ABSTRACT
INHERITANCE OF RACHIS INTERNODE LENGTH 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 belleved 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. With 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 1s the mode of inherltance of rachis inter-
node length?

Problem analysis.--1., How many genetic factor

pairs are involved?

2. On which chromosome or chromosomes are thesel

genetic factors located?

Delimitatlon.--This investigat
data obtalned from crosses of Accordian . 5'2'18'%'_03'%3
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extremely lax barley variety wlth five relatively compact
barley varieties, namely: 1l. Coast III, 2, Colsess I,

3. Colsess V, 4. Nigrinudum I, and 5. Minnesota 90-5. 'The
data presented in the thesis was limited to that obtalned

in 1947 and 1948 from parental stocks, F. and F2 gener-

1
ations.

Methods and Materials

Since seven linkage groups (chromosome pairs)
have been found in cultivated barley, the barley varletles
used in the crossing program were chosen with the idea of
testing each linkage group. Through use of these linkage
group testers it was hoped that 1t would be possible to
locate the factors controlling the inheritance of rachis
internode length within their respectlve linkage group.

Accordlan Rachis is a two-rowed, naked, rough
awned, short haired rachllla barley with a whlte aleurone.
Accordlan 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 rachis (Figure 1). The individual rachis segments
are very long as compared to those of normal cultivated
barley and are curved in such a way that the effect 1is a
zligzag rachis which 1s elastic under tension. Accordian
Rachis was used in all the crosses in order to determine

the inheritance of the difference 1ln length between




MINKESOTA 90 - 8

Fig. l.=--Accordian Rachls (long rachis lnternode type) and
Minnesota 90-5 (short rachis internode type). Other
parental types not shown have slightly longer rachis
internodes than lMinnesota 90-5 but were classifled as
short rachls 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 inheritance of rachig
Internode length in thelr respective linkage groups.

In order to determine 1f there was a significant
difference in rachils internode length between Accordian
Rachis and the five varieties with which it was crossed,

a gstatistical comparison of parental mean rachis internode
lengths was made. The extremely high t values obtained
when the statistical comparison was comple ted showed that
the shorter mean internode length values for Coast III,
Colsess I, Colsess V, Minnesota 90-5, and ﬁigrinndum p £
when compared to Accordian Rachls were highly significant.

The barley crosses were made at the Colorado
Experiment Station at Fort Collins, Colorado in 1946 and
1947, One half the seeds resulting from these crosses
were planted in the fleld evéenly spaced 1n four-foot rows
in 1947. When these plants had matured, they were pulled
Individually. Measurement data was then secured in a
manner described later in this abstract from each of these
Fl plants as well as for 25 plants of each parent. The
procedure carried out in 1947 was repeated in 1948 with

the acdditional planting of the seeds resulting from the Fy




plants grown in 1947. At maturity, individual plants of
the parents, F; and Fo generations were harvested and
measured as in 1947, VWherever possible, from 4 to 6
spikes from each F2 plant were saved to provide a populatig
from which a random sample could be obtained to plant In
1949. 'This procedure was necessary in order to check in
the F5 generation the FB genotypes and the hypothesls made
in 1848.

After discarding the bottom and top four inter-
nodes of the head beling meusured, at least ten internodes
were measured to obtalin an internode length for that partit
cular head. Care was taken to select the head from the
longest culm for measurement and only one head per plant
was measured. Figure'two 1s a photograph of the equipment
used to measure any rachis which was too crooked to be
measured with an ordinary millimeter rule. The rachis to
be measured was first stripped of 1ts florets and then
placed 1Inside the photographic print press which 1s shown
at the top of the photograph. 'The rachis being measured
was held in the press by a plece of glass frosted on one
side. Tis rough side made 1t possible to measure the
rachls by following the outline of the rachis with the map
measureing device shown at the bottom of Figure two. Data
comparisons between Iy and Fp generations or between

any of the parental lines and the F; and Fg generation was




Fig. 2.--Speclal 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 traclng the curved rachls internodes.




done usling parental, Fl or Fz measurements obtelned during
the same season.

The observed datas on qualitative characters
segregating in the F, was compared to calculsted theoretl-
cal ratios and tested for goodness of fit by use of the Xz
(Chi square) test when two or more phenotypic classes were
involved.

To check the Fp data for possible linkage of
factors controlling rachis internode length with the
qualitati%e characters studled, mean rachls internode
lengths for compar;ble gqualitative character classes were
tested for significant differences by use of the "t" test.

In order to obtaln a theoretical distribution
for the F2 rachis internode measurement data,-the Castle

formula was used to estimate the number of factor pairs ind

volved In the parental differences.

Discussion

Comparison of parental mean Internode lengths
for 1947 and 1948 supports the findings of Harlan and
Wexelsen where they found that density may vary signifi-
cantly in different seasons.

Data supported Neatby's and Wexelsen's findings
in that one or more factors controlling inheritance of
rachis internode length 1s located 1n linkage group I.

Data also supported Wexelsen where he found indicatlons




that another factor controlling inheritance of rachis
internode length was located in linkage group V.

The data did not completely support any one of
the three types of Fl behavior feported by earlier workers|
crosses of Colsess I, Colsess V and Minnesota 90-5 X Ac-
cordian Rachis in both 1947 and 194E plus crosses of Coast
I1I X Accordian Rachis in 1948 show partial dominance for
short rachis lnternode over long rachis lnternode. Re-
sults from crosses of Nigrinudum I and Coast II1 X Ac-
cordian Rachis in 1947 agree with results reported by
Hayes and Harlan where they found a case of almost com-
plete dominance of short rachls internode over long rachils
internode. The other four crosses gave mean rachis inter-
node lengths in the F1 generation which show partial domi-
nance for short rachis internode over long rachls inter-
node.

Statistical analysis of F2 data from all five
Fo segregations support the findings of Wexelsen and Neat-
by who found evidence of the occurrence of transgressive
segregation.

Linkage investigations.--Indications of linkage

in Coast III, Colsess I, and Colsess V X Accordian Rachls
crosses was found in linkage group I between the factors
controlling number of rows and factors controlling rachis

internode length. Data for Nigrinudum I X Accordian Rachip




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
Minresota 90-5 X Accordian Rachis between factors control-
ling intermedium versus non-intermedlum located in linkage
group 1V, and factors controlling long versus short-haired
rachilla located in linkage group V in respect to factors
controlling rachis internode length 1in these crosses. In-
dependent inheritance was found between the factor pairs
for short versus long internode and black versus white
floral bracts (group II), covered versus naked caryopsis
(group I1I), 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 long rachis internode parents.--Measurement class

totals for the Nigrinudum I and Minnesota 90-5 X Accordian
Rachis 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 Rachls 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]

palrs are located in different linkage groups.

r]




Suggestions for further study

Theoretically, the best method would be to selech
random samples of each Fz measurement class as given in
Tables 7, 10, 12, 14, 16 and plant them in the field in
the spring of 1949 in conjunction with all six parents.
Measurements of individual F:5 plants would be made as 1in
previous years and the data would be analyzed to ascertain
the breedlng behavior of each Fz measurement class.
Knowledge of F3 breeding behavior should make possible the
formulation of conclusions concerning linkage of factors
controlling the qualitative characters with factors con-
trolling rachis internode length as well as the number of
factors by which Accordian Rachis differs from the other
parental varietles 1n respect to rachis internode lengtﬁ.

Such a procedure as outlined above would,
however, be Impossible to carry out due to lack of time
and money. Therefore, in order to use the above method
the field planting would probably be limited to one entire
family--the cholce as to which family to plant being de~
pendent upon which would give the most information as de-

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

CI'OS8SE8.
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Chapter 1
INIRODUCTION

The need for a varlety of barley that does not
shatter when belng combineeharvested has bean-raalized for
somefima. It 1s belleved that internode length, slnce
thls factor regulates the degréa 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 varlety, With thls knowledge plant breeders
would have a better understanding of the inheritance of
factors affecting shattering which would thus enable them

to more clearly plan thelr breeding programs.

Ihe problem

What 1s the mode of lnheritance of rachis intere
node 1§ngth?

Problem analysis.--ls How many genetlc factor
pairs are ilnvolved?

2. On which chromosome or chromosomes are these
genetlc factors located?

Delinltations==This investigation was limited to
data obtalned from crosses of Accordlan Rachls, an ox=

tremely lax bariay variety with flve relatively compact
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barley varietlies, namely: 1. Coast III, 2. Colsess I,

3. Colsess V, 4, Nigrinudum I, and 5. Minnesota 90-5, The
data presented in this thesls were limited to that ob~-
tained in 1947 and 1948 from parental stocks, Fl, and FB

generations,
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Chapter IIX
REVIEW OF LITSRATURE

Seven linkage groups have been established in
cultivated barley, the literature for which has been re-
viewed by Robertson, Wlebe, and Immer (11), 1941, and
Robertson, Wiebe, and Shands (12), 1947+ Since a complete
review of literature ls beyond the scope of this thesis,
the reader 1s referred to the above two references for any
information regarding qualitative characters studled in
thls research problems The literature review presented in
this thesls 1s limited to those studles which have pree
viously investigated the mode of inheritance of rachis ine
ternode length in barley and will be discussed under
appropriate headings. '

Environuental effects

Harlan (4), 1914, after comparing rachis intere
node data for one glven variety from one ssason or locas
tion as against the same varilety grown in a different
soason or location concluded that spike density varles
markedly with season and location. Wexelsen (18, 17),
1933, and 1934, found evidence supporting Harlan's con
clusions and also found that border and spacing effects
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were very important factors controlling rachls interncde

length in any ons glven variety.

Linkage of rachls internode length with other plant

characters
Although quite a lot of work has been done in

inherltance of rachls internode length in barley, only
Neatby (10), 1929, and Wexelsen (16), 1933, presented any
actual data showling any indications of linkage. Neatby
(10), 18929, crossed Guy Mayle X Canadian Thorpe and found
linkage between number of rows and rachis internode
length. The same cross gave no indication of linkage be~-
tween the factors controlling adherence of glumes and the
factors controlling rachis interncde length.

Wexelsen (18), 1933, found an indication of
linkage between rachls Internode length and rough versus
smooth awns in a cross of Machine X Ce.I. 4252, In ane-
other cross (Asplund X Abed Binder) Wexelsen found indi-
catlons of linkage of rachils internode length with number
of rows.

The possibility of linkage of rachis internode
length and other quantitative characters has been reporte
ed in but two papers. Harlan (4), 1914, in a study of
twenty varietles of barley, found a direct correlation be=
tween density and earliness while Hayes and Harlan (5),

1820, reported no correlation between rachls internode
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length and plant vigor in crosses among Jet, Zeocriton,

Pyramidatum, Manchuria, Hanna, Stelgum, and Reld Triumph

barleys.

Fl behavior

Each of the papers mentloning the behavior of
F, plants in regard to rachis Internode length may be
placed in one of three groups as follows: 1. lax dominant
over dense; 2. dense dominant over lax; and 3, intermediate
between the two parents. Spillman cited by Biffen (1),
1907, Hayes and Harlan (5), 1920, and Wexelsen (17), 1934,
reported crosses where the Fy progeny was Ilntermediate
between the parents 1n respect to rachis interncde length.
Hnyﬁs and Harlan (5), 1920, reported a case of almost
complete dominance of dense over lax in a cross of
Manchuria X Svanhals., Biffen (1), 1907, reported a case
of almost complete dominance of lax over dense in a cross

of Zeocriton X Nutans barleys.

Number of factors linvolved in inheriltance of rachis inter-

node length
One, two or as many as six maln factors plus

several minor factors have been proposed by varilous in=-
vestigators to explain segregations. Hayes and Harlan (5),
1920, found that in respect to rachls internode length

the crosses Manchuria X Svanhals and Pyramidatum X Jet
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differed by one main factor; the cross Hanna X Reld
Triumph differed by two main factors; the cross Hanna X
Zeocriton differed by three main factors. Hayes and
Harlan also concluded that ln addition to the main factors
found to be present,modifying factors were also evident,
as did Neatby (10), 1929, and von Ubisch (13), 1919, as
cited by Wexelsen (17), 1934.

' In a cross of Guy Mayle X Canadlan Thorpe in
addition to the modifying factors mentlioned previously,
Neatby (9), 1929, obtalned a segregation indicating the
inheritance of denslty of splke was governed by one main
factor,

Wexelsen (16, 17), 1933 and 1934, has made one
of the most extensive studles of the imheritance of rachiﬁ
internode length and found differences of one main factor
in a cross of Machine X Abed Binder; two main factors in
crosses of Asplund X Abed Binder, Asplund X Machine, and
Machine X Cel. 4252 in respect to rachls internode length.
Wexelsen stated that probably as many as rive factors were
concerned with inheritance of rachis internode 1ex$gt:h.

Vik and Lunden (14), 1928, cited by Wexelsen (17),
1934, crossed Asplund X Machlne and obtained a two factor
segregation for short versus long rachls internode.

Lunden (8), 1931, cited by Wexelsen (17), 1934,
crossed Asplund X DS 295 and obtalned a two factor segre=-

gation.
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von Ubisch (13), 1919, cited by Wexelsen (17),
1934, found that as the range between lax and dense parent
increased, so dld the number of factors, Note the followe
ings '

He34 (2,57 mm,) X He37 (3443 mm,) gave a

one factor segregation.
He37 (3,15 mm) X Hs Spont (5,75 mm,) gave
" a two factor segregation,

He34 (2,57 mm,) X Ho40 (5,75 mm,) gave a

three factor segregation.

Huber (6), 1929, cited by Wexelsen (17), 1934
crossed He dlatichum vare plgricans X He distichum var,
gractum and obtained a two factor segregation with one
factor being stronger than the othere.

Transgressive segregation
In the cross Asplund X Sacramento, Wexelsen (17),

1934, obtained homozygous lines in the Fp and F; genera=
tions which were significantly longer and shorter than
the parents, thus indicating that transgressive segre-
gation was occurring.. Neatby (10), 1929, in the cross
Canadian Thorpe X Guy Mayle and Huber (6), 1929, cited

by Wexelsen (17), 1934, in the cross H. distichum var,
nlgricans X He dlstichum var, grectum also obtalned types

which were indlicative of the occurrence of transgressive

segregation, Biffen (1), 1807, found that planting of a






Chapter III
ME TIODS AND MATERIALS

S8ince seven linkage groups (chromosome pairs)
have been found in cultivated barley, the barley varleties
used in the crossing program were chosen with the idea of
testing each linkage groups Note Table 1.

 Table le==-BARLEY LINKAGE GROUPS LISTING BARLEY VARIRTIES
USED AS TESTERS,

B R R R B B A e e et teerind

Linkage group number Barley variety testers
I Coast III, Colsess I, Col-
sess V
II Kinnesota 90«5, Nigrinudum
: I
IIX Coast II1I, Colsess I, Col-
sesa V, linnesota 90=5 -
v Colsesa I, Colsess V, Minne-
sota 90«5, Nigrinudum I
v Minneaota 90=5
VI Colsess I, Nigrinudum I

ViI Coast III, Colsess V

Through use of these linkage group testers
it is hoped that it will be possible to locate the
factora controlling the inheritance of rachis internode
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length within their respective linkage group.

Symbols for genetlc characters
The factor palrs listed in Table 2 were ilnvolved

in one or more of the five varietal crosses and the nomenw
.clature as suggested by Robertson, Wisbe, and Shands (12),
1947, has been followed.

Table 2.,~-GENETIC SYMBOLS AND NOMENCLATURE.,
e

Linkage group number Symbols Character pairs
I Vv NHon=8=row va. S=row
11 Bb Black vs. white floral
bracts
I1I Bn Covered vs, naked carye
: opais
Iv Kk Hoods vs. awns
Ii Intermedium va, non=inter
medium
v Rr Rough vse. smooth awns
Ss Long vss, short-haired
rachillas :
VI A.a, Green vs, albino seedling
color
Ao, Green va, albino seedling
color
VIiI Pofe Green vs. chlorina
seedling color
YeVe Green vs. virescent

seedling color
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Genetlc description of Varleties

Accordian Rachls is a twoerowed, naked, rough
awned, short haired rachllla barley with a white aleurone.
According to Martini and Harlan (9), 1942, Accordian
Rachis originatéd from one of twin kernels, This specifie
kernel produced a plant normal in size and 6ther charace=
teristics, with the exception of an extremely unusual
rachis (Pigure 1). The individual rachis segments are
very long as compared to those of normal cultivated
barley and are curved in such a way that the effect is a
‘zigzag rachls which 1s elastic under tenslon, Accordian
Rachls was used in all the crosses because while the
o ther harley varieties used show compactness of splke
(a function of internode length) in varying degrees,
Accordian Rachls 1s an extreme type, l.e., the extremely
long internodes as shown in Flgure I give Accordian
Rachis a very lax splkes It was belleved that this ex-
treme laxity of splike exhiblted by Accordian Rachils when
crossed with the other varietlies as named previously will
make 1t possible to locate the factors controlling the
inheritance of rachis Internode length in their re-
spective linkage groups,

A factorial description of Accordlan Rachis,
together with the lines crossed with 1t, 1s given in
Table 3.
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ACCORDTAN RACHIS : ki S

Fig. l.=-Accordian Rachis (long rachls internode type) and
Minnesota 90-5 (short rachis internode type). Other
parental types not shown have slightly longer rachis
interncdes than Minnesota 90«5 but were classifled as
short rachls internode varietles.
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Variety A o Ign’bnln for characters

Yv Bb xn B n- Bivl Rr Ss 4.8, A_,..n, To¥e Fefs
Aecordian : .
Goask 111  wv b HEN Kk II BIBL BB ss A4 A, &M T, FJ,
Oolsess I vv bb HN RK II BIBL BR ss Agse AA, Yol I3,
Golsess V vy b NN XK II BIBL RR ss AL, AN, YT, f.f1,
HMinnesota _
90-5 VW BB NN Mk i1 - 7 55 Ay Ay T T, FJ,
¥igrinudum ' -
I W EB mn ke II --ee BR 88 Aghy A, TX, FF,

In order to show the difference In rachis inter-
node length between Accordlan Rachls and the five varieties
with which 1t was crossed, a statistical comparison was
made by the method described by Leonmard and Clark (7:60-1),
1939, Since a "t" value of two or more is interpreted
as showing there i1s a significant difference in the two
values being compared, the extremely high "t" valuss glven
in Table 4 show that shorter mean Internode length values
for Coast III, Colaeﬁ I, Colsess V, Minnesota 90-5, and
Nigrinudum I when compared to Accordlan Rachls are

highly significant,



Pable li,~~COMPARISON OF RACHIS INTERNODE LENGTHS BETWEEN ACCORDIAN
RACHIS AND EACH OF THE OTHER FIVE PARENTIS

v
e

lMean rachis internode lengbhs

strain LT

Accordian Rachis 9,61 ¥ 0.,1298 9.3 £ 0,179
L2,18 k5,26

Coast IIT 3.95 £ 0,0336 3.96 £ 0,0266

Accordian Rachis 9.61 ¥ 0,1298 9.13 £ 0.1179
Lh.88 L5.73

Colsess I 3-69 : 0.0225 3.81 t Oom

Accordian Rachis 9.61 £ 00,1298 9,43 ¥ 0,1179
k3.l L6.82

Colsess V 3.76 £ 0,0396 3.83 ¥ 0,020,

Accordian Rachis 9,61 ¥ 0,1298 9.43 £ o179
. 55.77 58,05

Minnesota 90-5 2.47 £ 0,0383 2,54 = 0,0124

Accordian Rachis 9.61 £ 0,1298 9.3 ¥ 0,1179
33.35 h2.30

Nigrinudum I boh ¥ 01050 3.77 ¥ 0.0630

Methods used in making and handling crosses

The barley crosses in this research problem were
made at the Colorado Experiment Station at Fort Collins,
Colorado in 1946 and 1947, One half the seeds resulting
from these crosses were planted in the field evenly spaced
in four=foot rows in 1947, When these plants had matured,

they were pulled individually. MNeasurement data were then
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secured in a manner described later in this thesis from
each of these plants as well as at least 25 plants of each
parent., The procedure carried out in 1947 was repoétsd
in 1948 wlith the additional planting of the seeds resulting
from the Py plants grown in 1947, At maturity, individual
plants of parents, ¥y and Py generatlons were har?ented
and measured as in 1947. Wherever possible, from 4 to 6
splkes from each F, plant were saved to provide a popu=
lation from which a random sample could be obtalned to
plant in 1949, This procedure was necessary in order to
check in the Fz generation phenotypic classifications
and hypothesls made in 1948 from the Fp segregation.

Experimental me thods
Measuring technigues.--Measurement data were ob=

tained by the same general methods used by Hayes and
Harlan (5), 1920, Wexelsen (16, 17), 1934, and Webster

(15), 1947. After discarding the bottom and top four inters
nodes of the head belng measured, at least ten internodes
were measured to obtain an internode length for that
particular head. Care was taken to select the head from

the longest culm for measurement and only one head per
plant was measured. BExtreme variabllity of the bottom

and top four internodes makes thelr use prohibitive in
rachls Internocde studies according to Hayes and EHarlan

(6), 1920, and Webster (15), 1947, Figure 2 is a



Pige 2.,-=8pecial apparatus used to obtain measurements,
Upper photograph shows & wooden frame enclosing two
barley rachlses as held in place by a froated glass.
Lower photograph shows a Universal Map Measurer used
in tracing the curved rachis internodes.
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SAMFLE DAT: SHEET+*
, Varities in oroes: Minmesota 90-5 and Acocordian Raohis
Cross number: II-46-175-8

No. of I.n;thl/ No. ué/ Inhrmdaé/

plant in om. internodes length
2008 3.8 14 2.m
2999 " 40 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

* Reproduced from actual ?2 data obtainsd September 1948,
1/ Messuremsnts of entire rachis exoluding bottam and top four intarnodes.
2/ Numbsr of internodes actuslly mensursd per head,

3/ Exprossed in millimetars.

Fige. Se==Sample of original data sheet



photograph of the equipment used to measure any rachis
which was too crooked to be measured with an ordinary
millimeter rule, The rachis to be measured was first
stripped of its florets and then plaged inside the photo-
graphic print press which is shown at the top of the photoe
graph. The rachis to be measured was held in the press by
a plece of frosted glass. This rough side made it poasible
to measure the rachisg by following the outline of the
rachlis with the map measuring device shown at the bottom of
Pilgure 2+ The length of rachis measured and the actual
number of internodes measured was recorded in a data sheet
as shown in Plgure 3.

Data comparisons between Fy and Fp generatlions
or between any of the parental lines and the Fy or Fp
generation were made using parental, Fy, or Pp measurements
obtained during the same seasons This procedure was
negessary since, according to several investigators, dife
ferences in environment from one year to the next way
bring about considerable variation in internode length
within one variety when dats obtalned ln one year 1s

compared with that of another year,

Statistical Analysis

™The observed date on qualitative characters
segregating in the Fp were compared to calculated theoreti-
cal ratios and tested for goodness of Tit by use of the
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x® (Chiesquare) test when two or more phenotyplc classes

were involved, The general formula for %2 18 as followst

x® g s[ go-g_)-g]

where O equals the observed frequency for a partiocular
phenotypic class and C the caleulated theoretical number
for the same class based on the hypotheslis that the data
follow some certaln dlstributions It is obvious that the
more closely the observed number agrees with the caloulate
ed, the smaller will bLe the x* values The method of
interpretation of xg values as to t}mir gignificance was
the same as that used by Pilsher (3), 1934,

Por the purpose of 1llustration, Table 7 under
experimental results, will be used, The x*® values In the
next to last column of the table were obtalned for each
phenotyple classilication by applylng the formula for x2
as previously given. Thus, for the black class, xs eéua.’_ta

5599*%957515 « The theoretlcal value 399,75 1s obtalned
g i

by adding the observed frequency for black and white and
multiplying by three-fourths, Simllarly, one«fourth
squals 133,25, The X° value +951 for black and white
segregation was obtalned by the summation of the x® values
for both black and whites The last column at the right
hand margin of Table 7 was obtalned from Fisher's (3),

1934, tables of X where P 18 a number showing the






28

‘pwababilit# due to chance alone of obtaining a x® value

as great or greater than was actually obtained. For
example, the P value for the black and white classes 04340
means that a poorer fit (larger X2 value) could be expected
34 out of every 100 trials.

The observed data on rachis internode length was
treated by the statistical methods described by Leonard
and Clark (7), 1939, and as used by Wexelsen ﬁlS; 17),
1933 and 1934. To check the Fp data for possible linkags-
of factors controlling rachis internode length with the
qualitativé characters studled, the data were treated
statistically and summarized in Table 9 under experimental
~ results. TFor purposes of 1llustration, note the statistie
cal constants given for the two phenotyplec classes, black
and white, in Table 0. In order to check whether the mean
rachis internode length for the black class (44436 mm,)
was significantly longer than the mean rachls internode
length for the white class (4.429 mm,) a value for & was
computed by the following formulat

ts _X1 A R ® 4,436 = 44489 = 0,007
/ f 2 o‘.... 2 ! Q48§ .0932

+
Since 0,007 1s less thanzi.gﬁ (the .05 level of signifi~

cance), the mean rachis internode lengths can not be sald
to differ significantly.
In order to obtain a theoretical distribution

for the F, rachls lnternode measurement data, the Castle



formula (2), 1921, was used to estimate the number of
factor palrs involved in the parental differences. This
formula assumes addltive gene action, genes of equal ef-
fects, the absence of dominance, and that the parents re-
ﬁresant the genetic extremes., The formula used is as
follows:

4 « 00 8'rg - 8'm

2 - Xg

Wheret S'Fg = standard deviation of the Pg
S'Fl & standard deviation of the Pl

% « Mean rachis internode length of
longz rachis internode parent

Xo z Mean rachls interncde length of
short rachis internode parent

The percentage wvalue thus obtailned, according to
Castle (2), 1921; then represents the percent the Fo
genetic variability is of the range between the long and
skhort rachis internode parent, This percentage value,
when compared with a table prepared by Castle, tells the
nunber of factor pairs differentliating the two parents
in respect to rachis internocde lengths In using this
method of determination of number of factor pairs it was
reallzed that the basic assumptlions upon whieh the
formula 1s based are not completely fulfllled in these
datas In regard to addlitive gene action and genes having

equal effects, the avallable data was not dlscriminatory.
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However, in respect to the other two assumptions, the data
show that dominance ia present and indicates that the

parents do not represent the genetic extremes,
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Chapter IV
EXPERIMENTAL RESULTS

This chapter of the thesis has been divided into
five separate sections. Each section presents data obtain-
ed from one of the five different varietal crosses along
with a discussion of the findings. For the sake of clarity |
Tables 5 and 6 have been prepared to present a summary of
data comparing all Fy generations with both the short and

long rachis internode parents.

Nigrinudum I X Accordian Rachis

Examination of the t values given in Table € for
these crosses shows that the genes controlling inheritance
of rachls internode length which are contributed to the Fy
by the short rachis internode parent are dominant over the
genes contributed by the long rachls internode parent.
Data for mean internode lengths as given in Table & also
1llustrate the almost complete dominance of the genes for
ghort rachis internode as stated in the discussion of
Table 6.

The Fo plants from the crosses of Nigrinudum I
X Accordian Rachis were classified into four phenotypiec

groups and a rachis internode length was then obtained for
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Table Ss-~HBAK RACHIS INTSRNODE LENGTHS OF PARERTS AND Fy

PLAKTS
g Wesan rachis Internode Length
?ari&t? or RN i1 "l‘. e vers ;
Cro8s F40
Nigrinudum I 4404 ¥ 0,1050 B.T7 ¥ 0,0315
Accordlan Rachls 9,61 % 0,1208 0.43 £ 0,179
P, 4,08 ¥ 0,0422 S s
Coast IIX 3.95 £ 0,0336 3,96 * 0,0268
Accordian Rachis 9,61 % o0,1208 9,43 £ 0,1179
P, 3,95 £ 00,0238 4,12 £ 0.0356
Colsess I 3.69 & 0,0825 3.81 ¥ 0,0348
Accordian Rachls 0.61 ¥ 0.,1208 9.43 ¥ 0,1170
P, 4.37 £ 0,0266 4.60 £ 0,0892
Colsess V 3.76 ¥ 0,0%08 5.83 ¥ 0,0204

Accordian Rachils
Py

Miinnesota 90«5
Accordlan Rachls

Py

9,61 ¥ 0,1208
4.48 ¥ 0,0362

2.47 % 0,0383

0.61 ¥ 0,1298
5442 T 0.,0310

9.43 £ 0,1179
4.44 £ 0,0475

2,5¢ ¥ 0,0124
9443 £ 0.1179
5.86 ¥ 0.0407
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each plant as described under materials and methods, The
obaserved data were then organized into & frequency distribe
ution according to phenotypie class as well as rachis ine

fernode length class.

Table 6.-*00§PARISQH 0? F1 PROGENY WITE P&RE?TS

T values. '
- Between short raehin Between long rsachis
Croas ' internode parent internode parent#
and Fl and F
Xo47 T 1948 7 __.;48_
Nigrinudum I X
.+ Accordian Rachis 0,18 e 40,72%%  wwew
“Qoast III X ;
Accordian Rachis 0,00 3 460w 42,91ae  43,070%
Colsess I X

Acoordian Rachils 18,909## 11.,53%# 30,40#% 36,624

Colsess V X
Accordian Rachis 12.,85%% 11,80%a 358,254% 30,280%x

Minnesota 90«5 X _
Accordian Rachia 19.67## 16.94%% 46,4088 40,44%%

#Accordian Rachis

##Less than ,01
Table 7 glves the observed frequencies for all gqualitative
characters studled in this cross plus theoretical frew-
quencies as followsy theoretical values for a 3tl ratio
of black versus white glumes and caryopsis; theoretical
values for a 3:1 r;tia of intermedium versus non-interme-
diumj; X2 and P values for the qualitative characters.
Table 8 presents the observed and calculated ratios in



Table 7,~OBSERVED AND CALCULATED DATA OF F, SEGREGATION OF QUALITATIVE CHARACTERS IN NIGRINUDUM I X
ACCORDIAN RACHIS CROSSES.

Phenotypic ; " e 135 5lbz : : [9,670| Pheno= Theoretie=
— oun |3.893 |1,0735 5g25 6,535 Tok18 Bo30S 9.298]9.670% |ewe |oime totalsy 2
less 3-.; 3 . . - : . » - nore |e 8 X P
1 i‘:_ L 5 . %%‘—T totals
Black & | % |33 ¥ 22 s 3 13| e 1 | 390 399.75
0,951 0.34
White 26 15 7T 2 B 3 1 U (e 2 L3 133.25
Internedium N 53 203 1 0 3 0 0 383 399.75
2,807 0.096
Hon=intere
medium g 12 65 19 16 5 L : 4 0 3 150 133.25

Class limits set by establishing limits twice the standard error on both sides of mean rachis inbterw

n length of Nigrinudum I
2/ Parental class corresponding to long rachis internode parent with limits determined by methods dis=
cussed in footnote #1
2/ Based on expected 3:1 ratio



regard to rachls internode length where the ratlos are
based on the assumptlon that the two parents differed by
six factor pairs in respect to the inheritance of rachis
internode length.

The P values for the four qualitative characters
show that the parents do differ Ly one factor pair in re=
spect to inheritance of black and white glume color and in
respsct to intermedium versus non-intermedium. The low
value of P in regzard to intermedium versus non-intermedium
is undoubtedly attributable to the difficulty encountered
in classiflication, Data in Table 8 for the Nigrinudum I
X Accordian Rachls crosses show a deflinite piling up of
measurements around the short rachis internode parental
class. By use of Castle's formula (2), 1921, 1t was
determined that the parents differed by six pairs of
factors in respect to rachis internode length, 12 and P
values show a good fit between the observed distribution
and & theoretical frequency distributlon based on an as=-
sumption of a slx factor palr difference, Since the ob=-
served class limits were arbltrary and the basic data does
not completely fit the original assumptions made by Castle
(2), 1921, in deriving his formula, the good flt obtained
be tweon observed and theoretical must only be considered an
indication of the number of factors involved. However,
the good fit obtained led to the belief that the six factor

hypothesls was the best assumptlon upon which to base



Table 8,~-OBSERVED AND CALCULATED DATA OF Fp SEGREGATION OF RACHIS INTERNODE MEASUREMENTS FOR ALL FIVE
GROSSES:&

Distribution s . s b P & = 5 9 10 2 P
Accordian Rachis 3 2 N pin
m i :Blg «6155i zég » ¥ | & & L | 0 3 2,015 0.733
Fp Cale 9k.86 347.83 70.27 17.57 3.1s7
Coast III . 16 12 10 _
72 cate o | ™ sz T ™ |7 ke Y oms 0.
Colsess I 15 8 19 .
gﬁ Gately/ 0l e A e wes - 1| Bpm— o
Colsess V 15 13 3 :
% D?Cl?-f«-y usm.z? = 33393.2?‘ e 993122 iy %..d; e [ S
Minnesota 90=5 15 13 17
Fy Obse , 1 10 Lol l 2T | 5 8 0 - ot 2 {.001
Fo Cale 342,79 .hh 8li. 6l 21.16 2.98

1/ Refer to table of F, for particular measurement class limits of each particular cross,.
Caleulated on assumption of six factor pair difference between parents.
Caleulated on assumption of five factor pair difference between parents,

__/ Calculated on assumption of three factor pair difference between parenis.

a9¢
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further studys
Statistical analysls of data for the crosses of
Nigrinudus I X Accordian Rachla to check for possible link-
age of factors controlling inheritance of rachis internode
length with any of the quallitatlve characters studled in
these particular crosses is presented In Table 9.

Table 9+=-~LINKACE DATA POR PROGENY OF NIGRINUDUE I X ACe
CORDIAR RACHIS CROSSES.

Pheno typic Wean rachis internode -
Class length in mm. t value
Black 4,436 2 0,048
0,007
White 4,429 % 0,093
Intermedium 4,306 ¥ 0,038 .
3.01
Non-intermedium 4,761 ¥ 0.113

Since the long rachis interncde parent {(Ace
cordian Rachis) 1s genetically white and non-intermedium, a
linkage of any of the factors controlling length of rachls

...internode with either of these two characters should result

in that particular phenotypic class having ﬁfiggégr mean
rachis internode length than does its alternate class
(plants having black glumes as compared to plants having
white glumes)s Study of the t values given in Table 8
shows no indication of linkage between factors controlling
length of rachls internode with factors controlling black
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versus white glumes. If there 1s a linkage between the
factors controlling intermedium versus non-intermedium and
factors controlling internode length, the phenotypic c¢lass
non-intermedium in the Fp generation would be expected to
have a longer mean rachils Iinternode value than the inter=
medium class. The t value 3.0l shows that the mean inter=
node length of the non-intermedium class 1s significantly
longer than for the intermedium class indlicating linkage.

Coast III X Accordian Rachis

Examination of 1947 Py progeny and parental data
for these crosses as presented in Tables 5 and 6 shows
very nearly the same relationships as discussed for the
Nigrinudunm I X Accordian Rachls crosses in that the
factors for short rachis internode length were dominant
over the factors for long rachis internode length. The
1948 data for this cross were different from the 1947 data
in that the genes for short rachls internode were not com-
pletely dominant over the factors for long rachis inter-
nodes However, the data show that the factors for short
rachls Internode have more effect than the factors for
long rachis internode.

The Fz plants from the crosses of Coast III X
Accordian Rachls were clasalfied into five phenotypic
groups before proceeding to obtain and analyze the data or
to form a frequency distribution as described in the
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discussion of the Nigrinudum I X Accordlan Rachis crosses.
Table 10 glves the observed frequencies for all qualitative
characters studled iIn thls ecross plus theoretical frequen=
cies as follows: theoretical values for a 1:2:1 ratio of
2«~row, intermedliate, and 6-rows theoretical values for a
3:1 ratio of naked versus covered caryopsis; X2 and P
values for the qualitative characters. Table 8 presents
the observed and calculated ratlos on rachls interncde
lengths where the ratios are based on the assumption that
the two parents differed by five pairs of factors in re=~
spect to the inheritance of rachis internode length.

The P value for the segregatlon of Z2erow, inter-
mediate, and 6-row ( {+001) indicates & poor fit to the
expected 1:2:l1 ratio, However, since all the literature as
reviewed by Robertson, Wiebe, and Shands (12), 1947, indi-
cates such a 1:2:1 ratlo in the Fy for this character, the
poor fit must be accounted for by the difficulty in clasgsi-
fication. The P value for the segregation of covered ver=-
sus naked caryopsis indicates that the two parents differ
by one factor palr in this respects Data in Table 8 for
the Coast III X Accordian Rachls crosses again show a defle
nite plling up of measurements around the short rachis
internode parental class. Study of the measurement class
frequencies through application of Castle's formula (2),
1921, led to the belief that the data would best fit a five
factor difference hypotheslas. Whille this assumption



Table 10,--0BSERVED AND CALCULATED DATA OF Fy SEGREGATION OF QUALITATIVE CHARACTERS IN COAST III X
ACCORDIAN RACHIS CROSSES.

nsasummt. class ﬁ.mita in mm,

Phenotypic [3,906] 3.906 .0113 h.3?5 5 «740 6.601 74&5? 5.330 94190 [9.670| Phenow Theoreti= X- P
class or to to or |typiec '
hoss |4.0UY 1876 5,700 6oG0L 7uh67 Be330 9-398]9.670%/ |more |ciass bot

3 | 2 - Gkl MR IR N RS R 30 [sesxis
PR LI | 20 B 313 I X2 9 L 0 3 | 156 2255
Intermediate | 128 | 86 M 52 29 5 2 3 3 1 | 488 451,00 29.139 <(.001
berow Wl 35 13 23 10 3 2 2 0 0 | 258 225,85
Sovaied | % |22 o B W B &| 12 L | 653 676,50 3 o6e g 075
Naked 83| L5 B 3 a8 2 3 2 o | 2 225,50 “* "

1/ Short rachis internode parental class with class limits set by establishing limits twice the
standard erpor on both sides of mean rachis interncde length of Coast III,
3/ Long rachis internode parental class with class limits set as described in footnote #1 but using
the standard error and mean of Accordian Rachis,
3/ Based on expeoted 1:2:1 and 3:1 ratios respectively,

ov

147
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may prove to be wrong, 1t seems to be the best assumptlon
upon which to base further study. However, as stated pre~
viously during the discussion of Nigrinudum I X Accordian
Rachls crosses, the good flt obtalned between the observed
and calculated frequency distributions for rachis internode
length in Coast III X Accordian Rachls crosses must only be
considered an indication of and not a proof for the mumber
of factors lnvolved,

Table 11 presents a summafj of statistical anal--
veis of data for the Coast III X Accoréian Rachls crosses
to check for possible linkage of factors controlling inher~
itance of rachls internode length with any of the gualita=-
tive characters studied in these particular crosses.

Table 11l.,-~LINKAGE DATA FOR Fz PROCGENY OF COAST III X
ACCORDIAN RACHIS CROSSES

Pheno typlc Hean rachis internode
class length in wmm, t value
2erow 4,950 £ 0,126
Intermediate 4,457 ¥ 0,043 3.514
Gerow 4,475 ¥ 0,049
Covered 4,622 £ 0,043
: 3,490
Naked 4,370 £ 0.058 :

The t value for significance between mean rachis
internode lengths for the Z-row class as compared to the

6-row clagss (3.514) 1indicates lirkage between some of the
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factors controlling 1ﬁheritancs of rachls internode length
and the factors controlling inheritance of number of rows.
The P value (3.49) shows that the phenotyplc class, covered
caryopals, has a longer mean rachls internode than does

the naked caryopsis class. This fact cannot be assumed to
be an indication of linkage but must be attributed to
chance since, if linkage were occurring be tween the factors
controlling adherence of glumes and factors controlling
rachls internode length in these crosses, the naked class
should have a aignifieaﬁtly longer mean rachis internode

length than the covered class.

Colsess I X Accordian Rachis

Study of the F, progeny and parental data for
these crosses as given In Tables 5§ and 6, shows that the
?1 progeny approaches the short parent in rachis inter-
node length to a lesser degree than in the case of the two
erosses dlscussed previously. Therefore, the factors con-
trolling rachis internode length contributed by the short
parent, have a less effect than the factors contributed
by the long parent as compared to Nigrinudum I or Coast
I1I X Accordian Rachls crosses. Thls fact shows that the
factors controlling rachls internode length contributed by
the short parent are partlally dominant to those contribe
uted by the long rachis internode parent.

The Fp plants from the crosses of Colsess I X
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Accordlan Rachls were classifled into seven phenotypie
groups before proceeding to obtain and classify data as
described in the discussion of Nigrinudum I X Accordian
Rachis crosses, Table 12 gives the observed frequencles
for all qualitative characters studied in this cross plus
theoretical frequencies as follows: theoretical values
for a 1312:1 ratio of Z«row, intermediate, and e-raw;'thauﬁ
retical values for a 3:1 ratlo of naked versus covered
caryopsis; theoretical values for a 3:l1 ratio of hooded
versus awned lemma} x2 and P values for comparison of obe
served and caleculated frequencies of all qualitative char~
acters studied in the Colsess I X Accordian Rachis crosses.

: The P values for the three different ratios con=
cerning the qualitative characters as given in Table 12
show a good fit in all three cases to calculated frequen-
cles from expected ratioss, The data in Teble 12 show that
in crosses of Colsess I X Accordian Rachls, the parents dif-
fer by one factor pair in respect to adherence of lemma
and iIn respect to hooded versus awned lemma, Data in Tabls
8 for Colsess I X Accordlan Rachls crosses, as in the two
previous dlscussions of crosses (Rigrinudum I X Accordian
Rachis and Coast III X Accordian Rachis), show a definite
piling up of measurement data around the short rachis ine-
ternode parental class. Study of the measurement class
frequencies through application of Castle's formula (2),
1921, led to the bellef that the data would best fit a



Table 12,-~-0BSERVED AND CALCULATED DATA FROM Fp SEGREGATION OF QUALITATIVE CHARACTERS IN COLSESS I X
ACCORDIAN RACHIS CROSBSES,.

?aasmmt clAsSs _}imita in mm.
class or to ¢ %o % %o W “to or |typiec eal P
R R ¥ % % 5 7T B9 TriuCItetms
2wrow 6 0 Y 1 5 0 1 1 0 1 67 8525 :
Intermediate | 22 7 7 32 16 1 2 1 1 7 | 180 170,50 5.33 0,074
" GerroW 0 | 10 N I Kk L 2 0 0 0 o 85,25
Covered 29 | 10 I B ¥ D 4 1 1 15 | 251 255.75
0,353 0,566
Haked 9 7 B O o 7 1 0 3 90  85.25
Hooded 23 7 = N B 0w 5 2 13 | 240 255.75 _
_ : 378 04053
Awmed 15 | 10 38 20 10 3 0 0 0 5 |12 85,25

1/ Short rachis interncde parental class with class limits set by establishing limits twice the
standard error on both sides of mean rachis internode lemgth of Colsess I.

2/ long rachis internode parental class with class limits set as deseribed in footnote #1 but using
the standard error and mean of Accordian Rachis.

3/ Based on expected 1:2:11, 3:1, and 3:1 ratios respectively.

%
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three factor difference hypothesls. Although the observed
and calculated ratios as given in Table 8 are not in close
enough agreement to be a good fit when submitted to sta-
tistlcal tests, the three factor hypothesis seemed to be
the best assumptlion on which to base further study. The
difference between observed and theoretical values can be
explained by the following:

l, One to several modifylng factors may be

and probably are present and would thus affect

the rachis internode length considerably. This
statement 1s in agreement with the flndings of

Hayes and Harlan (5), 1920, Neatby (10), 1929,

and von Ubisch (13), 1919,

2. The arbltrary measurement class limits
may overlap actual genetlc class limits and some
individuals may have been placed In the wrong class.

3+ The basle data does not completely fit
the original assumptlons made by Castle (2),
1921, in deriving his formulas.

Table 13 presents a summary of statistical anal-
ysis of data used to check for possible linkage of factors
controlling inheritance of rachis internode length with
the qualitative characters studied 1n the Colsess I X Ac~

cordlan Rachls c¢crosses,
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Table 13,-«LINKAGCE DATA FOR FB PROGENRY OF 0OL3ESS I X
ACCORDIAN RACHIS CROSSES

ppars st

ﬁmﬁypio " Tiean rachis interncde

class length in mm, t value
2erow 5.805 & 0,268
intermediate 5,054 £ 0,111 3,58
B-1OW 4,587 % 0,008
Covered 5,083 £ 0,102
Q.75
Naked 4,896 ¥ 0,148
Hooded 5,008 & 0.10¢
5 0.87
Awmed 4,882 « 0,145

Study of the three t values glven in Table 13
shows no indication of linkege in the Colsess I X Accordian
Rachis crosses between the factors controlling rachis ine
ternode length and either covered versus naked caryopsis
or hooded versus awned lemma., However, the t value for
significant dirroranue between the mean rachls internode
length of the 2«row class as compared to the G-row class
(3.88) does glve an indlcation of linkage between the face
tors controlling number of rows and some of the factors
econtrolling rachis internode length in this particular

CTrO88.

Colsess V X Accordian Rachis
Gxamination of the F1 progeny and parental data
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for these crosses as glven in Tables 5 and 6 shows that
they do not differ in thls respect from the F, data dls~
cussed for the Colsess I X Accordian Raahis crosses., The
data show the Fl progeny 1s behaving mngh the same as in
the case of the Colsess I X Accordian Rachis crosses since
the rachis internode length of the Pl approaches the short
parent in thls respect to a lesser degree than in the case
of the Nigrinudum I or Coast III X Accordian Rachis
erosses, 1/

Te Fp plants from the crosses of Colsess V X
Aecordign Rachis were clasgsified inﬁo nine phenotypic
groups before proceeding to obtain and classify data as
described in the discussion of Rigrinudum I X Accordian
Rachis crosses, Table 14 gives the observed frequencies
for all qualitative characters studied in thesge crosses
plus theoretical frequencies and statistical analyses as
followas: theoretical values for & 1:2tl ratioc of 2e-row,
intermediate, and 6-row; theoretical wvalues for a 3:1
ratio of naked versus covered Oaryepaisi theoretical
values for a 3:1 ratio of hooded versus awned lemmaj theo=
retical values for a 3:1 ratio of green versus chlorina

plant color; x2 and P values for comparison of observed

or & more complete discussion the reader is referred
o the first peragraph in the discussion of Colsess I
X Accordian Rachils crosses,



Table 1h,~~OBSERVED AND CALCULATED DATA FROM Fp SEGRECATION OF QUALITATIVE CHARACTERS IN COLSESS VX
ACCORDIAN RACHIS.

g‘

! Muramtc}.assiiﬁminm

Phenotypic 34709 |3 0 0a307 mﬁmo- ﬁamﬁ— _
class or to to to or Iz P
hoss | 3,67 1758 5.51.5 6.532 mzo 8,307 9,198 9.670~/ [ el
1 2 . 7 B 10 [totals
2upron 3 | 69 17 6 6 5 X 5 8 176 176.75
Intermediate |L1 | 31 I 38 30 19 . SR 2 S | 342  353.50 1.226 0,548
Gerow w | i s B v %2 kK B\ & 1| 189 176.7
Covered 75 | 36 247 6 33X 2 . IRE - 5 5 & A . = S o, - i SN
Naked w | 20 B & % ¥ & Bls 3 | 96 i76e7s 2T 006
Hooded 7 | 2 L £ BN 2 12 13 5 11 | 5k2  530.25 E
e 3% |17 8 1.0% 1 3 | 165 1767z W2 031
G 6 | ko 20 T 33} 20 I 1 5 9 | 533 530.25 . 057 0,813
Chlorina b | 16 63 I 1 7 3 L 2 5 | 17k 176.75 0y

Short rachis internode parental class with class limits sct by establishing limits twice the standard
error on both sides of mean rachis internode length of Colsess V.
g/ Long rachis internode parental class with class lirdts sebt as described in footnote #1 but uasing the
standard error and mean of Accordian Rachis.
3/ Based on expected 1:2:1; 321, 3:1, 3:1 ratios respectively,

Sy
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and theoretlical ratlos.

The P values for the four differsnt ratios cone
cerning the gualltative characters as given in Table 14
show a good fit to calculated fregquencles from expected
ratios. In other words, Table 14 shows that in crosses
of Colsess V X Accordlan Rachis the parents differ by one
factor palr in respect to each of the four gualitative
characters studled which were: number of rows, adherence
of lemma, whether lemma hooded or awned, and green versus
chlorina seedling color, Data in Table 8 for Colsesa V
X Accordian Rachis cfosaaa, as noted in discussions of the
erosses Nigrinudum I, Coast III, and Colsess I X Accordian
Rachls, show a plling up of measuremsnts around the short
rachis Iinternode parental class., Thorough study of these
me asurement class frequencies through application of
Castle's formula (2), 1921, led to the bellef that the
data would beat fit a three factor difference hypothesis
and sven though the observed data give a very poor fit to
calculated ratios, the three factor hypothesis seems to be
the best assumption upon which to base further study.l/

or & dlscussion of the possible reasons for such a
poor it between vbserved and calculated measurement
clasa frequencies the reader is rcferred to the first

a%raph of the discussion of Colsess I X Accordian
Rachis crosses.
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A swmmary of statistical analysis of data used
in checking for indications of linkage between factors
controlling inheritance of rachis internode length with
any of the gqualltative characters studied in Colgess V X
Accordian Rachis crosses 1s presented in Table 15,

Table 15.-~LINKAGE DATA FOR F, PROGENY OF COLSESS V X AC-
CORDIAN RACHIS CROBSSES.

Phenotypic Wean rachis internode
class length in mm, t value
2wrow 5.215 £ 0,153
4,38
Intermedia te 4,781 ¢ 0,070
Berow 4,490 & 0,071
Covered 4,858 & 0,079
0.94
Faked 4,690 £ 0,100
Hooded 4.874 & 0,065
1.60
Awned 4,604 2 0,104
Green 4.826 ¥ 0,061
0.32
Chlorina 4,766 ¥ 0,126

The t value for significant difference between
mean rachls internode length for the 2-row and 6-row
classes (4.38) indicates linkage between the factors cone
trolling number of rows and some of the factors controlling
rachis internode length in these particular crosses. The



t values for significant difference between the mean
rachis Iinternode lengtha of the other three qualitative
characters (covered versus naked caryopsis, hooded versus
awned lemma, and green versus chlorina seedlings) do not
show any indication of linkage between them and the
factors controlling length of rachls internode in the

Colaess V X Accordian Rachls crosses.

Minnesota 90-5 X Accordian Rachis

Study of the data glven for these crosses in
Tables 5 and 6 shows the same results in general as were
previously dlacussed for the crosses of Colsess I X Ace-
cordlan Rachis and Colsess V X Accordian Rachlss The data
show that the F; progeny 1s significantly different from
the two parents in respect to mean rachis internode length
and that the genes controlling inheritance of rachls intere
node length contributed by the short rachis internode
parent are again partially dominant to those contributed
by the long rachls internode parent,

Comparison of parental mean rachis internode
values as given in Table & shows that the range between
Minnesota 90-5 and Accordian Rachils is significantly
greater than any of the other four crosses discussed in
this paper, This fact would indicate, according to
von Ubisch (13), 1919, that Minnesota 90«5 and Accordian
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Rachis differ by a greater number of factors in respect

to rachis internode length than do any of the other four
crosses studled in this research preblem,

The Fy planta from the crosses of Minnesota 90«5

X Accordlan Rachis were grouped into ten different phence
typic classes before proceeding with the obtalning and
classification of data as described previously under the
discussion of NHigrinudum I X Accordlan Rachis crosses.
Table 16 glves the observed freguencies for all gualitative
characters studied in these particular crosses plus theo=
retical frequencles and statistical analyses as follows:
theoretical frequencles for 3:1 ratios of black versus
white glumes, covered versus naked caryopsis, rough versus
smooth awns, long versus short rachilla halrs, and inter=-
medium versus non-intermedium} X% and P values for come
parison of observed and theoretical frequencles.

The P values as glven in Table 16 show that in
crosses of Minnesota 90~5 X Accordian Rachis, the parents
differ by one factor palr in respect to each of four
quallitative characters studled which were black versus
white gluﬁan and caryopsls, covered versus naked caryopsis,
rough versus smooth awns, and long versus short halred
rachilla. The X° value for intermedium versus non=inter=
medium (13,626) gives a very small P value indlecating a
poor fit to the expected 3:l ratlo, This fact can une
doubtedly be attributed to difficulties encountered in



Table 10.,~-OBSERVED AND CALCULATED DATA FROM Fy SEGREGATION OF QUALITATIVE CHARACTERS IN MINNESOTA 90=5 X
ACCORDIAN RACHIS,

0,570 Phenio= Thoorebie

Phenot?yie & o >0, o e 115 't a5 £ 05 & olt
class or | %o,/ %o %o to to to  to | to,/| or |typie car,, X P
1oss |2.563 3,675 4,775 5,885 6,985 8,085 9.19819,670% [more |class tota:
1 2 3 T 4 7 8 9 10 |totals
Black 10 9 9. W X 20 % 6 0 1 485  LB1.5 L102 0.°
White - 3 1 102 37 6 7 1 2 0 0 157 160.5 o B
Covered 8 7 203 306 28 3 7 0 1 475 L8155
Naked 3 3 m. .5 2 & % 3 0 0 167  160,5 0.353. 0,568
Rough 8 8 3} 8 2 20 % L 0 1 L93  LBl.5
Smooth 3 | 2 8 m 1 7 1 k|o |5 |33 Jeoz 1099 0.296
Long 10 9 30 W 2 T 2 2 0 o 503  L481.5
Shork 1 | 1 7L 33 13 10 3 6| o |1 |13 1s0g 38 0.0
Intermedium 1 | 1w 3 & 0 2 & 0 0 0 L1 481.5
Honeinter= 13.626¢0,001
medium o 0 8 S5 9 »w = 8 0 1 201 160,85

Short rachis internode parental class with class limits set by establishing limits twice the standard
error on both sides of mean rachis internode length of Mimmesota 90=5,
2/ long rachis internode parental class with class limits set as deseribed in footnote #1 but using the
standdard error and mean of Accordian Rachis. -
3/ Based on expected 3:1 ratios,
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classification=~a condition which can be rectified as soon
as Fa data are avallable, Data in Table 8 for Minnesota
90=5 X Accordlan Rachls c¢rosses show an even more definlte
plling up of measurements around the short rachis inter=-
node parental class than has been the case in ahy of the
previous four crosses which have boén discussed. Thorough
exanination of the measurement class totals through appli=-
cation of Castle's formula (2), 1921, led to the assump=
tion that the dsta would best fit » six factor difference
hypothésis and even though the observed data give a very
poor fit to ecaleculated ratios, thé 8ix factor hypothesis
seems to be the best assumption upon which to base further
study.l/ | '

: Table 17 presents a sumnary of the statistical
analysls of data used in checklng for indleations of linke
age between factors controlling inheritance of rachis
internode length and any of the qualitative characters
studled in crosses of ¥Mlinnesota 90«5 X Accordian Rachis,

I/For a discusalon of the possible reasons for such a poor
fit between observed and calculated measurement class
frequencles the reader is referred to the first para-
graph of the discussion for Colsess I X Accordian Rachis
crogses .



20

Table 17,--LINKAGE DATA FOR F, PROGENY OF MINNESO TA 90«5
X ACCORDIAN RACHIS CROSSESY

Pheno typLc Wean rachis internode
class length in mm. t value
Black 3,755 ¥ 0,048
0.25
White 3,702 £ 0,088
Covered 3,753 & 0,054
0.52
Nek ed 3,650 £ 0,144
Rough 3,693 & 0,049
0.75
Smoo th 3.837 & 0,105
Long 3.596 ¥ 0,042
. 4,10
Short 4,198 « 0,133
Intermedium 3,409 ¥ 0,032
7.08
lon=intermedium 4,422 ¥ 0.111

The t values 0,25, 0.52, and 0,75 for black
versus white glumes and caryopsls, for covered versus
naked caryopsis, and for rough versus smooth awns, re-
spectively, do not gilve any indication of linkage between
the factors controlling them and the factors controlling
rachis internode length in this particular cross. The
t values for significant difference between mean rachis
internode length for the long versus short rachlilla hairs
and intermedium versus non~intermedlium classes walch,

according to Table 16 are 4.10 and 7.08, respectively, do
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Indicate presence of linkage between the factors control-
ling them and some of the factors controlling inheritance
of rachis internode length in ¥innesota 90«5 X Accordian

Rachis crosses.

Linkage investigations

Study of Fp data in regard to possible linkages
between certaln qualitative characters and the factors
controlling rachis internode length for the five crosses
studied in this resecarch problem is summarized in Table 18.

Table 18 shows that in crosses of Coast III,
Colsess I, and Colsess V X Accordian Rachlis some of the
factors differentiating the parents in respect to rachis
internode length are located in linkage group I. Data
in Table 18 also show that in crosses of Nigrinudum I and
Minnesota 90«5 X Accordian Rachis some of the factoras dif-
ferentiating the parents in respect to rachis internode
length are located in linkage group IV. Further study
of Table 18 shows that in crosses of Minnesota 90-5 X Ace
cordian Rachis some of the factors controlling differences
in rachis internode length are located in linkage group
Ve In summary, Table 18 shows that at least three dife
ferent groups of factors are involved in the lnheritance
of rachls internode length but final conclusions must

awalt the avallabllity of Pz data not only in respect to
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those characters already studled but also in respect to
the Higrinudum I, (Apa ) Coast III, (Y¥yye) and Colsess I,
(Aca,) seedling characters which, since they are lethal
when homozygous, do not lend themselves to linkage

studies in the 1“21

39



Chapter V
DISOUSSION

The data as presented in Chapter IV tend bto
support many of the findings of previous workers as gilven
in the review of literatures The points of comparison
and contrast will be presented at this time.

Comparison of parental mean internode lengths,
as given in Table 5 for the two yenna,_1947 and 1948, sup=-
ports the findings of Harlan (4), 1914, and Wexelsen
(16, 17), 1933 and 1934, in that density mey vary signifi-
cantly in different ssasons, | |

Data from Table 17 support Neatby's (10), 1929,
and Wexelgen's (16), 1933, findings in that one or more
factors controlling inheritance of rachis internode length
is located in linkage group Te Data from Table 18 also
supports Wexelsen ilG). 1955, where he found indications
that another factor controlling inheritence of rachis
internode length was located in linkage group V.

Data presented in Table 6 do not completely
support any one of the three types of Fy behavior reported
by earlier workers. Crosses of Colsess I, Colsess V and
Minnesota 90-5 X Accordian Rachis in both 1947 and 1948
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plus orosses of Coast III X Accordian Rachis in 1948 show
partial dominance for short rachis internode over long
rachis internode. &Such a condition cannot be classified
in any one of the three types of Fy behavior found by
earlier workers which were as followst 1. Jlax dominant
over dense; 2. dense dominant over lax; and 3. Iinter=
medlate between the two parents. Results from crosses of
Nigrinudum I and Coast III X Accordian Rachis in 1947
agree with results reported by Hayes and Harlan (5), 1920,
where they reported a case of almost complete dominance of
short rachls interncde over long rachls interncde., The
other four crosses gave mean rachls internode lengths in
the Fl generation which show partial dominance for short
rachis internode over long rachis internode--a situation
not reported by any previous worker.

Since study and proof of number of factors ine-
volved in inherltance of rachis lnternode length must
await F5 data, this paper will not dlscuss the avallable
data in view of findings of previous workers. However,
it 1s worthwhile noting that while Wexelsen (16, 17), 1933
and 1934, belleves that as many as flve factors were con-
cerned with inheritance of rachls Internode length, the
linkage data from thls paper indlcate that three dif=
ferent factors are involved even though the number of

factor pairs included in any one of the three different

#
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groups cannot be determlined from the data avallable at the
present time,

Statistlical analysis of FB data from all five Fo
segregations support the findings of Wexelsen (17), 1934,
and Neatby (10), 1929, where they found evidence of the

occurrence of transgresslve segregatlion,

Suggestions for further study

Theoretically, the best method would be to

select random samples of each F, measurement class as

2
given 1n Tables 7, 10, 12, 14, and 16 and plant them in
the fleld in the spring of 1949 in conjunction with all
six parents. MNeasurements of individual FS plants would
be made as 1n prevlious years and the data would be ana-
lyzed to ascertaln the breeding behavior of each Fz
measurement class. Knowledge of Fq breeding behavior
should meke possible the formulation of conclusions cone
cerning linkage of factors controlling the gqualitative
characters with factors controlling rachis internode
length as well as the number of factors by which Accordian
Rachis differs from the oth:r parental varieties in ree
spect to rachis interncde length.

Such a procedure as outlined above would, how=
ever, be impossible to carry out due to Jack of time and

moneys. Therefore, in order to use the above method the

field planting would probably be limited to one entire

-
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famlil y=~the cholce as to which famlly to plant being de=-
pendent upon which would give the most informatlon as de=
termined by thorough study of Fy data from all five of

the crosses.



Chapter VI
SUMMARY

Flve crosses were made using Accordian Rachis
{(a long rachis internode barley variety) as one parent,
while the other parent was one of five short rachis intere
node varletles as follows: Coast III, Colsess I, Colsess
V, Minnesota 90«5 and Nigrinudum I, These five short
rachls internode varletles were used, since through their
use it was posaible to check for indlcatlons of linkage
in all of the seven linkage groups in barley.

The individual F, plants from the five crosses
were measured in respect to rachis internode length,
Short rachis internode was completely dominant over long
rachis internode in crosses of Nigrinudum I X Accordian
Rachls, 1In crosses of Coast III X Accordian Rachis, data
obtained in 1947 indicated that short rachis interncde
was completely dominant over long rachls internode. Howe
ever, 1948 data showed that the dominance of short rachis
internode was not complete. Crosses of Colsess I, Colsess
V, and Minnesota 20«5 X Accordlian Rachis indicated a
partial dominance of short over long rachis internode.

This was Ilndicated by the fact that the mean of the Fy



fell somewhere between the two parents and statistleal
testas show that the mean rachis internode lengths of these
three crosses lies considerably closer to the mean of the
short rachls internode parents (Colsess I, Colsess V, and
Kinnesota 90=5) than to the mean of the long rachis inter-
node parent.

The individual Fp plants from the five crosses
was clagsified into various qualltative phenotyple classes
after which a rachis internode measurement was obtained
for each plant. The data were then organized into a fre-
gquency distribution and treated statistically to check for
possible linkages of qualitative and quantlitatlve charace
tera while at the same time trying to ascertain the number
of factors differentiating the long and short rachis inter-
node parents of the five different crosses, Indications
of linkage in Coast III, Colsess I, and Colsess V X Ac~-
gcordian Rachis crosses were found in linkage group I
between the factors controlling number of rows and factors
controlling rachils internode length. Data for Nigrinudum
I X Accordian Rachis crosses Indicated linkage was occur-
ring between factors controlling intermedium versus none
intermedium located in linkage group IV and factors con=
trolling rachis internode length. Indlcations of linkage
were found in crosses of Hinnesota 90«5 X Accordian Rachis
between factors controlling intermedium versus non=-inter-

medlium located in linkage group IV, and factors controlling



66
long versus short haired rachilla located in linkage group
V in respect to factors controlling rachis internode
length in these c¢rosses. Independent inheritance was
found between the factor pairs for short versus long intere
node 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).

Measurement class totals for the Nigrinudum I
and Minnesota 90«5 X Accordlan Rachls crosses indicated
a difference of six pairs of factors while the Colsess I
and Colseass V X Accordlan Rachls crosses indicated a dife
ference of three pairs of factors and the Coast III X
Accordian Rachls c¢crosses indicated a difference of five
pailrs of factors as the best assumption upon which to
base further study in respect to rachls internode length.
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