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ln 1?50 sts started in: ti tions t sugar b ets . 

At t e.t tir.:e tht plant cont 1ned only fiv ... per cent sugar content. To... 

y tb1e plant has uear cont nt of tifte to twenty per ee t , s a 

result of eontinuo s selection and improvo t. Tho s&W thing me.y bo 

pointe out in t cnee ot suao.r cone. It is not unusual to see in 

r Journ or ar c ne bul t 1n so r1ety t t is ou.tstandi in 

sugar cont t . The lar oat r cent or these rieti s · , ,ie been di 

velopod by. leetion .. 

It is a ll est bliohed i'aet t t this improv nt is poosibl b 

o use ot' w.riat1ona within o.. population. 

It wes nth the&& taet in mind tr.1.1t the write:· beea 1 te sted 

in the cc ine cont t or aor".! .. \ hile thi ork s conducted Rt 

the Oklaho d • r nt Station th • c!J. vsr1atto a 

· s lght , d1 metor, color ot leaves. d n rou 0th.Or cli.nractcrt 

tics, r obeer ed. It wee only logical to as u that there uld b 

fo d o·var1at1on in oho teal co a1ticn whieh would c us rietion in 

e echarine content. lu or import o of such variati n is eesy 

to realiz· if e keeps in d thot one ot the l · ding 

fo e plents in are a or insu"' ici .1i rainfall t'or corn .. 

Befo ny crop c b noted oa e important f'o tor livostock. 

it must contain euff1c1ont too terial 6%ld be d both of 

t · oe tactor anJ pe.rtioularly depende .. t upon the au s in that pl.eI1t. 

In the proble rinc content of eom fitty 

rioti s ot sor s was i 

co.tont at v riou st s of d volo, 

.1th tests for s echarino 

tor the plant, di re ncea, 1r 
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any, 1n t:~ saccharine oonten t at t he ba;ee, mi.d.<110,. ~.nd t0;p of the plet; 

ancl va.:riattona within. a variety and whether a 1ttra.in with a higher sae.., 

chartn.e content than its parent eould b& obtained.. The tifty ftl"latie.a 

stuti1ed were eQl!flPi)sed or thirty wr1ett.ee or the g-m1n sorghum t7.PGs1, tsn 

wrietiee of the saach S'in,0 sorgo types.., ana ten ftr'ietiee of the broom 

C-O-l"!l type$ ot ser~. 

To obtain the p,er cent s~barine to totel 1m1gnt of n plm11 'b:y 

chemieal analyst• would have req:Ui~ a. ehemieal lab~rotor,y7 ebemiftls,,., 

and an e.XJ)erienee4 organic cher-Jist.. Having none of these, ava:tl&ble_. a 

Ctu>l Zeise J'en-a liEd"l'Mtomter which gives the i,&r cent .saeohel."ine, to 

juice was used. ~is b.an4 re:t't'acto•ter ls easy to ope,r.e.te:,. efficient, 

and ot:te~ a ve17 rapJ.d method of «1:mpar-ison. 

It 1· a plea.sure to e.cbowl.edgo Dr. Vi,. B. Gernert, Afn11oei:srte Protes

eor of Agronomy. Oklahoma A. trod M. College, tor his t:n1ggeations, ertti

ci&rn&,, and guidanee on bow to conduct the woTk: as. reported in thiB tr,,esie. 

1'1:"00 writer would li.k.l also to acknowledge. :Proto.ssor o. B .. fllOdbey. ~ 

tessor ot Genetics, tfexes A. and ~. College, for l.ua a~iona in ana

lyzi»g the data which have been ool.l.ect-ad,. 
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Tha equ.ipnen.t neceeaaa.1"1 to eon .. duet tb1e _problem consisted t>t a r.e

tmeto-metar; heavy wire pli,er,e to squeeze jui~e; cl&ffll• .ffl>ft. cloth to 

keep the r&trt:lctometer ol.een; -$harp lmif'e; elipboa.r-d; paJlerJ a.nd pene:tl., 

'rb:.e study Qe conf'in~d to the GOJ'~ on the Oklnhome Shte Exper1mollt 

Stat ion at Perkins., Oklabom. 

It was round to be less eontus1ng to te0p tho tiata .ort the three 

typee ot sorgh:u.r:1,1 namely,. grain sorshlm,: aorgc, ~ntl broom com._ a.ep&rate... 

l.y and e1,ao to eu:1.alyze •ch ye r -eeparately,.. For t he st.age:8 of develop.. 

ment ,, blool'!dne;., sort dough, end hard dough stages were used.. To etudy 

l 

th& diftarent locat ton~ on a plant,. the s eond. intemod~ al)Ove srouru:l leve-1 

wae used as the 'b-e.• • th$ cent~r i:nta:moe ot the plant wee used to: repTe

sent the middlt>* end t~ intemodQc below- . the in:flONtleenca was ue&<l to 

:repreaent the top of the pl&r_it. 

The in~sttca'tlon ~s starte4 lul.y t'J, 1937 • when the oorghuma weN 

i n the blooming stage crt devolopi.nent . ~ stalks wer-1<!1 selected at ran

a.om within a variety that we:ro in as near the same stage o·f bl.ooming rn,. 

possible. Tru; pltmt.s: nm fflt down at t he surta-eo of tl1e ground and the 

blades stripped ott ._ the next int$mode from tb.e base was eut into,, an4 

wi-th the pliers,, two or tlU.'.'DC drops ot juice were ,squtJSZ,i!!ld on the rc

fraeto.rneter,,, FigtU'O l shon this process . Tbs refraeto:meter r1ae: then 

closed and the per cent aaceharine in the ju.ica- was read directly .f'rom 

,the seti'.la 1n the l"et':ractometar u illustrated in fi@lre 2. ':h~ reading 

was recordad as the base reatU!1g en plant number one or th(lt variety. 

'l'he ju1ee on the retraetomete.r was wl.ped off with a soft cloth and th4' 

same ~oosa vms cattiod out at tho mid.a.le and top ot the plant rm.<l so 
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In a revte ot 11 e tu:re, no porte tho c-

ehartne cont t of' rgh s by th r i'raa'to r 1t 

s inta sting to ind t t tl o hand frecto ter s b used 1n 

cch rino aly is of ditf t :pl t fore. '!?> rot 1 rs. 

n. C. Lyt , in tm rtiol e bich he wrote in 1912• stato-d "A re-

re.cto ter be un 

tood , eondi ts. d s, C 

Also in 1912; I. • kot u d 

one · er of 8 Of CO tc16l V r d stat d t t hie reeulta 

re 

• E. Cross of Louiedan stat-0, in his inv ati t1on on t ods ot 

al •sis ot ean produ ts, tou."1 the rat:raoto. ter u eful in sugar bolJ.Se 

wor d termini juic 11 , s , rnol ses, moaccute , and s (',ar. rie 

ooncluded, 

plicity .. 113 

fracto, tr insure hieher ocu:ro nd renter et.m-

usod ref cto ter 1 

·oo 
ot 

t lndu~ry, 

ext h' study of u r be ts.:1 

r , Journal o 
D. O. 

ri e or ..:, 

·riculture 

, Jou al 

e l'roduet , 

n et , Journal 



the 

l flat 

du. 

tat t e var1 tio 

te 

!'1 r 4 is n bar ~--·-

... t lbuler torm a'hown 1:n f 1~ 3 n 1n 

th.es ts 1: s,_ bar • phs re 4o eo 

e ~ta s o t developtm,nt 

udied 1n 1937. e r t sacc c st of de lop . t 

:riety. 'l'ho ave 1 taken rrou n a 01' three pl ts wit in 

per cent ceharlna bloo 10.5 per c t . e lo st e 

7 .. 5 par c t. f'ound in Shallu and the ighe, t 14. per ct3nt, fo d 

in Fot-eri t • 

in sor llll'! heel re~ ~hod the ft do - st e , lle ver

per ee t ceh. r1n inc sea to ll. B per ce t. •&e lo at r ding 

w e 8.5 per e nt., 0-und in llu nd atlend llo , and the ighest 

6 

d1n s 14. o r reo nd - •o Atla X .Atl.a • 

At t rd do :h ete.g of devolo . nt , tho ave ge per cent oo.c-

o rin d dropped one tenth o:!' one per c t to 11 .. 7 r c nt . Th low ... 

at ding 7 r eent., fo d in . .tar . 1*11.o, d the h1 et e 15 

per cent ~. found in lhite , Schrock, nd s Bl.eckhull,. 

An inte stin obeo t 1on t hat by the tit': Su Oras re ell d 

the ~.h s , enou h juice to t e a rerJ 1 could not be 8%,.. 

traeted. This :mi ht !ndi te that it d . £ed 1.te l':IOBt 4esirable stage 

e.s e. to e crop .. 

5 i bnr raph point out the relationship of too three 

pleces. on the plant bi conaidero in thi probl • 
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The v ra e r di ror nil vnri ti · o.t the b se or the plant 

9. '7 r cent . The le, est roadi as 8 . 5 per ce t 011 Ajax. 8l d t he 

highest r a.din nt t · base ·. s 14 p ~r ee ·t on hito r o . 

The aver re t cch ri-e at t· id l of th plant was U . 4 

:p r oe t. The .lo st t,. o, d on rl ired 

. lo. ' Th din s 1~.5 pr ce t , ~ don Fet r 1t d 

'it t t a top of t ts in cra1 sorgh , t aver 

e nt rin . s 10. a per c t . .L e lo at reedin a.o per cont, 

to o Shallu, nd the h1 st reading - as 14. 0 per cent , to d on 

'hlte rso . ... clearly t·at if iety io lo• in 

ce o the p t , it y b ex et ed to be 

lo t t th rt ple.e . 
t d t O" rule ppl1os for those t t a 

1 h a~cl· rin content . hi doe not ean that t e is no ria-. 

t1on trom one pla t o 

r! tio riety to a ot~ r . 

1n 193 . par ee t hi hr for pl c.e <>n pl t than 1n 

195'7. Uo r,. h t 

of' d V lop t . 

.Fi e ral tion.s · p of p cc 0 plruit to rietv for 

193 • Th l ri ties .:t t .. b of t .o plant 10. 9 • 

Tl lo st ro .din s 6 . 5 p :r cent on Chil te:.m, 4 t hi '1.oet reading 

as 15 .• 5 p r C t At t a mt dl ot t p t~ the a ra. per 

c nt ccllar1ne s iz. 1 . lo t r nt on i:t 

lo X tirite.., md th hif e t re din , w 16. on d ir. At the 

pl.ants of ll r cent , s to d :to all r1et1es. 

The lo in .. u 6.5 per c t. round on Shallut 

5 pe rt Yellow '"ilo. 
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the pl t wi rro in the blooming et ee the d1 tribution or snc-

ch rine was not uni o e in later ta or dovelo . nt.. J.n ea 

ti s 1 such es Chiltox, th oocc rine content as low at ta bnse 

nd high at tho ton of the plant , while th op aito s found in Shsllu. 

It is ol 1ntereetit1c: to note the ide variation in the 3.lo varie-

ti s . .or instance , ¥,.1lo had. the lowest av rage per cent acebarine 

or all tho grai sorgha111 varietio; and t t~e sa~e stage of dev lop nt , 

rt Y llo . lo mi on of tne hi~ eet i cc rine oo t t . 

1l'he b r grnpho on grain sorghums tor th :,oers 1~57 and 1959 how 

t t there s e. certain 1r00unt or variation bet n ver1et1os, stages of 

plant develo · nt , nd places on th 
/ 

l:u any &xp&r ent 01· field teat there is al yo Vftl'iability tt t is 

uncontrollabl • This variability has bee assigned t n 

tal orror. ft It inelud a sueh tactc e weather, d1se ees, inoeets, 

s mpli vartab1li ty, and y ot or rietion that cnr:not o t!lOeounted 

for by the e . cause of these factors . one cannot call his 

rintio ie;n1i'1eant until t ere ia a lar ,er d1fre .oe bat o the t ct-

on in e naidemtio t n t d1ttero ce that c be ctod to occur 

duo to c..,anc .. Uy us or alysis of' 'JQ.rinnc " found in Snedecor'. 

book o a istic l tbodi,1 it is po~· ible to isolate the a,sentiftl 

r atur o of: a body ot data and teat to ae it tho var! bili.ty 1a a1gn1t-

icnnt o~ is only variability th t on ruld o:r ect to occur by e . 

igu of tl o ealculntior.s in teeti 

variability bet n wrieU.ce. eta s of r:r:eturity , and place on the 

plant . The ,.:If" value in Figure ? ie a r tio or variance and by use or 

1Snedecor, Coor ., Stetiat1cal ' .. ethods, Pp . 17 E08. 



Source ot 
Vari bility 

Total 

V: riety 

St e t r!ty 

Ple.ce X Stace 

V riety X st 

V. iety X Pl.ace 

Var1 ty X Ple.co X ~ 
( rror) 

*Hi hly eignific t 

Fi re 7. s1s ot 
pl.ac on plant 1n s 

or 
do 

209 

2 

2 

4 

58 

116 

riab111ty 

sw of 
Sq• roe 

1,2 a.u 
250. 5 

4'70. 

F Val 

12 .07 

16. 2 

22 . 78 

3.es 

r1 ce or variety, at f!1!J or , tur1ty, and: 
eor • 1937 . 

l 



an E table, it i possible to look up tho risnca tba.t ia due to e nee 

ueinl> the oa d sre of dom. In the en.so o:t t e variab1l1ty b 

t e varieties. A value o only 1. 85 uld be required to be 1g 

ignU'ic t. That is, if h.e riatee ratio excoe .es, the r1e.b1i... 

1ty bet e rioti G is r, .cl d not due to chance. To b a si 11'1c t 

di e nc:e at es or turity rould requil'e value or 4.78, 

ther f'oI., t e F value of ~2. eo nhotts that thoro is a hichly s1gn1tte t 

voriatio bet at ,,es or . t rity .. To o , ignifio t 1 riations be

t n pl.Ices on th pl t ould also re, .. uire value ot 4 . 78. Tb.er 

fore , sine the • value .s 16.24, a highly sisniti t r1eb111ty is 

indic. -t d . 

i ur 8 ivos 

for vari ti s r~d plaee on pl ta in a.in sorghums 

tor t year 19!5-- . ln ord r th,)t tho vari bility between v r1 tie be 

sign1 icant , "' value of .os 1 re-u1red ; therefo · , th l! val e or 

8 .11 indicetes that th variability botweQn varieties is highly ei ifi

cant . o the riabili b t eon places on plant to be 1 itic t , 

a • value of 4.98 10 roquired; so again the valu , of 19. 0 indicates 

t t tho variability between places o.n the p t is ll1 :hly s1gn1ti-

C t . 



Sc)Ul:'Qe of Variability 

Total 

Plaee on Plant 

Varie\y X Place 
{error) 

Deg~es 
of 

Fl"e~ 

99 

2 

':ia 

*llig}).ly s1p1fic:ant 1tar1ab-111ty 

SUms 
of 

Sq;uana 

a~lOO,/lll 

517.81 

·Sll 
Squares 

31.41 

F Value 

a.u• 

FiJ:!'U,l'e a. Aaelye1• of 'O'at-ia.nee· ot· variety and pla.ce on lW!Jlt in graui 
sorghum. 1959. 

14 
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Sorgos 

Tb ti! ld dn~a o ach var1ety ot sorm>o were taken nd corded in 

tabular f'o the ,.o aa the grain so cordod, nd trom 

t o . tabl s. bu graph have b en de to die:pl the ess tial fe.,tur 

in a re r a 11.y un rste.ndablo to • 

1 re 9 ts a bnr gre.ph pointing out riab1lity in the three sta 

of develop-ent wi·thin varieti a . The avorege pi;;r cent eaccharino tor 

all t var1et1-0 w ~1 blooming a 10. 5 por eont . Tho iowest r ding 

W8 .o :per C nt, found in ti ~ d and rod x. Tho hig est r t 

t blooming etage of development s 14. 0 per cont . fo d in Cooooneck. 

, en tho v ietie r cbed the so.ft dough st , tbe average ;por 

cent miccbarine inc asod to 12. 2 per cent. T'rt.e lowe t roadi s 10.0 

por co ., found in Oronge L l.eetion ~'°. 2 . 

At t rd 1011gb tage ot development , t av • par c nt c-

eb ri e ain incre aed to 13.l p&r cent . Tb. lo•ast reading 

9 . 0 per e t , .found in Sugar Drip,. end the highost per c nt na 16.5 per 

e t. tound Red • 

The graphs :point out clearly that there i a -vari t1on. at different 

stages ot devclopmer1t . The · riot y d X 1D the best exarr:ple of this .. 

At tt.e bloomin · n lO do gh tal"es, 1 .d t. e, least per cent e-

coo.rine of any or th.O varieties. ,md when it is,ehed tho h rd dough tage, 

it had tt,o higl est per cent echartno or any of tho rieti e . 

In ing up tho ata 1'or placo on plant eorgos tor 1937 . as 

shown in ,.,i.,.ure 10, it 

the bas& of the pl.ents 

per cent, tound in Leoti 

:tound in Coose eek. 

a found t t the verage. per eent es.cc nne at 

s 12.l per cent .. '?h-0 lo est ding as 10.0 

d , d t highest p~r ce t w s 14,. 5 per eent, 
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At th.e top of the p av ra tor l wriet1o s 10. per 

c nt . The lo st a.di w e 10. O per cent,. t'ound in ed X, d the high ... 

est reedi g 1t e 1 .5 per cent, found 1n .Leoti ea . 

Tho variety Red X contained s hi :;h per cent ac~ dne at the base 

and wa~ he lo est at t ~ top or t 1 t 1 which hows tl t in 

variet 1ee thi re ie ver:" le. , vor1 tion et <'lift t ple.e s on t 

plant. 

In the a.ta for 1959 on soi-gos, .Atlna, Fi rr' s At le.a, end krr' 

Atl X .Atla e.re included. so var1et1ea are o u d as oth 
\ 

1n nd sweet rcos. o they we included both. comp3rteons. 

bar g ph in gure ll. aho the per cont echertne t th 

The aw ,e r c t cchs.rin at the bas 

ot t pl · t was 10. a . Tho lo st re dine s 6.5 per c t, found 1n 

ly hi /'>host r oent 16. 51 totmd in F l'r' s tla • 

At th middle ot the plonte, tho nt s cchari 

L':! . 5. The lowes r.eading as . 5 p-.r c t,, fo in uirly xmer, d the 

1 host por t l?.G, found in mite fri • 

av ge per c nt se.co 1.ne at the top o-r the vari tics w · 10.,.6 .. 

lo et 5 .o por eent, found i .arly r, nd th~ h1 est 

.... ndin 

s out t din,. thi ... in ~ 1 re 11 is the low readings round in 

rly r. The nvorage per cent saccharine at au t :ree places 1n 1939 

as only s.o ;p :r oent,. ile 1n 1937, this same variety had aver for 

t~e troop ces of 11.0 p~r cent . 

igure l2 gives the results oft e c lculations to detemine wh t her 

or not th 're 10 61-_~11'1cant amunt or variability bet 

tween ate. e of turtty, and bet on the t e pl ee1J on the plants. 
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20 

l'~grees 
or 0~ 

SoUl'C· of Ve.riab111ty s F Ve.lue 

Tot 80 1, 002.22 

V1 riety 9 300 34.3 .13. 4r* 

nty 2 304 .. 69 152.34 9 . 

Pl.coo on Plant .2 1?9. 54- 89. 77 35. ~ 

4 .85 

r ety - l 5'1"1. 00 

arioty X Pl c 18 84. 96 

Vm ty X Pl c 
( rror) 

X sta- 5G 92 • .38 2. 56 

si ificant w.riability 

F1gum 12. l si o-f variance of' ri&ty. turity an pl.Bee 
on Pl&nt 1n Sor s . 1937. 



2 

... or tha riability b t v rieti- to ba signl.fieant, nn -. YalU.o· of 

2.15· 1 req ired. e ,foro, the F value ot 13.4 for vort tie 1nd1-

c tee t t there 1 a higllly si if1®.nt rt t1on bet on var1 ties .. 

.For the v r1ab1lit bot . on t, thro stagoe of turit:, o ba stsniti .. 

cant, nn .,.; valu ot 5. 25 is requi~ d; so the alue ot 9. 5 sho s that the 

va.ri bil1ty bet s · s of r,,aturity io highly oigri.1fieant . In order 

that thor. b a ai6Jlificont amotmt of variability between places on 

pl t , an value of 5 .. 2 is also required. So in , t~e F v u or 

3 . o indica es a hi$hlY si ific t val."i ility bet on plocos on thO 

plant. 



Broom Com 

The .field ta tor broom cori. werG cnll cted end plac d in tabular 

tom in thG .ie ~ tho.t groin oorghu s ru d a re recorded . Ag 1n 

bar graphs we · de to display t ho ta.et& in the t~..bles made . 

1gure 15 gives t!le relatio "'hip or stage ot turity to variety. 

D all v rietios or b om com. ore 

:por ce t cbari e ~.a loftst 

in Austrian, and tba highest per cent 

hi blooming tat.,e, the a ra 

din . as :..~ .o per cent , tound 

s ~.o tound in · hisp. At the 

soft dough st 

~ho lo t 

ot m turity, tho re. pe:r c t eocobar· was 5.5. 

... ,ding , 

A.ding ao 3 . 5 per cent , ound .tr,. Austrian, and the highest 

8 . 5. found in Black ~pa:ni h . 

:rn per c !lt ee r1ne· in the bard do a.taga or ,aturity 

s • .. Tho lo est re dlne s 4 . 0 per eont, found in hisp, vargroen 

D :rr. and !ill :iv~l'groon , and the high.a t readir. • was 9 . 0 por cent, 

rouna in ite Italian. 

Fi re lS s owe tl t ll broom eorn riet tes n:r ch lower in sac-

clmrine eonte .t than the other t o types of aorghums stud! d •. 

Th& 1 tionshf.p of place on plaut to variety 1s oho in Figure 14 . 

The a mge per c nt ccl:mTine at tlt 'base ot ~ho pl t s r- . 7 po c t • 

.Lh lowost di .g .s 3 . 6, found 1n , isp nd ;,'.l.ller or rean 1 and the 

higho reruli g wa 6 .0 por cent , .1.ound i n te It lien. ·t the middle 

o... th..; var-ago pe • cent s eobarine s 6 .• 7 per cent . 

lo, st rouUn o 4. 0 per cent , toun L ··ihup~ and the high st too 7. 5 

la.o ... panish. Th - av~ ge :per cent saccharine at the 

top of the plant s ? .s. no lmroot reading 4 .5 per cont ,. :tound 

..... rgreen Dsarf', and tha hi hes u a.o ~ r e nt , roun4 in Black nish. 
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to dete n& wllet .er or not t 

een a.ta es of 1ooturlty, and bet 

place t p. t i s o in ~ ure 15. In ac • eo:ni,ar1sion t ... F 

u 1..<J l.nrger t 1 n tho r~quire F valu for t e rinbility to e s -

ni ic t . Thereto , it is pc i e ible to st·tu t -t t e i .. a hi ly 

ignific !t veria Llit et Jn v r ietio •stags o 

o •e p ti b .. 
ults in roo. corn, it ppe .r: t t t. o t out-

at .din raoto:s a!'.¢ ; first , t :-,o , ceharino c , te t veey low, and, 

e . a. all reading~ r- difficult t o e due to a ry " 11 t 

or Juice . 

Fro ·i eur 1-0 it is oted t t tho h1guo ceh8rino a 

found in grain sorghum ru d brooti co , hile t pl.a t s r~ in tho ott 

doug st· .... , of . t ri tr, · nd t t the gbest per cent as.cahnr: . in 

:rgos w in thf.) hard dough st "' 

· lton, Jr,., Ca.rbohydrato ....,earch Il1 vision, :ro d 

in hio ch· ic l yoia o r sorg m sl p nt1d fro rio-us parts f the 

pl t t t 

dlc o. the p t hon in th 1k to do •. st 

t , t t !e s r eo t t eorc;ln.un s i rup higb. r in the later st s or 

devclo t tllnn in tho rlier stages. t l ieu s la an 17 

will oho t l.St the hight? t per c t saccharine 1 it 1 his 

h "'h st f1 ms 4e f'ro the 1rup t t .e · me I' eo on t pl t and 

during t sat? st ~es of tu.ity. 

alton, c. F •• Jr •• Ventre • .E. K., And B1all, s., .Farr Production ot 
Sorgo Sirup , F: n· ra llet in ?~ . 1791, Pp. :;, - a. 

5 



gre s Ve.lu 
01' ot n V quir ed to 'be 

SOurc ot Variability Freedom Squs Sque.rea Values s1gnu·1e t 

Total 89 971. 45 

Varie g 219.48 24. 38 7.17 a. 04 
st of turity 100. 5'1 oo.aa 14 •. 65 5.25 

Pl.ace on P t 103 .. 24 54.12 15-. 91 5. 25 

Place X St 4 91. 55 22. 00 

Variety X Fla.co J.8 es.oz 3,7'7 

Variety sta 18 261.13 14. 50 

Varie-ty X Place X Stage iu l '-'2.45 3 •. 40 

. 1 e 15. alys1s ot vart ce of vnriety, stage ot i.eturity, and pl.a 
on plan'\ in broo com. 1957. 



Bloom~ 

&lft Lough 

Hard l))tigli 

<Jftin, Sen,~ 

l.0.5 

ll. a 

27 

i~N 16. ~i," ot per co1lt m:u:tehe.r!ne at t~ st~s of .imt~it:r 
in tho three types. o:t eo~U1'1l8., 



Grain &Jri~r.ie &->rgoe lh-oom Com 

-9 . 7 12. 1 5,.f" 

ll. 4 12. 0 e., 
Top 10.a 10. :9 7. G 

Figure 17.. Swfflary of saeeb.arin~ eon.t~nt at the thme places on 'thEJ 
plant in the tlu:iu.t t~ being studied., 

.\ 



In 1958 thirtj·- tour Atl.ae Sorgo a l octions were de. The se

lections could not be de un.t 11 the plants re 'l'.Mtu so toot s.eed 

could be o ve • ~ ave ool1eri e content th ea pbnto had a 

r.:1n ·e of 7 .o per t to 16. 6 por e nt . l' .1e ·•eada ft each plant . re 

saved 1n ord r to p · t them in 1039 by the head to ro ~tbod and thus 

det ino if tl1 oi'fspri g would hnve as b . .1gh OT aa low saccharino oon

tont a.., its rent ... 

I 1939 a .... il ohinell bug infos "ation ~ui..,d out sav,.rsl or t e 

1 ctions, ari no ·esults could b obtained on twent~ - t o ot the or1g-

inol le,etions e in l 9r ' • 

... igure 18 how ho per cent eccl arin of ne aalectiono mad in 

1933 beai e e11 one ts the per o t cobarine obt !nod in 1939 

:trom t he o 'f'opring. 'rom these data :tt is pparent tbat in ro .... & of 

the e lections the oft pi•ing w a ither much ell lovror than 

th ro.ot .. It is hoped that b7 urt er selecti ns and isola ions, or 

by hybridization. et:rain ith n · ch higher a.eoherln.~ c tent be 
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co rowsr s 

l . There is a a ific t voriab1lity in eaeoharino content bet oen 

r·et1es or .sorg in the g · in, s rgo 1 and bro corn t ypes . 

2.. There is e signU'ice.nt riab1lity in e&echar:in content between 

blooming , soft do h, d hard dough stages of ,:aturity i n tho t 

typo or eo hui:.JS n:entionod abo'l'le .. 

3. There 1s a signi1'icent variability 1n sacc rine content bet iee-n the 

base, ciddle, a d top of tho plant 1n the three types of sorghuma 

studied. 

4. Sorgo have higher verage oaccharine content tban g in sor, , 

31 

and broom corn is the lowest of the three t ea studied in aacc rine 

content . 

5. Grain sorghums are highest in eaccbarino wh&n t h soft doug stage 

ot maturity, a. d tho Middle of too p · t 1 highest in saocharino co 

te t . 

5. SOrgo are e)lest in saec ,or ino cont t 1n the hard dough ata ·e ot 

turity and t he middle of tho plant contains the m::>st oe.-ccharin • 

7. ·Broo com 1s h est in ttlecherino content in the soft do h stage 

of turity, and the top or t 1-.e pla. t contains the bighest per cent 

saccharine . 

No atta;. pt "' , de to d · w any concluslon o ~tlas Sorgo election& 

as the data were not complet e .. The result were as observed, and t ., 

study is yet being carried on by Dr. h . B. Cornert at the Oklahomn A . and • 

or nt tion. 
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P18nt 

AjU 
Ajax 
Aj 

.A.vo 

Atl s 
Atlae 
Atlee 

A 

ve 

Biohop 
Bisbo;p 
Bi hop 

Ave 

Chiltex 
Chtltex 
Chiltex 

.Jl.verng 

Club 
Club 
Club 

APP DIX 

G in Sorl".m:i.ma 
Plant First P-lent Second Plant 'i'hird Plent 

&lopment B T B T B T 

g .s 10. , · .e 10.2 10. 2 9 . 2 1 . 
dou n 10.0 11.a 14.o 11.4 12.e lJ .a 9. 
Do h 9. 4 12. 2 8 . 2 4 . 6. 7 4 . 7 4. l 

9 .7 11. 4 10. 9 a.? 9.e 9 . 9 7.1 

8 . 6 .o 
. 2 14. 'l 

7 . 5 6 . 8 
9. 8 10. 2 

10 e 11.a 9.3 7.o 9.& 9. 2 9.o g. s 10.& 
f Dough 10. 4 12. 0 11.-3 9 10. 6 1014 12. 3 l4. 3 l 2 

h 11.0 11.a 7.o 11. 3 12. , 11.s a . 2 10.0 4 . e 
10..v u • .a 9 . 2 9 . 2 10.9 10.s 9. a u •. 4 9 . 1 

1 

11.0 11.a 11. e a. e s . 2 9.4 &. & 11. 2 10.2 9. a 
h 12.511. a 14. 7 0.2 e . e 12.4 10. 2 9. 7 11. 10.9 

- .. "',.U 10. a ia. o 10. 5 10.0 9 . 8 G.o 16. 4 15. 7 10. 4 10. 1 
U . 4 11.8 12.3 9.5 8. 2 9 U . l 12. 2 l0 .7 10. 

Blooming 8 ,.4 12.0 10.4 10 .. 4 U.e 12.0 ll. O 10.0 9.8 10. 7 
t Dough 12. , 12.3 13.5 14. 6 l.2. 915. 414.214. 7 l . ~ l . 1 

rd 15.4 14. 5 7.o 15. 0 ia. s 12. 2 13. 5 J.Z. 7 a . a 12. 4 
12 112, 910. 3 13.5 12. e 1 . 512.9 12.a 11.. 5 12., 

to. 2 9.6 a.a 10. 2 9. 2 9~2 10. 0 a., a . 9 . 4 
11.0 a.a a.& 9. e 12.0 13.2 12. 0 l.3. 7 13.5 10.9 
9.0 9. 4 8. 5 9 12.2 18. S 14.4 15.4 l.2. 7 11. 
9.o ; .1 o.6 9.911.111.e 12.111. a 11. 0 10.5 

Blooming ?.4 11 2 9.4 12.2 14.e 10.a 10.s 11.4 9. 6 
Sott ugh 14.6 l .o 12.2 11.0 14. 6 11. 2 11.1 ll.4 l.2.4 

Do 7 . 8 6+5 7 , 0 4 .3 14. S 12. 4 ll 9 .0 8. 5 
9. 9 10. e. 9. 5 9. 2 14.5 11.s 11. 0 10~& 10. 1 

10.a 
12. 5 

9. 0 
10. s 

s .2 11. s 11.4 10.0 13. 2 is.a 12.0 11. , 11. 4 11.1 
b 13. 2 12. 0 12. 6 14. 4 15.314.012. 9 14. 2 14. 8 13.1 

7 .5 10.a 7. 4 u . e 14. 2 o. '111.9 13.0 9. l 10 .. 6 
10. 2 13. l 10. 7 10.0 l.2 . 9 10.9 10. , 12. 2 10.5 11. 2 

Bloomin s.g 14.4 l .o 9.o 11.s 9.e 10. 2 11.s 11.0 11.0 
t ugh 13,.3 14. 4 12 . a a . e 15. 4 14.0 9 . 9 12. 2 10 .• a ia .1 

1· rd 7 . 5 10.8 7 . 4 11. 6 14. 2 9 . 7 ll. O 13.0 9 .1 lO. O 
10.2 13. l 10. 7 10.0 l.2 . 9 10. 9 10.7 12. 2 10.3 11. 2 

14.o 16.0 15. 9 11.111.a 11.s 12.0 15.l 14.4 13.s 
i.11.nu.a J.a . 3 15. 0 15. 0 13. 0 11.4 10. 7 14. & 18.8 17.4 14. 3 

h 19. 3 . 5 . , 1s. 3 1&.s . 7 14. 6 . 3 o. e 15.o 
15. 2 16. 5 14. 6 l.3. l 13.210. 7 l.5. 7 16. ? 13, S 14 ! 

., ) • ,: .l .... \ ) 

, r. - ..... ) • .J •• - J 

: - : . . ... '• ) ) . : . , .... 

. -.. - ' .· 
. : . . 



Plant 

terita 
Faterit 
it rit 

Ave 

fir1ta 
Ke.firit 
Kat1r1t 

rage 

Pink Xtlfir 
Pink fir 
Pink fir 

fir 
f'ir 

rl fir 
Avomge 

ii 

Pl t First Fl t Second 
iTBlO nt B f B 

nt 
f 

'fb.ird 
B 

t k re 
r 

Blooming 10.111.5 12.6 13.4 16.4 1e.3 12.a 14.a 14.S 13 
Soft lb u .o 11.0 10.& 14 .. 0 14.013.313.2 l.5 .. 3 13.7 13,0 
Hard .wviuu.l 12.2 14.7 11.5 1.2.2 14.Q &.4 14.3 l .o U.a U.6 

11.5 12.4 11.e 13.t 15.l 12.0 13.4 15. 2 13.l 13.l 

B ming 13.3 l?.2 15.115 20.416.0 10.4 13.S ll. 
Sott Dough 12 • .e 12.z 1s.2 15.,4 lth3 14., 10.a 13.3 12.s 
Hord Ilougb. 20.2 21.4 22.a 13.416.o 10.a 10.e 7.2 9.6 

15.4 16.9 16.4 14.l lV.6 13.7 10.e 11.311.3 

14.3 
13.4 
14.? 
14.l 

Bt 9.4 11~7 10., 12.4 10.a 10.7 11.2 1.2.4 11.a 11.2 
tt lxmgh 13.4 10.9 10.911.512.0 U.6 l5.6 13.113.2 12.6 
rd 15.0 15 10.4 5.0 6.9 ?.O 13.0 11.B 11.2 10.? 

18.6 15.4 10.6 9.6 9.9 10.115.312. 412.l 11. 5 

Bloom 10.7 12.3 13. 0 a.9 11.4 12. 5 10.0 11.e 12.2 
Sort IA:>ueh 14.o 10.0 10.0 10.3 9. 9 11.0 a .a 7.a ?. 2 
• rd gh 0.1 a.o 4.3 10., 14.410.111.s 6.s , .o 

11.5 9. 5 .4 9. 11. 9 11.2 9. 9 a.a 1.a 

Bl.oo nt;· 10.a 12. 9 12.0 9. 5 e.s 10.4 11.111.0 11.a 
Soft lhueh 11~2 13.3 l5.e 10.2 11.s 12.014.4 11.s 15.9 
B'llrd 17.5 1s.o 1.510 11.9 t.9 5.2 e 4.a 

13.l 14.7 13 .. e 10.2 10.s 10.a 10.2 9 . 9 9.9 

Blooming 9 . 2 10.3 10.2 a.s e.& a.o 10.2 11.& 10.a 
Sort !bush 11.714.512.a 13. 9 14.0 13.? 15.l 13.l 13.3 
e lh h 1.2.e 9.2 &.o 10.2 s .2 s.a 12.0 14.9 9. 9 

11.2 11.s 9. 9 10.a 10.3 e .5 11. a 1.311.1 

10.-S 
12.e 
10.9 
ll.4 

t.6 
13.5 
9.7 

10 .. 9 

Bloo 11. 2 10. o.e 10.1 11.4 a 10.0 9 . 7 a.a 10. 0 
So:tt Dough 13.2 13.0 15.l a . 2 11.0 .310.210.5 12.0 11. 

O>ugh e.110.0 e.2 12. 9 1a.9 a. 91 .a 1a.o 10.~ 11. 
10.a 11.110.s 10.4 11.a 10.s 12.0 12.110.4 11.0 

a . a 10.0 10.e a.1 e., t .2 9.110.? 9.o 
11.9 10.4 12.5 e.410.0 ll.5 11.2 9~7 12.0 
10.4 13.0 9.8 0.4 8.5 g.3 5.0 5.8 5.4 
10.3 11.1 u ,o a .. 5 9,.4 10.0 a.4 a.'l a.a 

99,. 
10.a 
a.& 
g 

10. 10.111.a 11. 210.310.2 10.e a .9 12.0 10. 1 
e .7 o.:a 11.l ~ U.5 * 9.7 12.l 10. 6 
9.5 e .7 4.3 v. o 7.e 5.3 9 .4 10.0 5.o 11 .. t. 
o.& 9.3 9.110.1 o.7 7.7 9.7 10.s a.s 9 5 

Bloo ing 10.8 11.0 9 .6 10.0 10.4 9.S 12.0 13.3 14.2 
Sott 0:,ug11 4.3 a.2 10.5 u .• o 12.4 9 5.5 9.o 9.2 

tou 1 .o 9. s 9.z l.2.4 15.5 a.a 11.0 l9.o 10.1 
10.4 9.6 9.4 11. l 12.0 9.3 ll.5 13.l 11.2 

ll.l 
8.9 

l .4 
U.5 



qt 

t Y llow 
rt Y&.llow 

lmart Yellow 
A ge 

.Ave 

d 
Bad 
Bed 

:var 

Sballu 
Shallu 

llu 
Av ...... "'--

h%ock 
h l'O-Ck 

Sc:h1"ock 
Av·..,.,,,_,.,a 

~ > in 
Segra1n 

grain 
Av,err:1R8 

St dard Blackhull 
en4&Td Bl.ae uU 

Ste.ndari Blackhull 
Ave e 

111 

t 1mt ant c-JO nd 
lopm.ent B T B 

Dl ming l.3.0 le. 4 10.3 11.0 12..2 10.3 l .119. 8 17. 6 13.4 
Soft Ibugh 9.8 13. 9 11.8 9.5· 15. 9 12.0 12 .. 9 14.0 15.8 1.2. 6 

d n:, h 1a .o 17. 9 11 .. 7 12. 0 12. 4 11 9-.o 9 . 6 11. s U?.6 
1z. G 14.a 11. s 10.a 1z. 2 11.2 12. 0 1,. s 14. 9 12.9 

7 .3 a.o s .9 ~.3 10.a 11 s 10.a 10. a 
9. 9 11.s 12.0 a .a 10. s o. a a..4 10.0 12.1 

15.2 15. 9 10. 8 9. 9 12. 0 8 . 9 13 •. '1 l .4 9 . 4 
10.s 12. 5 10.a a . 10.4 0. 3 10.g 12. s 10.9 

9.S 
10.4 
12. 4 
10. a 

Bloo ins 9. 4 12. 2 9.8 12.0 J.4. o 11.4 10. 3 ll. & 9.8 11. 2 
Sort Ix>ush 10 14 . 1. .a a.o 10.5 14. 4 a.5 11.s .. a u .9 

rd lb a.9 10.a e.; 0.213. 9 e.e 1291e.o a.2 10.e 
9.512. 4 10.4 9.7 l.2 . 7 11. 5 l.0. 6 1.3.110. e 11. 2 

e.e . 4 .a "l. 3 n.o 10.a 7.o 10.2 7.& 
9 . 2 9 . 0 13. 4 1.0. 1 14.J. 14. 2 9-. 8 13 . .'1 J.4. 6 

14.2 14.2 9. 6 14.0 13.114. 2 14. 2 13. 3 9. 0 
10.0 10.9 10.$ l0.8 12. 1 lS.l 10. 3 12. 10 4 

m1ng a.o a.1 9.& 7.o .e.a , .o s..s ? .1 .s.4 
Ihu~ll 1-0.0 u .o * 9.e 6. 3 'J . 2 S. 5 6 ... 5 "1 . 2 

ugh 12. 7 13. S 8 .4 15 14.0 6. 5 15. 2 16 10.1 
10.2 10. 9 g.o 10. 7 o.o 5. 9 10.1110.1 7. 9 

5. 2 ?.e a .2 11.0 12.4 g.o 10.011 10.0 
.l..~LUUA. 10. 9 11. 0 14. 5 6 .0 10. 0 13 .. l o. 9 11. 2 14. l 
-.. .. ~ 14.? 1e.s 12.s 15.a 1e. o 12. a 1a.o 16. o 10. ? 

10.3 11.7 11. , 11.112.s 11.e ia.a 12.a 11. e 

Blooming a.4 10.4 9 9~111. 6 10. 7 9. 7 10. s.l 
Soft fbugh 10 ll . 4 14. 4 13.7 11.. 6 14. 9 12. 1 17. 3 17. ts 

-..~M ...... 1s. s 1s . 2 11 .. s 14.e 1e . s 10. s 14. 0 14.4 u . s 
11. a 12. s 12.0 12. s 1z. 212.1 lJl. l 14.2 12. 3 

Blooming 12.0 14. 0 • 
h l.0 . 7 '* * 

* * • 
ll.3 14. 0 

8.4 7. B 
9. 2 10.5 
* ill 

a.a 9. l 

9.4 ~.e 11.0 10. 0 
* a 9 .. 1 * 
* • * 
9,4 a., 10.110. 0 

e.s 
12. 1 
12 .. 9 
11. 2 

7. 6 
8 . 3 

l!. S 
9.4 

0 .. 4 
11. 2 
14.8 
u . 

e.1 9.o 9. 4 e a.2 a.1 G.o 9.o a a.o 
e-.5 9 .• s 1s.o 7. 9 u . o 14. l n . e 14.e 15. t 11 .. 1 

1e.s lB.3 14. 3 1s.11a. 2 12_112.0 1e. e 9.5 l .? 
O 12.512. g 9.9 12 .5 i1.4 9. 9 .4 11.9 11. 5 

Blooming . 9 10. 0 a.o 11.a 10.0 a.o a.a 9.o a.4 
Soft M,J\,ll,(;U 8. 9 10.4 10.? 8 9.6 10 .. 0 10.g 12. 5 12. 0 

rd ugh 12.115. 6 14. 3 ll.3 ll. 7 ll .S l.2.9 l 6 13.0 
10 .. 3 12.0 U . O 10.4 l0.4 9.9 10. 9 U . 7 ll. l 



Texe. BlackhuU 
xa.s .Bla.eklmll 

exas £1.ackhull 
A; rage 

ly er 
ly Auber 

rly .Atber 
A:vera 

Ooo eneo 
Goo enee 
Gooseneck 

Ave e 

cy 
ney 
ney 

Average 

ti 
leot1 

ti 
Average 

Orange leetion Il 
Oreng Beiect1on II 
Orange O le tion II 

Ave 

1v 

-la.nt .First . t s na. nt rd Plant 
lo nt B 'I' B 'i ll M T Ave 

Blooming 
Soft Do 
f'.at,4 -~ ... , ..... 

11. 2 10.4 11 .• 2 10. 0 u .o 10. 0 a.a ,.a 1a. o 
13. 2 13 .• 4 12. 4 U . 5 12.0 12. a ll . S 10. 9 12 .. 0 
17. a a1 .o * 14. 3 14.4 17 . 7 11 .. e 13. 4 10. 9 
14.l 14. g 11. a 11.9 12. s 13 .e 10.111.a 11. e 

rgD 

10., 
12.2 
15.0 
12. 5 

Pl.ant First Plant Second Plant h!rd Plant 
B M T velo nt B ~ t{ M 'i' 

Blooming 
Bott lhugh 

rd~ b 

Bloomi 
Sott fb 
l rd ugh 

Blooming 
Soi"t Dough 
&rd tough 

'7.6 9.8 9.213.814.010.2 '1 B. 2 
&. ! 9. 8 11.0 U .. 4 U . 9 ,.0 13.:o 13. 0 

1a.e 1?. 2 1..2. 4 . a 19.2 1s.o 10.s o.s 
10.a 12. 3 10. s 14. 7 14. 9 11.4 10., 10.5 

a.o 9.a 
9'. 8 10. 5 
9 . 3 l . 5 
9.0 ll .. , 

14.4 u . 10.a u .o 14.a n .e u;.o 1a.!'S 13.0 1,.0 
l?. 2 l .o 14. 4 7. 2 lL.& 11.0 14. 6 13.0 11. 0 12.8 
13.0 17. 5 15. 5 5.0 9 .. 7 8 _ 17.'l 19. 4 ll. 5 13 .. 0 . 
14.9 1:>.113.e a ... 1 u .a 10. s 15 .. e 1e. z u . 6 13. 3 

s.9 0.1 9.o 10.5 1e.e 15.2 9.o 10.9 a.o 
10. 0 13.2 11. & 11. , u .s 1a. a 21.017.e iv .o 
10.5 12. 9 .4 a.o 10.s 10.410.311. 10.& 
a.a 11. , 9.0 10. 0 12.? 12.115. 4 15.3 ll-. 9 

ll,5 10.2 .4 9 .. 9 9._2 a.. 9. o 10. z 7. o 
10.0 13.0 14.2 11.6 9.8 11. 2 12.6 11. 0 13. l 
u .o u .o ll. l 13.3 13. 5 11.,3 U .. .3 15.0 n .2 
10. a 11..-1 11. e u . e 1.0 .• s 10. 5 10.9 12-.1 10. 4 

u .o ll .4 10. 0 11. 3 U .O 11. l 14.4 13.2 U .3 
15.21.5 .6 15.a 1&.o 11. & 12. e 15. ~ 1e. 2 14.0 
u . 2 14 .• 5 10.2 1z. e· 1, .1 10. 5 14.s 1a.2. 1s. o 
1.e:~113.a 1!.5 13. 5 1s. 2 11.4 14.4 15. 9 15.4 

10.1 
14,.l 
10 .. 1 
ll. 

9.4 
11. 
12.s 
u.1 

0l'al18e lectton III B1 tn.g 
·Orange • leotion III ft ugh 
0l"81lge l etio.n III rd ~ 

u:r 13.4 10. 5 9.4 10.3 9 . 2 10 l.3.o 1-0. a 
15. 0 15 .• 0 13. 6 13.5 13. l. 12. 0 14. 6 15.0 1.3 .. 0 
17.a 1s:i .5 14.o 1s 12.a 10.? u .s 17.o u .. 2 
14.8 15. 9 12. '1U.,'112 . 7 1.0.6 12.115.012.0 

10.9 
13.8 
1,.e 

:verage 

Aw 

Blooming 
Sort n,ugh 
Bord Dough 

10.3 9 .. 2 . 5 ll. 2 10. 1 ? .O 10. 4 9. 5 9. 1. 
1a.o 9.a a.o 15. o 'l.5 r,.o u .e 9.o n.2 
17 .. 5 19.3 16.4 16.3 16. l 12. 9 17.0 19. l 14. 2 
is. a 12. e 10. 3 1,.2 u .s s . t 15.0 12.s 10.a 

12. 



Pltmt . 1rat P t cona Pl t Thi p t 
p l t B t B T :a T 

10. G 9 . s.-4 U .3 12.2 a., 10.5 9. 4 9 . 8 10.1 
1,.2 13. s u .• 9 10. 7.8 a • . 9 . 8 .e u . u .1 
16.-4 t .211.016.3 20.012.513.014.410. 0 l.4.e 
15 15. 9 10. 4 . 'l 13.3 9.8 ll.l 12.0 10.5 U .9 

10.4 10.0 8 .5 10. 9.a 8.7 8 .8 9. .o 9. 
14,.9 14-3 12.a 12.2 .13. 2 11.G 10.0 10.0 11.e U:.4 
u.5 12.s 14.0 15 •. a 13. a 12 14. 2 14.l 15.4 15. 5 
12. e 12~ u .a 12.112.1 10.9 u .s u .s 12.1. u .. s 

1P l0.9 10.9 9.2 10.a u .i B. 511.010 .. 0 9 .0 10.2 
r Drip 10.2 11. a 11.2 13.a 11.0 . 2 . 5 8 .9 10.0 10. 

Suge.J' Drip a.a u .6 e.o a.2 8. 4 4. 4 9 . 8 a.2 5 .5 a.o 
9.911.4 a.a 10.7 u .& a. 4 10.1 9 .0 a.a 9.'1 

Corn 

t i'irst Plan an t 
Plent valoproa t D 1r ~ T 

Blooming 4.0 5.l • .o 4 .0 * 4 .1 ,.2 • 4 . 6 
l Sort tbugh 4 .4 e.5 • 4.1 u.2 4 .9 u.o 4.9 e.o e.2 

ugh s.2 4.5 5 .0 e.1 4 .l 4.& 4. 6 4 5. 9 4. 8 
3.9 5 . 5 .0 4.? 4. 4 .7 &. G 5. 5 e.9 5 . 2 

5.7 4 .. a • 0 2. 5 • 5 . 0 3.4 • s.2 
4. 9 4 . 4 a.o s.o 5.8 .a 4.4 o.l 12.0 a.o 
s.o e.o . 5 1.2 a.o 7.0 4.4 o.o • 6 .6 
3. 9 4 .9 .1 2. 2 6. 4 5.9 4. 6 e.a 9.4 4 .. 9 

3.''l 4.0 * 5 . 4.4 • n.o 4 . 4 • 4. 9 
4 . 0 5.4 u . 1 2. 3. 0 a.o 3 . 0 , .o e.a 5.2 
4.0 4. l 3 . 2 7.0 .s o.s 4.1 5. 0 .a , .1 

:va 3.9 4. 5 'l ,.2 4 .. 4.1 4 . 3 .o . 5 5. 2 ., 
2.s • • • • .. * • it 

5 . 5 4.0 $ 6.0 .o 7. 2 &.o 4 .-2 ".o 5. 5 
3 . 9 5.9 6. 0 4 .0 4.0 ,.o 4.S 4.6 e.o e 
3. 9 4 . 9 6 . 0 4.& 4 .5 5.6 5. 4 4. . 5 5.1 

5. 0 3.1 • 4. 8 5.0 • i . 2 4. l * 3 ..'1 
2. Z.9 • a.o 5. 6 * 4 .. 0 e.1 • 4 . '1 
s.a 4 . 7 e.o 6. 9 5.3 3. 2 2 . 2. 0 2. 0 4 
5.'1 3 . 9 .o 5.9 5 3 2 . 9 4.1. 2.0 4 

Mill.er 3 .0 2. 5 * 3.8 5.8 * 4 . 2 4 .3 • 4 . 0 
l r 5 . 2 5.1 • 4 . 5.9 5. B . 3 4 .6 

Uler 1 .5 5 . 0 . 2 2.4 3 . 5 4 .. 0 5. 4 4 . 9 5. 6 " 0 Ave ! . 6 3 . 5 th.2 .5 5.0 4. 0 4.5 4 .a 5.& 4. 2 



vi 

Plant irst Pl t . nd Pl.ant Tbird t 
t lo nt B ~ T B T B 'r 

ihtte Ital1en 3. 5 4 .. e .. 5. 9 3.5 * s.7 l . 5 * 3-. 5 
it Itnlia.n Soft 3. 5 4. 9 6 .8 5. 2 '1 . l 7.2 5 .0 5.3 7. 0 5. 8 
it ltalt . tlough 10.1 u .1 9.4 1.110.a .. . o 0. 91.2. 4 s.1 \I 
Ava .'1 G. 9 8.1 5.4 6 ,.9 6.l. e.2 6. 4 7 .• 5 6. 2 

3.1 4 .0 4. 8 4.a 4. 0 . 9 2.e 2. 3 . 7 3,.'1 
~.B s.o 10. 6 6 .,0 7. e. 10.0 0.1 9 . 12.0 8 . '1 
a.2 9.0 5.4 a.o 12.9 9. 6 B. l. 9.1 7. 2 a., 
s.4- 7 .. 0 7.5 e.1 a.2 a.a a.e 17. 2 7. & 1 . 0 

4.0 5 .. 5 * S43 2 .0 * 4 . 2 s.s * 3. 5 
$ •1.9 • 5. 4 e.o * s.e * * 5. 0 
1.a a.4 7 .,S 8 u .g a.o 5. 9 6. 8 s.o ? . '1 
5 . 3 5. G 7.a 5 •. "'1 &.a s.o 4. 6 6 . 3 s.o 5. 4 

AtuJttic.n g 2. g 5. 3 * 2. 5 5 .4 • 2 .4 1.5 * 5. 0 
Aust non ug 1.e 5. 4 • s.e a.o * 1.5 2.0 * 3. '1 
Auetr1 ugh s.o 6 . 6 , .2 7,! 12. & a., 4 . 4 s.1 5 .0 &.l. 

A: 3. 2 5.a 4.~ 4 .. 4 1.z s. a.a a.2 5 .0 4 .3 

* t eno h juice tor a ding 
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