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Introduction 

Sol"gl:m.B varieties :producing seed with ~ endosperms: have been 

known f'or a great number of years. In China. the grain of wa.X7 riee 

and sorghum has been v.sed in the preparation of foods for special 

occasions.a.estated by CU.ahing (9)1• 

lfhe wa:z:r endosperm is so :na.med because the eut su.rt'a.ees of ker

nels which have this character have a. unifoni ~. opaque appearance, 

while the cut surfaces of kernels with the usual type of endosperm: 

either a.re :mere lustrous and hard or else white and chalq in appear

a.DCe. !he iodine test quick:JT identifies the two types of starch. 

Comparatively recent studies have shown that the starch of the 

wa:ry oe.rea.ls has Dlal\V properties similie.r to those of tapio.ca. starch. 

At the present time ma~ :producers and plant breeders in the United 

States are interested in the waJcy sorghum gm.in as a source of tapioca. 

starch &lld for the manufacture of ether s:peeia.l starches. T~pioea. 

starch, consumed large~ as a, human :food. is also used in the p:repa

ra.M.on of a.dhesives for postage stamps, enYelopes, boxes and paclm.ges, 

and sizings for the textile and paper ind:v.stries. 

fhe chief sonree of tapioca. starcl1 7 prior to World War II, was 

from the rooia, of the cassava. pl.ant. ~ utilissim., J?ohl~ which 

is grown abundant]¥ in the Dutch East Indies. As mneh as 375,000 tons: 

of this product .ha.V'S been imported into the United States in one ye.e:r 

but as a result of the ua.r in the Pacific this source of b,:pi~, starch. 

is no longer available. Consequent~, it has 'been suggested by the 

1 Figures in parenthesis refer to "Literature Cited". p. 20. 



sorghum investige;i;ors tbE,,t the wr-.,,JQt-seede sorgb.u.ms be utilbeo. a.s a 

domestiei:1lly p:roclueed substitute. 

Gra.sses in which there are known to be str~ins 1"19,ving the i.JJ't'),x:f 

endosperm inclu.iile corn, Ze.tc1. m-si,;r~, L.; sorghtL.'11~ Sor5hU.i.'Jl zi,:i.lga:r~_. Pers.; 

rice, Qr;:.rzm. §fl,t iva, L. ; "b&.:rley. lfo:,:,d.~ 3tw1.lwe.. L. ; :p:roso millet. 

PgnicWJ! milacewn, .L. 

]lo de:ltlnite studies with the wc-:zy type ee:rea,ls ~ve been ?ll11de to 

determine the eft'ect -of the ~V gene on the y1alct -of gr~in whex;, the 

w~. heter9zyg;ous.. and starcey genotypes al"e derived :from the $&..roe 

parenta,1 stoek and compared on ft unifo-rm basis .. 

:the p:rim--::,,r,r obJectives of these inveeti~tions were to determi:ue 

(1) the ef'f'eot o-f the t-ira.xy gene on yield, (2) the relc>~tive difference$ 

in yi,eld of the waxy f heterozygous. and. starc?o;v .genot3--pes., a.nd. (:3) the 

seg:reg:a,tiofi .for the w.a:xy fl..Yl.d starchy allels of self •fert.:i.lbed heter

oeygoo::s :pla:nts. 

Experimental data regal"ci.i:ng the effect of the wa:icy' geue on the 

yield of gmi:n (ijlf sorghum a,nd other grass crops such t:i.s corn, r:i.ee, 

barley, and proM millet when ·the })[:},re:ntage of the rJ'axy $l.'.11d staroey 

genotypes is identical is spa:rse. However, considerable .:i\Ata ,::;:e 

available concerning the inhe:ri tance of ihe wa..,v /b\D.d starchy ge111es 

al!d how the two genotypes may be identified. 

the second gene:tatiol!'.i!. hybrids from a i."mx;:t crossed uith a sweet 

t7pe corn :produced starchy, i.raxy,. aud sweet seeds on the sarx1e self

fertilized :plant according to eollins and lten\'(}tm.n. (8). Separate 

weight,s of the three classes of seed showed that in nea;r);r every ear 



h~vier t~lA the sweet. !hey concluded the di:f'ferenees. in wgight 

t~s d.ue- to d.if'f$X'tl~ees in size since the specific-gmnt7 ae-temi:m• 

t.ions showed no :significant. -dii'ferences. 

·<fl 
.,J 

A -similiar stu~ ui th sorghum l\i&a made by krper and QJ].inby (12) 

in 1.937. !lo det-emitw to what extent the waxy gene ncl"iOO.l~ red.uees 

the · weight of the seed. the stan:ttr a!lii. ~ seeds from :3 seg:rege.t1Dg 

heads 0£ so:r~ were sepa.m.ted. s.nd tieighed. flw starchy seeds ttere 

f ~ to lm,,re a relative weight ot 104.~ as cor?pei.l!'ed to 100$ tor the 

the: JJ1 s.eed$ hiav& a atu-e!w e:ndospe.rm. !};he stfl,';relzy' e:ndo~em o£ this 

11 1\-v'brid C-L'IU\Ot be itis-tinguished from. thait .of homozygous st~ 

'ttarietie(h. tilth~ it beha.ves in an entiz-el,;r d.1:£'.f',erent ~er in the 

t·oll~t1>1.~ ~~,tion. $tl.-eh :r1 plants pred.uee both wrucy- an.d. gtarcey 

seeds in the F 2 generation. ~er (ll} ·11rfz@.tea that the ~~ gem 

ill. sor~ ia i:nhe~itee.- as z. simple P..endeli~ reeesaive., The pro-

~:pid m~s of dieti:r;g,.1:t.shing the ~v fron1 the $t~eh;r ganotne. 

Iea.rpe.1.'" (ll} npo:ets thZ1,t the cross-s.act1oned s,ll'f~ee of the wa.v 

seed stains reddi~-'browni whereas, the sti-irehy s:eeds give a typical 



ittm iodide s.1m iodine. He 2,lso reports that the reddish staining 

of the i:!a.JrY seed is confined to the endosperm stGJ,reh. the pericarp 

and embryo 1rtt11i:ni:ng blue. 

Probably more work has been done 1:;1ith corn in stwiying the "<te,;;q' 

obr:i.1~acter thtm uith ,,:rq other g.rass~ c.fhe "cm:.:iry chr:-rooter i21 r:K:'!,i~e was 

first degcr:i'bect in 1909 by Collins (6), who noted tr~t it i11volved a 

ne'ti1 type of endospet'm. He states thn:I; in inheritance, the 11fJ;xy gene 

beha:ves as a si~le recessive to the stardiy condition. Collins arul 

Kemptm.t (7) and Kempton {13) h1sve shoHn th~t the ua..v gene in eorn is 

only the su.gr;,;:i.:'f ge:r1.e is :recessive to t:n1X3'. They also st;cd:;e th'3,t in 

the 12 gener,1.tion.. segregation of the kernels 0ecu.r in agreement with 

the ::d.mp,le Mendelian ratio of j st~,,rehy to 1 w,~ 0,nll. xe:i:tl.ti is clis

p~ed in the endosperm st0c.reh when reeessive tl;;.'k"'Q'' flcw:er::i are ferti

lized. with tl1e itt:,;:reh,y ty:re pollen,. Segregation is visible in the 

gftJ!let·op~tie genel'ation of :hete!'OZ"";Tgous 1,le.11.ts and the w,;J,.,V a,w. starclJY 

p©llen gl"i:JJ.ns are produced in eqru:tl nmibers as initie:1.ted by the iodine 

te,.st. Similiar ~.;,:suJ.ts were obti~i:ned by J:iesMlbaeh and Peterson (lli) 

o:n the segi•ega.tio:ri o! c,sixbobyclra.tes in cresses bettreen w~ and staror.w 

t 3'J)es of eorn~ 

lnvestigations with corn by Demerie (10), »rink and F.e,eGillivray 

(4), Kiesselbaeh and Peter$on (l)!.,), Longley (lSL and Jrillk (2) s.lso 

demonstr:J.te the presence o:f the wro;y gene in the pollen.e 'l'hey shctv 

the presence of the wa;zy a,r.d starel:w allelomer_phs in the mc.'ll.e gameto

pbyte .of segregating plants in uhieh the w~ ~nd. starelJw pollen gra.i• 

~re produced in equal prOJ_)ortion. The Waz"J pollen stained a reddisb!"" 

brown eolo:r and the stareb..y pollen. stQ,:i.ned blue t1hen treatetl with an 



S1mil1a.r observations with rice in which the sta..rc}w gene is 

e-omplete~ dominant over the ~ gene were reported. by Janell (16) 

and. Chao (5).. !he two kinds of kernels and. the three classes of pollen. 

were diffeX'en\ia.ted by th&ir eolora.t1on with. .e.,n iot'.iin.e solution. the 

waxy plan.ts reddieh•brow., and the polle:n. from heteroey-gou.s :pla.n.t13 

SO'Jb blue ·and ;of& r-0ddish-br&wn. 

for the t'lla.'lcy" kernels a.ccol:'d.ing to Ke:rrr2~.,on (13).. Data repo1·t$d ~ 

Bre~:r (l} in connection 1dth limu:.ige st·;1dio!! in corn show a. 1$ 

shortage from the e~eeted number of w~ kernels. lJr1.nk (2) and 

Collins am!. Kempton (?) reporl shortages of 1. rl, an.a 1 .. 1,r;, respective-

11', 0£ wa.v kernels :troru selfed 1"2 hete:roq~oue corn plants., Kie.ssel• 

baeh a."'ld l?eterson (14) obtained ad.d.itional da:ta a.n& suntffla:rized all the 

the .expseted 2~ when the heteroz;ir@'te is selfed and O. ?~ deficiency 

from the ejQ;>ectetl 501; tfuen the heterozygote 1~ baclCC'll'GcSted to the 

insuf:fioient to definitely establish the onuses or eignitiesnce of 

theaa d.eviations. I.'.fi a. st.u.dy or 6,879 :rice kernels, Parn:all. ,(16) 

reports s w~r kernel d.e£icienoy .of l.9'b. 

G1llivr-~ (4), Kieaselbach and, Peterson (14). @..1¥1 XeID;;)ton (13). !!he 

:foll~wing e.m~e:e r.2-ve been pro:-i;>Osed: (1) lack of vigor of the pollen 



(2) di!f'e:rential selection of speN ·by female gametes; (j') greater 

death x-a:ta of zy-gotes homo.eygous fol' t..ra:q; '. (4) difterentia.1 death 

rate of the gamete.a during their to~tion $0 that equal mtJAbers do 

not funeti®. 

•tarials and Method.a 

!his study wa.s conducted 1a 1946 on the 0;-lahom ,Mri.eul tural 

Experiment Station AgronOJ.ltV 1'a:rm on level M~lle;r e~ l,~ soi).. ~e 

9 sorg~ .st;-a.int investigated were furnished by Mr. J. J, •. Siegli•r, 

Agronomist~ Sn ehe..rge of sorghum inve:stigation at the Qkla.hcma. Agri

cultural 1~erimen.t Sta.tio!!.. 

~e seed of each $'train t<m.s predueed by seU'ing F4 ~n@:m.ti~:P. 

heterozygous plant,s alll3. the :pedigree of each ts as toll.ow:u (1) 7J...; 

.&@ot& ::it.~l"l {:a). O.ody x Dwarf ~fu.ite feterite.; {3') 2l x. L91't1 x ~rl' 

White t:eter!ta.; (4) U ; Jaotj, x Yellow darso1 (.5} 2'.t z Ja;oti :it. 85.; 

(6) 21 ;s, Iieot1 ,c 695•2-1; (7) 71 :x koU x Dwerf White teterita; 

(e) 71 x Leo:U x llt,;iarf ka:t'ir; (9) Ooo.y x: Yellot-1 da:rso. ifha plantings 

were made ·~ 1,5., 1946, in 2-row :plota with 42-ineh row spaeing. ho 

be,..aer :t"OWS we:re p~ted adjacent t.o -the outside st~in on ee.eh side 

and 3 i'eet at the end of each row t-m.$ allowed. !or border. A job planter 

was us~d. to pbwt the seed so the spacing in the row e:OU.ld be contro11 .... 

ed. having 1 plant per 12 inches: within th.e roti. ·'J!o ilt$'.!lre a uniform 

stand., 3 to S s.eed.s were planted :pe:t- hill ~nd after the plants were 

wall er.;tabll_shed the;r were thin.11.ed to l plant. Genel'a.t eul.tu.ra.1 

methods, M!il.lillOlll. to th.is region, were practiced. during the growing 

.season. Al1 suckers ·or tillers were spudded out so onl;y 1 head per 

plant t"1S.S :prod.u.ced.. 



hequ.ent obeervations were m'.:Uie as the plants approached the 

'blossoming period and all t-he pl~nts ui thin l rou o:f ea.eh of the 

9 strains were self-polli:nated by bagging before pollen shedding 

started. Maturity &,,tes were variable among the strains with the 

3, d.wart types maturing during the early part of AU:gWJt and the 6 

srtandard types m.~turing in la.te August. 

Daring the pollination period a small ~t at pollen wa.s 

collected from each plant, in both ttie bagged and ,mbagged rows. 1!he 

pollen was placed on a microscope slide and stained uith a solution 

containing l .. S cc of potassium iodide ;,s,.nd iodine (st,oek solutioul"'Jg. 

of KI. Zg. of I. v and .$0 cc of ~O). ,50 ee o! water. a.n.d 15 drops, of 

gla.eial acetic acid. '?he plant genot~es of ~. heteroqgoua • and 

starchy were determined by st,;:i.dying the pollen 111'!.de:r the lot1-:f.lOWe1" 

lens (4,50x) of a mleroscopee PreviO'lls uork showed tha,t \ha w~ 

pollen stained :reddish-brown, the starc}w 'blue, and the heterozygous 

S'O~ reddish-brolJ<J"n an,1 So% blue (Fig. 1). As the pollen trolll each 

plant wae identified11 the plant w-a.s tagged and labeled a.ce:ording to 

genot~e. 

'fhe pollination period. for each strain ra.nged from S to 1$ aqa 

depending upon the weather conditions. Mter pollimtion bad ceased 

on the un'ba.gged rows~ each head was bagged and remained bagged. until 

harvest to prevent damage by birds. 

After maturity the sorglmm heads were a.lloitetl to thoroughly dry 

in the field 'before harvesting, September lS. All heads were harvest

ed. except those next to hills th.at produced no plants 1:n. the r0t1s 

which might show border .eff'eet,. A count of all the heads, before 

d.isoe.rding those sh.01:1:ing 'bord.ar ef'.fect" was made for each of the 



11.gure l.--Bepreaentat1Te pollen grains from a heterosygoua 
plant showing .. gngation into equal 1Jl111lbera ~ 
wa.:JY' and e\aJ."ClV graiu which a\a.in red a.nd blue 
respect1n]T. wi\h iodiu. ~ -ata.J."'Clv' gniu 
a.re 4ark and the WJ.:11' ~ in thia photograph. 



9' s:tra.ill$ and the m.unber in ea.oh genotn>e -was ree:ord.~d in order to 

determine the ratio ot segrega.t1on. for th~ '.3 geaotypea. la.eh heal 

•• threshed individual;cy- and the foreign mate.rial was removed trom 

t.he seed by using a small desk £an.. 

A torii11>n balance with a .capaei.ty «t 125 O'BJnS wa.a used in ma.king 

the weight detemniM.:tion for ea.ch head ~le. All wei.ghts are re

eorded in grams .• 

A separate anaq11is of Tariance was ;calcu.1$ted fol" the 'W'rucy' and 

stareb.r genotntet wi:tlnn each o:t tbs 9 strains t-.o detemine al\Y sigid

flca..nt yield dif!ei-enc,es. ~he bagged a,nd uba.gge-d conditions .of 

pollination were compared b1 the use ef the 1 test. 

!be am~sEUt e:f va.rianee of t,he e:q>erillental data are :presented 

in ta."bie l.. A s~parate a.na.ly's1s of variance was. ~alc:ul.ated for the 

wa;xy and s'ta.rc}w genoti;pe$ tdthin each of th$ 9 ·strc,:ms. Accol"d.ing 

\o the requiret't F valtws .in ; tr! l8 plots (baggee. nn-1. 'U:!l:ba,gge,l :plot.a 

tor each of the 9 &tra1nii}. the yield of the starcnw genotypes shows 

a significaxi.t iner~e,se ev1~.tr the \.re..,ry genetYJ)El at th~ 5% level ~nr.l. '\'.ri th 

one plot a.t the 11' le"tel. !l?he ana.~see of nrlance for the remaining 

12 plots indieat.e no :signif'iea:nt. differenee:a in yield far the two 

ge110typ.es. 

ll'ou:r et \he so-:rghuti stmi:1.0 including S bagged and. tmbagged rows, 

namely, the ua'b,,~d. rou of ?1 x .~~ x ?ell,01:1 dfl.1'so., unbagged rot..r 

of ?l x X.oti x 6'5-2--l, ~d row of 71 x Leoti. x »wart Wir. and 

'both the 'bagged and unbagged row·s of Ooey x Tellow darso showed sig

rd.fioa.nt increases in yield Qf starchy ever the wa;q, genotypes at the 
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'!able 1.-Analyses of vari ance l'>f f;:..·ain y ield ot bagged and.. unbaged 
plants in tr..J:Y and .. t~rc~ genotypes within 9 so.rghum strains. 

Swn ot Mean r values 
Stl"d.i Source D.F. s q_us.res ~quara Act-ual Required 

71 x Leoti x :Bonar 
Jagged !fotal. 40 4653.04 

Gtu type 1 j44.69 3411,.69 3.12 4.09 
En-or 39 4:,os.3.5 llO.Lr7 

Un bagged 'rotal 29 $673.84 
Ge not e l 179.14 179.14 0.91 4.20 
Error 28 ~.10 196.24 

iCoey x DWfl,rf ihite fetet>it& 
Bagged Total 30 U4J.40 

Genot;ype 1 19.19 19.19 o.~ 4. 18 
Error 29 1124.21 :,8.r, 

Unbagged Total 12 4?8. U 
Genotype l 21..40 21.40 0.52 4.84 
Effor 11 456.71 41.52 

·71 x Leoti x Dw rt White teterite. 
'.Bigged !otal 4'.) 1742.9'.3 

Genotype 1 61 • .53 61.5'.3 0.70 4.<.17 
Error 42 ::,681.40 87.65 

tfubagged Total 22 ·798.58 
Genotype 1 103.27 103.27 '.3.12 4.32 
llrror 21 695.,1 33.11 

71 x Leoti x Yellow darao 
llagg6d !o\a.l 41 9196.58 

Genotn,e l 817.53 817.53 .3.90 4.08 
Error 40 B:,79.05 209.48 

tfnb&gged '?0'8.1. 40 12817.86 
Genotype 1 123?.66 12:r,.68 4.17• 4.09 
:lrror l9 l.1S80.18 296.9' 

71 X Leoti X 85 
ligged ~otal 34 7089.96 

Genotype l 1.Sl.06 1.51.08 0.12 4.JA. 
lr:ror )) 6938.88 210.Z'/ 

Un'bagged Total :,o 3451.28 
Genot7Pe l 14.01 14.01 0.12 4.18 
J:rror- 29 3437.27 ua.s, 
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fable l.--Cont1nned 

Sum of .Mean 'P Talue-a 
Stn.in Source D.J. squa.r~s aqaare Ac\ual. Eequired 

71 ,x Leot1 .x 69$-2-1 
J!agge4 Total 38 3488.16 

Genotn,,e 1 ,u.26 6U.26 ?.86 .. 4.11 
Error YI 2876.90 ?7.75 

VD.bagged Mal. 29 SJ48.49 
Genotype 1 1,,.,s 759.96 4.6,•' 4.20 
l:r.ror 28 4588.51 16).88 

?1 x J.eoti x Dt,a.rt White feterUa 
Bagged !otal 37 aa,1.77 

,QenotJ'pe 1 667.25 667.25 2.92 4.U 
lrror 36 8224.,S2 228.46 

Un.bagged total 30 ?-214.8? 
Genotn,e 1 171.67 171.67 0.73 4 .. 18 
Jrror 29 103?.20 242.66 

71 :x X.oti x Dwarf ka1'1r 
lagged !ota.1 '.32 2504.6.5 

Guo~ 1 LK>,.07 40J.07 5.95• 4.16 
llnor :,1 2101.58 67.19 

Vnba,gged total 3? 6403.45 
0.nov.pe 1 ]36.02 1)6.,02 0.78 4.·u 
hrc '6 6267.43 174.10 

C-oq x Yellow darso 
Jagged fo'8l. :,6 6193.14 

Geno'7Pe 1 1'4.31 764.Jl 4.93• 4.12 
lrro:r '.35 5428.83 1.55.11 

hbagged 1.!o\al :)6 5636.24 
Geno'7Pe l 764.06 ?f:A.06 s.49• 4.12 
lnU' ,s 48?2.18 139.21 

• 'Jndicatea that the ., Ta.luea exceed. the va.luee requ.ired :tor 
aignif 1cance at the sf. lenl. 

•• In<!.ieg,tes that the ., ~lu 
for s1gn1ticanee at t he ii lnel. 

exeeede t he value ot 1. 'J? required 



5% level.. fM caleula.ted. F values we:re 4.17, 4.63., 5.95. 4.9:,1 a.ud 

j .. 49 :respeetivelr-. i1hile t,he reqn1:rel1 ! values to slww significant 

c.ifferenCt3S in~iel.d at the ;;'/o level we--re l~.09, 4.20, (b.16, i}.12, and 

4.12 res-peetively .. 

'the b-..:i.gged plants of ll,x Leoti x 69.5-2...;1 shot.red e, signifie9..ntly 

higher yield for the stt4"clw genotyp~ at the 1% lt.!vel.. 'fhe cmlculated. 

F ·TaJ.ue t>1a.s 7.86. while the <l!'&qtd::red r v-alia to show dgnitioa.nee at 

thi a level w11.s 1. 37. 

~he ba.ggect rc;u ot 71 x lae.ot1 x :Bonar, unbs;ggeo. rot1 ot '21 x Leo-ti 

x Dtra;rl' 11'L'i.ite :f'eterit.a. bagged row of 7:.1 x .Leoti x Yellow dars-o, and 

the baP'~ row o:f' 11 :,i; Leoti x Dt..;FAr£ White r:eterita sb.Qw no signif i-· 

cant dittar-enoe in yield for the ~ e.nil. sterctv genotnes btlt have 

:rela.\ivel.y high F values. 'fhe e-::t:lcula.tced .,,. values for the above men

·U.oned e\rt.> .. ins are 3.12, 3.12. J. 90. and 2. 9·2 respeetivel.y-. whi1e the 

:reqw.red F ·values to show signli'iea.nt dif£er1:mees in yield at the 91, 

level '£01" theoo 11lots are 4.09. 4 • .32,, 4,.08. and 4 .. ll .~.s:pectivel,'. \fhe 

genotz,rp~ls :tn 8 e&U.t10~1l :vlots have VG:?.¥ los,r ;i ,.r,:,lu~s~ n,ngi~ fro• 

0.12 f o:z the unb&.gged r-ow of 21 x Leoti x 85 to o .. 91 f.or the tmbagged 

row of ?l x Leoti x ]e:m2c:.:r, e:n.d 0~1.oir no indication th'l.t significant 

dif'ferenees in y1eld might ocet.u~ if. $1:milial' tests were repeated. All. 

t:n. rsq,'U'irad F ·•.ralus to sho¥1 aignli:te?..tro'~ at the 5% level f':or these 

8 plot a exee.etl 4,.. o. 

ct the 9 sorghom strsJ,11& test·en onl,y t>:10 showed a significant 

im::rease in yield of the s·l;am.hy over the Wa:itY ger.etype for 'both the 

~ged a.nil unbagged :pl::tnts, whieh miglrt indicate tho.t there is a stmin 

difference in yieleL £or the two genotypes. ~e W'f);Jey" never yield.en mere 

th&!.n the starel,y ~n.otype in ·a,ny of the plots. 



The requir d F values to show significant differences 1.n y1el d ot 

genotype for ach of th 9 trains r lat1vel:y rge. which 1 

probably due o a. gr •ater var tion 1.n the weights of the heads with

in a genotY.P than b tw n the vtruq nd starchy genotn,ea. 

Allalyset ,of aria.nee were also calculated in which the he eroey

gous genot,-p a.s included with the~ a.nd. sta.rciw genotypes. !he 

het roeygou g not7Pe. being intermediate 111 y-ield., had a tendency to 

narrow the 71el gin 'between the wa:,;y and s ta.reey gen"°types thua 

a.llo the t eh;r genotype to yield eignif'1cant~ more than the 

waxy genotype t the 'JI, level tor only l ot the 18 plots. On the batil 

of odds o~ '19:l this d.1:t'ferenee be du& t o oh.a.nee variation. Th& 

'bagged row of the strain '71 % Leoti X 695-2-1 flhO' ed. the signif'leant 

diffe,rence . having a.n actual 1 T&lue cf 4. 01 and a requi:t-ed F Talue of 

J.12. 

~he yield of seed f r om the bagged and unba.gged pla.ats for each ot 

the 9 stra ins were compared by the use of the t t e st. Thre of the 

strains sho ed no aignif'ica.nt d.itf'erenee in y1.e1d, vhile the ttnba.gg&d 

p lants of two strains showed signif'icant'.cy higher yields at t.he 51, level 

and 4 strains at the 1~ level. Since considerable worm and mold damage 

ocelln"ed on the bagged heads. 1t i s ditficult to accura.tel.1' measure the 

eff ct ,of .cross polli11ation on yield. 

The percent yield (based on va:q as 10~) • the a«vera.ge 1 r~. and 

relati·H yields !er the wa;q. heteroqgoua. and sta.rel\v genotype• within 

the 9 strains ot sorghum are shown 1n table 2. '!hese weight• represent: 

an aftrage of the bagged and unba&Pd plants of ea.eh etrain. Conaid.ering 

the a'Yerage weight. of the W&ley' head• for all atra1na u l ,~, relative 



weights of 104.~ and 111.4% were found for the heterozygous and 

eta.retw genotypes, respeeti e~. These data. indicate that the 

hete:r-ozygous genotype is intermediate in yield. Although the range 

in head wights tor the 3 genotypes within each o! th.e 9 strains is 

quite va.riable, the starel\Y genotype is consistent~ the bighet!it 

71elder. Ooaaidering ea.eh atra.in separate~, eTen though the 7iald. 

among the 9 aorghwn ,atraina was qui\e 'Variable, the starcb.v genotype 

7:lelded more than the heteroqgou am 'W8.Jr1' genotypes. The heter&zygoue 

genotype also 7ielded more than the wa:q genotype in each of the 

strains with the exception ot Coq x Dvart White feteri\a, whi .ch 

Jielded '9.~ that of the wa:q. !he high.eat percent in.crease in 

yield tor ibe atarchy OTer the waxy genotype was r ,1, in tw strains, 

71 x Leoti x 695-2-18.11d e~ x Yellow darso, while the a\arch7 geno

type of Cody X Dwarf White feter1ia 7ielded only si more than the Wa:JCI 

genotype. According to the data. presented in \able 2 the atarob.)' 

genotype 11elded 11.4'1, and 7 .11, more than the ~ and heteroqgaw1 

genotypes. respectiTe}T, which ahow• a. .definite trend for the starch7 

to give higher y-ields than the wa:q and heterozygoue genotypes. 

Oaunts of waJ::¥, heterozygous, and .eta.reey plant• from the 9 

segregating sorghum strains were made and ·compared. with the Mendelian 

expectation. !he J1'11!!1ber of vaJcy". heteroqgou.s . and atarclJ¥ plants in. 

9 progenies of self-fertilized, heteroqgous plan.ta compared with the 

number eX!)ected in accordance with the lt2:l J\vpothes1s 1s .shown in 

table 3. !rhe obserYed numbers 1'or ea.ch atrain cloee~ f1 t the Mende

lian n.t1o of 112:1 except for ~he e\ra.in. 71 x Leoti x Dwar.r White 

feterila, vh1eh showed a signiflcan.t differenee at the S'1> lfl'el. 



Table 2.--Avera.ge, range, and relat1Te yields (ba.aed on WaJcy' a.s 10~) of wa.xy, heteroz;rgoua, and atarcl:11' 
genotypes within 9 sorghum strains • 

.,.....- ~ --- --

Strain WaJ'T B'e\erozygoua stal'OlV' 
Av. wt. ~· Yield AT. wt. :Range Yield Av. wt. Range Yield 

71 % Leoti X '.BoJJ&r 

Coey s Dwarf White 
feterita 

71 :Z: Leoti X Dwa.rl 
White f eterit& 

71 % Llot1 X 
Yellow 4&.rao 

'21 :c Leoti x BS 

71 X Leoti% 695-2-1 

1! X Jieot1 X Dwarf 
White teterUa 

71 x :Woti x Dwart 
lratir 

Co~ x Yellow darso 

ATera&e 

gme. 

6:,.4• 

JJ.8 

32.7 

66.S 

s,. 7 

.52.0 

so.6 

4,5.0 

S4.1 

so.2 

gma. 'lo 
44--90 100.0 

2:,--48 100.0 

18-'6 100.0 

4,5-102 100.0 

;2--82 100.0 

'4--92 100.0 

36-69 100.0 

23-68 100.0 

40-74 100.0 

100.0 

*Avera&e weight of b$.gged and unbagged head.a. 

gma. 

66.7 

:,:,.6 

36.0 

68.9 

S4.o 

55.1 

51.1 

46.6 

59-9 

52.4 

.... f; 
47-104 105.0 

22-52 99 .. 4 

1S-S6 110.0 

42-112 10,.0 

JS-83 100.s 

jl--87 105.9 

27--82 101.0 

28-67 10).6 

36-93 110.0 

104.J 

gma. 

68.8 

35.6 

36.5 

?6.4 

S7.l 

61.2 

S,.2 

so.4 

63.6 

56.3 

gme. 'f, 

49-104 108.0 

2:,--s, 10.s.o 

20-59 111.0 

47-llS 114.o 

4o-88 106.0 

:,6-88 117.0 

26-88 11:,.0 

23-67 112.0 

40-104 1.17.0 

111.4 

.... 
\1' 



fable ).-Nu.mb-ers ot wa.x;r. hetero,:,ygoue , and atare}W s orghum plant, 1n 9 progeniea of .elt-tert1lhed. 
heteroqgou1 plants with number& e.2;pected under the 1&2;1 ]vpothet11, and Talue1 of Chi-square. 

Stra.1.n 

71 X Leo\1 X Jollal" 

Ooey x Dwarf \fh1\e fe\enta. 

71 x Leoti x Dwarf' White feterl\a 

71 z :Leoti s Yellow dar•o 

71 X Leoti X 85 

71 X J.eot1 X 695~2~1 

71 x t:.oti z Dwart White 1e~er1'8. 

71 .z Leotli x Dwarf ka.t'1r 

Ooq s Yellow ~•o 

Total 

total O'bserve-4 llxpect•d 
B'o. 

:Plants W'aJey' Retero... Staroey ~ lete~ Starcb1' 
eyg~ qgoa• 

123 2? 62 34- j1 62 )l 

10.5 22 50 " 26 s2 26 

110 21 54 '' 27 54 27 

107 26 48 33 27 S4 27 

87 23 42 22 22 44 22 

u, 28 57 '4 jO 6o ,o 
93 16 44 '' 2) 46 23 

10, 20 J6 27 26 52 26 

96 24 44 28 24 4B 24 

94:3 207 457 219 236 4,Z 236 

!o\al to-r all atra.1nt. • • • • • M : 18; l> : .'J7. 84 
., 

Ohl-
1qua.re 

o.a1 

2 • .58 

,.10 

2 .. 04 

o .. l.4 

0.82 

6.!,7• 

1.73 

1.00 

• lnd.icate-s tha.t the value tor Chi-aqua.re e2:ceed1 the "T&lue o! 5. 99 ~•quired for aignlf 1eanc• .at the 
;'/, level. 

~ 



fh!s dit:f'erence ~ be due to cba.noe variation since a. relativeq aall 

mnibe:r of' illdivid.uals were used. '!'he CM-11qua.re values ranged from 

0.14 for the atndn 71 x Leoti x 85 to 6. 57 for 71 x ~ot1 x Dwa.r! 

White teter1ta. The probability when the 9 strains a.re totaled ia 

37.84%, which indicates that similiar tests~ be expected to give 

approximately the aame observed. numbers between 'JS"/o and 40% of the 

time which is considered to be a. good fit -to-r a 1:2:l ratio. 

A further at-q- was made to determim the percent W8Jey' plants 

produced f .rom the entire popula.tion ~ bagged heads nth1n the 9 atra.ina. 

In this teat 94) selfed J'2 hetero~ygoua plants were obs·erved, 207 were 

wa:x:,, 457 hetero!ygous, and '279 atarc:to" aa de\ermined 'by the iodine test. 

1The &xpected numbers are 2:36, 472, and 2)6 respectively. on the be.at• 

of a 1 .:2:1 l'&tio. According to these observation-. 21. 9'-11, of the plants 

were of the waxy genotype or a de!icieney- of J. 01i tram the expected 

25~. l'ollowing ia the percentage of wa::q :plan.ta produced within each 

;of' the 9 he'1;erozygoua selfed atra1n_s: 71 ,x Leoti x :Bona.J', 21.9~; 

Co"1' x Dwarf White !eterita, 20.95%; n 4 Leoti x Yellow da.rso, 24.2~; 

;21 ,1; Laott x 85, 26.44%; 11 ;x Ieoti .x 69:5-2-1, 2:, • .s": 71 JC Leoti x 

Dwarf White !eterita., 17.2o%; 21 ::z; I@ot1 x Dwarf' lrafir, 19.42%; Coq x 

'Yellow darso, 25. 00%,; 71 JC Leoti x Dwa.rt White teterita, 19. fY:11,. !he 

percent ra.nge .of wa.::q plant a produced. within the 9 strains was from 

l?.2~ to 26.Ll4i. !l.'hese data are 1n agreement with those ot' -Si.egli.Dge~. 

who recently examined 24 ~brid •tra.ina and found an aTera.ge Of' 2J.1Si 

:Plants ot the V&lQ" g-enotype produced when the heteroqgaus plants were 

2 l111pt1bllehed. 00\ll"teq o! Mr. J. :s. ,Sieglinger, in cbarge of 
sorghum iJ1Teatigatiou, Oklahoma Agricultural 3:x:periment Station, 
Stillwater. Oklahoma. 



selfed or a .def'ieieno:y of l. 85f,, f'zom the expect.ed 25'1,. T.he percent 

Wa::Jf:3 ty:pe :pl.ants :produced within the 24 hybrid strailll ranged from: 

17.18% to 26.3~. Sim111a.r experimenta l results tabulated by Xiessel

ba.ch and :Peterson (14 ) and Collins and Kempton (7) 1 working with corn. 

show a defie1ency of waxy kernels ranging from o. ?% to l. 71,, respect

ively from the expected 25'1, when the r2 heterozygote is eelf'ea. Pa.-rn$ll 

(16), working with r1ee, reports a. l.~ defieieney o'! ~ kernels trom. 

the expected 2~. 

Summa.17 

An experiment to determine the effect ot the -..rar:, ge;ie on 7ield, 

the rel.at iv difference in yield of' the ·.m:,,;:y, heterozygous·, and. staro11f 

genotypes , and tho segregation of' the waxy and starchy allcls !rom sel:!

fertillzed heterozygous plants within 9 sorghum strains w.s conducted. 

on the Oklahoma Agricultural Experiment Station .Agrononu 1arm in 1946. 

Since the data :presented in. this pa.per repre ent the results ob

to.inad. during only l year, no definite conclusions can be d.ra\l!l. The 

eonclusions mad a.t th1s time ncy' be altered by results obtained in 

the future. The 1 yea.r's data, hoi,ever, show the follouings 

1. The 7ield of the starcey genotype was significa.ntl;y higher than 

the wa:,;:y a.t the '1J, level for .5 of the 18 :plots inelud1:ng the 

ul>agge row of 71 x I:dlot,1 x Yellow darso, unbagged row of :zL. 

:.eti :x 695-2-l, bagged row of 'ZJ. x ~Qt\, :x Dwarf kafir, and both 

the bagged and u.nbagged rows of Ooq :x Yellow darso. 

2. '?he y1e1d 0£ the e\~ genotype was ,signif1ea.ntq hlgher than 

the ~ genot~e at the 1% lenl tor the bagged plants of .z.i_. 

leoU, x 69.5-2-1. 
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:,. ho strains, 21 :g Leoti x 69.S-2-1 and Ooccy- x Yellow darso, ga.ft 

significantly higher yields for the ata.rchy genotype !or both 

the bagged and unbagged plots when the a.mly1es of variance were 

computed. which might indicate that there is a. strain difference 

in yield for the two genotypes. 

4. fhe heterozygous genotype, being intermediate in yield, had a. 

tendency to narrow the yield margin between the Wa.JY and starcbT 

genotn,es when analyses of variance were calculated including 

the ~, heterozygous, and ·sta.rch,y genotypes. Accordillt; to the 

calcu.l.a.tiona only the bagged row of the strain 71 x Icoti x 

695-2-1 shoved a signifi,eantly higher yiel d tor the ata.rcJ::v 

genotype a.t the .5'1, level which mq be due to cha.nee varia.tion, 

11ince only 1 plot in 18 showed a. signU'icant dif :terenee. 

5. According to the average head weights a.nd rels.tive yiel ds o! 

wa:q, heterozygous, a.nd sta.reh,y genotypes within the 9 sorghum 

strains, the atarcJ::v genotype we.a consistently the highest yield• 

er. Considering the weight of the waxy seed as 10~, the 

heterozygous and mta.reh,y aeed were found to have relative weighta 

of 104.'JI, and lll. ~ respectively. 

6. The proportion in which the wa:r:,, heterozygou.s, a.nd sta.rcl:tv' 

types o-ecu.rred from selfed heterozygou.s plants approximates the 

Mendelian ratio of 1:2 :1. 

7. !he data presented show a. deficiency of 3.01% waxy plants from 

the expected 25i when the h,ybrid atra.ins were ael!ed. Of the 

varioua explanations that have been offered to account for this 

deficiency the moat plausible one would seem to be, unequal 

fertilization resulting :trom differentia.l pollen tube growth 

d.epe.nde:n.t u;pon. the va.:q factor or a linked factor. 
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fable 4. -Grain yield in grams o:f bagged and unbagged plant a i n waxy, 
heteroeyg0'118, and starchy genotypea within 9 sorghwn strains. 

.!¥1!4 Vnbagged 

Waq lleteroz:ygoua Sta.rebT Waq B'eteroeygoue S\~ 

g,as. gma. gas. gma. gme. gma. 

21; i.,,1 :i l9Pv 

55.4 66.2 76.8 76.4 55.6 68.4 81. 4 61.2 
48.2 60.6 54.2 62.8 72.3 92.J 77.6 1a.s 
13.5 56.2 60.1 74.2 82.1 71.9 6.5.2 60.1 
80.0 72.0 S4.o 55.2 12.9 47. 0 104.1 103.6 
.52.1 62.1 79.1 66.J 68 • .s 60.1 61.7 69.5 
5.5.2 59.5 69.0 75.6 55.1 ?4.1 65. s S6.a 
S4.4 61.2 67.3 86.l 71.2 61.7 72.6 67.5 
59.a 83.3 61.2 66.8 68.8 62.1 6,5.8 63.5 
78.8 63_.8 74.6 52.8 43.7 66.1 60.6 62., 
56.6 71.4 ao.o 58.5 72. 7 70.1 48.2 80.4 
47.S 48.9 62.1 49.4 72.5 60.6 84.J 52.5 
56.6 64.6 53 .4 58.8 90.4 71.1 69.6 83.9 
73.7 65.1 97.3 76.? 45.2 .56 • .5 87.1 60.8 
62.9 57.1 65.4 70.5 .56.8 69.5 80.l 72.4 
51.9 56.1 6.5.6 55.9 47.2 64.4 98.8 
S7.4 80.2 70.1 77.'J 67.2 
69.0 56.1 71.7 53.2 
72.7 5.5.1 61.2 77 • .5 
59.5 67.5 67.9 1a.5 

74.2 
1s.a 
,54.6 

AT. 61.3 6.5.0 67.1 66., 68.9 71.2 
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'l'a.ble 4. -Continued. 

Jlagged 11n'bagged 

8:z:J' Beteroqgoua S\a.rch1' W8X7 Heteroqgoua, Starcey 

gme. gms. gm·e. gma. g:ma. gms. 

Cody .g Dpr! White teterit& 

28.2 35.1 40.6 38.9 41.0 52.2 46.7 32.2 
33.7 25.5 24.4 22.9 :38.4 37.7 41.8 4.5.8 
36.9 31.1 30.5 24.8 4?.6 45.5 33.7 '.38.0 
42.7 23.9 37.6 25.9 37.2 36.7 36.1 54.7 
26.2 31.2 34.5 J0.6 38.9 42. 8 40.4 44.9 
23.1 45.2 26.0 47.8 36.8 28.6 43.1 '.34.8 
2s.1 27.:, 21.? :,4.8 4?.S 
33.4 '.32.9 Z'/. 0 39.2 
32.5 28.6 30.8 '.31.8 
29.1 29.8 28.9 :,2.1 
26.0 30.1 31.7 41.1 
:,4.S J4.8 25.9 '.3'.3.8 
36.1 '.32.'.3 25.8 27.1 
29.4 33.4 

'.3L5 
:,8.1 
23.6 

Av. 31. 2 30.5 32.8 40.o 40.4 42.6 



!able 4. - Continued. 

Je.gged 'On bagged 

War¥ He\erozygoua Star~ ~ Heteroqgou.a Sta.i-cl.v 

gms. gins. gms. gms. gms. gms. 

z1 :1 teot ! ;z; lhrn:t ite f'~terU.a: 

46.? Jj.'7 21.4 35,.7 32.2 46.o ')7.7 24.4 
44.8 48.4 ,4.6 3:3.e )6.J T.1,2.5 19.2 Jl.5 
23.3 28., 3:5. 'l 30.7 18.4 30. 4 26.2 26 • .5 
57.6 18.l J4.6 32.6 32.4 31.4 :,2. 8 '.36.8 
18.l 25.2 .53.8 40.7 26.1 26.9 34.9 32.6 
26.8 so.s 26.3 36.1 25.3 j8.8 44.8 36.2 
41.2 31.3 49.0 ::,o. 3 2:,.8 .50. 7 28.0 41.2 
25.6 42.8 39.6 41.4 34.8 32.4 29. :3 38.4 
22.1 50.2 4-5.2 34.9 32.2 31.6 14.9' 27.9 
44.S 25.0 49.8 '7.0 26.6 31} • .5 25.1 38.4 
.5.5.8 25.1 4?.9 5.5.6 15.5 ·39.6 27.4 
26.8 41 • .5 29.8 28.S .38.:, 21.6 40.7 
32.6 32.3 34.l 44.8 32.4 Jl.? 28.l 
jl.? 41.4 38.5 33. 7 Ll-6 .4 .34.4 

41.5 24.6 28.8 23.9 
39.2 40.l .51.6 
46.8 32.0 51.J 
4J.8 29.2 59.3 
4?.8 52.9 3.5.0 
27.9 .55.7 JB.2 
24.5 44.8 29.4 
J0.2 44. 6 4:;.1 · 
29.7 50.2 31.6 

S6.8 
29.0 
20.1 
43.9 
2?.4 
'.38.6 
37.8 

Av. :,.5.5 38.2 37.9 28.8 :32.5 33.1 
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fable 4.--COntinued. 

llagge4 Unba.gged 

Wa.27 Heteroqgoua S\arc~ Wa.:q BeteroZ7gou• Starcey 
-

gma. gme. gms_. gme. gms. gm.a. 

7& ~ Leoti ;t,;u.oy 9i:Ii2 

53.8 61 • .3 60.2 95.6 69.4 93.1 4J.l 83.8 
63 .. 9 52.3 48.9 58.5 57.2 69.? ?9.J 46.6 

101.8 67.9 74.9 78.8 79.1 68.9 69.0 78.8 
71.7 31.4 7?.8 84.4 ;1., 75.5 6.5.8 72.4 
79.5 90.6 56.3 82.5 91.8 S4.2 98.'.3 68.8 
80.7 66.l ?8.3 76.7 '79.3 88.5 45.9 81.0 
50.2 ?8.7 65.2 77.8 91.5 77.6 97.2 us.o 
75.3 .ss. 9 63.2 77.6 60.4 60.3 48.2 99.2 
52.5 ?8.1 64 • .5 69.S ?1.2 76.1 112.2 73.5 
49.6 ?l.9 79.2 7J.l 8J.4 41.9 85.l 66.5 
'.35.4 49.4 62.9 85.4 100.9 74.? 48..9 65.1 
51.5 65.0 .52. 2 97.2 47 • .5 62.1 68.2 110.3 
.s2.6 ?1.1 66.3 ?J.l 66.9 89.2 71.9- 79.:, 
'78.8 45.5 58.l S4.:3 4.5.3 54.a 45.6 88.1 
87.8 66.8 65.7 87.J 67.8 75.3 
47.9 83.4 64.l 103.0 71.0 98.S 
.$0.4 64.2 63.5 ,97.9 76.3 
63.0 59.8 46.4 75.8 

,58.7 50.6 
62.0 87.7 
72.3 94.8 
73.6 102.4 
56.1 58.l 
6 • .; 

Av. 63. 7 64.8 72.6 69.3 12.5 80.J 



Table 4. -Oontinued .. 

Bagged llnba.gged 

'WBJE7 &terozygoue S\a.rch3' Waxy Be ·te l'Ozy goua Starchy 

gma. gma. gma. gm11. gme. gma. 

21 z Leoti + as 
82.0 48. :, 8:). 1 82.6 64.7 64.4 37.9 56.0 
69.4 .59.2 39.6 75., 49.7 72.J 71.1 53.1 
59.4 55.7 4?.0 49.9 45 • .5 82.9 s,.a 58.4 
67.0 48.6 49.9 47.9 SJ.4 70.4 47. 5 41.2 
43 • .5 72.4 48.l 47.6 45.1 47.:3 62.2 69.7 
46. S 46.:, l~l. 5 9.l 53.J 42 • .$ .56.2 so.s 
:32.0 4j.l 61.? 47.9 s2.1 S4.7 45.3 40.1 
80.2 .50. 0 6;.s .5:3 .. 5 :,6.7 47.; .50.3 42.1 
59.8 43. e 48.9 80.9 :,9.0 59.5 48.6 .60.1 
37.2 41.6 60.7 .50.0 63.1 58.9 44. 2 51.0 
52.4 .58 .. 2 61.6 70.1 :,4.8 6.5. 4 44 • .5 
.58.6 5.5.1 67/3 41.6 40.8 7L7 
62.8 57.7 .50.:3 S7.5 70.2 64.? 
37.0 48.J 46.S .53 • .5 
j,5.8 56.6 ss.:, 

70.3 ,56.6 
88.2 31.'l 
59.7 68.6 
4J.2 
56.S 

A:v. S4. 9' ;:,.o 59.1 52.7 54-1 54.1 
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fable 4.--Continued. 

~ged 'Unbaeged 

Wa;q Heterozygous Sto.rel'W' Waxy Bet11roeygoua Starchy 

gms. gme. gma. gms. gms. gma. 

71 ;; Leoti :; 695:-2-1 

.55.0 46.? 48.8 SJ.6 61.6 51.6 sa.:, :52.4 
49 • .5 59.1 57.0 60.l 49 .. 1 .63.9 66.4 54.9 
,54.4 49.0 59 • .5 ;9.0 ·91.9 ?0.8 sa.6 76.1 
50.6 59.8 3e.9 63.8 48 • .5 87.0 .53.1 78.3 
40.J JS.8 4J.7 62.J 42.7 56.6 49. 8 66.0 
35.3 48.6 51.0 49 • .5 ,58.8 44.6 53.s 62.2 
44.8 47.5 46.6 3.5.9 42.6 57.5 70 • .5 71.5 
50.6 58.7 30.7 69.4 .58.J 86 .. 4 52.4 87.9 
51.6 4J.4 72 • .5 ;4.4 33.6 52.2 .52.1 64.5 
48.6 52.6 37 • .5 52.2 48.6 44. 8 J8.9 61.6 
56.9 51., 74.3 48.6 ,Sl.1-.6 60.0 50.7 47.J 
46.7 60.5 53.2 56.6 62.1 59.·1 61.4 56.1 
6?-4 68.9 47.6 42.4 65.3 5.5.3 80.8 56.7 
41.S 57.2 48.l 69.8 72.1 48.8 76.2 
52.7 58.l 49 .. 1 62.6 S9.1 6'-1-• .5 
55.3 .50.1 42.4 60.7 53.8 
40.4 .57.1 )8.1 63.5 81.2 
56.3 .51.7 64.8 S4.3 
48.l S4.8 64.4 

s1.1 
Av. 49. 8 51.8 57.7 ss.z 59.2 65.4 
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Table 4. --Cont.imted. 

Ba&ged l,Jnbagged 

WB.J:7 Heterozygous Stare~ Waxy Beteroqgoo.a Starc}V 

glDB. gms. gms. gme. gms. gm,. 
71 x I@o\i x Dyarf W)lite tet&rita 

6.5.2 44.2 44.4 67.5 65.1 5.5.4 63.7 64.? 
52.3 51;3 41. l 86.9 68.6 30.a 50.3 66.o 
·39.2 31/3 64.J 48. l 59.6 75.4 47.0 6.5.3 
36.2 46.2 34.8 28.0 47.7 70.2 57.5 75.1 
'.38.6 47.6 34,.9 64 • .5. 47.l 53.4 32.4 7J.J 
42.J 68.l 37.9 81.8 .51.3 6:,.9 4?.2 64.2 
39.0 4.5. 2 49 • .5 66.8 .55.1 67.1 65.8 26 • .5 
58.3 41.0 41.J 44.4 48.6 46.9 5.5.4 58.8 
55.3 39.7 44.9 76.0 51.1 82. 0 32.:, 69.2 
_54.8 'Z9.7 45.5 44.0 36 • .5 37.3 50.9 )8.1 
.52.0 64 • .5 42.6 60.1 52.7 49.8 66.0 19.6 
63.0 40.2 69.2 .5"9.8 40.4 S4.6 40. ,S 
49.8 46.7 ?9.4 40.3 65.4 68.2 33.1 
36.1 58.6 64 • .5 77.2 36.7 43.9 

63.2 ;2 • .5 27.1 44 • .S 
52.9 62.1 49.8 
47.7 64.l 
25.6 JJ.4 
SB.6 82.4 
73.1 88.:, 
64.1 
sa.s 
39.6 
79.8 

Av. 48.7 48.7 57.4 .53.0 53.6 sa.o 



53.1 29.6 4 .. 8.4 39.1 
45.9 42.l 48.J 57.6 
44 .• 2 ,,., ;0.1. b1.0 
48.7 ,;;.a 4St8 ,,.1 
52.2 J6.8 J9.8 s,.<2 
:;1.7 39.:; 42.3 ,2.9 
30.a £1,5 .. 4 4045 l.tr4 .. 8 
43.9 :50.9 4,5.8 54.7 
:t/ •. 2 ~c-0. 7 40.9 64 .. 2 
45.l 57.9 66 .. 4 49.6 
49.4 !1,0. 0 so.:, :59.2 
50.1 53.9 34.2 .57·.9 
,;2.2 55.6 57.5 .56.2 
34.6 62.m 49. 1 45.4 
4-j.2 61. 8 62.4 S?.4 

56.4 57.6 ,4.2 
34.1 !i,}j, 5 " .. 

36.1 

.51.2 

41.6 
.,2.5 
L10. 5 
65.3 
22.8 
28.8 
.50.1. 
4· ! ?.4 
f:1/.B 
51.9 
47.8 
49.0 
45.2 

45,,9 

55. 1 41.2 
35.6 ;,., 

4:hO ltf.1 
47,.2 5.5 •. 3 
5ti,.7 31 .• f 
t:,8.9 42 .. 4 
61., 37.1 
,a.o s1.2 
6!h2 40.9 
~-4.2 j9,. ;3 
W7 .• 8 ;2.9 
ti.z.s l~.5.6 
'.38.:t ;9.s 
lt2.8 !.}6.4 
:/7.3 49.4 
lt4.8 41~.6 
38.4 46 .• Ls~ 
!i-6.3 .55.0 
51.2 67.:3 
28.l 31.5 
44.2 42.6 

46.l 

55.:, 
52.8 
64.,; 
;6.4 
J9.8 
30.6 
23.3 
68.2 
. .54.5 
40.9; 
25 .. 1 
4:,.6 
60.5 
55 • .5 
,2.8 
58.9 
2'+.6 
42.3 
59.l 
67.2 
42.7 
58.8 
.57.1 
60.4 
52.:-3 
49.9 



!able 4.-0ontimied. 

,Jagged v·~~ n. . ·.l;t 

WB.Z7 Heterozygous Starchy' Wrucy- Beter~zygoue StaTcbr 

gms. gms .. gms. gnlth gm&. pis. 

00$-Y z Yt11ow; AAl@9 

50.4·· 46.S :,6.4 so.1 53 •. 1 56.9 62.5 6.,., 
44 .. S ,0.7 84.6 4?.8 67.6 :,a.3 4S.6 ,., ~ s 
so.2 6:;.:, 48.6 10,.s .52.0 ,4.4 57.2 74.6 
66.? s:,.1 .$2.4 40.l 74.0 76.2 S9., 65.$ 
ss.1 63.2 ss.1 37.9 5.$.4 51.9 58.4 82.9 
49.9 $9.6 78.9 ?S.4 47.2 sa.s :,4.l 72.? ,,.1 '2.9 ,4.1 62.7 57.8 55.9 12.a 40.:, 
5.5.8 42.5 51.6 72.3 sz.a 5:;.2 54.9 91.6 
'.39.6 45.,, 53.4 64.2 55.1 82.9 88.8 62.2 
ss.1 73.6 60.0 44.0 48.8 s2.s so., 62.s 
$4.2 01.1 65.7 66,.8 .59.0 80.2 42.2 65.l 
64.2 41.3 78.9 48.? 66.o 19 .. 1 s,;.:; 60.9 
4:,.1 sa.;:, ,,., 74.l ;$7.8 75.9 69.6 73.s 
50.0 53 O 67.4 61.8 59.3 .$J.4 49.6 . . 
41.4 68.8, 51.4 52.9 4J., 62.~ 
6o.f 57.3 49 .. 6 ,2:.e ss.-, 
42.6 48.0 90.7 
46.l 6:,., ,58.2 s,., 86.S 

41.1 
;:;.6 

Av. 51.1 ;e.6 60.7 56.9 61.0 66.o 




