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Effect of Climate on tue Yield and OQil
Content of Flaxseed and on the Todine
Number of Linseed Oil'

By A, C. Divtsan, asseciale agronomisi, Division of Coerenl Craps and Disenses,
Burecw of Plant fadustry, Agricullural Research Administration, UUnited States
Lepartment of Agrietture, mnd T H, Hoveenr, formerly agricultural chemist,
North (thota Ageicwllural Erperiment Statinn
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INTRODUCTION

The experiments seported hiore wore undertaken to determine the
sz, titect of elimale or weather, especially of temperabure and rainf all, on
22 the yicld and o content of llaxseed and the quality of linseed oil pro-
=*dueed under yarious conditions in the United Stales and Cianada,
2FRour varicties of sced flax (fnsced) were grown for 1 to 10 yoears ab

mot licdd stations extending from Fairhanks, Alaska (at. 63° N, to
goan Jacinte, D o Mexico (39° NUY, amd from Nappan, Nova
“Beotia (long. 65° W3, (o Corvallis, Oreg. (123° W), In aititude the -
Frations ranged from 50 feel below sen lovel near 1Bl Centro, in tho
wEmperial Valley of California, (o nbout 8,000 foct at San Jacinto,
the Federal District of Mexico.  The average annual precipitation
nong the stations mnged from 45 inches at New Bronswick, N. d.,
‘E only 3 inches at 151 Centro, Calif.
& 'The vultivation of flax (Linum wsitatissimum 1) probably origi-
wtted in the enstern Mediterrancan region, but the crop is now grown
on every continent under a wide range of climatic conditions. The
wide distribution of flax can be sitributed 1o s cultivaiion for two
distinet products-—the linen fiber obtained from the stems and its
seeds, which vield Yinseed oil and the valuable Hivestocels {fecid, linseed
meal. Flax has been grown since ancient times, and it is probable
! Subeeitted for pmbtication Qeiober 1 Conpermtive Tnvestigalions by the Diviston of UCeren) Crops
aned Ddsenses, Burost of Plant Tmissiry, 1 S, Depariinent of Aprivadtore, wwd the North Uakotn Apgrk

cultieead Experfment Bhitfon, Phe penevans ongperatlon of the tny Blate, Federed, o ombnion oxper!-
pent nthims i conducthng the el experinents ke pekrpwiodges! i phae lox).
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thes Hrimitive man .sed flaxeced for food long before the art of spin-
ning and weaving was developed in ancient Jeypt.  Flavseed is still
used for human food to some extent in many countries.

In the United States, flax formerly was grown oxtensively in New
York, Pennsyivania, and Virginia, but during the past century its
cultivation has shilted wesbward to Minnesota and adjoining States,
where (he principal acreage is now located. During this migration f
the crop the States of Ohio, Tndiana, Lilineis, and lowa, in turn,took
tlic lead in flaxseed produclion. In the cooler northern latitude of
Europe, Canada, and the northern United States, flax is grown as a
spring-sown crop, whercus in mild climates it is sadl-sown.  In Argen-
tina and Uraguay, in the Southern Hemisphere, flax is sown during
July and August, the winter season, and is harvested in carly summer,
from November {o danuary. In the flax-growing arvea o~ India,
latitude 20° to 30° N., flax is sown in Oetober, al the end of the r*ny
seasen, or wet moaseon, and il ripens In March or April.  In the mild
climate of southern Texas and in California, flax vsually is sown in
November, and it vipens in late Apeil or May.

It is woll known that the zrowth and shysiological development of
faxsred, including the yiadd and deving quality of {Le oil, are affected
to & marked degree b, environmental conditions, especially by tem-
perature and soil-moisture supply.  Much of (he linsced o1l produced
frem domestic flaxseed grown in the hot drv seasons of 1034 and 1936
wig of low iedine number and of inferior drying quality. 1t was the
purpose of the experimen{s reported in Lhis bulletin to determine more
definitely the effect of wealher conditions on the development of the
flax plant aad the formation of oil in the seed,

COOPERATION

The writers desire to express their hearty apprectation for the
zenerous cooperation of the agronomisis and c¢ther officials of the
State and Canadian agricultural experiment stations who grew the
fiax, recorded the field notes, and supplicd seed <amples for analysis.
The experiment. covering 1 to 10 seasons at 3» slations, is a tribute
to the fine spirit of cooperation which exisls i scientific research.
The writers have assumed the responsibilily for planning the investi-
gation, the seed analyses, and the compilation of vesults. A list of the
cooperating stations smd names of cooperaiors, including the location
of each station, the elevation, annual precipitation, and type of soil,
s given in lable t.

The writers alse are indebled to the Archer-Banicls-NMidland Co,,
of Minneapolis. Minn.. for the analyzes of the samples grown in 1999
and 1930 and part of those of the 1931 erop. and for the complete
chemical and physical tests of the oils reported in tables 18 and 19
{sce pp. 60, 62, These analyses were made by 8. 0. Sorensen. chief
chemist, and his assistants, R E. Anderson and L. L Martin,  The
chemical analyses of the remaining 1931 samples and all samples from
the crops of 1932 to 1938 were made umder the diveetion of the junior
author. in the Division of Agricultural Chemistry, North Dakota
Agriculiural Experiment Slation, Fareo. N, Dalk. The wrilers are
greatly indebted te AL Pinckney and L. 1. Nesbitt for their earvelul
work in making the analvses and (o Muriel Johnson, also of that
Division, for her painstaking work in .aaking the mathematical con-
putations and for checking and typing the numerous tables.
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Tasne L—-List of slalio

Region o Aloention of experi-
ments .

Alaskaand Canada: -

Fairbanks, Alaska ..
Matanuska, Alaskn .
Fdmonton,- % 1herta
Fatlis, Alherai. .
Saskaloon, Saskateliewan
Morden, Manitoba

Nitawa, Ontario
Nappan, Nova Scotin
Pacific Northwest and Inter-

mountain:
Corvallis, Oreg........ ..
Union, Oreg .. .. ... ..

Pullman, Wash
Prasser, Wash.

Moseow, Tdaho. . -
Bozeman, Mont. .

Logan, Utah

Murray, Gtah: ...

Fort Duchesne, Utah. .

Fort. Collins, Calo .. ...
Great Plains: .

Havre, Mont, ... ... ..

Maceasin, Mont.. .. ...

Dickinson, N, Dak

Mandan, N, Dak

Sheridan, Wyo... ... .

Newell, 8, Dak. ... ...

Ardmore, S. Dak

Hays, Kans. .
Woodward, O

Denton, Tex.ooioieviine

(21

where flazseed was grown, showing approzimale latitude, longitude, elevation, mean annual precipilation, and soil type

; e e s e e T it s e e
: Institution und cooperator

:

;
§},~\lﬂsku Agricultural Experiment Station, F. L, MHiggins

- irniversity of Alberts, 0, §. Aamodt (1930-34), K. 11, Neathy

U University of Saskatoon, J. B, Hacrington.

' Dominion Experimenial Farm. for southern Manftoba, W. 1. | .

| . Bresky.

;;}(‘cnirnl Experimente® Farm, W, Gi. MeGregor

I Oregon Agricultural Experiment Siation, . D Hill ..o 0

i Eastern Oregon Livestock Branch Experiment Station, D.. B

i Richards. . .

Washington _gricultural Experiment Station, O, E. Barbee_ ..

Washington Irrigation Branch  Experiment Station, 1.
Singleton. )

Tdaho Agriculiural Experiment Static , K. H. Klages. ...

Montana Agricultural Experiment 3tation, Clyde MeKe

P,

Post.,
Aberdeen Substation, HMarland Stevens. . . vveneicncvmerawiaan-

["tah Agrieuitural Experiment Station, D, C. Tingey and R, W,
Woodward.

Colorado Agriculttiral Experiment Station, D. W, Robertson- ...

North Montana Branch Station, DL A, Bell... .

Judith Basin Branch Station, Joe L. Sutherland,

Dickinson Substation, Ralph W, Smith. ... ... . ..

Northern Great Plains Field Station, J. C. Brinsmade, Jr

Sheridan Field Station, R, 8. Towle. oo moves covmernedoniaionl

United States Department of Agriculture Belle Fourchs Field Sta-
tion, Beyer Aune (deceased).

United States Department of Agriculture Ardmore Experiment
Station, O. R.~ fathews,

Furt Hays Branch Station, A. F. Swanson

United States Department of Agriculture Somithern Great Plains
Field Station, Edmund Stephens.

Denton Substation, I. M, Atkins

RN Williams

Tatitude,
north

49517

61.230°
53932
Hae4y
52020
4902/

45924/
45.°48"
44°307
15°25¢

46544[
46°10

465447
46°

40°35"

48°30
47°

38950

36°2
33°

Longitude,
west

64°15

123107
117 250"

1i7°10"
119°45"
1i7°
11°
112°50’
111°487
111952

109°55

105°

109°47 -

109°45"
103°
1m°
106°50”
103°20

103°40°

99°20/
99°20°

97°

Elevation

Feet
&00
152

Mean an-
nual-pre-
cipitation
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Soil type

Sil{ Joam,
Black loam.

Do.
Dark clay loam.
Sandy loam.

Light sandy loa_ 1. :
Clay loam.

Willametteloam.
Catherine silt loam.

Palouse silt loain. )
Sagemoor fine sandy Ioam.

Palouse it loam.
Huffine, jloam.

Aberdeen silty clay loam..
Millville silty clay loam. " -
Welby loam,

Navajo clay.

Fors; Collins loam,

Scobey losm.

Dark clay loam.

Fine sandy clay logm;
Deep sandy silt loam,
Dark heavy clay loam;
Picrre clay. - :

Roschud clay loam.

Hays silty clay loam,
Woodward sandy. Juam.

Denton dark'clay.

110 QAUSNIT ANV - QEESXVIL
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Reglon andToeation of experi-
ments ;

Northern Prairie;
J"nrt,o, N. Dak
¢ rouk:lun, Minn
Morris, Minn.
St, Paul, Minn. .
Brookings, S, Lnk
Madison, Wis. .
Central and Enstern:
Lincoln, Nebr
Manhattan, Kans
Moran, knns
F rmlonm, Kuans
Ames, Town
Urbhang, 1
Waoster, Ohio
New Brungwick, N, J

Soathern "Pexas:
San Antenio, 'éx
Beeville, Tox
College Station, Pes |
Angleton, Pex
Vietorin, Pex
Orange (:rm ¢, Tex
Winter Haven, Tex
Southwestern:
El Centro, Calif. Lo
Mesa, Ariz., Lo
Sacaton, !
San Jacinte, Me\l(zo

I

. Angleton huhstmion, R. H. Stansel

Snnrs i s

Institution and (:;‘jxcmmr '

North Dakots Agriculiurel Bxperfment Station, 0, E, bloﬂ
Northwest Experiment Statlou, R. S, Dunham

West Central Experiment Smnon R. O, Bridgford .,

Minnesota Agricultural Evperimcnl Station, A. C. Arny

South Dakota Agricultural Experiment Statlon, 8P, vanson e
Wisconsin Agricultural Lxperiment Station, 0. 8. Aamodt. .

Nebraska Agricultural Experiment. Station, T, A. Kiesselbach. ..
Kansas Agricultural Experiment. Station, Hi. 1. Laude

}kunms Agriculturad Experiment Station, 1. K. Landon and F. B,

Davidson,
Towa Agriculturd) BExperiment Station, L. C. Burnetf. .
Illinois Agrieultural Experiment. .Smtmn I, J. Pieper ((lnu.ms(-d)
Ohio Agricultural Experiment Station, L. E. Thateher - ..

SOOI 3

New - Jersey Agricultural Experiment Slmmn Howard Sprul..uv -

‘Pexas Agricultural Mpcrum-nt Slulmn, E. 8. J\l('Fﬂ(ldl'" o

PrhnLo farm, E. 8. M¢Fadden

\\’inl.vr Haven Suhs[utinn E. Mortensen. | ...

| Tniperial Vatley Experimental Station, L. G, Goar. .

Salt River Villey Experimental Pnrm A, Bartel ..

United States Department of .\Lru,ultur(. Field Station, (e} hmg
SunrJacinto Experiment Station, Gumaro Garcla de Is Cardens.,

+ San Antonio Field Station, George Ratliffe. .. .0 . .
{ Beeville Substation, R. A, Hall. .

anude,
north

O

46 °5(l’

87"1

$2%47
33°20¢
3:*D

19°20°

Longitude,

west

Elevation

Me~q.an-
Nidn.pre-

cipitation

095°30°
97338
06°167
05°29°
s
JU: 54
09°50/
115934
1112507
11esy
0g°

i

V«cct
935
838

L7 ]

I, 050
1, 636
846

1,230
1,100
1,070

860

1,000
743
1,03
110

640
240
308

2
187
200
600

—53
1,245
1,200
&,.000

Inches

24,4
20,6
23.9
2.7
20,5
31,1

27,9
38,0
38.1
37.2
3L0
356

Fargo clay.

Fargo clay loam.
Sundy ciay loam,
Me-imac silt Ioatir,
Bal_ss sandy loam,
Miami clny Inam, -

)\
Clay loam. (». wa
Derby sil{ loani.
Oswego sils losm,
Cheroke silt loam:
Clacviongnm,
Muscatine silt loam.,
Waoster silt loam.
Sassafras loam.

Dark clay,
Fine sandy clay loum.

Lufkin finesandy losm,..

“ake Charles clay Joam, -

7 }-wsark caleareous clay loa:

Dark calcareous losam,
‘Fine sandy loam,

Silty clay loam.
Laveen silt loam,
Alluvial sandy loam,
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FLAXSEED AND LINSEED OIL -

REVIEW OF LITERATURE

_ Although the literature on the relation of climate to crop produc-
© an is very extensive, only o fow of the more important papers
dealing with flaxsced and other dil-bearing seeds are reviewed here.

Tn 1818 Rabak (18) ? reported the resulis of analyses of 4 varieties
of flax grown a4 G stations in the northern Great P'sins. The oir
content appeared to vary aceording fo the naturc of the growing
season, the greatesh range being at Avcher, Wyo., where the average
oil content of air-dry seed was 33.4 percent in 1914 and 38.8 percent
in 1915, The 4 varieties diflered somewhat in oil content, the 14-
sample averages being 33.2 percent for N. D R. 114, 33.8 percent
for Primost, 35,1 pereent for Damont, and 36.4 pereent for Reserve.

Tn 1920 Clerk (5) reported the yields n.d analyses of 14 varieties
of flax grown on new land ab Mandan, N. Dak., during the 3 years,
1914 to 1918, inclusive. The aversge oil confent of air-dvy seed
ranged from 33.8 pereent in Primost o 37.8 percent in N, LJ/ak.
No. 1221, Clark was perhaps the first to observe the reladion of size
of seed to oi} conlent., He stated:

It is apparent that thore 5 ) positive correla?ion between sced size and oil
rercenthges in these varietios and that the seed-fiax stenins are superior to the
shwrt-fiber steains in bobh of these charnetors,

Johnson (I5), in n study ol 46 fax varieties at University Farm,
St Paul, Minn., found a high positive corvelation between the weight
of 1,000 sceds ane the percentage yield of oil and a small bt sigmfi-
cant vegalive correlntion between sced weight and iodine number.
In another study Johinson {£6) found little or no effeet of soil lertility
o~ oil content or weight of 1,000 sceds at maturity. Ie obtained a
progrossive rednetion in yield of flaxseed when seeding was delayed
10 to 40 days after the optimum dale (May 1), but he found little

vifeet of date of seeding on the percentage of oil. o

Tarner ot al. (7Y concluded that under practical conditions climaté
is o more potendt faclor than soil type and fertilily in aflecting the
size and ot content of sovheans.

In the Union of Soviet Focialist Republics, N. N. Ivanov (9)
reported the analyses of 12 varielies of Haxseed grown ab 20 or more
stalions in 1924 and 1925, He lound that the large-sceded varieties
produced a higher pereentage of oil than medium- or small-seaded
varicties.  He stafed:

It was of great interest 10 ascorlain that the varielal difTerences preserve their
peeqliarities a< (o oil production throngh all stations where sowings were carried
anc--varieties for seed (linseed) vield the highest oil pereontapes, the varieties
for fiber a low one. while the intermediate varictios approach those for seeds as
rogards oil production.

Referring to the relative oil yvield ol distinct varieties, he stated:

CGeographieal factors exert almosi no influence on the oil content of finx varie-
ties, Ui laktter tenneivusly preserving their differences acquired in the process
of =eleetion,

Fis iest shows-l thal —oils obilained from dilferent localities were
apently different in their iodine values.”  From northern stations
ihe lodine values ranged from 187 to 191, from central stations 183
Lo 186, and from southern stations 104 o0 183,

s e nemebwrs in porentieses refer (o Litorature Cited, pofh,
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Ivanov e+ ™. (10) concludea from their studies that in general the
oil content .. a Pplant species decreases from northerly to southerly
la: tudes. However, increasing moistice content of the soil wa
found to increase the total oil in the seeds and, also, in the case of
flax, the lodine number of the oil, so that in the irrigated southern
distracts ol Russin the oil content reached 40 percent with an iodine
number ap to 17,

5. L, Ivanov (/1) reported that elimalic eor.litions grcatly influcnced
the feemabion of fatty acids in the oil of sceds.  Warm climaie lowered
and cold dimate rased the pereentnges of unsaturat | acids in the
coils.  Linolenic acid was the most sensitive to climatic conditions.

IHe alse presented (13) a schome of the oil-building process in the
seeds ol plants and discussed thoe eifect of climate on the oil content
and lodine number.  1le staled:

In the mild elimate of the South, where the day iemperature is high and with
litfle fluctuation during the day and night, the main produel of the vil-building
process is oleie acid; in the rough northern elimate, with sharp changes in the
teruperature of the day and night, unsaturated acids ar~ ereato Suctt changes
of the temperalure of the day aud niglt produce more huolenje avids,

He further (ported (£4) on linsced from Nolinsk (Russia) which
was cullivated at t o stations fn Switzeri.od- at Lichefled, 55 wm.
above sealevel, and Davos, 1,550 m. above sea level—and also in the
tropical house of the botanieal gardens at Berlin, Germany, The
todine numbers (Hubl) of the oils produced were: Nolinsic 185.1,
Liebefled 188.4, Davos 189.6, ard Berlin tropical louse 92.6. The
clinnte at the Swiss stalion was rainy and cold, whereas the Bedin
tropical greenhouse was kept at o temperature of 25° to 30° C., with
the atmosphere saturated.

Gross and Bailey (8) showed that )l oils from the Bison flax con-
tained higher percentrees of Leic acid and lower nereentages of lin-
olenic acid than did those from Abyssinian vellow flax Zrown in
the same Jocality.  The amount of unsaturation in an oil, or its iodine
number, appears to be a chamcteristic that can be varied by growing
the plants under different environmental conditions.

Diliman (6) and Johnson (16 in Minnesota, and Lehberg, MeGregor,
and Geddes {77) in Canada showed that the seed weight aud oil con-
tent ol Nlaxseed incrensed progressively with malurity up to approxi-
mately 30 days alter lowering.  "The deposition of oil in the sced was
very rapud from aboul (he fifth up to the twentieth day alter Mower-
mg. at which time 80 lo 90 percent of the (o] oil had been laid
down. Qil content and dry weight of secds renched o maxirium
several days before visual maturity.

EXPERIMENTAL METHODS
Fisi~ Pror Kxverivesrs

Four distinet varieties of flax were grown in drilled plots or in
three-row nursery plots kept free from weeds by cultivation. In
neaddy all the expertnrents the varietics were replicated three or more
times, Althongh no definite rotation or crop sequence was practiced
At most stations. flax wsually Tollowed a cultivated erop, a legme
crop, or clemn-cultivated summer allow.  Commervial Tertilizers
were nol used exeept al a few stations, as noted claewhere.  The soil
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preparaiion and rate and date of seeding were those considered best
in each locality as determined by previous experience. The rate of
seeding was about 2 pecks an’acre in the drier areas and 3 pocks it
Qunid areas and under irrigation. The cropwas grown under frrigal>n
at Bozeman, Mont.; Newell, 8. Dak.; Fort Collins, Colo.; Aberdeen,
Idaho; Prosser, Whash.; Winter Haven, Tex.; and . all stations in
Ut h, Californi~, and Avizona. At all other stalions the crop was
grown without i igation.

¥ me comparative dals un the percentage vield and quality of

Y of flax varisties grown in dated plots and in cultivated rows ab
Mandan and Fargo, N. Dak., under relafively dey coiclitions, and ab
Bozer.an, Mont., and Bl Centro, Calif,, under Irrigniion, indicated
little pr no significent difference in oil content or jodine nurmbee
Becween the two mettunds of cropping,  ILis believed, thereflore, thatno
capious error is introduced in this bullelin in combining the data fenm
drilled plots and nursery rows.  The varielies were grown ir drilted
plots at Corvallis & 1 Union, Oreg; Flavre and Moccasin, Mont.;
Dickinson, Mandan, and Fargo, N. Dak.; She dan, Wyo.: Newell
and Ardmore, 8. Dak.; Crookston, Mo s, and St Paul, Minn.;
Maran and Kredonia, Kans.; San Autonio, Tex.; and Mesa, Ariz.
At ndl other stations (he fax varieties were grown in replicated three-
row nursery plots,

The fns was harvested when rpe and threshed . soon as dry.
As 2 fow stations 1ne crop from nursery plots was stored under cover
until dry onough to thresh.  Tn only a fow Instances was the seed
discolored by exposure in the field after harvest. Aftor threshing,
the seor s clonned snd weighed and the test weight per bushel
dolorntitad. About 3 pounds of sced of each variety from the drilled
plots was sot to the Washinglon laboratory, where the test weight
was awain determined, and a sample {80 gm.) was reeleaned for
chemical annalvsis,  Smaller lots of seed [rom the nursery plots also
wore sent to Washington where they were recleaned and the test weight
determined.

DESCRIPTION OF VARIETLES

The four {lax varielics grown uniformly at all statlions were Linota
Redwing, Bison, and Rio {fig. 1).  These varieties were chosen becatse
of dillerences i Lime of matarity, size of seed, and yield and drying
quality of oil. They also are resistant 1o flax wilt, which practically
oliminated that disease ns a lactor alfeeiing the yields in these
experiments.  Two additional varielivs, Punjab and Abyssinian Yel-
low, wore grown in California and Arinona_because of their excellent
adaptation to fall sowing in those States. Brief deseriptions ol the six
varielies follow:

Lixoras larly maturing; plants midheight (24 10 30 inchies);
liowors funmetform, petals common flax hlue; holls senmdehiscent,
septa cilinte; seeds brown, smatl.

Rebwixe.-- Ear 7 maturing; plants short Lo midieight {20 to 28
inehes), stems sirong, rarely lodging; Hlowers funnelform, petals light
Blue: bolls semideliiscent, septa ciliate; seads brown, small,

Besox. ~-Midseason in maturity; plants midheight (24 10 30 inches);
flowors funnelform, petals deep blue; bolls semidehiseont, septa
eilinte: seeds brown, iidsize.

MITLTR . A2
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Freean 1-~Panicle branches and seeds of six varieties of flax showing compara-
tive size of bolls and the sceds and the dehizeent eharaeter of the bols, A,
Linotn; B, Redwing; €, Bison; b, Rio; B, Puujah; and F, Abvssinian Yeliow,
The varictios lio and Punjab’ have firm indehiscent bolls, whereas the other
varietios hnve semidehiseeni bolls.

Rio.—Midseasor. to late; plants short to midheight (20 to 30 tnehws)
stems stouf, often with two or imore (all busal branches; fowors largy,
sancer-shaped, pelals common” flax blue; bolls indebiscent, septa
ciltate; seeds brown, large.  Rio is a soleetion ~f Argentine flax that
is well addapted to fall sowing in California and seatliern Texas. When
fatl-sown 1l is tnller, hs 2 longer hloomiug period, and is later o
maturity than the other varietios mentioned,

Prneans Midseason; plants short {15 0 24 inchos); stems stout,
oflenr with two or more basal branchoes: flowers Nmnellorm, petals
blue; bolls indehiscent, septa eilinte; sceds brown, midsize,  Punjab
is the prmeipal commercial vaviety grown i California and Arizonn
beeause of s high-vielding capacity and its nonshattering habit,
Its firm bolls, however, are difficult to thresh.

Apvssiny Yenrow, ~Karly; plants short (16 to 24 incites) ; stems
relatively sleader, with two to several basal heanches, the branches
spromding and Toafv: flowers funnelform, petals blue: bolls semide-
seent, septa smooth moneiliate); seeds vellow, small. This varioly
produces an oil of good guality; that is, of bigh lodine nuwmber. ¢
shatlers somewhat whe overeipe and for thatl reason is not so well
adapted to combine harvesting i a dry clinate as s the Punjab
variety,




FLAXSERD AND LINSEED Ol

PHYSICAL, AND CUEM{CAL ANALYSES

" The following physical and chemical propertics of the seed, oil, and
meal wore determined: Test weight per busl.el, sweight of 1,000 seeds-,
moisture content, and oil econtent of the seed; iedine number of the
oilr and erude-protein content of the meal, B

Tese WEIGHT rin BusHeL

The test weight in pounds per bushel is used as u grading factor for
Hlaxseed under e Officis] Grain Standards of the Unifed States.
“rade No. 1 requires a mmimum Lest weight of 49 pounds, and grade
No. 2, 47 pounds per measured busnel. In these experiments, the test
weights were determined at each station soon after threshing, or after -
a short period of storage. Tater, the test weights were again doter-
mined in the Washington laboratory by the official stirdard Tethod
(24), after the seed had been recleaned and stored for som.o time, at -
which wime the seed contained approximately 6 percent moisture..
For the smail samples from nu.sery plots a small unofficial Lest kettle
wus used,

Fhe test weights reported from the cooperaling stations in Canads
wor computed to the basis of the Winchostor hushoel (2,150.42 cubic
mestes) used in the United Siates. The Imperial bushel used in
Great Britain and Canada contains 2,219,386 cubic inches, which is.
about 3 percent larger than the Winchester buslhel,

Sz oF SeEns

The size of *he seeds is oxpresses ag *Ye weight in grams of 1,000

seeds.  Tu all cases the seed represented a random air-dry sample
(rbout § pereent moisture), and the count was obtained by use of a
seed ceunter operated by air suction {ig. 2).  The counter shown is &

Figy ze 2-—Vacuwm seed epunter and BCCCEROTIe,

SITITER 4o e




T

&

.0

. . e - . ) _ . . : B - 5 .
10  TECENICAL GUSEETIN 844, U. S. DEPT. OF AGRI_JLTURE = O

. ;'H\! ) i ' . . o
modificaiiyn ot the one de~eloped by Brown, Tcole, ard Goss (4)." In
most samples, 1,000 seeds were weighed, bud, in o lew of the esrlier
analyses, the weight was’determincd om three 100-seed sarnyles.

PREPARATION OF SEED SAMPLES FOR ANALYSES

The recleaned samples of seed were ground with a d-inch rober

“mill, the rolls having 40 corrugations per in~h. The two rolls were

run ab speeds of about 406 and 600 revolutions per minute. After
extraction, abont 90 percent of the meal would pass through a 40-
mesh sicve.

“The oil used for the determination of lodine number was pressed
from the ground mea’ means of n hydraulic press (fig. 3). The
meal was warmesd sligueﬁ;r in a steam path before pressing, and the

Ficrre 3.—Hydranlie press and aceeossories.

clectrically heated plates of the press were maintained at a tempera-

ture of 60° to 70° C.  The pressed oil was filtered by suction through
an asbestos mat in a Gooch erucible and colleeted ina botile.  The oil

samples were kept in o velrigerator until the analyses were completed.

The method of warm pressing was found to have no appreeiable cffect

on the oil.  No seleetive llow of oil from he press cake could be deter-

mined, indicating that the seed had been unifersly and finely ground

and consequentiy that the oil sample obtained was representative of

the tolal oit in the seed.
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Moisture anp Orx CoNTENT i F SEED

'The moisture ceatent ardid oil coltent of the seed were d- _ermined”
by using a meodificetion of the official proendurc of the Aasosiation of
OF v.al Agricultural Chemists (7).  The sam,les o finely ground menl
were placed in special glass extracton tubes and dvied Doth befrre
and alfer extracdon in a vacuum oven for 7% henrs ab 100° to 105° C.,
under & pressure kepé below 10¢ mam., f mereury. This standard
period of drying was determined by oxpecimentation. The dry -
samples were extra *~4 in Soxhlet extractors with anh: ‘rous cthyl
ether for 22 howrs.  _his time of treatment is necessary to obtain
uniform and approximately complete extraction. The pe centages of
moisture and of oil were determined by difference or loss in weight.

The oil conteat was computed en r basis of 8 percent meisture in
the sced, which is about the normal or average moisture ~ontent of
wood-quality flaxe-+d as marketed in the North Ceniral vtates and
ns usedl in cominercial crushing.  The authors believe that this gives -
a truer measure of the commereial value of flaxseed than if ** 3 oil con-
tent were reported on a dry basis.  Formerly, many chemists reported
ol ronlysis on aiv-dey basis, which makes comnarison of data uncertain.
In general, faxseed stored in a relotively dry atmosphere far a shors
time will contain about 6 percenc moisture.

Yopixe Nunaer or O,

The iodine absorption number of the oil was determined by the
Wijs method (2). Carboen teteachloride was used as the oil solvent.

The jodine number of linseed oil ar other oils is the number of grams
of iodine thal 100 gm. of oil will ausovly under the rigid conditions of
the method of analysis. Tt is-a measure of the chemieal wisaturation
and is commonly used to indieate the relative drying quality of an oil
as compared to other oils of the same or similar type,  In general, oils
ol high todine numbers dry more quickly and form firne ar paint films
than ouds of low iodine numbers.  The generally high iodine numbers
of linseed oils are dependent on the pereentages of the more highly
unsaturated fatty acids, linoleie and linelenie, ss compared to per-
centages of saturated and oleic acids.

Cruvi-Proveiny CoNTENT oF MEAL

The ceude-protein content (N X 6.25) of the ground seed was deter-
mined by ithe Kjeldahl-Gunning-Armold method (8). The results
were calewlated on the hasis of 12 percent moisture and 4.5 pereent
oil, which approximates tho average values for commercinl linseed
meal. This gives a practieal and uniform basis for comparing samples.

EXPERIMENTAL RESULTS

The experiments conducted in the United States are reported by
grouping stations located in regions of more or less similar elimatic
conditions.

State boundaries were disregarded in grouping stalions beeause of
[requent wide differences in rainfail and soil tvpe within a State.
‘Thus in Oregon, the annual precipitation ranges from about 40 inclies
at Corvallis 1o 13 inches ot Union; in North Dakota, from 16 inches ab
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ALASKA ARD CaNaba

Datn frem twe stations in Alaska and from six stations in Canada
sre grouped together in table 2. The results from Alaskn are Hited.

here iy a wzdv range in (hnmiie conditions among these northern
slations, as shwown in table 10,
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In Alaska a large number of fiax varieties were sown at Fi danks
(lat. 64°5' N.) in 1929 and at Matanuska {dat, 61°30' N.) in 1930 and.
1931, Theso stations are the mout northerly peints at which “llax
whs grown in these experiments.  The climate is cool with only light -
or moderste precipitation.  The mean July tempernture is $0° Foat
Faizbank. and 55° at Matanuska, aud 1he temperature rarvely
reaches 80°. The long days, nearly 22 hours in June, indaced rapid
srowth of the Max plant, but the cool weather of August caused slow
ripening.  Ouly early varielics, such as Linota and Redwing, maiured
fully 101929 and 1931, rad non. mat_red fully in 1930,

The Linota and Redwing varietics required 110 days from sceding
e malurity i 1929 and 120 days in 1931, Oils of high-lrying
quality, iodine nu abers 200 to 206, were obtained fron. flaxseed
erown nt the Lwo +_.askan stations.

In Canada nearly complete data were oliauied al five stations.
Although ey inelude & wide range in climatic conditions, it is hel'pved
that these stations are representativeof the principal agricultueal areas
of the Dominton. At Edmonton and Pallis, Alborla, the summer tem-
perntures are moderate or eool, and precipitastion generally is adequate
for flax procd wetion.  The long days are favorable for the rapid growth
of crops. The experiments were eonclneled for 9 years at Edmonton
and 2 voars at Fallis, In 1935 & severs frost occurred on August 16,
when all varietics woere frozen at Fallis, snd only Redwing matured -
al Bdmonton. High average yiclds were obtained a: Edmonton, but
relatively low yields at Fallis” At both stations the oil eontent and
idine numbers were high,  Edmonton is {ocated in the so-called park
zone of eentral Alberta, and Fallis is located somse 50 miles west of
Edmoenton, on a podzol type of soil, the surface of which contains
considerable orgunic matter,

Saskatoon is locuted approximately on the border between the mixed
shorl-grass area of southern Saskatehiewan and the so-called park zone
of eentral Saskatchewan, where clumps of small frees, chiefly aspen,
are o prominent feature of the native vegotation. The soil 1s o dark
clay lonm of glacial origin,  The July temperatures arve higher than af
Edmonton. During the period of these experiments, 1930 to 1938,
Irequent, drought wasg the chief factor in limiting the yield of flax.

AMorden, Manitoba, is tocated near the border betwoeen the prairie
of the Red River Valley and the typieal short-grass area of the northe
ern Great Plains, The soil is a glacial sandy loam of the Bames serics.
Drought and high temperatures oecitrred during the growing seasons
of 1931, 1833, 1934, and 1936, wlhich redueced the yield of faxsced.

Ottawa, Ontarie, is in about the same latitude as 8. Paual, Minn.,
and the elimate of sonthern Ontarto, where flax is o crop of some
importance, is more or less like that of southern Minnesota. Rela-
tively hiele vields of flaxseed of good quality were obtained during
the s-vear period 1924 to 1938, .




TABLE 2.—Acre yield, test weight, weight per 1,000 secds; oil content of seed, iodine number of oil, and crude-prolein conlent of meul of 4
varieties of flax grown al 2 slalions in Aluske and 6 stations in Canada .

145

0il content (hasis, Indine number of oil
Wijs

(D¢ = s . 3
§ percent mioisture) Crude protein in meal

Acre yield P'est weight, Weight per 1,000 sceds

Station and crop
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Redwing
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Nappan, Nova Scotiz, is localed near Amherst, in the extreme north-
castern part of the Province. The summer climate is relatively cool
and humid.  The nean annual precipitation is 36.2 inches, of which
about § inches occur during June and July. Relatively higl yields of
flaxseed were obtained except in 1938, when yields of Bison and Rio
were reduced by ledging.  The average oil content was high and the
odine number of the oils exceptionally high, On the otier hand, the
average erude-protein content of the meal was the lowest obtained at
any station included in these experiments.

Pacikic NorThwESsT aXD INTERMOUNTAIX RECIONS

In the Pacific Northwest and in those portions of the Intermountain
region west of the Rocky Mountain Continental Divide, precipitation
oceurs chivlly during the fall, winter, and carly spring (Qctober to
ApriD), and spring-sown crops, such as flax, are dependent largely on
stored soll maoisture for their lnter growth during ‘the period of seed
filling and maturity,  Winter temperatures generally are 100 low to
permit the survival of flax sewn in the fall. Data are available from
11 stations (table 3) in these 2 regions.  Of these, Corvallis, Oreg., s
located in w section of hicavy winter rainfall, cool summers, and mild
wimlers.  The remaining 10 stations are located in areas of more ex-
tretne temperature, medinm (o high elevation, and hight to moderate
precipilation {see table 11). The flax was grown undor irrigation at
7 of the stations. '

Corvallis, Oreg., is located in the Willamette Valley,  The soil is
classtfied us Willamette lowm and is tvpical of the better soil types iu
the area.  The annual precipitation is about 40 inches, which occurs
chiefly as rain during the fali, winter, and early spring.  The average
rainfall from May to August, inclusive, is only 3.5 inches.  Summer
temperatures arve mild, the maximum rarely exceeding 90° F. during
the growing season.  The date of seeding ranged from April 10 to
Aay 6, the average dite being April 18, The growing season—{rom
date of seeding to wuturity—ranged from 93 to 109 days and averaged
101 days.  The fruiting period—Tfrom first bloom Lo ripening—ranged
from 36 to 47 duvs and avernged 41 days.  There was, however, no
significant difference between the four varieties in the length of the
growing or fruiting periods. The yield of flax at Corvailis often
depends on favorable rinfall during May and June, the eritical period
in the growth of the crop. The dry season of 1938, with temperatures
much above normal, resulted in low yields and a somewhat low oil
conlent and low iodine number of the oils.

Union, Oreg., is located in the northeastern part of the State.
The soil, & dark sandy loam classificd as Catherine sift loam, is sub-
irrigated by deinage from adjacent irrigated lands.  The depth to



http:signifien.nt
http:n.YCl"J1.ge

FLAXSEED AND LINSEEDR OIL

the water table varies from 2 to 5 feet, according to the amount of
irrigation above. The success of flax, however, often depends on
timely rains to provide surface moisture for germination and ecarly
growih. Flax was s failure in 1934 and 1937 because of early summer
drought, tite soil being too dry to obtain satisfactory stands.

Pullmer is localed it the Palouse arca of castern Washington.
The soil is elassified as Palouse silt loam, whieh is typical of the fertile
soils of the locality, Winter wheat is the principal erop in this area,
atthough flax has been grown to a iimited extent in recent yeals.
The average anmual precipitation is 20.5 inches, of which about 5.4
inches fall during the growing season.  As flax is grown without jrri-
eation, favorable yiclds often depend on the amount of precipitation
during lale spring and carly summer,

Prosser, Wash,, is loeated in the Yakima Valley. The soil is &
sarely loam, of low moisture-holding eapacity. The mean annual
procipitation is 7.4 inches and the seasonal (April to August) ramfall
is loss than 2 inches.  In 1938, the flax vareties were irrigated four
thnes, o total of about 24 inches of water being applied.  High tem-
peeatures prevaited during July, which may secount in part for the
low yields oblained.

Moscow is loealed in the Prlouse area of northwestern Idaho, about
9 miles cast of Pullman, Wash, The soil and elimatic conditions are
similar to those at Pullman,

Bozeman is loeated in the Gallatin Valley in south-central Montana.
The soil is  fertile silt loam, 2 to 4 {eet deep, underlain with sand and
gravel,  The flax varieties were grown on fallowed land each year and’
given one irrigation {4 to 6 inciiwes of water) nt about the beginning of
the blossoming period, excepl mn 1933, when no irrigation was given.

Aberdeen, Edaho, is locatad n the Snake River Valley. Thesoil isa
silty clay loam,  The average annual precipitation is only 8.8 inches,
50 that ¢rop production is dependent on irrigation.  The flax varieties
wore irrigated three or four times during the growing season.

At Logan, Murray, and Fort Duehesne, Utah, ilax varictics were
grown during 4 to 6 years of Lthe periodd from 1931 to 1837, Al three
stations lid at clevations above 4,000 feet. The flax was irrigated
from two to four times, s neeessary, cach season.  The soils are pro-
ductive and relatively high yields of flaxseed were obtained.

Forl Collins, Colo.. is located just east of the Rocky Mountains at
an elevation of 5,000 feet.  The average annual precipitation is 14.7
inches, of which about 8 inches occur during the 4 months, April to
July. The flax varieties were irrigated onee or twice each season.
Lt 1930 and in 1931 the flax was grown on alfalfa land plowed the
previous fafl; in 1932 flax followed sugar beets, in 1933 corn, and in
1034 fallow. Fairly satisfaetory yields were obtained in 1934, but
int the tosts of 1930 to 1933 Lhe plots were very weedy and yiekls were
Tow, ‘

BT 17— e 1




Tanre 3. Acre yield, test weight, weight per 1,000 secds, ofl contenl of seed, todine number of oil, and crude prolein conlenl of meal of 4
vartelies of flax grown al 11 slations ia the Pacific Northwest and Inlermountain region

0Oil econtent (basis, Todine nurhm‘r of 0l et 1
8 percent. moisture) Wils) Crde protein i meal
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L Crude protein (N X6.25) in. meal, hasns of 12 pcrmn ~moisture and 4,5 percent oil,
1 [nterpolated yields, : :
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GrEAT PLaiNs REGION

Experiments were conducted at 10 stations in the Great Plains
region. The crops were grown without irrigation except at Newell,
8. Dak. The Great Plains has a midcontinental climate with extremes
of temperature and moderate or light precipitation. The average
annual precipitation ranges from sbout 13 inches at Havre, Mont., to
25 inches at Woodward, Okla.  Fortunately, most of the precipitation
occurs during the growing season, April to August, which makes it
possible to produee fair crops in most seasons. Drought and high
summer temperatures were, however, the chief limiting factors to
suceessful flax production during the period of these experiments.
Russian-thisbles, also, were a pest in dry seasons, as they deew heavily
en soil moisture.  Climatic data are reported in table 12 and the
experimental data in table 4,

Havre, Mont., is localed in the north-central part of the State.
The soit s a glacial clay loam.  Although the flax was sown ot corn
stubble cach year, Russian-thistles were usually o factor in reducing
the yield, The erop was & failure in 1931, 1934, 1936, and 1937 be-
cause of drought and weeds, ,

Mocecasin, Mont., is located in the Judith Basin in the contral part
of the State, The topsoil is very shallow, consisting of a dark elay
loant, 3 to 10 inches deep, overlying a limestone gravel subsoil.  The
flax experiments were conducted on land fallowed the previous year,
but, in spile of this favorable preparation, the yields were often ro-
duged by weeds and drought,

Dickinson is located in southwestern North Dakota. The soil is
a glacial fine sandy loam. The flax varicties were grown on land
previously eropped to corn. - Drought was the chief factor in reducing
viekls.  ‘The crap was a failure in 1936 when the total anmual precipi-
tation was only 5.94 inches.  In 1937 the crop was destroyed by soil
Mowing and in 1938 by grasshoppers.

Mandan is located h: ¢enteal North Dakota.  The soil of the field
where the lax tests were condueled is a deep alluvial toam.  During
the perod of these experiments drought generally was the cause of
low wiclds.  The crop was a total failure in 1936 beesuse of drought,
and it was nearly o failure in 1934 and in 1937, Fair yiclds were
obtained only in 1935,
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Sheridan is located in north-eceniral Wyoming. The soil is a dark
heavy clay loam, and the average annual precipitation is 15.2 inches.
The fax varteties were grown on fallow in 1934, on potato ground in
1931, and afier corn from 1932 to 1938, No 1101(15 were obiained in
1931 or in 1936, when the erops were a near iajlure duc to drought,
heat, aud Insect inj ury.

I\cwoll, 8. Dak., is located some 30 miles northeast of the Black
Hills in the extreme western part of the State.  The soil, derived from
Cretacenus shales, 18 classified as Plerre cluy and known locally as
gumbo. The soil absorbs water slowly when the surface is wet, but
it shrinks to form deep eracks when dey.  The flax varietal Lests were
conducted under irrigation from 1928 to 1836.  In 1928, however, the
crop was nol irrigated because the scasonal rainfull was so heavy that’
addifional water was not needed.  Low yields were obtained iy 19386,
when extremely bigh temperatures oceurred, the mean maximum for
July being 98° F. “No varictal test was conducted in 1934.

Ardmor ¢, 8. Dol is located south of the Black Hills, in the extreme
southwestern part of the State,  The four varieties of flax grown in
1930 produaced low yields, and in 1631 and 1932 they were o total
failure, <tue Lo drought and high temperatures,

Hays is loeated in west-central Kansas.  The soil is clussified s
silty clay Ioam, atdd the mean annual precipitation is 23.7 incles.
Ten vanelics of flax were grown in single rows in triplicate for five
seasons, 1929 to 1933, Analvses were made only for the crop of 1929,

Woodward is located in northwestern Oklahoma. The soil is
cinssified as Woodward sandy loam.  Flax was grown in nursery plots
for several vears, bub without much success. In most seasons the
crop suffered from drought and high temperatures during the critical
period of growth. from blossoming to maturity. Onl\r m faverable
seasons were moderate yields oblained. Data for only one crop,
1934, are reported.

Denton is loeated in north-central Texas. The wverage anoual
precipilation is 32.5 inchies.  The rainfall during April, May, and
June, the critien] period for flax, averages ahout i@ inches. The soil
i3 o dark clay of the Denton series.



http:roodwn.rd
http:illc.l:.es
http:potll.tO

TanLe 4~ Acre yield, test weight, weight per 1,000 seeds, oil conlent of seed, iodine wumber of 0il, and crude-prolein conlent of meal of 4
varielies of flax grown al- 10 stations in the Great Plains :

§ percent meisture)

© ol conte . ~
i Qil content. (basls, loding ?agﬁls))er ofoll bl ge protein in meal 2
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-

Norrugry Prairie Recron

- Six stations at which climntic conditions are more or less similar nre
meluded in the Northern Prairie recion (table I). Actually, St. Paul,
Minn,, and Madison, Wis., are not located on prairie soils but in the
former timbered area of those Siates, The average annual urecipita-
tion for the region covered by the six stations ranges from about 20
inches in westorn Minnesota to 31 inches al Madison, Wis. The
greatest precipitation occurs during the growing season from April to
August, Climatie data for the region are reported in table 13 and
experimental data in table 5.

Fargo is loeated in the Red River Valley on the eastern border of
North Dakota. The soil is a phase of Fargo elay. The mean annual
precipitation for the period 18811930 was 22.9 inches, but during the
10-year period of these experiments (1929-1938) it was only 16.0
inches.  The flax varietios were grown in u rotation fellowing com, and
the plols were velatively free from weeds. The average yicld of four
varieties for the 10-year period was 15.8 bushels per acre, or approxi-
mately 1 bushel of flaxseed for ench inch of annual precipitation. This
is a remarkable record of flax production under generally unfavorable
climatic condilions.

Crookston, Minn., is located in the Red River Valley in the nortih-
weslern part of Minnosota, The soil is o heavy caleareous clay,
classified as Pargo clay lonm. The finx varieties usually were grown
following a eultivated crop or on fallow. The crop was & failure in
1936 becnuse of drought and high temperatures.,

Morris is located in west-central Minnoesota. The soil 18 a sandy
clay loam of glacial origin.  The flax varictios were grown on cornland
exeept in 1931 and 1932, Drought was the cause of the low vields in
1933 and 1936 and the failure of the erop in 1934.

St. Paul is located in cast-central Minnesotn, The olevation is
1,050 feet and the mean anunual precipitation is 27.7 inches. The
s0il is Merrimae silt loam, with a more sandy subsoil. The flax va-
rieties were grown following n cultivated crop, usually comm. Low
Yields were obtaimed in 1931 and 1937 beeause of drought and in 1934
beenuse of weeds.

Brookings, 8. Dak., is located on the east-central border of the
State. The soil is Barnes sandy loam.  Low yields were obtained in
1936 when drought and high temperatures prevailed during the grow-
ing season.

Madison, Wis,, is located in the southreentral part of the State.
The soil 1s Miami clay loam and the mean annual precipitation is 31.1
inclies.  Data for only onc season are available.




PABLE 5.—Acre yield, lest weight, weight per 1,000 seeds, oil content of serd, dodine nuwmber_of oil, and crude protein conlent of meal of 4
varielies of flax grown al 6 stations in the Northern Prairie region
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Oil content (basis, lodine n\l{vni;;)er ofoil  { o pude proteln in meal £
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Tanue 5.~ Acre yield, lest-weight, weight per 1,000 sceds, oil condent of seed, iodine pumber of oil, and crude prolein content of meal of 4
warielies of flux grow'c at 6 stalions in the Northern Praire *cgwn»Contnmcd
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CENTRAL AND [BasTERN REGIONS

Eight stations in Kousas, Nebraska, Lowa, 1llinois, Ohio, and New
Jorsey are grouped inte the Central and Fastern regions for the
purposcs of this study.  The mean annual preeipitation ranges from
aboul 28 inches ot Lineoln, Nebr., to 45 inches at New Brunswick,
N.J. Perhepsthe chiof imiting factor to flax production in this region
is the high temperatures that often prevail during the critical growth
period of flax; that is, the period from first bloom to maturity. Early
seeding and the growing of varly-maturing varietics, to allow the crop
to malke ils principal growth before the hot weather of midsummer
oceurs, is of prime importance. Climatie data are recorded in {able
14 and vields and other experimental data in table 6.

Lincoln is locuted in southeastern Nebraska. Flax is grown in
castorn Nebiaska only to a slight extent.  The flax experiments were
condueted in six seasons, but low yvidds were obteined in all except
1935, when the precipitation in June and July was much above nor-
mal. The erop was o failure in 1936 when exceptionally high
terperntures prevatted during June and July.

VManhatian is loeated in the Kaw Valley ol northeastern Kansas.
The soit is classificd as Darby silt toam.  Flax seldom is grown com-
raerelally tn that seetion,

The commercinl flaxsecd erop of Kansas is grown in six or cight
comtios of sontheastern Kansas,  The mean annual precipitation in
thiv arca is about 38 inches. The soils ave derived from sandstones
amd shinles and ranee from sandy lonmns to clay loams,  High summer
temperatures and generally low soil fertility ave the chief limiting
factors in flax production.  Flax experiments were conducted in that
seetion in Allen County, near Moran. from 1830 to 1938; in Wilson
Counly, near Fredonin, in 1929 and 1928 and in Clerakee County in
1031 and 1932

Awmes is located in central Jowa., Somwe {lax is grown in Iowa,
largely in the northern portion.  Data are available from only two
varietios for Lwo scasons ab Ames,

Urbana is loeated in east-contral Hinois.  Low yields were obtained
in 1933, and the seed was of extremely poor quality because of wet
weathor ducing the harvest pertod.  The crop was a failure in 1934,
due to weeds and unfavorable weather conditions. The Redwing
variety only was grown {rom 1935 to 1637,

Wooster s located in north-central Ohio. The flax experiments
wore conducled al Wooster for 5 years, Iu 1931, the crop was &
faiture, due to crusting of the soil before the flax emerged, but samples
of each variety were gathered and threshed for sood analysis.

Now Brunswick, N. J., is located in the east-central part of the
State.  Vamelies of NMax wore grown in replicated nursery plots for
11 vears. The flax usuaily followed corn, and the soil was given a
moderate application of commercial fertilizer before uhe flax was sown,
The tests af New Brunswick probably are the longest continuous
experiments with flax in the eastern United States,




~Tasue 6.—Acre yield, lest weight, weight per 1,000 seeds, oil conlent of sced, todine number of

varieties of flax grown at 8 stations in
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Sovtn Texas ReEciox

Flax hns been grown experimentally as a fall-sown crop in southern
Texas sinee 1914, and stnee 1938 i has been grown commervially to
some extent in the Gulf Constal area where the dimate is mild.  The
annual precipitation in this region is from 20 10 45 inehos, nearly one-
half of which oceurs from November to April, the growing period of
flax.  "The soils of the region range from sandy loam to clay. Flax
vields and analyses from seven stations in southern Toxas are reporied
i table 7 and the cimatic data in table 15,

San Antonie is loeated in south-centrn]l Texas, on the southern
border of the Bdwards Plateau.  The soil is Houston sandy clay
foun. The subseil s clay with some mixture of limestone gravel,
The aversge annual precipitation is about 27 inches, of which ahout
12 inches veeur from November to April, inclusive, the ErowWiny seasnn
for flax.  December, January, and February nre (he driest months,
and April, May, June, September, sl October are the weltest.  The
crop of 1133 was a Iilure because of drought, but samples of sewd
were oblained for analysis,

Beeville, Tex., is locuted about 80 miles southeast of San Antonio.
The mean annual preeipitation is about 31 inches. and ifs seasoual
distribution is about the same as al San Antonio.  The soil is . Bue
sitndy elay loam.

Varietal experiments with fax  were conducted at the State
Experiment Station, College Station (Brazoria County), Anglelon
{Brazoria Cowntyr, Vietoria (Vietoria Countyy, Orange Grove (Jim
Wells Countyr, and st Winter Haven (Dinmit Couwntyy for one or
more seasons during the period 1936 to 1938, The tests at Winter
Haven were conducted under irvigation,  The soil al College Station
is a [ine anndy loamsat Vietoria, dark calesreous elay loam; at Winter
Haven, a fine sandy loam; and af Orange Grove. a dark ealcareous
tonm.  The mean annual precipitation ranges from 190 inehes at
Winter Haven to 45.8 inches at Angloton, :
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SouvTuwesTERN RECI0N

Varictal experiments with flax under irrigation were conducted for
several years in the Southwestern region, California and Arizona.
The cxperimental flax was sown in November and was irrigated four
to six times, the total quantity of water applied being 20 to 30 inches.
Punjab and Abyssinian Yellow were included i the experiments, in
addition te the four varieties grown at northern stations. A tesi for
one season was conducted at Ban Jueinto, near Mexico City, Mexico.

Experimental data covering the 10-year period (1929-38) ar¢ ro-
covded i table 8, and the climatie data ave shiown in {able 15,

El Centro is located in the Tmperial Vailey of southern California.
The altitude is some 50 feel below sen level. The soil is  silly clay
lommn of the Colorado River deposit. The winter climate is mild,
clenr, and dry—an ideal climate for flax wheree water is supplicd by
irrigation, The avernge annual precipitation is fess than 3 inches.
There is a high percentage of clear days, and humidity is low.  Al-
though high winds often occur, Punjab flax does not shadter as it has
firm indchiscent bolls.

Moesa is located in the Salt River Valley of Arizona, and Sacaton is
in the Gila River Valley, some 40 miles south of Mesa. At Moesa, the
clevation is 1,245 feet, the average annuad precipitation 8.7 inches, and
the soil is Laveen silt loam.  The soil at Sacaton is composed of fine
sandd and silt of alluvial deposit.  Climatic conditions are similar to
these at Mesa.  The flax was grown under irrigation at both stations.

Data on three varieties of flax grown in 1933-34 at San Jacinto,
near Mexico City, are reported in table 8. Although San Jacinto is
some 700 miles south of San Anionio, Tex., its higher altitude (8,000
feet) gives it o winter elimate somewhat similar to that of southern
Texas.  The mean annual preeipitation is about 29 inches, most of
which occurs during the 5 months May to September. The mean
temperature for January is about 54° ¥., and for May (the warmest
mounth}) it is about 68° . Flax is sown in Oclober and ripens in
March or April.
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TABLE 8. ~—Acre yleld, est weight, weight per 1,000 seeds, oil conlent of seed,
varieties of flax grown at 3 slalions in Culifornia,

) todine number of oil, and crude-prolein cont( MW of mea
Arizona, and Mezico—Continued

! of 6.

Station and crap year

Ofl content (basis, 8 percent moisture)

ITodine number of oil (Wijs)
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3.3

36,6

Interpolated yields.

1
2 (Grown at Sachton, Ariz., 1035, 1036, and 1938, :
* Crude protein (N'X6.25) in meal, basis of 12 percent moisture and 4.5 percent oil.
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FLAXSEED AND LINSEED OIL 35

Sumstary or REcionan, RESULTS

In order Lo compare the resulis for the four varieties from the seven
different regions, the data from each region are summarized in table 8.
The bighest average yields wore obtained under irrigation in Montana,
Idabo, Utah, California, and Arizona.  The flax was fall-eown in the
two Intter States,  Low yields wore obtained in the northern Great
Phains, an area of limited rainfadl.  In general, there was tittle or no
signifiennt difference in the yield between the four varieties tested
exvept in the Contral and Eastern regions, where the earlier varieties,
Linota and Redwing, were superior to Bison and Rio, and in southern
Texas, where Rio appeared Lo be superior to the other varieties.

The Lest weight per bushel apd weight por 1,000 seeds averaged the
fighest in the Cunadian and Intermountain regions, where the cooler
climate fuvored the fall development of the sced. Drought and re-
peated high temmperatares, wherever they oceurred, caused promature
ripening and sheunken seed of a low tesbweight.  1n general, the small-
seeded varieties, Linola and Redwing, showed higher test woeighits
than did Bison and Rio.

In oil content and iodine number of the oil, the highest values were
obtained from the Intermountain vegion, Alasks and Cannda, and
the Routhwestern region,  1n these areas the flax was grown under
refatively cool conditions, due to high altitudes i the Intermeuntain
region, northern latitles i Canada amd Alaska, and to winter crop-
ping in Californin.  Flaxseed grown in these regions contained from
2 o 3 percent more oil, and the todine number ot the oil was some 10
points fdeher than in seed produced i the Greau Plains and Northern
Prairte regrions. The oil content and iodine numbier of flaxseed grown
i soultiern Texas were inferior to that grown in California for reasons
not entirely clear.

The oil cowtentnf the large-seeded varieties, Bison and Rio, was 2
or 3 pereent more than that of the small-secded varieties, Linota and
Redwing, whereas the fodine number of the oil was some 16 points
lower.  Sinee Lthese rolative differences prevailed in all regions and in
mos{ {oenditios, it muy be assumed that the oil content of flaxseed and
the jodine number of oil are definite varielal characteristies.  More-
over, these varictd characteristios weee relatively constant.  How-
ever, botl oil content and iodine number of the il were modified
greatly by weather conditions, especially temperature and moisture,
during the growing season. I the Northern Praivie region (lable 9),
for example, the average oil content of Linota and Rio was 33.2 and
37.4 percent, respectively, a significant varietal difference of 4.2 per-
cont, whereas the extreme range inoil contend, due to seasonal aud soil
corulitions, exceeded 13 pereent in each variety.  Likewise the lodine
number of Linota differed from Rie by 9 points, on the average, wherens
the extreme range ohsorved in this region was 48 points for Linota and
43 peints for Rio.
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TAnLE 9.—Average ncre yield, test weight, 'wezghl per 1,000 seeds, oil conlent of seed, {odine number of oil, and crude-protem content. of meal
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'FLAXSEED AND LINSEED OIL

The wide vange observed in the crude-protein content of the meat
under different climatic conditions is not casy to explain. Under
gencrally cool humid conditions, ns at Nappan, Nova Scotia (table 2),
high acre yields were obiained, the seed was of hig_lzh oil content, and
ilie iodine number of the oils was high, whereas the protein content
was low. The same was true at Aberdeen, Idaho, and at Corvallis,
Oreg., in 1936 and 1937 (table 3). On the other hand, a relatively
high crude-protein content of the meal was associated with high acre
Yields, high oil content, and ligh iodine number iv flax grown under
irtigation at Bozeman, Mont., and Logan, Utalh (table 3). In
general, meal of low crude-protein content was obtained from flaxseed
grown at El Centro, Calif,, and at Xfesa, Ariz. (table 8).

CLIMATIC FACTORS

The chmatic factors-that were tabulnted because they appeared to -
Le mosk closely associnted with the yield and intrinsic vajue of flaxseed
were the annual, erop year, June, and July precipitation; the mean

/ S A AN
47"

= 4% 2@ T W

Frarne --Amnmual preeipitation and mean July temperatures of the principat
area of flaxseed production in the United Stares. (Map redrawn, wilh some
modification, f'rom Yearbook of Agricultire, 1941, Climate and Man}
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and evernge maximum July temperature; and the *July excess tem-
perature,’” that is, the total sum in degrees of daily maximum tem-
peratures above 90° F.  (Sco tables 10 to 15.) In the northern flax-
producing region July is often the most critical month in flax pro-
duction, as it usually covers the period from flowering to maturity,
which is the eritical period in the growth of the flax plant and the
development of the seed. In southeastern Kansas, June (mean
temperature 75° ¥.) rather than July may be censidered the eritical
period (fig. 5). In Texas, Californin, and Arizona, where flax is fall-
sown, April is considered the critical seed-growth period,

Tanee 10.—Climatic and vegeiative period data for Alaska and Canada
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and vegetative period dula for the Pacific Northwest and Inter-
mownlain regions

Precipitation ) July temperutures
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T

E: TawLE 12— Climalic and vegotative period data for the Greal Plaing region
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Tamie 13-~Climatic and vegetative period dale Jor the Northem Prairie region,
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Tasre 14.—Clmolic and vegelative period data for the Ceniral and Fastern regions

Precipitation I July temperaiures
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TaeLe 15.—Climutic and vegetative period dale for southern Texas, Culifornin, and
Arizona
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The crop-year precipitation in the Northern States is for the 12
months ending August 31, where July is the eritical montls.  TFor
southern Texas, the calendar-year precipitation is used.

The data were compifed from reports of the United States Weather
Bureau or of the cooperating stations.  In all enses where possible the
normal or long-time average up to and ineluding 1938 is given,

The growing per iod (svedmg to maturity) of spring-sown flax was
08 to 120 dn\m i Alaska, Canada, and the Tntermauntain region
of Montana, hlnho, and L tah and from 85 to 94 days in the northern
Great lem and 1 tiie Nor tiu-l n Prairic region. The length of the
growitig seavon varied n-mat.lv from year to vear at any one stubion,
(l(‘p(‘udmcf on wenther conditions and, to some extent, on the date of
seeding,

T southern Texas and in California where flax is fall-sown the
lenﬂ'th of the growing period ci(\pvn(lv(l largely upon the date of seed-
ing, as (lax sown in mid-Oc tober or in fate December tended to ripen
at about the same time; that is, in late April or carly May. At San
Antonio, Tex., the per iod from seeding to maturity ranged from 97
to 150 days and aver: aged 1S days. At Bl Contro, C‘ztllf, where the
date of scd eding was approximately Novembor 15 each season, the grow-
ing period 1:1:10'(-d from 157 to 191 days and averaged 177 tiz:)s

RELATION BETWEEN CLIMATIC FACTORS AND THE YIELD
AND COMPOSITION OF FLAXSEED AND LINSEED OlL

The data for the vears in which all 4 varieties were grown ab the
individual stations were used in a statistieal analysis of the factors
related to the yield and quality of flax and o1l The range and average
of the different erop factors are shown in table 9. Data were nearly
complete for 134 nonirigated and 46 mlg‘th'd experiments.  The
test weights were not recorded on all samples and the protein was not
determined in the earlier vears of the experiments.  In the statistical
computitions of the c\pcnmm:t% under irrigation the test weight and
the crude-protein content were omitted and the crop factors were not
correlated with precipitation. The values for erude proteinin the meal
were available for correlation studies from only 61 experiments on
nonitrigated stations and, of these, test w mﬂ'hts were Iacking in 11,
Test weights from 135 nmmn"ntml trinls wore used for correlation
compuiations with all factors other than erude protein in mead,

The statistical computations inciuded correlation coeflicients and,
in a few cases, regression equations together with the standard crror
of estimate of the dependent variable.

The following standard methods of statistical caleulations were used:

Standard d(‘\'i<!t!0n+—.\f \r:-?l‘”
“(\ N n U,).f

Corrclation L'ooﬂic'ivnt-—

Standard orror of estimate= __\

In practice the regrossion equations were (‘nl{-uln.tvc.l by the method
of least squares, and the correlation cocflicients were then caleulated
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as the square root of the product of the regression coeflicients. This
method is algebraically equivalent to the formula given above. The
significance of the values of the correlation coeflicients was determined
from a table given by Wallace and Snedecor (22).

The range, mean, and standard devintion of each of the climatic
and crop factors were calculated, but not all are given in detail,
The wverage daily range of temperature in July for all stations was
approximately 26° ¥, The summation of July daily temperatures
in excess of 90° was a highly variable characteristic, ranging from
0 to 444, with a mean of 52.6 and u standard deviation of 62.9, The
crop-year precipitation also showed a wide range.  For 154 crop years
nt the novirrigated stations it varied from 8.9 to 56.1 inches and
averaged 23.3 inches with a standard deviation of £11.3. Proportion-
ally, the June and July precipitations were us variable,

Among the 5 crop factors considered (table 16), the test weight per
bushel and the oil content of the seed showed the least variability
i terms of the mean values. The variability in weight per 1,000 sceds
and the iodine number of the oil were greater for the Bison and Rio
varietics than for Linotn and Redwing, The iodine mumber of Bison
and Rio appeared to be lowered more by adverse climatic conditions
than did that of the other 2 varieties. The greatest variability oc-
curred in yieki per acre wnd in jodine number of the oil.

Tt J—Corretation bopeeen weather and crop faclors in 4 variciies of flaz
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L
Taune 16.—Correlalion between weather and ¢rop foclors in 4 varieties of flor— ;
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In the nonirvigated tests, the crop-year precipitation was positively
: correlaled (in nmost enses signifie mti\') with acre yield of seed, test
: weight per bushel, weight per 1.000 seeds, oil coutent of seed, and
iodime number of oil and was negatively correlated with crude-
protein content of the meal. The correlation between crop-year
precipitation and lodine number was rather soall. July precipita-
tion was posilively correlated with acre vield and weight per 1,000
secds and with the fest weight of the Linota and Redwing varietivs,
but showed no significant correlation with oil cantent, iodine numbeor,
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or prolein conient. June precipitation showed small and, i some
cases, significant positive correlalions with acre yield and weight per
1,000 sceds md smaldl but not signifieant negntive correlations with
iodine uumber and protein eontent. June precipitation was nob
correlated with test weight or oil content.

Nigh July temperatures in the nonirrigated tests tomded to be
negatively correlated with acre yield, test weight, weight per 1,000
seels, ol content, and iodine number, but were positively correlated
with the protein content of the meal.  The lowest correlations with
July temperature were with fest weight and acrve yield.  Among the
diflferent measures of July temperature, average maximum, average
mean, and total exeess above 90° I oin general, gave corvelation
coofficients of similnr magnitude,  Bxeess temperatare showed highly
signiliennt negative corvelations with yield in the nonirrigated  tests
and smiall nonsignificant correlations in the irrigated tests. The
average ninimun temperature wag corvclated with acre yield i the
irvigated tests but not in the nonirvigated tests, and the correlation
of mintmum temperature with the other crop factors was less than
that for the other temperature measures just mentioned,  Average
minimun tempernture was not corvelated with test weight. Al of
the correlntion coeflicients between the average daily range in July
ternperature and the various erop Tactors were small, but in some
cases hey were significant.

The correlation cocflicient involving the erop Tuetors of acre yield,
wst welght, seed weight, oil content, and jedine number were all
positive and, with a few exceptions, were highly significant.  This
shows that these Tactors are closely interrelated and  that weather
conditions favorahle Tor a high vield of Naxsced result in (he develop-
ment of plump seeds containing o high perecutage ol oil of high
iodine number. Within each variety the highest coreclations were
hetween oil vontent and either iodine number or weight per 1,000
seeds, The relation between aere yvield awd sced size is shown
eraphically i figure 6.

The size and plumpness of the sewl i3 considered by flaxseed buyers
as an indieation of the oil vontent. The data show a close relation-
ship between seed zize and oil content with correlation encllicients
of =064 to =085 These correlations are sufficicntly high (o war-
rant the eonsideration ol seed size and plumpness o judging the
valite of differsnt samples of flaxseed of a konown variety,  The
araphic illustration of this relationship (fig. 7). however, shows that
the figures are too yariable to be used Tor accurate prediction purposes.
The corvelation cocflicients Tor ol content and 1odine number in @
siven varioty ranged from ~0.74 to =0.82. This relationship s
shown graphically in figure 80 Within a variety there is a definite
seneral relation between oil content and ioding number, but this is
subjeet fo considernble variability, as s evident from the graph.
Among the four varieties, the relation between oil content and iodime
number s strikingly different. Thus, in Linota seed with an oil
content of 35 peecent. the oil might reasonably be expeeted to have
an iodine number of approximately 187 on the average, whereas in
Bison seed of 35 pereent oil content the iodine imimber would be only
about 1683, Consequently, as between these Lwoe varielivs, grown
imder the same conditions, the jodine number tends to be negatively
azsoeinted with oll content and soed size.
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The correlation coefficients involving iodine number and weight per
1,000 seeds ranged from -+-0.44 in gison to +0.65 in Linota and
Redwing (fig. 9). _ .

The crude-protein content of the meal in most cases is negatively
correlated with acre yield, weight per 1,000 seeds, oil content, and
iedine number, but shows Jittle or no association with test weight.

In general, the relutionships between weather and crop factors were
similar for all four varieties. However, in the large-seeded valieties,
Bison and Rio. the correlation between weight per 1,000 seeds and
either nere yield, test weight, oil content, jodine number, or protein
content was less than in the small-seeded Linota and Redwing va-
rieties. The iodine number of the oil from Bison and Rio was more
variable than that from Linota and Redwing and, since differences in
todine nuniber are nssocinted with temperature, it appears (fig. 1@)
that the iodine number of Bison end Rio oil is moere responsive {o
lempernture differences than that from Linota and Redwing.

LONG-TIME RECORDS AT FARGO, N. DAK.

The seasonal variability in weather at a given loestion and its effect
upen {lax is well demonstrated by the record at Fargo, N, Dak,, for
the 22-year period, 1917-1938. During this time the Agronomy
Department of the Nortk Dakota Agricultural Experiment Station
condueted flax varielal trinls, which were continuous for the variety
N. D. R. 1147 and included Liuota, Redwing, Bison, and Rio for
shorter periods (table 17).

During this period the precipitation for the crop year ending August
31 varied from 0.1 to 26.0 inches, being above the long-time normal
of 23.4 inches only in 1927 and 1928.  Precipitation during the grow-
ing season (April to August, inclusive) varied from 3.8 to 18.5 inches
and the duly precipitation from 0.4 to 7.2 inches. The driest year on
record at the station was 1936. Approximately 75 percent of the
annugl precipitation occurs during the 6 months,” April to September;
inclusive, and crop production is largely dependent on the amount and
distribution of precipitation dinving this period.

The yearly variation in July temperature during the 22-year period
ranged Trom 66.0° to 80.2° F. for the mean, 76.3° to 94.0° [or the mean
naxtmm, and 54.9° to 66.4° for the mean minimum., The total duily
excess temperature above 90° for July varied from 0° to 198°,

3 Norih Dakoty Resistant Ne. 154, forsmerly an jmportant compereint variety developed by I, L. Boliey,
North Dukotp Agricnltarsd Exporbinent Statien, s fiest istoibated about 1652,
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TasLl 17—Acre wields and other characleristics of certain flax varielies
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compared with weather conditions al Fargo, N. Dak., during the period 1817-38
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Fraure 11.—Daily temperature and precipitation records during the period from full bloom to ripening. of flax varieties in six distinctive
seasons at Fargo, N. Dak.: 4, 1925; B, 1926; C, 1927; D, 1928; E, 1932; F, 1934.
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The varictal experiments were conducted during the entire period
under the supervision of T. E. Stea, to whom the suthors are
indebted for the,agronomic data reported in table 17.  As the field-
plot cxperiments were conducted under exceptionally uniform soil
conditions, variations in length of the vegetative and fruiting periods,
yield of sced, and quality of oil can be attributed lareely to variations
i woeathoer,

The yields of N. D. R. 114 varied from 1.4 to 21.2 bushels an acre.
The date of full bloom varied from June 22 to July 16.  The number of
days from sceding to ripening veried from 82 to 103, and the period
from {ull bloont to ripening from 31 to 48 days.  The variations in the
length ol the vegetative period are undoubtedly influenced by soil
maoisture supply as well as by date of sceding and consequentdifferences
in photoperiod and temperature.

The ranges in seed characteristies in N. D, R. 114 were from 2.3 to
4.3 g, in weight per 1,000 seeds, from 27.1 to 36.8 in percentage of
oil in seed, and from 148 to 196 in lodine nuiber of oil.

Similar variations occurred in the other four varicties, In general,
deficient precipitation and high temperatures reduced the vield,
shortened the vegetative and {ruiting periods, and lowered tite weight
of the seeds, the oil content of seed, and the lodine number of the oil.

The daily maximum, mean, and minimum temperatures and the
daily preeipitation for the period from full bloom to ripening of the
five varietics during certain distinetive seasons at Fargo are shown in
figure 11, The average iodine numbers of the oils i 1925 and 1927
were 192 and 188, respectively. There was ample precipitation during
both seasons. During the bloom-to-ripe period of growth there were
no temperatures above 100° F. There was a 6-day period with
maximum temperatures of 80° or above soon after bloommg in 1925,
whiclt foltowed heavy precipitation. Tn 1925, when the highest iodine
ntmbers were observed, the muxinum temperatures were helow 80°
during the latter purt of the period of most rapid oil formation. In
1927, when the maximum temperatures were somewhat liigher in this
tatter period, the todine numbers wore somewhat lower.

The highest avernge yield of the 5 varicties at Fargo was in 1926
{table 17} und the next highest in 1928, The average jodine numbers
of the oils in these 2 years were 181 and 185, respectively, which are
somewlatb lower than the avernges for 1925 and 1927,  There were 6
days during the period of most rapid oil formation with maximum
temperatures above 80° F.in 1926, but none in 1928,

The seasons of 1932 andl 1934 were deficient in moisture, and the
average iodine number of the oils was 170 and 171, respectively,
During duly, precipitation was low gnd temperature high in beth
vears.  Maximum temperatures above 100° F. were reached in both
seasons during the Iatter part of the period of oil formation, 20 o 25
days after flowering.

FATTY ACID ANALYSIS OF LINSEED Oil,

The todine number may give only & relative indicetion of the drying
quality of an oil, as it is only a moeasure of total unsaturation. Linseed
oil consists of glyeerides of saturnted ncids, together with the un-
saturated acids, oleie, linolele, and linolenie,  Qleie will absorb two,
linoleie four, and linolenic six iodine atoms per molecule of fatty acid.
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The 1odine number of a sample of 0il does not indicate in what propor-
tions thege unsaturated fatty acids occur. Two oils having the same
iodine number muay have different proportions of Tatty acids * and for
that reasoun may have quite dillerent drying properties,

For these reasons the oils from the seed of a series of plot tests
of the seasons of 1929, 1030, and 1931 were analyzed for the estitna-
tion of the constituent fatty acids.  The faxsced was grown under a
wide mnge of climatic conditions in different places in the United States
and Canada.

For the estimation of the constituent fatty acids the Wijs iodine
numbers, the Kaufmanu thioevanogen numbers, and (he pereenlages
ol saturated acids were delermined for the cold-pressed oils [rom the
samples ol Oaxsced.  ‘The Twitehell lead-salt-alcohol method was
used {or the determinntion of the saturaled acids.  This procedure is
now lknown to give siightly low values.  In making the caleulations
for the datu presented in this bulletin, the satuwrated acids were as-
sumed Lo he of equal paris of palmite and stearie ackls, The un-
saponiliable matter in the oil was net determined. but was arbicrarily
Lakten ns | pereent e all samples. Reeent inveastigations have shown
that the use of theoretical thioceyanogen values, as proposed by
Iaulmaunn Tor the fatty acids, Jead to serious ervorsin ealeulating the
pereentages of fatty acids in oils. Riemenschneider, Swilt, and
Sando (2 have summarized the resulis reported by recent investi-
sulors and suggest that, when 0UUN thioeyanogen solutions are used,
thioeranogen values of 884 Tor oleie acid, 93.9 Tor linoleie aeid, and
162.0 Tor linolenie acid be tentatively used.  These valuss were used
in the present ealenlations. Semewhat higher values were suggrested
(79 when 02N thioevanogen solutions ave used.  I'n reporting the
results, the pereentages of the individual acids are expressed as
triglveerides 1n the otls. [t is recognizedd *"at there has been con
giderable study of and improvement in th. moethods of determining
thiceyanogen values and saturated acids sinee the present results
1HR20-31 Y were obinined.

A considerable number of analyses ol hinseed oil for the percentages
of the several fatiy neids hased on the use of theoretieal thioeyanogen
vilues are reporfed in the literature. These analyses show consider-
able variation in the percentages of each fatiy acid.  However, the
authers have ool found any references to the effeets of variety and
wealliwer on the pereentage of the several fatty neids exeept those that
might he inferred from the vaciations and causes of variation in iodine
number of the oil,

The percentuges of the different acids were caleulated in the oil of
4 standavd varieties grown n o total of 40 crop-vear tests at 19 widely
sealternd stalions,  The oil content of the seed, and the actd, iodine,
and thioeyanogen nmbers of the oils are given in tuble 18, The
pereentages of the individual acids expressed as Uriglveerides in the

£ This {2 sbaw o in o recent artiche by Hosg, W G gl JaviEsoN, G5, THE COMPOSITION OF SEVEN
CHERICAN LINSEED i< Oftamd Soap 182 198, DML,
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oils are given in table 19.  The high acid nutuber of the oils from seed
erown at 11 Centro, Calil, in 1930 are due Lo exposure to damp con-
ditions in the field after muturity and before threshing,  The todine
number among all ihe different samples varied from 156.5 to 197.5,
and the thioeyanogen number varied from 97.4 to 123.7.  Wide
varialions in the ealeuluted pereentnges of the individual fatly acids
were found.  The saturnted acids varied from 3.3 to 12.1 pereent,
oleie neid [rom 9.4 1o 37.3 pereent, linoleie acid from 2.3 lo 39.0
pereent, and linelenie acid from 30.5 to 38.% percent.

The average composition of the 140 samples analyzed was 7.8 per-
cont snturated acids, 23.2 poreent oleie, 19.9 percent linoleie, and 48.1
percent linolenie acids as triglyeerides.  Apparently some abnormal
oils were produced in the tnals, These same samples of seed were
used in the general study of the offeet of climate, the climatic condi-
tions during the growth periad being given in tables 10 (o 15, inclusive.

As the climulic data tabulated gives average temperatuees, it does
not indieate the magnitude and duration of extremes i temperature
that might influenee the nabure of the oil faid down in the seed. Tt s
prabable that e time of eecurrence of high temperatures during the
seed-forming period is of great importance in influencing the guality of *
the oil, or there may be a eritical sbage in the early ripening period
when exeessive temperatures are most deteimental,  This is indicated
by the variations in the veaction of the four varieties as shown by the
percentages of the several acids. AL four varieties differ somewhat
in veeetative characteristies. Lineta and Redwing are carly variebics;
Bison s midseason in maturity and has remackable vogetative vigor;
and Wie ix normally a Inte variety having a long period of flowering.

Oil composition appears to be related somewhat to variely. The
oils of Bison and Rio averaged 175 in jodine nunther and those of
Lineta and Redwing 183 {table 4. The average lodine numbers lor
the oils from the samples of these varieties analvzed for fatly acids
were about the sanwe ns those e¢ited (table 181, The oils from the seed
of the Rio variety averaged distinet!ly higher in saturated acids than
those of e three other varicties. Those from the seed of the Bison
variely averaged higher in oleie acid, "The average percentuge of the
lnoleie acid Tor the Tour varieties varied approximalely one unil,
The oils from the Bison and Rio varieties averaged aboub the same in
pereentage of linelenic actd and were distinetly Jower than those of
the Linota amd Redwing varieties,  This varietal relationship was
similar Lo that for iodine number. The differeices in the ity acids of
(e oils throw some light ou the differences o iodine aumber hut does
not explain why the varieties react differently.

The analyses were complete for the futly acids as triglycerides in
the oils from the seed of the 4 variclies for 22 crop vears at 14 stations
(nble 19Y. The correlation eaeflicients for the relations hetween the
speeificd temperature factors, the pereenfages of the individual fatty
acids for the 4 varieties, and the averages of the varicties are given in
tulste 20,




Tanve 18.~0il content of fluzsced and the acid, todine, and thiocyanogen nuinbers of the oils frém the srcd grown under different climalic
conditions and used for f’:ttJ acid analysis
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Tanre 19.-~Percenlages of salurated, oleic, lindleic, and linolenic acids expressed as triglycerides in oils from flazseed grown under different
climatic conditions -

; B
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TapLe 20.—Correlation belween percenlages of fally ucids caloulated us triglycerides
in the oils and July temperatures for 4 varieties of flaveeed grown in 22 field fesls

July temperature and fiax varkety ISm‘.umtod ; I Olole Linglofe 1 { Linaleriy 1
i t

e e e e o ——— ——

- Averare miaxhnnn (° F: H
neto_. . S 3 M 2133 +i% 158
Rudwing M o 1 ~, (Kl
Dlsen. . S e men . L 1] —. 118
Riv... . . o e e - B R ) -+, 172
Avempges. . . S e . t Y -+. 50
Averape mimlnum (0 F: H
Lingtn. . . e e e e e R —. 144
Redwlng . . ., . 77 ; )
Dison, . . ...

i

Livetn, . [ 0 . . . :
Redwing. e e e e SO
Nison_ .. .. e e B :
Aversges ..o ..
Total excess tormpernlize:
Linota,. ... ...

- 5150

+. 263 — AR

|

1 *=slgnifteant: **=highly shenifcant,

The coeflicients are in no case sufficiently high for safe prediction

urposes, but the trend is very significant in relation to the effect of

ﬁigll temperatures during the oil-development period of the growth of
the flaxseed.

The coefficients for temperature and pereentage of saturated acids
are generally positive, but in only one case is the value significant.
All but one of the coeflicients for temperature and percentage of oleic
acid are positive,

‘The correlations between temperature and percentage of linoleic
acid are nob significant; some of the correlntion coefficients are negative
and some are positivo.

The effect of temperature on the percentage of linolenic neid was
more pronounced.  The 20 correlation cocfficients computed were all
negabive: 7 of them were highly significant, and 6 were significant.

These correlation data furither emphasize the importance of tem-
perature during the period of oil formation in the plant as a factor
determining the iodine number. High temperatures appear Lo in-
crease the proportion of oleic acid and of the more saturated acids and
reduce the preportion of linolenic acid, resulting in an oil of low

iodine number,
SCUSSION

The exact process of oil formation in flaxsced and other oil-bearing
seeds and fruits is not well understood. Little s known of the
characteristics of the individual lipases that funetion in the metabolic
processes by which fatty acids and glyeerides are synthesized in the
sced.  The kinds and relative proportions of faity acids in the oils of
different seeds are charncteristic of cach species.  However, the
relative pereentages of the fatty acids may be modified by selection
of varieties within a specics and by conditions of growth; that i3,
by climatic or weather conditions,
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Sergius Ivanov (12) observed that oils containing glyeerides of
unsaturated acids with one double bond (oleic, erucie, or ricinic acid)
are little affected by climatic ehanges, whereas, in oils having fatty
acils with three double honds (linolenic acid), the iodine numbers
deerease with inerease of temperature, that is, with growth of the
plant in warmer regions; and oils with two double bonds {linoleic
Lype) are intermediate in response to temperature.

Theis, Long, and Beal (20, p. 770} found a marked increase in the
iedine number of the oil in flaxseed from 10 to 20 days after llowering,
when wt the same time there was 2 marked inerease in Hnolenic acid
{three double bonds) and a marked decresse in oleie acid {one doubie
bond}.  In regard to the progressive changes in the fatty ncids these
nuthors state:

When the enrves are inspeeted together, it is obsceved that as the degree of
unsatoenation hnereases the percentages of linoleie andl linolenic [acids] increase and
those of olefe and stenrie decrease. Thiz supgests that as the seeds mature,
deswiuration proveeds through the stages stearie, oleie, linoleie, to Lnolenie,

Fhey observed, also, thal enzymatic activity of the sceds decrensed
as Lhe pereentage of oil inercased, with a marked decrense immediately
after e period of rapid oil formation.

The wrowlh of flaxsecd from flowering to maturity has been studied
by Dillman {8), Johnson (16}, and Lehberg ot a2l (J7), who have
shown 1hat the deposition of the oil oceurs most rapidly from about
the fifth to the twenty-fifth day after Howering, although the total
oil content continues {o increase uniil the maximum dry weight of
the seed is reached at 30 to 35 days.  The final Yipening -process
is chiefly n matter of dehydration, or loss of moisture from the seed,
the rapidity of dryving depending on weather conditions. In hot, dry
weather the whole period of growth and ripening of the seed may
not exceed 30 days, whereas in cool weather, with adequate soil mois-
ture, the period from first bloom to ripening may oxtend 50 days
or ore. 1T a period of hot, dry weather occurs during the eritical
period of seed growth snd oil formation, it results in the production
of shrunlen seed of low oil content and a low iodine number of the
uil.  The data presented here confirm this interprotation.

Tvanov (£4) suggests that in mild climates, where there is little
mnge in day and night lemperatures, the “main product of the oil
building process is oleic acul; in the rough northern climate, with sharp
changes i the tempersture’of the day and night, unsaturated acids
are erealed. Such ehanges ¥ * % produce niore linolenic acid.”
The auihors can hawdly ngree to (his interpretation. Tt seems more
fikely (hat high temperatures and partial or severe drought. tend to
shorten the growth period of the seed and foree carly vipening, thus
limiting the period of oil synthesis and adversely affecting the enzy-
nuitic processes by whieh the more highly unsaturated acids, partic-
uliely linolenie acul, are synthesized. At Fairbanks and Matanuska,
Alnska; Edmenton, Alberta; Bozeman, Mont.; and Nappan, Nove
Seotia, temperatures of 90° F. ravely oceur during the growing season,
and unilormly high iodine numbers in oils are obtained from flaxseed
produced at those stations. The mean maximum femperature for
July is 672 at Matanuska, 72° at Fairbanks, 74° ai Edmonton and
Nappan, and 79° al Bozewan. The average daily rnge at these
stations i relatively narrow, that is, from 18° (o 25° in July. The
prevailing mean temperatiee during the eritical period of seed growtih
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appenrs to be a more importent factor than daily range of temperature

{ in relation to iodine number of the ail.

' On the olher hand, in the Great Plains and in the North Central
States, where hot, dvy scasons were frequent during the period of these
experiments, oils of low lodine numbers were produced. In these
aveas Lhe mean maximum temperatures during July ranged {frem 80°
to 90° IF., and daily maximnum lemperatures exceeding 100° were of
frequent oceurrente.

Drought appesrs to have (he same coffect as high temperatures in
reducing the oil eontent and lowering the iedine number.  Indeed,
drought and high temperatures are commonly associated, and it is not
easy to <determine the injurious cffeet of each sepavately, The data
indicate that, in seasons when (he annmus! precipitation is less than i8
inches and when daily (emperatures exeeeding 80° F. are {requent,
flax production is hazardeus both from the standpoint of profitable
acre yields and quality of oil.

N. N, Tvanev (9 found relatively little varviation in the prolein
content of faxseed grown under different environments as compared
with that of wheat grown under the same conditions.  In the present
investigtions the crude protein ranged [rom 28.9 to 44.6 percent in
the linseed meals of four varietics. A part of this range was due to
variety, as Lhe meal of the Bison variely was about 2 percent higley
in prolein than that of the other three varieties. In general, high
profein values were associaled wilh low yields due to deficient precip-
iation amd hieh temperatures.

SUMMARY

Agronemic and chemival datn on 4 varieties of flax—Linots, Red-
wing, Bison, and Rio - covering a period of 1 to 10 crop seasons al
ench of 54 fiold stations in North Ameriea ave presented. The geo-
graphical loealion of these slations ranged from about 10° to 65°
north Iatilude and from 64° Lo 146° west longitwde. The elevasion
ranged {rom 53 feet below sea level Lo 8,000 f[eel above sca level
The aunual precipitation runged lrom K9 to 56.1 tnches for the crops
erown under natueal rainfall.  The average mean temperatures for
July, the critical period of seed aud oil {ormation at the aorthern
stations, ranged from 32° to 88° ¥.. with the mean maximum lem-
peratures tangmgz up o 104°

The vurious factors, Lhe relations of which were studied statistieally,
were acre vield, test weight per bushel, weight of 1,000 seeds, oil
content of seed, iodine number of oil, and erude-protein content of the
meal; crop-vear and June and July precipitation; the average maxi-
mun, minimum, and mean temperalures; the daily range intempern-
ture, and the “excess” temperature during July.

Tlhiere was no significant difference in the acre yield ol the four
varieties hased on the average vield al all stations, A yield of approxi-
mately 11 bushels por acre was indieated for an annual precipitation
of 23 inches. Variations in environmental conditions resulted in
vields from less than 1 bushel {0 20 bushels or more per acre for the
crops grown under natural rainfall, and up to 40 bushels or more under
irrigalion.  The acre viekl Is positively correlated with crop-year pre-
cipifntion and negalively coreelated with July temperatures.

The combination of elinmtic or weather factors, mainly deficient pre-
cipitation and excessive July temperatures, which reduced e yield
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per aere, also caused a decrease in seed size, test weight per bushel,
oil content of seed, and jodine number of the oil, but an increase in
the crude-protein content of the meal. With the exception of crude
protein in meul, theso factors were positively correlated with crop-
vear precipitation and negulively corvelated with the average maxi-
nuun, average mean, and July fexcess” temperature,  July preeipita-
tion appearsd Lo influence matorially only the acve yield and the seed
size,  Tlhe erude protetn in meal was negatively correlated with the
crop-year precipitation and positively corrolated with July tempera-
tures.  As a consequence ol these common influences, posttive, and
in most enses highly significant, correlntions were Tound between acre
vield, weight per 1,000 seeds, oil content of seed, iodine number of oil,
aned Lest weight per bushel, The crude-protein content of meal was
negabively correlaied with the olher factors, exeepd test weight per
bushel, though not so signilieantly,

The ol content of the large-sceded varicties, Bison and Rio, was 2
or 3 percent higher than thal of the smalb-seeded varietivs, Linota and
Redwing, The correlution between seed size and oil contend, due to
environmental conditions, was highly significant for all variclies, the
covflivients ranging from +0.64 to 4-0.85 for cach variely. Seced size
and plumpress of seod appear to be Lhe best 1udlieation of oil content.
As an average of all Lests, the weight of Linota was 3.8 gm. per 1,000
soeds, Redwing 4.2 gm., Bison 5.5 gm., and Rin 6.3 egm.

I general, the small-seeded varielies vield oils of ligher iodine
numbers than the large-sceded varieties, As an average of ull tosts,
the fodine number of the oils of Linola and Redwing was 185 and of
Bison and Rio, 175. 1t appeared that the earlier varietics, Redwing
ad Linota, were less alfecied by unfavorable weather conditions,
especially by high temperatures and drought, than the later variebies,
Bison and Rio. However, within cach variety there was a posilive
correlation belween seed size and iodine mumber.  The coeflicients were
63 lor Redwing, 0.62 for Linota, 0,49 for Rio, and 0.41 for Bison.

As the three measures of July temperature-—the mean, maximum,
and tolal exeess above 90° ¥ are velnted measures of excessive tem-
perature, they gave, in general, correlation coefficionts of similar mag-
pitwele, 1t is felt that the totsl excess temperntures above 90° K.
during the seed-filling period should refleet most accurately the injuri-
ous effeet of oxtremely high temperature on the yvield and quality of
flaxseed.  Kxcess Lemperalure showed high noegutive correlations
{ =042 1o — 046} with vield in the experiments condueted under irri-
ention al Newell, 8. Dak., where soil moisture was not a limiling [actor.

The 22-vear vecord (1817-1938) of flax tests at Fargo, N. Dak,,
shows, in goneral, correlntions belwoeen the several weather and crop
factors similar (o tbose covering all stations.  In addition it »hows
that, over a period of years. climatic factora may vary extremely in a
given area,

The correlations between the pereentages of the different latty acids
in the oils and July temperatures show tat temperatures during the
oil-formation period are negatively corvelated with linolenic acid and
positively correlated with the saturated and oleie acids. The coefli-
cients were small, but they consistently showed the influence of
temperafure,
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