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IINMHSRITANCE OF LODGING ni3SISTAIICE

IN CLURTATIN OAT CROSS:

Genetically weak straw 1s one of the common causes
of lodesing in small grains., The inheritance of lodgsing
resistance and lodcing susceptibility in ocats was studied
in the hope of firding a practical method of irmroving
lodging resistance.

The parents used were, from strongest to weakest,
Craigs Afterlea, Clintland, Craig, and A587-10. liost of
the possitle combinations of these parents were obtained.
Only seeds of Clintland x Craig, Clintland x A537-10, and
A5087-10 x Craigs Afterlea survived an excessive disin-
fectant treatment. The three Fy's were grown in the green-
house. The F2'S were also grown in the greenhouse. The
parents, the Fé's, and the F3's of each cross were grovn
together in the field. Readings were made vhen the plants
were in the soft douch stage. Followins the method des-
cribed by Grafius and Browm in the Anronomy Journal 6:

11 -418, a chain of lmovm weisht was hung from the base of
a panicle of each plant to determine resistance of the culm
to external torque.

The distributions of the obscrvations were slkewed in

the direction of lodring suscentibility. There was no



reduction in skevmess in the F3, which indicated a nroblem
in scaling. ‘hen natural lozarithms of the data were used,
the distributions annroached rmch rore closely to a normal
distribution. Donilnance relations were assessed by compar-

ing F_ and F3 means to the mid-parent. Lodning resistance

2
was dominant in the cross Clintland x Craiz. Lodging sus-
centibility was dominant in the crosses Clintland x A587-10
and A587-10 x Craigs Afterlea.

Variations in the F, and the F3 were separated, using

the method proposed by liather in Biometrical Genetics (Dover

Publications Inc., New York, 19/9), into heritable and non-
heritable portions. The heritable variation was further
divided into fixeble genetic and non-fixable genetic conmo-
nents. These commonents of variation were calculated both
from the observed nuibers of linits of chain supported and
from the natural logaritiris of these observations. Little
fixable genetic variance could be demoﬁstrated in the cross
Clintland x A587-10., In the other two crosses the use of
logaritims increased the proportion of fixable genetic
variance, In these two crosses the fixable genetlc variance
calculated from the Fy plant readings was aoproximately 15
per cent while that calculated from the F3 means was approx-
imately 35 per cent.

Selection for lodging resistance nrior to the F3 Fener-
ation sceems lilkely to be on the basis of non-fixable differ-

ences., Selection based on means of F3 farmilies utilized



nore fixable variation and seemed to be a good start toward
isolating superior lines.
Locarithms were valuvable in determining the effective-

N

ness of selection in this study. Logarithms did not change
the order of the data; therefore selection can te on the
basis of the orizinal measurements.

Lodging resistance was defined by Grafius and Brown
as a ratio of torque resistance to height. Vhen either
factor is held constant a éhange in the other will change
the lodring resistance. Selection for lodging resistance
should be only on nlants of similar heishts. The cuiclkest

advances by hybridization wouvld be made by crossing strong

plants of the same heigsnt.
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INTRODUCTION

Lodging of small grains is a problem of widesnread
occurrence on soils high in fertility. Lodging often oc-
curs in low areas of a field, on fields receciving large
amounts of nitrogen fertilizer, and on rmck arcas., The

irmediate cause of lodging 1s generally a vindstorm ac-

(&)

L. By

comranied by rain hich vushes the plants over. Indirect
or contributing cauvses include hisgh fertility, hi~h soil
moisture, lack of sufficient light, hich temneratures,
and genetically wealt straw. Grain which has lodged is
difficult to harvest and losses in harvesting are in-
creased. Often the yield and quality of the croo are
lessened. The stage of development of the plant at the
tine of lodging determines the degree of damage.

Several commion oat varieties have genetically weak
straw, therefore they often lodge badly when growvn on rich
soll, It i1s desired that high-yielding varieties with
genetically strong straw be obtaineds In order to accom-
plish this it is cesirable to uncersutiand the inheritance
of the character. The aim of this study was to deteirmine

the method of inheritance of lodging suscentibility versus

O



lodging resistance in oats. A further nurnose was to
ascertain whether lodging resistance could be improved
by the ordinary oat breeding method of crossing and se-

lecting within the segregating generations.

Mo



REVIZY O LITRATULE

Pendleton (8)¥ found that Q0 degree lodzing at head-
ing time caused reduction in yield to 63 per cent of that
of erect plants and a reduction jin test weisht to 79 per
cente The yield was recduced to about 85 ner cent by L5
degree lodging at heading time or by 90 degree lodging
20 days after heading. Thus the time when lodging oc-
curred determined 1ts effect on yicld.

Several methods have been pronosed for neasuring dif-
ferences between strains in respect to lodging or lodging
resistance. The standard method is to observe a nursery
where lodging has occurred and to nake notes of the per-
centage of nlants not standing erect in each plot and to
note the ap»roximate number of derorees by which they de-
part from the vertical, This method can be uscd only on
plots vhere lodging has alrcady occurred,.

The brealing strength of the straw has been used as
a neasure of lodging resistance. Several machincs have
been developed to measure bdrealiing strength of straw.

One tyme of machine was that cescribed by Helmick (6).

ol
o

Numbers in parentheses refer to the "Literature Cited,"
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In this device a bucliet was susvended from the straw and
shot was added to the bucliet until the total weicsht was
enouch to break the straw, The Instruuent described by
Salrion (10) measurcd the pressure required to break the
straw. In this case the vressure was apnlied from above;
but the results of the machines were cormarable, Atkins
(2) stated that vhile lodging was not significantly cor-
related with brealting strength of straw at one station in
one year, the two were highly corrclatcd when considered
over several stations in several years. dAtlzins (2) also
found a high correlation coefficient between bréaking
strength cof straw and weight per unit length of culm at
the base of the plant. IHIc¢ advocated use of the latter
neasurement as belng quicker,

Breaking strength of straw was only one factor con-
tribuvting to lodging resistance. In view of this fact
there have been recent attermts to find a more inclusive
method cf measuring lodging resistance. Hanmilton (5)
gave a lodging index based on a discriminate function
whereoy the relative value of root type, dlameter of culmn,
and height were assessed. This function was approximately
the sun of ten tines the diameter of the cuvlm in the sec-
ond internocde above the pground, less five times the root
type on a scale of one to ten as given, less the height of

the nlant in inches.
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Grafius and Browm (lL) gave the definition of lodging
as the extent of resvonsc to torgue caused by external
force. In order to determine this resnonse, they hooked
a chain to the base of the vanicle and observed how many
linlkzs of the chain wecre supported vhen the culm bent to
an equilibrium point. They derived a forrmla for lodging
resistance: clr = %, where F, the force applied, was the
grams of chain supnrrted, b was the height of the plant to
the base of the panicle, and ¢ was a proportionality con-
stant to convert b into a force, based on the assumption
that external force would be rouchly proportional to plant
hei-ht,

Inheritance of lodging resistance in small grains
vas governed by many genetic factors in most cases. Ramiah
and Dharmalingham (9) revorted one case of single-factor
inheritance of lodging versus non-lodging in rice, with
the lodgzing factor dominant, Atkins (1), found thnt the

character of weisht »ner unit length was transmitted from

L2l

a parent to its progeny. He cited correlation coeffi-
cients of 0609 between F, and means of its F3 progeny lines

and of 023 between F3 and means of its F

|, Progeny lincs,.



ILTERIALS ATTD 1155008

Four parcnts were chosen for this study on the basis
of vast lodging history. Two were cormercial oat varie-
ties, Clintland and Craig. Of these, Clintland was more
resistant to lodginge A third narent was the experimental
strain A587-10 which was very susceptible to lodging.

The fourth parent was the variety Craigs Afterlea, a very
strong oat from Scotland,

Crossing was done in the field in the surmer of 195l.
Crosses were attermmted among the four parents in all con-
binations. Several seeds were obtained as the result of
crossing; however, most of them were killed by an over-
dose of fungicide and consequently only threc Fl plants
were obtained., These three nlants were from the follow-
ing crosses: Clintland x Craig, Clintland x A537-10,
and A587-10 x Craigs Afterlca.

The three Fl seedlings were starved in three-inch
pots and then were transnlanted into ten-inch pots filled
with soil., These plants continued to grow in the grecen-
house throushout the fall and winter of 195)-55. "he
pots were watered daily and were suvnplied with a commlete

nutrient solution at about ten-day intervals. Incandescecnt



lights were used to maintain a day length of at least
twelve hours throu~h~ut the winter and also for supple-
mentary li~ht on cloudy days. Under these treatments the
Fy plants continﬁed to tiller from October until liarch,
Zach plant produced 25 to 50 culms. As each head rinened,
it was cut from the nlant. In early February all the
seeds vhich had rinenecd thus far were rlanted in rows on
the grecnihouse bench in a mixture of sand and soil, Viater
and nutrient solution were annlied as to the Fy »lants.
This planting was made a little later than desirable, so,
in order to mature seeds quiclkly, the F, plants were sup-
plied with continuous illumination. The seeds borne later
by the F; plants; that is, F, seeds and the seeds borne

by the F2 nlants; that is, F3 seeds were harvested for
nplanting in the field,

The Fa's, the F3's, and the parental varieties were
planted in the field in the spring of 1955, The rows were
two feet apart witihh plants three inches anart in the row.
The three crosscs werc planted in senarate, adjoining
areas. The »rogeny of each F, plant was planted tocether,
These F3 families averaged about eipght members. The Fs
seeds were divided into groups of ten and these were ran-

domized amons the F3 families with a restriction of one F2



group to each three to six F3 families, denending on the
ratio of seed availlable of the particular cross. The
parents, in groups of ei~snt, were planted with the pro-
geny at eizht row intervals., Clintland was planted as a
uniform checlt variety throughout the area., ©ach other
parent was plantced, in alternate checli rows, in the areca
with its »nrocenye.

Lodsing resistance readings were made when the plants
vere in the soft doush stage. The method used was that
described by Grafius and Brovm (4). The culms to be used
were visually selected to be at the same stage of maturity.
Some plants from seed which germinated slowly were so badly
affected by red leaf that they nroduced only ocne culmn;
these were not studied, Neither were rcadings mnade on the
few nlants which had previocusly lodgede One culm of each
plant was selected for study. The heisht to the base of
the panicle was measured. A chain was attached to the
base of the panicle by mecans of a hoolis The wei~ht of the
chain caused the culm to bend over and the excess linls
of chain piled ur on the ground. “Then the culm ceased
bending the number of linlis of chain still being sunnorted
was determined., Figures 1 to 3 illustrate *the diflerences

that were shown by this method., In Fisure 1, the chain



attachecd to Craizs Afterlea caused it to bend only slightly
from the vertical. The oprosite cxtreme is illustrated in
Figure 2., Here the plant has lodged from the base and is
supporting very little weight. The most cormion reaction

was between these extremes, as exerplificd by Figure 3.



Figure 1, Chain attached to lodging resistant plant.

Figure 2, Chain attached to lodging suscentible plant,

10



Figure 3. Chain attached to plant
showing typical lodging reaction.

11
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THZ COIPOIIZNZYE OF VARIATION

Variation in a bionetrical experiment, according to

ather (7), can be nartitioned into three commoncnts. The
first is non-heritable varioction resulting from the action
of environnental factors, The sccond portion of variation
is due to daifferences in character exnression between horo-
zygotes for each gene nair involved. Heritable variaticn
between true brecding strains Is of this kind and in this
sense such variation may be described as fixable, The
third cormonent of variation is conpriscd of diffcrences
between the expression of heferczygotes and the average of
the corrcsponding homozygotes. Such variation may te des-
cribed as unfixable in that 1t cannot be utilized iIn the
selection of true brezding strains,

Fisher, Immer, and Tedin (3) developed a moethod of
deternmining the contributions of cach gene to the fixable
and unfixable cormonents of variation. IFollowing the
designation of these authors, let the average effects on

the character in qusstion due to the three genotypes for
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gene A-a” be:

AA = dg BB = 4
Aa = h, , for B-b: Bb = hy , and so on.
aa = -dg bb = -dy,
Aa
K n—>
~.
K -d << d
| |
1 T
aa 0 Ad

Fizure l.e The d and h increments of
the gene A-a. (after llather)
Figure l. reoresents the d and h increments of the gene vair
Aa, The zero point is chosen mid-way between the homozy-
gotes. Then d represents an increment in a constant direc-
tion along the scale of mcasurements, while h may be an
increment in either direction,

The variation of the measurenents of true brceding
parents and of treir Fy is exclusively non-heritable,
Therefore the variances of these neasurements give esti-
mates of the non-heritable nortion of the variances of
the Fy and 1at¢r generations. The heritable nortion of

The A-a desicnation of allelomorphs here does not carry
the conventional irmlication of dominance.
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the variance of one of the later generations 1s the sum
of the contributicns due to the individual gene pairs
providing that there is no linkage and no interaction of
non-allelic gecnes.

In resvect to any ore segregating gene pair A-a, the

Ml

Fo is: 2AA; Jia; jaa, The mean measurement of F,, ex-
pressed as a deviation from the mid-parent, for this locus,
is %da - Zh, - %(-da) = 'hy. The contribution of A-a to
the sum of squares of deviations fron the mid-parent is
%daz - %haz - %(-da)z. Then the contribution to the sums
of squares of deviations from the F2 mean is

%daz = %ha2 -(#hy)2 or %daz - %haz. Surming over all
genes contributing to the character being considered,
total heritable variance in F, is %5(dg?) - %S(h,2),

The F3 families derived from Fp individuals cf the
genotypes Al and aa contribute dy and -dg respectively to
the F3 neans, One-~half of the F3 families are fron Fs
individuals of the renotype Aa and in these fanflies se-
gregation is occurring in the same ratio as in the F2,
giving contributions of id, - #h, - %(-d,) = %h, to the
meaone. Thus taking frequencies into account, the mean of
F3 means is ih, from the mid-parent. The variance of Fj
2 bl

B [t 2 bl
means 1s 44, ¢ - 3(3h;)° - 3(-da)2-~ (3h,)2 op 1,2 - h2
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and, sumiing, the total heritable variance of F3 means is
£5(a,2) +48(h,2).

The variance of F3 families can be represented by
<0 + %(%daa + ihaz) + 30 = 34,2 %haz since only the fami-
lies derived from A-a individuals are segregating. Swming,
the mean variance of Fy families 1is iS(daz) + #S(ha2).

In each case, these formmulae contain a part S(daz)
due to fixable variation and a part S(haa) contributed by
non fixable variation. Denoting these by D and H respec-
tively, and remembering that obscrved variances also con-
tain a non-heritable vportion, we have the cquations given

in Table 1,

Table 1: Components of Variation in F2 and F

3
Vr, F, variance 1/2D+ 1/ Ha+ 3
v?f; Variance of mneans of 1/2 D+ 1/16 H + &,
F3 fanilies
VF3 llean variance of F3 1/, D+ 1/3 H + oy

families
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Figures 5, 6, and 7 show the means, standard devia-
tions, ranges, and approximate distributions of the ob-
served values for the nurber of links supnorted in these
three crosses, 1liost of the original curves appear to be
skewed toward the low side. In order to eliminate this
condition a transformation of the data misght be useful,
The taking of logarithms would tend to shorten the upper
end of the scale; therefore this would be a good trans-
formation. In accordance with these considerations, nat-
ural logarithms of the data were talien and several sta-
tistics were computed from both the original data and the
data transformed to logarithms., Table 2 prescnts the nun-
ber of plants and also the means and standard deviation
for each generation of each cross. The transformaticn to
logarithms has reduced the coefficient of variability
(the standard deviation exnressed as a vercentaze of the
mean) for cach of the generations.

In order to find the components of variation several

variances were required. Variances were computed for the
Fs, means of F3 families, and mean variance of F3 familles

in each segregating ponulation. Each of these variances
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contained a non-heritable component. Since the varental
groups, Fo, groups, and F3 grouns were of approximately the
same sizes, the variance within parental grouns can be
takken as an apnproximation of the non-heritable component
in F2 and F3 variances. The non-heri*able component of
the varlance of F3 means can be estimated from the vari-
ance of parental group means.

lany of the F3 families contained only a few plants,
In order to obtain a fairly good sample of the potential
of a particular family, only families consisting of five
or more members were considered in calculating F3 variances.
It would be desirable to have larger families, but, if a

5

larger nuwiber had been reguired, the Clintland x Craig
cross would have becn eclininated fronm the study. This same
requirement of five nienbers per groun was anplied to the
varents iIn determining the estimates of error variances.
Since the parental variety Craigs Afterlea was badly dam-
aged by red leaf disease, only two grouns were usable.

This was too féw, so Craizs Afterlea was not consldered in
determining the error variances. In its place, a pooling
of the varlances of the other three parents was used. In

the crosses involving Clintland the estimates of error

were obtained by pooling the variances of the two parcnts.
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Clintland x Craigqs

The variances calculated from the orisginal data on
the nuuber of linlis supported in the segregating cross,

Clintland x Craig, are as gilven in the following five

equationse
VF2 = 1/2D+ 1/l H+ 3 = 121.9
Vﬁg = 1/2D ¢ 1/16 H + 3, = 13.6
7 , . ) )
F3 = 1/4D+ 1/8 H+ E = 93.l
V within parental grouns = ij = 7.7
V narental group means =5, = 22.0

The first step in cbtaining the least squares estimates
of the four components of variation was to multiply through
each ecuation by the coefficient of D which it contained.,
The new equations thus obtained were suwrmicde here D did
not appear the equation was omitted. Thus the following

equations were obtained.

1/, D+ 1/8 H 4+ 1/2 z, = 060,95

1/t D+ 1/32 H +1/2 E, = 21,8

1/16 D + 1/32 H + 1/\ E; = 23.35
(1) /16 D + 3/16 H + 3/} Iy + 1/2 B, = 106.1
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Similarly multinlying throuzh the original equaticns by the
coefficients of H, Iy, and E2 and surming the following
were ovbtained.

(2) 3/16 D + 21/256 H + 3/8 By + 1/16 &, = 1Ll.8

(3) 3/l D+ 3/8 H+ 33 203.2

(k) 1/2 D+ 1/16 U + 2 E, = 035.0

The solution of these four simltaneous cquations gave es-
timates of D, H, E;, and L,. Mather (7) vnresented a method
for solving these equations using a matrix of rmltinliers.
For the nurrosec cf this study, these equations were solved
by the standard method of solving sirmltaneous linear equa-
ticns in more than orne unlinown. That 1s, cacn equation was
added to or subtracted from cach of the other three in or-
der to eliminate one unknowvn. The remaining three equations
in three unlinovns were cormared and another unlimowm was
eliminated. Thls process was reveated until a solution was
obtained for one wr~iimovm. Then the other equations were
solved by substituting knowvmn valucs.

Solution of these equaticns gave the following values

for the coimonents of variance in the cross Cliantland x Craig,.

D = 1007
H = 271.5
L, = 51.1

21.6

=l
N
1
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Upon substituting these values in the original equations

the exnected values given in Table 3 were obtained.

Table 3: Variances of number of linlis surnorted
in Clintland x Craig cross

Commonents Variances comxmuted from
number of links

observed exnected deviation

F, 1/2D+ 1/L H + Iy 121.9 12/1.3 -2.
Ve . o
F3 1/2 D + 1/10 H + E, l13.6 .o -0.lL
Va 1/ D+ 1/8 H 4+ B 93.,! 38
1'3 / + + oy )3 el TeT 5e7
V within parental groups = E7 ![7.7 Slfl -3
V parental group means = E5 22,0 21,6 0.l

Coriponents Variances cormuted fronm
logarithns
observed exnected deviation
\'f \

F, 1/2 D+ 1/i H+ & . 00606 .00l .002
VTB 1/2 D+ 1/16 1 + By .0253 .026 -.001
VFB /4D +1/8 Ha+ 2y .052 .052 .000
V within parcntal groups = E; .039 0h1 -.002

k)l
&

V parental group means = By LOLll .013 .001
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The variances calculated from the natural logarithms

of the number of links are as given in the "obscrved"

col-
urm of Table 3, Least squares estimates of the four corn-
ponents of variation were obtaincd by the sane procedure
used rreviously. It should be noted that the left sidesof
equations (1) to (!.) on pages 22 and 23 remain constant
for all exneriments of the same design. Thus only the

richt sides were calculated, and these equations becane

(1a) 9/16 D« 3/16 I+ 3/4 E +1/2 E, = .050

2
(2a) 3/16 D + 21/256 H + 3/8 B o+ 1/16 E, = .02l
(32) 3/, D+ 3/8 H+ 3E = .157
(la) 1/2 D+ 1/16 H ¥ 2 E;, = .039 .

Solution of these sirmltaneous equations gave the
following values for the cormponents of variance in the

cross Clintland x Craig.

D = ,020
H = ,051
El = . O.‘.'.l
3, = .013

Taking the logarithms of the data has greatly reduced the
relative value of H and has increased the relative value
of D in relation to the valucs for these cormonents cori-

puted from the original data,



26

An estimate of the fixable genetic variation in the
Fo generation was obtained by dividin~ the nortion of to-
tal variation due to D by the total cxpected variaticon;

that is, using the original data

- —

1/2 D —~é—35 x 100

expected 12163

.37 fixable genetic var-
iation in F2.

Similarly,

1/2 D « 1/ H 73.22

59% total genetic vari-

i x 100 =
expected 1263 ation in F,.,
1/2 D = L W xat & i
expected 'Iﬁ%?%E x 100 = 120, fixable genetic var-

i
jation in F3 11¢aNns,

~, /. - >
1/2 P + 1Zé° I . 22'02 x 100 = 5175 total genetic vari-
expecte cif-e ation in F3 rneans.

Using the commonents of variation cormmuted fron the

lcgarithms of the data, these values becone

1/2 D - 010

expected « 001}

15.6;5 fixable genetic varia-
tion in F2.

] 2 L
;/Exge;tééi I = :80, 35.9,> total genetic variation

in F2.

1/2 D _ L0190

expectod = =555 = 30.55 fixable genetic varia-
tion in F3 ricans.

1/2 D+ 1/16 H _ ,013
expected - L.020

A
505 total genetic variation in
F3 neans,
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Clintland x A587-10

For convcnience the calculations for both the original
data and the logarithmic transformation were carried through
at the same time. The variances calculated from the segre-
gating cross Clintland x A587-10 were as follows:

using noe. using log-
&S S

of linis arithms
VF2 = 1/2D+ 1/l Ha+ Iy = 7¥;l <09lr
Vﬁ; = 1/2D 4 1/16 T +E, = 27.7 ;035
VF3 = 1/LD+1/8 Ha 3 - 7o;h 001
V within parental groups =% = L6 .030
V parental groun mean = B, = 20.8 .018

Least squares estiates of the components of varlance
were obtained by the same mcthod used in the previcus cross.
Thus were obtained equations similar to (1) to (l.) on pages

22 and 23.

using no. using log-
of links aritims

(1b) 9/16 D + 3/16 H + 3/4. 5 4+ 1/2 E; = 08.5 .087
(2vb) 3/16 D + 214256 H + 3/8 E; 41/16 E, = 29.1 .037
(3b) 3/bL D+ 3/8 H+ 35 = 180.1 .222
(Lb) 1/2 D + 1/16 H + 2E, = 8.5 .053
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Solution of these simultancous equations gave the fol-
lowing valucs for the components of variance in the cross

Clintland x A537-10.

Using no. of links Using lozarithms
D = -1.,0 .006
I = 121.2 208
By = 48.3 .0L6
E> = 20.9 .018

Since D is a sum of squares, 1t cannot be nezative. Ilow-
ever, the small necative value obtained for D cannot be

considered as different from zero nor from the small pos-
itive valuc obtained for D using logarithms. as the data

stand it is not possible to demonstrate any fixable genetic

<:

ariance in this cross. In this cross, lozaritiras in-

creased rather than decreased the relative value of H,

H]

able !. shows the obsecrved and exnected values for the sev-

eral variances using the commoncnts as glven avove.
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Table h: Variances of number of links supported
in Clintland x A587-10 cross

Cormponents

F, 1/2D + 1/l H &+ &
VF. 1/2 D+ 1/16 1 + E
VP, 1/ D ¢+ 1/8 H 4 E;

V within parental groups

V parental group mneans
Cormmonents

v -
F 1/2D» 1/l He @

VF; 1/2 D & 1/16 H 4 B,

V ol
F3 1/.D +1/8 H 4+ B

V within parental rroups

V parental group means

td
n

Variances cormuted

from no, of linls

obscrved

71’.. 1
27.7

70l

Ep 2048

77.8

27«7

63.1

8.3
20.9

exnected deviation

=37

Te3

-30 7
-0.,1

Variances computed

from logarithms

observed

.09l
.035

091

By .036
0018

«101

.03l

oyl

.06
.018

expected deviation

~-+007

.001

«017

-,010
«000
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A587-10 x Crairs Afterlea

The variances calculated from tiic segregating cross

4807-10 x Craigs Afterlea were as follows:

Using no. Using log-
of links arithms
VF2 = 1/2D+ 1/l H 4 E = 172.1 0137
T, = 1/2D41/10E + T, = 53.8 .052
v - !
F3 = 1/ D+ 1/8 H+ I = 1h8.2 .10
V within parcntal grouns = By = L7.1 0Ll
V varcental group means = L, = 20,5 .018

The least squares estiriates of the four commonents
were obtained from the following ecuctions which were de-
rived in the same manncr as those used in the nreceding

two crosses,.

Using no. Using log-
of linlizs arithms

(le) 9/16 D+ 3/16 1 + 3/l By +1/2 3, = 150.0 .129
(2¢) 3/16 D + 21/256 H + 3/8 E +1/16E,= 6.9 «055
(3¢) 3/ D+ 3/8 E+ 3L = 307.3 - 317
(Le) 1/2 D+ 1/16 H + 2E,= 7h.3 070

‘When these simultaneous equations were solved, the

following values were obtained for the corponents of variance.
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Using no. of linits Using logarithms
D = b.2 .020
H = UI87.2 .39
E; = 60,0 057
E, = 20.L .019

The expected values given in Tatle 5 were obtained by
substituting these values for D, H, &7, and E, in the o-
riginal equaticns., It should bo noticed that the devia-
tions between the observed and the expected values were
quite large due chiefly to a difference in the values of
D and H between the VF2 and VFB. Such a difference might
have resulted from the effects of linliage.

In the case of linliage, the heritable portion ~f var-
iance was no longer simnly the sum of the contribtutions due
to the individual gene vairs but also involved a factor
derived from the recombination or crossover values. lather
(7) derived ccrtain forrmlae for D and H when linkarce was
present., With linliacec, the valucs for D and H in the F2
differed from thoce for D and H in the F3. To test for the
presence of linltage, then, it must be deterniined whether
this difference in D and II betwcen F2 and F3 existed.

In the experiments here veing renorted, D and H of the

F2 generation were estincted fron VF2 and VFE while D and H



Hma:/o S TNe
(A - L\

R )

VNS

SSGJI0 euTad+J7T 37

Bl

oo
CJ

\I_

0%

T o

[

(8 C

L
[8) PR
Hé.) -—
N T
o OO
~ 5 -
T(u L

(O "
LR ] - ~e
IRV L
IO ol
FANRS -
-7 e - - .
L) C,.

1 T-e

o TS NEIOR & Tl aodud
T=ozaea’ 721002l loyyse o
- T :
. . -- o —
.. + o/t + Loy L e
~
R .
< - e ia . e A
R I Sk + . C\H —

(&)

¢
~

.-

OO Vel o0 Shodinedyy,

. - - < : - ; -

- e -~ - S LT S =Y = . "
e 300 H o= sauoll UICJds [23dcd2u )

: —
O VAN

Hsnubxoh; T2342a82 ULJ3T.e

—— -
-
L

Ita o THU YT

A
—
i)

o\
4

e = o~ N,,- - R . -/ [
clul PR 4+t - r+QO\H|:
‘. _ ‘- - - M.J . SRR - a .
o *.\.r I I+ 5 ;\r‘—.QO\H i
+.\§.,dra‘“

IR ;.,U S Uedl 070
1
i Sy Looesiuo s aD@TaT)
U0 LAOUGS SYHTT S0 duoLd 0 59ddclag, USSR
0 T pelUiiaddln ot | gt AU A K] o G Luws, o] 9 Yvw



33

of the F3 ceneration were estimated from.vFB. If DF3 and
HF3 differed from DF2 and HF2 resnectively, a nerfect fit
could have been obtained for F3 by adjustment of D and IL.
As a result of this perfect fit in F.? the sum of squares
of the observed variances from their exmectation would
have been reduced by this adjustment of D and H. The es-
timation of D and H from the corplete data for the cross
AS07=-10 x Craigs Afterlea has previously been done. The

next step was to estimate D and H from Vp and VF-, assum-
2

ing the perfect fit in Vo « The variances required are:

Using no. Using log-
of links arithns

VP, = 1/2D e 1/4 Hae+ B = 172.1 137
Vﬁ; = 1/2D + 1/16 H + T, = 53.0 .052
3y = L47.1 0Ll

E, =  20.5 .018

Equations for least squares estimates of the four con-
ponents of variance were obtained by a method analogous to
that used previously. Zach ecquation was rmltiplied through
by the coefficient of D wvhich it contained and the result-

ing equations wecre swined, and so on for H, El, and E2, This
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gave the following equations:

Using no. Using log-
of links  arithnms

(5) 1/2 D+ 5/32 Ha+ 1/2 E; + 1/2 B, = 112.95 0%l
(6) 5/32 D + 17/256 H + 1/l B +1/16 25 = 10.39 .037
(7) 1/2 D« 1/ He+ 235 = 219.2 173
(8) 1/2 D+ 1/16 H + 235 = Thel .070

Solving these sirmltaneous equations the following
estimates were obtained for the components of variance in

the cross A507-10 x Craigs Afterlea.

Using no., of links Using logaorithms
D = S «0338
H = 1389.3 293
Ep = L7.06 .0lt3
E, = 20.5 017

The exvected values riven under the headings "corrected”

in Table 5 were obtained by substituting these values for
D, H, By, and E, in the orizinal equations. It was ob-
served that the relative values of D and H had been changed
when VF was oriltted, which gove strons evidence that link-
age was involved 1in tiiis cross., Dovevar, there was no more
recovery of narental tyves than exnected, This indicated

the presence of scveral linkage groups on different
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chromosones with randor combinations between grouvps. In
a wide cross such as this it was exnected that there would
be linlkage of factors from each of the diverse parents.
Zstimates of fixable ~enetic variation obtainzd fronm
tiie oricinal data, uncorrected and corrected for linlage,
were about the same. lHowever, the percentage of fixable
genetic variation was increased by using the logaritims of
the data and was further increased by the correction for

linlzazes The rronortion of variation due to heredity is

presented in Table 0,

Table 0: Genetic variation expressed as
vercont of total variation in A587-10
x Craiss Afterlea cross

Using no. of links Using logarithms
uncorrected corrected uwuncorrected corrected
for link- for link-
age are
Fixable genctic 1.77% 1.0 6135 .17
variation in Fp
Total genetic
variation in F, 63 72 63 63
'ixable genetic
variation in F3 5.6 5.0 19.6 35,0

means

Total genetic
variation in F3 59 63 63 69

ncans



Consideration of Linkare
in Clintland x A537-10

Consideration of linkapge in the calculations Irom the
cross A537-10 x Crai~s Afterlea was shovm to increase the
proportion of fixable genetic variation in relation to to=-
tal variation. The deviation ol observed from exnccted

oY

variances was also I n the cross Clintland x

e

alrly hich
A587-10, esnecially vhen loraritims were taken., Therefore
a test should also be made Tor linltaze in Clintland x
A537-10, using logarithms. Least squares estivates of the
cormonents of variance were obtained by the same method
used previously. The left sides of ecuations (5) to (8)
on rage 20 apvly in this case. ‘hen the ri~ht sides of

the equations were computed, the following eauations were

obtained.
(5a) 1/2 D+ 5/32 H+1/235 +1/2E, = ,065
(6a) 5/32 D + 17/256 H + 1/} o +1/16 B, = .026
(fa) 1/2 D+ 1/ E+ 25 = L130
(8a) 1/2 D+ 1/16 E + 2, = ,053

The following estimates for the corponents of variance

were obtalned when these sirmltaneous equations vere solved,

D = .00L
H = .23k
&1 = L,035

]
n
]
.
(@]
=
o
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These values are only slishtly changed from those obtained
by using the mean variance of F3 families. Therefore

evidence of linkape is lacking.
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Ilather (7) gave a methed for calculating the standard
errors of D, H, I, and EZ from the sum of squares of devia-
tions of observed from expected values of the several vari-
ances. This method involved usc of rmltinliers which were
not calculated in the present study. Lacking these stand-
ard errors, there was no reliatle way of telling whether
the valucs obtserved were significant or not. It scemed that
the high valuecs of H in the three crosses indicated doni-
nance., Changing the data to logarithms chansed the value of
H in the cross Clintland x Craig enough that, lacliing its
standard error, the preceding statenient was not certain.

Dominance relations could also be acsessed by commar-

erivatives to the mid-varent value.

[N

ing the Fy and its
No Fy's were grown in the field, so the F2 and the F3 were
utilized in determining dominance. The following obser-

vations were based on the data presented in Fizures 5, 0,

and 7. In the cross Clintland x Cralg there was domi-

nance of the factors favorins lod-ing resistances In the cross

A587-10 x Craiss Afterlca there was domincnce of the

)

3

factors favoring lodging susceptibility. In the cross
Clintland x A537-10 there was doinance, to a lesser ex-

tent, of factors favoring lodsing suscevntibility. This



reduction in decsree of dominance was probably due to a
balancing of some dominant suscentibility factors from
AS87-10 by dominant resistance factors from Clintland.

In plant breeding work it is desired that individuals
selected for any trait be able to transmit the trait to
their promeny. Selection 1s accomplished on the basis of
individual readings or on the basis of family mecans. These
individual readings or means are subject to variation and
this veriation will be corposed of D, H, and E portions.
In order to increcse the heritability or ability to trans-
rnit the trait to vrogeny, it is desired to increasc the
pronortion of the variance due to difference between hono-
zygotes represented by De The best way to increase the
nrovortion of D is to decrease the provnortion of H.and E,

In self -pollinated crons the D ccmponent of nmeans re-
mains constant while the H commonent decrcases by one-half
in each generation. Thus selection in later gencrations
becomes more and nore effective. Lconomy of time sugcests
maling selections in as carly a generation as possible.
The D commponent which was calculatcd for the cross Clint-
land x A587-10 was very small., The greatest nroportion of

fixable genetic variation was nine per cent fixable genetic
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variation in F3 means., This low value indicated that se-
lection riicht not be successful in this cross. In the
other two crosses, Clintland x Craig and 4587-10 x Craigs
Afterlea corrected for linliage, the pr-nortion of fixable
zenetic variation to total wvariation was about 15 »ner cent
in the F, and about 35 per cent in the FB means, This 15
per ccent of variation due to fixable genctic ciflerences
in the F2 vas low enourh that selcocction might be ineffi-
cients INowecver, by the F3 ceneration, the fisurc for fix-
able penctic variaction had risen and selecti~n nisht be
more effective. Iurthermore, this increacse in Tixable
genetic variation Increased the »robatility of retaining
the best vrogeny. The statistics utilized were not sen-
sitlve in determining the size of population to save.

Another vy to increcase the nronortion of variation
due to D would be to reduce the prorortion due to E. In
these calculations values of 30 to 60 ner cent of the to-
tal variation have been found for non-heritable variation.
Heplication would have helpned sreatly in renoving or ac-
countins; for much of the non-heritavle variation encoun-
tered in the experiment.

In the formula, clr = F, given by Grafius and Brovm

19

() lodzing resistance was a functinon of both the weicht

supported and the heisht. The weight supported, but not
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the heisht, has been considered in this study. Heizsht of
the nlant is inhcrited senarately from the factors deter-
mining torgue resistance. ‘“Then either height or toraue re-
sistance is held constant, a change in the other factor will
cause a change in lodging resistaonce. Selection for lodg-
ing resistance should, on a nractical basls, be made only
on plants of similar heipghts. Sinmilarly, if it were de-
sired tec imvrove lodzing resistance by hybridization, the
quickest acvances would be made by crossins strong nlants

of the same hei~ht. Crossing of strong plants of consid-

[9¥]

erably different heigits would give a wicer ranme of heishts

coermounded on the range of torque rcsistance. Then the
desired combination may not be found in a small saunle.
Conversion of the data by talking logsaritims chanced
the »ronortion of fixable renetic variance. The original
H figure mifht have included a pert due to interaction of
cenes due to immroner scaling. The order of the original
data was not affected by lomaritiuvas; therefore selection

should be dcne on the basis of the fi

@

1d measurements. If

it were desircd tc malte any predictions ccncerning advances
under selection, it would be necessary to consider vhether
the ori~inal scale was adequate, The logaritihziic trans-
formation used in this paner was, in effect, equal to hang-
ing a heavy chain on strong plants and »rogressively lichter

chains on the wcaker nlants 8o that all plants night bend to

the same distance above the ground.
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Inheritance of lodging resistance versus lodging sus-
centibility was studied in three oat crosses involving
the parents Clintland, Crai~z, A537-10, and Craigs Afterlea.
Crosses were obtained for most of the nossible coribina-
tions of these parents but several sceds were killed by
excessive disinfectant treatment. The parents, the F2's,
and the F3's for each cross were grovm together in the
field. A chain of knovm weisht was used to determine
resistance of each pnlant to external toraque.

Lodging resistance was found to be dominant in the
cross Clintland x Craig and was found to be recessive in
the crosses Clintland x A587-10 and A587-10 x Craigs
Afterlea,

Variations in the F, and the F3 were sevnarated into
heritable and non-heritable nortions. The heritable vari-
ation was further divided into fixable genetic and non-
fixable genetic commonents according to the method pro-
posed by Mather (7). The distributions of the orizinal
observations were skewed toward the low side. There was
no reduction in skocwness in the F3, which indicated that

the problem was in scaling. ‘hen natural locarithms of



L3

-

the data were used, the distributions anproached rmuch more
closely to a normal distribution. Conversion of the data
had an impmortant effect in increasing the nronortion of
fixable genetic variance in the calculations on the crosses
Clintland x Craiz and A507-10 x Craigs Afterlea.

The fixable éenetic variance, in the two crosses
where it could be calculated, was anproximately 15 per
cent when the F2 plant readings were used and 35 ner cent
when the F3 rieans were used. Selection for lodcring resist-
ance prior to the I3 generation seens likely to be on the
basis of non-fixable differences. Selection on the basis
of means of F3 families seemed to give a good start toward
isolating suverior lines. Logarithms were valuable in
this study in determining the effectivcness of selection
but were not necessary for selection as they did not change

the ranking of plants.,
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