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INID:RI TANCE OF RACE.IS IN'IERNODE LEYGTH IN 

CROSSES OF ACCORDIAN RACHIS 

The need for a variety of barley that does not 

shatter when being combine harvested has been realized for 

some time. It is believed that internode length, since 

this factor regulates the degree of compactness or laxness 

in the barley head, and brittle rachis, are the two main 

factors controlling the degree of shattering in any one 

particular variety. 1Ni th this knowledge, plant breeders 

would have a better understanding of the inheritance of 

factors affecting shattering which would thus enable them 

to more clearly plan their breeding programs. 

The problem 

What is the mode of inheritance of racbis inter-

node length? 

Problem analysis.--1. How many genetic factor 

pairs are involved? 

2. On which chromosome or chromosomes are these 

genetic factors located? 

Delimitation.-- 'Ihis inves tiga t 

data obtained from crosses of Accordian _ 
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extremely lax barley variety with five relatively compact 

11 J barley varieties, namely: 1. Coast III, 2. Colsess I, 

3. Colsess V, 4. Nigrinudum I, and 5. Minnesota 90-5. 'Ihe 

data presented in the thesis was limited to that obtained 

in 1347 and 1948 from parental stocks, F1 and F
2 

gener-

ations. 

Methods and Materials 

Since seven linkage groups (chromosome pairs) 

have been found in cultivated barley, the barley varieties 

used in the crossing program wore chosen with the idea of 

testing each linkag e group. 'Ibrough use of these linkag e 

group testers it was hoped that it would be pos.sible to 

locate the factors controlling the inheritance of rachis 

internode length within their respective linkage group. 

Accordian Rachis is a two-rowed, naked, rough 

awned, short haired rachilla barley with a white aleurone. 

Accordian Rachis originated from one of twin kernels. 

This specific kernel produced a plant normal in size and 

other characteristics, with the exception of an extremely 

unusual racbis (Figure 1). 'Ihe individual rachis segments 

are very long as compared to those of normal cultivated 

barley and are curved in such a way that the ef feet is a 

zigzag rachis which is elastic under tension. Accordian 

Rachis was used in all the crosses in order to determine 

the inheritance of the difference in length between 



.ACCORDIAli RACHI 
MIN.;iSOT 90 - 5 

Fig. 1.--Accordian Rachis (long rachis internode type) and 
Minnesota 90-5 (short rachis internode type). Other 
parental types not shown have slightly longer rachis 
internodes than Minnesota 90-5 but were classified as 
short rachis internode varieties. 



extremely lax types (Accordian Rachis) and short internode 

types. It was believed that this extreme laxity of spike 

exhibited by Accordian Rachis when crossed with the other 

five varieties as named previously, would make it possible 

to locate the factors controlling the inheri ta.nee of rachh 

internode length in their respective linkage groups. 

In order to determine if there was a significant 

difference in rachis internode length between Accordian 

Rachis and the five varieties with which it was crossed, 

a statistical comparison of parental mean rachis internode 

lengths was made. 'Ihe extremely high t values obtained 

when the s ta tis tical comparison was completed showed that 

the shorter mean internode length values for Coast III, 

Colsess I, Colsess V, Minnesota 90-5, and Nigrinudum I, 

when compared to Accordian Rachis were highly sie nificant. 

'Ihe barley crosses were made at the Colorado 

Experiment Station at Fort Collins, Colorado in 1946 and 

1947. One half the seeds rest:lting from these crosses 

were planted in the field evenly spaced in four-foot rows 

in 1947. ~hen these plants had matured, they were pulled 

individually. Measurement data was then secured in a 

manner describea later in this abstract from each of these 

F1 planta as well as for 25 plants of each parent. 'Ihe 

procedure carried out in 1947 was repeated in 1948 with 

the a dditional planting of the seeds resulting from the F1 



plan ts grown in 1947. At maturity, individual plants of 

the parents, F1 and F2 generations were harvested and 

measured as in 1947. Vlherever possible, from 4 to 6 

spikes from each F2 plant were saved to provide a populaticn 

from which a random sample could be obtained to plant in 

1949. 'Ibis procedure was necessary in order to check in 

the F3 generation the F 2 genotypes and the hypothesis made 

in 1948. 

After discarding the bottom and top four inter-

nodes of tl::e head being me Jsured , at least ten internodes 

were measured to obtain an internode length for that parti 

cular head. Ca.re was taken to select the head from the 

longest culm for measurement and only one head per plant 

was measured . Figure two is a photograph of the equipment 

used to measure any rachis which was too crooked to be 

measured with an ordinary millimeter rule. 'lbe rachis to 

be measured was first stripped of its florets and then 

placed inside the photographic print press which is shown 

at the top of the photograph . '.Ihe rachis being measured 

was held in the press by a piece of glass frosted on one 

side. 'lbis rough side made it possible lo measure the 

rachis by followine; the outline of Lhe rachis with the map 

measureing Gevice shown at the bottom of Figure two. Data 

CO'.nparisons be tween F1 and F2 generations or be tween 

any of the parental lines and the F1 and F2 generation was 



Fig. 2.--Special apparatus used to obtain measurements . 
Upper photograph shows a wooden frame enclosing two 
barley rachises as held in place by a frosted glass . 
Lower photograph shows a Universal Map Measurer used 
in tracing the curved rachis internodes. 



done using parental, F
1 

or F2 measurements obtained during 

tbe same season. 

The observed data on qualitative characters 

segregating· in the F2 was compared to calculated theoreti-
2 cal ratios and tested for goodness of fit by use of the X 

(Chi square) test when two or more phenotypic classes were 

involved. 

To check the F2 data for possible linkage of 

factors controlling racbis internode length with the 

qualitative characters studied, mean rachis internode 

lengths for comparable qualitative character classes were 

tested for s ignif ican t differences by use of the 11 t 0 test. 

In order to obtain a theoretical distribution 

for the F2 rachis internode measurement data, the Castle 

formula was used to estimate the number of factor pairs in 

volved in the parental differences. 

Dis cuss ion 

Comparison of parental mean internode lengths 

for 1947 and 1948 supports the findings of Harlan and 

Wexelsen where they found that density may vary s ignifi-

cantly in different seasons. 

Data supported Neatby's and Wexelsen 1 s findings 

in that one or more factors controlling inheritance of 

rachis internode length is located in linkage group I. 

Data also supported Wexelsen where he found indications 



that another factor controlling inheritance of rachis 

internode length was located in linkage group V. 

'lhe data did not completely support any one of 

t he three types of F
1 

behavior reported by earlier workers 

Crosses of Colsess I, Colsess V and Minnesota 90-5 X Ac-

cordian Rachis in both 1947 and 1948 plus crosses of Coast 

III X ccordian Rachis in 19 48 show partial dominance for 

short rachis internode over long racbis internode. Re-

sults from crosses of Nigrinudum I and Coas t III X Ac-

cordian Ra chis in 1947 agree with res ults reported by 

Hayes and Harlan where they found a case of almost com-

plete dominance of short rachis internode over long rach is 

internode. 'Ille other four crosses gave mean rachis inter-

node lengths in the F generation ".Vhich show partial domi-
1 

nance for short rach is internode over long rachis inter-

node. 

Statistical analysis of F2 data from all five 

F2 segregations support the findings of Wexe lsen and Neat-

by who found evidence of the occurrence of trans gressive 

segregation. 

Linkage investigations.--Indications of linkage 

in Coast III, Colsess I, and Colsess V X Accordian Rach is 

crosses was found in linkage group I between the factors 

controlling number of rows and factors control l i ng racb is 

internode length. Data for Nigrinudum I X Accordian Rachi 
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crosses indicated linkage was occurring between factors 

controlling intermedium versus non-intermedium located in 

linkage group IV and factors controlling rachis internode 

length. Indications of linkage were found in crosses of 

Minr,esota 90-5 X Accordian Racbis between factors control-

ling intermedium versus non-intermedium located in linkage 

group IV, and factors controlling long versus short-haired 

rachilla located in linkage group V in respect to factors 

controlling rachis internode lensth in these crosses. In-

dependent inheritance was found between the factor pairs 

for s!1ort versus long internode and black versus white 

floral bracts (group II), covered versus naked caryopsis 

(group III), hooded versus awned lemma (group IV), rough 

versus smooth awns (group V), and green versus chlorina 

plants (group VII). 

Number of factor pairs differentiating the short 

and~ racbis internode parents.--Measurement class 

totals for the Nigr•inudum I and :Minnesota 90-5 X Accordian 

Racbis crosses indicated a difference of six pairs of 

factors while the Colsess I and Colsess V X Accordian 

Rachis crosses indicated a difference of three pairs of 

factors and the Coast III X Accordian Racbis crosses indi-

cated a difference of five pairs of factors as the best 

assumption upon which to base further study in respect 

to rachis internode length. At least three of these facto~ 

pairs are located in different linkage groups. 



Suggestions for further study 

'Jheoretically, the best method woulG be to selec 

random samples of each F2 measurement class as g iven in 

Tables 7, 10, 12, 14, 16 and plant them in the field in 

the sprine of 1949 in conjunction with all six parents. 

Measurements of individual F3 plants would be made as in 

previous years and the data would be ana l.yzed to ascertain 

the breeding behavior of each F2 measurement class. 

Knowledge of F3 breeding behavior should make possible the 

formulation of conclusions concerning linkag e of factors 

controlling the qualitative characters with factors con-

trolling rachis internode length as well as the number of 

factors by which Accordian Racbis differs from the other 

parental varieties in respect to racbis internode length. 

Such a procedure as outlined above would, 

however, be impossible to carry out due to lack of time 

and mone y . 'Iherefore, in order to use tbe above method 

the field planting would probably be limited to one entire 

family--the choice as to which fa mi ly to plant being de-

pendent upon which would g ive the most information as de-

termined by thorough study of F2 data from all five of the 

crosses. 
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Obapte:r I 

n?moL CTI ti 
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e noe for a v riety of ba~ley tha does not 

ahatt(l).r when being co bino - 1 rvosted las been realized f'a:r 

so et1oe . It is believed t o t 1.nternode lengt , since 

t is factor rouula tee the> dogreo of conr a.ctness 01"' laxness 

in the barley he d _, and br .. ttle rach1 are t 1e two 1n 

factors 001troll1ng tbe e~ree of atterin~ in any one 

particular variet • \' 1th this k:novJ'le ge plant bPeeder.s 

·oul h v a batteIJ un ers t a i ng of the in eri ta nee of 

feet rs a.f'feot1ng sl a.ttering b1(lb ~oul tbua on.able them· 

to mor ele rl plan tbeiti breedir.1£; progra .. s • 

~e .ero.l;> lE>m 

¥nia t 1s thEi modo of inheritance of raeb:ls 1nter-

node lengt ? 

~..---.-=--~ anal~s1s ~-- 1. 

,na 1.,l'I aro 1nvo 1 ved.? 

i rr;,0ny gene tic f ctor 

2 . On bicb ehro'lloaome or chromoso .• ea are these 

genet-C actors located? 

• el1-n1 ta tion .... - :i..s. ... 1we ... tiga t , .on w· 8" L ,m1 ted t o 

duta obtained rom crosse o ccorG.i n Rae ,·: s , an ex-

tr . ly lax. bat-l~ var ty i -h five rela.t_v ly com act 



10 
'barley varieties, namely: l. Coast III, 2. Colsess I, . 
3. Colses.s V, 4• tagriml.dum :r, and s. Minnesota 90'1'"5• The 

data presented in thit thesis we.re 11mi ted t,o that ob• 

te.ined in 1947 and 1948 from parental stocks; F1 , and. F2 
generations. 
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Ohapter II 
RBVIP OF LI . BA !ORE 

Seven l1nk~e group• have b••n 01tabluhed in 

c.ulti"A\ted harloyt the litet"aturo to:r "1'11eb NU: b&•n J.'e.., 

v1owd b7 !obertool:l, W:lei::I••· -ana X.er (ll) • 1941,, amt 
r 

R.ol:Ht:rtaon,_ W1$b0 1 -nd: Sb nd.:s· ( 12) 1 1947" S1ne:e a oompl•te 

rov1etw ot 11 tora turo ia b yond th.e .•cope or th1a theets,. 
the reader 1 :r~fettr~d to the above t110 ref ereneea fc'Jf- any· 

1.t\f'Gml\t:ton. regaz.ctttJg qualitative cb~aeter• atudi•d .tn 

· bbls JS>aaeaPctl probla. !ht l:S: tb.ra: t\U;'4 l"·1.tv1aw Pt-•1entod b. 
th:1• tb.$e1s ia lbnlttd to tho· o· studlu whte.h h~ve pr .. 

viousl7 1nveat1gated the utode· of 1nhor1tanee ot ... achia in• 

termd• le·ngth in barley anti ·will be diaouu-.d um ~ 

appropr·1ate bea41~•• 

~nY.~_mtn-.1. ~~r·a~lwt 

Harlan ( 4);, 19141 aftexw Ccomparhlg rach1e 1nte~· 

node data tor ono s1vEjn ve.:r1ety from one aeeaon or 10-00• 

tion · Against · the tJtnao VQ,,1~ty gro11n in a difter-ent · 

1e.aaon or l&ca t1()tl 0U>t1clttde4 tl:ul t . a pike d•M t t:r v . r1ff 

. marka;dl7 w1 th •·tuuaon and l.oett t ·1Qn• faelt;tn1 ( 16, 17) 1 

1933, ·am 1934, found evidence uppor,2.ng Harlan's eon-

olus1ons and ala~ round th t bord.e~ and apaclng effectl 
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w•r0 very impe>rtnnt £ac tGr$ eontrolli~ raehis internocie 

lellith in any ene given varie-ty. 

L1rlkf1.e;e 2;t raehls .An~wl'node le·psth wttll 2~h~~ plant 

et>;~:ae,tf)~! 

Al. th.01.lgh quite a lot ¢f wo:r.k has b•$n done i .tt. 

inlieri tanee of racb i~t 1nternode lenstn 1n barley> on1; 
lfea:tbt ( 10) 1 19291 and We:tel,een ( 4.6.); 1933" presented any 

ae~al 'data .enowing ~ny 1nd1.cationa o.r- l.1»ltaga~ Neatby 

( 10)., 1929, «~ro.••ed Guy Ma yle X Oanad.1an 'lho~pe and found 

linkage b.etween number of .r<;lws a;nd raeh1s int~rnod• 

length. !hf> aamce crr()es gave. no 1tuiloat1on ot l!.nkag~ be.., 

twe-&n th~ faotoriJ eon troll1tlg a.dher•nee· or gltnn&$ and ~. 

faetor$ c.ontroll1ng l'aold.a. internod·&, length .• 

\V:GJtel&en ( lS} ~ 1933, t'o-und a,n ind.lea tiou of' 

linkage be tween raohis inte-li'nod~ length and rough ve);isus 

SnlOoth &'¥Ins in a e:r~$a of Mach ine X 0.1,. ~252_.., In an• 

&thel' ¢r()IS.$. (Asplund X .Ab$d Bind~;r) W•xelsen tound 1mU .. • 

oa..tions of linkage. ~t l?a.ehis 1nternode lenstb with n~'b.,r 

of l!'O\V$• 

1he posa1b111ty of 11.nkag e of rachis interoode 

length and other quant1 tative characters Ml been r•pol"t;. 

$d in btlt two pap.e:t-$ .;- Harlan (4) 1 1914, in a study ot 
' ' twenty ·va.~ietiea ot barl~J.1. found a direot oo;"relati~n b,e• 

tw-een d¢ns 1 ty t:;nd eat"" lim~sa. while Ra yes and !ar la.n ( 5 l 1 

l9ao, re-ported. no correlatitm betwe,~n :rachid in.terno.de 



le-nath and plant vigor in oxaosse.a amo!)G leti Zeoe'.711WAi 

.P~attl1datum1 Manchllr1a., Hant$, Steigwn1 and Reid ·tpl•ph 

b•.:rleys ~ 

1\ b•havior 
~ ·-- . 

Each. of th,e papertt mentioniIJg the b:ehavi<>r ¢f 
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F1 pla.n t$ in re.g:arflt to re obis ~nt.&:rnod.• length· znay be 

plac•d :t.:n $1'1.e of tb~ee. ,gro\.tp:•: a$ follow:. l• l.ax dom1•nt 

oV'e.:r dense;. 2 . d~n1s•· dom1nant -ovett laltJ. and s. 1nt$~ed1a te 
b&tween the two parents. Spillman ei ~d by ll1t':f'en (ll.t 

19011 Har•s and .llaPla.n (5)., 1920; aWi Wex•lsen (17~• 19341 

report(fd. ero.$ses where tho :'fl. progeny was int•rmediat.• . 
be·tw:een tht> parents 1n resp•et to l'aehi$ tnterno4e l!rngth., 

' 
Hayes l:}nd l!arl&.n (5) 1 1920., reported a ·¢a$Mi» or· almo.tlt 

eolti.ple. te do•1.nanee of' cltUUJe ov•r lax in a eros s o.t 

Mancbnir1a X Svanllals,. 81ffen (l); 1907,. repc>rted a e••• 

o·f al:m.os t complete dominaneo of lax OV"f:lr dense 1n a eroea 

er Z&oct>.i't»n X Nutall$ barl~,s.-. 

NtUJtb~f S!£. £,1,ta tora tnvolve(i in 1plleJrl~ncfl' . ot r;a-ea_ta in~x-· 
,. 

eagti.eL leM th 

One.• two Q'r as many as six. main factor-s plus 

seVePal m1no:v !'actors have bQ·en proposed by various 1~ 
' 

\re.$ ti.gators. to ~Jitplain segres• t1onrh J:a7e,. and Ha:rl~n {.5) , . 

192-0,, . tound that its. ;r;>eepect to raehis 1nt~·r-node length 

tht 4rOefeS tl.a.neb.u~ia X Svanhal~ and Pyramid.a tum X a'<tt 



diff'er•d by on• m!ii1n, :f'aotorf the ePOlf Hanna X Seid 

~1,umph differed by two main fae tor•; the cross· BantU!t X 

Zeoeriton dUftired by three mtil,in tactol"•~, J:a:re• and 

Har.lan also conclnd~d that in add'.Ltion to the ma1n factor• 
found - to be pres&nt, m,od1ty1ng f ,ae tor& we.re ala.<l e\Tidt:nt1 

as did N'eatby {:1.0) 1 1929, and. von 'Ub1seh (13),,.. 1919',. as 

o~J~ed by 'W~UtEll&en t 17)'; l.934 .• 

:tn a er,a,s ·s of' Guy Ma yl.e I, OiuJ&d.ian 1horp.e ill 

add..1t1on to the m0-d1ty1ng faotors m.e,nt.ioned p;r>e\f'1Q.usl1; 

Ne.atQy (9); 19'29, obtained a segregation indicating the 

1nheri tano-o of dens.1 ty of spikEJ wa.o governed by on., Jda1n 

ta.eto.r. 

W'X$lten ('l:e, l.11)-1 1935 and l9~4; has· made one 
of' the most eextens1v• studies of th:o Ulh.eritanoe of rachis 

tnt•rno-de length a.lid found difterenctUi t>t one main f .aetolt' 

1n a cros• of ¥aehine X Abed Binderf two main faetora 111 

cr<.uss$s of Asplu.nd X A.bed 131nd•r, Aaplund X »ac:td.n$.; and 

h~bin• X '0~,1, 4252 1.n r$spe"-et to raeh1$ 1J!l.~rnode ltt.&Sth* 

Wexe1sen atttted that probably a:S ln&ny ·a:S fiv• factors wer~ 

eOn(}erned w1 th 1nh~~1 tanee <:>t raehia tnte.rnode· length. 

Vlk and l.unden (14}, 1928; eited bJ Wexe-lao;n {l.7,), 

1934• c:ros•ed Asplul'ld X. Machine $.nd Gbt$iaed a two factor 

segreg.a tiQn., .fo:r •hort v•r$US long ~aeh1a int•rnod•·• 

Lunden (8) 1 1931• c1ted by; W:exe,la.en {17) 1 .. 1934.t 

C.l"O$Sed Asplund X 00 295 and obta;J.ne.d ti two ~actor eeg:r$• 

gation •. 



v<:>n Ubl.sch (13), 1919, o1ted by Wexelsen (l.7}, 

1934:1 found that as the rangt\ be tw&en lax and deruH~ pa~~nt 

i®~'ased,. ·so d1.d. th<i number of faeto~s :., tote tbt.t t:Ollow• 

a . 34 (:iih57 mm,) x l:I.37 (3,45 -·) gave a 

one factor segragat1.on. 

s.3.7 (3..,l.·5 mm) X a:, s.pont (5,..76 mu1t) gav• · 

a two .tae t;o~ 4t:eg:rega. tion._ 

H.34 (24157. :mm. ) X H.40 ;<s .. ·75 mm, ) gave a 

three factor segregation. 

Huber (6)" 1929-.. cited by\V~xelsen (17)• 1934 

crotsed B,. '1.1.1 t&Qh• var.- ni~u:+&e&U¥t X A· d11·t;ichum var. 

Al!IPM. •hd obtained a two taetor •eg:"&gaitton with Ol'l$ 

fa.oto:r being s.trongeP than the otllQr .•. 

irans5ress 1v~ .et!l:S~~&~1~ion 

In th~ eroea Asplund X Sacramento,. Wexel•en (17) ., 

l934:; obt.a.1ned hom.o~y~ou• 11ne& in the F2 and F:s g e:tlE.trA• 

tions whioh W$re significantly l.O't)ge·r and. shorter thatt 
I 

the p~renta •. thllS i .ru.1.1cating that tJ?ansg.reas1ve aegr.t:)-. 

gation was occurring., Neatby (10); 1929,, in the cross 

Canadian Thorpe X. GUy Mayle Q.nd li~b~ (G)., 1929,, e1ted 

b·1 W"$.xel.sen (17) ,, , 1934;.• in th.e or·oas R• disticbwa va~. 

Ui1irigam X g., dist~p>a:irm var~ e1~1retij! al~o obtained ·t;ype.s 

which were 1ndica tive of the ooettrrenee of transgressive 

segr.ega tion:. Bi.ff en ( l). • 1907, .found that plant.1ng of a 



long or abQrt extreme measure.men·t ela:uJ 'W!Ua.lly demon-.i 

• ~- ted hQ:ntQ.1yge.:,1 t:;y~ 

6 

JI 
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Since seven linkage g~Cl>ups. (c~omoaome pair.a} 

ha~e been tottnd in ·eult1:vated barley-, tb.e barley var1etieJIJ 

ueed in the ort>Jila.ing program were chosen with the 1dea ot 
tea. t .1r:ig o·aeh l11lkQ.ge g:rcn.tp• lft> tf.t 18.blt l. 

Table l•• ... BAtUJ~Y LINKAGE GROUPS LISTING BARLEY VARIETIES 
USSD ,AS -mssas. 

' 

II 

.lil 

IV 

v 
Vl 

Vl:t 

' 
00$$/t lII1; <lolstHJS 11 Col• 

8$$8 v 
M1n.neso ta 9Q*6, JJ1g~·inuo.um 
' l 
Ooae t Ill,. Ooleess lt Col• 

sea.a V1 · ll1nneso ~ 90•5 · 

Colsea.f ·.Ii· Coi.a&S$ 'ft, M1rw:e·• 
so ta 90•51 Nig.r 1nuuum I 

JU.rme•o ta. 90•5 

Colaes.s. l1: N1gr1n'1dt:Un l 

Q-oast Ill• Ooleee11 V 

Tbrough us~ of these l1nlu1ge gro.up te.$ ters 

it is hoped that 1·t will 'tle poesible to ).ooa te th$ 

factora eentroll1ng the l.nbB'r1tanc-e ot rachis 1nternoQ.e 
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.~sol• tor ~•?lt1t1• ~e~1P!l!.,•r• . 

91~ factor ~1t-s 11-ated. tn table 2 were 1n"'~lv$' 
, 

tn !>ne OF' •ore. o.f th• five varietal ~re•,~•S alld tho DOJJtfUl• 

,cJ.aturo •• l!Uggested' br RQb$rtaJ<Lln,, Wiebe, a.nd Shanda {12) 1 

19:-4171 haa b.,en :follO:•,.d• 

\; .'). :·- ;_ ._ . .: - . r ;_; 

I 

lI 

'.tll 

IV 

VI 

VII 

ltlt 
I~ 

~ 
S.a 

AQaC 

An•n 

Fe:f o 

Ye Jo. 

Blf.u.»c V£h white tlo)'>al. 
bra.eta 

Oove:r!ed V$ « miked e1u·1~ 
op11• 

lloode vs. ~wns 
!nurmedi'tm.1 Vtt. non•inter..-

m•tliut1 

Reugb vs . .,. smooth awtia 
io.~ vs. sbcH" t-hairod 

V'S.<lh1ll~1$ 

G~ea:n "!St albin-0 • ·••¢ling eclor · 
Green vs . alb1no seedling 

color 
GJ;l&en v~a. chlorine. 

•eedltng aolor 
Gl"een vs •. V1l"•scent 

· #.$e.dl1ng eo lor 
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Ge~•t1¢ d&,•51r1p,ti:Rn Qf 1{a:t:'tttie,!J 

Aecordian Rachls is a two•rQwed, nt1lk:e-d~ rough 

aw·ned, short haired rachilla barl$y with a wh1.te aleuro.ne-. 

Aceord1ng to Martini. and Harlan (9).,, 1942:. Aecord1an 

R.aeh1s or1gina ted trom on• of twin kernels•· This .l1peeific 

kePnel pro4uc.ed a plant no·rm.al in size and otber cbarae• 

~e~1st1ea, w1 th the :elte~p'b1on ot &?l, Q.x·treuly unusual . 

:r>aehia (Figure ll ·•· '.f!he individttt'll i-$.eb1& ·••s~nts ar• 
VtJ'PY l()ng as eomp!t~$d to those .ot Mmal cultivated 

barley and are curved in such a way that the efteet 1.$ a 

- ~1gz~g raehi.1 wh1eb is elastic under tension. Acocn:•d1an 

Raebi,a wa$ u.sed in all tba ¢roast1s beoau:;ie while the 

<>the~ b4rlf!lY var1et1e$ Used $bow ·COntpactnef$. o:f spike 

(a func t1on. or inter node long th) 1n varying degrees 1 

Aecord1an Rach1$ 1s. an extreme t.ype , 1. .•. e ,, the· extremely 

l ong intePnod~ut a.e eho."Wn in Figure I give Aeec.u;-d1an 

Jtetebie a ve-cy 11;1x •:Pllte~ lt 'Wa& believed tbat this. •x.-. 
trenie lax1 ty of A1p1k.e exh1b1 ted by Aoeo.rdian Rachi.a When 

eroas~d. with the other varieties as ~ed pr$viou(!l1 w1l.l 

make .it possib·le to locate the factors eo:ntrolling the 

inheritanc• of raohi~ 1ntern¢)de length 1n tbe.1r r ·e*' 

S,P~·C ti\1~ linkage. ei~·OUpS • 

A factorial <ies.crt1pt1on of Aocordi•n R.aohis·, 

t()gether with the. lines crossed with it., is given in. 

1;'4ble 3 . 



2 

I 

~) 

i 
I 

ACCORDIAN RACHIS MINNESOTA 90 - 5 

Fig. l.--A~cord1an Rachis (long rachis 1nternode type} and 
Minnesota 90•5 (short racbia internode type). Other 
parental ty)es not shown have slightly 1on.:;er rachis 
internodes than Unnesota 90-5 but were o.la.ss1fied as 
short rachis internode varieties. 
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t1t:..~1 1 .... ;'S;al!lMA'tl ~&·it:U r-~ 'r.u ·~ n~ia'm'fil'Dl BAclJ .. f.A:l!>~'lll-.Jli!:§ 
~.<k.. ·*'j,!~<!!'~11.~ . "'"'. , ' ~- *"" +- ~·ii!"i!l'"~ srv .+r .. ~ .. ,~ 

·~~·K, -:· · 11 tiifit'iJl,~,Lt-_ lti1!'1~ ' '!;.. -··ra:Uff. 9.f"~&l.-: . .HZ- J.~s.&A .-. J; .J/11~rn.n1~rti: ., W;:Jsis ··:t1 'f.1¥1i;t; ,r ,.:.i:tJ: ·:.iCi ... ~-*· itr.t; .:. ;,:.1_:1 ·t11"1 '.J ... ,al i¥ :f P!lf1J1tf..El u;·(r.x . 1.:re:n.- ~ 1. . ' . ' 

iffval" '" · ··~l1it 

iu.t.ti·t 
•• 'ii: .... 1f. 
' .. . '.~"·•' ·~' ... 
••1t•t:•' 
~ti~ 

·· ,Q~ - · 

11~-­' j . 

" •· . ., \~ 
w '' . ,... '' 

.. *' u ' ' 

• *: . 1~ 
II • '• J_ . ~IJ 

·• • i• 

lllJJ.. • mt • ' . " .. • m• II . 

;If .. 
•• 
•• 

A. ... A. .... LL 11 ' I/~. · 
~ ~··. •:•·. rt 

LA.., ~~ 1.J1~.. J-·•.·.;•.: -~~ '".. . . .,-~ ~~~ 

.._... -~ .,..,, ""'• 
.... ~.. ~~ '•'- '~· 

1\~1-;;·~ •• . ~. ~ ""''; ... ·' i~. ~;,. '·c'' ',•. ~ ~I ;F-"•, 

In· t.)ttd&xe tG uho.W: tlle d.ttf:e~enc:~ 1n r-acb1$ inte-)1•· 

nod-e l.e.•th b~tw~~n Aeoo~d1an ltt~h1s 11m the f'iv" Y'Jiil"ietLt'I 

with which 1t W$;S etrO;t1.sad..,.. a $ta.t.istical com:p.ar1$on was 
ma<.l$ b.f the 11111·thG'd d&$o~ 11Ped b~ tie¢tard an<! Clark {7;SO•l),, 

1939• S·i:nQ·e. a "t'._ v.alu' a£ two· ·or m.Q;r~ 1.$ 1ntet.tPv•te~ 

·as 8'l4~wt.ng thtre ·1.$ a ·1ig111::'1oa-nt di:tt-e:t>·encec in tl'l:Q two 
V:altHHl b'$1ng eompar~d, the· eztrtmolJ nigQ.«t» v~lll'.es slv•n 
in Table 4 show that shorter m~.an tnternedtt l.~bi~ va.lue., 

for O'oe..s t XIl.1- Oolafi$'.::l· 1,, C()l:Ses• V·1 riU.IWe$.o ta Qo-~a., ~lld 

lU.grinut:l\00. I wbbn eompa1/"ed to Aeeo.:rdts.n k~his ar:e 

b.1ghl1 s ignif teallt·.-



~able. 4 • ...00MPAR!SON OF iu.mo:s INT.EffroDB tat«ltm:l BE?ilQN A:GOOWUN 
mmrts AMD EACH OF '1'BB OTHER F'!VE PARENTS 

Vtilri.ety ot 
-- ~~~ 

Aoootdian iachiCJ 

COO$U !Il 

Aoefi~~ &aohls 

Cols·e.dS I 

A~cmlie.n. Rachis 

Qo:W~ts v 

Ae~hilan RaohirJ. 

N:t~ttudu I 

Uean :tadlia l.ntemod• lt.n.gth$ 
1n - "'· val'U;f,s: : . :·mi!" :: ,.- ; :-•; ' :· - ti : lii1 t 'j$lilf .l,;.:: ~ ::::: ' ;: ,:, ·: .· : . !!J! :,t: .. ·: 

. $)'~61 % 0. '1298 .,.4, ~ 0.117~ 

l*9:S ~ o~o;.)6 .3~96 ,t .u.oa66 

9 ,61 t 0. 1298 

):w76 % 0.03~6 

9 .. 61 i .0.12,s 
2.41 * o.03a3. 

9,.61 i . o.U98 
tt.c4 t o.1050 

c, ,l.,v + "' · :'I'"'"~­,~~~ W.~i.f' 

9.4,;_ t o.u19 
) .$3 t 0.0204 

9.1*.s· t t>.,U19 
2.sh ! 0.0124 
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'lb~ ba:rle.y crossea ln this research problem wore 
mad• at t he OQlorado Experiment Sta t1on at Fort Collin-., 

Colorado in l946 rut 19471 One bait the seed$ resulttng 

fl1Qm thetJe c .J:'f.'19$'6:& wer.$ pla,nted in the t1eld QV$.nly •P'10f;ld 

in four•foot rows- in 1947.. Wh$n t hea·.e plant& had matq~ed, 

they wei-e pulled 1ndiv!.d;ually., M.ea•ut-ement de.ta were then 



J 
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seeured in a manner deecribed later in th1s thesis from 

each of the:ae plants as w&ll as at le:as t 25 plan ta of eaoh 

pa:ren.t '.+ !the proeedut-e carried out in · 1947 was repe-a t~d 

~n 1948 with the addi t1Qtial. planting of.' the S$eds :re•ulting 
! ' •• 

t ·tom the F1 p.lants; grown itt. l.947 ,,. At.l matur1t1t. 1md1vidu:al 

plants ot pa:r$nts, F1 and F3 g~nerat1o:na wer-e ,har~es·•d 

and $e$.sured as tn l.:947. Wber-ever po•s1'ble1, fx>om 4 to s 
$plkes from each r 2 plant tfe:re saved to prov!d• a PQl>U., 

la tlon trotn: which a · r .andom sa.mpl;, eould be obtained to 

plant 1n 1949. 1h1$ proeedu~e was nf>CGS$a1'Wy 1n ordtct> to 
r 

cheek 1n tbe ·F3 ge.ntJTa t1on pb•notypte elaa•1f1catiot:ut 

and hypoth.-•d·• ma@ 1n 1948 from ~ F2 iQgr'eg$tion •. 

E;;:c.;e$~1nlenta.l me t!\o,d$ 
•~a§'!lr\eg. ~g.Qhn~aue•, •·""lea.su.rtme;nt da, ta we.r& ob• 

tained by the same ge·neral Diethod«a ueed by Haye• and 

Harlan ('t3) :f' 19.201 Wexelsen (161 17) 1: 19341 and, Webster. 

(16), 1 1947 •. Afte~ dtseudirig tbe bottem and tGp fo~ intei-ilii'· 

nodes of the head being measured,. at least ten 1ntox-node,a 

\!f;@r.e mell$'Utted to obtain an l.nternode; length .for that 

partieuiar .h&ad. Gave- was talt&n to .seleot tht he:ad tr.oin 

th~ J.ongElst eul.m fo.r m.ea$ur~ent and onJ.1 o.n& head pep· 

plant was measur~d . !lxtremec var1ab1li'Y of the bo\to~ 

and top fottr 1nteroodes makEia; the1~ u1e probib1 tive 'Ilt 

raohia lnternode studies aceo~ding t¢> :ID,t..yes ·and Harlan 

(5)i l:9201, and Webste.r .(15)• 1947., .Figure 2 is a 



Fig . 2 . --Speeial apparatu used to obtain measurements . 
Upper photograph shows wooden frame enclo ing two 
barley rachiaes s held in place by frosted glass. 
Lowor photog~a h shows Universal ap Me surer uaed 
in tracing the curved rachis 1nternodes . 



SAl!PLE DA TA SHEET• 

>'aritiea in oroea: lli11.D111ota 90-5 and Aooordian Raohia 

Crose n1211ber: II-48-175-8 

Na, oL Leng ti.!/ llo. otY Intarnod~ 
plant in cm. intornodea length 

2998 3.8 14 2.71 

2999 4.0 12 3,33 

3000 4.2 10 4.2 

3001 3 ,8 12 3.17 

3002 6.4 12 5,33 

3003 4.6 16 2.88 

3004 3.9 12 3.25 

• Reproduc•d from aotlllll F2 data obtuin10d September 1948. 

l/ 1.!eo.s ure®nts ot entire rachi• exol~ing bottan and top four intarn0<les, 

?:./Number of in1'ernodes actually meosured per head, 

Fig. 3.--s mple of original d ta ~heot 
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photog:te.pb. ot the eqi:d,pmeat used to mtae'Ul'e t:tllf" r~b!t 

w.hlc-h •••· to• QJ:i&oke~ :be> b~ J!l&a$~l'•4 with an: e~d1nan 
lt'l1111me·te~ ~~l·•• '.the it.aehis to 'b.e me&$tt~•4 waa t:i:r·sb 

st~ippe« o.f tt& tlol'ttll and th.en pl.e.eed lnald.e ·the photo.-.. 

g~~nto .pr-:1'.@t ~~·•• 9h!·eh ia thowti &ti th• top :Qf . t!Mt Jb.c,o•· 
g:rapth The ~~ell.ii t<l;) ·'Ile: mea,u1re4 was held ta tla$. ·pre••· by 

a ;p1eee e~ t»euJte4 g1ar8't·• this !'Ou~ ~ii• made .tt Po=••tbl• 

. t.Q m•asl\U'*~ the J"achl~ .. b7 tolUw1ng tibe · ~u,·tl'.tne ot the 

~a¢h14 •1th th• map :measttr1ntg device ah own at Uh.ct bottom ot 
.ll·8•ll'• e:~ '!he .length <Jf'. ~aehit ,ltlt.$.SUl'·0:4 $'.nd. the a'Otttal 

. nwabc;r of 1nte.t1nodes mea$ttre,d was re~o"ed. in a data eheet 

as $h.own 1n P1pre.; a •. 
Da.ta ·¢QlrtpaJ'iaon• b·etween 11 and i'2 ge.n~u'~1'1oita 

·OP· be.t:ween an1 .ot th• pax-Etntal line• a.Rd :th$ F1 Qt" P2 

sea.-~a:bt0:n "WePe ma«e ~•1•; p~renteJ. •· 1"11 ·or Pa in••s11rem.ent3 
obtoaint.4 <luring the . ~· -i:ta'&On• thi& pr<>eedure wa.• 

.. 
. nee••·•e>r:J •ince1 a~e·.ord.tng to $everal. 1nveatigatol'••· dit• 

t"er•neetiJ ln en.•1ronm•nt. f~oin one 7••r to the l'l"tJti) i!if'~J .• . 

bP1ng about C·On•i<ll~rable var1at:1on. 1ri 1n,uer-nod-e l•ngth 

'Wlttltn o~• "lartet:y. wh.en a.ata obtained 1n one year .1$ 

oQlltparEtd with that Of anotbt!t- 7e.ar .• 

·.$ta,1$tt.i4al An~li•&• 

'lhe Qbeer..-ed d~ta on q·1.uil1t&t1ve charact•ra 

seg~egai1ni 1n tfbe ,.a we:r• compared t:o cal•u.lated theo:retl1• 
~·al r$'t1·oa and ttitted top goodn:ta.:$ of f1ib b7 u&e Qf the 
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x.2 (Oh! .... qua~e) ~ .t wben two or tn~~• phent)typte elAt&e# 

••.r• 1nvolv~d,, ·a.. genb~&1 t'o:r-multt tor x2 S..s • · tollont 

xS a I ~ . (O•,f.U2 j · .. .l?JI -· - .. . v 

'Wb.o~• o 6Q.tt1tla th~ o'G ·~l'~ed treqn•~1 ~r • p 11t1cula~ 
phenotypto class and o tbe ·C•leulat$<l tbeoretitl>al numne~ 

to.11 th~ •«~• olaaa blil&ed on the ·b7p:t~~Hli• that the a.ta 

t :otl·:t)W •om• cett,ttl1n .d1:ttrlbl.1.t1an• It u G'b•.!oua that, tb• 

m:~~• olo.t•lY th• ,Gbi:~u·v.a numb~ ~t't•• ws. tll tbe eal~ula t-
. ~ 

•4~ tbe imall$r will l.lt the X"' valu.e• !be. mothod ot 
1.n.ter~:e~ ti<Ul, ot %'$ valu~a a.a. to ~11" e1gn1f1cA®e 'ft# 

tlu. 1 . & Q.s ~t n•e4 'by f .1ohor (S), 19!4• 

'or tbe ~$• ot 11lustrra tlon; f.ftlbl.• 7 und.~ 
•x~l'*'imll11ta1 1"0t1U11*1 Will. bt Uf$ d-. _f1t:t& X2 -,,raltHr tn th• 

next to la.at oo1UM -ot the table weh obtair~ ff!)'IJl ••:eh 

p:henot;,p1c c1ius•1t1C$t!on by s p l1lns the, f<U.'m'1la to~ z.2 

a.- ""•v1oua17 S11" .n, ~ua_1, tot- the bla.~k cl.a••• x2 eqwtls 

r ,,,~fh·~iil!:'*~.l~. ,·t b tbdret1cal 'ftllue ~9(i .• 'f5 !$ tlbtii-4 

bf a:d41tf& th• oba~.,_ve4 f1'0 ·.q\\ene1 to:r blaok and wbi te •nd. 
multipl71ng by t~••~to~tblh Si!n1luly1 one•tGUl*th 

.lfq~ale .l3s.,ea,, n:i. xi valuo ,9,51 tor ~laek ,and •h1te 

•el~fi$at1on w • obtained by tho .$\.l1UUl,tlon ot the. x2 'lti'l.11$8. 

f<J,Xf both black and w-n1 te •- ~i~ la1. t -eoltlf1m au the r-11ht 

l:til.ta.A ma~tn, o:f ~bl•· "1 · a.t obtiatn..ed r~ Fic01•·¥""ht (3) 1_ 
-

1934, ~ble·t ot x.2 wber 1 ts e, number· "bowing th, 

-,r-
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. p~Ob~bllit7 dU;e to eha:nte alonQ Cf ol>ttalt;.tt1:)$ a r v.e.lu.t 

as g~•1a>t o~ greater than. was ~etually olitaitJ.;ed.. For · 

' ' 
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aean#i that '1 p$O.tt'$r, f .t t ., l•rg&l1 x'.2 v.altle) oe:ul.d b.. eXP$C -cl 
34 GU't of eve11 l~ tr·tala• 

1b• 4)bse-~V'.•d ·~ta on., t24oht4 i» torno-4•' letig th wu 
treat•ci by ~he s.te:tlo$.t1cal m$thods d••c.~ib•d 'b7 ·ieo-na.:-:d 

and Olar:k { 71 ,. 19391 aoo att ua•d. bf Wex&l.t$n t1g1 17.) 1 

193~ 14..:n,d 1934. 10 ch&elt the Fg data fott ~s.&,ibl• link:ag,.., 

ot · :t"~etol'.':1 .O-Oll\V.q.llblg Jf-&Ch1:1!1 in:te~nod.11 li'Eg th wt'h the 
' 

qualt t.-t1v• chtu1a:tlte~• e·tudl•d.1 the daa w•re< tlt'$at~d 

1JtQ.t1$'t1\:ally and •~arl•ed 1n. 1\l~le 9 u~~ t%P•J!tt?Aent•l 
result~ ·• For pu-rpos~$ ot l.l.lwa~~t1oni no;te th~ atatisti• 

tal C<)l\lltanbs g1v-e.;n for th$ two Ph•notyple .c:laaatJ• black 

a.lld wbite;t: 1.n ~hl& ·0~ Xn ord$:P to eheo)f· wheth-e;r tll-e f!leatl 

l'aobi41 1nt&rM4~ le1J1th for tbe b-laok el••• ( 4•4$e 11ttih1) 

we..a a:tgn!ficant:ly l<tl)$tr thl,n tl:lt •ean ~achia l»t$r:t\(Hi$ 

leng tb fOX' thCill wb.1 t~. ¢llli$$ ( 4• 42$ mm~} a V4l ~ f '->':! t Wa;f 

oompu ted "t>J the tollcowi.ng formtll~ t 

t ·c . ~1 • • , ,,~I , • " '«4~6 _ - 4-• 410; . • · <7.oo,, 
. . I (did·+, (O"x2.)2 I .,,as·' +· ·.oiaa 
S1n.oe 0.J007 .ta lei$ tlian l:t'9'6 {the "06 le"fel ot td.gniti. 

ot:uaee:) 1, tbe m.•an rachill i~ternode length& ean .not be •aid 

to. diffe~ s·1.gnif1eantlY• 
· In order to. obtain_ a t11t~·r•tieaJ~ di• ~-l:butio~ 

to:J? the F2 r.a.cbiQ 1nte·t''l'lt)U& m~tU!l:$Ur1ment -datt\1 th(l O~atl• 



f(l)ttlf,1-;al~ un,,. 19~1# -w.~·$ tl$:t}d to e'$ ttm4\ t.ta th:·~ ~1'~1' Qt 

fi!l,etoilf pa1P~ tnvf),lVed 1n th• parentiii:l d1f.t.er-~·nc~~. ''Jtd.,J 

E:Q·rlnttl~ a$$Utn.eEi adCJ.1 tive gen~ .a . .eti.o'.tlJ ~;aXlee· rJ.f : equ~l · 1Jt~ 
f•e 't$i th<t ·absen~.(t ot .ctom:ina!lle·e<; and that t~e P~·~nts .~$."f! 

pr~•~nt the ge ne ti·e :e:Jt tX'eme.$ • i.tb$ lt!>:t'mtt~ ~$1·~d .ta as 

f~l}$W$f. 

= Jt~a.n ~-eh1a 1ntevned~ li$;ag th ~t 
l().lll:g r~ehls 1n t11t>.no4~ 11•~e.n t 

·~ Mean ~· ehia in tllll'rnod& lo~ th of 
#h.Gl'J t l1$Ch~ts 11ii'b$·Frl<)d$ p.ti~·~Ul t 

~e pe!r'.o:entagei v1i1lue thu• fi>b\ain•d,;t $Coo.:t'd1tii t<> 

Oas tl.~ (2), .l.9~1 .1 th<f.:til l''Ci'Pit''&$0ttts tl:f$· :P•~N~•nt the F~, 

g$:net1.c V$.1'1'a1.l111ty 1a o.t th~ r~l'.lg·~ \l.(1rtwQen -· l()~ ana 
ah<A~t :v·~-el11o 1.nt~;f·~d~ parent., ~le p(!)reentage valut",, , 

wh~:n eo:m:par$d wi tn a ta'.bl-e ;t>l"·~p~un~id b·)' Oas ·ti•i. ttl,la th• 

n•l#.$ti <J:t . fa~tor p•$~;s ¢U.t.f~:it":e.ttt1~t.1:ng th& two p$.~:ent• 

in. :r-ettp$ct '11) x"aeh1s , 111tet"l:iod,e i .e,ag·tn., In \Ull.Dg tn1a 

me'.t~<l Gf dtlt'&'Jl'm.1pa;t1.()n ot nwn.b.&~ e.t f :aet,o;r pQ: i t-s t t Wlll'.19 

re.al.l..led that the bs;,$ ie: 4ika:a'.l'lmptione ·u.Pon ·wht~h tno 
f.Qrtnu.la is ?:1aa.ed cuNl~: n~ ,t co~pl~ tel.y tult11 lri in th$S:fl. 

da:t:ta+ In :rts·riJVd to additive ~e·n$ aetlen and ,ge.net· nav~ag 

equal eff.G.Q t••· thf1 av~J.labl• cl$. t• wa• not d;tsiel?1m1na t<U''f"' 

.. ,. 
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, However, in re.spec t to the other t wo assumpt1 ons, the de. ta 

show that dominanoe is present and indicates tha t th& 

pa.rents do not represent th e ge netic extremes. 
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EXPERI~ENTAL RESULTS 
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Thia oh.apter or the t h esis bas been divided into 

fiVEr separate seetion:ih Ea.ch section presents da.ta obtain-

ed ~om one of t h e five different varietal ci1•oases along 

with a discussion of the findings. For the sake of clari t y 

Tables 5 and 6 have been prepared to present a summary of 

data comparing al.l F1 generations with both the short and 

long raehis internode parents-. 

.Nisrinudum 1 ! Accor<iian Rachis 

Examination of the t values given in Table 6 for 

these cros~ea sh ows that the genes controll i ng inheritance 

of rs.ch is internode l1:mgth wh ich are contributed to t h.e F1 
by the sh ort rachi s internode parent are dom1:r1ant over the 

genes contributed by t h e long rachi s 1nte!'node parent. 

Data for mean internode lengths as given in Table 5 also 

illustrate t h e almost complete domi nance of the genes for 

short rach is internode as s ta ted in the diseusai an of 

Table 6. 

The F2 plants from t h e crosses of Nl grinudum ! 

X Accordian Rach is were clnssified into four phenotypic 

groups and a ra.ehia internode length was then obtained for 
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·eat:& plein~ A.• 4e•9~-.bed t:i.nd:t.l" .Mtetet,al'• ~,n' .$tbh04.·•·· . •• 

cb••~ve.tl d•ta ~-~ tlben or1.,n1ae.(1 · S.eto· ~ tr~q~,eM" . 41 •tr·1JH; 

u!t;t<i>n $.Qcp;oriU:ng. t ·'- ~·n~t;7pi~ . QlatHt · 11\.$ well. •• · ~l)J!l!.~ lm• 

. " 
" 
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Table ' tl'1¥et the qb.Je:t-••4: t~~qaeMttiUt f 'O'f" ·~11 qual:t ta,t:t •-e 
}· . 

. . .. . . ' . . \ 
ebaiill.<lit•~$ etu.41e4 1:n bh1·a er0•• plus lhe·t>~•tleal t~•· ' ·, . ' ' . . 

" 
Q.llli•!Uile!~s ae follOJtll thiu>;r$,fd.riut.l, 11'$.):tie• tt>i" ·~ $fl :ra'tl,o 

' " ' ~ 

ot b1aek ••~•u• Wht1Pe $1u:m~Hl a~d ~:ui,,.ope1• t 't'.ll\teo~ett~al 
' 3 

~alue& fQf,t $ Ill ~•\iO• ot· 1QtpeNtdll.tm Vff·$U$'. non•1nt:el'l!ll.$• 

dcll'JlllJ xfl and: f -'falU't:s . tor ta• :qua.1.f. ~attveo ehar~ct.o·itrl• 

Table '8 ,,. •• ents lih• &~f! .. ~)''9'.ed' e.nd eu~ul·att·d 'rat1<u• tn 



1'-&b-le 7'.~EltiED !W OALCULA\'$13i nA'fA OF Fa SEGltEQAf.l'.Ga OF QUAL.t'l'A't!VS CBA:Rttl'l'EBS 11if NrcmtNUOOli X- 1. 
:.lt:JOORnlAJl RAeBt.S CROSSES .• 

Pheru:>typi e 
cl.ass I OF I tx> 111 to to .to _to ' to ', ;tco · I too!!I ~ 1 1;j1p~e ru x2 less 3.833: h.7J5 5.625 6.Sl5 7-.hl.5 8:.305 '9.198 9-.671 .. mor& el.a$& to~/ p 

. 1,;, I $0 '·1 ~;l · 
.. - ' . - .'total5' 

Blaok h1 ·21 $ 3 l I 0 11 I 390· J9?.75 
15 8 ll+l 1)3.27'· 

.a.jSl o~~ 
Whi~' I ~o :·rr 12 l 1 t .o 2 

~$ 1-64 5) 20) lt.O ~9 l "' ,) Cl 0 363 .)99 • . fS. 
2-.007 -Q.0,.61 

lt.cm.··-i:nter. 
lllldi'UJll I ~ I u I 65 19 1.6 5 4 l I u l l I 15~ 133.25: 

...... JI' .Cl.&$$ lbtLtM .. ·s.e>t by'· establishing U.•ts> ~w.tee ·tne $t.and~ $l!'rO:~ ,on ~th .:s.i®e ~f .mean t-aehlls in~ 
no.qe lengih -of Ni~tnl I !/ ~ntsJ. el.ass . corre~ponding, to long ra.ehis intemotil& parent With limi. ts detendtted b7 lnethed& dis• 
eusa:ed in footnote Ill 

)/ 'Based cm ·expee.tad J::l ratio ... 

.... 

~ 



r~gard to raehia 1nte•rnotia: length wh.$r• the- ra t1oa ar-• 

ba-$a~ on the a$eump·t1on that the two pa~e,nts d1tf•~~d l>r 

"tx f1lo 'tol' PElill"a is l"'&.a"pe:e t to the, tim~l"i tane~. or ria.~hu 

intarnode l .engtb• 

'lb.a P value,. tor · the four qn-a11 tat1ve c.haract.rs 

sh<:>w that the parents do d1£fer by one fa.otor pair in re'fll!> 

ep•ct to inheri tanee of blaek a-~ w.hite gl\Ue ()<;>lor• ,and in 

~$S,J6'~t. to. 1n.t•rmed1'Um v~r~u• n:on•tnt•:rm~diU$-. fn.,, lo• 
V$,lue or l? in regard to 1nterm&d1um. V.&t"S.Ufl mrn,...1.ntermedium 

is undoubtedly a ttr1bu t-able to t he d1ft1cul ty eneountered 

in Gl$4Sit1eation. Uata 1n ~ble e tor the N1gl:'1nudum x 
.1 ueal'dian Raeh1a e-roadJes. sbow ~ d~ttn1 te piling up ot 
meaa'tlr$ment• around the1 •hoJ.?·t raehl.a tnter~tle· p1u··&ntal 

ola.•a• By ua·e of 01ui,tle''s formula (2); 1921,. 1t wa,a 

determined that the parents differed by six pa,1re of 

raeto·ra in respect tQ t>:aeh1a 1ntern044' length. x2 and 1 

val.1ilie/a :ShQW a gQod f1t between the 'Ob$~·ui•ved d11tl'ibut1oll 

:anr:1 .a theoretieal tre.q~enoy dta·t:vib.utioa ba$ed on an rur.-. 
&Ul'l!p.t1on ot a six t11eto.r pair d1f'feren.<Hh S1noe the Qb• 

serv:6ld class limits. we·re a.I-bi trary and the btUJtc data d-oe• 

not completely fit the orig inal eesumptiona ,de b y c·astl• 

{2);t 1921~ in d·eriv1ng b:1a formula,. the good tit obta1n~d 

be ~sen o'b•erved a.Dd 'th.eoli'e.t1a1iil mu:a t : 0nly b& -eon$1d~red an 

1nd1ea tion of ·the nllmb$"r ot ta.c tor-a tnv1>l 'Ved. l!owever; 

the good fit o·bta1ned led to the belief th$t th$ s1x taetoi-

byp0thesie was the b•at assumption upon wh1o}'.l to base, 
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tur thiu~ '$ tt;td 1.tt 

S:tatifitl~al .analy&-1t of dttta, fott tnf eroJfs~s: of 

Ntgrt.nu_du.m I X Aecdt1d1an Raohlt$ to ch~ek ff£r .~'11>.8:3:-ibl-~ lit*•· 

ag'fil ~f tacttn1•• e$ntJSt()ll1ne 1:r:.W$r1 ta~e• ot ra~h!& 1nterno<ttt 

le~th w:tt.b tUl?' ot th& qu:a.llt$t1ve eha:raete:Vl.i $tucU.e4 tn 

tb••·• ~l"tt()~lax- ero.~·u1:~$ la prel,Hl!.nted tn 1.able 9-• 'i 

':kbl.e ~h..,~LllltAGE DA• .POI tflQtllABY OP l~lGRI?~Ull ·I X AQ-.· ocuu1:u1 .Ri\t1"E£1$ cao&sms ~ 

· · · Ol••~ .. , l$pgth. 1n w.n~'-· . 
81a,ek 4•456 ·: 0..041 

llil.· t· tJ· ~·· .-- ,;,'tt' v.._•· - . ·- - - . ·U :w.ui.-- . . -· . 4~aoe ~ o.ozs 
':t~.7:e1 cl o-.llts 

( 

Slnce the l.OJlg raehia inte~e. p:a.:ven t (At'>.,. 

¢o,.41an fia<Jk41$) 1• ga.ne.t1~ally wh:S.t~ a<m1 no.-n•in~~a·d1\lm* ,a 

linkagt> or an:v Qt· th• :feot<>r• eenti-alliQg lengt;·b. o.t raoldt 

:'lf;i.::;:.r",,,,1,-";';'·~•~i tnttroot.t~ •'1th either (!Jlf th$-til·ie two eba~•etere $h9ttld. l.'Ellf.~lt 
d~!i~·J~81i~;4,;'t~~~~~j 

· 1n. tba t p•rti.culal:' Ph•nQ. typte ~las.$ ttav1ng $''lona•r ltl••n . 

z:w•(thi.a 1nt•r·n.ode. l$n,gtn than. does ! ts: !tlte:f:'nat~ clas·s 

(pl•nt• havi~ blaclt glumes ••· <=P'mP•-i'e.d ·to p1$.;,nt& ha.ving 

~•h1te .f6l.urneal+' Study :ot th$ t v~luee. g$.v-eu 1n ~.bUJ $ 

,ah$w:t l:lO. indietitlo-n qt 13.nk~ge betwcuua. t«etor:l eon'f:t-$ll1ng 

len$tb IJ.)f l?a.ohia. 1ntfU"n$de with - taeto:ts e~ntri~lling black 



,. 

va~•na wh1 te glume~h If there is . . a link·age between the 

f$eto:r1 eontro·11:tng :tntermed1U!.1t \f.EU"•ttt non-1nteV111$diwn a:nd 

·fa~tor-a· cont:Poll1ng 1nt.ernodtt le·ngth.i the pbenptyp1e elaas 

non•intennedium in the 12 gene.ration would. 'be -o~pe¢ tfld to 

have Q l()ng&r nHHUl raehia 1nts.f'nodo vall:l&c than the inter• 

mediwn ·class. 9le t valtle 3 .0l sb.owa that the mean inter~ 

node ia.neJth <?Ir t he non•1nttinned1m ·class 1• .s1gn1ti.c~ntly 

lt1;>l'lg'&:t tban for the 1ntermed1irun ol1uu1 tncU.ea ting 11nk•g~, 

o~~st III & Ago,o,ratae. i'1icb.1s 

be:mine tion ot 1047 Fi FSgen.1 and p$:r•·nta.l da-

tor: tO.se croase• as pres.ented in ~·blea fj am 6 •ho•a 
very nea'.'1!11 th• ·en1m$ l'e·lat10Mhip1 a~ d1aeue•ea. to~ the 

Nigt'inudum I X Aceo~d1an Raab1s crosses ln. tba t the· 

f .aetor• tor s.bort r•eh1o 1nternode length were dom1n.ant 

ove;r the. taete:r>s tor long ra~hie 1nternode length.. 111.e 

l.948 da.t·a to'I? this c:ro.ss were different trom the 194'7 data 

in that the ge.ne~ t ·or $bort l"'$.Oll1$ i:nte~nod• were not coia• 

pleteily dominant over tbe faetors tor: lo~. raeh14 inttr-

nQdth However-, the data s?iow that the f:aeto.ir.a fO"r •hort 

raeh1.e iiil.ternod• have more effect th~n the -fa.eto:rs to'J?' 

long raobis 1nternod•• 

~e F 2 plan ti' tro.m th• .ero$1H)S ot aoaJS t l:ll' X 

Aeeo:rdia.n Ra chis w~r• elass1f1ed lnto five pheno typie 

gr~ups: before prooe$ditlg to obta.:tn and an$.lyse the data o:v 

to t'orm a f .r ,equ.en.ey dis tr,ibu tlon as. d$aer1bed. 1n the 
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dil\c;uaa'io-n .of the IU.g~1nmhun. t X Aocordian B.a:ohi$ ero•set. 

!abl~ 10 gives tbe ob.se:rved trequenc1$l!i for all qua.li tativt 

cluU'-ae tera :J tudied ln tb1$ tw<>.ss plu$ theo·:r~di!eal freq,uen• 

c1e;Sl aa toll<>•e: thsor,et1cal valuee £or • 1 ti t1 ra tie ot 
S·•:rQ·W· 1ntel:'m.ed1at(il, and e--r·\lw• tbeo~-$t1~al. valtu~•· to~ ·$ 

2 3: l ra· t1o. of naked ver•ua covered ear7apa ia: x and 1 

value• :for tbt qua11tet1v~ c~raoters· , ~hle s present• 

tb& o'baerv.ed and eai~ula t•(l J:i'a tic>s on ~achts; lntt:u1node 

lengths where the ~.at1os a~e based oh the· assumption that· 

the tw~ par~nt• ~u.tter·ed bJ t1•• pai1N'I ·ot fs.et-or1 1n ·~*"' 
' ' 

. speet to the 1nhe·~itanoe ot raebie 1nternode iengthit 

Whe P v•lu.e tor the -s:egregtt tion of 21"fl'rowJ. i.n,~r·· 

·M1;$d1a te • and 6•:ro ( ( •. oo:t) . t .l\ld:t.ea tea • poo~ tit to the 

expeeted l ·t2i·l ratio • . Row&\ter 11 a.1nce 'all the literatu~, a·a 
P1)V1ewed b:r Bobert:t1H:»~; Wiebet a.n.d .8hl!lnd$ (li). ~ l.9411 1.n41• 

oatel!l aueh a 112:1 ~~tio 1:n the F2 ft>r th1$. ,c.haraetePj th• 

poor tit ?A-lit$.t be accounted · tor by tnf) d:1ff10cul ty 1n cliunti• 

tioa tion, 'ltie P vt:Utte t'or th• ee.greg:a.tion <Jt covered veP• 

sue naked caryop&is indicates tba t th& two parents dit"t•:r: 

by o.ne tac tor pair llrl th1$ :t"-e.#Jpeot. 1'a ta .in •bl• e fl>it· 

the coast Iil X: AccortU.an ib1ebiS: cros4'ea aga1n thaw ti &.e.f1• 

n1 te p1llng up ot lll'&4$Urement• around the abort raen1.• 
1nternode pare·ntal .ela~s ·~ S.tttd,- or the measur~m'8nt el~a.:a 

.froqu•nc1e.a through ·application of Oas~le•s tor-mula {2.) • 

19:21, led tQ: the belief tl:u\t the· da tl WO·til4 be$t fit $ five 

fae'b'Qr dif'tef:'enoe. bypotbesL1h While this fUUi·um.)!J.t1on 
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zmay prove to be wrong , .it :Ji$el?lr~ to be t he be~t assum.ptit)fi 

u:pon !Which to baae !u:rther study. lio·wa·ver_, as state.d prt• 

vlou•ly during tbel diseusslo:n of' Ni5r1nu.d'Ultl l X Aeeol'd1.an 

Ra~bls eroaStHJ,~ thtf> gooQ. .tit obta,:i.ne~ between the abS$%'V:ed 

~ calcula ten f:re q_u;(l)noy distri'but1ons fer ra;cb.is inte!E'nod.(; 

length 1n Ooa.at Ill X Aecordian R~eh1$ aroa&$S must only be 

eons:l.dere4 an 1ndicat1en tJt am no t a p:rcrof for the n:umber 

of tac to~s· in.vol ved; 

1lable ll pre~ents -~ summary ot s ta:t1~ t1cal ~nal~­

y$1s of {,Isita :for th& Ocnu;i,t III lt A:eaor·d.ian :aa_ehis ero·$ses. 

to cheek ro:r· poss :tbl• libkage of" fac tortt contrc;>lling 1nil•r• 

i .tan:ce of ;r:o~ahis in.tEtr:oode :te:ng th with any at the qual1 ta•-. 

t1vie oha:rQictl$'.rS a· tudi~d in t~se- pa~t1cular Oztos$~S;t 

'.llble ll_,.,.. ... LINKA.GJE :o.A.~ 'FOR F2 PROGENY CF OOAS! Ill .I 
ACCORDIAN :RAOBIS CROSSES · .. 

P~u~not1Plo 
class 

l:nterraedita te 

(hi>verod. 

Naked, 

' : 

. !..t$•n r$:eb1tf in~r:n;ode 
1698 ~h in l'l'lln. . 

4.950 ! 0 •. 12:0 

4 ,.451 t 0 •. 043. 

4,_475 .i 04049· 

4.s22 t o.o . .az 
4.370 i o.,oss 

1.b.e t value :to:r stgnifieiance between. :mean raohi-s 

internod$. lengths foxi the 2r:row cl~•-~ a.s oompa~ed to the 

6 .... r'l;.lW el&IS: (5. $1.4) indicattea. linkage between. $Ome Of th$ 
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tactor!l controlling inheri tan.e9 of raeh1s int·ernode length 

ttt.n.d the factors c.ontr·oll1~ 1mier1ta,n.ce of numb~r of r.&•s,. 

'lllf.I f va,lue {~.49) eho·ws that tho pkuit:notypi.c cl·a$.s~ eover~ 

ear1Q·PS 1s, has a long•r mean raehis 1n tbrnode than does 

the naked caryap&is class,. 'lhl$ ;f~et cannot bo assumed to 

be an 1nd1cation et 11.nka..g:e but must be attributed to . 

eh•nee slnt\le:t. ti" link.age were occuwtng be· tw•en the f•N•~tora 

eQntt'elH.ng ·•dlle:rence of glun'I•s and f•·etors ¢ontr<;>.ll big 

rac.h!$ inte:rnode ltng th in these erossEJ.S , tbe naked clasf 

· should have a a1gn1.ficantly longer UlQ$·n rachis internode 

·length than the eov·~red elEUta,, 

Q(>l#&tt:s 1 !. Aecor<U.an ~cl:l1• 

Study of the F-1 progeny and parenta.l data for 

. th(UH~ C~O$Se8 8.S gi V(tn in 'la'bl~8 5 a;nd ol! $hOYIS that th& 

F1 progeny ·appraao:hes the short parent in raehi.s 1ntew-.. 

node le~ th to a lesser degree than 1.n the c.m .. s:t of the two 

~l!*oss.ea d1..$e\H1sed p:re'1'iously* 1h•re-f.0re:1> the faot<:>r$· eon. 

tr~lling i•aeh1s 1nt~:rned.e· leng.th contributed by tP.e •hort 

p.arent.,, hav~ a less et'f'eot than the factors oont:r1but$d 

by' the long par~nt- aa compared to N'igrinudum I or Coui t 

Ill .t Ac·c·ord1an S.ehis ero$.s&s • 11b1s fact a bow$ tha: t bhe 

ta·ctors cont:roll:lltlg re.oh.is inter?l(>4.e length contributed by 

th• short p•ront a;);"·e parU.al.ly doainant to thoaa o<>ntx>·1b,... 

u ted by the long raehis 1nternode parent ~ 

nie F2 pl~nts. .from the crosses of Col.seas I X 
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Aeoorital"l R~uiliis W'$~e elas:a1f1ed 1nte, •even pMnotyple 

poup;a b$!"or$ p:r())~eeding tG obtain a.nd eliuuify ti$..\a aa 

d~scr1bed in tbe d.1.s4U$S1.!l>n of lUgrinudum J X AecQPditln 

laeb:1$ ·Cl'Qssee,, Table 12. GiV&& tlt.$ Qb«fer'tted freque.ne1$'.s 

tor a·11 q~alitia 'tlv~ eha:rneters. studied 1n this o!'os.e pluf 

tt;t~9~~tlc•l rrequ•netes: as foll~niuu theo1"-etiQ.al val11e& 

to-P .a l:2¢l t>fltio <>f 2 ..... ow, 1nterm$d!at:tll .1. ~nd 6•ro.w; th•.o~ 

J>$tical v:~ lu~.$ for a a;l ttat1cG Qf nek-ed 'V'ersut cov•red 

caryopsta; tbeoX¥e~J.eal val\'tes for a Stl rett1a or hooted 
a V$rsua. s:wned leinmaJ X 1u1d P 'Value·S for e01l'lpar1$on of ob• 

ser·ved and c$leula~d :fr•qu~neiee o·t all qual1 ta tlv•· cna.:r ... 

ao·tars • tudied ln the Oola·e.as I X A~.¢ot-d1an. Raeh:1• er1.J>1sse.•~ 

11.be P Vlalues· for the three dttf•·~qnt ratio.t ecna.• 

tei-n1Jli the qual1tat1v~ ,ebaract.&r:a. ·tta given tn fable 12 
$h:Ow ~ gll)od ,fit 1n al~ tb.t"e·e eat1es to ca.leu.l$ t&d tr•qtte:n• 

eie,s t~9a e~pected l7•t1cn:l,• . llb.$ data in Table 12 Show th!\t 

ln er0&see1 ot aolae.&s I. X Aceo~d.:i~n Rf.l.eld.•.i · the pare.nts d,if·• 

faT? by ·()l'lfi £ae t .OIP p&il? ill: l'>·e.a• pEH~,t tit> Qdb.&:t"$nc$ Of lemma 

.and in re$pe¢t tc> heo~ V$.lt"aus awned lt'mlua. Data 1n ltlble 

a tor Oo1tt.,·S& I _Jt, A¢CQ.rd1an Raeh1• ero$s~s, e.a :tn the tw~ 

pr.e'V'ious <l:iaeuse;t.otl$ or crosses ( ?Ugrinudum I X 1A:eoor~u,an 

Ita.&his. .s,nd Coas:t . lll X Aocordian Be.chis.),, aho a .d•f'int te 

g_111ng up oZ meaan:rent<\Ult ·data a:ronnd tilt t h.or t raehi.a in• 

ternode parental ol..aa.e~ Study of the mee&urement ~.la.&s 

f:req~eno1ea thrcugh app.11.eation e£ Castle*• formula (2}, 

1921,, led to thee belie£ th.at the data wo~:td best fit a 
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tht:teei taot().~· d1ft~we:nee b~t}hes1s. Altho.-Ulb the obse:~ved 
and calculated. r-a tios· as g1van. in D.ole e e:re not 1n ~lo$o 

EJnQUgh agreen.t-ent to b~ ·P. gtilOd fit wbe~ su~itte<i to ata-

tl·1t.1oal t$ats,. t he t bree f<aetor h7pc:ithesia eJe$'.-med tG b• 

•iXPl,.ined by the· fo-llowlng t 

1.. One; to. several m<:ldify!~ faeto~s. may bti 

and probtlbly ue J?FEUient. $ncl W<>~ld tnu.; r.tffeet 

'the ra.eh1$ inte~no-4$ length ecm-s.ide1--ably,,. 1.'tl1l 

s:tat01netit. 1a in agt"eei:nent with tb-e t'1.nd1nga of 

Ba1eS: «nd H1;u~ltu1 (5), l.9201 J~atn1 (lo}, l~lag, 

atld von Ub1ttoh ( la) 1 19119·• 

,2~ 'lb$· til~bi tra.;?y lUQ1l<~'UI'$lJlitf.nt CltUl$ limit.; 

mar ov~rlap a·etu•l gen~t1e el4ls.$ l.L"AittJ and se>me 

i.ncU."1:dtta1s nt•l l'l'4Vtl been. placed in the wro.1'.l$ el~ltth 

5., 1be ba$1.t de, tJlt; dl'.'ke·lif· not e0n11pl•tely f1 t 

t b-e Ollig in!il a:tt.aumpt10rut made by Castl~ ( ~} 1 

l9fill~ 1n de.x··1 v1n$ his .fo21ttml4•· . 

~ble 15 g:res&nta a cSUl'Dmft;r~ or ets.t1• tieal 4nt:tl .. 

y;s1$ of ·ti'ata used to eheQk f ·ar p~ss1.bl.$ 1.ink~ae ~.t" f.lotors 

eontrell1ng 1nberi tance o.r racbis internocil~ length w:t th 

th.e qualitati:ve ena~actei-s studied. 1n the Ool•&t.s I 1 A·o-

·<rO.:rdian iaobis c,rotHUJl\". 
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. enP n ·Q. ~ea:n ft.¢ " 1nteri'l04o 
•... .•. ~l:!I! •. -. . f .• ·" . : • ~~-th 111; lm•a ... . .... , ..... J.. va,;tu.j, , , . , . 

00V$r(td 

!lake.Cl 

lbo4-ed 

Aino4 

tl.605 ~ o.ssa 
fh0$4 t 0 •. 111 

4•587 t o.o.g,s 

e.oaz. t 0.102 
4 •. 896 t 0;,.148 . 

e.,oaa ~ 0~1ot 
4,eaa t 0-.145 

!JC.ft' ·- l!llll ..ie1.· !uJ . t!s' , lt)a,r. r ;1f -,.:.4t _· • 'li'11;1 · ; lf@ ,tt;Ji · r . ; . ~ · ulf ·s ·y ; r•t - e t · ?;;ir·. r J$ll111(1111( ' tet"8• 

Stndy of the three t valuoe g l\Ven in t\lblo U 

$bQwt no 1u11ca t1on ot l.1nltas• in th• C.oliuu.r$ I x. . cOOl'41.1u1 

b ehls CX"O.eaes b.etw••n tho f$cto~s. controlling raoh14 1n!Mf 

ternodf.'' l ngth t.ultl e1tho~ covered V<:J.V$tt.e bilked c~ryopaia 

&;r boodod. v·· ~tJua ••~ ltma. Hcwov:e.r1 tbt t valtt• to'!I 

. a1gt'd.tioflnt d1tte~ M& betwtQn th$ meil n racb1• 1ntornode 
l-et\£tb o-t the B.1row cla·tta · s comp _ ff4 to the G.,ro• el . eo 

ta.ss) dona give: 1ui ·Ud.10$ ti.on o,f link se· b~tntiui the t•-c• 
tors cont.t--oll1ng n'Ul'llb4l" Gl ~o•a iatld some of the ta•tor.• 

.eon tro-l l 1 r obis .1nt&rnode l&n$ th in thi.a pa.r ti~ular 

!JpJa,.$.81. ! 1 eoc:>1'41an RQ.oM• 
xw~1nat1on ot the F1 progenr and parental d•ta 
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tor thes.e ero$.s.e:s ·a.• given in 'fables 5 and e thowa tb4b 

~•1 do not differ ta 'thi:t re•p&ct , t~~m the· fl, <lata d.!. :ta• 

0t).$·s•<l tor' the Ools&.s$ I X Aeoor41an laohts cro•·•~st ftl..e 

d;ata ahow tht- F1 pr,ogen7 '-• beha'fi.ng lmi, · tb't sam~ as in 

tint: etas• of the O·ola&sll' I X. AcQord1an ia,ohia oi>os.ses st.nee 

the }lta.Chis inte:rnod• length ot the. 11 appNJ;aoh.ea ·the ab:ort 

:P&J?ent tn tl:l,1s respe~·t to a: .l$ttser degr.ee. than ·in .the C(a,1$ 

ot th·• tr1g'1inudunt I ()~ (}cast III X Aoeordtan Rachll 

tht· P2 plbts trom the e~oiu~ee ot Qo1a•'.sa 'f X 
.,A•eerd1~ Re.eh!• w~e· ·¢laa.s1r1e·d 1n:1Jo nine phenotlfple -

gl9qupa b•f.ore prO(lee~.ttig to obtain and cla11,lfy datfii, ·~,, ·' 
. \ ' . .. 

4•$C#l:'bed 1tt the aiaeu.t:eion «:>t Jlgl'1l.n:lild:u:ot .l x Aeco:wdl•• ·. 
" . 

Rae.hi• ~t'G$$ea, 'Table 14 g.1ves. the obaened tr6qu1Jne.ie,4 
' " 

, ' 

plu.a theoretical tr~11uenc:lea $nd $t&tiat10.a1· e.nalr-••• ae 

toll$Wl.f t:h•otet~~Jill. val.Qt$ to~ a ldhl ra~!O' tJt a .. »••'1 
tn'ttt'meel1ate,. •nd &.:rowj: 1h•·or•ttoa1 •alue·.a t ·oi- a ZtJ. 

· l"a.tio ot naked "Versa$ ~overed •arycpaf-#J tll•o:retioe.1 

val.ll1t$ tov a 3rl z.-at.1a ot hoQ4ed •e~sug atrnfli!Cl lemmaJ thee-. 

retie•l nlu•a to1! a 3-tl .i-ac1ii1o ot gp,een, ~eraua ·Chlorlna 

pl,aat col<>r.i X~ a• ., va3',lltJ$ tor 1Qll¥l)&lll1•on of1 obaent& 

rooi~"'a m;i?e' CoUtple~e fli~Ot\OSion, the: re•de~ !Ut P&f•:~red ~th• t1ir&t paragra.ph" in. the d1~C.u$,s1on 1Jt Ool••aa. l 
X Aeaordifll'.l iaoh1a e~oes~u1• 



'4ble 14,.,;;...oBSER'i/ED A;tm· r;A:tOUIA.XEtl DATA F'ROlit F2 SEGDEGAT!ON OF QUALtTATIV'E OHARlt-O'l'Em nr C:O:LSESS v x 
AOOOlm!All RA.ams. · 

Phem>typic r;U71 J~U~ ,1.;";;J ... 4*~~~ t;~ Vt;_.- ·;;~~ V~Y.l I ;1;;7: ,17:;f·~1 i;;i;- ~.U~i~;;- ·? class x- p 
nlass· totaW 

- tota,l:s-

'Z<ow 34 lh 69 lt 6 6 6 11 .5 a 176 116;.15 
!ntenaediate 41. ll rm JS JD l9 ) :3 z 5· 342' 353..So l.~26 o_S4,s 
6-;.l(lmT ~' 11 9) 29 ., / 2 4 ,Q c l 189 l:16.'15 
Covered 11s I " 1247 64, lO af .9 u $ ll 5u 530.;2s z,.795 o.096 . 

~d 40 20. 8$ 2:0 JS 4 ,3: 2 ) 196 176.15 
Hood~ 119 ,,9 261 62 31 zl l2 1) 5 u . 542 530~25 l,.;042 0-31 
Aiwned ,)6 l7 11 22 ,fJ 1 l . 2 . ) 165 176.715 . . .. _ 

Gre.en 166 1¢0 26~ 10 ~ zo 10 lQ: 5 5} 533 i~~=g Q.051 0 •. 81;. C~iM 49 16- 6) l4 11. 1 .) tr 2 s 174 
~· . --~~- - - -·-- ~-·- - ·-- -· · ___ _, 

J/ Shi:in l"achie intemtJ<de- paren-tal cl.Me 1:1i.th e1oos limits eect b;r e:stabli~ li-mts twice the· st.andarii 
error, en b:o:tb sides: e>f mean ~s ;i..n.too'node lcength of C01$ess -V. •• 

2/ Long raehis int.e.~de pa.rental el.ass With elas.a lid.ts ae.t as de~~lo.r.lb:ad in f'~otno·te Ill b-ut- 'US1:ng the 
stiildard en>or and mean o.f Aeoordian Ba¢his,. JI Base.d on ~pected 112::1~ 3:1,., .hl~ Jil r.a.tioe: resp&.etivaly,., 

~ en 



.. 

49 

~·nd tb.e~ret1oa1 rat:i.oih 

1'le P. VlB.lnts for the tour dl!t'erEttt.t; ra:t1os ~on+ 
cernins the que.11·tat1ve el:ul~acter& all g iven 1n 1\lble.- 14: 

• ·b:Q<w t .good tit t0 <u)l.eula te.d .trequen~1•s f~Qm e3.p$e ted 

rat1o$. In oth~r word.a, 1'abl-e 14 .shows. that in c.ros~e$ 

o.f Oolsa.e$ V X. Aeooirdian Raehl• the parent4!1 differ by ·ll>ne 

taotor pa.ii- :tn resp~e· t to eaeh of the tour qu,alitativ• 

eb~rac te;rs. s· nudied. wh1eh wrn•·tn number of rowa, admw•·n·ee 
of lemma", whether l~m:nm boe.d•·(! or .11rwntd.,. and .gre·en irersufi· 

cbl<>:rioo t!.eedling ¢0110tt• Data ln 'lable 8 for Golaes: V 

X Aecerdia.n Raehis ~-o-sse.s1t .a.a noted in disous~ionu of th$ 

el".O.$S:~s Nigl"1nudum :r,, Oo.ast 1111. 9'·nd. Col$'e-&a l X Aceord:ta,,n 

Raeh1s 1 show .a piling up ot .mea.sur~m~nts a:roi:ind the short 

P~·~his internoda pal'·e.ntQl c:laa.s. 'lllf:Jr<>tlgh etu.cl;r o·f 'ttU!$• 

m~ iasux»~en,t el._ ss frequenc.1es thro11gh '4P lica t1on of 

:Castl~'s fliJrr11ula (!), l92i1 le·d te> tbe belief that tbe. 

data would be-st fit a three factor d.1.tf():renee b ypothfl$1t 

$.nd even though tbe obser-ved data g1\f.• a vtu"Y poor tit to 
Cll\l0Ulated: t'a:t1os,, the We@ 1'-a.c.tor l;iyp4)tlt~a1.a. S~e~a t¢J b$ 

the btHt '.t Q$Stmtpt1on U. on which tQ base f'u~th~·I'" atudy.,lf 

pFo'.r' fi.' d.!aous.s'!ll)n ,o,'.f'' 'tiie· po·e$1ble . i-.eaa{)n~ tor s,ueh a 
poe>zt tit be twe~n obse·tl'V$d and ea.lc.u,la t.e-d mea$ure:ment 
ela$e freque.neie.$ . the Pead-er la . referred. to th~ t'irs t 
pa.ra~rapll of the d1sctl$01on. of Oolaess t l . Aeeord1an 
Ra~h!a e:ro,~n;e.a .• 
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A summar;v -tlf , &tat1-st1ce;l a,nal111a ot da~ used 

in checking .t<'Jr 1oo1e!l t1ons of linkage between factors 

contro,lling inbe:ri tanoe of ra.ehis inte,PnQdE> l~ng th w1 th 

an.1 o.f the. qualitative chara.ete.ra studted in Ool$esa V x 
Aecordian Raehia crosses 1s presented 1n l'bble 15., 

'ltble 1.6. -LINKAG'.B DA'IJ\ l"OR F2 l?ROGEIY OF COL8i:S$ V X_ AG_. 
OORDIAN RACiaI.8 CROSSES ,. 

PElei1otyplc 
class 

In term$d ia te 

e-r0w 

Covered 
Waked 

l!ood•d 

4.Wne.d 

. letin raenis lnternoi!e 
_ le:~_tb in mm , _ , 

5 t-215 t 0-. 153 

4.. '181 J' 0 ,. 070 

'··490 t 0 •. 011 

4,.aes t o.079 
4.6~0 t 0 •. 100 

4.s74 ! o .• oe& 
4.604 ! 0,104 

,.a2e t o.oe1 
4.7sa t o.12e 

t valt'l~ 

1 . 60 

'!be t valu-e tor sie;nif 1cant d1ff;;tren~e between 

m .. an raebia interned' l•f\$ th for tbe 2~o-w and 6•row 

ola.saet ( 4 .• 38) 1ndiea t-ee linkage be tween the tac tQr& con• 

t:Polllng riumber of :rows and tsome ·Of the. taetor,a eontroll1ng 

racbis 1nternode length 1n these particular crosses. '.!be 
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t values for sign1.t1eant d1ff.erene- between th~ ea:n 

raebie in teer.node lengths of the other thr~e qua 11 ta ti V$ 

obarao ters (covered V~lNJ.U$ naked ce.ryops ta•- bo,oded v~r&us 

awned lemlli. and green ver$Uf eblorlna aeealingt;1) do :not 

.~how any !11dica tion o.f l11lltago be tw•en them and tbe 

taetora eontrolling le·ngtb of racb1a 1.nternod& 1n the 

Oo.laese V X Accor<iian Racb1a c-roa.se,s. 

Minne•ota 90•5 X. Aceo~d1•.n Rae.his ............................... __ .,__ -- ... . -----
Study of the de.ta given for the•• o.:rosses in 

11\!lbles 5 and a s hows the same. resul ta 1n genst·al as were 

px-ev1oualy discussed for the eros_s&tt O-f Ool$-eas I X Ac• 

OOl1d.1an R&eh1s and Oolaes.$ Tl X Aeool'd1an Ra¢>h1$*' The data 

show that. the P\ progeny is aignifieantly different from 

the two parents tn r .eep-eet to mean racb.ia 1n't$rnodtt length 

and that the genes oontxaoll1ng inheritance of r .aoh1.o in tor• 

node l$ngth eontr1bttted by the s hort rachi:s inte:rnod.e 

parent are ag.aln p!l~t1all'J dominant t~ those ce@ntr1'bu tea. 

by the long raob1s 1nternode parent·. 

Comparison. or parental mean racni• 1nternod$ 

values as g iven in ~ble 5 &hows that the range between 

Minnesota 90·5 and Ac¢erd1an Ra.chis 1.s a1gntt1cantly 

gr~a. te~ than any Of' tho: 0th.er f .our CPtlJ;Utes· <U .• CU$S&d in 
th1• paper. 1lb1s fact would indicate, aocord1ng to 

·von Ubisoh (13) .1 l9l.~,, that ~innee.o, ta 90•5 and Aoeordian 
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R:g,•his ,d1ff&r by ,(l €;~eat,er !lW\tber of facto~• in re.$p!tO·t 

~ :rs.chi~ lt.I>:ternodlit length tba,n d& 1.u:1w (1,£ the otfi,.iw t~t.U" 

e:i:tQe,&.ees: s tudi•d 1n th:t•- re~Hllllrch p:r:-obl$!1. 
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Dl$ F~ pl.atl:t-tif tP.om th• e:~Q,$:aes, <Jf iU.nnEuH> ta. 90•8 

l Accord.ian Ra~b1,s were, g,lP"1,U.ped into tt.n d1ttett$n fl pb$no• 

typ1Q clA.3$e• beft>rie p:roee.e¢U,ng with tbs obt!\1n1ng atMi 

.elaes:U'leat.1tdl. f.)f ~4te: as d.ebe-ribe:d l\}r~~1o-aa'l1 undt» th• 
d1tJo-us$i()n of Bigr1ta.n•.'hmi I l , AcetU.'<U.a.n R-a~h111 Cl10$''1el .~ 

1$ble lf> g 1'¥et the obser"Vall freq;uene1•41-_ tot' all qua:U. ta td;. v• 
eh-~ae t$ra fl tudled ln th&tle par t1eular ~roe$.~$ plua,, th:e·o .. 

ret1eal tr•quencri<Jil and statistical Elmlrs•t e.s f.ollow:st 

th•trettcil tr.equaneities fG1l' Sd. nt1e>• or bl•ek vet>tllil 

wl'.11 te glum:e•,, eovelre;d velNHillJ nak$d., -eitr1Q,$f.~1,_ reugh- V•I"l!JQS: 

.S'll!Oo 'tlt awna,li lo~ 1t'ltte'~# 1hort raeh!1l,a ha~1_., Atld iiate:~· 

med1tnn •elullut non•interm:$d1um'#, x2 and t va:lu,tl• t~r ~~oir, 

;pal':tsoa E)f obse:rite4 :and tbeore-tical treqi~~u101 . .a* 
f.GB P "IS.lu'e$ aa. g iven $.n ~bl• 16 bhew· tM t , in 

e-ru1Gte1 o~t · li:tune-4'otta 90•5 X Aeeord1s.n R•eb11::.. the pai»e:atel 

dl.tf•,r by .en,-. ta:etor -pal:r;> , 111 r$spe.cet to e•-•h t>t to·u,_.. 
quQl.1 ta t1V(!) char:ae t•x>tt ~ tutU.•d wbifth w-.~e bl~Ok V$ll·$US 

' : .~ 

wb1t$ slwn•.~ and .e1U"JQP$1s_,, c<>.:ver.a V'<t:reut naked ¢ttrfop;S1e,, 

~u,h ve.:rsu• s mooth aw:n:s, and long V$Va~• 1'tbQJ.">'h h!liI"f'i 

rtuJt1.tlla"' . ~e x2 value tor 1nte.:me<IU.um ve~lltl no.n•~nte·~· 

•e-<l:l•, (1:$,,616) @;%;vei, ,a ver7 sma·l •) , P va:lu• S'.:ncU.eatina a 
. ' 

poer fit to tb(I) bltf'eet'.ed 3J1 ratl~,, Ud.$ t:aet ean U:lrl~ 

401'lbtedly be $.t ·tr1b'U te4 t» ditf'i-<rtt.1 ttea ftllGll)~tttred 4.n 



t-•le 16,., .. ~-cies~ Milll O&LOOtA!lm nltfA lfflt!}f( i~. ~iiEGAfl:OH OY QUAtr•!.I'.V'!· ll.i!RA:~. 1N m:$~ '°""'$ :x 
A.OG~ MOB:W:.. '"· ' 

Phen()eypia . 
.c;.las,$ 

BWk 
White 

ew.ered 
)I~ 

Rougb . . 
:Smooth: 
L®g ' 
Sho.t-t. 

!n.te~-
M~~b~ 

medl• 

110 9 
1- 1 

I 8J ·1 ; 3· .. 

8 a 
) 2 . 

10 9 
l 'l 

l1 :m 
0 0 

29' lot .34 20· 
l.02 3:"1 6 '1 2,, l-06 2a 21 
108 13 12 6 
JU lms !8 aa 
89 ;l1 ·ia 7 

.330 1-©6 ~1 lT 
?1 .3) 1' .l-0 

$12 i9 17 2 
6' .. Jt) 2) · 2J 

p 

b. ·6 0 l 48, 481: f( e .102 0.1$; .. ·it;)· 

1. 2 {)' tl lS? 160~> 

lt 1 Q i klS h&l..~ o.:isi o.566 0 167 160.$ l l G 

4 h Q l. tt,93 481~·> l.~ O.Z96 L 1- 0 0 149 l.60 !S . ·* 
2 z () Q 503. 481-.S' ,, 0 u 1 l.39 l6Q.$ >~SJJ n.049 
0 c. {) O· ~l 431.5 

13 6!i<0.001 ,,.... . . ' -: .·.. . 
$ e 0 l ao-1 16tl.-$ 

11 s~ .~hls: intenlode ~el.ass ~th ~- limtfJ ~et_ :U:v-~s:tablUhing liaits tW'l-• the ~dvd 
•~r-Gir ~n b®.A .tJides of niean ~e~ intel"l'W® ltmgth pf l&~s-0ta 9o;;.£i:,. 

![ to-ng ·r~ht• tnternode ~W el.ass. w.ttk clas.a lim~ set a,a. d~rl.-d it! foo.tn~te: 11 but l.JSi.ng ~ 
-s:ta:n~ e-n.or- .-.d man of A.ceordian :Rachi•,. -

j/ Based en ~eted J:·l ·t"ati.oa,.: 

"1 
~ 

_, 
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c las a 1f1 co t .1o:n• ... a cQnd i ti on which can. be r ·e e tif ie.d a& soo ri-

Q.$. F!. dtltA ,a~e. a.vailab].e,., Jlata ln Tltble 6 tor M1nnt$Qt&, 

t'l'•S X Acoordistn Raehis ero:ssea eh<nr .an even motte def'1ni t•. 

piling up <>£ m.e:1un&l'*~ments arou.rid the $hort ra~b:ts 1nt•r~ 

no~:e parental ola·$# ths.n hfu~ been th~ eus~ in any of .tbe 

pr-EJvtou:a :fou.Jll cros8'$S wbieb have been d1scnl:S:S$d. fhorough 

ttxa•1nat1(l.ill ,or the· 1neasu;i"e~nt elQs.$ to ta.ls th.rougll appli• 

C11,tio;r:i of O\lstle.re fo~ttlfJ (0)J 1921•· l.ed tu the 1ut.at.l:l!llp•· 

tion th$.t the d&ta would beat fit v ;u fs-cto:r d1fPerenee 

l'l179o;thes.-:J.s. •nd even tb~ugh tin• Qbst"trv&d do.t$: gi v 1e a V.t!'y 

:p<Sor f 1 t to ea l.euls ted ra t.1os,. the s L't fa e tor bypo th•s 1$ 

a:eems to 'b(t th~ b$s't EUu:t•pt:ton upon whiob tti> baae t~ther 

stud;v4J/ 

. 
'arsalys11.a tit ~a tt.\ UJ!1&ei in eh~Utktne fotr :tnQ.1 Qal ti.CH11\l o.r link• 

age betwef>n fac tors eontro.111.ng 1nheJ?1ta-.noe o,f rachts 

int•r~10de l•ng tb atttd any <J.f b?1e qua.Uta ti ve Qharae teit:t 

s t~dled in crGttaea of 1111nn.eso t~ 90t!!io5 l Ac eordian Raeld$ .. 

?Qi;• dtso'.Us.sion 'o1 . the pe:>"e·alble r&af!fons ro-c ouch a poQ·l' 
ttt between obcu1~¥ed and oaloul.a.ted 'ttlf&Si'Qr.e:raent el!l•• 
tl'equene1$.fl1· the ~eader is :.referred ti!) tne ftrs t pe~.:a· 
s:raph Qt the di8();U5$1on t<J>'l? ColtitUl«J l x A.tlCO·rdia:n a.chis 
~~.Q$·llJ8$it 
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',Ia,ble 17 ... -L!;t;lKAGE DA TA. FOR F 2 PROGENY OF M!NNESO 'l'A:. ~0•5 
IC- ACCORDIAN RAOlilS CROSSES. 

Phenotypic 
class 

Blac.k 

Wb.1 te 

Covered 

Rough 

Smooth 

Long 

Short 

Intermed1um 

Non-1n te·rmedium. 

'Me~ rSJc,hia fn ternode' 
,le RS th tn mm• · 

3,,,. 735 .t 0. 048 

5.1102 ! o.oas 

3 '753 ! 0 .,054. 

a .. eso t 0 ... 144 

~h 693 : 0 .,049 

3.837 1 O,l05 

3.596 ~'0.042: 

4.,19s t , o.1a3 

3 . ,409 % 0 t·03.2 

4 •. 422 t 0.111 

t va.lue 

0,52 

0,75 

'1.oa 

~e. t valu~a o,2s., o.e2,. and 0.75 for black 

versus· wn1 t$ glumes and <uu ... yops1s 1 for covered V'$rsus 

naked oar yo pa 18 1 and t»or rough versus smooth awns 1 re• 

speet1vely1 do not give any indication ,of linkage between 

the factors controlling them and the factors controlling 

J?achia internod' leng t h in tb1s particular cross 11 ~Ihe 

t v.alues for significant d1£ferenee between mean rachis 

1nternod~ leng t h tor the long v.ersus short rachilla hair$ 

a,nd intermed ium ver sus non-intermedium classes w.nich, 

according to 'ltlble l.6 are 4.10 and 7 .. os, respectively,_ do 
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indicate pr&Sene.e of linkage between tb4 fact.o-r$ oontlto.l• 

11!Jlg them and $Ome of the f .l\letor11 con~oll1n$ 1riheri t•n~• 

of ra chis internode l•ng th in tU.nne1:0 ta 90-$: X A.e.cQrdian 

Ra chi4 er.cup ttea • 

µt~•e:e. 1t~v•• tlsa t .1Pna 

study of F2 a ta 1n regard to ,po as ibl.f> lioka,ges 

between .ot\r·ta.1n qua11 ta.t11'tt orutiraot·et:-s arid t~-' taet<tJrt 

controlling raehl• 1nternode length for the :five croaaea 

s t\ld1•d in this reaearc.b probl~m 1.e t!ummar1zed 1n '!'able 18·,, 

~ble 18 41howe that in c~o·•~t"" of cou t l.IIrJ> 

Ools·eu1 l;, and Col•es$ V X Aeeordian. Raob1$ acme ot the 

t:aeto:c"a l'U..ff$~e.nt1.a, t1tJg th& pa:Penta ill ('e$p~.et to ra~hl•·, 

1n teZ>node l~rig th ar~ loc~ ted in l 1nltage g.roup :t • l)a ta 

1n ~ble l .8. alao . .-how th'& t in croS$e.a Of ?U.grinudum I And 

!U.nne$¢ttt 90-5 X AtH1;ordian Baohis •~rn• of thb faoto~1 a.1t .. 
ferent1at1ng the p.arenta in re.speot to raehi# internod.4 

l ,e-tb $~$ looat•d in l..tnk.age grottp tv. Fu:f'ther 4tud;y· 

ot 4.labl•· 19 allows tb~. t in <!t'i::»SEJeo ot M1nneao ta 90-5 lt Ae• 

eQrdia:n Ra.Qb1$ ,e:ma• of tht.l factors e~ntrollins d1ffet"ences 

1.n raohis 1:nternod.$: lel'.l8 th ~e. lo ea t.d. in linkage grou;p 

V 11. :tn ·summary I Table 18 4JlOtUl that at least tbz"&e d1f• 

re~ent gl'ottp.8- ot f11"'tol.'s fU·~ involved tn th• 1m1$r1 ta.tl.c~ 

ot rach1S. 1rtt$rtiode length but fi'Ml conclua 1orut mu• t. 
await the, •va1lab1'lity cf f ':; dat& nQt only 1n respect to 
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t~•• char-aoter,a •l1Z't'Jt4dJ a tu41ed but •l•o Ut l'e•pect to 

tho 11$~1nud~ l, (la•n> OOAHJ,t , lil., ( 'fe1e) «t'd OOl•••• x, 
<•·e•cl •·•dlin.g eblUraO.~·• #b1()h, ainoe tbe;r 4:1'• lethal 

whtn, l:loma•1!();Us1 · e l10~ lend ~•e.lw.- to l!dtase 

a wd!..o• 1n the Fei 

59 
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' .·. 

1u.;p,P()1tti many flt · t:h• t ·b?-1.Ugi ot '""'4.e>u• wo·~kel!a e.a g;l Y•~ 

ta. ib,M n'Vt.ew ot 11 t.t~$/~tµ."t!t.~ ft:le pobtl3' or- ••P•~1 tol\ 
- 1 .na: oontr4$l •111 b~ p,t?esen.t~d. e.'b ttd.' 1>1nte~ 
' ' . 

Q~pari•o~; ~t ~f,tlt.&l. ••• i .iat'6r;-nQct• l&ngtn116 . '·· . . ' ·. (\ 

•a given ln ~'bl.e & f .of' t.li• two· 1e-.~•1; . 194"1 ~ i94S~ ttnp~ 

por1t th& tlm:lnga ' 'Qf IIIU"le.n ( 4} t lt.14_~ aud _ W•x.el•en 
. J • . 

. 't'·1t·, 17) f 19~3 aml l~34r:t :bi. . ~t..t dtmal t7 •J: vary • ·1ga1ti¥ 

0$:.ntl:y ln dtff tJren:t sa.a.it(1na .• 

J.lJata. nom.. :'8-)i)le lV suppo~'~ .J•atbyff (l:'Q} f 19;&9." 

.an4 \'fexela••'~ e (16), 19$~~ ftnd1llgt llt t~atl (t.:J!l.• Gt' ntO~f 

·f'••to:t-e •~nt~ellit..g l.nh&r4.tane~» ot ~"flhl& 1.n:t;•irnole l•~~b 

18· lo.ca•ie4 la 11~.,ge: gl!'o.ui :~,, l>atJ• t~•· 'fable· lS aleo: 
I 

$upport• tfeltel•ttn (l.6)' ., l.933,,, 'Gel:"e be tound 1n41o•t1C)Xll 

that anotll•~ r·ao t~~ •,on~eill.l:ng- S.d:dJM ten~e t>t r-.ohl$ 

intel'node .l.eng'bh w;ui loeat.e4 t ·n lbi'lte.ge g*1o•"P \'J,, 
' ' 

1)'1.t~ pree~nted · l.n. fable '6 4~ not .0>0.m;l•t•l.1 
aupport an7 .on~ ct. the t~et t;7pea of '1,. \?&.bla-vto.lll' ·repot9ted. 

b;r earl1e~ •<>r1'&11'4:t: Ol'O•se& or OQl.seas. :r, O.olseta V ·aM 
, . 

Mt~•ota 90~5: x ~o.eQ.#d!an litaelil1s tn both l.94' and 19'8 
., 

,.. 
/ 
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Pl'll4 cross a or Coaa t !II X: A.eeordi1n1 laoh1er 1n 1948 anow 
p$vt1a1 d~lninan~e tor short ~acb1• 1nt•rno4~ ov~,r- leliJi: 

raeh1s 1nternod~. Such a condition cannot be classif·t~ 

in •n1 on& or the three type• ot F1 behavior fQund. by 

earl.le~ work:er$ wh1e;b ere 1as follow$;- l. lall: doxnin-t.r'b 

ove~ dense; 2.. de:nse. d¢m1nant over lax;- an.Q ,3• inter• 

ne41a te be. tw,Em the two pa:Penta • tlesul ts, tvom erosse• of' 

11gr1nudum I and Ooa•t III X Aecordlan Re.chis in 1947 

ag:ree with ro$ults re.ported by .Haye• and ltai-l·an (5); 1920, 
' 

where th~y reported ~ ca•e ot al.mo~ t ooinplet.e dominance of 

short rach1$ 1nternode· <>ver 1ong raobts 1nterr10d•• 'l'be 

o tb~r four er04ses g.a.ve ~1ea.n :raehi$ 1nt$r.ood$ l~J:lg. the 1n 

the F1 g~Ul$ra tion •il1eb ahow partial dominanee tor ah.er·t 

J;t$ .¢b1a 1nternode over lol1€g ra.oh1a 1nte.,.nod$~•a el tu.a t!.on 

not r•po~ted by ahJ prev1ous· worker. 
Si.nee a tlildy and proof of number of tae torif, 1n-. 

vol'Vod Sin 1nher1tanev or rach1!! 1.nternode 1en&th · U$ t 

await P3 data 1 thif ' pap&~ will not d1$cuas th• available 
. 

data 1n view of t1nd.1ng:J or· previous worker$·• lic>WEPl$iP;; 

it 1& worthwhile noting that while \f•xelaen (l6, 17):1; l.933 

and 1954,. believes that as many as £1.ve fae to.rs were con-

.etutn(ji,d with inb41r1 tanoe ot rachls -1nteir'node l•ngth_, tb• 

link e data from thla pap·er 1nd1oa te that three d1.f• 

fersnt f'aotor.s are 1nvolved even tbough the :n'Wnber <lf 

factor pairs 1ne1uded in a.ny on$ of the, tbre·e, d1ft'·&:rent 
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.gr.oupe cannot bo d:t"Jte.rmi~td .t~om the data fi Vflllable at tho 

PJi"-eaent t ·imf> !!! 

Sta tis tieal. analy&ia of J 2 data f-rom ~ll fiV'e F3 
·a€l'.gre;glat1ou· s,upport -tb:e t1nd1nga<· pf W'eJtelfl·en ·( 17,);J l93~l,, 

4nd Neati'by {10,), 1929, whe~e they' ;found ev1 *ence of the · 

0¢c.uvrt1Jnoe ot t~ant1.g:res s !. ve se.grega ti.on. 

1beore t1oally, the beat method would be to 

s:~le¢ t random samples ot e·Q.ch Fg: me.asu:reJntiJ.n t clas.IJ •• 

giv-en in ~bles 7 1 10,,. it, 14, sn<l 16" And plant th• in 

the f .1eld 1n the ,epr1ng ot 1949 1.n eonJune t1on with tlll 

a.i~ p•r•nts , Me#.i :eu:-em~nt'i at in.di v:idnal 1\s pl•nt• wottld 

be macte aa 1n prev1o.ua ye~rs and the data would bt)· .Qnai'lt' 

lf~.ed to uscerta1n the breeding b&hav10J? o:t each Fa 

uasti:rement ela&~h J:n~wJ:e<ige ot Jr5 b.vee~1ng be·havio:r 

ahould make pos1sible th.e fQrmul..a tien o:f ;eo11olu.siona eon•· 

ae:rn1ttg linkage of' factors cont;tt:oll1ng · tb• ~us.llt4<t1ve. 

.eb:EW•etePs ·:wttb fa¢tore e-0nt:rol.ling vaob.la 1nte~no4e 

l&Xlgth 4,$ we.11 as t be nuinber o.t factor@ by which ~,ecordian 

Bacb 1.s, diff•rs f:rQm th• other pare n tal vat'iet1es in r:e• 
opect t0c r ·•eh1s inter·~• length., 

Sueb a pl'()C~Ur·• ae ou.t.1lned r..bove wot;tld~ ho•-

e,Ve?'.1 be ilapcssible to c·arry ou t due to la ck of t1me and 

i'll'eney.. '.fher•f<>~•~ 1.l'l oi-lll.e:t" to use the abcyv., Tile th.Qt! the 

fi•ld p.lanti:og would probably be l!m\t ted tf4l one entf;re 
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fami.l.J••the cho·1o~ ae to which t•1l.; to i?la~t O.lng d&• 

pe;n4ent upon which •ould givfJ. th• mo.at ttltorin:a tion $$ 4•• 
t•va1b&d b' thorough *tudy of' P2 data from all f!~e · ~r 

ibe ero•·•·•*., 



Chap te;r Vl 

RY 

Five erO$$~S were r.n4de using Aocol."dian Raebis 

(a long raohia ln~rnod~ b4rley variety} aa one parent1 

wh1le the 0:thett patient was O:ne of flve short ra.ohit:J inter-"" 

~e V'EU>iet1ea as follow.a: 00.aet Ill, Colseaa !, 001.atea• 

V1 ?d'innesota 90.,.5 tlnd Nigrinudum I• 'lhes& f1.V$ short . 
l"fH:thla internod.$ varieties were usad1 1dnctt through th•ir 

us~ it a• pcsaible to check to~ 1nd1~at1o~ ot linkage 

in el.l of tl1e sev:&n l1rncag$ g~oupa l:tl bavley;;. 

'lbe individual F1 phnts trom th-i! five ~ossea 

we.re meiumred 1n respect to r chis 1nternode. l&ngth. 

Short r .ach.ia internode was e.omplet·el:y dominant over l:<>ng 

x>aehie internode in ,ero.saes at N1g~inuttum I X Aceordt.an 

rutchit'f.• I11 cr~s·sea ef oo~u.1t III 1 Aeeord.11u1 fta.eh1a, 1 data 

obtained 1n 1947 1ndio .ted th t short rachi.S internode 

was completely doru.inant over long rt'tchi.a internode. How• 

eve;r_. 1940 data $how8d tb.a t the dominance of short ra¢b1s 

1nterno-dce wa$ not complete-_. Oro$.eee· ot Oole-eea It: OQlaees 

v,. and Minnea·o ta 90-5: X Aecordian s-.ehif lnd;t.ee b~d a 

pa:Ptial dom1nanee of sbo~t over long l"!.leh1s interned~;. 

ib1$ as 1nd1¢ated b7 th& fact that the mean of th& F1 

1' 
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fell soltlewhere be tween the two parents and #ta tis t1<u1l 

tests show that th• ~an .ratbia int-.:rnGde l$pgth$ ot theS• 

three ero$aea lie• oo.naiderably el·oser to the: mean of the 

short rachia internede par~nts ( Cel$e$s ! .,. Oel-es.s V 1 and 

Minnesota 90~5} th•n to the mean ot the long raqh11' 1nter-

nod& parent., 

i'he 1nd1vldual 112 planta bom the five c~o•.••·• 

was el~S.s1f'1ed into various qua11tat1~ti phenotyp1 .~ claase#' 

after whieh a x-aohia internode m.etu):urement was obtained 

tor eaeh ;plant. 'ibe data we?'e then organiZ(ld. into a fre-

quency ·distribution and treated a.tat1st1eally to cheek for_, 

posalble linkage.a et ·qua.11·tative ~nd quant1tat1't"e oharac.,, 

t~ra while a. t the s.ame time tryi.ng to ~see:rta:tn th& tl\llttber 

pr tactors di:fferentiat1ng the lo·ng and aho~t raeh1s inter~ 

no® pa.rent& ot th~ five diff~rent czt<.HUH~s ., In.dice. t1one 

o:t linkage in Coas. t II.I,, Cols·ess I,., and Cols$Ss V X. Ae• 

O()t>d.1an Ra,eh1s c~O;$$es were round 1n 11.nk~ge group I 
b.Qtwe.en the raotor;$ eontl"all1ne; num'be:r of rows and f:;a,ctore 

eontroll1ng rachi• 1nternode length. Data tor Nigrinudum 

I X Accordlian Ra.qhU oro(lsee 1?dieated linkage was, oc.clilr• 

ring be tween faG tors cont~oll.ing intel"medium v,~rsus non..-

1ntertnedium located in lttJk.fige gro·mp 1.'V and faoto:ra eon• 

tltolling rachi• 1:nt(ll:rnod.$ length,. Ittd1eatiolllll or ltn'kag-e 

wer• t'ound in croe~es of Minneso tQ 90•5 X Aeeord1an Ra.chis 

b.etween faotort controlling 1ntermed1um versus non ... inter-

m.ed1um loefl ted in linkag &. group Iv, and taototta c~ntrolling 



long V4rsus short haired :r,au1h1lla li>ea ted 1.n 11.nkage group 

V 1.n ref.t.~et to factors OQntrolllrJS raehls 1nternod• 

1et>gth tn these e~os3e•• lndependent. inheritance ••• 

tound biltween the fa.;~t.or paira fer abort vet'tU.ta long 1nter-•· 

node and black · vevsua wbtte flox-al b:r&¢te / ($:toup II}• 

coif.ered ver·su#J Jl1lkt:d: .ca~yopfl is ( gro~p III).• 'hoo.ded versua 

awned le;t:tma (group IV)• rcough ver:tll$ emoo tb :awne (grtllup V), 

and green v~reus <thlo.rina plants (group Vll.),. 

M$-asu:rem•nt elaas total• for· the N1g~1nudW1t I 

and Minnesota 90•5 X J.ec~~ian Ra<>.hie1 cro~u1·e$ 1nd1·eated. 

«. differt:tnoe O·f six pair$ f)f tactors wb1l$ the- Col4$$'$ I 

· ·a.nd Oolae,fs V X. Acoord1a.n Rach1s Or-f;)Sse1. ind.1oa tod a d1f;.. 

fere.noe .ot tbr~e pairtJ of f ·aeter1. and tb~ CO.a• t III X 

Acoordian Rachi$ crosses 1nd1ca ted a difference of .fivo 

patra of :tac tors as th• 'b:es t 1u1s\.Unpt1on upon. wb1oh to 

ll>1ute turthtu• a tudr in res;peot to racb1:e 1ntornod$ . leng tb" 
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. ' 3• Cla_,r1t)le, Jl,• Bt. . A •tb'4 ot tU~\lmatiq the ~bfp O,t 
· 11e:ne•.t• t•• to#a o~il?~d -lb· caa~us· <!lt bl•-1,t11g 

lt1be~1 taee·ft. · · · $(l~t;U'lc•,. 54t9'~9G, lul1 1'11:• 
-

lb P.1thl'Ft •• A11 . . :'114 'hH•·• · P:• ·Sta~!e-tU.o•l tabli• to• 
b10.10~11·ea!;-'"agJ.'if4ul.tt\Hl &nd me41••1 "e,e.aoht 
~~ e4., m.ttn®~~ OlJrt'tJ" &n4.' .t~* li4f• .. · 

4,. ~.l,an. 1. v,. Seme· tte·t1not1oa• in OQ.lt eu.1•1·v•te4 . 
't>Ul•1• wtth ~efe.r:e:.nt:e: ~o tb•l~ ua• illl pl:ati!.t . 
"bx-"4111;&l• u. -s ..-i ~:staPtratlitt ot AOioul titl*e • 
tau.1.l•Hn,, l37fl~9:., 19JA11, 

Gt< Hane, Ii• K• .. Hal"laa,; M., 'f,., ':11• 1a.er1tam;u1 ot· 
. · t!le, 1• 91 tnhtr~Cd• tn .. the: wiobl .. 1 of the 

ba-rlQ', ~;llt•• . . . t'11: S:t ' ,f;tlC.,al'-tlt Gt Apl4ul.t~··· 
ltlll•tUl:t 8fi114.o •. liSQ• . . . 

Kube .. ,. J., Ai .. V~-~~h•gattttd1en an G•l'.st•~u•~•n• 
.J.929-jj 

0.1-4 th WQ.q;t en (. lf~380)wx 

'• ~o•M· W,.; 1. !!4. 0141*,, At G.. rte)J.\ J>l.01» . 
t-.ohnS.q,u.e.. ~t-.ap0.11:11., Du.t-g•a• llttl>llthlng 
Q.~·;· -lt:SQ',r, 8?1 P•: I 

e., Luu~n.ii · t Pt lllher-1tttnoe .eMte& ta .•Pl.e7• l.93l«, 
e..l iC«l ta Wei&ele(Jn {l:'lt.110-ltlJ., 

.. 

t. llall"tJ1•&~1 a. U;f' • B•i-lan1. lh· '1·1: . fl~l•J' t~ealt~t 
~ournal Qf Ji~l"orU.iy,. 3&18P~1q,,. Oett>b&~ 1942• 

tf>" · We.a tbf1 l:tr W1t: .. t\n .-1re1a ot the 1-*•1f»mee ot · 
qitantttative eb.anot•~••· au4 l.iaa1e 1• baP1•7• 
&ote••ttto AsJtlo1,t.t~-. ft·JfOl•'11a. ·1"1' 1tlt-. 
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l.941, . 
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