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WASHINGTON, D. C.

THE TIME TO HARVEST FIBER FLAX'
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Assistant Plant Breeder, Office of Fiber Plants, Bureau of Plant Industry
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INTRODUCTIOM .

Fiber flax is harvested at various stages, depending upon the cli-
mate in which it is grown and the purpose for which the flax iz in-
tended. It has generally beem thought that fiber flax should be
harvested early for fiber of the best quality and later for good seed.
It has been said that the best fiber can not be obtained if good seed
is produced and vice versa. Therefore the time to harvest may be
considered a very important agronomic point in the yield and quality
of the straw, fiber, and 'seecﬁT In some localities the farmer can

wdrarvest at only one stage, due to climatic conditions which would
coyprevent earlier or later pulling. In other sections the harvest, if
22desired, could be accomplished over 2 longer period of time; hence
~pbthe maturity of the plant might be a determining factor in deciding
| _when to begin to harvest, :
., The harvest stages of flax are called green ripe, yellow ripe, and
24ull ripe. In the %nited States fiber flax may be harves_teg at all
| =Bhree stages, but it is rarely pulled at the green-ripe stage. This is,
however, the common stage for pulling in Ireland and to some extent,
in western continental Europe, where the best quality of fiber is
Foduced. - Green ripe refers to the plant at an early stage. after
ull bloom, when the stems and leaves are green. During this period
the fiber separates easily and yields a very fine product, but the seed
is entirely sacrificed. Yellow ripe refers to a later stage of develop-

StjnThe experiments reporied were carried on in ecoperation with the Michigen Agricultural Ex[.:eriment
tion.

! The writer exnresses his nppreciation for assistance given and suggestions mada by Lyster B. Dewoy,
genior hotanist in cherge. Office of Fiber Plunts, Burean of Pinot Industry, and for the help of B. E.
Hn.rtsufh, chemistry department, Michigan State College, in performing the chemical work and making
suggestions,
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ment when the stems and leaves have turned yellow bedause of loss
of chlorophyll and many of the leaves have fallen off./ Plants har-
vested at this stage have & medium-fine fiber which is stronger .han
that harvested at the earlier period. In the late yellow-ripe stage
the seed is also obtained, which is an important source of revenue,
Full ripe is what the nams implies; the seed is fully developed and
the plant is mature or dead. The fiber ai this stage is said to be
Kenified and is difficult to separate from the wood. It' has lost its
silkiness, luster, and elasticity and has become of secondary impoz-
tance to the seed. The seed is of vexq good quality, but little, if &t
all, better than that obtsined in the late yellow-ripe stage. If the
westher at harvest time is very wet, the plants will remain green,
slthough the seed ma.{r be fully developed. This occurs sometimes
in Mi(ﬁ'xigan, but rarely in Oregon where fiber flax is grown. The
dry harvest season in Oregon cures the flax to & besutiful yeilow
color, and there the bolls remain yellow even st the full maturity stage.

In the United States and Canada very little fiber flax hes been pulled
during the green stage in recent years because the maximum yield
of seed has usually been desired, and the farmers have waited for
a late yellow-ripe or full-ripe stage. Nearly all the American fiber-
flax farmers pull ¢their flax in the late yellow-ripe stage. _

In selecting ths sime to harvest fiber flax in the United States and
Canade, most farmers follow the rule of ha.rves_t,in% when one-third
to one-half of the seed bolls are yellow to brown with fully developed
brownish seeds. At this time the stems have usually turned yell)ow
and the leaves have fallen off the stem two-thirds of the distance up -
from the ground. Experience shows that if flax is cut or pulled at
this time immature seed will mature in the shock and the yield of
seed will be as large as-if harvested later., Fufther, the fiber will
be of good quality under average climatic conditions, and this is
considered the most profitable period for harvesting fiber flax under
our economic system. ! If thers is reiny weather at harvest time,
flsx is likely to make a “second growth,” and this does not allow one
to judge the stage of the plent very well by the color of the stem.
The stem will remain green and the leaves that ordinarily fall off
will remain or new leaves will be produced. In cases of this kind
it is necessary to judge the maturity of the plant by the seed bolls.
The seeds in the bolls rattle when they are hard end mature, and the
harvest begins as soon as this becomes noticeable. Fiber-flax fields
muajf have s red appearance when dead ripe, and it is desirable to
pull before tLis stage is reached. /
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REVIEW OF LITERATURE

There has been little scientific investigation covering completely
the time to harvest fiber flax. Tobler {I8)%® in the mos{ recent
scientific book on fiber-flax culture cites the more important research
publications on thissubject. Ivanow (14)madea number of chemical
analyses of the vegetative parts of the plant (leaves, stems, and roots
together) and also of the seed. These analyses, made at four different
stages in the growth, showed an increese of the oil in the seed as 1t
matured. A small decrease occurred in the percentage of ether extract |
and in the iodine number of the vegetative parts of the plant from

$ Italic pumbers in pareatheses refer to Litetsture Cltad, p. 21,
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the scedling stage to the formation of flower buds. No data were
given for the vegetative parts after flowering started. Starch and
sugars also were studied by Ivanow, as he attempted to show the
source of food used in the oil formation of the seed. Dillman (9) has
made recent studies upon the oil content of the maturing seed of flax,
and his results show a steady and rapid inerease in the formation of
oil in dry seeds from 7 days after flowering until 25 days after flower-
ing, when a constant is reached. His work was conducted upon a
secd-flax variety and does not give results directly applicable for
fiber flax because in the field the flowers do not a]{ blossom at the
same time but over a period of scveral days, and information is desired
regarding the oil contont of immature and mature seed together as
it is produeed, pulled, and cured in the green and yellow stages.
Hutchinson (18) conducted the most extensive tests upon the pro-
duction and quality of fiber harvested at different stages. His results
showed that in general the latest date of harvesting gives the greatest
yiclds of fiber and seed, but in certain fests the opposite results
were sceured. His results were based upon the averages of three
lots for each stage, pullings being made once a week for four weeks.
n certain years the delayed harvest resulted in more and stronger
fiber, but there was little difference in the quality except in strength.
He stated {I2) that silkiness or oiliness is essential to spinning, as a
dry, bare fiber yields a product of lower value. _
r{%arker (3), Barker and Eyre (4), Eyre and Fisher (10) have brought
forward evidence to discredit the view that ripening seed on the E‘ax
plant drains from the stem an olesginous sap, thereby impairing the
auality of the fiber resulting from such straw. They show that when

ax is grown as a fiber crop and has come to the 1LElrof})er state for

pulling, which is reached about three weeks after full flowering, the
oil content of the seed has reached its maximum and the seed is
developed sufficiently for use as a sowing seed. .

It is thought by some that the amount of oil present in the flax
fiber is an indication of quality. Fargher and Withers ({7), writing
about cotton, state:

It is gencrally agreed that at the eustomary temperature of the spinning mill
the wnxes in the fiber become soft and semiliquid, and thus allow the proper
working of the cotton.  After spineing, the oil sets and cements the fibers. Spin-~
ning trials of Egyptisn cotton deprived of its wax showed that the material
béhaves very badly in the drawing and spinning processes, giving an excessive
amount of waste, irregular results, and showing a tendeney to adhere o the rollers.

It has been stated by Anderson {I), Ruschmann (1?), and others
that the harsh fiber customarily obtaned in the later stages is due
to the lignifying of the cellulose in the fiber cells. According to the
former (I, p. 207):

Lignification increases with the age of the fiber, being most widespread in the
fibers at the base of the stem. It increases as the stem matures, especially in
the later stages of the stem’s growth, and it is thia {act that playssoimportant a part
in determining the proper time for pulling the flax plant. Flax pulled too late
ia regurded as “harsh’; in other words it is lignified to a greater extent than is
desirable. The lignification of $he middle Iamella and secondary wall interferes
with the emsy separation of the fibers from one another and renders the com-
wmercial fiber coarser.

Ruschmann (17, p: T64) makes the following statement: “The fully

ripe plant should never be harvested, as the divisibility and spinning
quality of the flax are greatly injured by increasing lignification.”
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Bradbury (5, p. 77) states:

It has been generally experienced that when flax straw is pulled and reited
in the green state the resultant fiber is finer and silkior than the straw pulled at
# later and more matured stage, but the toial yield In volume and weight of
fiber is relatively smaller * * % Tt consequently happens that when the
planis are pulled at sueh an early period, the seed in the bolls ia immature and
too emall in size and too light in weight for sowing.

Bredemann (7) and Opitz and Pander (15) present data showing
the effect of early horvest upon the germination of the seed and the
waight of 1,000 seeds. They show significant increases in the weight
of 1,000 seeds and their germination between the green-ripe and
yellow-ripe, and between the yellow-ripe and full-ripe stages of
maturity,

Several workers {7, 8, 154, 19), besides presenting results on the
ﬁerminntion, percentage of oil, and weight per 100 seeds, have also

etermined the specific gravity of the seed; the iodina number, the
saponification number, the refractive index, and the acid number of
the oil; and the percentage of nitrogen and sucrose of seed flaxes
harvested at different periods of maturity.

EXPERIMENTAL METHODS

In this bulletin are presented the results of three years’ experiments
upon flax plots harvested at different stages. Extensive notes were
taken upon the appearance of the plants on different days in order
that any harvest period might be duplicated another year. Thess
notes are shown in Trbles 1 and 2, which give the appearance of the
plants on different harvest days in regard to color of the stems,
presence or absence and color of the leaves, number of flowers, and
size and color of the bolls and seeds from day to day.

The field from which the flax was obtained in 1926 was planted
at the rato of 80 pounds of seed per acre with a force-feed, 20-disk
type drill with 4 inches between the disks. The Spginaw variety of
tlex was used. This is a pure-line variety adapted to Michigan condi-
tions. A steip 30 feet wide, with the drill rows running crosswise,
was marked off; and on each day except Sundays, for a period of
30 days, a drill row of flax 30 feet long was pulled. Every other
drill row was skipped in pulling, and 11 of these skipped rows were
harvested on August 5, the last day, to check the soiF ﬁeterogenaity.




TaBLE 1.—Appearance of flaz plants on different days of harvest in 1926 as to color of slems, preserce or absence and color of leaves, number
of flowers, stze and color of bolls, and condilion and color of seeds

Stems

Portion
above Color of leaves
root
without,
leaves

Date of
harvest

Aver-
age
num-
ber of

Bolls

Dry seeds

Condition

Inches
July 7...
July 8.__ d 10
July 9. 13
July 10 15
July 12 17

July 13... 19
July 14 20

July 15_.. 2
July 16_._ 20

July 17.._| Turning yellow 20
July 19._..| Yellow, 40 per cent.. 20

July 20.__} Yellow, 50 per cent..

July 21.. .| Yellow, 75 per cent..
July 22___( Yellow, 80 per cent__
July 23.... Yellgw, 90 per cent..

July 24_ .. 0.
July 26.

July 28

July 28
July 30._
July 3
Aug. 2.
Aug.3

One-half full size

Vex?'1 immature and small___
0.

__...do .
Three-fourths full size.

o
Flat, immature, small to full
siz;,.
-.=ao

Immature, mostly full size,
flat.

Yellow to brown, 75

per cent.
Yellow to brown,
per cent.
do.

do.

Yellow to brown,
per cent.
Yellow to brown

Immature
Matoring

Greenish brown.

0.
Green to greenish brown.

Do.

Do.
Do.

Do.
Mostly green, very few
brown.
Some gray flakes.
Some reddish brown but
mg;stly dark green.t

0.
Light reddish: brown, many
tan, some green.
Do.
Light brown, very few green.
0.
Brown, some light colored.

Do.

Do.
Brown, no black.?
Do.

Do.
Dark brown, few black,
Do.

Do.
Do.

1 A very marked difference in color of the seed occurred between July 20 and July 21. All seeds from plants pulled before July 20 had a greenish shade, and the seed obtained

on July 21 and later had a brownish shade.

2 A marked difference in color of the dry seeds occurred between the July and August pullings. ‘The flaxaveraged 30 inches in height at maturity. ‘The first blossoms were

noticed on June 29,

XV1d 43414 LSHAYVH OL HNIL HHL




TaBLE 2.—Appearance of flax plants on different days of harvest in 1927 as to color of stems, presence or absence and color of leaves, number
of flowers, size and color of bolls, and condition and color of seeds !

Stems Aver Bolls

age
Portion| ber of At harvest After threshing (dry)
above | flowers

root

without Condition Color Condition

Watery ... Extremely small,flat,uni-{ Dull, light brown,
f greenish brown,
do. do di Do.
One-half full size. ... JION {, SOUSON S Do.
Two-thirds full size_.. ---do. Not uniform Do.
do do - Nearly full size - Glossy.
Three-fourths full size_ Doughy.__ _do . Greenish brown.
s..-do. K do. do. - Flllllll size, not completely { All colors.

Fométh-ﬂnhs full size_.
0.
Full si

OO0 ©

Do.
Reddish: brown.
s Do.
do Do.
d d Brown.?
Dark brown, very few
dark green.
[ [, T 4 Do.

28

Yellow, 90 per cent..
do Brown Do.
do R Dark brown.
do. Do.f

do d do Dot

Yél-low, 95 per cent._.
do.

BRERRE BNRBRN

OO0 OO

!'The flax averaged 32 inches in height at maturity.  The first blossoms were noticed on June 27.
1 Leaves also green.

3 Reddish tinge gone by July 27.

4 One-tenth of 1 per cent black.

THALISOIUDY 40 “IdEd 'S ‘A ‘98¢ NILITINT TVOINHOIAL
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"The flax, after being pulled, was spread out to dry for a day or two,
then tied into bundles, and the seed bolls were wrapped in a sack to
prevent any loss of seed. The bundies were stored in a dry room
until late in the summer, when they were carefully threshed. The
straw was then retted for 14 days in cold water. The retting was
very slow, and it is certain that overretting did not occur, the length
of time being primarily due to the lateness of the season. As the
samples were rather small, they were well braked upon a smsll flax
brake and the shives shaken out. Weighings of the fiber were then
made, after which it was hackled, and the hackled fiber was used in
the chemical determinations. Small amounts of the hackled fiber
were cut into 15-centimeter lengths, conditioned at 65 per cent
humidity, and weighed to one ten-thousandth of a gram. These,
after reconditioning at 65 per cent humidity, were broken upon a
hand-operating cloth-testing machine. The breaking strength in
kilograms per gram of fiber was then determined for the length, 15
centimetcrs.,

In the carliest harvested samples the seed was very carefully cleaned
by hand, ss the seeds were very light and an ordinary fanning mill
would have blown them away. The other samples were cleaned b
hand also, but not so much cere was required, as the seeds were
mature.

As stated earlicr, several rows of flax were skipped in harvesting
and pulled on the fast day, August 5. The yields for the different
harvesting dates were figured in percentages of thc—» for the skipped
rows, which served as checks. The percentages were determined by
dividing the actual yields by the corrected yields. The corrected

jelds were obtained by the method of straight-line interpolation

etween checks.

Gompertz’s growth curves, referred to by Prescott (16), were fitted
to these percentages as well as to the actual yields, as shown in the
figures. The growth curves were fitted to the data by the method of
grouping. The straw and fiber yields did not follow such a growth
curve, so the best straight line was fitted to these data to show the
lines of trend.

In 1927 a more extensive test was made on the time to harvest.
Instead of harvesting one sample every day as in 1926, 10 samples
were harvested from different sections of a large field every other day
for 35 days and in addition on every fifth day an extra large area of
flax was pulled. The individual samples taken every other day were
drill rows 20 feet long. The next pulling, two days later, was the
adjacent drill row, until 18 rows had been harvested side by side.
Sections where the 18 rows were pulled were labeled from g to J,
inclusive, and were widely separated in the field. The samples were
dricd in a greenhouse and then carefully wrapped separately in cheese-
doth to prevent loss of seed until they could be threshed. The
threshing of all samples was done by picking the seed bolls off by
hand and crushing them between the fingers. All seeds that did
not pass through a 1.651-millimeter diameter screen were picked out
from the chaff with forceps and the seed weight or yield recorded.
This proved to be a tedious procedure requiring a great deal of time,
as there was a very large number of small, immature seeds. The
straw, after weighing, was retted in warm water in three separate
rets in which the straw from the first six, middle six, and last six
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deys of harvest, respectively, was retted together. The first and the
second rets were normal, but the straw from the last six days of
harvest did not ret well and remained in the water, which was changed
a few times, for & month, and even then was not well retted but had
lost considerably in weight. It was afterwards discovered that the
retting tank used for retting the samples from the last six days con-
tained some copper, which undoubtedly reduced bacterial growth.

The scutching was done upon a special Grant scutcher. This ma-
chine was designed for small-plot work, and its work was uniform
and accurate. It had been found by previous scutching tests on
samples of similarly treated and retted straw that the probable error
for the average percentage of scutched fiber of 10 samples of similar
straw worked on the Grant scutcher is less than one-half of 1 per cent.
The fibor strength was determined from the scutched fiber in 1927,
the method wused in 1926 being followed.

In 1928 harvesting was done on only four separate days, which
represented different stages of maturity. Each day that pulﬁn were
made the flax was divided into twro separate lots. One lot of flax was
spread loosely on wire sereens in a cool barn to cure. The other lot
of the same pulling was cured rapidly in a greenhouse. The tempera~
ture in the greenhouse was several degrees warmer than the atmosphere
outside, although the windows of the greenhouse were open at all
. times. The flax, after being completely cured, was treated in a
manner similar to that in 1926 and 1927." Special effort was made in
1928 to ret the flax similarly. The straw had its roots and panicles
removed beforeretting.  Samples representing all the treatments were
retted together in a large glass jar. " The ret required approximately
eight days at a room temperature of 23° C.

In general the results in 1926, 1927, and 1928 agree very well.
The general shape of the growth curves and the lines of trend that
have been fitted each year to the data agree in nearly every respect.

YIELB OF SEED

Figure 1 shows graphs of the actual yields of seed in grams and
the actual germination percentage of the seed of flax harvested at.
successtve intervals in 1926 and 1927, to which Gompertz’s growth
curves have been fitted to show the trend of the results. The increase
in yield of seed is fairly rapid, the maximum yield being reached
about three weeks after full bloom. Tables 1 and 2, which present
data on the appearance of the plant and condition of the seed on
different harvest days, show that the seed is past the dough stage and
is hard and brown at the end of the third week of harvest.

The data agree with those of previous workers in regard to the in-
crease in the weight of the seed, but with the exception of Dillman (9}
cover a greater period of time and cover it more intensively, as others
have studied the seed from only three to five separate days, repre-
senting different stages. The growth curve for the increase in seed
weight follows the same trend as the curve for the actual yield of
seed, as would be expected. This is due to the fact that the Increase
in the yield (weight) of the seed is not so much an increase in the
actcllml number of seeds as in the size and weight of the individual
seeds,
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Tigure 2 shows that the percentage of oil * in {he seed reaches its
maximum very carly and that the immature seeds contain a foirly
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GERMINATION OF SEED

. That the pulling began eazlier in the plant’s growth in 1927 is also
mdicated by the germination, which began with zero per cent in 1927
whereas in 1926 it was 12 per cent on the corresponding date. The
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TasLE 3.—dActual yields of straw, fiber, and sced and chemical determinations made on the fiber and seed of plots of flaz harvested on different
days in 19261

Straw ; Seed Germination ; Fiber

Cellulose

Date harvested . Weight . ,i !
Un Threshed! Retted . Tatal Total | Heavy ! Ether | Aleohol
{

Lhresh-ed weight

per (1120 seeds | seeds? ; OH?' | Weight | Water | ovirace o extract ¢ 1 Alkali | Alkali
seeds § insoluble| scluble

B!

Grams Grams Crams ! Grams Gram . | Per cent' Per cenl. Percent | Grams ‘ Per cent | Per cent Per cent | Per cent
447 378 283 ! 0.78 : 85.

324 246 | 2,66
358 2021 345
337 % B85
355 270

333 207
315
358
346
381

27

July 16. ...
July 17. ..
July 19,
July 20. ..
July21.. ..
July-22. ..
July 23...
July 24, ..
July 26...,
July 27...
July28..._,

A A L S S S L T S L |

XVId 9HAId LSHAUVH O, TNLL THL

2% . .3 34,29
53 ) . 34.25
248 . . 34. 51

S g et
RENSRsIES
a 0D T =3 BD B e b

t Each plot was a drill row of flax 30'feet long, or }isse of an acre. ’ 4 Dry basis,
1 The germination of only heavy seeds, obtained by cleaning with a fanning mill, s Rows used to check soil heterogeneity; harvested Aug. 5.
¥ Wet basis, . The seed used in the oil analysis had 5 to 5,5 per cent moisture,
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Tasun d.—Average yields of 10 samples of flax harvesied in 1927

Btraw Sred Fiber

Date harvested Ta- ] Toud Woeight Qermi- . .
throshed | Threshed| oy l;ﬁ:«llgﬂ pution Welght{Strength?| Hackling?

¥

Coeffi-
Greme ? Granz ciend Ler cent
1373 L7

Za

i Girams
152 123
157 1B
138 234

135

&5

i
o BT e RO R
EREEISBLAY

-
B
B RI00 ST e O R

ha RS
on =1
BrEfE

s e

? T b ™S
ZRELBEIREDEES s, vor
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The germination in 1927 (fig. 1, B) does not show such a marked
increase at the beginning of the harvest as it doesin 1926, (Fig. 1, A.)
It is believed that there were probably two reasons. In 1927 & great
denl more care was used in picking out seeds, including the mature
ones, so that the percentage of germination in the early stages was
lowered becanse of the
~———1 larger proportion of im-
mature seeds. The aver-
age germination of 1,000
seeds harvested each day
G- wEIGHT (000 SEEES ¥ from July 17 to 27, 1927,
& pERcEnASE o and tested later, was va-

R riable. Before this time it
increased fairly uniformty
and aiterwards it was rel-
atively constant. (Fig. 1,
B} It is not known ex-
actly why these few days
showed such o variabil-
L L ul ] ity. Identical results

o ~erser Were secured by & second
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when the straw was cured
in a greenhouse the temperature was very warm. By reference to the
United States Woather Bureau reports it was found that July 19
and 23 were clear, sunshiny days and that July 17 and 21 were
cloudy and reiny. Ii is probable that the temperature and other
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physiological conditions in the greenhouse reduced the germination
of the sced harvested on July 19 and 23. In Table 5 and Figure 3
data are given [rom the large samples of flax harvested at five differ-
ent periods in 1927, in which the seed was cleaned with a fanning
mill, removing a large number of light, immature seeds. The germi-
nation test of this seed showed a very high percentage of germination
much carlier than the kand-picked samples harvested every other day
in 1027, the results of which are shown in Table 4. The light seeds
present in all carly harvested samples partly account for the imperfect
goermination, as the germination data are {rom sceds selected 2t
randont, Samples of seed taken from July 21 to August 4, 1928,
inclusive, showed a germination that averaged 99 per cent when
cleaned of light seceds by an air current. This was in some cases &
10 per cent higher germination than that obtained from seeds selected
et random and not fanned. (Table 3.)

Tanut 3. —Dale from large samples of flax harvested at differeni periods in 1927

Straw Fiher

in 4
Poalker Quality of flber
jrebting | (FHC

Tarvest Clerttinn- | Woighl per | Oil In
stago ticn 1) sewds e 1

!
\

: Fer v Per
Perocent ! Gritm cent © cenl
July ¥___.F Green 1062214 0 LISI=0. L | 206 TUET ; 28.00 ! Pest of ali samplos; soff-
! st sataple.?
July .. don e SR L LZRITE L 00 02| 7aes | 24wl | Good
July IS__.1 Green 1o yol- | 0008 7 | L9700 (OGIE | k15 G0 | 2206 | Falr; medivm streogth.

low,
July ‘.‘3__.; Y ollow GL 24 .0 | 3010 . 002 | 30, 14 R 22,46 ! Fair;  weakest of oll
. H | samples,
dudy oo eeoony BhoE G4 L300 L00R ] L A 21.94 | Harsh; {air strength.
Mg 2o, Dend pipeo ol Bobde (T G L3042 L0024 | B O L300 2285 | Hurgh; stroogest of all
i ; H ' : samples.
1 ! L3 1

5 1 The oﬂ pereentase of the air-dried seed was determinsl by the chemisiry expieriment station, Aichigan
Siate College.

TrPhe e obtained on Jaly 5 was judeged the besk of the six differest days by lhe Smith & Dove Manu-
facturing Co., Aadever, Mnss,

Reports on the germination of the seed in 1928 are very interesting.
The data given in Table 6 show how well the very immature seed will
germinate when left on the straw and the straw is allowed fo cure
slowly. Only 7.3+ 0.8 per cent ol the sced from straw pulled on July
14 and cured in the greenhouse germinated, while 61.3 % 2.0 per cent
of the sced from the same sample of straw cured in a barn germinated.

Tazre 6.—Data from flax harvested on different days in 1928 and cured in e cool
barn or in a warin greenhouse

. ; Where - T
Datéof | IMarcest the Woight per | Sermi- | Straw

h 0
el y P nodien | oafler
harvest stage Sti:-‘l:;c\:l HY 100 seeds of sced [retting rettedl

Fiher Ether
Fibor (ITack-| extract?

stroogth | Hing

strnw Straw| Fiber

. Cirari Poel, 1P, ol | P ot |Cocfcient| P, el
July 7o Full blooey, | In shade. 00546 4.7 &N, 97| 27 46230 U4G. 6| 68 8D
July 1- Lata preen_. | doooo0 1 LEPOE0 QTG L2 65 2. 43(240. 58, 5
July Yellow ripe . L 2MTE LU0 B L 26, T 07 3
Aug, Full rinea.a.laacdoaaa | AN L DO3GED, Gk L2 20, 924250, 66, 4
Julyvooo| Folt bleent.. | Insun.. ] 4081 0 3 L B4 150, 40, §)
July & Loateoreen. . | .. L1ohNE 0| T 84 . . 5. TR0, a0 0
Juzhy 4 Yeliow ripe jo__do___ . | . 21084 009|156 3k . . Ofi 288, 447, O
Aupcdoo| Fatlbreipe. 2§ oodo. LRI L DD, Gt 3. T4 243, 08,3

1 Kilogranms per gram of Ober, lenglh 13 contimeters.
1Ty basis,
F Fop fow secds for replivate test.
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YIELD OF STRAW

The actual yields of straw in 1926 and 1927 are given in Tables 3
and 4, respectively, while that for 1927 is shown graphically in Figure
4. Tizures 5 and ¢ show the trend of the corrected yiclds of straw in
1026 and 1927, respeetively. In 1926 (fig. 5) the yield of threshed
straw decreased slightly, but the deercase was not significant, being
only 6.4329.37 per cont.  However, in 1927 the lines of trend (figs.
4 and 6) show a significant incerease in the yield of both the unthreshed
and threshed struw s the plant matures. The increase is partly
aeemmtaod for by the [act that the sced develops on the plant with a
slight extension ol the panicle; but the plant also must increase in
weight, as the threshed straw, too, shows an increase as the plang
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Fiavne §.—Tronds of data for differenl days of harvast in 1097 given ng perceniages of tha data for
tho harvest of Augost & token ns equal to 100 per cent

matures. The inerease in weight in the unthreshed straw is slightly
greater than in the threshed straw, as is shown by the slope of the linea
of trend. (Fig. 6.) It 1s possible that the yields of straw might
{follow a growth curve if the weights were taken from the seediing
stage to maturity, but the results obtained here on the weights of
plants after flowering had started did not seem to indicate or warrant
the fitting of anything but a straight line. The increase in the weight
of the straw apparen tTy nearly reaches its peak at full bloom, and after
that the increase is gradual and nearly constant.

¥YIELD OF FIBER

The vield of fiber in each of the two years that it was studied is
shown, by lines of trend, to incremse as the season advances. In
1926 the Increase in the trend of fiber weight from the first to the last
day is 3.65+10.9 per cent {fig. 5), which is not significant; and in
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1927 the increase in the trend of fiber weight from the first pulling to
the lnst pulling is 17.79 £ 9.57 per cent {fig. 6), which is not significant.
A significant increase would have agreed with what hes been generally
supposed rom commercial results.

QUALITY OF FiIBER

Although the yield of fiber increased somewhat, the quality did not
improve very nuich except that in all three years the strength of the
fiber, which 1s an important [actor, increased with the lateness of the
harvest, In 1626 the trend of the increase in strength throughout
the period of harvest was gradual, but on some days the actual data
varied considerably from the trend. Because of this variability in
1926, the average strength for 3-day periods was plotted (fig. 7), and
the graph indieates a fuirly smooth trend. In 1927 the strength
of fiber merensed up to July 21 and then deereased as the full-ripe or
dead-ripe stage progressed.  (Fig, 7.) It is believed that the low
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strength of {iber shown by the Tast six days’ puliings ts duc somewhat
to the poor retting; such a decrease is indicated, however, by the
fact that the pullings of the middle six days, which were retted to-
gether, show an Inerease followed by a decrease that fits well with
the later data.  The seutehed fiber tested for its strength was first
conditioned under a constant 65 per cent humidity before weighing,
after weighing, and before breaking.

In 1928 the strength of the fiber was low In the early stages of
harvest, hizh in the middle period, and moderately high at the last
harvest, These datr are somewhat similar to those obtained in
1927. The two vears together indieate that the strength may in-
crease throughout the vellow-ripe period of harvest, later reach a
maximum, and then decrease slightly during the Tull-ripe period.
In 1928 the fiber aftor seutehing wis green in all sanples of straw
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cured in the shade and ereamy yellow in all that had been cured in
the sun. The fiber from the first two harvests was much finer and
softer than that from the last two harvests.

In 1926 no record was kept of the hackling percentages, but in
1927 snd 1928 these were recorded (Tables 4 and 6), and the per-
centages of hackled “line” were greatest in the middle or yellow-ripe
stage and in_the full-ripe stage. The results indicate that a small
decrease in the hackling p(‘rcent.age may occur after the yellow-ripe
stage, but further work is necessary to substantiate this. These
percentages of hackling might be low in 1927 compared with the
ordinary percentages of {lax hackling, but the tow obtained in scutch-
ing is net usually considered in the hackling percentage. In the

resent case the heckling percentage represents the hackled line
rom the total yield of fiber. I% is necessary to express it in this
manner because the Grant scutcher used did not separate the line
from the t,ow The 1927 fiber did not appear consistent in the
amount of “nature’”’ present, although there was not a great dif-
fercnce. The early samples contained slightly more nature than
the later samples and this, with the good strength and good haelding
porcentage of the middle period of harvest, helps to prove that this
stage is more favorable than the later stage for fiber of good quality.
o deterniine whether the fiber at the earlier stages of harvest 1s
oilier than that at the later stages, as has been reported, both ether
and aleohol extractions were made of samples of flax harvested on
different days, as well as of the straw from which the fiber was retted
and scutched. The data given in Tables 8 and 6 show very small
differenecs between the early-harvested and the late-harvested
samples, 20 that it is impossible to say whether the earlier harvest.ed
are oilier.

A number of cellulose determinations were made upon samples of
fiber harvested on different days in 1926. (Table 3.) The hackled
fiber was put in clear smmonium hydroxide (NaQB) solution, which
separated out ihe soluble celluloses from the insoluble cellulose (6)
under the particular conditions. The alkaline solution of cellulose
contained the lignified cellulose, which is said fo incresse in amount
in the later staoes of harvestmg Besides the determinations of
soluble and insoluble cellulose, data are given for the fotal cellulose
in 1 gram of fiber. (Table 3.) The data in Table 3 are too few to
give conclusive evidence of any increase or decrease in the cellulose
content. Thesmall differences may have been caused by nonuniform
small samples of fiber, averaging 0.35 gram per sample, and more
probably by the method of determination, Whlch is not standardized
for flax. As the results gave such small differences without a natural
trend, the work was not repeated nor was & method worked out that
applied especially to the problem.

The data obtained apply only to the green-ripe and yellow-ripe
flax, a5 no determinations were made, for the full-ripe stage. They
give low alkali-insoluble cellulose content and high salkali-soluble
cellulose content in the early yellow-ripe period. Further work is
needed on the Lellulose content of flax fiber et different stages of

3 A fax -.pinner s term used to destgpata guality, inclnding Jeel, softness, life, resiliency, elasticity, and
oilinesas,

T
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mufurity, in order to draw more definite conclusions and to cover all
three stages of harvesting.

Alpha-cellulose determinations were made upon six samples of
flex fiber grown in 1927. The method used was that reported by
the elpha-cellulose committee of the American Chemicalp Society.®
The alphs-cellulose determinations for flax pulled on different days,
expressed as percentages of dry weight of the fiber, are as follows:
Jng 8, 76.5; July 18, 76.1; July 18, 76.3; July 23, 78; July 28, 79.5;
and August 2, 80, These cover all three periods of harvest and
indicate & smell increase in the alpha-cellulose content of the fiber
as the plant goes from the yellow-ripe stage to that of full-ripe
maturity. The alpha-cellulose determinations made in 1927 are
much higher than the rlkali-insoluble cellulose determinations made
in 1926. This is largely due to the difference in the method of deter-
minatice and probably only slightly due to the better cleaning in
the scutching end hackling in 1927,

DISCUSSION

Table 7 shows the actual fipures of yields in 1927 as percentages
of the yields of August 6. This date was selected as the standard,
since it waes near the end of the period of harvest and did not have
o few abnormal high yields as fourd on August 8. All seven char-
scters studied show an increase as the flax matures. The fiber
weight appears high throughout, on account of a low yield of fiber
on August 8. The growth curves and lines of trend shown in Figure
6 were caloulated from the data in Table 7.

TaBLE 7.—Perceniage yields in 1927 oblained by delermining the average of 10
samples of flax for each harvest day as percentages of the average yield of Auguat 61
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In Table 8 a comparison is made between the deta for the dif-
ferent days and those for July 21. This day was used for purposes
of comparison because it seemed to mark the turning point of the

¢ RiTTER, (3, J., CHATRMAN, MODIFIED METEOD NO. 4 FOR THE DETERMINATION OF ALPHA CELLULGIE
EXPORTED BY THE ALPHACELLULOSE COMMITIEE OF THE AMEEICAN CHEMICAL SBOCIETY. [Unpublished.]
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growth curves for & number of the characters. Table 2 shows that
the condition of the plants on July 21 was very close to that when
fiber flax is considered ready for harvest. The comparison was
made by using Student’s method (2} which gives odds for the sig~
nificance of the differences in the data. (dds greater than 40 to 1
are often selected as representing significant differences and in
Table 6 {odds more than 40 to 1 or less than 1 to 40) it is shown that
on July 21 yields were greater than those on earlier days for germina-
tion and weight per 100 geeds, but that these Increase significentl
after July 21. 'The seed yield (and possibly the percentage of oif:
had calculation been feasible} did not imcrease after July 21 but
was significantly low before that date.

The data from the unthreshed and threshed straw and the fiber
are somewhat variable. The standard, July 21, is in general equal
to the period following and slightly better than the earler pertod.
Tables 7 and 8 indicate that fiax harvested as early s July 21 gave
yields that were near or at the maximum for sll the characters
stugied except the germination of the seed and the weight per 100
seeds.

TasLe 8.—O0dds! showing significance of difference befween average daily yields?
and those of July 21 used as a slandard?
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* Sea Table 5.
1 O0dds of moere than 40 te L {or less of than I to 40) may be considered as showing the results were not

due to chance.  Odds were vot determined for the percentage of oil in the seed, 85 only two oil determins.
tions ware miade for each day.
+ Used as the atandard of compurison.

Thus it has been shown that & number of characters in fiber flax
reach simultaneously a meximum incresse. These data would ba
of little value without 8 knowledge of their close correlation with the
appearance of the plant at different stages. If the maximum yield
of fiber and seed, the percentage of germunation, ete., can be associated
with the plant’s morphological appearance, then the proper stage
for pulling may be recognized in the appearance of the crop.

Tables 1 and 2 give date on the color of the stems, presence or
absence and color of the leaves, number of flowers, size and color of




20 TECHNICAL BULLETIN 238, U. 8. DEPT. OF AGRICULTURE

the bolls, and character of the sceds from day to dey. Each year
the harvesting started befove flowering was over, when there were
n fow seed bolls about one-half their normal size and an average of
two flowers per stem still in bloom. This stage is reached a littls
earlier than Eber flax is pulled in the United States and is therefore
a good period at which to begin.  According to the tables, the stems
had twned yollow and the leaves had fallen off for two-thirds of the
distance up the stoms, about July 26 or 27. Comparing the condition
of the secd bolls in the tables, it is scen that the harvest misht have
started a8 early as July 21, since the required number of holls were
then yellow. However, a few days later 50 per cent of the bolls
viould have turned from yellow to light brown, and thus this stage
coincides in 1926 and in 1927 with the time when the leaves have
fallen from the stems and the latter have turned yellow. Hence in
central Michigan the harvest should start abous July 26 or whenever
the condition of the plants in the ficlds corresponds to the condition
normally reached on that date. This date corvesponds very closely
to the avernge seasonal time of harvest at East Lansing, Mich., but
i a week or 10 days carlier than the seasonsl conditions in the “thumb
region,” the principal fiber-flax nrea of Michigan. ' Thero the harvest
begins about August 1. In Oregon, where fiber flax is grown, the
best flax is usually all pulled before August 1.

In Tables 3 and 4, which give the yields and analyses, the germi-
nation, percentage of oil yield, and weight per 100 of the seed are
all low and on an upwardy%rend before July 21. By that date some

of the conditions have reached & maximum or very nearly a maximum,
and the others inerease only slightly theroafter. It would appear

that as far as the seod is concerned the germination, percentage of
oil, and weight per 100 seeds are all at their maximum by July 26 or
a few days earlier. Though the trend of the total yield of seed stiil
tends to riso after July 25, the rise is slight and mathematically in-
significant (17.88+ 12,52 per cent (fig. 7) in 1926); and it would be
best to begin harvesting at about this time, especially if the acreage
is large enough to make the work extend over several days. If the
farnmer hes acroage requiring only one or two days to harvest, then
a day or two later might be best as far as the germination and weight
of the seeds are concerned.

Since the oil and cellulose content of the fiber show little or no
correlation with the time of pulling, and only the strength of the
fiber increases with later pulling, with a little loss in “nature,” the
data indicate that the best time to harvest, as far as the fiber is con-
cerned, 1s at thoe yellow-ripe stage, or in the present case about July
25 or 26.

Pulling machines used for harvesting fiber flax in recent years
seom to work better with flax full ripe to dead ripe. It may be
possible to improve the machines so that they will work more of-
ficiently in harvesting flax at earlier stages. Aside from the fact
that the crop may yield a fiber of better quality if harvested early,
it is usualiy desirab?n to harvest as early as possible fo avoid danger
of losses from bad weather, lodging, and discases end to allow more
time for the following processes of threshing, retting, scutching, and
hackling, and thus secure a quicker financial return. In some lo-
calities, if the flax is harvested late, it is impossible to ret it under
natural conditions until the following vear,
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The date here presented seem to justify the farmers of North
America in their practice regarding the time of pulling fiber flax.
No moroe favorable conditions for harvesting can be suggested than
those already mentioned. Many farmers do not begin harvesting
until the yellow stage of flax is well advanced, end with & large
aersage this results In o very overripe condition before the harvest
is snded. It would be better to begin harvesting earlier and to
reiss no more then may be pulled during the yellow-ripe stage.

SUMMARY

In order fo determine the proper time to harvest fiber flax, obser-
vations were meade during the summers of 1926, 1927, and 1928
with respect to tho morphological appearance of the plants as cor-
related with the yields end certain other specified characters of the
straw, seed, and fiber, .

Determinsntions were made of theso data on different days of the
harvest for each of tho three years, and the results are expressed-in
both tables and graphs. The changes in the various charscters from
day 0 day, as well as their relationships to one another, are likewise
discussed in detail,

The conclusion is reached that fiber flax should be harvested
during the yellow-ripe stage, in order to insure the best. results in
yield and quality of both the {iber and ths seed,
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