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iHraosxjcTios

Wi««t today Is not only the world's largest food crop but

It also contributes one-fourth to one-third of the total food

energy In the form of wheat flour to the human race (Swanson,

1941, p. 40), In Tlew of the prominence It playe In human ex-

latanoe, it la only natural that Much interest has been cre-

ated In studying the problems encountered in the production of

this crop.

This berry known «a wheat, la readily affected by numerous

factors during its growth and development. These factors such

as variety, soil, humidity, evaporation, wind velocity, teaspero-

turo, sunlight, and rainfall ciay directly affect the ohemloBl

ooapoeitlon and physical properties of the wheat. Such factors

may only be partially controlled by man. One may choose a

certain variety that has been tested and proved to be suitably

adapted to a certain soil type, or onvironiaent, but over climate

and seasonal variatlcm man has no direct control. Certain ef-

fects of oliaats may be somewhat compensated for by such suit-

able farming practices as proper cultivation to insure good ab-

starptlon and rstentior. of water by the soil.

Chemical compounds such as protein, carbohydrates, ash, fat,

crude fiber, and vitaraina are undoubtedly influenced greatly by

environiaantal factors In regard to both quantity and quality.

It was to study the effect of environment on the vltaaln B\ con-

tent of wheat and to study the relationship of both variety and

location on the average thlaain content of some E«n«as hard red



wlntftr irtia»t mi-letlas, tlMit tka psrosent laveatls«tlon ma

Slnoe flours ware ftvall«bla for eact: rsspoctlva whttat

s«r>pl«, the thlataln oontent of Oftoh flour was d«tarttlzMJ In

order to give a ratbar ooiaplata story of tho effaet of both

T«rlet7 and Xooatloa oa th« tblaala oor.tont of cheat and tX(KT»

BSVZSn OP llTd'&ATUStS

Uuriag tlia last half oontury consldsrabla atudy has been

sMds upon tba affect of anvlr<»u3ent on the ehe^aleal ooa^oel-

tlon of idieat. Tim aajor portion of this rasaarob honaver, baa

bean prliaarlly centered on the protein and ash content of wheat

in relation to the envirom^^nt under whion the ahast use produced.

Snyder (1908} oonoluded fro&t ^.ia early investieations that

t!» swin factors influencing coi^positlon of aheat are as fol-

lows : »eed, soil, oliuatio conditions, and stm^ge. Eia experl-

mente showed alao that «hen nitrocen fertiliser was used alone

it retarded oaturity, and that ailnarals used aloue hastened

csaturity*

A vary extensive study was also asado by Snydor (1Q9S} to

deternine whan the wheat plant absorba t^ie eletaents froa ths

soil, and the period during growth when aost dry natter is pro-

duced. 3y dividing the tiae free; seeding to aeturlty into four

periods: nasely, SO days after saedlr^, 65 days after aeedins,

Ql days after seeding, and 10& days after seeding, ba concluded

after a very extensive cheuloal analysis that the ash elsisents

are assinilated before organic saatter, that wheat taUee up over



tbrdki-rourtba or its nutrlonts tvaa aoil b«faro ha«t<iine out,

Bnd finaJLly that th« solX nost «npply tho wheat with 9«ven-

ol£;htha of Its Bltrog«» r«qulr«aont b; tMbdlng tisa»* Els work

oXoarl? Indicates tho exlsteaoa of orltloal periods during the

growth of wheat, periods whleh erectly influence the coiaposl*

tlOD of the i^4e«t berry.

The fSEtous TTl-loeel ezperliaents ooaduoted by LeClere

(1910} Indicated the Influeaoe of envlroixaent upou the ocmposl-

tlOQ of wheat. LeGlero siaintalned that,

Vheat of an7 one vsrlety, from e.:xy one source, and
absolutely allks In cSioJiiioaX and physlosl oharao-
terlstlos, when grown Ir. different looftlltios, pos-
sessing different clliaatlc conditions, yield crops
of very wldol- different appearance, and very differ-
ent In chenXoal oonposltlan.

It was also sugrosted froci the results obtained that one could

oonolvtde that soil and seed play only s saaU part in Influ-

eaolnc oceposltlon of crops, and that dlfferenees ai>e due laaln-

ly to cXlcwtlo yarlatlon.

Further studies of anvlroK-jentaX Influenee on ohezaloal

coaposltlon of wiieat were awde by LsCXero and Yoder (19X4}.

Tt^lr work coTsred four years of research In which soils tr<m

California, Kansas, and SEaryXand wore put down side by side

In each of these Xooalitles and cropped with the saaie variety

of wheat. Results obtained showed that the soil does not ex-

ert the main Influence In deteralnlng the physical properties

or chealcal constituents of wheat. They concluded that en-

vironment rather than heredity Is the aajor factor Influenelne

the physical and ohealoaX properties of the wlieat, and that



ellnate Is th« principal environaontal factor. In atuaaarlB-

Ing thalr results thay malntftinad tb»t clliaat« Is the prin-

cipal fftotor ivSlvubaaXiif the protein content of whaat, that

th0 oolla 8tu(tl«i2 axartod little or no Influence, end tbAt aoil

bBiA vary llttla influence upon the aah costant.

Slnllar InveatigatlonB Involving transfer of Eanaas,

Sarylantl, aaa Callffflntla eolla betvaen each atata ««ra Bsda by

8ha« and Ualtara (1311). Tbey found that tho soil nitrogen con-

tent had llttla If any affect upon the quantity of nitrogen

found In the wheat, ami that aoaM cllnatlo factor Influenced

aufflclantly to cover any affect &ia to the aoll.

Tliatoher (lOlOa) llkawlaa hae preoentad corroborative ovl-

danca au7>pi»-tlnr the alnor role that tha aoll playa. Be main-

tain 3d that the ohlof and perhapa aole factor in dotarailnlng

tho ooapoaltlon of a given variety grown In different locali-

ties la the ellantlc conditions enuring harvest, and tliat the

soil does llttla oora tiian Influence the nolatura aupply of

the plant

t

In rovlawlnf: aoista Investigations oondootad at the Kaahlng-

toQ Experliseni station ooncamlrtf; the length of the ripening

period Thatcher (1010b) wrote,

Otir ooacliislons frcsa our work thus for ate that dlffer-
anoea In ohaoleal composition of «hoat, either as be-
tween different varieties or different aaiaples of the
aaue varioty, are due chiefly, If not wholly, to dlffor-
enoss In the rapidity of ripening of tha grain; or that
any elldatlc condition which results in ahortcnlnf: the
tlBM batwaan the bloasouing of tho plant and the ooia-
plete maturity of tha seed produces greln h&vlnc a hl^lier
paroantafo of protein and a corraaponilncl? lower relo-
ttva proportion of starch than will ba present In the
sasna op any other grain viiich ripens =i<a-o slowly.



SlMtohwr (1915) fupthor obssrvda troa «tudl«s Involving

fcrnnsftr of aiff«r(»nt soils to varlou* locetlons thst thera

*fi8 no rolatlcnahlp b«t«een the quantity of wheat protein and

the caaposttlcKi of the «oll In which the? *«r« grown arc! that

the nitrogen oontent of the aoll had very little If any in-

fluence on the quantity of protein In the wheat for any given

seaaon. It waa shown alao that the average protein content

of wheat varied Inversely with the total rainfall. It was

inOlcated that when n^teat vats shaded artlfiolaliy certain pbys-

lologloal changes were Induced that resulted In an tnoroas*

of Bineral and nitrogenous mterlal and a deoreaee In aaount

of oarhoJiydrate foriaed. :3ata wore prasented showing also that

high teaperatures during the rijjenlng p*rlod resulted In wheat

hi^ In protein, and that the period of kernel formation was

the aost Isportant part of the whole growing period.

Prcsk very extensive and alaborete studies on ti'is relation

of the esjount of sunlight to the porcontaGO of protein, aisaw

(1915 J observed that the protein oontent did not vary inversely

with the aaount of sunshine which the vSieat plants received,

and showed that the aaxiaw— Mwunt of protein was stored wiien

there existed an optlatta aaount of sunshine, ifeioh was at a

point soEsavhat below the n«nael aaotint of sunshine.

In their studies of tiie effect of laolsture and available

nitrogen on the protein content, Seldif and Snyder (133-4) wrote

as follows:

1. A high aolsture content In a soil ooiitainlng
sufficient ovollable nltrocen for the aajtlMua growth



and il9»«lopK»nt of tho whoat plant, rosuXts la high
ylaldlng wioat containing a high p«roonta,g9 of prot»ln.

Z, A low uoistura contant in tho aoll contalntog
an exooaa of ovailablo nitrogdn results in a lows:-
yield of whoat but a higher protoin oor:t8nt. A part
of tho hlghor protein content JWiy be duo to a ohrlvol-
iBc of the sheat Icarnol*

S» A hlf>h or optimjun molaturo oontcnt in a soil,
vhioh haa eonsldsrable nitrogon avcil&bls for ti>9 «hsat
plant in tho early perlocSa of growth, but an Insufflciant
arkount <lurln£ tho f^ultlns and ripoivint: porloda for iaex-
laua growth, raauita in a high yield of wiieat of low
protoin content.

4. A low isolsture contant In a soil which has
aufflclent nitrogen avallahls to the wixent plant daring
the early atagea of growth, but an insufficient auouat
for the ituitlng aiid rlponlivs periods, r^aulta in a
low yield of wheat, ths porooatBgo of protaln varying
eocordl)ii£ to the degrrea to which tho iri3«at Is shriveled
frcfci :aol8tiii*a defloloncy.

These findisge also aapiiaaized the Influenoe which la exerted

hy the availability of nutrienta during tho critical porloda

of wheat growth.

The Plotl (Kuaala) Experlaent Station (1301) reported

that thoae oonditiona wtileh favored high yield oaiued a reduc-

tion in tho amount of nitrogenous laaterial found in the plant.

Hl&ii bwaldlty favored oarbohydrete aasiailation, and drought

battened maturity an<i favored developiaent of grain high In

protein and low In carbohydrates.

After atudyisg ai^e aevexi winter and five suisser wboet

varieties fr<»B 189a to 19CS, Kbarohenko (1:9<^} concluded that

the greater tbe annual preelpltatioin, the leas the aiaount of

nitrogen found In the winter wheat, and that tbeie wa« a direct

relationship between the teaperature and percentage of nitrogen

In winter wiieat, namely, the hotter the suacjer, the greater the

nitrogen owntant.



3«rly atudlas oa tho •ffaet of dry yoara cm the prot«ln

ooatdnt •ero oonduoUU by i^olHtov (lOOC) »tMl be at*tod.

On the basis of •nBlyoes of dlfferont »erlotl«« of *5^»«t

Of tba crops of tbe years 10GS-ie33, the wheat of ooutb-

•rn Russia la rich In nltrojiaiioua aiibatanoea, th» pro-

portion of th9 lattor vsrylnc with tiso waathor froca 14

to 21.2 percont, boiiic highest In dry yaara, while In

years of good oropa it faila to 14 percent.

sldtaoe (1902) aade additional at-udlea on th» relation of

protein content to Irrlgatlcm, and found tbat the poroentage of

protein In the wheat kernel Increaseci greatly ae the aaount of

water applied to the aoll decreased. Data show that a plat

recel»lne 30 Inohea of water produced a wheat with 15.85 paroont

protein, and that titi»mt froa a plat receiving 7,70 inohea con-

tained 26.72 percent protein.

aoule and Varjitter (1308) concluded froa their work with

^nooaaec wheat for ttie years 190) to 1303 inclusive that the

protein content wa» highest in 1900 and 1002, irtjen the rainfall

•as loss than normal during the ripening period. This condition

save a short, quick riponlnc period, n&loh retarded the elubora-

tloa and translocation of starch fl-oa the stasis to the grains,

and produced hlshor protein content. Siailar results were ob-

tained by Bailey (1913) who aaintalned that protein content

dialniahea as rainfall durlnc the growth period increases.

3wanson (1924) attached anoh inportanoe to the tiae be-

tween heading and ripening of the wheat plant. He pointed out

that this critical period influenced the coaposltion of wheat.

Two causes wore offered for the high and low protein wheat and

oorrespondlnc fluctuations In yield, na:aely, concentration snd

aojount of soil solution, whleh are directly related to the



•mount of moisture and avallabXs ziltrogon praaant in tb»

soil.

Lyon (1310) fs-oa lils study of ollaiatc and soil in r«l*-

tion to th« composition of ^tosat, nalntalnod, that in the «skm

looation tlM tmrOnaaa and protein content of tho siuae v«rl«ty

Of vhMit dopendsd upon the tosipvraturo snd rainf&ll, and that

• dry p«riod proo«dlnc heading rosultad In wheat »hloh ms
hardor and high«r in protsin content. It was also indicated

that oool, i!ioist weather at the thm of ripenlne resuXtod In

grain wUoh was softer and which ocmtftlned aora starch.

As iaportant study of tha effect of rainfall and eTapora-

tlon on wheat yields was liiade hy Uavla and Pallesen (1340),

who ]^e»entod results Indicating that there was a high sorre-

latlon between total seasonal rainfall and yields of sprlae

wheat, ime aost haaeficial effect was frosa rain which oaae

durlne the rapid growing period of the plant, and itolali reached

« maxiaua about t^iree wee^s before average heading date* It

was also indicated that at that tine each additional inch of

rainfall increased the yield ahoat four bushels per acre.

In 1901 tflley studied the effect of owrlronKient on the

ooaposition of wheat. He grew a irut^jarlan wJioat with 15,07 per-

cent protein in 11 different looalltloa and found toat the

*ieat witJi greatest protein content (17,80 percent) was grown

at ?aao Robles, Oallfomla, and tJ^st the wheat contalalnf; the

lowest protein content {9»6G percent) was grown at College Pork,

Jtarylaod* in botts plaoos tJie soil, the fortlliser, and the

method of cultwe were elallar but not Identloal, Ho concluded



th«rafor« that sush wlda varlfttlaa vas not due to tht soil,

tha fortlllc«z>, or the zaathod of culturo, but w«e <ba» alaiost

antlrely to dllfferanceo In cllsiato. Eo found tti*t the pro-

tein content shonod th« e.r««t«ot varlfttlon and that tha varia-

tion in tha parca:itago of aah oontant waa naxt to Uxat of

protain. Thia traristion in ash eontant was not dua to diffar-

enoaa in eliiwto as was tho variation In protain aontant, but

was probably dua to tha alight differanoas in tha aotla emi

in tha fartiliaare*

AXtar oonai(!orabl8 stuA? of ooraala and of other plants

Tollons (1901) stated that whan plenty of water «as present

in the soil, tha plant* wars tmoh aore efficient in reaoving

tha aah eonatituents froa the soil than «ban there was a

doficlancy of watar, and therefore that other factors bealda

plant food within the soil Influenoad the aah content of planta.

Kangels (192S} in atudylns the rainfall and dally oean

tau^eratures in relation to protein content of Eortb Dakota

irtiaat for the years lOSl to 1324 found that rainfall was not

en Important factor in detcnalnlne the aiaount of protein for

thaaa years. He did find, howefer, that hlgti toapapatnre was

an iapts-tant factor, for dxa*lng the period troa June to Jtily

in 1921 and in 1923, when high tempersturea p!>evailed, the

astount of protain was higher than during tha corrsapondlng

period in 1922 and in 1024, irtis:: the dally caean temperature

was aubnoroal.

Hayfleld (1930) in atudylng the effect of envlronsaent on

aoft wheat stated that climate produaeJ more effect than aoil
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upon wh««it atrsngth wid quality. Htt found •X»o tb«t rUnfaH

of a 10 to 15-<Ia7 Intor^aX duplnE and iacasdiatslT bafora tb«

taaadlng atage Influascad tho aiaoimt of protoln found In wheat.

It «aa nalntalnod that aoll was found to exart alzaost as nuch

Influonoa as allaato upon protein content of »h«at, tlio haavlar

aoil tazturo balne: aaaooiatad with hlghar protoin content. Tha

aliiaata, aoll typtt, and taxturo vara probably tha aoat Important

faetors affaotlng tha aoil in that tbay gra&tly influeneed tha

aupply of availabla aoil nutrients.

Sosaa work indicating tha influonoa of variety covd of

elisaatio faators haa been ahown by Tresalar, Saok, and >:in£

(193C) in their axperixMnta with vitamin C oontent of sosso

vegatahlea, and it waa ahown that variety, aoil, and anvircsi-

aental oonditiona had a direct Influeooe upon tho aacorbio aeid

oontent. v^iorkinj; upon appXaa, Saith and Tellers (1954) found

that tha quantity of aaoorbic acid is gro&tly Influenood by

variety.

Xcrdgran and Andrews (1341) in their studiae of thiaain

oontent of aotaa oereals found for spring wtieat that the environ-

nental faotora were iraportant in deciding the thiamin content

of wheat and that varietal factors wore aiuoh leas Important.

There waa no aignifioant relation between thiamin and protein,

but there waa a high oorrelation between ash and thiamin. The

analysis of variance for winter ideate showed that both variety

and environment were highly aignifioant in affecting the thia-

min contents. They found no oorrelatioi. between ash end thiamin

content for winter wiieat.
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In « itudy tnvolvlns 86S caaa«rotal h&rc red oja-lnc wiioets

troa watarn Canada, J<*«na8on «rwl Sioh (1942) Mported that tha

thlaaln valuaa rangod ft-aw 2.2 to 8.0 alerograM par gran with

an aToraea of 3.03. Th«y found that tho sieana for aaoh ;a*ovlnoo

wore not alenincantly dliffarant, and UAt thora azleted no re-

lation b«t«oon thlaaln aivd aah, and betwoon thlajaln and protein

for the floora nllied flroa these wbaate. 3offia«n, GohwelUer,

and ailby (1940) alao hare presented data ohowlnp no correla-

tion "ootiwen thlanln and aah coatent of wheat.

Conner and Strauh (19il), on the other liend, reported

ftluas which did Indicate a dlreot rolatlc«»hlp between the pro-

tein oontent of wheat and its thlaadn content. They reported

that thiaaln cemtent of wheat appeai«od dependent on variety,

protein content, and envlronaental oondltlono under whloh It

was grown.

BUTle (1954) studied the thiaaln oontent of wheat as

Influenced by soil troatisient and found that soil treabsent had

very little If any Influence. This observation wa» iaade also

by Leone (1939). Hunt (1387) obtained rooulto Indleatlne that

acid phosphate alone or in a ooapleto fertiliser with KCl and

SaBOs, pi-oduood wheat with highest vltaiain C oontent.

From all the lavostlsatlons concerning the factors In-

flusnolns tha cheaioal ooaposltlon and physical properties of

wbeat it soeas that the aost Influential one la cUaate, the

one factor over whloh aan has the least control.



M&.7SiiJSX3 ASO VStEODa

All SBaplaa u««d in the piMBant ItiTastlg&t'on wro grotm

at Turloua lootttions In I!iKaua (Pl£. 1). Soven arlatlas »ora

ua«d «B follows I Turkoy, Slftokbull, T«!uar<;, Kabrad, Chlarkan,

Kaifvala, mrA Clarkan. S«:^la« vara avallebla for the Toara

1941 aod 1942 froa Trlbuna, Oolbr, Oardea Clt^, Msada, Oodc*

City, HaTS, ,'!utchlnaon, Kln£:aan, Vanhattan, Thayar, and

ColxKabua.

Tha varlatlaa Turkay, Slaokhull, and Taooarq »«r« grown

at all 11 atatlona; Halarad and Shlefkan wara grown at all ax-

oapt Tltayar and Coliuatma; and Kawvala and Clarkan, tt» two aoft

wheats, ware grown at eanhattan, Tliayor, and Coluabua.

Hm looatlona raprosantad aoao axtra^M ellnatlc cortdltlona

pravalllng in Kansaa. Kor axacipla, Trlbuna In woatarn Eanaaa

roeaivoa a low annual praolpitatlon of IS Inehaa, and Colt«ad>tta

in aoutbaaatam Eanaea rooolvaa naarly 40 inchaa (Pifi* 1)>

Tlgure & ahowa tba annual laaan tesaparatura range froia

&8°P. for nortbwaatsrn Eanaas to 50<>r. for the aoutbaaatam

part of the atate.

All wheat aanples wara sallied by Mr. warren F. Keller oa

the Kanaaa State College Allla Chalisera ezperiaental oill to a

imlfona aah oontent of approximately 0.425 percent. 7b» adll-

ing prooeea conalsted of four breaka and seven reductions. In

bl«odijf% each aaiaple 22r. Keller uaod the fourth-break and low-

gx>ada flour atreana to oalce the blend approxlaately 0.48S per-

cent aah. Slnoo the fourth-break end low-grade flcure were



r
SXFUtJATIOK OF FIGURE 1

PreclpltatJon ar««8 ia Kaa«e« &a given by Cardwall and Flora

(1942).





r
«3CPUSATjOfr 0? piotms 2

IfttuMntf losivuil im&n t&mptrtktwP9S &s glv«ra by CardwdXl and

Flora (1342).
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g«x»rall7 not us«d b«eaua« th»j ««rved only to bring the ash

content up to the doslred Xtrv*!, the flours \ia»& in thla In-

veatieatlon «era patent flours. Plour ylAld valu«* ii«ra talcas

froB the raoords of the :.iap«rtsent of Killing Induatry.

Protein, aah, and aolsturo aiuil:raaa for all the wheat

and flour aasaplaa ware daterolDOd by approTad A. 0. A. C.

isathods and «or« taleen froa tba official raeorda of tha Sapart-

joant of Ullll:^ Induetry.

The wheat and flour aa^iplaa vara atorad Ic air tight Jars

In a refrlEei^tetl rooa at approxlaataly 40*P. until tblamla

detarnlnctlcna were aada.

Before the wheat «aa placed wider refrlearation. It ma

passed through a Surejfa olaanar to reaore foreign aaterlal*

The aaaplea were finely groiuid In a nohart grinder, siodol 275,

to pasa a 32 T aoreen.

Thlasiln contont was detsrialnac: by a aiodlfloatlon of

Earnessy's ;i34S} thioohroow Method, Sach oaispla taken for tka

deteralnatlon firmlahed approximately 20 mlerosraais of thlanln.

Vha nstbod oonalsted of one hour digestion of the saupla In

75 aX of 0.1 B n»SO,. Ttie ratio of the volusM of solvent and

the weight of the aastple iws kept at 16 il. This ratio was

haaed on tba principle that the aoat efficient eztractl(»i Is ob-

tained fron tha use of the Isrgeat ratio possible between tha

volvuM of tha solvent and weight of aaapls .

After dlgostlon and cooling, the pE waa adjusted to 4.0 -

4*S with 8.5 K sodium acetate, and tba extraction aixture waa

sada 0.5 percent with takadiastase . The saaple was then
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dlg«at«d for two hours »t 45 - 80**Q., to free any thlwaln

frox its pyrophosphorlo eater fpra. After the enty^oetlo hy-

drolyela, the ssistple vas cooled, brought up to 100 aX, and

filtered, and en aliquot taken for the oxldatl(»i of thlAMin

to thioohroae.

It ahould be Mentioned at tbla point thot the base ex-

ohaneie atep waa oaiittaU fro;a the procedure involvlcf. the

enalyala of both eheat end flour. Ttila purification proeeaa

vas omitted after it eaa found that «bDat and flour did not

oontain auffioient f(n>eign saaterial or other interfering plg*-

nents to oorit their eliiiilnation. Also in the analyala of flour

the enzycwtlo dieeetlon with takadiaateae waa oaitted, aa thia

digeation la required only when aone of tha thlaair. is preaent

as oooorbojcyleee

.

The eliiainetion of thoae stepa whenever poaaible is a

valuable aaeet to the routine oheaiat. eapeoially when a large

nwsber of 8K:tples are to be analysed. 2hetlar and Lyaan (1941)

in their atudies of soft wheat atreasis have alao neBtioiMd the

possibility of eliminating these step* when working with oer-

tain cereal products.

The aliquot taken for production of thiooiirosM contained

froa 0.7 to 2.5 aicrocraiac of thlaaln. Two eliquote were taken

and placed in seperetory funnels, one foar the production of

thioohroae and the other to serve as a blank* To the firat ali-

quot w«a added S ml of eodlua hydrozide-potsasiua ferrl cyanide

(2.9 Ml and 15 percent liaOE and 0,1 ml of 1 percent K.Pe {(aDg)

«&d 1% «1 (depending upon sice of cuvette} of isobutyl alcohol.
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and th« oontants mar* ahakon for one and ona-helf alnutaa. ?o

tba aliquot which sarvas aa tb« blar.k, was addad 8& al of Iso-

butyl alcohol and 3 ral of 16 paroont HaOH, and the oontants

«aro llkewiaa ahakan for ona and ona-!\alf minutes. After tha

alcoholic layar eaparatad dlatlnotly fi*oa tha lower portion,

tha lowar pbaae «aa draKc off and dlacardad, and tha top layar

(laobtttanol layar containing tha extraotad thloohrocsa ) *»a

flltarad through cBja-half inch of anhydroua Ka2304, to rasiOTa

any traoaa of «&tar«

ileadinea waro mada on a Klatt fluorophotoasatar, which waa

atandordlaod with a atandard thlaoln solution. Thla Inatrwaant

aaaauros tlia fluoraaoatit light Intanslty aa a potentloawtar aet-

tlne. The fluoraaconca of tha solutloaa waa axolted by tha xatra-

vlolot light aalttod by tha type J5~4 aeroury laap. ISia ratio of

tho fluoraaeaaoo of tba unknown to that of a atandard was oeas-

urad by a two-photoo«ll balanoad circuit in which a highly sanal-

tlT9 galvanoaatar waa used only sa null InatruaMut. Tha poten«

tloaatar reading was proportional to tha Intanalty of the fluro-

raaosnt light oalttad by tha solution tasted.

The atandard of fluorsaoanoe uaad for thla work waa not tha

atandard oooaonly used, quinine aiilfate, for It waa found tJat

tho quinine aulfato was unstable wJ«n oxpoaod to the ultraviolet

light and, consequently, erroneoiia readings would result. The

laethod uaad waa a standardisation, designed by Cr. E. Q.

forking, which allalnatad the <i8« of quinine sulfate. In the

cuvette holder on tho rl^t aide of the fluorophotoaater a lalrror
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waa plaoed whiofa rsflaotsd the b^aa df light oovlag through &n

•dj'jatablo Blot to tho photoe«ll. In tho left euvatt« holdor,

ft Cornln£° fluorescent filter, ro. 575 «aa Inaerted. aefore

roadlnsa were iMd*, the potentloneter acale Wia aot to road 300

by ft(ljuatl]i£ tlM ll^t slot oontrolllne; the amount of ll^ht re-

flected frcu the alrror to the pbctooell. After the lastruzaant

«*• adjusted to give a 2;>oteatlau«ter raadloG of 300, a reading

for a known aaoxint of thlanln was determined, and tbua the po-

tentloaeter acsle was readily oallbrated In atierograaui per (me

scale dlvialon*

Suitable flltera were selected for tbla detonal rat Ion. The

primary flltor was a Comlnj: filter Ko. 686, whloh gave a B«Jt-

loaa tranaiolsalon at 3700 Angatroaa. The aeoondary filter was

a ftoAlnatlon of Oomlnf- filters Sos* 053 and 430, a coablr^tlon

wbloh gave a oaxliavn transialsalon of 4600 Angatrooa.

Duplicate detsmlnatlona were made on all aaisplea, and If

tb* Atplloatea failed to oheck within 10 percent, a third da-

terstlnatlon waa siatte and an average of the three deteraliiatlona

taican as the true value

»

The thlaaln values are listed In the tablea as alorograiae

per graa and allllcrasia per pound. The thlaaln values expreaaed

as ollllsrai^ia per pound were obtained by aultlplylr^ tho mloro-

graa per graia values by tho factor O.iSSO.

To verify the reliability of the procedure and teohnlque

used, valuea are listed In Table 1, which are the thlaaln oon-

tenta of the monthly collaborative thlanln cheek aaa^le laausd
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by til* Aasrloan A«»ooi»tlon of dorsal c.'haialats.'^ Ll«ted ar«

th« vb1u«« for th9 aonthly sonplos obtained by the present tn-

voatlgator together with the eTerage veluea obtained by aoiae 30

oollaboratcra using the thloctaroae method. Table 1 ia aelf ex-

plaaatopy and indicates ttoe reliability of the isethod and tech-

nlqixe involved in theae atudiea.

Table 1. QaU llluatrotlne reliability of aethod and technique
used in thla atudy.

iionth
(1942-430

Value obtalsod
prssent Invoetl

-

—

^C, ...

by
•t.f. tor

Average vaiue^

ur/r

March 4.70 4.71

April S.39 3.42

July 3.19 2.67

SepteiBber 2.5Q 2.S9

October 5.9« 3.5S

Roveaber S.31 3.89

ZSeoeaber 3.73 3.38

January S9.20 88.60

yiebruary a.4fi 3.61

March 4.02
^ 4.03

^ Averaco of sotise 30 oollaborctora.

KCPBailSBBnJL. BSSULTS

Sm thlaain content and eh«iaioal analyaia of all vbtata and

floura uaod in this inveatlsation are ahown in Tablea £ and 3,
T Secorda filed In the Dejiartaent of ."illlliif: Industry.
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Aa ln<!io«it«<t In Tftbles 4 end S tba gr&nd av«r&g« of 2*03

allllcrasu per pound of thXeuln for tho 1012 vhoat erc^ 1«

•pproxiasfcoly 15 p«roeat hieber than 1.77 allllgrawo p«r pound

for th« 1341 crop. !rb« grand avarags for tha 1941 and 1S42

floura aro very nearly tha aas» aa ahowi In Tablaa 6 and 7,

;3elly rainfall and dally aaxluua and alnl^iua taaparaturaa

vara obtained froa April IS to the data the whsat waa rlpa.

April IS vas eonaiderad to b« a date aufflolantly early In tba

Ufa of the plant to atart collactine taaatbar data to aupply

adequate Infaraatlon for an laveatlgatlon of thla type*

In order to study tbe ollaatologlcal data In relation to

thair influence upon the thiaain oontsnt of wheat, It «aa

neeeaaary to eonctonae the dally veatbar data into five-day

pertods. Tho date the wheat was ripa (fifteenth period) waa

talcen as a atartlas point for oondenaine tho waather data. The

total rainfall end teiaper&turea (naxiaua and ainioua) were ooa-

pilad in fiv»~day period* freas the date of rlpenine back to

April 18, or to a date wliioh laaured tliat each parlod would con-

tain five dsyo. T5ie weather data for the fllve day perioda are

given in Tables Q to 13 inclusive.

3inoe the weather ooadltlons for 1941 maA 1942 ware quite

difrerent, it appaara frota the results that the growing oondi-

tiona of 1942 ware isor'ii favorable for thlastln production tlian

were those of the preceding season. The 1941 season had suf-

ficient preolpitatlon throughout t!ia tlae preeodlng the heading

of the wheat, and duria;; the headine atagea rains were so
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plontiful that ftlaost twice as naoh fell during this tine tia

during the uun period of> growth in 1942. After the heading,

ralna were ffequent and plentiful throushout the rlpenlnf

stages, and the weather beoaao Inoreaslngly waraar aa the rlpen-

loe ifrogreased. The 194S aeaeon preceding the heading; atage waa

otaracterlsed by a acarolty of aolature wlaloh laated until after

beadln;;. There waa approxlstatelif twice as tsuoh precipitation

during the 1941 headlnf! period aa during, the heading period for

1342, Rains during 1342 were aoaro froquent and plentiful after

heading than durlr.^; the preoedla£ yotir. In 1042 warsi weather

followed the heading atage, but It gradually becaae cooler dur-

inc the late stagea of rlr>enln£.

After a brief auaaary of the weatlior conditions that ex-

isted during 1941 and 1942, data are presented to show the ra-

latloneblp of thlaaln to the other oonatltuente In the wheat

kernel.

Table 14 elvea the correlation coefficients as obtained

froa the pure wheat varieties etudled. Statlatloally, It shows

no relation between thlasaln and wheat aah oohtsnta or thiamin

and wheat protein oontente for either the 1941 or 1942 crops.

Theae reaults are in agreweent with those of Eoffaan, Sehweltser,

and Dalby (1340) and nordgren and Andrews (1941), who found no

relation between thlaiAln and ash contents for winter wMats.
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Tcblo 14. OorreXatloa oo*fflolents b«tweon thla^iln
and abekt Mh aontsnt and thle^ln and
wh«at prol«ln eoatsnt for tho 1941 and
IMS crops*

• Aeh , rrotoln
Vsrlotj- • oorr. eoof. • oorr. co«f.

: 1341 l-.i8 "1341 154S

Turkoy .15 .57 .45 .69«

SUoidjull -.42 .eso .48 .50

Twasaarq .31 .55 .56 .47

B*br*<l .«0 .45 .18 .55

Clhl«fk»n -.02 .S6»» -.20 .64

Significant.

*El£blx significant.

Am abowa in Tabl* 14, only two varlatles gava a signi-

ficant correlation eoafflolant fM- thlaiiln and ash oontant.

7h«7 wsre 31aokhull (probability of five paroont) anJ Chlaf-

kan (probability of ons psrcant) both frou tho 1942 crop. The

only varloty s orlnc a elgnlfleant relation bat««an tha thia-

aln and ps*otoln oontont «as Turkey of ttie 1&42 crop. It la

Interastln;: to obsarvs that tha eorrolatlon bstween tblanln

and «tM«t aah oont«nts and thlauln and wheat protein contents

ranged all ttie tmy froa a negatlTe to a positive eoFralatioa.

Very <Jeflnite trcniJa were ooteoi when both of these constit-

uents were plotted agelnat thiataln content. In nearly every

oaae, bovever, there appeared ooe or two loeatlons i^lch *«re

very sttob out-of-llne and wbloh resulted In nonslenlfloant
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oozrelatlon ooafflclontst ^o azplftnatlon can bs orfor«d for

thaae locfttions vhloh fall*<i to fit tb« tread. Probably tbesa

fluctuations wor« oauaod by on* or perhaps several rectors

«hloh were not oonslderad because their !>rosenoe was not known*

Possibly, If these Interfering factors wero accounted for, a

Jtcflnlte relation olght be established between the thlaaln and

wheat aah contents or thiamin and wbeat protein contents or

perhaps both. These disturbing factors algbt be attributed to

soae soil influence which was not accounted for when these re-

lationships were studied.

:t Is to be regretted that sufficient data ware not

available for a study of the soil as an Influence upon the

thlaaln content of ^leat, since that Influence algbt have been

great. If the soil, however, were the dominant factor In-

fluenolnc; thlaaln content of wl^at. It might be expected that a

certain region or location would tend to produce wheat high In

thlaaln content frogi one season to another, but, as Tables 4

and 6 show, this does not appear to be the case. In 1941 Qarden

City, Keade, and Tribune, all located In the western portion of

Kansas {Tiirt. 1 or S) were the hifh thlaaln producing areas, as

shown In Tables 4 and 5.

In 1942 the only hl£t-. thla^sln produoln£ area in western

Kansas was Oardan City. The highest producing; areas vera Oodga

City and nays, located near central Kaosaa, as shown In Figs.

1 or 2. ?roa these obeervatl<»i8 it may appear that the western

area of Eansas aay tend to produce wheat high In tbiaiitln con-

tent, but when studying the values listed In Tables 4 and 6, It
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la Bpp«rant tb«t thsro Is anothwr factor or factors which

•xert a greatar Influence than the soil In Tlew of the fact

that the ntaa locations failed to prodvioe frtjeat high la thia-

min for 1941 and 194S.

Since the heading, and blossouln;- stages In the life of

the wheat plant are known to be very critical periods. It Is

probable that weatlier conditions daring this tlae greatly In-

fluence the eaoposltlon of the wheat plant, Swanson (1941).

Table 15. Total precipitation and average alnlma*
teaperatxBfes for the seven day Interval
following beadlnp, (excluding, two days
for blossojnlng) for 1941.

Location : Thiamin : rreolpltatlon : Av. alnloua
• I ; temperature
! (iag^-lb) t (Inches) ; (F»°)

Oarden City
iteade
Tribune
Colby
Dodge City
Qays
Klne»an
Itanhattan
Hutchinson

1.99 1.89 S7.4
1.93 1.71 58.6
1.37 2.71 S&.l
1.39 2.20 56.8
1.76 1.91 «X.7
1.71 C.U 60.0
1,70 0.40 58.7
1.60 1.41 S8.4
1.64 O.GO 61,

a

In Table 15 are given the total rainfall and average mlnlsma

temperatures for each location during the seven-day Interval

for 1941 oalttlng a period of two days after besding which

allows for the wheat to be In blossces, and aaautslng that the

wheat was In blossom, two days after heading* flatos I and II

Indicate the relallonstip of thlanln content to total pre-

cipitation and average salnlnuM teaperature for tho seven-day



IntsrvAl follo«in(- heading, axoludlrAC t«o da^s for blo*8Qial&£>

As tiM rainfall incrvaaod during thlis Into^-vaX, it raault«d In

whaat hlgbar la thiaisla oontaut, and tha ooprolatlon oooffl-

olont was 0.73, with a proboblllty of tt»raa p«ro«nt. For tha

aa:aa parlod tha avaraga mlnliaum t«i»paratura and thlasiln con-

tant vara nagatlvaly ralatad, and a nagatlvo oorralatlon co«f-

flolant of -0.67, »lth a probability of five parcant wae ob-

talnad. Thla ralatlonahlp Indloates U«t dtaring tha parlod

follovlne bloaaoalng, eool waatber vlth Inoraaalng rainfall ra>

aultad In greatar aaounta of thlasiln In tha «haat barry.

For tha aatM Intarval during tha 1342 crowing: saaaon no

algnlfleant ralatlonsblp was found batman tha praolpltatlon

and tbs thlaaln oor.tent, although a poaltlva trand »aa avldant

aa shoTCi In Plata X. rlata II aho«a tha relationship batvaan

tha awraea alnloua tanparatura and thlanln eontant, a rala-

tlonahlp which lackad algnlfloanoo but which ahowad a allehtly

oagatlva trand aa waa found In 1941.

"Rio searolty of rain praaadlti? and iMpadlataly following

the headlnc parlod nay b« ft poaslblo axplanatlon for the fall-

ore to find aa alf^nlflcant a raletlonshlp tor the 194£ aaason

as was found for tha preceding yoar.

Plats III Illustrates tha ralatlonsblp of tbls»ln oosstant

and teat weight. There was o slightly positive relatlonahip for

thlafU^ content and tost weight f<»* 1341, but the relationship

«aa nagatlva for 1942. Correlation coeffloiants of 0*53, lAileb

was nonsignificant, and -0.860, which w«a highly aisnifloant,

were obtained for tha 1941 and 1942 data, respoetively. Tha



BXPLAKATIOU OP PLATS I

Thiamin eontsnt of 194X and 194S wiieat crops and axtount of

precipitation for tha aavan day iDtarval follovlt^ haadlog (ax-

cludlBg tiro days for blosso2tln(>;),

C - Colby

DC - Dodga City

GC - Gardan City

m - nays

Ptt - rutohlnaon

I " Klogaan

Ma > Ila;^»ttan

99* - Kaada

T - Tribune





BXPLAilATIOS OP PUTS II

Thiamin oontont of 1341 and '1942 wheat crops and Knv*g»

alnlBumi t«»p«rature for th« aevon da? Intarval folXowln;; h«ad>

Ing (oxcludlng two daya for blossoalng).

- Colby S - KlngKHtn

DC - Dodso City Ja - Hanhatton

OG - Gardan City Ka - Kaada

Ba - Kaya T - Tribune

KU - Hutchinson



PLATE H

52 56 60 64 68

AVERAGE MINIMUM TEMPERATURE (f")

1942

R=-0.06

52 56 60 64 68

AVERAGE MINIMUM TEMPERATURE (F*)



BXPUUIATIOJ OP PLATE III

Thlsnln contant and t«st weight for 1j41 »nd iaw

iAi««t crops.

C - Colby t ' KlnesMn

30 - Dodg* City M > !iiuatett«n

OC - Oardon City m - Steftde

li« - lioya T - Trlbuna

Ea - Kutohlcison



PLATE HE

56 58 60 62

TEST WEIGHT (LB.)



data of MMda in 13il, and! of SAnbattun and Klnj^an In 1942

w«ro oaatt«d whan th« eo«fflol«nt» betwoen thiamin oontont and

taat wal^t ware oaleuletod, «8 the vbaat froa thaaa looetlona

sho»ad rsducad taat walghta dua to waathorlns. Tha avera^a

taxtui>« analysis, that la, pareantage of vitreous karcals, for

Muibattan and Klngaan vaa 20 paroant and 40 pareant, raapeotlve-

I7. Suoh data wara not available for Kaada.

Plata ly abowa tha ralatlonahip of ttiloaan oontant to tha

length of tha fllllne and rlpaalng period, that Is, the num-

ber of days between hsadlng and tha date of rlp«alDc. For 1041

the points lay relatively close togetJiar, and what relationship

there vas tended to be positive, but was nonatgnlfleant. The

relationship for 19*fi was Just opposite to that for lS41j the

correlation ooefflolent was negative but Just lacked slcnlfl-

ooncot

la 194S the shorter the tliaa oetwean baadlne and the data

of ripening, the higher tha thiamin content. Thla fact supports

the theory that hlch protein wheat will be high la thiamin con-

tent because longer ripening periods favor starch synUiesla and

brlnp about a decreased percentage of protein ( Salley, 1385),

lae results for 1941 for this aaaa relstlonahlp fail to agree

with the results for 1942.

Plentiful rains during the ripening period are known to

favor and eocelerate the rate of starch synthesis, "late V

shows the relationship batween thiamin content and total pre-

cipitation from heading to data of ripening to be nonsignificant

for both years. In 1341 however, there was a very pronounced

50
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tXFUXkTlQ'S OF PLATE IV

Thiamin oont«nt aod length or filling and rlpaiilng parlod

(tMMdlag to data rlpa) for 1341 and XviZ «h«at cropa.

C - Colby

DC - Dodga City

OC - Oardan City

Ba > :!a7s

Ba - iiutohl&aon

K - Klnpaan

Sa - Uanbattan

K6 - Maade

T - WlUuaa



PLATE IE

28 30 32 34 36 38 40
LENGTH OF FILLING AND RIPENING PERIOD

(DAYS)

1942
R=-0.6I

28 30 32 34 36 38 40
LENGTH OF FILLING AND RIPENING PERIOD

(DAYS)



1
EX?UirATI(» OP PLATS 7

IRaaaln content and tot«l proolpltetlca i>«tw«en bftallne and

harvest for 1941 and 194S wheat orope.

- Colby K - riJigaan

DC • Dodge City "& - Kenhattan

OC - Garden City Ko - l!«Bde

at - liaye : - Tribune

Hu - imtcblnaon
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PLATE 31

•

2.7 -

2.5
1941

R=-0.I3

2.3 -

2.1

ME T 1^

^ 19
• •' •

CD

^ 1.7
a:
UJ

"- IS

DU "^

MA. • •"*
^ 'HU

1 1 1 1 1 1 1 1

o (3 4 8 12 16

e PRECIPITATION BETWEEN HEADING AND HARVEST
(INCHES)

z

|2.7

2.5

2.3

2.1

1942
•°^ R=-0.I5

• HA

•GC
• ME

'^

""^ «>.,._• HU

1.9 •

1.7 _

1.5

K
1 1 1 • 1 1 1 1 1

« J, n 19 IC

PRECIPITATION BETWEEN HEADING AND HARVEST
(INCHES)



tr«nd vhleh showed • n«e<'^l*'* relationship batw«*n thlaaln

aontsnt and preoipltatltm. The aiaount of preclpltetioc at

Garden City, however, •«» oonalderably out-of-llne, and the

reeultlnf oorralatlon ooefflelent waa nonalKnlfleant. The X948

data also Indicated that there existed a negative relationship

betvssn th«so t«o factors, hut for this ptirtloular season the

points were widely scattered.

The results In Tables 4 and S Indicate dlf feronoos due to

both variety and location. Kben theae data were analysed

statistically, it was found that tiiers existed a significant

dirference between both varieties and loeaticns.

Prou the data presented, no definite and ooaolusive state-

stents can be nade in regard to wtiat influences the thlaatin con-

tent of wbsat. However, a theory may be advanced purely from

tbs trends indicated* Evidently froa the results o'stalned it

•eeas that the soil is of secondary iiaportsnce in influencing

thiaoin content of wheat. The relationships between thiamin and

ash contents or between thlsioin and protein contents for the

pure varlstiea were statistically none Ignifleant. Sosie trends,

however, were noted. ITroai the 1942 teat weight values it appear-

ed that the thlaaln content was lower at high test weights.

This relation was not evident fro::, the 1941 data, but it ctight

possibly have been due to the fact that in 1942 there was very

auoh leas preoipitaklon during the earlier part of the growlne

season and that the ralna did not eoiae until auoh later. There-

fore, not so auoh fluctuation in the test weights could be

expected as would have been the case in 1941, lAMn rains were



plentiful throaehout th« porlod atmll»d. In 1941 tho »T9r«g«

toat watglits ranged tvaa 54 to 62 pound*, but In 1942 tha rang*

«a« only froa 55 to 60 pound*. Consequently for 1942 saich l«a«

variation In toat weights «as notedt

Bailey (1D2S) aalntalned that a lor-ger 6"o*ln« aeaaon with

oool temperature and abundant aupply of aolature favors staroh

production. In 1941 no relation vaa found t>et«een the filling

and ripening period and thlaaln oontent, but In 1942 a negative

relation «aa strongly Indicated. TUe 1942 season had auch Nora

rainfall and cooler tsapera tures during the last throe weeks of

the ripening period than did the preeedlnj- season, and therefore,

the latter part of the 1942 aeaaon sight be espected to be siuch

fltor* favorable to the syntbasls of starch than 1941.

A study of the effects of total preolpltation froa beading

to harvaat In relation to thlaetin oontent siriows the trend to ba

negative for 1941 and 1942, This finding Indicates that condi-

tions favoring staroh foraatlon olao favor lover tblaaln con-

tent for wheat.

Proa the foragolne facta It appears quite definitely tfcat

thlaaln le negatively related with atareh aynthesls; that Is,

whan factors are favorable for ataroh production, the thlaaln

content of the reaultlnij wheats Is lower. ?aotor8 which are

favorable to starch foraatlon will result In wheat with a lower

peroentof-e of protein, and factora unfavorable to staroh pro-

duotlon will generally produce wheat with a high peroantage of

protein and ash. The thiamin content of i^at appears to be

1



r8l&t«d to factor* or condition* that result In highar

p«r<Hmtae«a of prot«ln as Indicated by the 1942 data.

In awaaarlalng. It appear* tbat thlaaln 1* aa«oolatad

with eavlroasjental condition* whloh favor high protein and high

a*h oontente of vteat. Apparently thera did exist, however,

•ooe unknown factor wbloh vaa not taScen into aonaldOi'*«tlon and

which tended to nake the correlation between thiamin and wheat

protein ca* aah content* nonalfalfleant. Another poaelble ex-

planation why wheat protein or wbsat a*h could not bo definite-

ly correlated with thlaaln nay be exceselTe variation within

the «Mll nunber of aaaplca used In thle Investigation.

It has generally been aasuaied that wteat with a high

thlaaln content would yield a flour that was higher In thiamin

content than a flour allied froa a wheat low in thlaialn con-

tent. The roault* obtained In this study as shown In Table* 4

to 7 Inclusive Indicate that e wheat high In thlaaln content

does not necessarily asan that tJ-ie resulting flour milled froa

this wheat will be higher In thlaaln content than flour allied

from a wheat of low potency. Statistically, no relationship

w«s est* bit shed between the thiamin content of wheat and flo\ar

for either 1941 or 1942. In fact for 1941 there existed a

slight negative trend between the thiamin content of wheat and

flour. The failure of high thlaaln content wheats to result In

flour* higher In thlaaln content than flours allied fron lower

thlaaln content wiioats aay have been dxie to varietal differences,

or to the fact that the thlaaln was not laid down in the saue
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faatlon in tha various parts of tho b«rr7 froa one «h«at to

•nothar, or to dlff«r«ne«3 In allllnp oharactorietlcs of the

«hA«t«

Th« flours u»ad In thla lnv«stlg«tlon ««ra p«l«Dt flours

vhloh wars olllad to an approximately uniform ash content

of about 0*425 parcont. Ta'jla 16 ahova tl-M tiiiaiala oontant

of flo>;ji>s olllSvi on tba Ka&aaa ^tata Collaga 6&-b1>l. aJ.ll

and tha Allia Cbalaars axparinontal Mill. Proa tba axparl-

(Wntal nill both straight and patant flours varo available,

but Sron tba SG^bbl. raill only a atr&lght flour «as avallabla.

7abla 16 ahowa that tha thlaain oontanta of the flours silllad

on tha larga aill and tho oxperlsiantbl alll are, for all

preotieal purpoaas, Idsntioal and tint any alight variability

axlstlng was well within the azparliaaDtal error.

All tha patent floura with the exception of 7awnee were

lower in thiamin omtent than the atraighta. The Pawnee pat<»

ent was tha aaaia as the straight, for tlut atralgbt for thia

variety allied out at a 0.40 peroent aah oontant. 7iit> potent

flours M*r9 expected to be lower In thlauln content than the

straight flours beeauae in blending a patent to a 0.42&

percent ash content the fourth and low-grade flour atreaaa were

ganarally oaltted. It la oonsldeped that theae patent flotirs

rspreaant the type of floura which would be obtainable tram

siailar ti^oat If a ocesaareial flour of the deaignate^! aah

content were to be allied froet such wheat.
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The tlilsain oontsnto of both the Btrnlelit «nd p«t«nt flovir*

shoiMd tli« ssa* trend; ^uaaly, the vorlety whloh produoeJ 6

otralght riour that wa» hlgheat la thlaaln op 2i content, like-

vise produce J a patent flour «Msb me the hlgheat of all the

patent floura. Tenaorq yielded a atralght flour whloh poeseaaed

aore B^ than all the other straight flour* fron the various

varieties; likewise the Tenaarq patent «as higher In thlaaln con-

tent than all the other patent flours. The Turkey and Chlenout

straight arxl patent flours were the next highest In thlaaln con-

tent of all tho other straight amd patent flours. The Black-

hull straight flour aaa tJie lo««st In thlaaln content of all

tho straights, and likewise the patent flour vma lowest of all

the patents, ^"herafore, the aoiae trend was Indicated regard-

leaa of whether the flours In question wore straight or patent

flours allied to a constant ash basis.

Fk-Oitt the data given In Table 16 It nay be concluded thtt

the thlasiln ooatenta of the flour sa:aples used In this study

would be quite ccotparable with the thlaaln oontsnts of Uie flours

had they bean allied en a eoKitarolal alii*

1. A Study was oade with five winter wiieat and two soft

wheat varieties ^rown in Kansas to ascertain the effect of

weather, variety, and loeatlon upon ttie vltassln Bi content of

the wheat. In addition, the thlajtln content was dateralned oa



tho flour for aach r«Bp90tlve wbsttt, and tti« raXatlon batvaan

tblaialn contanta of tha whaata and (Tloura was atudlad.

2, Saaaonal varlatton Influoneed tho thiaaln oontant of

vlMst. Tha thiamin oontent of ttia 1342 vhaat crop «aa IS r^r-

oant blgbar than that of tha 1941 crop; also tha aah and protaln

oontants vara eor.aldarably hlghar than thoaa of 1<)41.

5. Thiamin content of wl^eat «aa Influa&cad by both Tablet?

and location. tHia dlffaranoas dua to varlaty and location ara

algnlflcantly dlffarant as ahown by an analyala of varlanoa*

i, Tha thlanlR oouta&t of bard »lntar '•iiaat varletlaa

rankad aa follows for 1941: Turkay (hlghaat), Tawwrq, Blaokhull,

Kabrad, and Chlafkan; for 1342! Tamaarq ftilghaat ) , Sabrad, Slaok-

hull, Turkay, and Chlafkan. Ta» flouro for tha aaiaa varlatlaa

for 1941 rankad aa follomi: Blackbull (hlgbaat), Kabrad, Chiaf-

kan, TansMirq, and Turkayj for 1942: Kabrad (hleJiaat), Blaok-

hull, TaniMrq, Turkay, and Chlafkan.

5* Bo algnlfloant relatlonahlp could ba found batwaon tha

thiaaln and iteat aah or vhaat protaln contanta although a trand

aaa notad.

6. Tho thiamin oontant of »haat appaarad to b« oagatlvaly

ralatad vlth oonditlona favoring ataroh ayntbaala.

7. Thara appearad to ba aoao factors «hlch vara not takan

Into ccnaldaratlon In tills st,udy and it^.lch nay hava prohlbltad

tha oorralatlon of nbaat aab or «haat protaln with thiamin ooo-

tant; or elaa thara was an axoasslva variation within tha

saaiplae <isad>

1



3. C<K»dltlot!» favorlne high porc«Rt«g9 protaln and

•ah o«it«nt 1^9*ta ftpp«*red to favor high thlaaiin ooatar.t wbsat*

9. Ho oorrol»tl0fi eas found batiraen tho thlasiln contant

of whaat and flour nlllad from tha ahaatj tharofora, high thla-

aln oontant whaat dooa not neoaoaarlly aaan that tha flour

alllad flroa tl-.la whaat will b« hlgbar than flour aillad ffota

a low thlaaln coatant whtat.

10. Tba thlaaln oontontu obtelnad for tJie patent flours

iiaad In thl» atudy would ba oMjparabla with thoao of tha floura

had thaj baan saillad on a aonoaralal adll*
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STATISTICAL AKALTSZS

Hot mix of th« vmrlstlos of wtiaot uBod In tbl« »t\x&r

w»r« Bvatllablo ficoaj «»ch of the 11 loeotlona In Eanaaa. In

or&w to slapllfy tho atatlstlcal mnhljaiz of tha rasulta, the

dat* froa oMh yoar for both whoat and flow »»r8 Urokon do«a

Into tho following throo bXookas (1) a flva-varloty, nlno-

locetlon bloolt, (2) a thrao-varioty, 11-looatlon block, and

(5) a t»o-varl«ty, throa-looatlom block. Tlila broakdowa of

tho data wu naoaaaary to Inaura aolld blocks of data for tha

alapllfloatlon of tha analyaia of vsrlanea.

Tha flrat block waa coupoaad of Turkoy, Slaektaull, Tan-

laarq, Kobrad, and Chlefkan growi at Haya, Oardan City, !£oada,

node* City, fiutohlnaon, Slngaan, Oolby, Tribuna, and Kanbattan.

Tha aacond block eonaletad of Turkey, Slaokhull, and Tanaarq

grvm at liaye, Oardan City, Koada, Oodga Olty, Hutchinson,

Klagnan, Colby, Trlbuna, Manhattan, Thayor, and Coluabuaj

while tha third block conalated of Eawvala and Clarkan grown

at 38anhattaa, Thayar, and Coluabue.

In 1941 tha Turkey and Blackhvai flour aar^plaa tar* Hlaa->

Ing from Coltiaboa, and In 1948 the Blaokhull wheat waa not aval;

6bla froia Tribune. Valuaa were auppllad for the alaalnj; data

with tha aid of th© following foraula aa Eiiwn by Snadeoor

(ISHO)t

X = tT * bB - 3

(t-DCb-l)



X s ••tlaatod Vftiue for sil««ln£ Mopl*
t < (ussb«r or variotlea

b n«iabar of loc«tlona
T s ausa of ftll loeatloTJS within th« ««ua6 vorletj

ae the aklealng sainpla

B »uffi of ftll tho varlstles within the saae lo-

cation as tho aloslnir saapla
S aua of all oboervod values

In blocJta »horo th« ulaolne valuaa *«ro oaleulatad tha aaalyala

of Tarlanea had ona aodlf loatlonj tba BwdMr of dogreaa of frao-

dtta for location by varlaty intaractlon and tho arroir taru

{dot»ra»lr.atlon within aubclaaa) each ««a d«or«aa«d by rinlty, and

thus the total *»« daoraaaad by two tlawa unity.

For aaoh block (both wheat and flour) <mi wVileh tha analysis

of varlanoo was parfonaad. If the locatlcwa or varlatlas cava a

slcnlflcant F-toat, a t-test (t » _3 ) waa usad to dataralra

which varlatlas and locaticaa wara sSntrlbutlng to thla slgni-

floanca. In all eaaas tha tntaractlon tara waa usad aa tho

Tarlanea and a, waa oaleulatad ualng tha following foraula:
a

Thara waa a vary daflnlta Intoraotlon batwaon variety and

looation as every blooSf (both wheat and floisf) gave a highly

alsnlfioant interaction irt»n coapared with the error ters. Ttila

Interaction Indicated that tha varieties felled to line up tha

ytf ttat one looation to another, ishen both variety and loaa>

tlon were tested, tba interaction was useJ aa the error term.

Table 17 abowa the analysis of variance for tho five-

variety, nine-loooti«i block for 1541 wheats.

^



Tabla 17. Anftly«l8 of T«rl«»o» for the flve-¥»rlety, nlae-

loe«tlon block, 134X wiieot.

65

n
Soureo of :

variation :

:

or : of
fr««Uoai»quoroo

!l-:9tlaato

: of
ivorlanoe

! 5^ :

• ? tpolnt:
is

?oi:it

I,oeatlona 8 8.03 l.OO a,XZ 2.23 3,12

Yorlatlea 4 0.12 2.05 4.3&s» 2.67 3.9V

Intaraetlon
vLoc X Var)

Dotdrialiiatlon
•Ithln ouU-
olasG

Total

52

•45

as

14.00

1.50

32.45

.47

.031

15.16*» 1.71 2.13

Hl^T significant.

Pot Table 17 tl» looatlon* waro noiMlgnlf ieunt, imt th« verl-

«tlM £avo a highly alcnlfloant F-toat. TJainp, the t-t««t It

«aa fcnmd that a dlffaronea of 0.47 salcrograiaa naa raqulrad for

tUa flv« pareant lavel of algalfloanoa and 0,63 alorograaa for

ttia ona poreant laval *h«n coiajxirlne t!io avorafja thlaaln content

of ona varlaty with anothar over all etatlona. It was found

that Tuo-lwy was elcnifleant ly hlghar In thlasdn oontont than

BlaeldMll, Kabrad, and 3hleflean, and tluit Tanstai-q waa algnlf-

loantly Mghar than ::hlofVan.

Tha analyala of variance for tba tfcraa-varl© ty, 11-location

block for IMl iri»at8 la £!•» In Table IC, Tha looatlona aa in-

dicated gave a algnlflcant P-ratlo and wero therotoy anelyaed

furthar by aaane of the t-teat. It waa found tha* tha least

algnlfloant dlfferanca for the five pereent level waa U.22

alorograas, and 0.29 alerograma for ttie one persent level when

tiie avovage thiamin oontent of one location waa casparoii with
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T»bl« 18. Analyala of v»rl»ivo» for the thr«o-vwl»ty, elavon-
locBtion block, 1041 urtisat.

Co'^oa of !

variation i of
froodaa

Sua*
of

aquaroa

i£8tli.-iate: V : 5;£ :

• of : : points
tvarlanoe; ; :

1^
point

Looatlonfl

VftTlotiea

latorootlon
ti,oo X Vor)

rjetarailnation
within suJ>-

olaas
Total

10

2

20

53

65

3.87

i.se

5.34

.92

1C,71

,30 3.09» 2.35

.79 8.47 3.49

,38 11.4S<»«. 1,90

.02£

3.37

8,as

2.49

* Slgnlfloant

1

Highly Igniricant.

OBOthor o»«r all varieties. Tho t-tast indicatad ttiat th« thia-

min oontant of whaat ft-oai Trlbuna was •lgnlfle«atly highar tiMO

that froci all othar atatlona. Tlio thiamin coatant of rtioet

firoB CaiHlan City was algnlf Icantly highar than that fi-oa all

othar atatlona axca]>t that of Trlbtma* Tha tlilaialn oontanta of

wheats fro« Sfoade ami Colimbua wara not al^lfloaatly dlffor-

aat but wara alenlflcantly highar than tha tblaaln contants of

-i«»at» trom naya, Colby, Katduittaa, Thayar, ar.d Kutchlnaon.

The thlaaln oontant of wbsst froia Dodga City was not algnlfl-

cantly highar than tha thlasiln oontanta of wtjasts froa isanbat-

taa, itiayar anti Hutohl^aon. Tha thlaaln oontanta of iSieata

froa Elagaan, :!aya, Colby, and Manhattan wara algnlfloantly

highar thar. tha thlaaln oontanta of whoata froai Thayar and

Hut chinaon.
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In Table 19 1« £lv«n th« analysis of vai-lanoe for the two-

variety, three-location block for 1941 uheata. Ih* looatlona

yielded a significant F-ratlo and the data for the looatlona

were further examined for slgnlfioaaoa by a»an» of the t-teat.

It ma found that the least algnifloant dlffersace raq'Alred

for the five percent level of algnlfloanco was 1.10 aloroeraaa

and 2.53 mlorograaa far the one percent level. The t-t«at In-

dicated that wheat from Coluiabus was significantly hleber In

thlaaln content than wheat froa Theyar.

1

Table 19. Analysis of variance for the two-vaclety, three
location block, 1^41 «i.«at.

oouroe of : Degrees

:

Suiis ;g^tlsiate -trr^=£

variation : of : of : of P i point

:

point
sfreedoa; squares ; variance i

Locations 2 2.65 1.23 2E.16* 19.00 90 ,01

Variety 1 .00 .00 .46 18.61 SO .49

latoreotlcn 2 .20 .13 IB.OOa** 5.14 10 .98

(Loo X Var)
aatanainotlon 6 .07 .01
within Bub-
olass

Total 11 S.CH

* Slenifleant.

**Elghly aignirioant.

Tbe analyaia of variance for the five-variety, nlne-

loeaticai block for the 1941 floura la given In Table 20. This

table ahowad that neither tl» varieties nor locations were sig-

nificantly different; therofore no t-teat was parforaed on the

data.



7«bl« 80. Ar.slyala or variance Tor the nvo-varlety,
nlno-Xocatior. block, 1941 flo<ar.

:iourc9 of :

variation
:3o£i»oea

:

of :

ffaadosa:
Of

aqu«r«0

i;istl.'.-iate

: of
:v&rlenca

p
5,S :

point:
i

i;^

point

Locatlona a .69 .086 1.34 2.2S S.12

Varlatlaa 4 .23 .086 .88 2.67 5.37

Zntaraotlon
(Loo X Var)

Dotarialnatlon
within aub-
cXasa

Total

46

S-3

2.06

.20

s.ia

.064

.004

16.00*» ^
Highly alfcnlflcant.

Tttbla 21 ahowa the analyaia of varlaaca for tiva thrae-

varlaty, 11-location block for the 1341 floura. Aa given in

Table 21 the looatlona were algnlfioantiy different. The

l«*at significant <Iiffer«nee waa O.SO nlerograaa and 0.41

alsrocraoa for the five percent and one percent levels re-

spectively «hon the average thlaaln content of one locatlcn

was eaa^>ared with another over all varieties. The t-test

•as used and the average thiaialn oontenta of the locations

•ere compared to see which were significantly different. The

flour froa Columbus waa ahown to be aignlf loantly higher In

thiamin content than all other atstlona and flour frou Oarden

City was alcnlficantly higher in thlaaln content than flour

froa Colby, and the thiamin contents of flour froai all other

locations were not significantly different.



Table 81. Analyala of variaaoe for the tlir««-v«ri«ty,
11-location block, 1941 flour.

Source of
arlatlon

je^rasa : ^i.uia ;£stliaate:
of : of : of :

fraedoBitaquaraa; variance;

: &;. : 1>
1'

s point: point
i s

Looationa

Varletiee

10

8

16Interaction
(Loc X Var)
Setarolnatlon 31
within »ut»-
olaas

ToUl 61

1.45

.23

1.10

.11

2.89

.145 £.46^ 2.41 3.51

.12 1.37 3.55 6,01

.061 16.94m 1.35 2.&9

.0036

* Sljrnlfleant.

Slghly alfnirioant.

In Table 82 la given the analyala of varlanoe for the two-

variety, three-location blocV for the 1041 floura. The loca-

tion* anti varletlea both falleii to give a algniflcant P-ratio;

the.-efore no t-teat «aa performed on the data.

Table 22. Analyala of variance for tvo-varlety, tbree-
looatlon block, 1041 flour.

Source of t'JOcreee: Suraa liatlmate: : 5^ : 1^
variation : of ; of : of s P t points point

ifreadoa: acuarea; variance

t

i |

Locations

Varlotlea

Interaction
(Loc X Var)

Determination
within aub-
clasa

Total

2

1

2

6

11

1.41

.30

.26

.04

2.53

.71 5.40 19,00 99,01

,e& 6.77 1Q.S1 90,49

.13 18.57M 5.14 10.92

.007

»« i.lghly algniflcant.
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In Table 23 Is il«t»d the •nalyals of vwlMioe for tho

flv«-varl«ty, alne-looation block for tho 1542 wheata. Doth

th« loc*tlona and Yarl»tl«« s^^» • highly •IgalflOBnt F-nitto,

and eaoh of tliaaa aouroaa *«a aiwlysod further by th« t-teat.

It *a« fouiKl that tha l«a.at algnlfloant dlffarenooa for com-

paring tha average thiaain content of one variety with another

over all atatlana »ere 0«42 alorocrBEia »nd 0,58 mlcrograaa toe

the five percent and one poroeat levels roepectlvely. Tho

t-teet Indicated that TensMurq ««• elgnlfloently higher In thia-

ain content than laaekiiull, Turkey, and Jhlefka!;; also It

ahoeed that Kebred, Blaokhull, and Ttirkey »ere elgnlfloently

higher In thlaaln content then Chleflean.

Teble 25. Analyala of variance for tha five-variety,
nlrse-locatlor. bloc::, 1942 wljeat.

aource of : D«pV«»B ^'oas • Katlatite 5 5X : IX-

varlatiai : of of I of e ; points point

freodoj;! squares :vorlanca t :

Loctttlone B 4<S.62 5.63 19.34«* S.ae 3.15

Varletiea 4 14.32 3.38 9.4ee* £,6Q 4.00

lateraotlon 51 11.70 .38 IS.OOe* 1.71 2,14

(Loo X Var)
Detenalnstlon 44 .94 .08
within aub-
oleae

Total 37 73.50

Highly algnlflcant.
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For Tabla 2S the laaat Blgnifioont dlffarsncoa for ccai-

pftrlap the average thiamin o«nt»nt of one location with

another over all varletlaa wora found to ba 0.56 iiloroc^aaa

fOT tbo flva percent level' and O.VS Bjlerograaui for the one

paroont level. Ftoa the t-toat It wia eJiown that wheat froa

'jodB« City *«» algnlfloar.tly higher In Bi oontent than the

•heats erasa all other reaalnlng eight loeatlone. The thlaaln

content of «hoBt froai Haya waa algnlfioantly higher than the

tl^l^ffflw oontenta of wheata troa Ihiteblnaon, Sanhatt&n,

Tribune, Colby, and Einoaan. The thlaaln content of wheat froa

Garden Olty waa algrJ.rioantly higher than tlve thlaaln oontenta

of wheata frou Kanhattan, Tribune, Colby, and Kingman. The

thlaaln oontent of wheat froa Jfeada waa algnlfioantly higher

than irtieata froa Kaahattan, Tribune, Colby, and Klngaan.

The thlaaln contents of wlieata froa Hutchinson, Tribune, end

Solby were all algnlflcantly higher than that of wheat fro»

Klngraen.

The analysle of variance for the three-variety, ll-locatlcr.

block for the 1942 wheata la given la Table 24. Tha P-ratio

for botlJ location* and varieties waa highly algnlfloant} there-

fore the t-teet waa used In studying further the location and

vurlatal differences. A comparison of the avetvge thlaialn con-

tent of one variety with that of another over all locations

sbowotl the least significant differences to be 0.34 alorograsiB

and 0.47 Mlorogratos for the five percent and one percent levels

respectively. The t-test showed that Tenaarq was significantly

higher In thl^ln content than Turkey and Sleolchull*
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T*bl« 84. Analyala of vnrlonca Tor tho thrac-varlaty,
olover.-locatlon biock, ia42 whoat.

Sourao of :

variutlon :

Degreas

:

of :

fraodoisj

Cutis

of
SQuarao

• j,«t:.7-ote

: of
sVwloRoa

! :

: P :

t:i : liJ'

point spolnl

:

Looatlons 10 57.87 5.79 18,65*'» 2.3a 5.45

V&rl«tl«s 2 5.72 1.8S 6*ao*» 5.S2 5.95

Int«r«otlon
(Loo X V*r)

Dot«i^Alr£tJ.oti
within «ub-
cXnss

Total

19

58

6S

5.7G

.71

48.00

.02

16.0O»« 1,92 2.54

Hlglily alsnlfloAnt •

A oosparlaon of ttM tbi«ialci contont of tho verlatlaa of

ant atatloa with that of anotbar ovar all V6i>l«tlaa showaJ

tha l«a«t algnlfleant dlffarancaa to b» 0,«S alcrogriuaa and

O.Sl ffliorograaa for tlie flva paroant ani ona peroant lavala

rospaotivaly. Tha wheat ffota Oo<Is« City gava highar valuas

than wheats fraa Ilaye aafi Garden City, and tha wheat froa

Baya f-ava higher valuaa than the wheat froa Garden City.

Froa tha t-taat It was ahown that tha thlasln contents of

wheats froa Dodge City and Eaya were not algal flcantly differ-

ent and alao that tha thiamin oontanta of wheats froa flaya

and Oardan City ware not alenlfloantly different. Sxaludlr^

thaaa two axcaotlona, wheats froa tXJdge City and i2aya ware

algalfloantly hlphar In thlaaln content than wheats froci all

the other looatlona. It was alao ahown that the thiamin con-

tents of wheats frou nardan city and Kaade ware significantly



highor than tho thittisln cont«nta oi Mhamts froia CoXumbut,

Colby, Tha7«r, «nd Elnf?a»n. Th« thlsuain eont«nt of whaftt

fraa Trlbuiw ««a slgniflcaatly i.ic>«9r th*n tha thiamin oon-

t«nta of «:iaata teaa Colby, Tboyor, and KlngBKj, 7bo thlaaln

oontanta or «h«ats from ;-:utaMnaon and Manhattan vara si)?-

nlfioantly higher than tha tblaaln oontonts of t>]« ir!:»at8

tvoa Thayer and Klngaian, and also, th« «^;aata froct CoXuabua

and Colby wars algnlfleaatly hlghar In Tltaiola i3i content

than tha wiXMt froa Kingman.

In 7«bls 3S la given tiia aoalyais of varlaooo for the t«e»

variety, threa-loeatlon block for tho 1942 sheets. The looa-

tlone and vai-letl«a a« shown f:ave a nonsignirioant f-ratlo;

and, therefore, no t-teat w«a pa:'roriaeM on thia data.

Table S5> Anal^-sls of varltmoo for the t«o«varlaty, three-
looatloa block, 1942 i^at.

Sourco oi* :;)8eraaa: iiuas :Katlmate:
variation : of : of : of ;

;freedoa;aquarea;yarl»ijea

:

5v,
: 1,1

point: point

lAcations

Varlatiea

Interaation
{Loc X Var)
QeteralnsMon
within «ub-
olass

Total 11

S.20

.11

1.83

.20

3»Go

1.15 1.77 13.00 9-3.01

.11 .17 10.51 90.49

.65 13.70»» 6.14 10.92

.033

<Ht

Highly significant.
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In Table 26 la glvan the armlyals of varianoo for th«

flve-varletr, nlne-looatlon bloek for tli» 1842 flours. Loca-

tlona and vs.-lotloa both gave highly atgniftcant ?-ratloa,

and It «a» therefora paralealbla to uao tha t-taat and ooor

para t5¥» Indlvldvuil looatlona and variotlaa. ?or ooaparlng

tho avaraga thlaaln «<aitant of oaa location with that of

another ovar all varlatlaa tha laaat aienlfloaat dlffaranoaa

wars found to ba 0.2S alcTOgraaa and 0.55 alopograaa for tha

flva percent and one percent lavala reapaotlvely. Tbe t-taat

Indicated that tha thlaaln oontanta of floura froa Sfanhattan,

Tribune, Jtaade, Hxitahlaaon, fleya, and Garden City were alg-

alfloantly hleher In thlaaln contents than floura from node*

City, Colby, and KlagJaaa.

Table 86. Analyala of varlaaoo for tho flva-varlaty, nlne-
looatloa block, 1342 flour.

Source of !

variation :

I

of :

freadoiii:

of
aquaraa

::i.stin6ta:

! Of t

: variance:
7 sroi"t !point

I/Oaatlona 4.53 .55 7 .63»* 2,26 3.15

varlatlaa 4 1.47. .57 5 .07»» 2.68 4.00

Interaction
(Loo X. Var)

Datarajlaatlon
within Bub-
olaaa

Total

31

44

37

2.26

.15

a.26

.073

.0034

24 .33»>* 1.71 S.14

nighly algnlfloant.
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for ooaipariaj'. the «var»ee thlanlr. content of ewse variety

with that of another 'over all locations the least Blgniricent

difrerenoes wera found to he 0,10 alcrograaa and 0.25 mlorocrasaa

for the flvo percent and one percent levels reapeotlvely. Prom

the t-teat it was concluded that (!«brod «aa not alenlfloantXy

higher In thlaaln content than Blaokhull, hut «aa slgnlfleaatly

higher than the thiamin conteata of Tonjaarq, Turkey, and Chief-

lean, and that the thiamin content of Blaokhull «as slenlfioantly

higher than the thiamin contents of Turkey and CLlofkan.

In Table 27 la riven the analysis of variance for the

three-variety, 11-looatlon hlock for the 1942 floura. The

data In Table 27 indicates that both locations and varieties

•ore hlehly significant. The least slfnlfleant dirferonoes

for ooaparlng the averar* thlaaln content of one location with

that of anotl»r over all varieties were found to be O.IS

alopogroaa for the five percent level of signifleaaoe and 0.27

alerc^Biaa for the <ste percent level. The t-test Indicated

that the thiaaln content of flour froti Colucibus was slfnlf-

loantly higher than that of flotir teom all otljar stations

except that of fMtohiraou. The thlaain owjtant of flour froai

Hutchinson was algnlfloantly higher than the thlaain contents

of floura tp<yn 'Kjayer, Oarden City, Meade, Colby, ttodge City,

and Klngaan. The thiamin content of flour fron MaohatUn was

Blgnlflsantly higher than the thlaain contents of flours fro«

Oarden City, Meade, Colby, Dodge City and Xlneaan. The thiamin

contents of floura froa Hays, Tribune, Thayer, and Oarden City

were slgnlfloantly higher than those of flours fToa Colby,
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Ooflga City, and tia^ptin; mai tbt tblanls e<8it«nt« of TIovtm

rT(Ki Haade, "^olby, and Dcxlgtt City wra algniflaantly btsher

than tbat of tha floor froia Klngsuin.

A eoBsperleon of tha avarftgo thlaalr: eont«Dt of one varl-

aty with another ovar all atatlons aho««<i that the laaat alg-

nlflaant diffaranoes ««r<9 0.10 ailerograaa and 0.14 alorograiaa

for tho flva p«roant and ona paroant lovals of algnlflaanoe

raapaetlvaly. Frou tha t-taat It «as oonoludad that tba 1942

rOackhuIl flour «aa algnlflcantly hlghar In thlKaln oontant

than tba tbiaaln eantanta of Toisaarq and Turkey, and that tha

thlaaln content of Tanaiarq waa alenlflcantly higher than that

of Txirkey.

Table £7, Analyala of varianoe for tho threa-warloty,
11-looatlon Ijlook, 1342 flour.

Source of ; Degraaa t i>uuia !b8tliiuit.e ;

-""-

: 5> ! X%
variation : of I of ! Of ? : point : point

I freedos; aquarea tvarlonce

i

»,
, ,

•

Looatlons 10 1.34 .3B 14,,G2<»* 2.33 3.43

Varlatlaa B .»:s .44 16,,92»» 3.5B 5.OS

Interaction 19 .80 .026 8.,a4»» 1,02 2.54
(Loo X Vor)

DotarialnBtlon 58 .12 .0033
«ithln sub-
olaas

Total 63 5.3-1

Highly algnifieant.
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7b» aiwlTais of varlane* for tho t«o-vbrl«ty, tbrss-

loo«tl«i block for tti9 1942 flours Is {;lvan In Tabl* 88.

Hera It Is shown that nslthor tha lo«satl<m nor th* Warlsty

gava atealfloant ?-rotloo; tharefora tho data war© not furthar

analyxad.

Tablo sa. Analysis of varlanco for tho fcwo-variaty,
threa-lOMition blook, 1942 flour.

SoDarca of :

variation :

:x>froea

:

rraeda^:

3.1(13

or
sc^uaras

ti^tlaatat
: of :

tvurlanca:

ir

: 5,v :

tpoints
5 '

1^
point

Locations 2 .SO .29 .94 19.00 99.01

Variety I 1.13 1.10 5,81 18.51 98.49

intaractlon 2 •sa .31 68.00»» 5,14 10.9S
{U>a z Vary

•Jotarisliictlor
within aub-
clasa

Total

«

11

.OS

£.'11

.005

Blgbly slgnlfioaat.

m* MBiplata statistical analyala of the two yaara* data

nay b« auaHarlaad as follows:

1* I'or tha 1941 wbaats both location and variety Influ-

•na«d the thieoln content. Turkay was the variety highest In

thlaoln ecxitant, and except for Taaaarq it was algnlflaantly

hlghar than all other varieties. The wheats f>o« Tribune and

Ckirden City w«ro not significantly dlfferant but were signifl-

oantly higher in thlaaln content than ware th« wbaats froa

tho ot(iar stations.
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2. Th* thlftala contant of the 1941 flours ««r« not

Influenosd by locatlcai or variety. Blaokhull, Chl«fk«n, end

Cebr«d ««f« highest In B^ content; Tenmerq «aa next hijo^est;

and Torkey waa loveat. The dlffereneea bietvesn varieties ware

not •ttttlatloally (Jlfferent. The flouro from Coluabus, Klng-

BMnn, and Oardec City were blgheat In thlanln content.

3. For the 1942 wheats both location ana variety laflu-

enoed the vltaaln 3i content of wheat. The thlaisln content

of Tnnaarq w«s significantly higher than that of BlacUhullf

IHirWey, and ^hlefWaa, but was not alcnlfleantly greater In

thiesan content than ;;ebr«d. The vl^eat froa Dodee Ulty was

etgnirioantly Mfi^er In thlaaln content than the wheats from

all stations with the exception of tl:^ wheat froa iiays.

4. For the 1942 flours both the locations and varieties

Influenced the thlaaln content. Kebred and 31aokhull ware

not significantly different, but wore significantly higher than

Tenawrq, Turkey, and Chlofkan. The flovars froa aolumbus and

2!anhattan were slightly higher than the flours froi!i all other

looatlons.
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