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INTROLUCTION

A considereble nuaber of ecutcale sesda sre charscterized by
| the presetes of oll instead of starch as reserve matorial. The flax
. plant produces sn oil-besring seed which yields ofther by pressuvs or by
extrootion s oil which is used chiofly in the menufscturs of paints wnd
vamishes, :md in the wmulseture of lincleus, cil eloth, printer's inok,
and patent leather.

The oil obtsined from (loxseed i kmomm &2 linseed ol end 19
one of a elasa of Dutty olls mown ws drying oil. When exposed to the
aly the oll absorbs oxygen, foraing = compcumd kmown s limoaxgm wshich
oonstitutes the tough, slastie, ond proteciive film that makes the oll
%o valusble to the paint industry.

Plax i» grom ia the United Stules ohiefly for the ol eontent
of 1ts secds. 2n lmportmt by-product of 1%2 crmsher industry is limseed
@ake, whieh is rich in protein wnd hos high eommereisl walue ss o 1ive- 3
stook foode The imerersing denwmd for these m-muisetured products wnd
the growing searcity of linresd oll, due to the deerossed neresge «0d
yield of sesd, bBrs served to foous the sitention of agriculturiats as
well ns mamulacturers o8 the cullivetion of flax for the production of
fiaxseed end linsesd oil,

Simee flax production for lingeed ctl hes reesived so such at-
tention it is s matter of prestiosl importanee to nscortainm, =0 far &
posailtls, the cultural preetices sost favorabls to the ineresse of quwmiity
md quality of the ercp. Such results con best be obtained by s comblaed

sgronomie snd chomlesl investigation of the subject. This inveailigation
bas therefore beem concemned with study of the effect of different soil

treatamis o mpmumerum,meawozmmlmm

' standpoint of yield ed qulity.



HISTURICAL

Invorti grtors of Puropesn eimiries sre oradited with the sarli-

o8t resesrehes lnveiviag the effeots of fertiliser spollentions om the ol)

content of oil-bearing secde. These studies, slong with this countey's

. ®OPe reeabt investigntions, hove shosp thet apiliewtions of somseressl

fertilisers asy fevorsbly or sdwerssly sffect the o1l ocomtent of the seod
md slso influende the various comstents of the axtraeted oll. Gomer,
Allapd, :nd Foubert (1) have shown in fertilizer tests with ootion that
the addition of = complete fortilizer yielded seed of & comsidorubly
bigher ¢i)l eontent then the seed from the umfsrtilized lsnd. Applicatioms
of nitrogen in inereaving ascunta lowsred the pereentage of ofl, while ig-
oreesing spplicntions of phosphorus or poteosius &ld not alfeet the oil
contant. They concludead that, "Under practieal conditions climste i &
movs potent faotor than socil type in ccatrolling the sise of the seed snd

. i%s ol comtent”, and, "Within ordinary limits the rolative fertility of

the soll appears %o be 2 mimor fsetor in iafluencing the sise of the seed

and {ts oll content.”
O'Eelly, Ball, md Gelger (7) of the Miseissiyppl Ageioultursl

Exporiamnt Station peport ot spplieoticsis of feptiliser contsining

ol trogen and phospiores sloge esused s deeresse 1m the oil ommtwnt of

. eottom-seed as compered to the oil comtemt of soed produced »ithout fer-

tilizer. The sddition of potash to the foptiliser mixture incrowssd the
oil eontent md in prsetieslly =ll osses ssch susCessive mﬁal iner-nmd
produced = eorresponding imorense in the oll par tom of deed.

Bushey, Pubr, snd Buse (8] bhave studied the influwmoe of erop
yotation om the oll content of flaxseed. They snelyzed tem scaples from
ten different rotations and found them guite wniform in the pareentege of



oil, there deing o differance of cnly 2.1%5 in tha oil content Detween the
Mghest md lowest ssple.

Stark (4}, working with soybomns st the I11limole Agrioul toeal
Experiment Statiom, found thet appllestions of limestome were followed by
& decronse in the sontent of oil, Be found thet phoephoras, in most erses,
still further deeressed the perecatsge of oil while potassium shoved
slight inerecse in pereentage of oil. Exprscsed in musber of pounds of
oll geined or lost by the various trestasnts, 1t wss foumd thot menwre
gove en aversge ingresce of oll over mo trestsent smounting to 6.7 pounds
per sere, whileo orop residues guve wn eversge inerense over no trextemt
of 28.4 pounds per sere. Limestope added to memure gave s further ineresse
of 82,2 pownds er sore, mnd vhen applied with residues, the sversge gsin
for the limestone was 54.8 poumda per sere. Phosphorus spplied in sddition
to nsaure and limestome resulied in sn 2versge loass of 4.3 pounds of oil
per sore spd phosphorus in addition to residues sod limestone oruded o geln
of 2.7 pounds per sare. Whem potassius was sdded to residucs, lime, snd
phosphorus, there w2 sn averuge decresse of ofl ssounting %o 7.8 powmds
per scye.

Faller (5), of the Bew Jersey Agrioulturs] Experiment Staiiom,
found sppliestions of lime to the il desressed the oll contant of the
soybesns in proportion to the ascunt of liwe spplied. Small spplicatioms
of sald phosphate moterislly imeressed the oil ecomtemt, espeeially vhem
lime #aa =ppliced with 1t. Applieationz of polsssium resulted in a alight
degresse in oil content.

Jobnson (8), Himnesots, reports no comol st«m& di {Terences in

oi] content for threr 4lffersnt oropping gysleas during the peried of oil

formation. Statisticsl compuriscms of the oil contemt made from the twenty-



third day to @sturlty between the flax produced on & five and o three-
yesr rotation ad betwoen & five-year rotation end & continuwous ervopping
aystea gave s mesn differenes in favor of the five-year votation of 0.50%8
and 0.97% oil. The compariscn Detween the oil content of the sesd from
the three-year rotation ond cuntimucue cropping plote gives » mesn &iffer-
mce in favor of the forwer of 0.42% oil.

Schuater sad Grebea (7), Delaswure, present date to indicate that
the composition of the suybesn cuanot be chuuged by soil Qroamt, nain~
taining that investdgators must look o genetic: for sny improveaent in
soybecns =8 %W oil sad protain sontent. IThuy found thad single slaments
did not affeet the coapoucition of soybesna, but when spplied in combination,
they did. Hiteogen snd phosphorus csused s vwory olgnifiowmi decresse im
the oil ccntent whem spplied on unlimed soil. Phoasploran end potassine,
in coabinstion, also esused a decresse in the oil eomtent wpon wmlimed soil.
A complete chsaiosl fortilizer hed no significomt offect om the oil content
upon elther lised or wnlimed soil, Hanure csused a seall signifiesnt loss

in oil.

A careful investigation by Robinawn snd Cook (8) =t Hichigmm
shows thet mitrogen addad to combinstions of potash snd phosphorus fertdl-
izers gives oaly slightly ineressed secd yislds. Phosphorus slone did mod
ineresse the yield of seed over umirented plots but im eosbinstion with
potash inerersed yields were obtuibed.

214 Nohsassd (8), werking with flsx ip Indie, mm spplioations
of sodiuz mitrate imepscsed the beigat of the plants 5§, the sverage mumber
of bsssi brsuches per plsnt 15, sad the yicld of seed 8%, in mﬂﬂn‘
with eomplote fortilizers wiich ineressed tho holght of the plente 3%, the
aversge nuaber of buassl branches 108, snd the yield of ssods 48. Potsssium



sulphate had no effeel, whils muperphosshate had » deleterious sffeect
except tht 1t induced early flowerinmg. Bono of m'm-uu»n hed o
sigaifiomt effoot on the percentege oll content of the seed.

The use of artificis]l manures was found by Zyre snd Fischer (10)
to oosasion only s very alight weristion in the ol esttent of linseed.
The main effect has tended toward influencing the yields both of send smd
of strow. The only signifieunt incresse in oll content was obtained from
s cosbined superphosphate snd potash trestamnt.

Gerken (11) pressnts dats to indicete the yiald of oill %o be
ineressed by fertiliser spplicstions. He found sppliestions of potessium
snd phosphorus, however, to be of mc value »i thout nitrogen.

Balashew (17) reports the beneficis! influmnes of potssh om
flaxseed yields., Re foumd nitrogen sad potash fertiliszers to rsak first
in order while phosphates are secondery in the feptilizatiom of flex. Im
dry years he found the spplicstion of fertilisers % be imeffective or
even imjurious.

#itrofsnov (12), reporting omn the results of fertility experi-
nents condueted ob nom-chormosen soile, imdiestes that flax responds best
to s complete fertiliszer. Nitrogen with phoschorus seeme to be the most
effective combination. Besvy spplicetions of nitrogem smd phosphorus,
however, had sn injurious effect.upom the yield of the fiber snd its
quelity. This seemed sspecially true of nitrogem. Addlitions of potssh
somewhat decressed this injury. '

Balsshev (14) finds flax very sensitive to an ineresse in the
comomtration of the soil solution =md is therefore sensitive %o minersl
fertilizers. His investigstions show that heavy spplisstioms of lime sd-
vorsely sffect the seeda. Phosphates set bemeficinlly on hesvy solls.,



Bitrogm, w@d espeelally potassium spe benafieisl for light soile.

" A sumasry of the dsts obbiined by these investigators iadioste
that [laxveed moy show comaldersble varisadility in ccmposition as e
resul b of differences in soi) fertility snd climstes. 1t iz apparent
Ofrom n study of thie meterisl thet fertilizer applieations do affect the
yield of oil. Some lnvestigators have received ineressed ylelds of oll
in response to Lreutmonts wiih potesh mnd degrensed yields with phosphorus.
Others have achleved just cpposite reculls. Ia ccabinstion with each other
snd with other fertilizers phosphorus snd potassius have produced widely
varying results. In the grester number of instenees the appliestion of
fortilizers has tonded more toward hmreaan@ in yiold of seed and straw
then towards the imeresses im yield of oil.




Sorth Dukots, South Daskots, Mimuesots, snd Homtsms comprise =m
aves whioh grew in 1932-3%, T8.7% of the entire agreage of flax growm inm
the United States sad Cmmada. In consequence, most of the investigation
with flax hes Deen domne »t staticns within this srea. The work which has
Deenr donie has besn concerned mostly with the development of @isesse resist-
ing varieties with, perhaps, the lesst stiention having been psid %o the
effects of cultursl prectices as affecting corteln physiosl snd chemigal

PURPOSE OF IBVESTIGATION

charecteriation of flaxseod.

In this investigntion the experimental work was divided imto

the following purte:

1.

Pe

Ze

The offect of the spplicetion of fertiliszers upon the
length of the growing period.

The effect of the appliention of fertilizers wpon the
physiesl churscteristics of the plantas.

The affect of the appliestion of feptilizers upon the
ﬂdd of seed.

The effeet of the spplicstion of fertilisers wpon the
guentity smd doying properties of the oil.

The affeet of the spplieation of fertilisers upon the
nitrogen content of the secd.

The offect of the appliention of fertilizers upon the
presence of stereh in fluxseed.



MATERLALS ARD METHODS

The original plen of investigation was to ob%sin seed from a
orop grown om station plots, having different fertilizer trestments.
Sueh & procedure was begun and s orop planted in the spring of 1955 on
plots at the South Dskots Agriculturs! Experinent Stetion, bdut due %
the extremely dry conditions of thst sessom, the erop did not msture

. seed snd 20 had to be sbamdoned.

In order to procesd with the investigstion, {t waa necossery
to grow the erop im pots wnder greenbouze conditions. Although gresm-
house conditions and methods are mot strictly couparable to field com-
ditions, it was possible t meintein an adequste molsturs supply snd o
aature s erop ylelding snough seed for malysis.

Only ome varlety of flax, Bisonm, was gromm. This is a variety
widely growm in South Dukote. It has o fairly $all growih habit, medium

- sised seeds, snd hes yielded well at this statlon.

80IL:
The soil used in this experiment is described as Barned sandy

loss. 1t wes taken from » fleld which had had no manural treatment for
seversl years. inslysis of the soil shows it to conteln: §5,351.9 1ba.
pitrogen; 1,157.3 1bs. phosphorus; 16,746.9 1bs. esleium; 10,502.4 1bs.
magnesiun; and 15,284.7 1bs. of potassium per sere and to hewve s total

water-holding capseity of about 468. The soil wes brought to « lsbor-

story im esrly fall, allowed to sir dry snd wsa thoroughly homogeni sed

before being put inte the pots.

FERTILI ZERS:
The slements spplisd as fertilisers were nitrogmn, phoaphorus,

potassium, snd magnesium. The nitrogem was supplied in the form of the



o T2

ossercisl fertiliser, sodiua miteate, «b the rete of 550 pounds Por sere
OF 735 grima per pot. Comnereisl seid phosphate wes wsed %o supply the
phosphorus. This wus upplied at the puts of 530 pounds peX sere or .83
£rona per pot. The seld phosphete wns groumd i » morter befops wal ghing.
1% eontuine gypoun snd about 70% Polg or 8.538 phoophorus. Potassius wee
added in the fors of the pure sslt, potassium ehlorida, ot the rate of
300 poumds per sere or .87 gruas per pot. The sognoslym was supplied on
the pure salt, ssgnosiuam ehloride, st the pate of 700 pounds per newe op
«90 groas per pot. These fortilizers were spplied in dry form snd thor-
cughly ineorporsted with the top teo ilcfm of soil.

PLAR OF EXPERINANT:

Seventy pots in all were uwsed. These wsre nusbered consecutively
from 50 to 119, md were divided into ten series of seven pots each. Nine
differant fortilizer trestments snd & mo trectaent series wore used as
shown in the following table:

Teble 1. System of Buabering and Treatamt.

Series Bumber Treastam?t Pot Huabey

EEEEERER.
[ 3
Egem2y 32

t 1 i

SOGQQQOUQF
{g’au‘ﬂ‘.@

115 - 119




In all tadblom the different trestments sre designated by the
myabol or syabola of the elwment or slements wuoed im that trestnent,
For exumple, in Table I, adove: WNo trestaent 1o desiguated by the symbol
03 nitrogen by the symbol §; phosphorus by P; potassium by K nitrogen-
phosphorus by EP; ndtrogen-potassium by BK; phosphorus-potassium by PK;
i trogen-phosphorus-potassiua by NPK; magnesium by Hg; sad magnesiue-

phosphorus by MgP.
The seven pots of Series 1 recelved no trestment and so con-

“W.ﬁ..umm The single elemmmts end the comdinations of
elements as weed in the investigation sre cutlined in Tadble I, asbove.
CONDITIONS OF GROWTH:

The flax wes planted on Fovember 14 with approximately twenty-
five sseds to each pot. An exvess of seed was planted in order to insure
mough plents snd to make for more even speocing vhen thinning out the
plants, Eleven plants were sllowed to develop snd mature in each pot.

After plonting, the soil in each pot was covered to s depth of
mme-helf inch with 400 grems of pure querts sund %o serve as » sulch end
to prevent eracking of the soil through evsporatiom.

The soil was kept et about 448 of its totel wmeter-holding eepac-

ity during the entire 1ife of the plants.
rmnummwmunbanummtwm

not always oocupy the seme relative position in the greenhouse. Precautions
ware taken to kesp the early temperature st about 50° P. in order Shet the
seedlings would be encoursged to fomm a sturdy root systen end not too
repid serial growth. Such & tempersturs more nearly approximetes early
mnddm&ﬁuandduimnmmwMuo“ofﬁ
tender seedlings. umpznwmmmmmus.umu

SOUTH DAKOTA STATE COLLEGE LIBRAKY



roach 68° %o 72° 7, Thds temperature was mainteined throughout the later
developnent of the planta. Fesr maturity the tempereture oftes rose as
uuafum'r.msmuorm.ummm
Artificlal light was ussd whan the munber of hours of mmshine per day

sere liaited. The artificial illusination was supplied by two 500-watt

laups.

DEVELOPRINT OF THE PLANTS:

Daily motes were taken in order %o detersine the effect of the
various treatemts on the daily incresses in height of the plants. Notes
wore also teken to determine dates of flowering, bodl formstiom, snd dste
of aaturity.

Wheu all the bolls had become fully ripe snd dry, they were
ploked and placed in sanile envelopes which were left open s0 that they
night be further dried in the lebovetory. The exop was harvested om
Msroh 15, spproximetely 120 duye after plenting. When thoroughly odr dry,
lhﬁdommmmmmmhwmnh‘mnym:m
of linoleus end a large rubber stopper. The bolls were comnted at the
tine of hervesting cnd the pumber of secds and the total welght oblained
4 at the tise of threshing.

O1L DETERINATION:
The oll was extracted from the seed by means of subydrous ether

. i & Balley-Walker Extrecticn Appsratus. Five-tenths gram eamples of seed
in duplicete were weighed md grownd in s mortar with a ssall smownt of
pure quarts ssnd. The scaples wers trmnsferred to soxidet thisbles, placed

hﬂcﬂngb&&umﬂdﬁdhammhuaﬁom&nof“
doxide gas at & Lemperature of 70° C. for sixtemn bours cr mntil a constant

veight was obtained.



m-u—mmmmumumuunmm
extracted for twenty hours with salydrous ether. After extraction the
sther was evaporated off and the ol allowed to dry for two hours in the
vacuus oven in the presence of Cerbon dloxide end st a temperature of
70% 0. The welght of oil was deterained by difference in weight of flask
before and sfter extraction mnd drying.

IODINE HUMBIRS:

The iodise numbers were determined eccording to the Hasus
method (15) ae cutlined by the Assoelation of Official Agricultursl Chem-
ists. An fodive monobromide solution wes prepared by dissolving 135.615
greas of powdered fodine in 825 c.c. of glaclisl scetie noid, in saount
of bromine equivalent to 15.615 grems of lodine was added to the solution.

The oll remaining in tho flask after evaporation of the ether

wae dissolved in 10 ouc. of chlorcform, 25 e.0. of the monobromide solw-
tion was edded, the flusks wers stoppered, snd them allowed to stend for
one-half hour with occasional shaking.

At the tise the monobromide sclution was being mensured into
the oil, the sase smoumis of ehlovoform snd momobromide solution were
placed in two other flasks to be carried along in the seme msuner with

st 3 T e — o TreE P R Ty paciifiee ei. oo
T s it ate L e

the oil as blank determinations.

At the end of the sbeorption pericd of thirty minutes, 10 €.0.
of & 158 potassivm lodide solution sud 100 e.c. of weter wore sdded to
sach flagk. (The sddition of the potsssiva lodide, sfter sbeorption Wy
the oll, gn..ﬁmumm&wummaw as though lodine were
the only halogen present ainee iodine is titrated at the end.)

iBr + &I — KBr + 1y



The wnabsorbed iodine was imoediately titrsted with sodium thiosulphate.
Wagd0y - 1y — HagS g ~ Mal

The smount of unabsorbed iodine subtrscted from the totsl smount of iodine
in the blank 1a equal to the lodine absorbed by the ofl.
RITROGEN;

The nitrogen was determined by the ordinary Kjeldahl method.
STARCH:

mmmm-uvmwuuuumwmm
eagh series and examining under s microscope s drop of the solution whieh
hed been treated with = dilute fodine solution. Tests were also made by
grinding seed from ecch serios mud moting the effect of & dilute Llodine
solution. lodine solution was also applied to longl tudinel sestioms of
the seods. All tests were mede with the use of s aleroseope.
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EXPERIMTRTAL RRSULTS

Ihe LiXest of the Apclicaiion of Fertdlisors
Spen the Lemgth of Gxowing Period

Under nommsl growing conditions the tendency of phosphorus 48
to hasten maturity. In cur investigations tils charseteristie besswe
mtusmmmlarmmummnq
other plent food cleaent used.

The most sturdy plants, during sarly development, were producsd
on the phosphorus trested series. Plents of the msgnesium series sp eaved
to lack the desp green color of the other series.

The phoaphorus series begwmn to flower on Jsauary 8 snd were in
full bloom by Jwmusry 18. The series reecciving 8o phosphorus begwn Hloom-
ing on Jamuary 14,and all were in full bloom ty Jemmery 30.

Boll formation bagen with the phospborus series about January 18.
The series receiving ne phosphorus begin to form bolls om Jamuary 28,

All the peries regeiving phosphorus had resehed full msturity
aid were ready to harvest elght to ten days before the othar series had
become fully ripe. The aitrogen-potassium series was the last to wpem.

Ihe Effect of the Application of Feriilisers
Upen e Piwalcal Characteristics of the [lsnts
DAILY INCREASE IN MELGNT OF PLANTS: ‘

Deily messuremsts of the incresse in helght wors made each day
from the twenty-fifih day after plamting lo ssturdty. The first sessure-
smte were made om December 11, when the plants ranged from 9 to 12
omtimetors in hoight. The date obtained show greatly waried responses
of the plumts to the soil trestmant.
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In sll enses where phosphorur was used alone or im combinmstion
Effect of Fertilizer Treatment on Inerssse in Helght of Plenta.

with other elammts, we f1nd the wost Papid ineresses in helghte

N
3
i

ght u expresasd in

108 ; Treat-; Ave Ht. : Av. Ht. Inoreuse ;No Treaty Bt. st ;incresse ;
The average daily gein over no trantment in the ease of phosphorus, snd

Table 11.
54
=

For the emtire period, Decsuber 11 % maturilty, phogphorns i

ﬂlmnﬂuﬂtmmmmmuﬂ«mlm Foxr

the nitrogem-phosphorus snd i trogan-phoephorus-potasaion serles, the
average daily gsin was .87 om. over mo trectment. Nitrogem with potassiuvm,

phosphorus with msgnosium smounts to 1.03 e, per day. The sverage delly
ﬂwmamm-mmhu&mmu treatmandy

the decrease in both eases smounting to ~0.08 .

¥



eoablnstion with nitrogem mede the groatest deily goin, followsd by phos-
phorus with magnesium snd phosphorus with potsssium. While the gein for
phosphorus alods mas greatest during the period December 11 to Janusry 15,
the gain was less for phosphorus for the entire perfod, Decomber 11 to
saturity, then for say coabination with 1t excepiing the nitrogen-phesphorus-
potassiua combination.

An idea as to comperative heighte may be guined by examination

of the following figures:

rg. 1.

Pigure 1 shows all the pols of the series receiving no treat-
sant. mpmwwhmsmq:mn.mmmm
bogan to expibit evidences of flowering.



Mg, 111.

Filgures I1 :nd 111 show, for two different dates, the differences
in helght produced by esch of the single treatments: nitrogen, phosphorus,
potassiun, snd asgnesium, as compared with s series recelving nc treatment
end a series receiving the nitrogen-phosphorus-potassius treatment,



PMg. 1V,

Mg V.

Pigures 1V and V show, for two different stages of growth, the

di fferanices betwnen s menber of each series recelving plosphorus and a
member of the mo treetment serfes. The incresse in helght over no treat-

nent is due in esch case to the element phosphorus.
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Fig. Vil.

A11 the combinations of nitrogen with the other elements snd of
potassius with the other clements sre shown in figures Vi snd VII for twe
different stages of development. 1t may be moted that the af trogwn-
potassius series bas decreased the height over that of mo treatment. It
45 evident that tho inereases in helght of the other combinations are due
to the element phosphorus.



T T TR e T T

Pig. VIII.

The photogreph, Figure VI1I, shows all the pots of the series
receiving phosphorus alone. Thls photogrsph was made on Jsnuary 13, one
woek after the series had begun to bloom. Compare with the serles of
pots receiving no treatasnt, (Fig. I, Page 18).

Photographs, Mlgures 1X, IV, and VI, were made on December 350,
at which time the plants ranged from 28 em. in beight in the potassium

series to 51 ea. in the phosphorus series.

The second series of photographs, Figures I, 111, ¥V, VII, and
Vi1, were made on Jepuary 15, two weeks after the first series was taokem.
At this time the plants ranged in hedght from 49 em. in the nltrogen-
pmnuu to 88 em. in the phosphorus, phnphnm-pom‘. end
phosphorus-sagnesium series. The series receiving no phosphorus had ex~
bk ted no evidences of flowering at this dete. A1l of the series receiw-
ing phosphorus reached thelr maximus height on February 17. These helghts
varied from 105 cm. in the phosphorus end the nitrogen-phosphorus-potassium
series to 109 ca. in the aitrogem-phosphorus series. The series receiving
Bo phosphorus reached their meximus helghts on about February 20. These
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helghts renged from 86 em. in the megnesium series to 58 em. im the

dWm snd potassium series.

CORRELATION STULIES OF THE PLAX PLARTS:

Table 111 shows a multiple correlation Detwesn (a) helght of
plants, (b) bolls per plant, (o) seeds per boll, (d) yleld per pot,

(@) seeds per plant, and (f) welght of 1,000 seeds.

Sinece all of these plmnt charscteristics are correlated with
yield, snd since none of the walues of "r* are below a .02, we may expect

to find high correlations.

Table 111. Multiple Correlation of Plant Charaoteristiecs.

dmt B i

Boll Seeds
A Av. At.
Plants J9B8TT=.0142  LB5055.0718 LOY885.0004 .97465.0115 .9586-.0182
B Av. Bolls '
par Plunt «BATT=. 020D .997&‘;.0010 chWl‘ 0“10*’0&“
i Av. Secde
per Boll +9684-.0140 LP6H5L,0140 .92865,000
B Av, Yiald ,
per Pot in gn. «D93TL.0008 99NOL.0077
l Av. Secds
per Plmnt - 090350043

A study of Tsble 111 shows the close relationship that exiote

betwean the various plsat chamgleristios inwolveds Especlally high

correlations nre soem t0 exist belesan avarsge Dolls por plant and sversge

yield per pot, snd detvean average balls per plemd snd aversge seeds per

plant. A Mighly signifiemt corraletion exists Detwean average yleld per

pot amd average seads pay plwat.



Whil: the gorrelations 4n Table 111 may be consldered as signil-
1oaud, thay ere not basad uwpon u sefficlact nusber of repetitlons %o warrmd
the draving of gessrlizations or final cosclusions.

The Efect of the Anglieation of Fortllisers

Upon the Xigld of 3s0d
The results recorded in Table IV show theat the application of

phosphorus, ef ther alome or in eombination with other slements, produced

. marked inoresses in yield over that obteined from s0il recelving no treat-
ment and over those obtsined from soils receiving trestasnt not involving
the elemant phosphorus.

Table IV. Effect of the Verious Fertilizers w- the Yield of Fleax.

| "M
; Series Treat~ Total Tield Average Bolls Aw.lo.-u 1,000 sceds

g . 4.0098 2401 5.57 40601
£ » 4.4078 2,10 5.64 4.8778
R 17,8958 4.5 8.87 5.6228
& 5.5104 1.77 5.57 4.6%00
5 W 122082 428 6,70 5.4826
$§ == 2,978  1.56 5.24 4.0821
7 PK 11,2688 418 8.57 5. 4944
8  EPK  10.8108 5.90 6.77 5.5254
9 ¥g 5.0084 1.58 5.49 4.6082
10 NgP  10.8036 s.78 .58 5.3508
et

The incresses in yield were due not only to the grester number
of seeds produced but alsec to the greater weight of the individusl seeds.
On the other hend, docresses in yield over that ebtained from



the mtreated soll were the remlts of applying moagnesium slone, potassium
alome, and nitrogen-potassium in combination.

These results sre in substential agrecment with the vesults
recorded in Bulletinm 280 (16 in wideh field tests extending over a period
of twenty years sbow phosphorus elene gave the largest incresse in yleld.

" %able V. Effect of Certsin Fertilizer Treatments on the Percentege Yield
of Flax: Fo Treataemt equals 100 per cent.

S T T e e
: R i

| Number  ment Tield of Sesd —Eer gl Xiald g s
. » 200 100 =
' . ’ 109.9 104.5 i
; ’ 09.9 214.4 128.3
‘ ‘ L 875 88.1 ' 100
; 2 gia 02,8 3.4 e
:* 0 ” 72.9 ”a L
: y " 280.9 G
; : = i = —
. g 751 il -
; v o —— 125.8

BOTE: The average number of seeds per boll 45 the average for all the
bolls of each series.

Prom the results recorded in Table V 1t may be observed that the
ap;lication of phosphorus alone gave the greatest peroentage increase in
yield, namely: 200.8%. It is sloe cbeerved in whatever combdnation
phosphorus was applied, 1t gave sn inersuse in yleld; nitrogen-phosphorus
gave an inerease of 202.5%, phosphorus-potassium gave sn incresse of 180.9%,
sagnesium~-phosphorus m incresse of 171.4%, snd mitrogm-phosphorus-potassium



gove an incresse of 160.6%. uM‘.prld-l.-.Wth
yield over no treatment by 9.8%, but when applied with other elesents or
combinstions of elmments, nitrogen reduced the yleld. Potsssium reduced
the yleld wherever applied. In the ovedization nitrogen-potassium, the
yield wss reduced 27.1% over no treatamt. Nagnesium alone reduced the
yield nearly one-fourth over no treztaent.

b 4 i 4 i 3 ¢
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Pig. 1X. The relation of fertilizer trestawnt to the yield of seod,

ar pusher of bolls per plant, md number of seeds per boll.
The data are given in percentage in order of their increas-
ing or decreasing value from 1008, which is tokem se
yield for wo trouiment.

¥

The asbove figure shows graphically the relation of the several
fortilizer trestaents to the total yield, number of bolls per plmt, and
pusber of seeds per boll.
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Ihe felation of the Applicatiem of Fertilizers %o
She spentity sod Doviog Frepertics of the 041

The value of flaxssed 1s deterwined by the per oent snd quality
of the oil contained. The quality of the oil ia determined by its drying
properties.

0ils are divided into tw groupm: drﬂuoih, snd nop-drying
oils. All vegetadle oils contain esters or glycerides which are formed
from glycerol and orgmnic acids. These acids which may coabine with
glycerol to produce oils sre of two gmersl types. They may be elther
*saturated” aclds, which contein only single bonded linkages, and there-
fore cannot takoe wp hydrogen, halogen, or oxygen by direct addition; or
they may de "umssturated® scids, which have one or more double linkages
and may therefore toke wp hydwogen, halogen, or oxygen by direct additiom.
Then exposed to the alp, these "unsaturated” scids, or the oils derived
from them, take up oxygen, ineresse in welght, snd become haxrd and otiff.
Notursl oils which contaln large smounta of glycerides of these "unsstur-
ated® eelds are kmown as drying olls and are lapgely used in the menu-
fueture of paints, vamishes, wd 1linoleuns. (a7

The principsl maeaturated scids ocourring in linseed oll sre
linoleie acld, CpyRlyCO0H, =nd linolenic scld, OypHegCOOR.

The quality of the oil is determined by the smount of these scids
present in the oll since they determine the smount of oxygen which the oil
is capable of sbsorbing.

The fodine absorption number ie ths par cont of iodine ebsorbed
by the oll when subjected to the setiom of sn lodine solution. Bince mn
oil will sbosrd oxygen snd helogem nlike, the iodine (helogem) shoorption
nuaber begomes s messure of the "drying” properties of the oil.
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Linoleic ncld, CjgHsO00R, possesses two psirs of doubly liaked

j-“' carbon atoms ag shown by the formulss

Wiy Cy) (08 & W« (RS GRIMN) A0,

umumwrw.m;muqau{
absorbing four stome of halogen {(iodins):

ORy(GBy) - G- O = Gy -

. |
-8~ 8 - (Om,)y - ooon,
Lk 14

or two atoas of oxygen:

| |

By Q) - 0 - 0 - Gy - N

0
Linolenic soid, C) M, CU0H, possesees thres pairs of doubly
linked carbon atoms:
Gty ~ O, - CH = O - CH, - CH = CH - Oil, ~ CH = ON ~ (Ciy), - COOH.
This soid will sbsord six atoms of halogen (1odine) or three
atoms of oxygen sccording to the formule:

5 R BB B oW
oy - Oy - 99 -y - G- C - Gy~ & © - (@), - xR,
1 1 x % 3

snd the formualo:

u,cecu,c\cnz:é-(m.),

‘0



OIL COBTERT:
_‘ The aversge oll ccntent of Borthwesterm-grom flaxseed is spprox-
imotely 40 per eent. The oil content of the seed produced in the green-
] house ranged from 34.7 per cent in the nitrogen series % 38.6 per omt in
the nitrogen-potassiun series. This is lower than the average for North-
sesteom-gromn oseed.

The nitrogm-potassivm, phogsphorus-potassium, and sagnesium
show marked increnses in oil content over the no treataemt series. The
differences in oll content betwesn all other series and the no treatmemt
sories are small and therefore are not signifiomnt.

Toble Vi. The Effect of the Application of Fertiliszors to the Peremtage

Yiald mnd to the Total Yield of O4l: The Total Fiald for no Srestamt
Equals 100 Per Cent.

— "0 Gmsmt of  Teta Tia

Hunber Treatacut Seod Per Cant OillaP-l‘M i
1 0 34.8 100
2 R 4.7 108.8
3 4 58.1 322.8
4 K 5.1 88,5
5 P 34.8 502.8
[ B %6.6 76.8
7 PR 38.0 290.6
6 RrE 35.5 278.0
9 ug 0.4 78.5

10 uge 35.0 3.0

BOTE: FNlax grosn in North Dskots, South Dakota, Minnesots and Montsns
is known as Borthwestem~grown seed.
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¥idle tho per cent yield was pot materially fnoressed, a study
of Table V1 will show thet the total yleld of ofl was mmeb grester for
sach of the series receiving phosphorus them for wny other series. When
axprecszed on » per cant baals, with 100 per @t as the yleld for no
treataent, tho yield for the series receiving phosphorus alane smounted
to 32%2.8 por cent. Un this some basis the yield for nitrogem-phosphorus
asounted %o 300.3 por cant; the yiald for phomphorus-potsssium wes 790.8
per csnt; the yield for nitrogm-phosphomis-potassiva 775.0 per eent; sand
the yield for megnesiue-phosphorus 273.0 per emt. The totsl yleld for
nitrogen wer only 106.8 per cent. Potsssius slone, msgnesium slone, and
the nitrogen-potessium combination all deoressed the yleld Ddelow that-
of the no treastment series.

The large increases and the decresses of oil are due, Dot to the
pereaniuge oil coutent of the seed, but to the incresses or decreases in
yiedd of seed. Sinoe the producer is interssted im the totsl yleld of
oil per scrs, asd Lhe mspufseturer 1o interssted in the yleld of ofl per
ashel or por tom, the date oblained should be of grestsset intercst to
the producer.

I0MINY WUMBERS:

tio information is avallable wpon wiich %o base sn explenstion
for the low Lodine values obteined. Durlng woch of the growlug period
srtificial 1izht had o be used % supplessnt the mmall smoumt of mmshiue
recelved during the day. It L3 poesible mcmmmm*
dtions ars pesponsilile for the low lodlune wluns obYained,

The mo trestment series gave the bighest Lodime wumben while
the phosphorus-potussiue series gave the lowest lodine nusber.



Table Vili. The Effeet of the Varicus Soil Treatments om the 01l Comtent
and lodine Numbers of Flaxaseed.

M

Buabar Treatact Per Ceant Humber
b 0 34.8 150.8
2 n 34.7 15%.2
5 [ 4 BS.1 158.8
4 S 38.1 188.0
5 P 34.8 15%.7
a8 BK 38.8 158.2
7 1 4 58.0 18l.1
8 BPE 35.5 181.2
9 g %8.4 188.0

10 ugp 35.0 154,53

Bushey, Pubr, snd Hume (3) present data to show that the Sodime
pusbers wory inversely with the oil contents, the lower oil pereenteges
having the bigher lodine nusbers snd the higher percentages, the lower
fodine mumbers. A study of Figure X shows that the results of this in-

L
vestigation ere mot in mccord with those obtadved by Bushey, Pulr, ad
Ruae.

s | |
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Fig. 2. The relation of the werious treatments to the oll comtent mnd
iodine numbers of flaxseed. Data taken from Table VII.



Ibe Effeet of thg Acolleatics of Fertillisers
Heom lhe Biteogen Content of tie Sexd
flans and H111 (15) suggest the posaible formation of fats from
protein. Definite proof, howewer, of the origin of fate from proteins
reaains to be established.

Table Vill. A Cosmparison of the Peremntages of Nitrogen and 01l ian
Flaxseod Under the Different Treatmanta.

Serics Per
Nusber Treatamt of1 Btrogm
1 0 34.8 .04
- n 8.7 4.59
5 P 55.1 4.5
a K 85.1 .88
5 W 4.8 4.58
8 R 3.6 4.5
7 P’ 6.0 4.04
8 EPK 55,8 4.50
® ¥g 8.4 4.88
10 ugP 35,0 1.5

A study of Teble VIIl shows that there is very little difference
umnmmmtormrmmﬁmtmum There
appears % be no correlation detweon the nitrogen content and the soil
trectment, snd aince the differetces in nitrogen contant are not signifi~
cant the results obtained are not in eccord with those of Haas snd BA2L,
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Ihe Influence of the Yarious Elements Upop
tbe Prusence of Storch i Flaxseed

According to Molion, Pelhan, snd Coe (18), starch 15 not a con-
stituent of Maxseed. This sssumption is sleo upheld by Hase snd HAIY (18)
who show, in the cmse of slmond seeds, that as they ripen to maturity the
per cant of fal inerease: and the per cent of earbohydrates decreases.

Dilasn (20) has begun a series of obsarvations Yy means of sicro-
choniesl tests of the changen that ocour in the young flax seeds during the
period of oil formation. Mo used the yellow stain, Suden 111, a apecifie
for oil, in staining sections of seeds dally for several days after flower-
ing.

fle found the tissues of the cotyledmns, three or four days alfter
flowering, to ccantain many clesr white graine or crystals which stained
mdwam.,uazummtmmmm-. The integu-
meite of the serd and the seed coat also conteined stareh at this stage,
B0 positive test for oil being obtained.

in seode six duys after flowering, he found green chlorophyll
prosent in the cotyledons. These eotyledons stelned detinetly with Suden
111 but stained only alightly sith lodine; thus indioating that the etareh
which was present in seods three or four days after flowering hed beem eon-
vertod into oil. He obtained no tests for oil befure chlorephyll appeared,
tut he always obtained the %est for oil after 1% had appeared,

It 42 evidnt from these observations that sterch mey be one of
the chief sources of oils in oil-bearing seeds.

In tids axperiment a nusber of qualitative tests for starch were
mede as proviously outlined. In the first of thess tests .5 grem semples
of sead from oach serles was bolled in 25 c.0s of water. After the sclution



had ocoled it was treated with o few drups of iodine solutiom (21). A
drop of this solution wes placed on a alide apd exsnined under the low
power of a microseope. Several drops of each solution were examined.
Resulis in all cases were negative.

A fow seeds of ench series were groumd in & mortar snd treated
with the same reagent as called for above. Exsmination under the miero-
s00pe again produced only negative results.

A third test involved exsmination of longlitudinal seotions of
seeds whioch had deen split through the middle. A number of seods from
each series wers thue exsained, the iodine sclutiom bLeing applied to each
soed individuslly. Examinstico wnder low power revealed the presence of
8 fow scatlered bodies in the seeds of flax thet ctained blue with the
iodine solution. Iln some sesds so treated mo stained bodies cculd be
found, but the search was extensive %o the extent of finding a few such
bodies in sesd from esch series. Starch nomally ocours inm plant tisoues
in the form of mieroscopic granules composed of esoncentrie layers. The
bodies found in the {laxseed, however, were irregular in shape and
possessed no definite concentrie appearsncs., 4 review of a peper by
Bokerson (22) suggests that the presence of the blue-stained bodles may
be treaced to smylold, & storsge hemi-oellulose, which, like starch, steins
blue =i th Lodine.

It has been showmn by & number of investigators that as the oil
oontent of the seed increases, the enrbolydrute content decreases. Under
pormal growing conditions the mature seed conteins very 1ittle carbohydrate
material, snd these are usually in the form of sucrose.

Bo oconclusions sre drawn from the results of the tests for
stareh.



SUMMARY
1. The application of phosphorus inereased the yield of Daxsesd as
much as 5.2 times over that of the series receiving mo treatment. In ocom-
bination with nitrogm the yleld was increased 5,1 timea, with potassium it
was increased 2.8 times, snd with magnesium 7.7 timen, The complete treat.
nent increased the yleld 2.7 times. Nitrogen alone increased the yieléd enly
dightly. A1l other treatments decroased the yleld. The yield for nitrogen-
potassivm was only three-fourths that of the no trestaemt series.
N The total yield of oil was incressed proportionately to the yleld
of seed; 5.2 as much oil was obtained from the phosphorus series as from the
0o treatasnt series. The magnesium-phoephorus, ni trogen~phosphorue-potassium,
phosphorns-potassium, snd ni trogen-phosphorus ylelded from 2.7 to 3 times es
much ol as the no treatamt series. mum.-mmammm
total yield of oil. mpmuwm-.mwnuu
yielded leos ofl then the no trestaent series.
5. Applications of phosphorus ineressed the welght of 1,000 seeds.
The weight of 1,000 seeds from the series receiving phosphorus alone was
increased 20,6 per cent over the weight of the sead from the no treataemt
series. The lowest increase in weight per 1,000 seeds for any phosphorus
cosbination was 14.2 per cant., Potsssium alone snd nsgnesiuvm alome decreased
the welght of 1,000 seeds .7 snd 1.2 per cent respectively.
4 Both the vegetative snd seed producing stages of the flax pleat
were advaneed six to elght days in a2ll series where phosphorus was used.
The nf trogen-potassium and nitrogen series were last to ripem.
8. The composition of the seed with respect to oil content, nitro-
g contect, and starch content was not sigoificently chenged by the
application of the phosphorus elone or in combination with other elenemts.

Be There is no spparent correlation between oll content and fodine
walue. The iodine walue was not significantly changed by soil treatment,
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