very beneflclal effect on yield and quality of fiber
which ls true only at L0 pounds of nitrogen end 60
pounds of phosphorus. This study indicates that either
there ls a deficlency of these minor elements in the
soll or this erop shows more respeﬁae to these elements
in the presence of high rates of nitrogen. But these
data do not glve any conclusive informstion about pro=-
fiteble use of these elements. In order to determine the
optimum rates of these elements, detalled experiments
should be designed which would lead to definite coneclusions
regarding the use of these elements and rates.

Time, split application and placement studies of
fertilizers can be snother approach to increase the yleld
and maintain proper quality under irrigeted conditions.
Such a study would slso be of greast value for the flax
which 1s planted quité early on cold soils in Oregon. At
that time there is usually a deficiency of nitrogen which
retards growth. A light application of nitrogen would be

of adventage on most soils when the flax is planted early.
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SUMMARY AND CONCLUSIONS

In 1955, an attempt was made to determine the
effect of different levels of fertilizer nutrlents in-
eluding minor elements under irrigated conditions on
the yield and quality of fiber flax. =

Holland Coneurrent variety of flber flax with 1l
fertilizer treatments and six replications were super=-
imposed on two locatlons., In the field trials, ran-
domized block design was used. The data of only one
location were analysed in this study.

The yleld characters studied were pulled flax, de=-
seeded flax, retted flax, line fiber, percent fiber in
pulled flax, percent fiber in retted flax, percent total
fiber, seed and percent seed in pulled flax. Under
quality the following factors were studied: fiber strength,
hackled fiber, loss of hackled tow, color, cleanliness,
wax content of fiber, oill content and iodine number of
0il. The physical characters included the diameter index

of 50 retted straws, weight of 50 retted straws and ratio

of weight of 50 retted straws
diameter index of 50 retted straws.

Fertilizer applicstion wass adventagecus to the flber
flax production. Yield, quality and physicel factor was
influenced by the application of nitrogen. Low levels of
nitrogen did not show any beneficial effect on the yield,
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quality and produced fine straw,.

Nitrogen, at the rate of L0 pounds per acre, appesared
to be the optimum rate in order to obtain high yield,
quality of seed and fiber. This level did not show any
deteriorating effect on the physical characters. High
rates of nitrogen such &s 80 pounds per acrs, gave detri-
mental effect on yield, quality of fiber and seed. This
level produced very thick, green colored straw and
lodging also took place,

Phosphorus did not appear to increase the yield of
straw, fiber and seed. It lowered the fiber strength sig-
nificantly. It also produced thick straw end coarse
fiber. This elements gave more beneficial effect on the
seed quality when applied in combination with nitrogen.

Potassium did not play.an important role in fiber
flax development and only increased the yield of percent
total fiber when applied with 20 pounds of nitrogen and
60 pounds of phosphorus. No significsnt results were
shown on the yield of straw and fiber. It also did not
effect the quality,

Minor elements (Zn, Cu, B) which, when applied with
4O pounds of nitrogen and 60 pounds of phosphorus treate
ment, gave very beneficial effect on the yield, quality
and physlcal factors,
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Boron alone with L0 pounds of nitrogen and 60 pounds
of phosphorus, gave significant increase in the yleld of
straw and fiber, but lowered the seed yleld and gquallty.
It also showed detrimental effect on fiber quality.

Nitrogen, phosphorus, potassium and minor elements
did not show any significant effect on the loss of hackled
tow, color, cleanliness, wax content of fiber. The
physical factors such as weight of 50 retted straws and

ratio of Welght of 50 retted straws HOre
Dismeter of Index of retted straws

not effected.
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