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Winite wheats, ws yrown in llichijan, have ueen round to
contuin "red" «ernels in some yeurs. iany or theve '"red'" gernels
are mucn more vitrous ara trunslucent thin the general run of the
variety. Lil.ers, supplyin; the denznd for flour for tie cracssr
and biscuit trade, coutider tiu:t becuuse these xernels are hard
in texture tuut tihey are nigber in protein content than the vhite
graine Jdor thls reason such vhite vheits zre ;iven &4 lover grude
than they would receive 1f tiers were no red xernels in the lote.

Tnsse red griins are usuulily of three «inds:

(1) “nose xmown by their snupe and size not to
belong to the white variety. This type 1s usually aue to impure
seed or to mechanical mixture during thnreshing and so is not
considered in this thesis.

(2) Those which sre red but nhave the same type of
grain, as to siupe and texture, as ths variety. Lhe guestion
regarding these is, are these kermels due to crossing, or are they
dus to envirommentul conaitions? This question will be discussea
in this theslis,

(3) Those wiich are apparently red snd nhavs the
shape orf tie white variety but they have & more vitrous texture
than the comon run of the variety. The yuestions with regard to
these are, is the redness uue to colorin:g; or to a ciffersnce in

translucency, or boti? Aand, are tihccs trunslucent grains huirder
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in texture und so higher in protein content titn the non-trunslucent
wnite xernels? <Lhese questions are discussed in thie theuise

The possibility of selescting straius of low protein content
from umong the vhite wieats used in this iuvestigution iIs ulso dis-
cussed.

7o answer tliese questions tirse methods have bLeen follov.ed.
The first was to ma<e plantings of the vwhite chiwl.y kernels ana also
of the apparently red zermels &nd to exwiine this progenies for
seyregutions in color as weil as vitrousness. The second line of
attack was to develop a method of detemmining tie hirdness of the
two types of xernels by & breciing or crusning muchkine. The third
phase of tis vorg was to ruxe chemicil analyses orf tiie various
Kernel groups when clussed uccordin; to the pressures nesded to
bree< thems Uhis thesis dezlis in mujor part with the last tvo

phases mmentioned.

II - RUEVIQUS ILVIODIGATICNHS

doverts (1) tosted the hurdiess of two struins of vwheat
by breaxing swiples contuaining 100, 150, 200, <50, and =0 on to
500 kerneis. He touk rundom simples and found thet 550 kerunels
gave so suwll a probable error thit it could be considered accurate.
The kernels v.ere broken by meuns of a nachine which indicated the
weisht needed to crush each xernel. He dried the grains seven
days at 100°C and xept them in a4 dessicator during t.e worx. He

found thuit soft wheats had & breaxin; pressure of <bout six
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cllograns, sen-herd of nine xilograus cnd Lard of twelve xilogruus.

e (&) furtier detemained the breuxin pressure of ninety-
four pure stralus of wheat, Lut found no correlation between breuii-
ing pressure and protein content,.

Shaw ana Guumnitz (9) usea un appuratus mouae of 4 peir of
pincers. They counted out five suzmples of 100 kernels each and by
using di fferent weli hts fouﬁd how many xernels vere crushed by each
wei;hte Tney graded thie <ernels accoraing to size una found vi thin
the variety the lurpgser gruins were hurder to crushe They did not
find any correlation between hardness and protein content,

Harper ami Peters (4) devised a muchine for cutting the
graln by adding weights directly to a verticul piston and they
considered this cutting method better than crushing. 1o correlation
was found between breaxing pressure and protein content.

Bryun and Pressley (5) found in & pedigreed stroin of Eurly
Baart wheat soms gruins of extremnely hard and glossy texture. Irom
19 plunted grains they obtained ten plants with hard seed only
while the otiers had either soft grains or a niixture. Tne texture
of the gruin was the only noticeably differing charucter, so neither
erossin; nor mechuanical mixture wus the cuuse for this differeucs.
They thus obtained ten hard gruined lines which after four years
growinge under irrigution have kept the hardness unchinged. Tney
are zbout two per cent higher in gluten and six per cent higher in

absorption thun tiie soft parent. Since Zurly 3aart is considered



a pure strain for visible characters, this should nean thet 1t would
be possibls to find different lines for certiin churacters within
a varlety ulready consiuered as a pure strain.

Freeriun (6) found thut some varieties at the arizona station
maintuined thelr hurdiness while others softened. Illurdness vas judged
by sight, that is, only traunslucent <ernels were termed hard. IHe
thinks tie cliange in varietul texture was due to au niturul sorting
out and discarding of the less adupted strains in impure varieties,
Also, that varieties considered pure for some chir@cters, in reality
are not necessarily pure struins for certaln other claructerse

According to the lust two pupers it also should be possible
to find wheut struins of different hardness within & variety even

if tie variety 1s considered to be pure for some chzracterse.

III ~ Eguoid IdVESTIGATION

A, laterial Used.

Three varieties of vhite wheut viers chosen for this in-
vesticsution - Zarly /indsor, O. & Co Il0e 104, Gnd anmericin Bunner.
Barly J/indsor, Os Ae. Je 1l0e 104, and one lot of anericun Banner
wera raceivad froa the curm Cron»s section of the local Zyperiment
Station. iMve suuples of the latter vairiety vers obtulned through
the lichl wm Jrop Improveaent Associztion. The recsons for choos-
ing these varieties are ti«t tiher sre the three best white vieuts
grovn 4t this station and thuat they are wlvo considered to be pure

str.ins, as Nuriy Vindsor wiu aderican Sunner are pure line



gelections mede at tiis stuation una O. & U :0e 104 15 & pure line
selection coming from a cross made at tle Ontario Agricultiurcl College,
Guelrh, Canada. anericun Bunner is the only one ot tie three varieties
grown cormerclally in this state.

A4ll lots of gruin of the 1925 crop contuined a varying amount
of rad and vitrous appearing kernels. rronm euch of these sunples
30CO of the most chalky and 3000 of the most vitrous kernels were
plcked for seed, brea.dn; test and chemlcul aaulysise

The source of materiul, vuariety nome, accession number,
nunber of red grains per kilogrum of wheat, and the number of kernels
used in the brealdng test, are all shown in Tadble I,

T4BLE I. Showing the source, varisty name,
accession number, number of red :®rnels per kilocram, and
nwaber of soft and hard xernels broxen for wnalysis, for

tiie bulix lots of grain, 1925 crop.

- - - - - - - - - - - — - - - - - - -

Variety accession lo. of red o. of kernels
Source line Xumber kernels per  broxen for
kilogram anulysis

woft flard

Farna Crops vept. Zarly ‘Windsor 6 L2385 100 100
" " " OedoeCe N0104 407 &0 10C 1C0
" " " Anericun 408 91 100 100

Sanner
Clarence Helniine " 487 45 100 100
" n " " 468 70 100 100
We Be Bckarson " " 489 120 100 100
rarley Bros. " " 490 36 100 100

Orval \ialxer oo 491 S04 10 100




Individusal heud selections were aico nude frem the stution

plats of the white varieties, In the sumuer of 19.5, to deterqiine
whether strains of different protein conteant existed in these varieties.
A sampla of the 1526 crop of led Hocx, & mediua hard red whest, was
included in order to compiure the treaxing pressure of & harder wieat
with Its protein content. Thase were threshed in such o way tiut the
kernels from top, middle and bvice of the splize were xept sepircts,
to sse 1f differences in the color would zppear witiiin the spilxe.
In some cuses there wus a teundency for more chuli.y Kernels to Lp;eur
in top and buse, and the chuwixler the appeurunce the sinullier tie
grain, but the differences wers too s.2ll to be considered of zny
importance. This muteriul is given in Table II.

TaslE II. Giving rfor tue rateriul used in tie
head rov piantin_, tie source; variety nane, nwioer of
heads tuaresned; nwavers with red chafr, vitn red keruels;
nuaoers and tynes of heads discirded; und tha nuaber of

heunds used in breaxin: test (five <srnels per head vere
used in this test). 1925 crop.

Nuwaber of heuds

Source Variety —-cocmmomm e e -
Marie Tiresh- with red; Discarded forg Those
ed chaff  ernels poourly contain- kernels

developed ing less  were
keruels than 25 bdroxen

xernels
Farm Crops Depte OeieCe ) _3 0 S56 194 1979
Hoel04
" " " anerican 567 all 0 138 205 234
Bamner
" " " Sarly 611 all 10 1913} Qe 325

Windsor
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12 Oe Ao Yo 2iGe lud . csere found o8 heuds vith were redeicsh chaff then
comaon but as tuere wus no shirp Gistinction tne uifference vias ccn-
sidered to be due to r.ore or less weuthering. In azericuin Baxmer and
Barly indsor so:e lieads vwere found with xernels viiich were vhiter and
more chalgy than corraon, while in Jarly ‘indsor ten heuds were found

having red xernels.

B, Lethods.

The methods of attucxing this problen nuy be aivided into
tvo groups, laboratory and field. The luboratory methods involved
the breaiins of grein and then chenicelly analysing thzt greinfor
its proteln content. The field §ethods pertained to the rod row and
to the head rov materials. These methoas will be dilscucsed in the
following order:

Lavorutory:
1. 3reuxing techniyus.
2. Cnemical anulycsise
Meld:
Je itod row pluntiinge

4. Head row plunting.

1., The Breaxing Tecimiyue.
The brexxing was auone with & tensils testing rachine
which was xindly loaned by Lire 3 Be iclbinson of the Office of ribre

Investijations, U. O. Lepartment of agriculture, &nd winicn he uses in
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his worik on flux fiber. dee ig. 1.

The testinsg of 19250 nuterial before plenting thi.t foll was
done by crushin; tiie xernels between tvo blocxks oi iron having smooth
crushing surfuces. The kernels were alwuys put in the szme pouition,
with the crease down, by usings a pzir of forceps to place the kernels
in position.

By turaing the wheel (u) the unper bloci (e) wus pulled
down and pressed upon the lower blociz (f) which was connected with
the weij;ht (d) and vith o hend which indicated the increasing pressure
in xilosrias on the dial (b). When the xernel broie, the operctor
instantly stopped tihe vleel (a)e. Sne latch (c) xept this weight (d)
in place and per.itted reauing the amount of pressure needed to
crush the iernel. The latch hud to ve released by hund to pul the
scale In pocition for the next operution. 4s seen in the figure
a couple of chutes of stiff payer were attuched to the rachine so
that the broxen gruins vere easily gathered into the envelope below,
when pushed off the block. Kksrnels of as even size znd shaps as
possible vwere selected for breaking beczuse it was aprarent from
preliminary tests that differsnces in shine had & great deal to do
with the pressure needed to crush the kernels.

for the breaxkin: done on the 1926 crop the lower iron block
was replaced by a wooden block and into the upper wis inserted on
Autostrop safety razor blade vith the dull edge down, vhich cut the

kernels insteud of crusking theme It wis found that if the charp
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fMge 1o wohowing the tensile testing machine
used for determining breckinc pressure.



edze of the razor was used thie pressura needed for cutting the
majority of Xernais vas burely envught to cuuse uny muverent of the
dial hand, wvhile if the dull ed;e of tie bludewas usad, the pressure
was sufficlent to be recorded. It was aiso found that the pressure
needed for cutting by this latter nmethod wis couslderablly less thun
that regyuired when the graln vwas crushed betwesn the broad surfuces
of the iron blocks as was done in the first part of the worx, but
it was felt thut, even so, the results viere .mach more accurite
beczusa the sha:e of tha iernel iInfluences tiie crusinin:g pressure
mora ¢rently than 1t does the cutting pressure. or convenlence
the autaor has used tie tomi breaxins vressure for both crushing
pressure and cutting pressure.

For breagliy; the bulx material before planting 1945, 100
xernels were counted out of the sanmple, eiixl:uting xernels of odd
shape and tuking only those of even size. The size was only Jjudged
by si hte. The same kind of selection viis nmade for the five ¢rulns
broxen froa the head suaples. '/han broxen, the grauins viere pushed
off the block and gathered into the envelope below, aud the break-
ing pressure recorded for eacn grain,.

for breakin; done in 1926 some of the naterizl wus put
iIn classes accordin: to breaxin.: pressurs. This wus dons by
placing, with the aid of a nuir of forceps, the crusied kernels
into envelopes mursed v.ith the brenking pressure.for each clésse

The chutes were retiined so that, even 1f & wernel should full



off tne bloc:t befors bein, nviccew up, it van colizctod in the
envelore beiow 'uid rculd be rut in its preper ciucse e Lreccing
pressuras for t.ae siu_la oriias vwere not raccrded Ifor tils grou
of meusuree.uis vut tie uwier of gruins in euch clausn was noteds

2¢ Cnanmlcul dnalysis,.

The chenicul zneiveis ol tie 1000 nectericl vis wone

by the Eipserluent Station's Cheridet while the wunlycls of tie 1926
matarial wes aons Uy tie wuthor for hom space sud rterial was
made av:i.iiuble in the stution's chenicul litoratory.

The five criin swazles tugen frow the hewd sasections
nd the 100 yroin socles fron the Yl raed in 1620 vere ground in
a mortir by Loand, @ 1o and tedalous jobL, but 211 the S50, or nmore,
grain saaples of 1926 crop were ground oa 2 niil oparzted by
electricity. Tne 36 kerncic needed only ons ninute's grinding in
tiids rzchiine for wil muterial to pacs tarou’is the 1/20 i:ich sieve
rejuired for anziysise

Ljeleahl's method vas used for the chenicil cuwlysis of
;rotein contant of vheutse

I3

D¢ 0U 0% materiale.

Plantin s viere nde 1 rod rove ot ths mout chulxy
xerzels und lu adjuceunt rove of tie most truunslucent xarueas fron
eacii 0of the lots orf vLite wheats listad In Tulls I. see fg. 24
The rows ware .ade one fout apart and eirhteen feet long vith a
two-foot alieyway at t.ue eud of tie rovuss. The LErueis were space

plunted two inches apirt rauxing 108 kernels to & roW. The rows
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Fge 2. Shoving part of the research fielde The rows
are running nortihr to south.
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were covered vwith a4 ruie. The materiul was rejplicated four times,
ra<ing five rows of chielsxy and five rovs of translucent selections,
Bvery third rov vas a cliecke Hach reow vac jarvested znd tireshed
as a whole,

4. Tha lead .ow .atericl.

The matericl involved in thils plnting viere the
remnaits from the heads used in the brauxin_ test wnd reported in
Table II., The rovs were plunted in seztions thres w.d one-half
feet lon: with two und one-hzlf foot alienays Latween sectionse
The grain was planted in rows oune fuot wpurt, tie xernels veing
two inches apart in the row, raking 20 kernels to the row. Every
second rov. was a cieciie Os Ae¢ Co l0e 104 vius used as a check
throu;houts

Hach plant in the head row was harvested and threshed
separately. 4ll the plants in the clecxs were hurvested a&nd thresied
togetiere

After harvest,vwhich toog place July 26rd-24th, the wueat from
the rod row and head row pliats were hung up in the laborctory where the
temnerature was 30° - 32°C, so that it dried fairly fist both in
the straw and after bein; tureshed vhile kept in bugs anud enveliopes.

The distridution of the different varieties is shown in the
ficure on planting; arrungenent. «% the end ot exch section were
plantsd seven eGge rows except on the eust cide of section III
wnere the nwaialer of them vas el ht wiuw the eust :iue ¢r section

VIII vaere tuers vias a larger nwibere. On tie north was plinted



-

un extra section as a protection asawinst Lirds becauss a largs tres

grew neurby.

Ce The Ssusone

Before discussins tha recuits or tlie various tests it seeus
advisavle to give an outline cf tha grouing sewcon.

Thae wheat wus planted in 1925 on JUeptember Lirde This did
not gerainate very well, ouiy about eighty per cente. l!ovever, the
winter was fuvorable for the whieat on this plat, and only part of
one soction was covered witih ice which lasted fron the middle of
becember, 1920, uutil the snow went orf during the middle of Junuary,
1926, &ftsr tiuwt there was no mors ice formed aud only purt of the
most northsrn section was covered vwith snovie In the sprins, sone
water stood over the edge rows ou thue west sice and kilied out most
of these and had =018 arfect on the nearest rovis of tne adjaceunt
sectionse

The wieat besgan to hsid out albout June Oth, 1926, and to
bloscon about Juns 1l6the

There was much simut in the anerican 3unner fron the farmers
and sone in the three vurieties from trils station. All plunts were
heavily rusted.

The harvesting was done July 23rd wnc 24th, 1926

The lust part orf the groving seuscn wus rutier dry and
warn, whicnh was fortunate, for such conditions are fuvoriable to

developing a crop of '"red" translucent appearin; ierunels and hence

would <id in the selection of sof't chul.y striinse
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It wus assured,wnen twszin; the rirst swuples for tae bdrewud—

Ing: tests, tiht waeight of rernals vwould 4ffect the Lrewxing prsssura,

To prove tids LUu kerneis of Oe. A. Co 10, 104 of thie 1985 crop vere

tegen at random ana placed In clussaes acccrain: to their breaxing

pressure.
of the 1926 crove.
mi v}" I‘

&nd nuaaber of
in each cluss

I1I,

The swi8 Vas done with 1000 xernels of Ce a.

Ce lice 104

Tne results are given in Tuble III.

Shoving classes for breaxiny pressure
¢rains, 1000 gruln viel Lt wna per cont protein
for 20V zernels of Ce. Ao Co lloe 104 of 1925 crop

and for 1000 kernels of the saag varlaly of the 1946 crone

1925 crop thrown in
classas of 1 e difference

Classes -Jor tie ci.ss-
for
breaxing Nuaver of 1000
pressure Lernels grain wt.
in granm

2.0 - 2.9 12 20
3.0 - 349 146 b
4.0 - 4.9 ol 4V

5.0 = 59 7 49

6.0 = 6.9 4 53

- em w wm em w e ew e -

- - e e e e = e e = ce ee W e ws = = .

1326 crop throvn in classes
of 1/2:;, dilffereice

Classes -For tiie clucs—
for
breadns; ITwaiber 1000 Fer
pressure of grain wit. cent
Zernels in gram protein
cel = 2 -d l(.'os lé 4R
2.5 - 2.9 04 l¥e6 15.56
3.0 = 3.4 iV 27.1 144,66
3¢5 = 3.9 434 Ob o7 14.19
4.0 - 444 . 6D Y8 14,086
4,5 - 449 &H ‘l'-':.s 13051
5.0 - 544 2D 4342 14430
55 - 0.9 o 5240 too
stall
640 - 644 2 £040 sariples
for
6eD - 649 1 VY] accurats

________________ anzlysic
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This table shovs that there is cuite & strong positive cor-
relation batween vei ht of kernels wnd breaxin: pressure.

decuauss of tils relitionship it seenmed wdvisalle to use only
kernels of a stundurd size (cross section) in the future worxz. In
order to find such a size, one xilogram each of American Banner and
Red Rock was screened. iled docxk was included in these preliminary
tests because it is harder than the thres vhite whetts ucsed and it
was considered desiracble to compure tihe results from & soft, viti
those from a sani-hurd vheat. <Combinations of two kinas of screen
verse tried. First the grains were put through screens with meshes
three-quarters of an incn long but of different vidths. This was
done easily and conveniently. The sizes of grzins obtzined in this
way were then put through screens with rounc holes of different
diametsrs, and vice versa. But screens with rouna holes did not
work well because tas individual grains hod to bve put throush the
holes in the screen by hand, as they vould not screen throush readily
enough to give a uniform sanple. Table IV pives the sizes of screens
used in this test. Tne diumsters of the round hoie mesh viere the

sae as the vwidths of the oblong holes.



TA3LE IV. Jhovwin, number aua s=ize of screens
used to deternine a standard size of kerneis for anulysis,
and weiglit of kxernels retuained on each cize out of 1000
craius of graine all meshes wera three-quarters of an inch

long.
left in Screen wiath of ~weigiit of kernels in grons-
RIS meshss in
64theof an american Bunner 28u Roex

inch

1 7o 16 48

2 7 150 206

3 6.s 531 490

4 6 69 64

5 solid w54 172 mostly
bottom snriveied

xernels

In thls screenin; test the screens were pluced on toy of
each other, tie ona vith lorgest holes (lio. 1) on tor &nd in order
of deoreasin; size of meshes down to the solid bottom (llo. §). The
screens wers shakean till no more «ernels went throu;h. Jince screen
Nos 3 retuined by far the largest number of kernels, this size was
chosen as the standard and all later testing was done vith kernels
of that size.

Kernels of poor apvearance or of odd shape vere omitted

so that the breacking was alwiars done vith uniform looxing xernels.
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Tabie 7 shows sumples brosen at dlfferent times to cee if
the time after !wrvesting vioula affect the breuxing pressures. ovamples
for this test were obtiined from tihe re._ulur vuriety series vhich
were harvested about the sume time wiu dried oulv of doors. The suuples
were xoept In the ladoratory during the v.orke.

It is seen that for both varleties the first date, augucst 10th,
has the lowest breaxing pressure, while the otliers althouch with con-
sideruble variation might be szid to run about the sumee. This should
sugpest tint by hundling the material as done, breuring test for
comparison could be sturted adbout three to fowur weexs zafter hiarvest.

If artificial drying were resorted to, one might be able to start
earlier.

It should be noted that thoush breuxing was doune with stundard
sized xernels the protein content did not viary with tise breaking pressure
nor vith the date when broxken. Tne lurge variations in the lowest
and hizhest classes of breasing pressure &re in &4ll probubililty dus to
inaccurucy in anulysing such sinall sampless

The weisnhts of the 200 xernel sunmples, under euch dite,
indicats that tie method of screening glves yulte un even sample as

Judized by weighte
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Table VI shows how the breuxin - preccurs decreuses vwith
smaller size of kerunels wad shiows, as in Table V, taut there is a
correlation betvwsen breuring pressura and tae vwel ht of <ernels with-
in the swae siuzs groupe It Is seen that the lur;er kernels have the
hizher protein percentuie, but vithin the swne size there is no cor-
relation betwean breaking prescure ana protein content.

The averaga protein parcentiye is obtrined by multlirylying
the single protein anzlysis with tie nunber of anulyzed kernels,
addi.ag these products and dividin: the sum by the totul numbter of
Kernels. Thils uprlies to tlie averuges within a size and the averages
for each cluss of breuxlin:s pressure.

The columm on the right glves the averacie per cent rrotein
for euch clacs of breuxing; pressures The inzreuse of aversie per cent
rrotein with the increxse of breaxing pressure is dus to the fuct
thut the lovaer clusses of brouxing pressure contuin most of the smuliler
sized kernels d tie hiclinr ciavses, grester nwibers of the larger

eized xernsis, and only shews the swae condition as does the cversis
per cent rrotein of aifferent kernei sizes. Jonpure with Tuble V for
wilen @1l gerels wera of the swie size tawa ia wkiich no correiction
1s sean between breaddn:s pressure and pretein coutent.

It is seen from tnese tests tlat the hiiher the 10U gruain
wel kit of even slzed xernels, the denser tlie xernels and, hence as
mi ht be expected, the higner ic the breaidu; pressure but, contrary

to common bellef, tia denser kernels do not conti.in more protein

than tne less densae.
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The lod sow lateriil.

Zach lot of secd vias clussified Ly vi_ht iuto tharss groujs,
one contuinin: oniy the hirdest transiucont lerasic, the vecond
contuining the softest chully xernels wno the third 41l the intar-
grades., One hunured nernels of each extre.e ciass vwere tro.@n and

analyzed for prctein, The results &re given In Tuble VII. Jome

of the ramant or ezch cluss wers plunted for progeny tests.

Tasid VII. onoving: the analysis for the hard and
soft groups for ULrewiing prassure tna protein coutent for
parent 1935 material gpiven 1n Tuble I ana pro_eny 1lulié,

—em e em mm e e e mm e e o we e o em e em e mm e em em wm em em em = ce wm mm em = = eeem

1925 crop 1926 erop
&ave,. Fer Diff, Diff. AVEra(e  Averags
ic- Type breciing: cent in in ¢} breziing per cent
cess- pressure Lro- breaidng Lrotein pressure protein
ion per srainitein pressure betvesu content
Joe in xgs. between  hard &
hard & soft
soft
Early g soft 6.3 13463 W25 1.62 43441 12,45
Windsor hurd 7.16 15.50 RGHINd 12.12
I:O.lo4 11 9.4-4 14068 490."‘: l..;os.).‘z
Anericun 8 Te17 12448 1.49 e 406445 12.54
0 ° &-ou4: -
Sanaer 00 h Ge66 14463 46945 12.56
" s 9429 Bed9 | 4q .17 44347 12.52
87y 10.72 10466 ) * £48.8 12445
" s 9417 7492 449 ,5 12,72
1.25 1.43 v S e
488 4 1042 9435 Y 4s4.6% 12.71*
" S 8883 6.78 1,43 2,53 1266 12,04
489 n 0.3l 11.29 % 458,0 12.53
" 490 8 7.90 Y92 3 .07 1,42 45545 12.43
h 6.97 11.34 451.0 12,51
" 8 8.94 12465 454 .2 12.52
1.06 1.66 . o=
491 h 10,00 14,31 46842 12453
AVer&{;e S 8.;“.— 10059 l e 4{"5 ] 12 52
o2 2417 uoe .
h 947 12476 N 46043 2446

*avorage ¢f only four



The chalxky wernels In all casses hud the lover breac<ing pres-
surs and proteln content,.

Cns nundred kernels of stundard size and of the tvio extrexe
clacsaes of texture were taxken from each row of the jroceny, and wers
analyzed for breaidn; pressure and protein content. The uveriu:e of
thess tests are also given ian Tuble VII. It is seen thuet the breax-
Ing pressure and per cent rrotein of hird aund soft closses of kernels
are practicaliy equale. Thids incdicates that this claracter is in-
fluenced to a very great extent by envirounentel cuuses, ang tist
the salection of chalgs or trunsluceat-loosin keruels does nct
necessarily deternine the texturs of the resulting nrogeny. The
coefficient o eorrelation betveen breagiiy  rressure uuu protein
content was culculated on the chiecxk material,vhich was planted every
third row, and was found to be r = o129 * ,105; shoving tiut no
relutionship exists between these cutricters.

There was a considerible variztion in the protein content
throughout the fisld &s is shown by the coefricient of variuzbiiity
of the checks, i1t being 5440 * 4407:. Chis indicutes that the
groving conditions to a lurge extent deternine the protein coutent.
The coefficient of variabiiity for the brea.dn; pressure, 3.96 &
«299;, was much lower then tiat for the protein content and ¢ives
furtner proof t:ut one of tiiese progerties can not be used as
an indication for the other, even witiiin & virietyv.

The gruphs of the cleck and soft wud hard selections of

the 1916 pro_eny ore iven in rflge S. The fluctuutious in the soft



selections follow tha curves of tihie clecCite

)
£
d

The Head ilow laterinl,

T8 head selections glven in Tuble II viere divided into
classes according to tiieir brsawdrw; pressure. Mirfty heuds vith uni-
formly nigh and fifty vwith uniformly low breaidn; rressure vwere
selected froa aszerican 3anner und Xarly Windsor varieties. The game
was daons with O. Ae C. Noe 104 and in addition fifty heads with
rnediwn breuxing pressure were seiected, nu.dng 150 In ali from this
variety. Tie lurger nwaber wus tascen from Oe. Ae C. iloe 104 because
1t wis devoeloped from a cross and it see ed to offer the ireatest
possioillty for selection of strains with different protein contente.
The runge for tue breaclng pressure for tie selected heuds is given
in Tuble VIII,

TadiZ VIILI, OShowing range of breuxing; pressure of

heud seiections used for seed 1925, rfive gernels per heud
were broxen &ana the remnants wers plunted.

Variety Dange of total breaxing pressure
in idlosre.us for five xer:els-
soft meuiwn hard
o. A. C. 1;0. 104 35.6 - 45.8 4&.0 - 5&:.6 55.1 - 67.0
Amoricon Banner 335 = 4640 506l = 8649

Barly ‘indsor 35066 = 4146 5le7 - 6344




Bacause of the size of tiie sw.pies (Tive xeruels) ti.e protein
content cculd not bz accurately ueternined vut it thould serve as &n
indication of tiie protein content.

o correlction wus fouw between Lrauxing pressure and protein

content as sacvwn by tie foilowing coefficients of correiation:

O. 4s Co I'0e 104 hurd r = 180 £ .17
Oe As Uo II0. 104 sOftL r = 067 % .18
arerican Bunner  hard r ==,037 % 415
Americqn Banner  soft r ==.038 # .15

furtier anulysis of thils materiul was discontinued.

In exanining the 1916 material by ol cht there were fouud
some plunts with partly chaliy kernels but no plint was found with
only chalky kernels. In mapring these plints it was found thut
the chilgy kesrnels only appeared on certein spots in the rfield,
see fMg. 4, and Jjust as much in the hird as in the coft selectionse
Two heucds with extra chulsy <ernels weowe saiected from the 1985
crop of Zarly Windeor wnd one from amnerizin 3unner were plunted,
but these progenles hud no cuel.yy gruias, onir those vithh & trans-
lucent a)rpearunce. Thers fucts seeaea to indicute thet the vuriution
in the soli, tc & isarge exteut, is respoucible for the variution in
grain texture.

Tiere proved to bte csuch a large iux.ss of luterisul tint the
worg< had to be 1imited, &nd the ceries of O. ae Co Moo 104 vers
chosen becuucre this variety cume from u cross wnuc it was thou ht

tiiere mi ht be nors chiances for segrosution sna tiws for finding
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fize 44 lup of the reseurch field. The numbers to the ri; ht
are nwabers orf the different sactions. Uhe edge rcvs
are not ;-iven on this mape. The red lines cre tie rovs
where cuuliyy kernels uppreured.



a constant soft vhite line.

Dwenty-rive kernels from eacn swnple wers used in ti.e break-
ing test, and in order to get enourh for a one—-_runl swiple for protein
analysis wbout ten kernels viere added rom the swie piint. sron each
head rov. was taken one suiple - single pilunt - for brewxin: test of
the comaon triansluceunt appecrance and this was unulysed for protein.
where ons or mors jlants of a progeny contilined ciiulsy «erinelis ouse
of these, tou, was brogen and analyzed. usor some rows, tie \lole
progeny was broxken and anwlyzed.

The coefflcient of correlation betueeu breawing pressure
and protein content was culculated upon the check rovws of this
material and was found to be r = «010 2 4054,

Correlations on the breaking pressure of pareats, 1925,
with that of progeny, 1926, of the &0 hardest ana 20 softest selections

were found to be -
for soft selection, r = -.101 % ,153

for hard seiection, r = =.092 2 ,Cl4
oinilar correlations of per cent protein of pareants, 1925,

with that of progeny, 1926, gave -

for the soft selection, r = =.002 2 .19

for the hard selection, r = 013 = .18

These values show tuzt thers is no correlation either in
breakinz pressure or protein content between parents and progenye.

The graphs of the breaxing pressure wna protein content
from the progeuny of tiie check as well as the solt mediun and hard
"D

selections ars given in i

-
eyl






owaning up Lrewiiin; prescsure ami protein content from the

ro.cany of ull soft, medlwa and hard ssiections,this vas found,
prog ’ ’

averagre brou:ing avaru; e per cent
pressure prateln
soft 1,34 12.54
Ledium 114.8 108
Eard 111.6 1decl

The vulues for r between brew:ing pressure for 192E (pareut)

and breuxing pressura for 1026 (progeny) ure as follows,

Soft selection r - JG70 £ L0911
lsdiwa sslection r = J0G0 & .05
llard selecticn r = Jl13 2 094

3etweecn the breuxin: pressure 1YL5 (parent) ana protein

percentage 1926 (proceny)s

woft seisction r = -.145 % ,09%3
Lllaciwa selection r = -.(56 t ,092
Hard selection r = =040 £ ,0u4

3etwean broeusin. pressure and per cent of Lrotein of

progeny:

50ft selection r - 030 £ ,095
Lecium selection r - -.015 % ,C95
Hard selection r - -.062 % ,092

These vulues show thit the selection of lard, medium ana
soft xernels did not bring sbout cuy chunce in the proseny, and

that thers 1s no correlution whatsoever betvween browxing precssure of
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parent 1925 and pro;eny 19206 or betvieen breuxing pressure 19205 ana
protein 1526 or betwveen brearin;; pressure and protein of progeny
(1926)

Table I4 glves a comnarison of 1926 plant selections, mede
by elghg,fron wion:: tus swae progenies. In tic first colum, the
1925 classification according: to the breaking pressure of the mother
selection 1s civen. In all cuses the chulxy uppearing piunts hitve
the lower protain content. Hoviever, thers is no relitionship be-
tween tie hard and soft selections of 190 und the classifications
of hard and soft made In 1936,

Tavle i glves the rasults on the breaizin: .ressure and
protein content of three ty.ical pro:senies out of the nine of vhich
&5 xernals from exch plint iIn the progeny were tested. Flants not
having enougch seed for testiing und o remnant for future plonting
ware dlscirded from the procenye Thare is no correiation betuesn

breuxing pressure und protein content.
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Taldis Iae Snowing plant nuwaber, total brsuizing
pressure and per cent protein fron one translucent wund one clislky plant
of the pro.eny from a heud row., Tie 19.0 clussificition of the heud
is given,

Feud Droeny 19:6
selections Translucent Chaliy
classified acperring plant Grpaaring pilunt
bre:iing ;l;n; o ;oga; o ;o; ;e;t —P;&;t— -T;t;l_ ] —P;r-c;n; i
pressure 0. breuxing yrotein I0e breuxdng  protein
316235 1r355Ure vrassure

. hard 680102 10C.0 15eab 0811Co 1lil.4 Y466

sof t 63301 1CL.0 12.€65 (3014 AT 10.08
hard 657C1 1C7.2 12.54 co7li 1el.0 S0
soft 83901 12546 13,01 65010 1.0.8 1l.2
mediwn 4101 lub e 15445 be107 1u7.6 1l.46
hard YUYUl 1.860 11,28 SCo06 15i.5 10649
madiwa 1Sl 162 loddo 910us 1:Gae6 10483
hard 90301 118.5 1i.5% L3G09 10<.1 ¢.01
soft 93502 lli.l 1i.18 93505 1.2.1 10,15
mediwa 93702 108.2 13465 90704 10646 1l.91
soft 94101 13042 1l.68 G5104 109,30 ¢.02
medium @430l 1277 12,03 64305 ivGel 9.06
hurd 94501 135.1 12.65 94504 9746 .72
mediuwn 102701 110.4 13eim 1038716 12668 9475
hard 1030901 118.7 10,55 105904 108es Sen9
soft 104101 117.5 13.51 1u4110 1li.7 9.70
hard 104501 1.1.2 11.46 1¢4:508 10549 10.85
soft 104701 10442 10.15 104708 117,93 10.03
mediwa 1046¢1 12uel 11,51 lo4v08 117.4 Y435
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Taliy Io - continued.

Fead 1o ea s 2hun
selectious Translucent s gy
citssiliad apprariag pieunt Lirenring plaat
Lr — e e e e - e = e - e = - - e e m e . e e e - -
brea<ing rlant TotLl Jer cent  Plaut Total ler cent
pressure wde brewalac Lrotain <O brecaiu srotein
1v.0 srossue LTELELTS

herd ludicl 117.6 Y ebG loiily 10360 8e935

suoft 1wlovl iiled il.01 iviou? 10441 SeGh
mauiun i05oLl l.Ce7 luead 100oLo liCel 9eCh

mndiwr 1o87ul 1.5.6 1l.51 105710 lidel R

hurd 100501 L343 1:a74 105V03  LuDen kU6

avera e soft,7 plunts 116.0 12.04 1lvel  10.03
avers, e nediuw,8 pluits 1.9.2 12,52 1.iG047  10.15
dverage hurdy9 rlunts 116,7 l.ie76 1l%:e& £a62
av ruge of 2liyz4 plintc 118.1 1l.03 115.5 954
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oinze tuess hawd seisctionc fuiied to trinstit either twair
hardness, 5hnlay G @araice or proteln contant, tis expression of t.ecse
cnarusters iy not be considerad to be due primarily to heredit.ry
differs:nces beacaucs tiids vuriety lus been grown co long tuut, even if
it consisted of caverul strualas, the sing.e piunts sivuld represent
pura lines,

The diffareaces witiiin the proseny from a oingle head, as
seen from the table, can, &t present, only be attributed to eaviron-
mental diffarences. Hawvever, it 1s possibie that segregations or
mutations mi_nt hive tule.a pluce, and =0 1t iy be worti \While to plant

the low proteln selections for furtiner investigation.

The ited Laterial.

Tuble I chovus tant all the lots of se@eu used contuined a
nuniver of .carnels thut vere classified us rede The red ml kit Lave
bean aue to necnanical mixture of red .ernelic amon; the vhite, to
crosses, Oor to tlie results of environtental counaitions couusing the
soft starch to becus nard theredby giving tie ernel & red appenrunces

Qweaty read-appecring gernsls were pluntad rrou euch source
of seed. The results from these kernelis are shown in Tabls al-ae The
gercinaticn was low and varied conciderabdly. The nwaber of plunts
classified is given iIn the last colwm. This tible shows tiwt 36 of
the 108 red-appeuring kerusels producad wnlte offspring, indicating
that many of the red-agpearing xermels, having the sarie general shape

and €lze as the variety in which they appeured, wera the result of
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enviromnentul conaitionss Thils percentage wilil vury with the variety.
In the Larly windsor heud saslectiocuc, it vas possivle to
find ten heuds havin; red :®rnelc. The four best swiples wers plunted,
The other six aid not huve enoush well deve.ioped xermels for one row
each &nd so0 were discwrdeds
Three of the progenies se_re;mted for bewrded &nd beard-
less heads, and cne of tnece for red ung vhite ernels, showing thut
they were tiie result of crosses. Tuls chows the poscibliity tiot
some of the red «ornels appeurin; in white whects are the resuit of
Crossese
Tadard al-ae Ohowing nurie, accession nwiver and
classification of the progeny, of tihe rea erunels from
the buld and vwiite gruined vurieties Oe Ae Co il0e 104,

dngricun Bunuer and Zurly windsor. 7The tvo latter havin
red chuff, the first white. (w is white gruius, r is red

grains,)
Beardied - ) TNunber
Name of acceceion earded ot bearded of
Variety Nunber white red white red plants
chaff chaff chaff chaff har-
T v r w r w_ _r _yested
Barly ./Jindsor 6 2 2 3 4 11
Ce A. C. 04104 407 3 2 v 14
dmerican 3unner 408 15} i 1 7 iz
" " 467 2 2 4 7 15
" " 468 2 3 2 10 17
" " 459 3 2 6 b 16
" " 490 4 4& U
" “ 491 — I S SO 15






Tadid sal-de whoving selection nuater of neuds
with red kernsels from Barly windsor und the segregation of the
progeny; Zarly wiadsor being o beirdless white whent vith red

Cliaffe
CT T T T T T T T T T T T T T T Seirded | ot veurded
Selection accession led cnaff aed Chff Nwuber of
Iuaver Nunber W r v r plants
harvsested
146701-11 6 il 11
148901-20 € 6 14 <0
149101-20 o) 1 3] 1 1L <0
149301i=-15 6 7 3] 150

V - CluvabulCiis

1o There is & ciocs positive relationship betueen breacin: pressurs,
slze (cross section) and 1000 prain wel_ ht of the kernels,

2. Breixl:g: pressurs and protein content ore not correiuted, co
breacing pressure, as oLtained by the method employed, can not
be used as & meins of determining protein content.

3¢ Tne kernels of lower protein content could be picized out by
their more chuliy appearunce.

4, 50 fur as can be sean now, texturil appeariuce is uus to euviron-
mentul conditions und not to hereditary properties,

5. The tvo clusses of red xernels used in tiils investijation proved
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to be aus to tires cuuses.
l., Zovironneatal conditionse Tiiece keruele are trins—
sucent but this concdition is not trunsmitted to the offs;ring,
2¢ kixture of red vhelt. Tuese will continue to bLreed
true for rec xernels,
Je Crossing of vhite vwihects vith red. Tuhe &) of such
a cross is red. The heteé%ygous red xeruels willi continue to
sepregate.
6e This investigution has not proceeded far emough to aeternine the
possibility of selecting struins of white wheats witn lower protein

content than tho present varleties,
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