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ABSTRACT

Eight erectoid mutations hrere sel-ected from an

irradiation progranme in l'/iontcalm barley, trosses were made

amongst the erectoides, and the Flts vrere examined cj¡tolog-

ieaIIy. One of the ereetoides was found to be associated

with a translocation which involved chromosomes a and d"

All the F1 plants had lax heads, The F2 of crosses between

ivlontealm and erectoides segregated in a 3:l- ratio lax:dense,

The F2 of crosses betlveen different erectoides segregated

in a 9:6".I ratio lax;dense:very dense" Thus erecboidy is
due to sinply inherited, recessj-ve genes at different l_oci,

Fcu-r loci have been definitely established, but it is quite
possible that each of the eight erectoides is governed by

a gene at a different locus" lltore crosses are being investj--
gated to test this. Two li-nes from one erectoid gave a

significantly higher yíe1d than I'{ontcal-m. 0n1y one erectoid
gave a lower yield. Fu.rther tests for agronomic adaptation

wil-l be made"
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Interest ln inituced nutation work in agricuJ.tural

plants has greatì-y Lncreased in recent yearsr and, the

mutagenic effect of lgadlation ls belng studÍed in a wide

variety of plants. It novr seerts that a certain amount of

eontroJ- of the mutation process is possiblo (I) ' and thus

studies of mutatÍons wilJ take an lnereaslngly important

role in plant breeding.

.¿ls a result of roports from Ëvreclen that beneficial

mutations could be induced in barley at wiS-I by irradiatlon

treatment, an induced mutation Brogramme vras inftiated by

Shebeskí and T.awrence in L950 (ta¡, in Montcal-mu the loading

mal-ting barLey of Westsrn Canada" Amongst the wj.cle var!.ety

of mrtants obtained were eight ereetoi-ds. lhese are viab]-e

morphological- mutants characterlsed by compact beails aad

stiff straw, and with potentialLy good agronomic qualities.

This report is coneerned with the cytological, genetiaal,

and agronomic anaþses of those erectoldes.

The chief obj ectlves of this study were as foJ-lows:

L) fo search for any major cytologÍcal disturbances in tlre

erectoj-des causeil by t'Tre X-ray treatment.

?,\ lo compare the morphoLogy of the erectol-des wÍth

Ifontcalm.

g) To stuily the fnherltanee of the erectoÍdes by means of
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z

F1 and FZ anal-ysos of progeny from croÊses between t'he

mutants and Montcalm, and betvr¡een the different mutants.

To make prel-Íninaly agronomic tests of the erectoides by

means of a yield triaL.
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Iniluced mutation work ln agrieuLtural pJ-ants was

tnitiated by Nilsson-Ehle and Gustafsson in 1928 in the

hope of improving agricul.tural varietÍes (2r5r4) " Ûntil
receatly nost of the work has been earried out in Sweden at

the Sweclish Seed AssocLatÍon 1n Svalöf.

[he most extensively studied plantr wlth regaril to

induced mutationsu is barloy. Many different vlable muta-

tions have beea proilucecl, One of the commonest viabLe

morphologÍcaL mutants j-s the dense-heatled type known as

erectoi.des "

BarJ-oy erectoides and ilense-headeil mutants have been

reported by a nrr¡rber of wcnkers (2r3r5r?r8r9rI0rI2rI5r14rI5t

L6,1?,l-8reO ,?2\ . lå'bout 100 sueh mutants have been reported

from Svalöf (8, .a), 65 of whieh have been more or less

analyseil" fhe SwedÍsh eroctoid materialu al-I ftom two-row

bari.ey varietíes, ls descrlbed ln detail by Gustafsson (e).

lhe different mutants vary eonslderably 1n the eompactness

of the €âTø th.e character Ís associated with pronounceil

pLeíotropy, whieh f s shov¡n by differences in yield u straw

strength and lengthr 1r000 kernel weigþt, âBd other &oro

eompJ-ex characters.

È
P ersonal conurunj.eations røith Hagberg"
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Genetical studies of these erectoj-des are reported by

Hagberg et- al., (9) " To dabe mutations at nineteen different
loci have been found to influ-ence ear density.*

The synrbol lterttt was suggested to denote the erectoid

factor (11), This is follor.,red by a letter for the partic-
ular ert l-ocus, and a number which is the original nuinber

given to the erectoid on discovery" These letters are in no

way related to the l-etters that Dr. Burnham of i{innesota has

assigned- to the different chromosomes in his transl-ocation

stocks (S)" A series of mutations at the lTaïl locus as

described by Hagberg (7) illustrates this system¡ ê.go e ert
a 6i ert a 11; ert a 13; ert a 29; or at the nbl? locus: ert
b 2; ert b ¿l; ert b 5, etc" Eleven erectoides have been

found for the ?raÎÎ l-ocus which appears to be more mutabl-e than

the others"

The question arises as to whether the mutatÍons at a

single l-ocus are identicar, or whether they represent dif-
ferent alle1es" Hagberg et al-" (ç) studied this by measurÍng

the ear density, They found that dlfferent ert rnutations

at one l-ocus produced significantly different head

densities, and thus concluded that they uiere allelic rather
than ldentical. To date no two mutations have proven to be

äPersonal- communi-cati-ons with Hagberg.
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absolutely fdentical, except possibry ert b z, ert b 4, anil

ert b 5 (7). Ia al-l cases so far studied the norma]- alleLe
is dominant or partiarry dominant to tTre ert faetor (g),

trlnkage studles with some ert mutatfons in Grrt1

(Gotden) barrey te) have shovun that locr b and d are not

linked integ se, or with any other ert loeus Ín this
var5.ety, further ltnkage studles whlch. are stij.I in
progress will make it possfble to pJ-ace the different l-oot

on gonetioal chromosome mapso

üytological- studÍes havo shown that ert o I ancl

ert d 7 are closoJ.y assoclated wlth reciprocaL üranslooations
(Trt and Tr7), Eere the nmutatÍonn responsible for
erecËoldy nay be due to either a chemlcar change in the
gene causod by the disturbe.nce of the chromatin, or el,se an

alteratlon ln the gene envlronme[t---i.o,r a position
effect (af)" Ifov¡everu as Tlagberg (Z) poÍnted out, there
are other ert mutations at the il locus which are not

assoeiated with a transloeation, therefore nutatlons at
this locus eannot be soLely ilue to a posftion effoct"
Other ert mutations appeared wlth translocatÍons, but in
these cases the two were found to be ínherlted separatery"

fhe transLocations are readfly observabJ-e, as they eause

partial sterll-ity in the Ð, and thelr presence can be

confl¡med by a eytoJ-ogiear study of the polren mother cel]-s,

Most of the cytologfcal sùudies h.ave been reportecl



6

by Hagberg (8), Hagberg and Tjio (lO,tl), and Tjio and

Hagberg (et), llrey attempted to locate the chromosomes

Ínvo lved in the erectoid translocations " They established,

the standard karyotype in the normal type GulI, and compared

this with that of the homozygous transl-ocatÍon stocks"

tffbere chromosomes of the latter doviate fuo¡o the standard.

this indicates that ühese chromosomes are involved in the

translocatlon" For example, they corrcluded that Tr,
probabJ-y involves ehromosomes b and a of the stanilard,

karyotype.

Itrrther work on the loeation of translocations has

beon clono by Hagberg (g)" He used known translocation

stockso and hÍs results agree with those obtained by the

cytological methocls described above" Once the cytologlcal
position of the translocatlons ls knov¿n it will be posslble

to map the alroady well knov¡n Llnkage groups cytoJ-ogically,

The most inportant agronomic charaeter assoeiated

with aII erectoÍd mutations 1s lncreased straw-stiffræss.

In addition, some mutants shot¡¡ increased earJ-iness as

compared with the mother lÍaes (e). Especially noticeable

is ert 16 whÍeh is up to 7 days earlier than I{aja. ¡T fevu

erectoides equal- or surpass the mother lj-nes ln yieLd, under

some conditions, but extensive trials have not shown any one

mutant to be sufficiently suporfor to warrant its being named

as a commercial vari-ety,
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Ereetoliles also form useftrL materlal for theoretleal

stuities, such as those publlsbed by Hagberg on plelotroplsm

ancl heterosis (?), anil by Gustafsson (4) on theorles of

speeies formatÍon"
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fuiontcarm anil tho eight erectoides mutants sbou¡n Ín
fig. I were used ln tbfs study, fb.e erectoldes resurt flom
mutatioa work ini-tiated at saskatooa and continued at both
the ünfversltåes of Saskatehewan and Alberta (l5ut+rlg) 

"

7023 |,a, 7030

lIg. l. Typåeal heads of Montcaln barLey and theeight ereeÈoldes in order of doirslty"

Montealn i.s a six-roweil, smooth-av¿aed barley with
nodding heails" the ereetoiit charactsr ls due to shortened,

internodes of the heail and often the cuJ.m, glving a shorter
sfraw than usuar. fh.e erectoldes are distinguished by their
com¡ract heads, often with projecting kernels and avuns,

especialLy at the base" Thero is also a tendency for the
lateraL florets to forn two distinct vertfcaL rows on the
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spike, so that the six rows are clearLy deLinited rlgþt to

the tfp" Tab1e I llsts the eight erectoldes with the source

of lrradiatíon, and remarks on somo more obvious character-

Ístics "

Tabl-e I: [h.e erectoid,es usod in the study, with source of
frradÍation and notes on sone eharacteristics.

Plantr aq"
fn cross- Saskatoon Source of
ing bLock number írradlation Remarks

?O23 5aO3 ptz Quite lax, difficult
to dlstingufsh from
Montcalm

7AZ? 5ã01- Betatron

7OA8 550e ï-ray High äegree of sterlL-itv
TOZ9 5505 X-ray

7030 5304 X-ray

7o5L 5505 rlo60 shov¡od sterillty at
the tip of the spike.
Entirely erect"

7032 X-ray

7035 5220 Radiu¡t- 'Very ilease ard very
beryllium short strawod ø

Entirely erect.
Sh.ovrred much sterllity
in fteld

A programme of diallel- crosses wag p1anned ia the

sunnßer of 1954, ürosses were made between normal Þlontcalm
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and the eight erectoides anCl also amongst the different
erectoiclos. Ëeeil was obtainod flom 2l of tho possible totaL

of õ6 crosses, Line 7028 was rather sterlle, and produceil

only tv¡o seeds ln the cross with Montcalm" Better results

were obtainod when it was used as a femalg parent ln crosses

with other erectoides 1n the fall of l-955, This suggests

that the pollen is sterile,
The parental identity was malntainod tïrroughout the

experfment" fÏre crosses with the amount of seocl obtained

are sholvn in fable II, Ílre methods and result,s are discusseil

unclor four heailings,

Table II: ürosses made between ereetoides and }-{ontcaLm anil
nr:mber of F1 seeils obtaineËl"

Mont-
calm 70?,3 7027 7028 7029 7050 703I 70.3.2 7033

7033 L5 I 5 3 z

7052 L4 ¿{Ð
Bla t0 IT g

70.3L L4 TI 15 I
70ã0 "åI4

B7 I5

7029 7

7028 9.

7027 l_5 6

70P,5 L0
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( r) gylelsx"

The tslts were grown in tTre greenhouse in the fall

along with the parents u Young heads were colleetett and storeil

!.n öarnoyts 6;5:l_ for cytologícal examlnation" Tlrey were

takon from the first tillers of three Ft plants where

posslble, and from three plants of eaoh paront" Melosis was

studied in aceto-carmlno squash preparatlons' fhe ¡aethod ls

ilesoribed in detait by T.uther Smlth (te¡, fho metaphase

plates of the FIts were examined for maJor cytological

disturbancos, espec5-aLly any rings of chromoso¡nes, indicatlng

heterozygoslty for a reciprocal translocation. Tbe parents

were also checkoil"

( 2 ) EoTp-b_oloey

The only morphological character stuilied 1n detail

was the heail density. Âs an index of this, the length in

nilltmetres of ten internocles was measuretl ftom the flftb

noile in the ear to the fifteenth (e)" Ttris inclex is

actualLy a measurement of laxity, as hfgh values indlcate a

lax ear, and l-ot¡ values a ilense oneo lhe avorages Of measure-

ments of ten heads f?on the I'I of each cross, ancl also from

twenty heails of the parents from both the greenTrouse and the

fleld were taken where possible, antl stanclard errors wer.e

determinecl,
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The F2 seed from each cross was then bulked separately

and stored until the spring. The seed frorn the parent l-ines

was also bulked and stored"

(3 ) Gen_ej-ic s

In the spring of L955 the F2 seed was space sown

(Z inches betv¡een seeds) in the fietd with a V-belt seeder

in 12 foot rohrs, 1 f oot apart, and with parent,al check rows

beside each F2 population. The amount of F2 seed varied

considerably; there being frorn one to seven rows per cross"

The material was ready for harvesting in early

August, The F2 plants of each cross r¡rere pulled separately,

and then grouped on the basis of head density, using the

parents for comparison. i;vithin each cross the number of
plants per group hras recorded, and deviations from the ex-

pected ratlo r^rere measured by a standard chi-square test"

/¡ \(4) Yield trial

In the fall of 1954 single plant selections r{ere made

froni the erectoides listed earl-ier, Seed of these was

increased during the wi-nter in California (¡y tfre courtesy

of the canada Departrnent of Agriculture) " rn order to cheek

for heterogeneity within a given erectoid, in some cases

more than one line was used to represent the erectoid in t,he

yield test" Montcal-m and U.M. 57O, an unnamed variety
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developed at the Universiby of i',ianitoba, l4rere used as checks.
n{ontcarm is a weak-strawed, high-yielding variety, u.I,T. 5?o
'hras incl-uded because Ít has stronger straw than most com-

mercial varieties. The following lines were tested:-
Checks:- l4ontcalm and U.l,I" 57O.

Erectoides;- 7OZ3; 7027 lines A and B; 7OZ9;

G; 7O3L l-ines lr7O3O lines A, B and

and B; 7O3?; 7033.

The yield test v,¡as set up in a six replicate randomized

block design" Each repli-cate contained 13 plots" The indi-
vidual plots of the yield trial consisted of four 12 foot
rows, spaced I foot apart. The trial_ v¿as seed.ed with a power-

seeder at a rate of one grarn of seed per foot of row. The

erectoid 7023 was used for guard rows. Iüotes were taken on

the degree of lodging and on days to head.ing" The central
two ro''¡s of each plot were then harvested by hand, leaving 1

foot at either end" The grain was threshed and weighed, and

the results were anal_ysed"
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(I) cvtoLoeicaljnalysis of FI

In each of the crosses exarnined cytol_ogÍcalJ_y tbe

meiosis configuration shov'¡ed elther normal palring with
seven bivalents (Fig. 2 and 5), or else five blvalents anil a
ring of four ch.romosomes (5 Iï and t IV) (Fig, 4). The

resuLts are shov¡n in fabl-e ITl,

Table rrr: Ivleiosis configr:rations Ín tr'1 plants from crosses
between erectoides"

Al-1 four crosses lnvolving 70õI showed ffve bÍvalents
and a ring of four ehronosomes at metaphase. .A,s at least

I¡Iont-
calm ?o25 7027 7oze 7429 7030 7ggL 7032 7083

7063 7TT 7rf, 7ïT 7fI
703? 7T,t 7TT 7TI 7TT

703L 5TT
ITV

5TÏ
lTV

5ïI
lTV

ÐtI
]- TT'

7050 7ïT 7ïI
r7029 7TT

70?,8

7Q?,7 7TT

70?,3 7At
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Itg. ?, T-ate iliakinesis in a
norslal Polloa mother
cell with seven
bivalents " (c.x t,too)

One ring of four and llg' 5.
five bivalents at
metaphase fþom 11 of
cross between 703I and
normal llne" (c.x çooo)

w%w eew

'., 4:øu

'' 2 
o 

.,. 1 * t

-'; ,i "-o

Sig" 5. Seven bÍvalents
the metaPhase
plate. (c.x tooo)

wWr* #

I

One ring of four
ancl five bivalents
at late iliakínesis,
shovling sone pair-
ing ín the arms of
the ring. (c.xl,Loo)

FÍg" +.
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three heads vìiere examlned from each cross this is a strong

Índication that the parent 7051, whÍch is homozygous for the

erectoid character is also homozygous for the translocation,

and that the trans]-ocation is associatocl with the ert locus"

fhe transloeation lnvolved a fairly large part of the

chron-osomes, as the quadrlvalent always formed a cl-osed ring,

and no open chains wero founil. .& few cLear sl-id,es of

dtakinesis shov¡ed some pairing in the arns of the ring

( Ftg" 5) , which eonfirmed this assumptlon"

Micro-nueLeí were found in a few of the quartets,

indicating th.at ono cb.romosome of the ring had Lagged at

anaphase, and haä been exclucled at the seeonil divlsion to

for¡n a micro-nucl€üs'

ALI the crosses Ín whlch 702'9 was a Barent, had a

higher than average number of open blvalents. Thore may

have been some minor cbromosomal aboration assocfateil u¡ft'h

this erectold, whloh reduseil the homology between the two

chromosomes of the pair, causing formati.on of open blvaLents'

Nr¡mber 7OZ7 may also have a minor ehromosomal aberation'

Identiftgatf-gn of tlrg-llansloegtion 7051-

The chromosomes invoJ-ved fn 705L were Ídentified by

examination of F1 melosis configurations f?om crosses

between 7051- and tester transl-ocation stocks" Ehe testers

are b.omozygous transl-ocatlon stocks !n },[ars barley whlch
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were obtainecl from Dr. Burnhamr ând a series of these, which

fncruded translocatlons invorving each chromosome, was

crossed with the erectoid translocatlon stock ?o1]. in tho
su¡nmer of 1955 ln the fierd. seed was obtained from onry

four of Ëhe ten cross€s o fho F1 Þrants were grov¡n in the
greenhouse in the fall, under artificial l-ighting and young

beads wore colloctocl for cytologÍcaj, examlnq¡Íon. trbrtu-

nately these four hybrids proved sufficient to fdenüifþ
the chronoso¡nos invorved in the translocation ?ogr. The

results of the analysis are glven in Tab1e JV"

rabl-e IV: MeiosÍs configuratlons in 3'1 bybrids from crosses
botween TA5L and. Burnhamrs üester stoeks"

Tester
parent

Chromosomes
in tester
translocation

Cytological
configuratlon

Ch.romosomes
1n 705I
trans l-ocation

No. of F1
plants
examined

aL4zo

cL5L5

CLE63

0tõ84

ef
b-g
bd
a-b

EIV 5II
2W 5TT

TW 4TT

TiE 4TT

noteorf
notborg
either b or cl

eit'h.er a or b

z

re

L

2

The translocatÍon

f or g, .{rs ehromosome b

lnvolve a and do

does not involve chromosomes b, e,

is exeludod i,t nust thorefore



( e) trforphg-Isrgica]- analysis

Th.e different erectofdes showed variation ín head,

densÍty which was readily observed, although 1t was

imposslbLe to group the types on the basis of visual obser-

vatíon alone. T,{easurements were therefore maile of internode

Iength" lfen primary tlLlers of ffeld-grovin pl.ants were used,

fïom each erectoid,

Simtlar measuremonts had al-so been made on materlal

grown in the greentrouse, but tñese wore found to vary rather

wideJ-y from the fieLd measurenents, probably due to the

varlabLe }íght conditions ln the greenÌrouse, and the fact

that many secondary tilLers were measured, as pr5-onry

tillers had been taken for cytologicai- study" The coef-

flclent of varl-atlon was higher in the greenhouse matoria3-,

belag over 26þ, and under Lø/o tn all fisLcl-grovan matorial
Ðifforences in head denslty between tho various erectofdes

anil Montcalm wero determlned by the unpaired comparison ntn

test. Results of neasurements are presented 1n Table V,

where tbe erectoíiles are grouped according to head ilensity,

MontcaLm and 7023 gavo a dtrr value whicb was higþIy

slgnifÍeant at the L/à LeveL. Both tbese ârê¡ however, far
Írore lax than the other ereetoides" ![ben firsü seleoted

7023 was consld,ered a physioLogicalJ-y stiff-strawed mutanüu

but these neasurements shoned that it could be incluiled witb
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the erectoides.

There was no significant difference between JOZJ,

7028, 7A3I, and 7029; neither was there a significant

difference between 7032 and 7033"

Table V: Analysis of ten measurements of ten internodes of
erectoides and ÌvTontcalm grown in the fiel-d, and
their grouping"

Plant
number

Average length
of ten inter-
nodes in mn" Group

I'.{ontcalm

7023

7030

7O27

7028

7Vr
7029

703?

7033

Four groups are thus distinguishable on the basis of
these head measurements" However, it has already been

mentioned that head density varies considerably with con-

ditions, and therefore these val-ues would not suffiee for
the recognition of the different erectoj-des" If there is a

37 "7 + .2r

3l+"9 + 'l-5 1

28"4 + .L5 2

25"7 + "l_6 )
)

25"5 : .r3 ))3
25"0 ! .19 )

)
z|"g ! "1¿$ )

23"2 ! "l_g )
)¿r

?3"O + "11 )
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characteristlc value for head itonslty in tbe Ì'IlontcaLm

erectoicles, as Hagberg (8) has sho$rn for the Swedisb two-row

varieties, it oan only be obtained, by taktng an average of

vaJ-ues ffom pJ-ants grown under a wlde variety of conditiors'

(g) GenetÍcaI-anaIYsis

II anal-Ysís

Measurements of head density were used to compare the

phenotypes of F1 with those of the parents. TLto head

measure¡oents of the 3l_t. were eompared with those of tho

check parents grown in th.e greenhouse at ühe saxûe time.

;LJ-though these measurenents aro less relÍable than the i'le1d

oaes, Ít was considered to be a sounder basis for eomparj'son

to take plants grown under the same conditj-ons r than to

conpare the greonhouse-grovin F1 with the fietd-gfown parenfs"

Ï'{h.ere possible ton well-for¡ned heads f?om dlfferoat

plantsofthel].'sweretakenformeasurerc.entanil20from

the oreetoides and ¡,{oatcaf&. ?lhore thero u¡ere under ten

plants the l-argest hoads were cþosen f},om tlllers of a lower

order, Thfs is undoubtedly a further cause for less

reliable resul-ts" Beeause of inconsisteneies in th.e green-

house naterial these resuLts can onLy give a general

comparison. Hor¡¡ever they are in agreenent r¡¡ith the

conclusj-ons deduced ÍYom the fZ ratiosr and are incluiled here
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for interest. The results are sb.ovrn in 'table VI, and they

are also su.nuoarised graphically in i;be form of' a histogram

( trPlg. 6) " To facitÍtate dÍscussion the results have been

divÍded into tvuo sections: the crossos betv.'een the rnutatÍons

and norma3-, and the crosses betvueen the different mutatiolls"

Fegregation for types with lax heads l¡\ras found in the

progeny of 7Q3? lvhen it was grov/n as a check v¡ith the TZ

of the cross 7O3Z x 70õ0. fhe Fa ratio of this cross gave

a poor fit to expected (chi-square of 0.05-0"02), anct it was

assumed that the segregation in this 7Q3Z paren'r, was due to

heterozygosity ra'i;her i;han lai;er contaü.ination of the seecl'

The resr-rlts of this cross Were therefore discardod '

T. ürosses between--erecioides ang Ï'{o$ : In all

crosses between an erectoíd and i',rontcalm the i! nead was as

lax, or nearly as lax, as i{ontcal-m, shoicing that the nornal

allele is at least partially doninant to the mutated allele"

Tbe degree of dominance appears to vary vøith the oifferent

erectoides " 'Iypicat heads of the parents and Fl, from ih'e

cross 703I x },,,îontcaltl are shov¡n in fig. '/" Tnis illustrates

the lax and semi-starile I"' which is heterozygorLs for the

transloeationn

comparison by means oÍ' a fit{î test shor¡¡ed that there

was littIe or ao significant differonce betin¡een the head

densii;y of }.{ontca-lm and of i;ho E in these crosses.
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Table Vf: Average of measurements of ten internodes of
erectõides and i4ontcalm, and F1 hybrid-s from
greenhouse groïün material.

.l)^-^n+ 'ì
f d.¿ EIIU I

Head length
i-n mm. Parent 2

Head length
in mm"

Head length
of hybrid
i-n mm.

7423

7027

7O28

7o2g

7074

7o3o

7O3r

7032

A

B

3O.9 ! "61+

28,7 t " 81

29 "8 ! "79

27 "6 ! "78
1? l1

22"7 ! "6lr
26"5 I 1.15

l'{ontcalm
ft

1t

t?

tt

t1

1t

1?

3l+.4 ! "4r
3l+"1+ + 

" 
lç1

3l+"4 ! "l+L

3l+"1+ ! "/+I

34"1þ + ,l+L

34"1+ + .¿+1

3b"4 ! "&1

3l+"1+ + "/+1

35"9 ! "81

3l*.1,, + "21+

33,1+ I 1.01

3l+"6 + .18

3b"2 ! "28

31,I + "2A

33 .8 + ,1t+

31"1r + .26

7A?3

7023

7023

7023

7027

7427

7027

7oz9

7029

7029

7029

7030

7030

7032

IÏ 30 "9 L .61,

30.9 + "6b

30 "9 ! .61+

3o "9 + "6t+

28 "J + .81

28"J + 
" 81

28,7 ! . 81

29.8 ! .79

29 "à ! "79

29 "8 + "79
29 "8 ! "79

27 "6 ! ,78

27 "6 ! "78
26"5 + 1.15

7027

7032

7032

7033

7o3L

7032

7033

7030

703r

7032

7033

7a3r

7033

7033

/\ö

B

28"7 ! .81

26"5:1"f5
26"5 + l-,15

19" I 1 ,l+3

22"7 ! "6b

26"5:1,15
19.8 I "I+3

27 "6 + "78

22 "7 ! "64

A6-5 + 1"15

19" I I "Lþ3

22"7 ! "6h

19"8 3 "l+3

19" B 1 "43

30,9

29 "7

31" I
33.2

32"5

29 "l+

32.L

31. I

34.9

31" I
30 "9

32 "2

30 "2

"37k
eo*

,Llk

" l¿t.

"20
ra*

,zCI

"26f.

"15

"23*'
.154

"LT

"L7

"28

+

+

+

+

+

+

+

+

+

+

+

+

+

+

*F1 not significantly different from the more lax parent"
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Flg. 7, Typlcal- heads
and the Il of
th.em.

of l,IontcaLe,, lO6L,
the cross between

: Measure-
ments eonffrmed the observation that heads of lt nJ.ants were
more }ax than either parent, although a statisticar anarysis
sho'¡¡ed, thaü in sevon out of the fourteea crosses, the r'1 was

non slgnifieantly illfferent flom the more lax parent" The

generar tendeney tolvard raxity in the F1 indteated that tvro

loci were invorved in crosses betvreen two erectoiclos, re
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Segrogation ratlos supporteil tbis, In these orosses the Ft

heads are more dense than in those involvlng Monteal-mt

avoraging about 50 mm, insteaci of about 54 mm' Íb,e two

erectoiä loci nust have an aclalitive effect, reiluclng stlll

further the partial clominance of the normaL aLlele"

Iþ analysis

I. gfosses betwoen ereeüolites and Montcaln: (a) fhe

lax F1 suggested that the normal type !s iloninaat to the

mutant gene controlling the ereetoid character" flre I|g was

therefsre exl¡ected to sogregate in a 3:l ratio of lax to

dense. flhe observed, ratios were oompareil with the expected

by ehi-squareo üd the P value was high for all crosseso .éi!S

Shov,tn in Table TTï cross 7O?,8 x Montcalm was an exception

tp = ,05 - .02), but here the poBulation was very smaJ-L.

(b) In the cross ?05I x MontcaLrû, three c1asses were

distinguished¡ âS pl-ants heterozygous for the translocation

were partialty sterlle. fhe three classes were:---1 homo-

zygous lax (quite fertile) t 2 heterozygous lax (partially

steriLe): I homozygous clense (qulte fertile). Partlal

sterillty was only found in the lax group. Íbfs indicates a

close tinkage between the translocatÍon and the gene for

erectoidy"

flrere is a small but fairly constant ileficiency in the

cl,ass of homozygous recessives. Íbis agrees wlth reports from
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the Swedish v¡orkers (4r5) 
"

Table VfT: Chi-square anaÌysis
between erectoides
of an expected 3:l-

nf ll"^ nrtinqv¿ ! sv¿vv

and Montcalm
ratio.

of crosses
on the basis

F^

Erectoid ¿Jd.i1-

rent oDServeo

7023

7027

7028

7029

7030

7030

(VJ ¿

an'l- oìlserv
Dense

ecfe

1, 12

ô Ã't

4 "Yv

0.04.

0.88

O "21+

o" 3f

P at "05

.3O- "?O

. 50-,30

.O5*.92

^A 
 F

"Jó- øJ)

" 50-.30

"70- " 50

"70- " 50

^

B

7031 u "40

II. Croesgs between di_[tgrent erçctoidgs: (a) ttre
lax F1 suggested that the two recessive genes for erectoidy
v¡ere at two different l-oci" The laxity was due to the two

normal alIeles at these loci. The expected F2 rabio was

therefore of thd o:'7 i-rrna which could be broken down

Lgt+ I l_81"5 | ¿ug | 6o"5

3r3 13o6"75 | g0 lloz"z5
bl- | 3t+"5 | 5 | 11"5

290 | 29L"75 | 99 | 97 "25

)37 l|328"5 I rOr l1og.5
L53 1150,0 | trZ | 5O"O

3?6 l3zt"o I roe l to7,o

Analysis o.f cross 7O3I x l.lontcal-m on
basis of an expected IzZzL ratio

eml-- |

Fertile I sterile lFertite
lax lLax I dense

obs.l exp" lobs"l exp"

L7 lu+,75 28 | 29"5 r4 | r4,75
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fr-rrther, äeBending on the abil-tty to dlstinguish the differont

classes.

In all erosses at least Èhree cLasses were recognisecl;-

].) Iax: heads índistlneuishable flom Montca].m'

?,\ dense: heails simllar to elther parent"

g) very denses heads considerably n'ore clense tb"an elther

parent"rllesoareknov,nrasthezeochrltontype.

rhe results are glven ln Table VIII, ancl flgure I shot¡vs

typloal head,s of parents and Fa classes from one of tlrese

crosses "

Typical- heads of
F¿ classes from

7A27, '?O82, anil the
tho eross betv'¡een these"15.g, I "
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fabi-e wrr: chi-square analysÍs of F2 ratios of erosses
betr¡veen ilifferent ereetoïdes on tbe basis of
an expected 9:6:l ratÍo.

Paren

46.7

91,0g

136.l-7

5L.L

60" L2

90.79

IS9" ¿

154" 5

I58.4

1L6.4

90.6

24,6

28.2

141.0

+6.2

gõ,4

25.9

t1

5"2

10" le

15, I5

z3.z24

ZL 25,75

L5

26,4

L9"4

15, I

4.l"

4.7

z3 "5

,l 
"r7

L5" 9

4"3

F at .05

, r0-.05

" 50-.50

" 50-.50

" e0- " J.0

,70- 
" 
50

.05-.02

"70-"50

,20-,10

"70-"50

"50-"50

,50-,50

" 
50-. 50

.50-,20

.50-.õ0

lO23 x
7027

7O?,3 x.
708?.

70?7 x
703L

7027 x
7082

7027 x
7039

7029 x
?og2

?o29 x
7059

7050 x
74?^9

7030 x
?o5L

7051 x
70?,9

7032 x
7028

7032 x
7083

70õ5 x
7AZ8

7083 x
?o50

50

89

L+4 87

LzL

l_51

IgB

lt5

rztz.
a)L) 5" 55

L,'15

L"73

3,92

I. ?g

6.59

l,1g

q( tÃ

L,20

J.,50

L"l7

2"?

66

226 209.6

2+0 23L"7

262 237 "6

L74"6180

L5Z 155, I

63 66" I

76

z9

el

L5

I8

47

e09

75

150

+4

4A "3

ell.5

69.5

L46 "L

38"7

28

149

&3

84

2g

Very dense
obs. I exp. obs. lexB"

zo

z.L4
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The only cross with a Low P value was 7029 x 7OB?

(p - .Ob-"02), but the presenoe of the expected nu¡aber in

class 5 (doubJ,e homozygous recesslves, aabb) mAteated that

here, as !n other crossesr two loci $¡€re lnvolved. The poor

fit was not due to linkage between the two locl as the seeonä

class (parental types) was deflclent' Both parents segrogatod

as expected ln other closseso

(b) In the three orosses between 7051- anil other

orectoides flve classes were distÍngulshede or the basis of

heaä densíty and semi-sterility'
Tbe abillty to distinguish the semi-sterlle pla¡ts

was testocl by divldlng the %ts lnto two groups; fertlles

and semi-steriles. fhe size of tbese two grou'ps was near to

the expeeted l:I ratio as shown by tbe chi-square test.

0n the basis of seml-sterlllty therefore, the two

major groups of the 9:6;I ratio were further sub-divided to

glve a total of five classes, vlzn ,

(3 fertile (¿ fertÍIe
9 lax i 0 mectiu¡q ( l- very ilense -

ig seni-sterlLe clense (e se¡r1- fertilo
( steril-e

Tbus using a 15z6z4z2ll- ratio, th.e chl-squaro test

glves the foLl-ør¡¡fng probabillties at t]0:e 57à level.

7027 x7051 P= '50-'U0
?090 x7Q3L I = .95-.90

7O3Lx7O3,9 P= '95-"90
TlrÍs neans that atl plants heterozygous fon the
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erectoid, gene brought fn by 7A8L wete also semi-sterile or

heterozygous for ühe reciprocal translocation' TÏrl-s ls

therefore a firther indioation that the erectold oharacter

ls associated wÍth the breakage polnt of the translocation"

It is probable that there ls a very close or complete

association between the transloaation poÍnt and the Locus

for erectoiily; but this has not been lruevocabl-y proved.

Díscussion

.åccordlng to the Swedish work thore are three

posslbitities for the genetical relatlonships of these efght

erectoids:-
l-) .&ny ereetofd in one morphoLogleal group may be the sano

as another in that group"

Z', .Àny erectoid nay be allelic to any other oner or to
several, form.ing a nultipLe alLellc serles"

5) Each erectoid may be duo to a mutatlon at a different

locus" (Mutatlons at dlfferent loci nay or nay not

dlffer phenotypicalj-y ftom each other. )

ResuJ-ts have beon obtained from L5 of the possÍble

28 oombinatlons of the eigbt erectoides' These L5 crosses

all involve two different unlinked loci for the erectoid

ch.aracter. .qïom tTrese results four separate loci can be

deduced, Table ll shov¡s all the crosses which have been

analysed"



Moatcalm toz5 vaz'l 74?,8 7029 7050 703L 7032 17039

7093 x x It r lt

7032 X X .ã- x

703L x lc x x

70ã0

70?.9

x rt

Â

7AZ8 X

702'l x x

7028 x

Il,ïontcalm

5T

fabl-e IX: Crosses useil in the analysis,of the gene loci"

Examination of the table shows the foLlowing facts

about the l-oci:-

1) Erts ?9, 32 and 55 all differ fïom each other' giving

l_oci illtî, w?]1r and tt3rt.

2) Erts 25 and 27 differ fT'om each other, and both differ

from 32 and õ5. Either one could be allelic to ert ?9,

but not boÈh. Therefore there must be one other locus

involved---numtoer 1T 4tl o

g) Ert 50 differs from 29, SL and 53u but may be all-elic to

ert, 5?.

4) Ert 5I dÍffers from 27, 29 and 50'

5) Ert ?B may be allelic to any other ert'



3?"

[hese facts are sur¡rmarised in Table X.

Tab le ]i:

.:JI U O

7033

7 03?-

703I

7030

7Q29

7Q?8

7027

7023

The possible
deduced from

Ioci involved in
analysis of only

T,oci

the eight erectoides,
L5 crosses.

0ther
Ioci

3L
or?
50

2.Re

27
or?
z3

These four loci- are definítely established" To com-

pl-ete the series of 28 possible combÍnations of the eight

ereci;oides more crosses 1¡ilere made in the greenTiouse in the

faII of 1955. No results vrtere available at the ii-ne of

writing hotr¡ever,

( 4) E¿efg__Es,iat

The mean yields j-n busheLs per acre are shorryn in

Tabte fI with other agronomic characters. Tbe lines have

þeen placed 1n decreasing order of yield. Monteafun headed 49

52

,JI
of
30

2.A2

2?
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days after seeding, this is indicated as 0 on the table, and

the number of days l-ater than i.t/iontcalm is given for other

l-ines" The degree of lodging is arbitrarily rnarked I l+;

l lndicates no lodging at all, and /ç indicates severe lodg-

ing "

Tabl-e XT: Yield, heading and lodging of eleven selected
erectoid lines compared with l4ontcal-m and U"i4" 57O"

Lines

HeadinE:
Iviean yield days

in aft er bu, ,/wt .
bu"f acre iviontcalm Lodging lbs. /b:u.

l, 000
kernel
weight

7027L

7O27F,

70308

7023

7030c

7O3LA

u.M" 57O

7032

703l8

703O4

]tlontcahn

7029

7033

h,B "9

h7 "o

l+6 "3

L,rl+ 
" 

l+

43.9

l+3 "o

44. ö

40, I
l+0'1

40"0

38.9

35 "l+

lo Ã

l+3 "O

l+l+.3

l+5 "8

4l+" 0

&&. I
t+3.5

l+3.5

45"5

l+.3 "8
Iv5 "3

4L.3

),'7 aêl.l av

h,7.o

25,O

27 "O

27 "5

É,ô.v

27 "5

25 "8
21v.5

/,O. )

¿Q "V

2nÃ

23.O

33 "3

0

0

1

^

0

1

0

I
1

l_

0

l+

5-7

?

l+

2

1

¿

3

?

J

?

l+

t_

I

LSD = 7"6 bu.facre
10"1 bu.'/acre

ar 5%
aE 16/o

1evel
level
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The yields of both 7O274 and B are significantly
higher than ir'iontcalm. The yield of 7029 is ra-ther low, but

it is not significanbly lov¡er than i:,.{ontcai-m. Line 7033 has

a very low yield"
ii'lontcalm and most of the erect,oid_es headed about l+9

days after seeding. Only the two l-olrest yield-ing types, 7O?9

and 7033 were consj-derably l-ater than l{ontcal_m"

itiotes on lodging resistance Ïrere taken after a strong
wind soon after heading, and also a week l-ater, when there
had- been some recovery. I{ontcalm, 7O27L and B, ZO30A and

7O3l.A and B, remained rather bad-ly lodged throughou.t the

ripening period" There was virtually no lodging in 7OZj,

7OZ9 and 7033" The high resistance ro lodging in 7OZ3 is of
particular interest as this is the most lax erectoid,
originalJ-y serected on the basis of straw stiffness alone.

ft seems that straw stiffness is not necessarily correl_ated

with head densitv"

Disc.ugsign

Tn this one yearts yield tria.l both sel-ections from

erectoid 7027 had a eonsiderably higher yield than liontcal_m.

The erratic and somewhat severe lod-ging may have masked any

differential between 7OZ7 and li{ontcalm in lodging resistance,
They will be fu.rther tested for agronomic quatities along
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i^rith other rnore promi-sing lines. Lawrence (13) reported the

results of a preliminary qua.lity prediction test on some

ir{ontcalm erectoides which sr-rggested that the erectoid may

have a lower quality than i'.{ontcalm"

Between the two lines from 7027 and 7031, and the

three from 7O3O there is no significant difference in yield"

But in 7030 two l-ines had an average yield close to l'Tonbcahn,

and one wa,q -far l-or,"er" Ïf this lower yield is consistent,

it may Índicate segregation for yield within the erectoÍd,

perhaps due to other mutations at the time of irradiation.
Both 7029 and 7033 are l-ate heading, very reslstant

to lodging, and low in yield." It, would be interesting to
rnake correl-ation studies on these characters"
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These studies on the erectoides of i'lontcalm barley
indÍcate that erectoidy in six row barleys is comparable in
behaviour to that of the two rolv barley varieties.

Firstly, the erectoides show wide variation in head

density and pleiotropic effects. Out of the eight studied
there were at l-east four significantly different morphofog-

ical head types" The erectoid habit was fou-nd to be simpry

inherited as a recessive gene" The character is controlred
by genes at different l-ocir ât least four having been found

in l'tontcalm, The effect of these genes is additive, so that
plants homozygous at two loci have very dense heads (7). It
therefore seems that the name erectoid, which was assumed at
the beginnÍng of this study, is justified, in that these

mutants behave genetically in a very similar way to the well-

known Swedish erectoides"

There have been many dense-headed mutants described.

in the past, especially in connection vrith linkage studies
(r5116 rr7), and it is probable that these also are erectoides
in the swedish sense" rt wourd be of great interest to
colLect seed of all known dense-headed Èypes and. exarrrine

their behaviou-r in crosses, to determine how many different
loci are involved and al-so if there are some all_elic series.
l'Tany theoretical studies wou-l-d be possible on similar lines
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to tbe work being earrieit out by Hagberg s! al. (8), anil this

would supplement thelr concLusions wlth data fron six rowed

varieti es 
"

Iü ls not knolvn whether the Loci discovereil Ín tÏ¡is
study are the same as any of the ert loci founÈl by the

Swedish workers" In ordor to test this lt wouLd be necessary

to make intercrosses between ropresentaüive erectoiiles from

the I9 ilifferent Swedish ert looi and the erecüoldes ctescribed

hero" It woulil then be possible to Èlesignate a system of
syrnbols to these erectoíilos so that the geno nomenclature

coul-d be correlateil,

The oaly major eytoLogical disturbance was founil in

l-ine 705L0 which contains a reciprocaL transLoeation between

chros.osoües a and d.n fhis appears to be closeJ.y assoclated

v¡ith the ert Loeus o ht not enough pJ-ants have been exa.'nined

to be quite eertain" T'l¡1s eroctofci uay be of uso in helPlns

to identify the exaot posiüion of the translocatlon in
llnkage stuäleso

êgrone¡nic yalue

0nly two of these

below that of the parent

MontcaJ.n" Otherr¡vise all
agronomÍc f-mprovomont or

Montcalm"

erectoid nutatfons reilucecl the yiold

variety, and fow wore later than

the eharacöers yet tested shou¡eil an

Ilttle signifLcant change over
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Thore aBp€ars to be an association botwoen very dense

heail, resÍstanee to Lodging, lateness and J-ow yleld in ?O29

and ?O39. Presumabty these only differ in two genes affect-

ing head ilons5.ty, It would be interesting ùo lnvestigate

this flrrther, especs.ally as tbe agronomicafly deslrable

qualtty of hlgh lodglng resistance is here associated with

a lcrw yield, and Ln 7O?7 hfgh yield is assoeiatocl with a

Ior¡¡er resistanco to lodging"

Other rolatíonships between dlfferent pleiotropic

effeets have not been suffÍciently studfed to draw any

inferences, llowevor, vo1r läettsteinrs findiags (eA) are of

1nËerest in this eonnecti.on. He worked with an allellc
series, and stated that every al-le1e sesmed to have an

inilependent action on different organs "

Erectold 1023, uilrioh was origlnalLy thougb.t to be

physiologlcal-ly stiff-strawed has undergone fairly extenslvo

yieLd trials, hrt was founil not to be signiflcantly better

Èhaa Montcal¡. in yietding ability" However, the tvro lfnes

of 702? each yielded signiflcantly more than Montcai-m, and

also wel.I above U"l,{. 5?O in this ono yearts test.

Ehe tentative conclusion nay be ilrarvn, on the basis

of only one yearls trial, that the eroctoÍdes character is

freo*uently as socíated r¡ríth desirable agronomie quai-Itles,

one of the most important being lncroaseil strale-stiffness.

.&Lthough much genetle variaüion is stilL avaiLable

to plant breoclers througb tbe slasslcal methoils of
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bybridizatlon anil selectíon, these rosults support the mounf-

ing bocty of evldencê (o) in favor¡.r of using induced mutations

in a breocling progralrrle, either as an addltional Source of

netv gene materiaL¡ or ilLroetly to Ímprove crops --- !n which

case nev¡ varleties may bo proilueed lu.oro quickly and cheaply"

Ðr¿trnato and Gustafsson (I) have shown that various

che¡aieal pretreatmonts can alter tho proportion of dÍfferent

mutations" It thus appears llkely that with flrrther basÍc

research, the direcüion of mutations will- come m'ore under

the control of the geneticÍst. Tlrese authors aJ-so suggest

that even without directing the rautation procossr a method-

icaL breeding progranne coul-d be set up to improve crops"

Ibr etraeple, in barley tbe ereetoiiles mrltants are fairly

conmon, antl every tenth erectoíd either oqlrals or surpasses

the motbor straln. lhus a Brogrammo starting with large

scaJ-o irracliation would rapldty establish a hlgþ yielding

erectolites typeo automatically possessing tbo requl3od

superior straw strength.
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