
Tffi EFTEOI Ûx' EATVESIgINE AT ÐTIq'ERENT S84-EES OT' MATURIT'g

woN gro gtg¡¡ ÅN9 CgE[ffiCAL SOIEOSI8IOW O¡ gÂrìÏEv

À IEESIS

MasrEB qr. F0rqryoE

E,T

ffiDONA!Ð M. MeIEêIÍ

ApríL

L952,

{it'; çiËì$i'i i' -. ,-\'\' \-);.'.
s 

^*.'\\ 
"- I

$'JIfi¡Ttü r,lJ3ft_{år

laL fu].fílLlqen'E

for tb.e ÐeFree of



i,eknowl-eelgementq

lhe lfirrlter wishes to express b.is thanks to Dr.

G. P. MeRostie, ancl Profesgor A. I!. Eld.ers of the Ðe-

partment of Agrononf; University of _ltranitoba, for ine

maxl¡ coastruetive eriticlsms ancl suggêstlons naele cl'ur-

ing the progress of this stuðy ancL in tbe preparation

of this paP€ro

Hls thanks are aLso d.ue to Mr. ffi. a. Ibomson of

the Physlcs Ðepartment, Manitoba AgrlcuLtural- coJ-lege

for his kind.ness in sapp]-ying the MeteoroLogisaL re-

eorc!.s, and- to Mr. Ð. A. Btnnington of the Ðepartment

of cheroistry, who constructed. the battery of Gooab

crueibLe holclers.



Csntent s

Page

IntfoånetÍOn.... ....... . ...... .. ............. . ......... I

ltefatUfe RgVieW¡or........................ .......... . 2

MgthOd,S. . . ... ... .. .. . . . . . a . ..... .. . . . . . . . . . . . . . .. . . . . . . I0

ExperlmgntaL RgsuJ.ts ........ ...... .. ..... ..... ......... ]-B

1. X'ietd. PLOt EX¡leriments ln L950...............e . LB

2. YlglCL RgSfflts 1A 195L.......................... Z?'

5. ReSUltS Of ChemlCaL ÐetefmlnatiOnS........,.... 26

(A) Dfy $atte1r andl. MgiStUre ReSULtS............ ¿8

(b) $,sh and.. Protein RgsnLt's.................... 52

(c) Oarbohytl.ratg ResaltSo. r.................... 40

ConelusiollS¡....................''''''

Blbllography................. " " .. "'

................a 47

. . . . . .. . . .. . | .. a a 50



il

iil

iil

Ìi

IntrocLaetion ¡

-

BarLey is fast bocoming a eereal" croB of naior in-

portance ín Manitoba. Du.ring the Bast five years (tgZg-

1950) .A,gricnlturaL StatistiurT ""o"al 
that the annua'l

barley aereage in Manitoba has represented gl- per cent

of the average annual- uiheat acreage for the same periocl'

llhe average figure for the provlnees of saskatehewan antl

Alberta for the same periocl i,s 9 per cent. IÍb'en these

two figures are oomparetl the lnportance of barLey as e'

cereal erop in Manitoba, can be read'iLy appreciatedL'

Yield. anct qual-ity are thw two most important eon-

sid.erations in crops harvestetl for either grain or hay'

Sarvesting operations shouLd. be pl-annecl' to secu.re the

best balanee between these two factors. f|1is is partiou-

tarl,y trrre in the case of, SarleY.

Anatternptuli].].bemaùeinthisinvestigationtoc[e-
termlne the effect of harvesting at Õlfferent stages of

maturity u.pon the yieltl of barley ancl aLso the nature ancl

extent of varlatlons in the nineralr carbohyd.rqte and' n1-

trogenoas eonstituents of the colnBonent pl-ant parts

sampleiL d.aily from head.5.ng untiL past maturity.
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triteratnre Bevíew::
Stud.les on tbe st8,ge of tLevelopment of eereal p1 a,nts

Ín relatfon to variatlons la yietô anéI. chemica3. couposlt-

ion have beea reportetl EI]oE from time ts time on thls Cou-

tlneuü and. Abroað.

Most of these lnvestigations have t|Joalt wlth wheat,

since it.oecupies throaghoet the worLtl a BosÍtlon of ¡rrine

economic inportance.

One of the earllest trlaLs 1n Oanad.a ïvas that coaûEct-

eô by Beûforrt4. He cat dreat at Early ailk, trate nll-k,

Doagh and. RlBe stages an¿L reportetl the resuLts of tws years

observatioas whlch intlleatEù that there was ao lacrease in

yietrl for wh,eat harvesteô at maturity' oÌrer that harvesteel

a week early ln the tlough stage. Aa lncrease in weigþt per

bush.el for grain harvesteð at naturlty was shoîf,n.

KlesseLb*cbl5 after three years work on oats harvest-

edl at tws tlay lnterva].s begfnning slx {Lays before maturity'

found. that hafvesting foar tla¡rs early tlltL not lower tbe

yieJ-ê bu-t resuLtett in a clecreass in the weigbt per bushel.

trater the sa¡¡e lnvestf.gatrâ¡lA gives resu.Lts for tnrkoy

wb.eat harvested. at three Stages of rnaturity, viz., (a)

EarS-y c[ougb., (b) Ï¡ate ctough, anü (e) RiBe, for a flve year

peïiocl. lhe cl.ata are from th¡.Pllaate fietô pl-ots with tbe

grain cnrer[ in the shoeks. Ee fouað little ehaage ln the

portein perceatage fron earl-y d.oagh to maturlty, but a

d.eeid-ed- lnerease in yieLd' anð weight per bushel from earLy
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ts late d.ough and. sl-ight increases after. Ee aoncLucLedl

that four clays before naturlty when. the graÍu eontaineÈl

58.4 per cent noisture, wheat for aLl Braetica-L parpgses

eould. be consid.ereel matnre.

Arny aacl sun8 reporteil on results obtainerl. in tb'e

su¡mer of 1925 frsm a serles of wheat auil' oat plots' the

sa,mBl-es were harVesteril eaeh norafag from several sma]'I

areas ln clifferent parts of the l}ots. fihese saupS.es

which were öfvid.ed. iato the ôifferent plant pazts' were

seBaratetL lnts two seríes' one series belng ðrled' rapi(lly

1n an oven ancL aaother series more slowLy in the alr.

Íflhese lnvestigators founê th^at the weight Be1' thousqnttr'

kernels, for both wheat and. oatÊ, for aay itate of sa¡sp]-lng

are as higþ for the graln drleet raplûIy ln the oYen with

only the chaff or the ohaff and. raebls attacheô, &s whea

eurlng proceecleil more sLowLy wltb tbe Same or ltore of,

the vegetative Bortlons attaehecl, intticating tbat translo-

eatlon of fooô r¡aterial-g ia leaves antl stems after harvesÈ

rlid not occur in amoun s large enou.gh to be ôeteeteê by

the method.s employe¡l. Eowever there was sone ind'ieatf'ou

of transl-oeatlon in oats from the stralr to the graln,

sampl-e& rvhen the kernels were 1n the thick slLk stage.

flhey founcl a higber pereent nltrogen botb 1a the straw

anil gpaln of r{reat anô oats cut sevetr ttays oarl}e aa in-

orease in L000 kerneL weight for wheat cut three tlays

earLy ancl oats cu't four d,ays early was obserYeel'
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slveS.y the progfessive tlevelopmenË of the grain

She reportect her resu.l.ts on tbe basis of a u¡it
gfains anð prese¿tecl them graphÍea3-J.y by the ¡¡.se of G¡11.VêSI

In comparlng the ttry weight wltb greea welght a graal-

uaL lnerea,se was aoteô alsost ts the end. 'from 
flowerlng to

matnrity' lflhe pereeat ash in the strew Lnereased' a[most

to naturity, while in the grain a cleflnite tlecrease was sb-

serveil. A i!.efinlte re].atlonsbip was fonnel to exist between

the maxinr¡¡n ash content andl the ¡laxiunn Brotein content ia

both the whoLe pl,ant ancl grai.n. Oomparing wheat aad' barLey

the above .A.utbor aotedL thåt ln barLey the pereent tlry natt-

er ancl ash ls consicterably hlgþer than la wh'eat'

From her lnvestigat!.ons in wheat and. barl-ey Breaeþ.ley

mahes the state¡oent¡ nl[hat from the comparisons naüe it is

elear tb^a,t the progresslve ohaages in wh.eat antl barLey run

a very para}}el eoqrse, th.ou,gh varylng ia tletail" * the

tilifferenees seem to be ehiefly tlue to the prolonàeil ripen-

ing perloc[ of barleys ðuriag whioh nat¡¡.ratloa, ehanges oecu:r

whieh are aot evid.ent l.n uilreat owing to the @arlier stage

at Wbioh the latter is harvestetÌn.

Olsonl? in L925 observetl that wheat kerne]-s ceasetl to

f111 when the molsture eoatent felL below 40 per eent ancl

that the pereent aitrogen ûeereasetL as tho grala beeane

nature.

B¡aenahleyS was the flrst lavestlgator to stuðy erteu-

barS-eyr

1000

of

of

Kettti a¡lil larb"=lz in a stu{y on the eompositlon of the
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oat pLant reporteil an inerease in the pereeat nitrogen Ln the

kernel-s of 'the oats up to the n1Ik stage, ancl a rather rapitl

tlecrease in the pereent from then to naturíty.
BrenchLey ancl Ea]-lê-t after ex,tensive stuclies sn the t[e-

vel-oBment of a grain of wheat, ooneluêeð that the ¡naterial

whiah the p3.ant moves into the keraeL is ueiforn j.n couBosit-

lon throughout the perioeL of eaelosperrn fitl.ing.
thatcAe*8 sone Jrears Later oonctuctedl. a rather extenslve

investigation into the varlatioas fountl ia tbree ttlfferent

varieties of wheat. .4. reguJ-ar cleerease in pereent asb,ether

extraot and. erutle flbre uP to roaturity, I¡Étb a eofresponùing

deerease in pereent proteia itr earLier stages wlth narketL ia-
oree.seil in the ].ater Ëteges of, eLevelopment were fsuad.. [Ìhe

strgars were reported. as tLertrose anct the resu.Lts sho¡veð that

the imrnature kenaeLs containeeL larger Broportlons after whioh

where was a raBid. cleerease to ].ess than ?0 per eent of the

ôry natter at the nlIk stage, ancl then a sLlgbt regular ile-

cr€ase to naturity.
{Ehatcher nacl.e an interestlng observation on the aaount

of gaf"F:'r ln clry matter per cLay. Ee.found. that the nost r'ap-

id. galn was nacle Ln the flrst three d,ays by a-LL varietles

but at snbsequent stages of cl.eveLopnent rapld. ancl sLow êeeuutl-

latlon of tlry natt,er appear to a].teraate. 0n tbe.basis of

weigbt per keraol there was fountL to be, &s the ke¡ueLs eLe-

veLsBerl, a regular lnerease in the quantity of aLL the GoE-

stit¿ents exeept the sü.gåtsr [lhis iavestigater reBortetl
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faets which supported. his coriltentlon th.a.t the materlal whieh

the kerael galns fron ttay to ôay is rleher i.n earbohyilrates

than tbe orlginal FnoLtlü lnto whloh i.t enters &Bô eontinnes

to be so u.ntil anout tUå nfff stage.

lhe ratlo of carbohydlrate to proteis however soon beglns

to fatl and. oontinuetl to d'o so until uaturity.

Eartanlo harresteð heatls of Eannehen barLey at twelve

hou,r lnterval-s fron flowering to maturlty. fhe inorease in

ttry natter for two seasons was founcl to be esseatial.ly a

stralgbt Line reLatioashlp fron tbe si:rbh to tbe eighteenth

d.ay fron fl-owerlng. llhe pereent water ln tbe keraeLs was

fsuncl to be highest at flowerlng, but a Eoust'ant tlecrease

oceurs;.rrl np to rnaturity when oBly abo.ut 40 per eent noist-

u,re exists. llhe Bereent ash ôecreaseGl qnlfornly from f].ow-

ering to maturity. l[he marlmum growth 1a length ôetemÍned'

by measurements anrËl aytolsglea.l stnê1es, oecurotL at sevetr

clays after fertlLlzatisn.
EarLan eonclutleil that the period. flfüeen anô sirüeea

ilays after flowering narks a'per,lott of ln$ortant ohaages 1a

rteveS-opment, slace this tlate eoineLðes wlth tbe sbetltl'ing

of the aWBs, the naxln¡¡^n Water eonteat, aad. the eacl' of tho

perlod. of most rapið lncrease in ôry natter aacL asb'. Ear-

laurs Broteln ðeterplnatisns eannot be eonsld.ereù very re-

liable as they were basedl on microehemieal,uethoÈlsr tlue to

the size of his sanBLes.

flhree years Later Ean}a¡o and. 3o¡re11 ""prrteil 
on vari-
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atlons ln the moistute aoatent of the kerael-s of a nuaber of

barley varietles clurÍng €Fowth anð n€,turation. the Bereent

molsture grad.uaL3-y ðecreaseô while the totaL water content

was reBresenteð by a rapídl iaerease after fertiLizatlon,
then a statlonery perlocl, and. finalL.y a rapl,dL tlecLlae to matur-

lty. lhe noisture ooatent of the kerneLs cle.cLlnetl steaclily

from 80 Ber oent at flowering ts 48 per @ent, ancl. at this

tlue the eLepositlon of dLry natter is interrupteil and. the ker-

nels ðry with great rapitl"ity. Ear}an antt Pope eonclude that

the exaet point v¡bere transloeatlon becomes i.mposslbl-e r ls
at a molstu.re eontent sonewhet Lower than tl¡.is.

More reeently lìlooclmaa enct Eng]-eaoW8@ hu,o" reporte¡l otr

the cleveloBneat of wheat, uslng a pu.re llne of Bed. Fife.

lheir restLts incl:Lcate a stead.y inerease ia Bereent d.ry nat-

ter rlght uB to harvest wltþ not nueþ yar:latlon in pereent

totaL nitrogen ln the tlry mattsr ðÌrring the whole perlod. of

tleveLopment. A s3.lgbt galn" !n pereent nltrogen d.urlng the

last week of ripening was explai.netl as probably clue to the

Loss of non-nitrogenou.s. naterial fron t.he grain by respir-

atlon rather than an aetuaL. galn of nltrogenons naterla3- by

transBort. the above investigat.ors also conclatleiL that tb.e

sto¡'age of earbohycLrate was compLet.e at the stage oo3respond.-

ing with the beginniag of itessieatisn. Stareh was shottm by

chenieaL tests to be present ln every one of the seo¡rLes.

the ffrst sanpllngs were. fou.nû to be riebest 1a retlua-

ing su.gars as iacLieateê by the red.u.eing.I,ower of aqu,eou's

l

lìl

ìi
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exbracts, subsequent sa¡nB1es gave a definite fa1L 1u reôae-

lng sugars ctu.rlng the ðessicatloa periocle

tshe investigatlons of Ie OLerc ancl Breazeo]-el5 LetI them

to eoneLad.e that when both the graía and. straw are to be fedl.

on the fatt, that aattiug when tbe spikes or paaleles have

thrnetl yellow but the Leaves anil stems are sttll green, is a

gootl praetlce la orilEr to nininize the.]-eaahing of valuabLe

fsotl material-s frou the vegetatlve X¡arts by rala ancl üew.

llilson anù RaLetgal9 ln L929 Ín a contLnu¿tlon of the

work of .å,rny and. Sua found. .a tleorease ln the pereent nitro-
gen of the grain, glu,mes ancl rachls witb approaehing naturity.
i¡JhíIe the pereent in the Leaves remainecl constant d.arlng

ripeningr &o inerease was noteet ln the lnternodLes. An la-
crease in L000 kerneL weight from a.n average of 9.9ã gra.us

for pLants harvestocl. in the nlLk stage ancl cured, in the shoek

to L7.2L grams at maturity, representing an iacrement of

more than sevonty pereent was observedl. fhey eonelaeled. that

the prlnclpS-e change ln the vegetatÍve portions of both wlreat

ancl oats was a Loss of noistare with seaeseenee antl- aLso that

as the B3-ant is nearlng materlty fooô materials are noveð

from tbe Leaf of the pJ-ant 3.argely as forr¡eè or shortly aftem

warcls.

Reeently tr'agan and. WqtkinS working Ín WaLes on forlr

d.ifferent oat varieties have reporteù on an extenslve lnves-

tigatlon into the ahemieaL constitnents of the oat p1ant.

fhey foundl that in the whole Blaat the pereent ôry
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natter lnereases ln a fairly steqd.y manne? trB to the Ìrn(Ler

rlpe stage after which clesiocatfon ls tapi.{l. the ðry natt-
er rleereasecl progresslveLy in pereent totaL ash, potash,

Llme and. cblorlne. fhe pereeat nitrogen fel-l- to a nlninun

val-u.e at the nllky stage, foJ.Loweü by a rise at the und.er

rlpe stage, wlth a sLighÈ falLing off at the rlpe stager

A üecrease in the percentage of total ash ancl nitrogea ln
the leaf anfl stem ocerrs with approaehlng naturity, whil-e

in the sBlteJ-et the pereent nitrogen reraains praoticaLly

constant througbout the periocL. [he re],ati.ve proportions

of the eonstituents is ind.ieatedl by a Brogressive fatl ln
the l.eaf, irreguLar fl-t¡.etuations 1n the stem and. regalar Ía-
ereases ln the splkeLet urith a¡lproaching maüurity,

trfhi].e tb.ere is consiclerable variance, in the resuLts

sf the work revieweil the ind.ieations are that, whea the

grain is harvestetl ear]-ier than the stage when the maJority

of the kernels are in the hard. d.ough, a recluctlou 1n both

yielð ancl vuetght Ber measureù bushel is t-ikeL¡r to oocur¡

IInf,er eosL weather oonclitions grain crops may be harrestecl.

ancL shockect a week before eonplete naturity with praotieaLly

no recluctlon ln yieId. and quality.
Prevlous investigations al-so lnd.ieate that there is a

d.eereáse in pereent asb., moisture ancl proteLu ancl a¡r lnereage

1n ¡rereent elry natter. llllhat ]-ittLe evlcLenoe has been present-

ecL regarcLing the earbobyd.rate d.istrlbution is eontraêlctory.
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tritothoil.s:E-F

lhe investigations hereafter reportetl were eonelaetetL in
both L950 and. I95L with the 0'4.C.¿L variety. Tl¡1s varlety

was seLeetecl beoaase it ,,;is generally recogriøecL in Caaatle

as the stanclarrll both from a rsaltiag anfl feed.lng stand.Soint.

In the sprtng of 1950 severaL 1,l13Ota aere plots were

soïvn, average seasoaaL oonclltions prevail-etl and. cuttings

were securecl from four cllfferent pLots begÈnnlng July 2Lstt

antl continuing at three tlay lntervals, wlth one or two ex-

eeptions untlL the erop was coaslcLerecl nature. Sour plots

were also harvesterl four tLays afÈer the crop was matare, to

rletemine if there was a,rny sfgnifieant reiLnotlon la ylelcl

clae tp shatterÍ.ng. flhe harvestecl grain frou these p].ots was

sh,oekedl anct eappecL with cotton sheets to prevent weatheriag.

tthe plots nere thresherL i,ndivièua1-ly in an experlmental

thresher and. yield. results securecl.

DEtemlnations were naùe on the threshecl grala, of

1000 kemeL weight, ancl weight per measuretl bashel. [lhe

L000 kernel welgbts were cletemlnetl fron quaclrupJ-lcate

eount s of 500 kernels andl these averagetl to glve the result

for each sf the ã6 pJ.ots. Bhe resu.Lts have been anatyzetl

by taklng the iLlfferenees between paireil va]-ues d.ireotly,

antl the significance of the variatlons froe c¿t to eut t[e-

teminecl. Bhe weigbt per Beasnretl bushel was ôeteræined. on

the com¡loslte sample of threshecl grain for any one euttlng.
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' In the sBrlng of L951, 0.4.C.21 barLey was sown in
åriLls one foot apart oE Uay Z8th, on weLl preBared sqnroer-

faLlow. lhe soil is a ëtark, heavy laeastrine cLay, high 1a

nineraL an¿¡. organie matter.

fhe weather reeortls d.uring the growlng perlocl are glv-

ea in ßabLe I below, anct lnùieate that for the flrst two

tsonths (ltay ancl June ) the mean temperatures were somewhat

hlgher than normal anil that Less than haLf of the normal pre-

eiBltattoa oecuretL.

fthe seed.lf.ngs emergerl oa Ju¡os 5th, ancl samBllng was be-

gun on Jul.y Iãth, when the croB was eompS.eteJ.y heaeteè and.

poLLinatlon harl been comB3.ete.for a nu¡trbet o'f iLays, &s lnd.i-

eatecl by the sheclillng of the stanens .

Ihe sa^uBles were erbractetl fbon the balk grain as lt
stoocl in the fieJ.r[, thus reBresentlng farm eon¿Llt!.ons. t'his

nethod. of sa,mpl.lng has been usecl by prevlous ln.restlgators

anil foand. to be qu,ite satlsfactorya. Eaeh, rLays sanpliag

was pnroly ranclon anû no attenpt was rnaôe to eut pl-ants of

unifort naturity.

. lhe saru6rLes were eut &alLy at nid.-d.ay, eovereù with a

cotton sheet and. taken ts the Laboratory as qulekly as poss-

ÍbLe.
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lhe plants were then separatecl into their eoraponent

Barts, namely, LeaVes, OuLns anü b,eaits. A clefinite welght

of these aLong wlth whoLe plant sa,npLes were placetL in eages

aaè üriecl in an experimental ilrier lrhlch is a clupLieate of

the one d.escribeö by MeRostiel6 anit iLlustratecl in I'lgure

L. The work of separatlon of the fresh pLants was ãarrietL

out as qaiefiLy as possible to minimize the Loss of noisture.

Ihe sa^mples were Left in the clrler for a period. of frou

2 to ã hours ancl at this tlme the moistare content ranges

from 5 to 5 per cetrt. fÏhe tlried sarnçrles were then repoveilt

grou.nð in a WlLey niLL until they wou,Ld. pass through a one

nilLlnetre sieve and, plaeecL in air tight eontainersr ALL

the samples were passeil through thls nitl- twice as 1t was

founrl, especialS-y iu the .ease of leaves ancL o¡¡'lmsr that

strips of tho material, bacl passedL tb.roagh intaet. tlh.e final

resul-t was a veqtr fLne honogenou.s nixtuÍe¡ flre saJtrples were

storecl t¡.nti]. sach tine as the ehemieal d.etertlnatl,ons couLd-

be maile.

llhe ehernieal cleter1inatlons such as moisturet ash, pro-

tein antL total carbohyclrate were earried. out aoeorôlng to

the Official Ifiethoös out].lnedL in (1) ancl (6).

some d.ifflculty was expeI¡ienceü in ashing anô the

Mod.ified. 4.1eoho1 ÊlyeeroL Method. wlth high temperatures

finaLLy had. to be ESê,tLç

In the ôeterminatlon of total ogrbobyd'rates a battery

of four Gooeh orueible hslclers were assernbletl togethër aBd.
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suctlon rJÍas createtl by the use of a teneo Eyvae Bnmpo

This arrangenent ilLustratett in I'lgure 2 was very effieient

anê helpecl materlaLl-y to speetl up the process of cLetermining

sugars, since two sanBles in d.u.pLieate ean be filtered' at

one time. fhe resu.lts sf the chemical tlete¡ninations have

been reported. in percent anð on a Bniforn laoistnre basisr

In L9ãl samp}es were again taken to obtain informatf.on

on yie1d. d.ata. Cuttings were eâ,cLe of foür rocl. rows beginn-

ing rlugust lst and. contintrlng at two d.ay íntervaLs with one

exceptlon'antiL 4 clays after matarity. lhe weight ler ]-0OO

kernel cLetertlnatlons were aLso mad.e on the threshedl grain

from each roct row.

General .agronomic notes were taken from tlne to time

since it is much easier to assoclate ehanges in yield. antl

oompositlon with some easíLy sbservetL norpb'ol-ogieal- eondit-

ion, as ind.iaated. by the following reaortls:

Ju.Ly lL - L0/, emergence of heacls.

July Lg - Eead.ing conp1ete, sheclcl'lng stamens¡

Jul.y 24 - Kernels in the niLk stage.

JuIy 26 - Kernels ln soft &ongh, Lower Leaves

to fad.e in ool-or. Xrirst appearance

beginnlng

of rust.
LeavesAng. 2 - Bast appeariag heavy (øOfr). Sower

&rledl ap.

Aug. 4 - Awns tarning yelIow. Strar¡rl

rattl,e ancL craek when bent.

kerneLs ln flrm tlough.

beginning to

treaves A5{o ery;
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.A.ug. lL - CnLms mostly yeJ-Iow at first internocLe.

treaves comps,etely d'esfccatecl. Eerne]-s in

hard. clough.

-A.ug. L5 - The erop was cLeacl ripe and. shed.d.ing of awas

was observed. to be general on 15th anù L4th.
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Experimental Besal-ts :

As statetL before the yiel-d and.. qaaS-lty of any erop are

of primary importance. lhe yield. resnl-ts wilL th.erefore be

presenterl anct cl.iscassedl first. lhe ehemieal phases of this
problem wi1L be presentetL in aaother seetion.

Field. PLot Experiments in L950¡

The yielcl per pLot in pound.s was caLot¡-latecL to yieltl 1r¡

busheLs per acre. flhê siguifieaneê of the plst y1e3-t[s'was

tleterninerl by the dlreot Beifi.ng methocl. this conslsts of

finùing the d.ifferenee between the tws [tems comparecL, ffið

their mean clifference. Fromthil..sr Mean, the StanclarriL Ðeviatlon

of the severaL clifferences is foundl by the usua]. fornul-a.

lhe ratio of the Mean cl.lffereaee to lts Stand.ard. Ðeviation

is d.esignateit as Rts', the iListrlbutlon of which has been

eal-euLaterl. by nf"n"tg. X'lsherrs [aþ]-es wore Eseô here ia

ord.er to d.etemine the sigrlfiaance of trtBr

lhe yield per pLot ancl the statistical significanee

of the er¡rerimental clata. are presentett !n flable II. In

cletemlning the signifieance of the tlifference between

bar3-ey eut 19 d.ays earS-y antl. that cut at maturity, a 'tE
val,ae of 22.4 was obtalnecL. Since a FtN value of 5.&i 

^

gives 100:1 odd,s, the ðifference observed. is higbly slgni-

fieant. SimiLar sigþifleant d.ifferences were obtainecl for

the cuttings ¡ne,ûe on July Z{th. (fO ôays early) and July

28th (lZ clays earLy). tl1e êiffereaees in yield. when the

outtlngs were naçLe nlne, flve and. three tlays early and.
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ancl five d.ays l-ate were not signiflcant.

ÀLong wlth the signifleaatly lower yiel-d. of ear3-y eat

barLey it night be ex¡reeteel that d-ifferenees 1n weight of

kernels wotrLd. exist. flhis expeetatLon is eonfimecl i¡l the

elata s¡¡.rrrnariø-etl in lable III. Signifieant cllfferenees

were obtaineù in weight per 1000 kernels for the barl-ey

harvesteil nÍneteen, sirteen anû twelve clays earLy. As in

the case of tbe yie3-d' elata, barley harvesteù nine, flve

anô three clays earl-y and flve. cla¡rs late gave ao slgnifi-
oant d.ifferences 1n l-000 kerneL weight, wheu eouparerl wlth

barley han¡ested' at fuLl rnaterity'

lhe weigbt per measnreð. bushel on the composite

sa,np3-es for eaeh cutting ([able V) Trere found- to lncrease

regus.arlly up to nine cLays before ripe, from thls time on

tbere was l-ittLe change '
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Table ,I1

Yie1d. ia Bu.sqel"s par,+ere ,ef lnttirrl .uaL l l OO qlotF of

0..4..CI.21 Bar1ey Earvested qt }lffer.epÍ,-Þtage,s, of trfatarltv

Aû Wlnnipes 1a L950 antl,

lh.e Statlstical Estl¡¡atlon of- the Differqneq

o
I[o.

L

z

g

4

8.9

8.8

6.2

'l.g

L6.7

L2.5

15.6

Lã.5

96.6

19.8

]-7.7

60.2

.4

¿8.L

zL.4

a8.6

59.L

6

56.+

5j..2

59.6

5g.L

50.t|

ö2.5
gL.z

5L.8

.14

29.2

a8.1

6L.Z

29.2

24 Jul-y å8

16.1

19.8

18.8

2L.4

Cuttlngs Comparedl

Jtúy el. - Aagust 9.

JaIy í¿4 - Aagust 9.

JuIy 28 - Á.ugust 9.

JuJ.y øL - Angu,st 9.

Aug. 4-Âugust 9.

Aug. 6 -August 9.

Ang. !4 - Àugast 9.

nEeaq Differen_oes

23.9

16.9

L?"6

6.2

2.2

5.1

2.L

e{o totat = 5.LB

.5
Et!t

ä2.+

LZ.O

L2.8

1.6

.60

2.46

z.4L

zã.2 29 .6
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labLe III
Àverage TÍelpüt per LOOO Kerne].s in Ora,ms.. sf Ind.ivid.uaL Ìlots
0f 0.4.9.21 SarLey EaTqf¡ste,d[, al Ðlfferent,Staees, of,,MatFrilv

And. the StatistleaL Estinati.oa of the Dl,ffereaees

-

No. 5L .9 a

1

2

L5.62 L7 .16

Lã .22 L?. 0e

1,2.6L L8.L0

].5.78 L8.87

az.2L

?,2.52

PJJ..9Y

2e.68

25.86

25.7L

26.07

26.7+

27.9&

?,5.54

zl.96

29.84

27.59

29.L6

28.24

?,6.48

52.06

ã1.00

?,6.82

zg.L6

25.94

e5.l-9

25.97

z8.Ll

g

4

man-

Cuttines OouparecL

JUJ-y 2L - August 9

July î¿4 - August 9

JUJ-y 28 - August I
JuLy øL - Augnst 9

Aug. 4-.August9
Aug. 6-Augustg
Aug, L4 - .A.ngust 9

Mean Differenge

l-6.05

IL.8A

7.42

9.66

L.94

1.89

5.44

S{o føtrfr. = ã.18

a

nt tt

ig.go
9.50

6.91

2.88

L.l-6

L.5Z

2.56
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Fl.eLdL Resu.Lts L9ã1:

Ia Lg3L four roð rows were eut at two d.ay intervals ,bê-

glnnlng August Lst (Ie Aays early), until the crop was nature

and. then one and- four cLays after ripe. Îhe sanples were

aLlowerl to stand. in the fiel-û untlL read.y for threshing.

The yie]d. in bushels per a,ere was conButedl antl the resuLts

analyzecl as ln L9ãO to d.etennine the signÍfieanoe of the

d.ifferenees between the varloûs euts as comparetl with the

natare erop. lhese results a,re presentetl Ln Table IV. .ê'

signiflcant tlifference in yield. was obtainecl for the bar-

Iey c¡1t twelve, ten and. eight clays earLy as eomparecl with

that harvestedL nor¡nÊLly. the cnttings maôe slx, four andl

two d.ays earLy, ancl one ùay Late gave no signifieant d-!ff-

erenoes. lhe roô rows har\resteê fou1. Aays Late gave a sig-

nifleant d.eerease. thls cLeorease is no èoubt d.ue to shatt-

ering ancl Losses from meohanical eauses clurLng harvest oBer-

at ions.

lhe weight per thousancl kernels was dletemineil iàn a

nunber of sanBLes taken d.aiLy frsm July àlttn- to August L?th

ancl which hatt been ttrieil irr¡mettiately in the clrier. fhe

sane Eniforn inerease u.p to near natu:rity, Ïrlth a s}lght

êecrease after as oecurretl in the L950 resnlts ean be ob-

sosVe&¡ A sumnary of the two years yieJ-et resu.Lts ls given

!n EabLe V. lhe 1,esuLts tnûleate that no stgnifieant tle-

orease in yleltt or 1000 kerneL weight uÉ1,1 resuJ.t fron

e¡úting harley one weêk before matu.re. Ðeereaseç ln yiel-{L
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caa be erpeetedl to resuLt from Late harvesting, clue to

shattering ancL neehaiaieal Ioss of headls.
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SabLe IV

Yieltl in Sushe1g ,per Âcre oLlnùivi4$aL RgÈ Bows

0f 0.A.C.2L Bar1ey Earyestelil at Dlffere,nt SËages of $aturity
at lÍlnniBeg ín 1951. anrl

the StatlstieaJ. Estinatiou of the Differeae€s

I
2

6

4

z7 .8 95.9

54.5 +2.4
gZ.7 5'1.5

14.5 5L.5

46.0 47.2

65.5 66rg

61.1 48.4

56.9 42.4

5õ.2 æ.4

65.5 66.6

55.8 65.â

48.4 55.L

50.8 'ã7.5

5g.g 5gÇ8

62.5 49.0

4'l.Z 29.6

z5.o

47.2

58.'I

L7.5

I[eanyLd..2'1.4 56.5 6L.6 ,áL.L ãO,L 55.2 4.?,. 55.5 42ç5.

Outtings 9omparetL

.&ugust L-S.ugustL5
Au.gnst 5-.A,ugust3.ã

August 5-AugustLS
AugastT -AugustLã
Âagust 9-AugustLg
Augast LL - .å.agust Lg

August L4 - .A,ugust L

August L7 - Augtrst L5

Mean 9Sffereuees

21.5

l_8.6

z5.g

5.8

+.6

.gz

L.4

L2.4

ntF

L0.26

5.62

7.52

L.5'l

L.00

.0?

.21

4.96

5{o PoLnt = ã.18



Dayg Average
Date Cut Before YLd.. 1n

I

JuJ-y 21 19 ' 1.6 P,2.4
24 L6 L4.6 L¿.0
a8 LZ I8.9 1¿.8
5L I 26 .z L.6

Aug. + 5 Z9.g .60
6 ã 56.6 A.+g
I 5L.5 -

A.fter
L4 5 29.4 Z.+l

RlBe Bus. Ber
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[ab]-e V

YaLues SusheL

1950 apcl. L9ã1

r BOf Vefage ¡rt rr ÐaYs Average
1000 Values
Kernel BiPe Aore ln KerneL

50 L5.lø
66.5 L?.94
42.5 2?-.94
4'l .6 26.09
+7.6 27.82
48.0 2'1.8+
49.O 29.76

49.5 26.92

Days Average .t ¡' Á.Ve?Age
Date Cut Before YLd..Ber VaLue L000

19.50 Aug. I
9.50 5
6.81 5
2.88 Y
L.L6 I
l'ur lå
2.56

LZ
t-0
I
6
4
2

After'L
+

27,L L0.26 2L.96g6.g 9.6?, 25.56
5L.6 7.52 25.46
5L.L L.57 27,88
50.L L.00 29.44
65.2 .01 50.57
54.9 29.14

55.6 .21 90.59
42.5 4.96 28.50

L4
L7
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Rês¡rats of gb'enieal Det

.A.fËer havlug obsenverl the variations that oceur in yielct

ancL qaal.ity wlth resBect to harvestlng at d.ifferent stages,

further observatlons lead. up aaturally to a consj.d.eratioa of

the lnternaL ehanges that may have oecurretl ln the bar3-ey

grown und.er the same eonclitions.

It is an establlsherl fact that early ln their ttevelopnent,

plants rapid.ly take up nineraL natrlents from the soil. llhese

naterÍaLs are e3-aboratecl, storedl 1n the stems antL Leaves, antt

later transferretL to the heatls ancl kernels. Accorðingly a

larger anoant of storeriL uaterial shoul-d be fou.nd- in the l-eav-

es antL stems before the kernel- is welL foraecl.

Resul-ts will be presentetl whlch will substantiate this

fact.
Weather conôitlons clurlng the periocl of sa,lopling no

ðsabt have au effect upon the d.aily varlatisn in chemicaL

eonpositl,on. $eteoroLoglcal recordls are also of interest

when comparlsons have to be madle between the oonËLitions un-

rler which this experiment was eonôueteril ancl conüitlons else-

where. flhe tLaiLy variatlons 1n the meteorsl.ogiaal aoncLitlons

d.uring the perÍocL of sampLing are given ln Table VI.
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fab].e iÍt

Da1lv Variatlons in Meteorolosical ConcLitions

Darins tbe Sa,mplinE îeriorl

Maximam Minlmu.n
Date flemp. [emp.

tr[ean Hours -crecip¡.-
lenp. Snn- tatioa

shine

Jaly
t5 78
L4 82
15 86
16 8P
L',l e5
18 16
19 77
20 79zL 80zz 76
26 79
24't 84
25 95
26 97
27 90
¿8 92ag ,r5

5A 84
5L ?8

Aagust
175
?,58
6 ',10
486
591
670
169
876
9 ',l'lL0 68

LL 7&
L2 78
L6 B?
L4 'T61-5 8ø
L6 84
L',l 92
L8 9l_

59
67
64
62
57
55
56
54
51
49
4rI
58
62
7g
59
59
48
48
56

55
5g
55
61,
60
50
æ
6L
50
4l
&5
55
60
6g
50
50
65
58

68.5
69 .5
15.0
7Z.O
70.0
64.5
66.0
66.5
65.5
62.5
6ø.0
71.0
7'1.5
85.0
14.5
75.5
6I.5
66.0
6l.o
65.CI
55.5
6L.5
75.5
?8.5
60.0
6L.5
68.5
65.5
5'1.5
59.5
66.5
15.5
69.5
66.5
6?.0
78.5
14.5

11.0
7.A
9.5
9.0
8.5

L4.5
9.0
9.5

L5.0
15.0
L4.5
14.0
14.0
1,4.0
LL.0
5.5

1¿.0
L4.0
L0.0

r5
0.0
'1.5

l-1.5
11.0
6.5
4.O
5.O
8,0
5c0

L5.7
L2.5
1r.5
L2,5
L2.5
Lg.5
11.5
L0.0

.55

.L6

.7L
'1:

çO5
.LL

tr
tr

::

.4A ZA

.66 ZL
tt 2,2,
_É 25

iA
?,5
26

tr Z7
.l-0 28
.L8 29

5A

-- 62
6á
64
55
g6
ørl

L
z
5
4
5
6
7
I
9

10
L1
L2
15
L4
1,5
L6
L7
l-8
19
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llhe Drv Matter andL,Moístare Results:

lhe d.aiLy fluctuations ln pereent ðry matter in the d.1ff-

erent pJ-ant parts and. whoLe plant sampLes, ancl the variations

in percent moisture aJre given in lable lII.
The ¡rereent d.ry natter in head s and whole pl-ant sarupl-es

lncreases reguLarS-y from heacling to maturity. The percent

tlry matter 1n tb.e Leaves fluctuates greatl-y but in generaL

inereases up to fourteen clays after head.ing, föIlowetl by a

stationerîr perlod. of one week, and. then a rapicL increase BB

to maturity. During this perlod. fþom fourteen tLays after

head.ing untiL twenty ûays af"ter, the kernel-s were.in tbe

soft nilk to flru doagh. lhis wouLcl ind.icate that cLurlng

tbe perioc[ of t'apiô starch inflltration p].ant uaterials are

transloeateel from the Leaves almost as fast as they are manu-

faotared.. In the culns on the oth.er b.anë[, the pereent dry

matter increasecl. up to the fourteenth ctay, fsLlswecl by a

fall for a perloil eolnalilent with that of tbe ]-eaves, ancl

then a sLight gfadual inarease to matarity. l[he Bereent ttry

matter 1n the heacl.s is higher at all stages than that of

the leaves and. cuLms. Ihe relative percentages for the

last samBling for the leaves, cu-Lms and. stems being 85, 40

and. 96 respeetively.



Dally Vari_ations in i?ercent ÐJy Matter apd.Pe,rcent Moísture ln 0.4.C.2-1 SarIeV

SanpS-ed. from

Lg
L4
L5
16
l7
L8
19
20
ZL
2Z
26
24
25
26
27
28
29
go
gL

t
z
â
4
5
6
7
I
9

t-0
LL
Le
Lg
L4
15
16
J-rl
L8
l9

L8r0
L9q2
18.3
18.9
zL.6
L7.0
20.L
?,4.2
22.7
2+.2
26.0
¿6.8
¿6.O
82.6
29.5
5L.9
55.9
ø2.8
gL.5
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L4.8
L6.7
14.6
l-6 .0
L'l.2
L8.¿
18.5
?,A.Z
¿1.1
22.7
29.6
P,5.4
29.'l
50.8
29.9
z7.z
28.9
21.5
2'1.6

fable VII

20.'l
iA,4
20.'l
?,4.L
27.9
29.a
e9.8
55,L
94.9
54.8
56.4
55.8
ã9.5
41.L
40.L
4L.0
49.6
46.8
46.4

18.4
Lg .0
L?.6
rg.2
¿0.0
aL.6
ÊL.6
26.2
25.6
27.L
28.0
21.6
29.o
5ø.9
P,9.4
50.1
95.5
56.L
55.2

'8â.0
80.8
81.8
BL.1
,18,4
8ã.0
79 rg
75.8
71.6
?5.8
'l+.O
ry5.2tlL.o

.,6!l'ï4
1O,6
68.L
66. L
67.4
68.5

86.2
84.5
85.4
94.0
8¿.8
8L.8
91.5
l'1.8
78.9
17.5
76.4
74.6
l0.g
69.2
7L.L
'12.8
71.L
12.6
72.7

79.6
'15.6
'19.5
75.9
72.L
70.8
f 0.2
64.9
65.1
65.2
65 16
64.2
6Lr5
58.9
59.9
69.0
56.4
56.2
55.6

gL.6
gl_.0
gz.4
8L.8
80.0
lB.4
78.4
'lø.8
74.7
72,9
'l?..0
12.4
7L.0
66.1,
lo.6
69.5
64.5
66.9
66.8

-L.Z .9
+L.0 +L.L

.7 -L.&
-2,7 -L.3+4.6 -L.0
-5.1 .5
-4.iù 46.7
+1.5 +L.L
-L.5 -1.5
-1.8 .9

.8 -L. B
+ .8 -4.6
-6.6 -L.L+6.L +L.9
-2.4 +L,7
-2.O -L.'l+L.0 +L.5
+1.4 + .L

-617 .6
+á.7 -L,4
-6.4 .6
-5.8 -I.8
-L.6 -L.6

.6 0.0
-5.6 -416+.2+.9
+.L -L.B
-1.5 .9
+.6+a4
-2.6 -L.4
-2.6 4.9
+1.0 +4c5

.9 -L.5
-2.6 -4.8
-'t2 +2.4
-2..6 ¿ .L
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Ðaily Varlatisns in Peroent Dry Matter antl. Ieroent Motsture 1n 0.ArC.2L Barley

e
BLeð

å.ugust
L
2
6
4
5
6
7
I
I

L0
L1
LZ
Lg
L+
L5
l-6
LI

X'rom
Ee

20
2T
2Z
26
?A
25
26
2,1
¿8
29
50
5L
52
5g
64
g5
56

?4.9
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îabLe VII (cont'd)

62.O ?.1.0gg.2 go.L
59 .9 50.2
44.O ãL.Z
M.á 29.6
26.9 2,5.L
49.9 50.8
6L .0 5L.4
6'1.5 6â.L
95.2 53.4
85.5 94.7

59.0

26.5 4L.6 5L.8

49 .4 gã.5
5l-.8 56.8
54.0 58.9
57.0 49.6
56.6 4L.g
5L.1 55.1
60.6 42.7
60.7 4f ,O
6?.0 49.1
7L.5 5L.6,17.6 51.6
88.4 5g .5
91.4 59.5

76.L

68.0
61.8
60.1
56.0
55.'I
lø.6
50.L
g9.o
52.6
L4.8

ll-l

75.6 58.4 68.2

&o.2 96.4 60.4

15.0 50.6 64.5
69.9 48.2 69.2
69.8 46.A 6L.L
68.8 45.O 56 .4
7O.4 46.1 58.2
14,9 49.9 64.9
69.2 59.4 5r1.5
68.6 99.5 55.0
66.9 56.0 50.5
66.6 28.5 49.4
65.9 22.4 42.4
65.O Ll.6 40.7
6l-.0 8.6 40.r1

+6.6

-'1.2
-6.2
-L. 7
-4.L

.5
+I7.8
-25 e4
-Ll.L
-6.5

-L7.g
:-:2

ase or

+.8 +1.4 +1.4

59 .8

.5
-5.L

.L
-L.0
+L.6
+4.5
-6.'l

.6
-Lr'l

.5
-L.ã
-z.g

Íl-

-?.8 É5.7
-2.4 -L.5-e.2 -2.L
-5.O -4.'l+ c7 +1.8
+5.2 +6.1
-9.5 -7.6

.L -4.6
-6,6 -2.'l
-4.5 -L.g
-6.1 -6.1

-10.9 -L.7
-g.o -0.0

5.8 59.'6

2.0

L.2 -4.8 -L.L
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[he moisture results iud.i.eate a ualfom clecllne with

aBproachiag maturity for aLL the pl-ant parts as v¡eL1 as the

shole plant saqples.

fhe pereent molsture on the basls of green weight, axe

glven in fable VII. lhese resu.Lts are clepieteû graphieaL3-y

1n X'igure 65 lhe percent moistureiln the heacls cleereasecl

reguJ-arly from one to twenty nlne elays after head.ing, but

from this time onr a rapiil. faLL oeeurs. llhe markeê flLaetu-

ations in the pereent moisture ln the Leaves is to be ex-

peetecl sinee they are the active tissue, and. respond. quiek-

Ly to fluctuatf.ons 1n meteoro3-oglcal conclitl,ons. In the

c.nLms the general- trenrl is clown for the first fifteen clays,

fsLLoweËl by a more or ]-ess stationery BerlodL for seven dlays,

a¡rd. final-J-y a gracl.nal clearease to maturity. It is interest-
ing to note that no rapld. faLl oceurs in th.e culms with

approaching natnrity, sucb as oeeu.rs in the other BLant parts.

fihis wonlcl seem to ind.icate that some trans]-sca.tlon of fooè

meteriaJ- nust be. taking pLace aLmost to the enô or, tbat the

ceLl-s eontaln Large aüo¡lnts of physieally bouncl water. lhe

markeð inereases j.n pereent molsture ou Jut-y 15th, August

3-st, and. August 8th, are (Lue to the faet that the sa,npLes

eontalnetl eonsld.erable surfaee noistu.re, ôae to raLn. flhe

resnlts j.n general lnd.icate tbat a.L1 the pLant parts ereept

tbe er¡l-ns, clecrease reguLarly in pereent noietare up to the
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hartl. ðough stago, and. from then on, very rapid.ly d.ue to tlesi-

c6atioa. [he cu]-ns however never reaeh a noisture content as

Low as the b.eacls and- leaVes. lhe periocL of uniform molst¿re

coutent in the cuLms coinciËles close3'y with the perlod' of rap-

lcl storage of naterial 1n tb'e keraeL'

Thed.ail-ylBereqseorclecreaseinpercentmoistureia-
d.icatect in TabLe YII shows period.s of increase ancl ôecrease

from d.ay to ctay. qni" it quite in aceorcl with the observat'-

ion mad.e by ThatcherlS on wheat and. oats. the average tlaily

clecrease for th'e leaves, cuIm, heacls anû who]'e plant samples

was found to be z 2.2; 0.8; 2.5; and. 1.4 percent respectlvelyt

gÉving an average for all the ûeterminations of L'? peroent'

Investigations conðuctect on bar}ey at Rsthan'steaô5 ancl Aber-

cleen {I0 ana LL) lnùicated' a ôai].y cLecrease ln moisture of

L pereent and. Ê percent respeetlveLy'

lhe perôent ash was d.etemínetl by the moûifled- Alcohol

0LyceroL Method. as outlinecl 1o (I). ereat d-ifficulty was

ex¡reriencecl in ashing the head. sa,nBles frou the period' JaLy

25rit to *gtb.. [']rls represents a perlo¿ from the time the

kemels were in the milk stage nntlL abont the firm èougþ

stage. AlI moôifleatlOns ancl combinations of temperatures'

with ancl without the ad.dition of alcohoL anil g]-ycerol- ÌÍere

usecl, bnt particLes of earbon stiLl persisteil' The ashing

problem at thls partieular stage wonlcl seem to bear further

investigating.
Theproteinwascletermined.bytheKjeld.ah].methotlont-

t;lil*
frtrl
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Lined. ln (5), the pereent nitrogen belng nultiplieil by the

factor 6.25, sio"e this is the factor useü in reportlng per-

eeat cruðe protein ln aLl barley malting tests.

lhe results reporteô to a L5.5/o noisture basis are *iV-

en in labte vrII. [Ihe results for the plant parts ancl whole

Blant sampl-es are outlinecl in Figures 4 antl 5'

Ílhe ash content of the ]-eaves shows a markeð dlecrease

to five tl.ays after heacling, fotlowecl by a periotl of consicL-

erable ftuctuation for two to three clay periotls ancl thea a

grad.ual rise to the high point flve tlays before ripe, with

agraûua].fallingtomaturity.Ingeneralthetrenôis
an increase to matarity. the pereent ash' in the Leaves is

consld.erably higher than in either the eulns or heaits' fhe

d.lstribution of tbe ash in the ct¡J-ns ls lnd'ieateù by a reg-

ular d.ecreaSe to twenty fsur cLays after heacLing, when the

kernels are in the firm ilough, an(L tb.en a mar.ketl lncrease

to matu.rltY.
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raþlq YIII
EþeL Bally ,Pereent ash anct ProteiE content of Plant Sarts and

mrofe Pfant S nf

T (t-g.'% ïûoistqre Basls)

ereent

Jul.y
L5
L4
15
I6
L7
L8
T9
¿0
2L
zz
?,5
24
25
26
2.'I
28
29
50
5L

Aug.
L
2
6
4
5
o
,1.

I
9

t-0
11-
LZ
L5
L4
15
l6
L7

zo
ZL
22
25
?A
25
26
2ln
z8
29
50
5L
52
g5
54
55
56

10.88
LL.2I
LL.66
12.89
L3.8I
L4.OZ
Lg.5g
Lr.58
ll-.85
11.08
LL.99

4.48
4.60
+.56
5.94
6.0L
7.00
6.65
6.L8
5.84
6.L5
6.46
5.2L
5,25

l'ô-.g
L2.1
L2.O
I0. ã
9.5
9.5
9.5
8.6
8.6
8.L

l=i

L
z
3
+
5
6
,T

I
9

10
tl
LZ
L5
L+
15
L6
L7
L8
1-9

L4.25 9 .05
10.94 8.21
Ll. ¿5 ? .7',1
10.85 ?.08

g .L5 6.4L
LO.49 6,62
L0.94 '|..55
11.49 7.O4

9 .7?, 6.72
Ll"61 6.64
LL.ã6 6.46
l0.26 5.99
LL.42 6 r42
l-L.5? 4.9?i
LZ.2Y 5.48
LL.57 5. 7L
lJ.ã0 5.ã0
L0.58 5.&
Ll-.5L 4.85

I0.94 +.54

6.LL 7.55
5.52 1.45
5.76 l.g5
5.57 ?.85
+.96 6.62
5.57 6.46
6.05 7.L9
6.55 6.65
5.89 6.56
6.47 6.'15
5.89 6 .L8
6.O5 5.96
5.64 5.69
6.L9 5.98
6.1? 6.24
5.79 5.2L
5.15 5.85
5.20 4.78
4.86 5.05

4.93 5.27

90.9 L0.L
aL.Z 9.9
25.5 l-1.8
?,2.6 10.9
25.5 ]-L.6
2L.5 lL.0
20.6 10.7
20.2 9.8
20.5 9.9
19 .9 8.2
Lg.6 9.6
lg .7 8.5
L'l .6 8.5
15.5 +.6
Lâ.'l 6 rl-
16.7 l.'l
16.L 6.6
L6.0 '1.4
L5.9 5.5

L5.5 7.0

L6.5 14.0
15 .5 L6.6
L6,6 17.L
15 .l- L6.0
L4.5 15.9
15.0 L5.9
L5 .5 l-4.0
LL.9 I0. B
L2 .4 L5.6
LL.5 10.9
]..L.4 10.4
Ll-.6 Ll.9
l-0.8 9.2
8.8 7.Lg.+ L0.5

10.6 9.9
9.8 8.8

r0.1, 9.9
9.8 9.8

L0.0 9.2

4.96 5.14
4.L0 4.98
5.29 5.5?.
4.90 5.59
4.61 6.44
4.89 5.58
5.68 5.&9
4.63 5.25
4.64 5.46
4.97 5.4'l
4.51 +.61
4.56 6.56
+.L6 5.99

1.A 9.8 8.7
6.5 LO.g L0.L
516 L0.5 9.9
5.4 L0.0 B.e
5.2 10.4 8.5
6.L L0.7 9 .5
6.2 L0.5 9.2
6.2 LL.L 9.z
5.4 Ll.L 9.8
5.L l-0.9 8.9
4.Y L0.9 9.0
6.0 IL.0 8.4
6.5 LI.A 9.7

5.5 lL'¿ 9.'l5.29 4.65 5.92
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In the heacl sautrr]-es the percent ash shows a tenclency to

increase np to eight clays, after head.iag, then to remain more

or less uniforn for a periorl of ten cl.ays, with fina3.3-y a per-

iod. of clecrease to maturity. the irhoLe plant sa,mpLes ind.i-

oate a sLight clecrease with approaehing maturity.

lhe resalts incllcate eonclusiveLy that the asb. eontent

of the leaves Ís higher tban either the eul,ns, heails, or

whole plant sarnples.

Ihe tread. of the pereent protein is glven 1n X'igure 5.

IIhe protein eontent of the Leaves clecreases rapicLl-y from heatl-

ing to maturity, the sane ilecrease to maturlty takes ¡r3-ace in

the euLms althoUgh not so great. [he head sa,nples èeerease

reguS-ar3-y to fourteen clays after heading, or uati]- the ker-

neLs are iu the soft d.ough stage. From this tine oa however,

a slight regular increase is noted. ap to fsar ttays past ma-

turity. [he steacty tleeline in the pereent protein ia the

Leaves and. enl-ms ðurl.ng the grain forming perioô, Ínôieates

that the rate of migratlon lnto the grain exeeerils that of

the intake into eitber the c¡¡Lms or leâv€s¡
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lhe CarbohvcLrate Resul-ts :

Brenchley anct HaIL6 were the first investigators to

report upon the distribatioÈ of the carbohyûrate eontent of

a cereal crop. In their investigatlon on wheat they eonslcl-

erecL the carbohycLrate as that Bart of the clry uatter, less

protei.n antil ash, which nust be admì ttecl cloes not represent

the true carbohyd.rate content. trater in her lnvestigation

on barLey, Brenehlet' *Bparently usecl the sane methocl of

tLetermining the total carbohyclrate eontent. flbatcher (]-8)

reported. sugars in wheat as clextrose bat no out]-ine was given

of the method. usecl.

In the carbohyd.rate results reportecl here, the retlueing

sugars were cteternined. by the Q,utrzunbing an(l thonasã methocl

as outlinecl. fltre saerose was cleteruined. by inverting an

aLlquot of the sugar soLution with hyd.rochlorlc acicl. as oat-

Iinecl ing und"er ptant ancL X¡lant prod.ucts. the starch was cLe-

teminecL by ôlrect acicL hyd.roLysis and. this methocL inclucles

as starch, the pentosans antl other carbohyclrate botlies that

und.ergo hyd.rol.ysis and. are converted to reclu.clng sugars on

boiLlng with hyflroehloric aciil. Oarbohyd.rate tLeteruinations

were concluctetl on every seeoncl sa.mpJ-e from heattlng to past

naturity. .A,LI the sanples were treatecl with anhydroas aLco-

hoL free ether to renove the fats before any attenpt was

mad.e to exbract the sugars. [he retluclng sugar antL suerose

results have been reportecl as invert srgar, and. the staroh

resuLts as clextrose.
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the resuLts of the reclucing sucrose ancl. starch d.eternin-

ations on the leaves, ca]-ms and. heacl sa,mp3-es are given in

[ab]-e IX. It n¡¡.st be notett here that the starch res¡¡J-ts for the

.Iiearil sanples are Low ancl tb.is is d.re to the fact that the

b.eact samBles d.1d. not eonsist of the graln on3-y, bnt the

gLnmes, rachis and. awns were inclutleeL. lhe heacl salaples

woulô therefore have a naoh higher cruðe fibre content than

the threshed. grain onlyt Ïesulting in a materiaL recluctlon

in percent earbohyôrate.

llbe distribution of the lereent reti.aeing sBgar ln the

cr¿Lms, leaves and. heads is given ln Fignre 6. there is a

marked d.ecrease in red.ucing sugars in at1 the pl-ant parts

four tlays after hear!.ing. [his nay be due to a three day

rain which took Bl,ace at this time and. a period' of rel-ative-

ly Little sunshlne, which woald ind.icate that photosynthe-

t1e processes in the pLant wero not aotive or not as actÍ've,

as transLoeation proco$sêsr flhe red.ueing sagars ia the

leaves inereasecL from this tlme until eighteen clays after

heatling, when the kernels !üere aLmost in the firn d'ough Stager

X,rom this stage on the pereent reclueing Strgars ia the leaves

d.ecreases rapltlly. the me¡cimum content of red'ucing sugars

in the cuLns is foand. tweLve clays after head.ing. From this
'i

perlod. which coincid.es with the miLk stage, a rapid' d'ecllae

is obsenred.. In the heacl sa,uples the inerease an'L d'eerease

in percent reöucing sugar praeticalJ-y coincld-es Ïqith that of

the eul-ns, although the aetuaL percentage is Less ' ffi
V;W



[he Distributloa of Red.qoine Sugars. Suefp!3_qnlËtarch at Tlvo Dav Int

From Head.inq to Pqs-t Maturlty in the Component Pal{br of 0.4.C.21 Barley

SannpJ.erl from
Head.ing

e

Jul-y
1ë
L6
18
80
zz
24
26

¡''28
50

August
1
Eg
5
I
I

L1
t6
t-5
L?

€ft
cent oent oent
Bed.uoiag Suorose Starch
Sugars

z
4
6
I

10
Le
L4-
16
L8

aa
22
2*
¿6
28
go
6E
æ
56

42-
[ab,le IX

9fr

L.g0
L.Lg
1.64
z.lz
2.94
2.45
2.66
2.ll
4.M
5.8i5
ø.52
L.54
Lç44
L.06

.88

.78

er-

2.9á
4.22
1.96
L.26
L.L8
2.66
2.10

.60

.97

.5L

.zL

.'l'l

.40

.00

.05

.00

€?- -Per- -Per- -Hof- -Her-
oent eent eent oent oent eent
Red.uaing Sucrose Starch Reclueing Su.crose Starch
Sugars

.Lg

..zg

.LL

.4&

.L6
4.59

.11
,64
.e0

.4L

.15
4.21
2.05
2.52
6.50

-:y

2.74
L.08
2.94
e.gB
4.57
4.t18
4.68
2.9O
4.26

2,65
I.6L

.90

.71
L.5g
1.18

.65
,68

.97

.65
2.OL
e.96
5.95
9.69
8.50
e.96
5.8?,

9.84
5.L2
L.ã5

.49
2.Lg
L.6A

.Le

.00

.54
g.88
5.60

.84
L.5l
L.64
2.2L

,54
L.L0

.61

.58

.52
z.6l
9,28
7.L5
2.47

.68

2.56
.72

L.54
2.e5
2.4+
f c98
L.54
L,g7
L.75

.94
,54
.5L
.22
.14
.04
.L?
.Lg
.L5

er-

5.6+
2.72
5.0L

10.49
L2.50
9.46

15.86
6.59
6.28

4.01
5.56
8.18
2.65
1.95
L,62
1.4'l
L.56
L.4g

4.79
8.46
g.6L
B. La
5.I5
L.g4

11. ?4
8.9L
5.8L

5.59
L5.05
L5.86
24.51
L8.l-4
?,0.12
22.9L
2l..76
29.66
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Ân attenpt was macle to corre].ate the flaat¡¡.ations in

carbohyd.rate eontent from d.ay to t[ay, with the neteorologl-

oal cond.itlons for corresBoncting clays. No slgnificant eor-

reLatLons were obtainecl, BossibS-y due to the fact that

clinate is a comp3-ex of malxy factors, and. that the effeet

of ¡rarticuLar c1j^nate eonctltlons on pJ-ants is acewnu.latlve,

thus tend.ing to obseare the inmecllate effeet.

I'rom the data on recluolng sugars and. sucrose, it is

evid.ent that the vegetative portlons of the pl-ant in the

earl-íer perioðs of dLeveloBment aetually manufaeture sugars

and. tra¡,rsLscate them to the kernel .faster than the end.os-

perm ceLls are abLe to sycthettze them into stareh, but in
the l-ater stages stareh formatlon prooesels at a relativel-y

more raBid. rate and. the percentage of sucrose ar¡d- red.ueing

sugars tLeerease rapid.Iy in all. the parts.

Subjeot to the environmental conclltlons untler whioh

this lnvestigation was oond.ucted., th.e foLLovsing eoneLasions

can be rnacle.

(1) No signlfieant retluetf-on in either yiel-d. Ber aere

or weight Ber thousancL kenaeLs results from harvesting

0..A..A.2L b.arLey one week before natu.re.

(2) l[tre weight per measured. bushe]. increases nB to

nlne d.a¡rs before rlpe, fron this time oa there is litt1e
change.
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(g ) fhe percent d.W natter ln the heacls and. whol-e plant

sa,mpLes inereases regul-arly fron heac[1ng to maturíty.

ø) 8ne percent d.ry matter in tb.e leaves flaetuates

groatS-yn but j.n general, inoreases up to fourteen dlays after

head.Íng, followett by a periocl. of unifornity for one week, aniL

fina.LJ.y a rapld. increase up to naturity. In the enlns .tb.e

d.ry natter increasetl, followett by a ðecrease eolneid.ent with

the perlod.s !n the Leaf antL then an increase to maturÍ.ty.

(5) A unÍforrn ôecllne ín rnoistnre eontent oce¿rs with

approaching matarlty ln the plant parts ancL whoLe plant

sampS-es.

(6) fhe porcent ash in the ]-eaves and. whoLe pLant

sa,mples tencLs to d.ecrease wlth approacbing maturlty while

in the heacl-s a rise followect by a peltod- of uniform eontent

up to the eighteenth ûay, ffid then a cLeerease to maturity

was observecl. l[he ilecroase ln the cE].mS continu.es to the

twenty-foarth ôay after head.ing, followed. by an increase

to maturlty.
(71 llre ash content of the leaves ls hlgher than any

other piant part.
(S) A steatly clecrease in pereent protein of the ]-eaves

and. e¡rLms takes place np to matarity. [be heacls cleerease

Í.n pereent protein untlL the kernels are in the sofb öou.gh

stage, bat frorn this time on a slight lnerease takes pLaee.

(g) lhe percent recluclng sngars in the leaves increases
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ûuring the period. from four ðays to elghteen clays after

head.lng, at which tlne the kernels are in the firm d.ough

stage, fron then on hogeverr a rapitl ôecrease takes pLaee'

(10) The reðBcing sugars in the eul¡o inereases to

a roe,xfmum at the nll-k stage, and. then rapid'Iy eleellnes to

maturitY.
(ff ) [t]le lncrease ancl öeerease 1n percent reðuetng

sngars in the heaðs colncicles wtth that of the eu'Ims, but

tÏ¿e actual Percentage i-s less.

(LZ) fhe maximum percent srlcrose occurs in the cu]'ms

and. þeaðs fourteeu cLays after head.ing, o! when the kerneLs

are in the mitk stage. Fron the tine the kernel-s are.tn

the nilk stage, to fo¡r¡ clays before natrzrity a rapiô ðec]-ine

takes Place'
(tã) lhe sacrose content of the Leaves reacb'es a maxl-

mum about one week after heaôlng, ffiù aboat one week pre-

viors to the high point tn the euLms ancl heaùsr

(L4) The generaS- trend of the pereent starch in the

heacl sarnqr3-es indlcates a rapltl increase wlth approaehing

natüritY.
(fO) An inorease in the starch content of leaves a'nd'

euLms sa,mpLed. d-uring the Last. stages of ripenlng anil- cLesl-

eeation is incllcateð.
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