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INTRODUCTION

The inheritance of quantitative characters involves a study
of size, shape, and number of parts of an organism, The increased size
or vigor of an orgzanism as manifested by its rapidity of growth, height
and general robustness has been defined as "heterosis!, The inheritance
of quantitative characters is believed to be fundamentally the same as
qualitetive characters, However, due to the confounding of environmental
and genetic variability, it is necessary to apply special methods to
analyze the inheritance of quantitative characters.

The genetics of quantitative as well as qualitative characters
is of extreme importance to the modern plant breeder, A knowledge of
the inheritance of quantitative and gualitative characters is vital for
workers in plant breeding desiring to improve our economic crops.

The study was designed to determine the effect of certain
known qualitative characters with three quantitative characters, The
qualitative characters studied were: (1) black vs. white (Bb) glume
color, (2) covered vs, naked (Nn) caryopsis, (3) long vs, short haired
rachille, and (4) green ve chlorina (Ff) plant color, The quantitative
characters used in relation to these gqualitative characters were:

(1) number of spikes per plant, (2) height of plant, and (3) weigzht of

seed per plant,
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The Problem
What ie the nature of the interactions between genes differ-

entiating quantitative and qualitative factors in cultivated barley?
Problem analysig.--~l. What is the effect of the qualitative
genes Bb, Nn, Ss, and Ff on the quantitative characters which are
(1) number of spikes per plant, (2) height of plant, and (3) weight of
seed per plant?
2, Are there correlations between the quantitative characters?
3. Are there certain gualitative genotypes favorable for the
production of quantitative characters? If so, do the favorable geno-
types give the same increase over the less favorable genotypes in all
combinations?
Delimitations.--This study was limited to an analysis of
genetic data obtained from the Fi, F5, and FB generations of a eross
between two varieties of cultivated barley, i.e., Hordeum digtichon

Nigrinudum and Minnesota B4-7,
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MATERIALS AND METHODS

The materials used in this study consisted of data from the

¥y, Fpy and ]!'3 generations of a cross between Hordeum distichon Nigrinudum

and Minnesota 84~7 barley,

Parental Description
Hordeum digtichon Nigrinudum is an awned, 2-rowed, hull-less,

black-grained barley with black floral bracts, The seeds are naked, the
leaves are green, and the rachilla haire are short,

Minnesota 84-7 is a two-rowed, white-hulled, awned barley,
The rachilla hairs are long, This barley carries the factor for chlorina
plant color, It is a pale-green chlorophyll-deficient type classified

as "cosse green", The plants grow to maturity but are somewhat stunted,

Experimental Procedure

The F, and F, generations of H, distichon Nigrinudum x Minnesota
84~7 were grown in a field at the Colorado Agricultural Experiment Station
in the summer of 1939, The F3 generation was grown at the same locality
during the summer of 1940, The various lines of the cross were grown in
18-foot rows, 12 inches apart, with the plants spaced 12 inches apart in

the row, The parents were planted in every 10th and 1lth rows within each

of the lines, The plants were pulled at harvest, and the height of each
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individual was measured in inches, and the number of heads for each plant
was counted and placed in envelopes, Later the heads were thrashed and
the weight of grain, in grams, was determined for each plant,

Seeds from each F, plant (FB generations)were planted in the

field in 1940 to determine the F, genotypes,

Statistical Method
The data were separated into 8l genotypes on the basis of the

four factor pairs that differentiated the four qualitative characters,
The sums of squares, regression coefficients, and variances were obtained
for each genotype. The variances used to calculate the "t" wvalues were
corrected on the basis of the regression coefficients, The variances for
weight of grain per plant was corrected on the basis of the regression
coefficient of weight of grain per plant on number of heads, The number
of heads per plant were corrected on the basis of regression of number

of heads on height per plant, The variances for height of plant was
corrected on the basis of the regression coefficient of height of plant
on weight of grain per plant, The method of obtalning variances took

out the differences between genotypes, and consequently, the variances
obtained were those within genotypes,

Correlation coefficients were obtained between the three

quantitative characters, The amount of correlation was obtained for
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weight of seed and number of spikes; for height of plant and number of
gpikes; and for height of plant and weight of seed per plant,

The chi square test was applied to determine the linkage

relations between genes differentiating the four qualitative characters,




ANALYSIS OF DATA

Correlations Between the Three Quantitative Characters

It was necessary to determine if there were correlations
between the quantitative characters, i.e., number of spikes, height per
plant, and weight of seed per plant, since the purpose of the study was
to measure only the differences between each of the genotypes. There-
fore, the effects, if any, of any one quantitative character upon the
other quantitative character should be eliminated, The data indicated
that there was a general correlation coefficient of (1) ,805 between
weight of seed and number of spikes per plant, (2) ,440 between height of
plant and number of spikes per plant, and (3) ,510 between height of
plant and weight of seed per vlant, The "t" values for these correlation
coefficients were 19,53, 10,67, and 12,37 respectively., A "t" value of
1,99 was sufficient to prove that these correlation coefficients associated
with the given characters were not due to chance, The "r" value of ,805
between weight of seed and number of spikes shows that for each additional
increase in number of spikes per plant one would expect the weight of
seed to increase also, Therefore, by correcting the weight of seed on the
basis of the regression coefficient of weight of seed on number of spikes,
the varisbility due to the independently inherited genes associated with,

and differentiating the qualitative characters controlling weight of seed

would be partially controlled,
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Linkage Relations Between Qualitetive Characters
The segregating populations for each of the four qualitative

characters were analyzed to determine how closely the observed numbers
fitted a given theoretical expected number, The goodness of fit for

each of the segregates was measured by the chi square test, This test
revealed that the qualitative characters were differentiated by one factor
pair except the genes governing the color of plants, The poor fit found
in the factors governing color of plants was due to differential survival
of the green and chlorina plants, The death of the chlorina plants

reduced the exvected number, Also, grasshoppers destroyed some of the late

maturing chlorina plants,

Relation Between Quantitative and Qualitative Characters

The means of the number of spikes per plant, height per plant,
and weight of seed per plant for each of three different genotypes of the
four qualitative characters were compiled, This data showed that one
could not state that the plants heterozygous for the genes studied had a
greater effect upon the quantitative characters than did the plants homo-
zygous for the genes studied, There was no evidence to prove that different
favorable growth genes were contributed by each of the homologous chromo-

somes of a pair in the homozygous plants to produce more favorable growth

effects in the plants heterozygous for qualitative genes,




Agsociations of the Four Qualitative Characters in All Possible Combinations
Two at a Time with the Three Quantitative Characters

Tables were assembled showing the value of each of the three
quantitative cheracters, i.e., (1) number of spikes, (2) height of plant,
and (3) weight of seed per plant in combination with genotypes of different
gualitative characters used were: (1) black vs, white glume color (Bb),
(2) long-haired vs, short-haired rachilla (Ss), (3) green vs, chlorina
plant color (Ff), and (4) covered vs, naked caryopsis,

The results of this study gave evidence that the general nature
of the genes affecting the quantitative characters was extremely variable,
It was generally true that the genes associated with high yield in one
combination were not necessarily the high-producing genes when in other
combinations, Other workers present data to show that genes governing
certain qualitatiye characters were associated with high yield of seed per
plant and when these genes were combined wi£h other genes they remained
high yielding,

However, a portion of the data followed a definite trend, It
was generally true that the normal green (FF) genotypes and the heterozygous
green (¥Ff) genotypes were more favorable for the production of number of
splkes per plant, height per plant, and weight of seed per plant than were

the chlorina (ff) genotypes, in all combinations with the other three

qualitative characters, It was also found that the heterozygous (Ff) green
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plants were more efficient than either of the homozygotes (FF or ff), The
chlorina (ff) genotype was classified as physiological defective as com-
pared to the normal and heterozygous green plants, Since the heterozygote
(Ff) was more efficient in the production of quantitative characters, the
author interpreted such gene reactions as being due to partially dominant
linked genes, It was assumed that there was & series of favorable growth
genes linked with the F allele and another ser}es of linked genes linked
with the f allele, and the combination of these genes in the heterozygote
(Ff) possessing the favorable growth factors contributed by each parent,
therefore being more favorable then either parent, Other workers have
pointed out similar gene interactions in which the heterozygous plants
vere more favorable than the homozygous plants, Many have followed Jonesg! ‘
hypothesis of martially dominant growth genes as accounting for heterosis

whereas others have assumed a greater physiological stimulation occurs in

the heterozygote, and as a result, greater growth,




Suggestions for Further Study
There is much information to be gathered from the study in

quantitative inheritance, It will be interesting to kmow if there are
certain gene combinations more favorable than others for the production

of quantitative charscters., Such characters as yield of grain, quantity
of o0il, inerease in vigor, and others, are being studied in the present-
day crops. Special methods have been developed with such crops as tomatoes
and squash which are appliceble to many other economic crops, Another
study may be developed in barley in which the parents are used in the
analysis of the quantitative characters, Since one parent was unfortun-

ately eliminated in the material of this study, the author was unable to

compare the varental genotypes with similar genotypes in the F, population,
A back-cross program may be used in which the Fl generation is back-crossed
to both parents, This method would furnish extra data in determining the

mode of quantitative inheritance,
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INTRODUCTION

The inheritance of mt;uuw characters involves a

study of sige, shape, and number of parss of an organiem, m
incrensed elze or vigor of an organism as manifested by its rapidity
of growth, height, and general robustness has been defined by Shull
{24), 1948, as "heterosis”. He further states thay this general
vigor 1s "positively correlated with the degree of dissimilarity in
the gametes by whose union the organiem wes formed,"' The inher-
ftance of both quantitative and qualitative characters are believed
to be fundsmentally the same, However, due %o the confounding of
environmental and genetic warisbility, it is necessary to apply
gspecial methods to anslyze the inheritance of quantitative
characters,

~ There 1s & need for extending the stuiy of the nature of
the interastions between genes differentiating quantitative and
qualitative factors, The geneties of guantitative as well as
qualitative characters is of extreme importance to the modern plant
breeder, A kunowledge of the inheritance of qualitative and guanti-
tative characters is vital for workers in plant breeding desiring
to immrave cur sconomic eropa,



The purpose of this stuiy was to determine the mode of
fnheritance and effect of certain known qualitative characters with
gquantitative charscters, The qualitative characters weres
(1) black ve, white (Bb) glumes, (2) covered vs. naked (Nn) cary-
opsis, (3) long vs. short-haired (Ss) rachilla, and (4) green vs,
ohlorina (Pf) plant color, The quantitative charscters used in
relation to these qualitative characters were: (1) number of spiies

per plant, (2) height of plant, and (3) weight of geed per plant,

The Bxsblem

¥hat is the nature of the interactions between genas
differentiating guantitative and qualitative factors in cultivated
barley?

Broblem amelyvsig.--1. What is the effect of the qualite~
$ive genes Bb, Nn, Ss, and Ff on the quantitative characters whiech
are: (1) number of spikes per plan;. (2) hetight of plant, and (3)
woeight of seed per plant?

2, Are there correlations bdetween the guantitative
characters?

3, Are there certain qualitative genotypes favorable for
the production of quantitmtive characters? If so, do the favorable
genotypes give the same increase over the less favorable genotypes
in all combinations?

L
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Delinitation.—This study vae linited to an snalysis of
genetic data obtained from the Fy, Fp, and F; generations of & eross
between two wvarieties of cultivated barley, L.8., Eordeum digtichon
Nigrinudus and Minnesote 84.7,
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Chepter IT
REVIEY OF LITERATURS

The amount of literaturs dealing with quantitative
inheritance is voluminous, Many hypotheses have been advanced to
interpret the inheritance of characters that relate to the degree
of measuradle differences involved in segregating populations.
Nearly a1l suthorities agree that the genes differentiating
guantitantive characters are numerous, and many agree that there
may be small, oumulative, individusl effects which aecount for the
total warintions converned,

The multiple~factor hypothesis sssumes the inheritansve
of guantitative factors due to a number of genes or fnet;oﬁ incom-
ﬂot-oiy dominant or lacking dominance, which individuvally are small
in effect and cumulative in actlon,

Studies by East, and later by Bumerson, as cited by Hayes
and Immer (7), 1942, have contributed greatly %o the theories of
sizs inheritance, The methods generally used involved the study
of ¥y, F2, and ¥y generations from the cross of two parents that
aiffer widely in the character studied,



Rasmusson (18), 1933, weight (31), 1934, Stndens (28),
1934, snd others, mads caleulations o detemmine the number of
genss involved in qusntitative inheritance, Mr conclusiens
varied, Studemt (28), 1934, Sprague and Brimhall (27), 1949, cone
cluded thet at least 20-40 genes were invelved in experiments te
determine ofl coutent in maize, Resmusson (18) sswumed that thers
wore 100-200 genes involved in quantitative inmheritance between
arosses of spesies mot teo distinetly related. Wright (31) oen-
cluded that not less than 12 genes were mainﬁ in determining the
corolla size between two specles of Hicotians.

Raswusson (18) suggested that “She effects of each factor
on the genotype is dependent upon all other factors present, the
vigible effects scting in the same nmtilm,"- However, Powers (13),
1936, presented date which showed that although a great mumber of
factors were acting in the seme direction, the a&.&tﬁﬂn of other
genet 418 not necessarily glve squal effecis,

The study by Hayes (6), 1946, of combinine abdility in
corn emphagized that the number and the nature of the genes influsnc
ing yield were great, Zach gene nlone had ne measurable medifying
effeots on yield, vhereas, the complementary action of all genes
produced somewvhat greater influences, The gomplementary action of
two genes in the hemosygous recessive condition produced resistance
to stem rust in Thatcher wheat,
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; The nature of gene interaction was studied by Powers (14),
193h, From a oross of two varietdss of Triticwm, Hybrid 128 x Velvet
¥sde, he found the two warieties were differentiated by thres fastor
pairs for hahit of growth and sariiness of mmity,. Ady BB, and
oc were factors for spring habit af growth, Thair corresponding
alleles m factors fw winter habit of growth, The facter AA was
2onid he b epistatic to bb and GC, whereas, BB was epistatic to as
and 00, and co to 2a and bb, The number and combinations of the
genes prement wers necessary in determining early maturity, The
AA genss were more efficlent in causing early maturity than the BB
and ce genes, Late maturity resulted from the mt&éa of the CC
genes, Por these rensons, Powers (14), 1934, concluded that the
tims of maturity in wvheant, involving the adove genctypes, depended
wpon "the interaction of the reaction precasses,® The environmental
conditions alse were found to influence the reaction processes,

It was pointed out by Powers (12), 1941, that, in
tomatoes, thers were interactions bYetween genes and that these
interastions dapended upon the particular genes inwvolved, Thers
were also intsractions between genss and snviromment, These genetic
and .ommmul factors were negessary to nn:mﬂ-a_&nwmﬂ
yield of ripe fruit per plant, ALl genes &id not have egual offects
both within snd between component characters,
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Bast {2), 1936, proposed s theory o ascomnt for hederosis
or superiority in the heterszygote which he bslieved was due %o the
cumnlative aotion of many divergent, nondefective alleles, It was
sssumed that the members of an allelic series were different in
that each sllele performs a different physiological funciion. The
cumalative effeet of such elleles produces a hybrid more vigoreus
than elther homosygote due ie speaifiec physiolegle contridutions of
each parent, Thus ajep, in the hybrid, would produce more vigerous
plants than elther sjay or agsap.

Robsrteon and Austin (21), 1936, reported a study invelw.
ing the segregates of green versus vhite seedling colors in Hopdews
vulgare, They reported plants segregating for the two factor
pairs, Xox, and Aghg, snd found statistically significant difference
in faver of the heterouygous plants of the genotype Xgsphgae for
the following chavacterst (1) average length of head, (2) total
number of grains per plant, snd (3) total weight of grain per
plant, The authors suggested the possibility thet the heterosis
affect may be due to the recombining of dominant favorable growth
genes linked with the lethal factors,

Deminant gens pction.~-The genetic interpretatien by
Jones (8), 1917, assumed that certain deminant relationchips
sxisted betwesn alleles, and the interaction between these genes
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have decided influsnce on the genetics of gquantitative characters.
He axplained that "faetors in the 1la condition would have morve
than one=half the effect of the 2n condition,” It was acowmed that
dominant favorable growth factors were contriduted by sach parent
which make uwp the Ty generation. Beeause more faverable factors
wore present in the Fy fhan in either parent, one would expsot
greater development in the ¥y, This effect was described as heter-
oels, Jones (8), 1917, sesumad that the genes were evenly a&;tﬁmﬁ-
ed on the chromosomesn, that each hed squal effects, and that there
were no erossovers, Jones, (B8); 1917, cited the work of Keeble
and Pellew with peas in whish the intersetion of fwo genes; one for
thick stem and one for long internode, produvced a plant taller
then either of the parent plants, If these genes were designated
as T snd L respectively, then the genotypes of the parents would
be PT11 and $3IL. If 7 and L were domlnant over their allelemorphs,
then the Py would be taller than either parent, because 1t would
contain the genotype TtLl, This combination 1s the one found in
thick stem and long internode plants,

Powers, (11), 1944, expanded Jones' theory of heterosis,
He showed that genes may exhibit intermediate conditions whea in
the heterozygous condition, but when the interaction of two pairs
of genes are considered, heterosis was exhibited for yleld of fruit



16

per plaat, This sms showa from date taken from o cross of two
inbred lines of Lygovergicon, The genstyse of one indbred linc was
AAbb, The other inbred line wes 0oRB, The ¥y gonotype frem the
groes wod AeBb, In this case Powers sssumed bb to ba recesaive for
smell muber of fruit, and sa wes rosessive for small size of feuis.

The Py wes partlally dominant for small number of frult and small
gize of frult, yet 1% produced on increased vield over the parents.
Powers concluded, therefors, that the penes were not sdditive but
moltiplicative in effect.

Pavere, (15)y 1949, following a study of the interaction
of genes affecting yleld ia crosses of Lyconersicon esoulentum
L. piovinellifolivm, concluded that size of frult was partially
dominant, and the small number of looules per frult wes sither some

pletely or partially dominant, The number of fruite per unit length
of bBranch alsy exhibited partial dominance,

Btohey (19), 1946, pointed out thak there wis competition
beotween alleles in corn, Nach allele had individual additive
affeats, ond one gene could not express itself because of the
dominance of its al;ls!;l.

According %o Bast (1), 1935, there may be genes which are
defective or nondefactive in the physislogical proceases of an
srpanisn, He assunsd that these genss may be recessive or dominant



in function., The defective genes were considered to be numerous
and cansed considerable effest upon the quantitative and qualitative
characters,

The nature of gene interaction betwesn four quantitative
characters in a cross between Hordeum defiglens and Hordeum yulgare
wae reported by Powers (13), 1936, He studied the effescts of genes
associated with color of glumes, type of spike, and habit of growth
upon yield of seed vper plant, number of spikes per plant, height per
plant, and length of awn, The data supported Zast's hypothesis in
which the genes wers grouped intoe physiological defective or
physiological nondefective, The "brbr" gene sausing brachytic
habit of growth was classified ae physiological defective as wae the
YV gene causing deficiens type of gpike, The Vv plants were more
favorsble than the VV plants for all the quantitative characters
gtudled, and this was dus to & number of partially dominant linked
growth factors in the chromosome containing ¥V and v genes, Small
differences were reported for color of glumes, and, therefore, the
genes responsible for color of glumes were classified as physiolog-
ical nondefective, The interaction between genes affecting weight
of seed per plant wae such that they produced higher yilelds inde-
pondent of the combination of qualitative genes with which they
were associated, Powers concluded that the nature of the gens
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interactions affecting quantitative cheracters was somewha$ varisble,
end thersfore, he was umable to develop s definite hypsthesis %o
prediet yield, _ .

Pollowing a review of the literature on qm&ttauﬁ
tnheritance, Smith (25), 1944, and Whaley (30), 1944, pointed out
the need for further investigations on the mature of imheritance
of quantitative charscters,
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Chepter 111

The materials wsed in this study consisted of data from
the ¥y, Py, and ¥y generations of & cross between Hordeum distichon
Nigrinudum and Minnesota 847, a genetic strain of Hordeum distichon,

Hordeum digtichon Nigrinudum is an awned, Zerowed,
hulleless, blacke-grained barley with dlack florsl bracts, The
poeds are naked, the leaves are green, and the rachilla hairs are
short,

Minnesota B4.7 is a two-rowed, white~hulled, awned barley,
The rachills hairs are long, This barley earries the factor for
ohlorins plant color (£ff), 1% came originally from O, Hallguist
bus was obéained from the Minnesota Agricultursl Experiment Station,
According to Ridgwsy (20), 19?;3, it i» » paleegreen chlorephyll
deficlent typs classified as "cosse green”, The plantm grow to
maturity but are somewhat stunted,

The linkage groupe and the contrasted charasters of the
parents for the quantitative characters studied are listed in
Tabdle 1,
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nbhx.-ummm QURTRASTING CHARACTERS POUND IN A OROSS
STIOHON FIGRINUDUM AND MINNESOTA 847 BARLEY,

group Charscter Symbol Figrinudum Minnesota
R _ s —————————
b 4 Black ve, white floral

bracts ! Bb Black White

b 54 Oovered vs, nsked

caryopsis o Halked Covered
b 4 Long vs, shorfehaired
rachilla 8s Shors Long
i1 Green vs, chlorina
plante b 4 Green Chlorina

The ¥y and ¥p generations of H, digtichon Wigrinudum x
Minnegsota Bl? were grown im the field at the Colorado Agricultural
Bxperiment Station in the summer of 1939. The ¥y generation was
grovn in the same locality during the summer of 1940, The K.
Aigtichon Wigrinudum end Minnesots 847 parents were grown in the
sene test with the Fy and ¥y generations, The warious lines were
grown in 18.foot rows 12 inches apart with the plants spaced 12
inches apart in the row. The parents were planted in every 10th and
11th rows within each of the lines, The plants were pulled at
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harvest, and the height of each individval was measured in inches,
and the number of heads for each plant was counted and placed 4in
envelopes, ILater the heads were thrashed and the weight of grain,
in grame,; was determined for each plant,

The seeds from each Fy plant (P3 generation) were planted
in the field in 1940 to determine the F, genotypes. ZRach of the 6
famillies was studied on an individual plant basis to classify the
vlants for homozyzosity e;r heterozygosity for the gene pairs
differentiatine sach of the four gualitative characters,

The statistical methods used to snslyse the data were
similar to those used by Powers (13), 1936, First, the data were
separated into 81 different genotypes on the basis of the four
factor pairs that differentisted the four qualitetive characters.
The sums of sgusres, regression coefficlente, and variances were
obtained for each genotype, The variances used to ealculate the
"t" values wers corrected on the basis of the regression coefficients,
The variances for weight of grain per plant were gorrected on the
basie of the resression goefficient of weigzht of grain per plant on
nunber of heads, The number of heads per plant were gorrected on
the basis of regression of number of heads on height per plant,

The variance for height of plant was corrected on the basie of the



regrossion cosfficlent of height of plont on welght of grain per

plant, This method of obtalning varisnces took out the differences

batween genotypes and oonseguently, the variances obtained were

P4

thoee within genotypes, The "t" values to determine the significance

of the differences betwesn the means were ochtained by the use of

nethods deserided by Snedecor (26), 1986, Correlation soefficients

were obtained between the three quantilative characters dy the 27
methode deseribed by Leonard snd Clark (9), 1939, Correlation
cosf ficlents were obtained betwoen weight of seed and number of
spikes; between height of plant and number of spikes per plant}
‘ané between height of pleant and weight of seed per plant, The chi
squars test was applied to determine the linkmge relations betwsen
genes differentiating the four qualitative charscters, The
knowledge of the number of genes differentisting the qualitative
characters and their linkmge relations is pesential to a correct
interpretation, The data showing the linkage relations of the
quelitative characters are presented in the following chapter,

The orisinal dsta from which this thesis was written are
on f4le in the wvault at the Agronomy Ewperiment Station in Port
Collins, Colorads,
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Chapter IV
ARALYSIS OF DATA

The study consisted of measuring the differences MMM
mmu of the four qualitative characters, 1. €., oolor of glumes,
eolor of plants, adherence of glumes to caryopsis, and length of
rachilla haire, It wee important to know the linkage relations and
the number of genes invelved in differentiating the qualitative
charasters, The data to determine the linkege relations were 'Mm
upon the ¥, genotypes as determined from s progeny test in the Fy

generation,

The segregating populations for each of the four gqualita-
tive characters were analysed to determine how elosely the ohserved
nusbers fitted a given theoretical expested number, The goodness
of it for each of the segregates was measured dy the uh!. squars
$est and the results presented in Table 2, Ths chi square tess
. pevealed that the qualitative charscters were differentiated by one
factor pair except for the genes governing coloer of plants. I%
was apparent that the deviation from the caleoulated 13211 vatio
was due to differantial survival of the green and chlorins plants.
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Table 2,--THE SEGREGATION OF THE FOUR QUALITATIVE CHARACTERS FOUND IN
THE F, GENERATION FROM A CROSS OF NIGRINUDUM AND MIRNESOTA 847,

Phenotype Genotype Observed Caleulated x2 P-value
Black BB 319 342,50
Black Bb 6ok 685.00
White bb 357 342,50
2.33 «50-,30
Covered 1. 359 342,50
Covered Fn 714 685,00
Naked nn 295 342,50
8.89 «02-.01
Long-Haired
Rachilla 88§ 317 342,50
Long-Haired
Rachilla Ss 714 685,00
Short-Haired
Rachilla 88 339 342,50
3,27 0 20=,10
Normal Green 45 409 342,50
Normal Green 2 4 729 685,00
Chlorina e 232 342,50
less
than
51-“9 .m




25

The death of many of these chlorins plonts reduced the expected
nunber, Another difficulty arcee in cloneifying the green and
ehlerina plants due to & severe eplzootic of grasshoppers which
destroyed the late-maturing chlorina plante, However, the number
of thess missing plants was not great enough to have an apprecisbls
effect upon the total average mean differences,

Keeh of the characters was analyzed to deternine if
linkege was pﬁsﬂnt-, The genotypes, color of glume (Bb), adherence
of glume (¥n), and length of rechilla haive (Ss) were analyzed using
a caloulated 1s2:2:4:31:2:1021) ratio for independence, The geno-
type responsible for coler of seedling was analyzed by using a
1:2:28h, 152 and 132 ratio, This was necessary becauss a poor fit
was obtained for the chlorina plants when s genotypic segregation
of & single factor pair in the F, generation was assused, This
poor fit was probsbly due to the loss of chlerine plants in the ¥y
and !‘-, nmttm families, Since all necessary date wers collected
from the genotype coneisting of homozygous chlorina plants, it was
not necessary to inelude thess in determining independent fnhey-
~itance, The Pevalues for independent inheritance ave shown in
Table 3, It was spparent that the genes governing the inheritance
of the four qualitative echaracters were independent of each other
ae far as linkage relations were concerned, The summary of linkage



mz; 3,-~LINKAGE RELATIONS BETWEEF THE COMBINATIONS OF POUR QUALITATIVE CHARACTERS AS DETERMINED BY THE
X2 TEST POR GOODNESS OF FIT,

BbER 179 BbSS 171 HnSS En¥¥ 209 SeFF 210 BbFF 209
EEFn 156 BBSs 162 NHSs 168 HEFL 187 SsPf 167 BEFL 175
BbEn 373 BbSs 352 EnSs 390 HnFf 369 SaFf 383 BbEf 36k
bONE 104 BhSS 72 nnSs 58 onF¥ 83 asFF 101 135 4 98
Bhin 185 bbSe 200 nnSs 156 nn?f 173 seFf 179 bOFL 150
BBan &7 BBes 83 Fise 98 RELL 57 ssff 52 BBIT b2
Bban 142 Bbes i Enss 158 Hnff 136 Ssff 122 Boff 123
bban 68 bhes 85 nnss 83

P between .02 P between .30 P between .02 P between .30 P between ,30 P between .20

and .20 and .20 and .10

and 01 and .20 and 01

o
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studies by Rodertson, Wiebs, and Shands (22), 1947, alse showed that
the genes differentiating these qualitative charagters were in.

The paragraph of statietical methods pointed out that
variances were obtained for sach genotype and these wvariances were
ecorrected on the basis of the regression coefficients, By such a
nethod the variability due to environment was partially eliminated,
1% was necwssary to determine if thers were correlations detwoen
the guantitative characters, 1. 8., number of splltes, helght per
plant, and weight of seed per plant, since the purpose of the study
wag %0 measure only the differences between each of the genotypes,
Therefore, the effect, 1f any, of any one guantitative charscter
upon the other quanititative character should be eliminated, The
corrslation coefficients were ealeulated from the original data en
file with the Agronomy Department at Colorado A & M College, The
results obtained indicated the general correlation soefficient of
(1) 805 betwesn weight of seed and number of spikes per plant,

(2) 440 between height of plont snd number of spikes per plant, and
(3) .510 betwesn heipght of plant and weight of seed per plant, The
"4? yalues for these correlation coefficients were 19.53, 10.67, and
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12,37 respectively, 4 "$" walue of 1,99 wss suffisiont %o prove
that these corrslation coefficlents assoolnted with the given
charscters were no$ due to chance,

With an *r" yalue of .&ﬁj for velght of seed and number
of wmn. 1t would be expected t!:at the ﬂighi of seed wnlﬂ i,n-
erease for each additional increase in number ur spikes per plant,
Therefore, by corrscting the weight of .«a& on the basis of tk-.
regression coefficient of weight of seed on number of spikes, the
variability due $o the independently inherited genes asssociated
with, and differentiasting, the quelitative characters eautmlung
wigm of geed wonld be Mi.any mtral‘uﬁ.

The means of the number of spikes per plant, height per
plont, and welght of seed per plant for the three different genow
types of the four qualitadive charasters studied are shown {n Table
b4, These are the measurements obtoined from the Py plants. The
genotypes of the P, plants were determined from a pregeny test in
the Py generstion,

The genes astociated with color of glumes, adherence of
glume, and length of rachilla hairs wers independent of szch sther,
and an anslysis made from Table 4 indicated that there was no
significant difference in the quantitative characters within the



Tadle 4,--MEANS OF THRES QUANTITATIVE CHARACTERS MEASURED IN THR mmar;mm
NIGRINUDUM AND MINNNSOPTA BA4-7, CLASSIFIED INPO GENOTIPES AND OTYPES ORDING TO COLOR OF GLUMES,

mmmmm,mwmmm,mmwm

Phenotypes Genotypes | Bumber of spikes Height per plant Weight of geed

Humber Inches Grams
Black 3B 957 27.26 31.10 23,53
Black B 2082 26,40 32.65 23.16
¥hite 3 1071 27.64 31.05 23.46
Covered En 2142 26.81 30,09 2h,28
Naked nn 891 27.46 32.21 22,05
Long-hair rachilla 88 951 25.51 29,52 21,15
Long-hair rachilla s 2142 25,52 30,32 22,60
Short-hair rachilla e 1025 25,01 30,49 22.69
Hormal green plants " 1220 28,27 2.1 - 24,66
Formal green planis 5 4 2187 3ﬁ.1§ 3.13 26,76
Chlorina plants 4 4 696 13.25 26,44 11.23

§7¢



differont qualitative genotypes, A "%" walue of 1,960 which gives
8 Pewnlue of .05 was taken as atatistically eignificent, There was
no significance bBetween normal green (FP) seedlings and normal
green (Ff) seedlings for the three quantitative characters studied,
Howevar, significance was evident between FP snd Ff segregates
asssciated with the chlorina (£f) plants, Q!u normal green (FF)
plants, as shown in Table 4; produced a greater number of spikes
per plant, greater height per plant, snd 2 greater yield than did
the ff plants, The "t" wvalues betwsen the homosysous (FF) green
plants and the homozygons (ff) chlorina plants were 4,549 for the
average mumber of spikes per plant, 3.316 for the average height
per plant, and 3,895 for the average weight per plant, These
measurements were, of course, in faver of the homozygous (FF) greem
plants, The plants heterozygous for green (Pf) were also more
favorable than the homozygous chlorina (f£f) plants, The "t" valus
for this difference was 4,90k, 3,456, and 3,883, for the number of
spikes, helght of plant, and weight of seed per plant respectively,

The results in Table 4 show that one cannot conclude
that plants heterozygous for the genes studied had a greater effeet
upon the quantitative characters than did the plants homozygous for
the genes studied,

There was no evidence te prove that different favorable
growth genes were contributed by each of the homoezygous plants to

30
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produse more faversble growth effects in the heterosysous plants,
Ascording te Jones' hypothesis the heterezygote possessed move
favorable, and at least partislly dominant, growth factors from $he
parents from which it ceme,

The following tables and discussions report a stuiy of
the valuve of each of the three guantitative charscters, 1. 2 (1)
nunbey of spikes per plant, (2) height per plant, and (3) weight of
soed per plant when in combination with genotypes of different
qualitative charsoters in all possible combinations two at a time,
The qusl 18ative chavacters are (1) biack ve, white glwee color (Bb),
(2} long-haired ws, short-haired rachilla (88), (3) green we.
chlorina plant coler (Ff), and (4) covered va, naked seeds (¥n),

Tables 5 and 6 show the resctions of genss concerned with
the three guantitative characters, in -miﬂia of the BB and bb
genotypes, the BB and Bb genotypes, and the Bb and bb genotypes is .
shown in Table 5, The anslysis shows the comparison of nine geno-
types for each of the three quantitative characters, These differ.
enges are for the BB, Bb, and bb genotypes within the BN, Na, and
nn genotypes, Tadle 6 4w the reverse of Tadle 5, §. e., the dif.
farences are for the NN, Nn, and nn genotypes within the 3B, Bb, and
bb genotypes,



Table 5,--THE EFFECT UPON THREE QUANTITATIVE CHARACTERS OF GEHES DIFFERENTIATING AND ASSOCIATED IN
INHERITANCE WITH COLOR OF GLUME.

Genotypes e Spikes por plant : Height per plant
- —iOs,. Ho, DIfF, % ia, . AIa,  DIFf, %

Black (3B) ok
ve: X ) _

¥hite (bb) St s S ORI _ . S
Covered (NE) 27.80 27,50 330  29.99 29.51 .48 1.B40  2h,5h 24,34 4O WO
Covered (Nn) 26,12 28,08 -1.96 2.25%% 30,94 31.%. - .50 1,800 22,69 26,77 -4,08 35,7200
Haked (mn) 27.85 27.34 51 .560 32,38 3220 .8 o522 - 23.45 19.48 3,97 3.652¢

Black (Bb)

White (bb) . :
ﬁnﬁrﬁ (m 25.” 27-5° "1071 96@ 35‘“ 29'51 5-95 11'51? 22!% Eﬂ.lﬂ "1’36 1.632
Covered (Nn) 26,24 28,08 -1.84 z769~ 30.91 31,48 - .53 2,401 23.48 26.77 -3.29. §5.264*
Haked (mm) 27,19 .27.34 - .15 .1 32.04 32,20 - .16 .521 23,31 19.48 3.83 3.562¢

Black (3B)

Black (Bb) . : ! e : _
Covered (N¥) 27.80 25.79 2.001 1,172 29,99 35.00 -5.01 10, zw' 24,34 22,78 1.76 1.760
Covared (¥n) 26,12 26,28 - .12 ,168 30,94 30,91 .03 - 22,69 23.48 - .79 1,224
Haked (mn) 27,85 27.19 .66 .759 32,38 32. 3 .156 23.45 23.31 .34 160

Parent BBEN : . . ,

e, BT 24,32 27,80 -3.48 1.253 3172 29.99 1.73 .201  17.60 24,54 -6.54 1,986%
2 i

* % test gives PD.0S

k
»

Ot



Table 5 shows that the BB genotypes produced a larger
yield per plant than did the Bb and bb genotypes, except when the
BB and bd genotypes were compared with the heteroszyzous (Nn)
covered plants, The bh genotypes had higher yielding plante than
d4d4 the Bb genotyves except when the comparison was within the
naked {nn) genotypes, If one accepis odds as great as, or greater
then, 19:1 against the deviations noted, not being due to errors of
random sawpling, then one gan say that the BB genotypes produced
significantly greater yielde within the nn genotypes than did the
bb genotypes within the nn genotypes. However, the bb genotypes
profduced greater yields when in combination with the Nn genotypes,
No atgniﬁ;amu was shown between the yields of the 3B and Bb
genotypes in any of the three vontrasting genotypes, The bb genos
types yielded significantly better than the Bb genotypes in come
bination with the NN and Bn genotypes is shown by comparisons made
in Table 5. A similar comparison was drawn from mumber of spikes
per plant, except that the bb genotypes did not show a significant
difference in number of gpikes over the BB genotypes wvhen in com=
bination with the mn genotype, The BB genoiypes ihavgﬁ greater
height than the bb genotypee except when the bb genotypes were come
bined with $he Hn genotypes, The "t¥ values indicated that the
small differences could be due to errors of random sampling, The

33
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BB genotypes tended to produse taller plants than 4id the Bb genow.
typew except ﬁm& asgociated with the BN mu&_mg. The Bb geno-
tmg. ghowed & trend of pra&_ming $aller plents than 4id the bh
genotypes vhen in combination with the double dominant covered (m
mutypn.. The differonces showed "t" walues of 10,200 mn 11.615,
respectively, 4 Ft¥ velue of 2,491 i.nﬁtmaé that mﬂ! vas &
significant d:.ﬂ'ea-em in height of plents possesaing bbiin genotypes
as compared to the Eblin combination,

Pable 6 shows the eﬁ‘aﬂ of the covered and naked genes in
G U with the genes BB, Bb, b for color of glumes, The NN
genotypes showed greater weight of seed per plant in comparison
with the nn genotypes when in combinntion with BB snd bb genotypes,
but the differonce was significant only in the white plants (bb),
The plants of the IF mw showed incressed yield per plant over
the heterogygous ln genotype when in combination with the BB genoe
type, but the heterogygous Nn covered plante showsd an increased
yield when in coembinasion with the Bb or bb ngn*; The differ-
ence i statictically significant in the latter comparison, Sinee
the ¥¥ genotypes within the bb genotypes showed significansly
greater yleld over the nubd combination, and the Hnbb combinstion
showed significantly greater yield per plant over the NNbD pcombina-
tione~then one would sxpect the Nnbb combination %o be significanily



Table é.mm EPFEC? UPON THREE QUANTITATIVE CHARACTERS OF GENES DIPFRRENTIATING AND ASSOCIATED IN

ICE WITE ADHERENCE OF GLUME,

Coversd (HY)
e

Naked (an) :
Blsck {(BB) 27.80 27,85 ~ .05 L0350 29.99 32,38 <2.39 2.204* 2A.5% 23,45 1.09 1.046
Blaek {Bb) 25.79 27,19 ~1,50 1.820 35,00 32,08 2,96 9,827 22,78 23.31 - .53 .663
white {bb) 27.50 27.3% 6 .20 29,51 32,20 -2,69 8,070 25,14 19,48 4,66 6,6600

@onm {Hn)

mtm}
Black {EB) 26,12 27,85 ~1.73 1.609 30.9% 32,38 ~L.A4% 5,896 22,69 23,85 - .76 912
Black (Bb) 26,28 27,19 - .95 1.187 30,91 32,0k -1.13 S5.001% 23,48 23,31 .17 255
¥ite (bdb) 28,08 27,38 .7 ,755 .48 32,20 - .76 2,052 26,77 19,48 7.29 7.436*

Covered (NN}

vai
Qovered (¥n) . 2%
Black (BB) 27,80 26,32 1.68 1.572 29.99 30.9% - .95 3.135% 24,54 22,69 +1.85 1.998*
Black (Bb) 25.79 26,25 - 45 ,720 35.00 30,91 +4.,90 15.582* 22,78 23,48 -~ .70 840
mt‘ {%} 2?.55 23-98 e &5'8 3696 Zﬁ.ﬁ 311& ‘inﬁ é 06&‘ Eﬁ.lﬁ %o?? “*2'63 3031?

* ¢ test gives E».05

Gt
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greater than the nnbdb combination, Thie, of course, was %0 be ex-
peoted from comparing the "t" walues for the weizht per plant
column of Table 6, One would expect %o find those combinations
that have a significant difference between weight of seed per plant
to also have a eommnﬂm difference in fnereased number of
spikes per plant, beocsuse the number of spikes per plant hin direct
effect on increasing the weight of seed per plant, This fact is
true, as can be seen from a comparison of the golumns headed
tgpikes per plant' and ‘weight of seed per plant' in Tadle 6, In
gvery case vhere the nn genotypes were greater than NN in weight of
sesd per plant, there was also found an incresse in mumber of
spikes per plant except withinm the BB genotype. The same compari.
gon was true with the ¥n and nn genotype within the Bb segregates.
However, as caen de noted, these differences in spikes per plant
showed no significance if & "§" value of 1.960 is to be assumed
statistically signifiocant,

Ae was shown in Tables § and 6, there were certain gene
combinations more favorable for growth than other gene combinations,
Table 7 was compiled %o determine if these favorable growth genes
give the same increase over the lass favorable growth genes in all
genotypes, Table 7 places emphasis on the interactions of the Nn
genea, For example, we want %o know if the difference between NN ve.



Table 7,~-INTERACTION BRETWELN CENSS DIFFERENTIATING ARD ASSOCIATED IR :mm WiTH ADEERERCE OF GLUNE

mﬁm

Covered {lﬁ) vst Baked (mﬁ

Bleck (B3) we: Black (Bb) -1.35 3.321* =5.35 12,305+ 1.62 2.106%

Black (BB) ve: White (bd) = 421 « 30k «30 405 =357 b, 998

Black (B®) vs: White (bd) «1,56 2.340* 5.65 20,905* ~5.19 8,304
Coversd (Fn) wst NMaked {an)

Black {BB) vs: Black (Bb) - .78 1.357 +31 1.798 - +93 1.721

Black (BB) ws: White (bb) 2.47 3,458 1.25 3,330 -&.as 12.075*

Black (Bb) wst White (bd) 1.69 3.042* 1.56 B, h2i 27,12 12, 460%
Covered (NN} ws: Covered (¥Nn) '

Hlack (BB) wvs: Black (Bb) 2.3 4,358 +5,04 24,696* =255 5.100%

Black {3B) vs: White (bb) -2,26 3.616* - .98 &, bxor -t 48 7,168

Black (Bb) vs: White (bbd) - <13 238 6,02 29,408+ ~1,93 3,088

* ¢ test gives PD .05

<ibs
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nn in combination with BB is the same as in combination with Bb,
This was found by comparing the differences as obtained from
Tabls 6, A walue of 1,62 was obtained for the difference between
the BB and Bb genotypes in combination with §N vs. nn segregates
for weight of seed, This walue was obtained by finding the dif.
fersnoe between the differences of 1,09 for the BB genctype and &
difference of «,53 for the 3b genotype, The difference between
thess walues fe 1,62,

Aw can be seen in Table 6, the Hndb genotype was the high
producing combination, It showed & significant difference of 2,63
over its NN allele and 7,29 over the nn allele, The EnBB and NnBb
were the low producing genotypes. It was desl radble to know if the
genes b, favorable for increased yleld over their alleles in the
high producing genatypes, also showed increassed yleld over their
alleles in the low producing genotypes. This was shown in the bd
ve. Bb and bb ve, BB segregates, and the genotypss for sdherence of
glume in Table 6, The M¥ genmotypes showed & significantly grester
yield over the Nn genotypes when in combination with the BB geno-
type, and the nn genotypes showed an ineremsed yield sver AN geno-
types when combined with the Bb gemotypes, The data in Table 6
indicate that those genss mssocisted with high yleld in one come
bination are not necessarily the high producing genes when
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asgociated with the lower non-alleliec genotypes in sther combinstions,
Povers (13), 1936, showed that the type of spike genes (Vv) favor-
able for high yield produce increased yields over thely alleles in
both high and low yielding genotypes with respect to habit of

growth, (Brbr),

The object now is to assemdle these genotypes to show the
naturs of the interactions, Table 7 shows the results of thess
intersctions far. the three gquantitative characters studied., The
data of Table 7 may be explained by showing how the valuss were
obtained, For this example we will consider the calculations for
weight of seed per plant, All figures were tuken from Table 6 since
we were calculating the interaction of covered vs. naked caryopsis,
holding the color of glume constant, The values of the intsractions
in Table 7 showing the difference between the differences for weight

of seed wers as followss



(NEBB - nnBB) - (NNBb - nnBb) = ( 1.09) - (- .53) =
{NNBEB - nnEB) - (NNDD - nadd) = { 1.09) - { 4,66) = =3,57 grams
(NNBb ~ nnBb) « (ENBD - nabb) = (- ,53) - ( 4.66) = 5,19 grams

(¥NBB - ¥nBB) - (NNBb « NaBb) = ( 1.85) -~ (~ .70) = 2.55 grems
(SNBB - NnBER) - (HNDD - Nmbb) = ( 1.83) - (-2.63) = 4,48 grams
(¥NBY -~ NnBb) - (NNGD - Nobd) = (- ,70) - (-2,63) = 1.93 grams

(NnBB - nnBB) - (¥nBb - znBd) = (- ,76) - {

'17) s - 093 m.
(¥nBB ~ nnBB) - (Fnbb - anbb) & (- .76) - ( 7.29) = -8,05 grams
(¥nBb - nnBb) - (Nubb - nabd) = ( .17) - ( 7.29) = -7.12 grams

1.62 grams

40

An analyeis of the genes associated with weight of seed

given in Table 7 can be explained more clearly as follows:

BB >Bb when in combination with NN vs,
bb>BB when in combination with BN vs.
b5 > Eb when in combination with NN vs.

BE>Bb when in m‘o&mﬂeﬁ v.tth_n v8.

BB>bb when in combination with NE ws,
Bb>bh when in combination with BN v,

Bb>3BB when in combination with Hn vs.
bb>EB when in combination with ¥n vs,
bb >Bb when in eombination with ¥n vs.

nn

nn

segregates.
ngrmtn.
segregates,

segregates,
segregates.
gegregates,

segregates,
segregates,
segregates.
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Ap can be geen from the gene action ghown in the above
comparisons, there were certain gene pairs in combination with
other genes that gave high yields but the same gene pairs in other

combinations gave low ylelds, In other words, the interactions are

such that ylelds cannot he predicted for the different gene com-

binations, nor can gene interaction itself be predicted,
Comparisons between the black vs, white and the covered

ve, naked plants with number of spikes per plant and height per

plant were made, As can be seen from Tadble 5, the only significant

differences for spikes per plant are those between EB and bb within

the Nn genotype, and between Bb and bb within the Nn and FN geno-
type. Since the Nnbb combination shows & significantly greater
weight of geed vper plant, one would also expect Hnbd to show a
significantly greater number of spikes per plant, This was shown
to be true in Table 5 in the combinations cited above, The come
bination of genes favorable for high weight of seed were also
favorable for number of spikee per plant, and the combination of
genes giving lover yields also gave lower number of spikes per
plant,

There were only three of the nine differences involving
BB, Bb, and bb genotypes (Table 5) that were statistically eig-
nificant for greater height per plant. In two cases the Bb
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genotypes in combination with NN genotype geve teller plants than
its alleles (BB and bb). The other significant difference showed
that db in combination with Nn produced & greater height of plant
than Bb in the same combination, It was only in this latter case
that the gene combination (Nnbb) producing greater yield and in-
creased number of spikes per plant was also responsible for the
production of greater height over its Bd allele,

As can be seen in Table 6 of the analysis of the NN,
¥n, and the nn genotypes, the differences were significant in all
nine comparisons, The data showed that the nn segregates prodused
taller plants then did NN or Nn segregates when in combination
with BB and bb, but not in combination with Bb genotyve,

The same general conclusions can be drawn for height of
plant and number of spikes per plant ss was drawn for weight of
geed, That is, there were some genes favorable for height or
greater number of spikes per plant in one combination, bdut the

same genes were not favorable ia other combinations,

Genes Associsated with Inheritance of Color of Flenk and Lensth of
Bachills Halrs

The data in Table B show the differences of the FF ws,
ff, ¥F vs, Pf, and the Pf vs, ff genotypes in combination with the

42
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88, Sp snd se genes., The JP genotypes produced greater effects
than d4id the ff genotypes for each of the three quantitative
cherscters, The Pf genotypes profuced greater effects than the ¥FF
and ff genotypes except in the ¥FSS and ££88 combination for height
of plant, ¥For each of these three quantitative charasters the
differences between the genotypes were significant, exeept for the
difference between the FF and Ff genotypes in combination with the
85 genotypes for weight of seed per plant. The data indicated that
the Pf8s combination was the most favorable for the greatest number
of spikes, height of plant, end yleld of seed, The FFSS genotype
wvas less then the Pf8s genotype, bud greater than any combination
of the ff genes with genes governing the length of rachilla hairs,.
One may conclude that the genotype Ff which was favorable for high
yield was more favorsble than its alleles (FT' and ff) vhen found in
all combinations with 88, Ss, and ss, However, this dﬁn not holid
true when considering the other two guantitative charscters, 1.8.,
spikes per plant and height per plant,

The difference between the §8, Ss and ss genotypes in
combination with the FF, Ff, and £f genotypes ie shown in Table 9,
There was statistical significance bdetween the means of 88 vs. ss
vith the Ff genotypes, and between S8 vs, Sg in the Pf genotypes
for height of plsnt, Only two combinstions showed significance
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EAIRS,

Green {¥F¥)

ves:

Chlorina (If) ;
Long hair (88) 28,08
Long hair (8s) 28,67
Short hair (ss) 27.82

Green (Ff)
ve!
Chlorina {(£f)
long hair (58} 29.54
long hair {Ss} 30.64

Short hair (ss) 29,90

@reen (¥7)
vsi
Green (Ff)
long hair (Ss) 28,67

Short hair {-;} 27.82

14,07
12.36
13.86

1340?
13‘86

iy

29.90

14,28 31,07
17»75’ ﬁoaé
19.68* 31,36

15.930% 25.77
19.010* 32,26

2,015* 31.07
3.hoe* 30,86

2.h33* 31.36

26,85
26,28
26,51

25,77

4,95

~1.08
5.98

5.8 18 h&&* 26,93

5.30

25 -1.&9

3.2,.

:Bg

b, 599%
11.317*
15.142%

3.633%

22,305*%

»

9.667¢
5.601*
3.399*

25,11

25,19
2h,21

24,87
28.06

2h,11
25.19
25,21

10.97
10,47
b1 5 |

10.97
10,47
14,11

13.90
12,8z

et 9?6
-2,72

12,672%
2@.31@

1121

1k, 207"
25,786%
12,204

0.842
4. 698e
3.4u0%

* & test gives PD .05



Table O,--0RNES DIFFERENTIATING AND ASSOCIATED IF INHERITARCE WITE RACHILLA EAIR LENGTH AND COLOR OF

Long hair {88)
ve:
Short hair (ss)

green (¥¥) 28,08 27.82
Chlorine (f?) 154,07 13.86
Long hair (8Ss)
va:
Short hair (ss)
Sreen (¥¥) za.é? 27.82
Chlorina (££) 12.36 13.86
Long hair (S8)
vl
Long {Ss)
Green (P7) 28,08 28.67
Chlorina (ff) 14,07 12.36

"'1059

230

.71

0.358

31,07
25,77
26,85

31.36
26.&1

31.36
32.25
26,51

30.86
32.26 -6

26,28

25,11
24,87
10.97

25.19
28,06

10,47

2&‘1
10.97

1

24,21

26.93
18,11

24,21
26.93
18,31

25.19
28

= -m
-2,06
""‘3.1&

v
3,68

-1,08

.ﬁ "'3 - 19

10,47

-

. t test gives P) .05



Table 16.-.mmrxmarmmmn LENGTH AND COLOR OF PLAN®,

Long (S8) ve: Short {(as)

Breen (¥F) va: Chlorina (ff)
Green {Ff) ws: Chlorina (£f)

Long {Ss) ve: Short i‘;uﬁ'
Green (¥F) ve: Green (Ff)
Green (¥F) ves Chlorisa (ff)
Green (Pf) ws: Chlorina (ff)
Long (88) we: Long (Ss)
@reen (FF) vst Green (¥f)

Broen (¥P) vss Chlorina {(ff)
Green {Ff) we: Chlorina (ff)

#11

1,073

f ¢o??
. «997

<197

3.850%
4,032%

3.650%

b 974"

ot .-51
- .3?
- 3

6.28
"?056

7.913*
1.895
35.500%

2,11
~1,58
"'3069

3- k3%
1. &?

7.900*
9.302%

3.988*
8.266*

* & test gives PD.05

9Y
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vhen considering yleld, They were the differences between S8 vs.
8¢ 1u combination with Ff and 8¢ ve. s8 with the ff gernotypes,
Table 10 presents data showing that the gene (Ss) favoradle for
high yield in certain combinations was not significantly higher
over ite alleles im other combimations,

Confirmation of this was browsht cut further in a study
of the interaction of genes governins rachills length {n combins-
tion with the genes ‘governing coler of §Mt, The asombinations

gtudied warsy

88> ss when in combination with F¥ vs, Pf
88> 88 vhen in combination with FF ve, ff
§8>88 when in combination wz.:«m.w va, ff

88>8s vhen in combination with ¥FP ve, ¥
$9 > 88 when in comdination with ¥¥ ve, £f
S8 >58¢ when in combination with ¥Ff ve, ff

88 > 8s when in combination with FP ws, Ff
Bs<>ss when in comdination with ¥F ve, ff
88 >ue when in -mbim&m with Pf ve, ff

The above values reveal that the 55 genes produced bdejter
yield than the se genes in combination with any set of genes
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governing color of plant, However, S8 was not more faverable than
8 in all combinations, nor was Ss greater than ss, Therefore,
certain genes were favorable in some combinations, but were not
favorable in other comdinationsy which 1 similar to the results
obtained when the geneg Bb for color of glumes were studied in all
combinations with the Nn genes for covered ve, naked caryopsis,

W in Inheritence yith Lensth of
The genes responsidle for rachilla hair length, and their
association with genes governing the color of glume as they in-
fluence the thres gquantitative charscters, are shown in Tables 11,
12, and 13, As can be seen Trom these tables, the genes responsible
for high yield in certain combinations were not necessarily high
yielding genes when in other combinations., As was cited before,
there were varions gene interactions, These interastions wers
different for the different gene sombinations, The manner of the
gene interactions affecting yield was somevhat more definite than
the previous examples, Table 13 indicates that the BB genes pro-
dueed o greater yileld than did the bb genes in all combinations
with longehalr vs, shortehair rachilla, Likewise, the Bb genes
produce grester yiesld than the bb genes with the same combinations,

However, thers was one cagse where the BB 4id not produce greater



Table 11,--GENES DIFPIRENTIATING AND ASSCCIATED IN INHERITANCE WITH LENGTH OF RACHILLA HAIRS AND COLOR
OF GLUMES.

Genotypes . Spikes per plant

Ho, . HNo,  Diff, %
Long hair (85)
vel _
Short {ss) :
Black {(BE) 28,64 26,58 2,06 2,800* 31.30 31,18 .12 38 24,52 23,15 1,37 1.35k
M m} 25t56 25.?3 01? 4233 Ni” 36093 “033 1‘323 22013 22#8 oo -52' tm
Long hair (Eﬂ
¥ei :

Short heir (u} ; : :

M (m’ 2619'7 25«?3 1-2# .¢Gf& ”'75 3#’92 “‘*1? .m z#am zztes 4'1-“5 2.M
white (bb) 27,37 27.91 - .S& .59 30,87 30.85 .02 058 2442 27,12 -2.70 3.086*

Long mm- (ss)

Long hszr (s} _ | - _ _
Black Iﬁg 28,64 26,46 2,18 1.94%0 .30 3099 .31 .93  2h.,52 23,51 1,01 1,05%
Blsck (Bb 25,56 26,97 ~1,81 2,129* 30,59 30,75 -.16 .598 22,13 2430 -1.97 3.021*
vhite (bb) 26,78 27.37 = .59 .678 30.53 30,87 -.38 949 29,63 24,42 -3,79 4,286*

* t test zives P> .05

oV



Table 12,-~GENES mmmwﬂm ARD ASSCOTATED
HiIRS,

m&m

Black (EB)
vet
¥hite {bb)
Long heir (58) 28,64
Iong heir (Ss) 26,46
Short helr (es) 26,57

~ Blesk (Bb)
vel
¥hite {bb)
Long hedir (58) 25.56
long heir (S8} 26,97
- Short heir (ss) 25.73

Black (2B)
ve:
Black (Bb) 2
Long hair (S8} 28,64
Long deir (Ss) 26,86
Short hair (ss) 26,57

250 % 1. %
27.37 = .91
27.91 -1 34

2?- 3? s a‘&a

25.56 3,08
26,-% -y 53-
25.73 54

2.139" 31*30
1,092 30,99
0.407 31,18
1,307 30.59
0.663 30.75
2.350% 30.92
O, 695 39t99
1.032 31.18

30.85

30.59
30.75
30.92

.26

2.216%
0.135
0124

0.063
0,547
0,238

2.232>
0,274
0.937

25,52
23,51
23.15

22,13
24,10
22,65

24,52
23.51
23.15

2?.12

20,65
24,52
2'?.12

22,13
24,10
22,65

3.87
"‘3097

1._.""8
- o332
~b b7

2.39
«50

3.610%

1,302
L, 005

1,706
5.735"

2,583*
6.871
1,548

* % test pives PD .05

0%



Pable 13.-13@%@:@ OF COLOR OF 61

amtmez and muwt

UME WITE LENGYR OF RACHILLA BAIRS,

Black {u} vu: White {(bb)

Long (88) vs: short {ss)
Long {Ss) we: short {ss)
Long (8S) ve: long (Ss)

Bleck (Bb) ve: White (bD)
Long (88) wss short {-ug
!amg-{_s:; ve: short {ss)
Long (58} ve: long (Ss)

Black {BE) ve: Black (Bb)
‘Long (SS) ws: short (ass)

Iong {(8s) va: short {=s)
Long {88) ve: long {Ss)

2.2b
~1.35
3.59

.233
2,009

1,469
3524
1.62%

4,808¢

2,554
5.349

b7

2.156%
097
2.115*

1,89
~1,09
2,98

2,754

3,148
2.101*
5,534

* 3 test gives PD.05

!
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vields than tha Bb genes, Tharefore, the BB genes wore not aggo-
alated with the genes for high yleld in all gens combinations,
when considering the interaction of gemes governing coldr of glwne
ve, length of rachills,

Tho results of Aifferent gens combinations for welght of

seed as shown in Teble 13 are swwarlzed as fellowa:

BB >bb when in sombination with 58 ve. s8
EB>th vhen in combination with Ss vs, ss
BR >bb when in combination with S8 va, S

Bh>bb when in comdinabion with 88 vs., oo
B > vhen in eembination with S5 vs, ss
Bh>dh when in combination with 85 vs. 58

BB SBb when in combimation with 88 ve., 88
Bb >BB when in combination with S ve, s
BBO>Eb when in combination with 88 vs. Ss

The data showing the interaction aof genes sssociated

with color of plante and adherence of glumes are shown in Tables
14, 15, and xé.; Table 14 shows that the Ff genotype was more
favorable than either the ¥F or ff genotypes in all combinations



Table 1b,--GEEES mmﬁmmummumxmasm OF PLAN® AND ADHERENCE OF GLUMES

mm&

Covered (FW) 27,2
Noked (nm) 28,72

Covered (NN} 30.02
aked {nn) 30,28

Green (¥F)
sl

Greoen (¥f)
Covered (NWH) 27.2&
Coversd -5‘9

Naked (an) 28,72

14,19
13.03
11,90

14,19

13.03
11.90

30,02
30,26
30.28

13,05
15,56
16,82

15.83
17.23
1&.38

-2,78
-1 ..g

17.903*

23,381

16,045

3.252'
1.?98

32,

26,39
26,42

26.59

26.39
26,42
26,59

30.81
33.18

-1.57
*1.&&
49

b, 343
18.265*

18,348

12,511
25,082%
17,634

3..8_26‘
1. ?ﬂj

25.12

25,36

24,37

27.20
27.98
24,90

et
25,37

1143
7.16

3:1.#3 _

1.

27.20

36 27.98

2h.90

13,69
13.59
16,91

15,77
16.21

«*Z.GB'

-2.62
- .53

12,403*
20,847%
12,240%

19,239*
23,844
1h, 452

2,504%
336+
0.537

* ¢t test gives PD.05

362



Table 15.--CRNES DIFFERENTIATING AND ASSOCIATED IN INHIRITANCE WITH ADHERENCE OF GLUMES AND COLOR OF

Govered {3W)
st :
.lﬁragzn%ﬂ) 27.7% 28.?2 - .98 882 29.2% 32,69 -3.45 6.396* 25.12 24,37 « 75

.37 9.622 24,90 2.3
. 28 - .26 37 308 13I8 -2.37 9620 27.20 W90
Ghiortan (er) 15 T30 229 33 203 sy - .20 i e S
Covered {#n)
vei
Baked {mm)

Siven &m 28,59 28,72 - .13 150 3133 32,69 -1.36 4,800° 25,36 24,37 .99

i
8resn { ' - 02 027 32.33 33‘”-3 - 183 113}2 2?!98 2*“‘093 i
chinmf %fr) gg:g g::ﬁ 1.13 1,560 26,42 26,59 - 17 3% 11,77 7.6 M

Coversd {¥N)

ve:
Covered {¥n)

( i - &r

Creen (FF - ~ B85 976 29.2k 31,33 -2.09 5.339% 25.12 25,36 - .
m Egg g:z: ;f.gg o .Zg .@353'5 30#31 32.33 '“1.5:2 « BT i;»iu ﬁﬁ% ': w;’g
. Chlorins (£f) 14,19 13.03 1.16 1.702 26,39 26,52 - 09 .O7h 43 1%, ;

2.271*
3.337*
6. 467"

1.‘6&
5 sé?é'

- 279

-1,276
+615

* § test gives P .05



Pable 16,--INTHRAGPION OF ADERHENCE OF GLUNE ARD COLOR OF FLANT,

Genotypes

Covered (NN) we: Neked (mn)
Green ?ﬂ vs: Chlorinma {ff)
Green (Ff) wet Chlorima (£1)
Sreon (FF?) vet Groeen (Pf)

Covered (¥n) vas: Naked (mn)
Gresa (FF) ve: Chlorina (f7)
Green (Pf) vet Chlorima (f1)
Groen (¥¥) vst Green (¥f)

Coverad (WX) ws: Covered {En)
Green (PF) wsi Chlorins (£f)

Green (¥F) ve: Green (¥}

A

72 1168 08 dagge =1.55 3.723*
«1,26 2,000* -1.19 5.009* -3.32 29377
"‘1!_1_5 1.955 - :6? 3#53. ~1.23 ' 2;1%'
. t.n *1% > tﬂ 36W nZ.ﬁ?- 12:-239.
=2,01 bh,112% -2,08 7,168+ .1e A7
=1.50 2.585% =1.49 8.195* - U 915
- el Itm i t§? :5# L’W

2.969*

* ¢ test gives PD .05



with covered vs, naked caryopsis with respect to the three guanti-
tative charscters studied, The ¥F genotypes were more favorable
than the ff genotype in all combination with covered vs, naked
caryopsis, This same trend between the FF, Ff and ff genotypes

war observed when considering their association with other gualita.
tive cheractere, 1.8., Bb and ss genotypes, Table 15 places
emphasis on covered ws, naked with respest %o color of plants, In
this table the nn genotype in combination with FP and Ff vas mors
favorable then ite alleles (NH and Hn) with respect to nusber of
spikes per plant and height per plant, However, the differences
for number of spikes per plant were not statistiecslly significant,
vhereas three out of six combinations were statistically significant
for height per plant, The HN genotype produced a greater number

of spikes per plant than did its slleles (Mn and nn) 4n all come
binsntions with the chlorina plant color genes, The NN and ¥n
genotypes produced 2 greater yield than did the nn genotype in all
combinations with the green and chlorina plant color genes., There
was 2 tendency for the heteroszygote (Mn) to produce greater ylelds
than either homozygote (NN or an), The differences between ¥n and
¥E in combinatiors with green and the chlorina plant coler genes
¥F, Pf, and ff for weight of seed were not statistically signi-
ficant; but there was a significant difference hetweea the ¥n and an
genotypes in combination with the FF, Pf, and £ff genotypes.



Table 16 shows the resulis obtained frem the intersction
betwesn gene comdinatione for adherence of glume and all gene
ecombinatione for color of plants, The number of spikes per plant
was inoressed by the interaction of the an genotype, The heteroe-
syzous coversd (¥n) genotype preduced greater offect than the
homozyzons coversd (NN) genotype in all combinations with the
green and chlorina plant color genes, This same trend was true
with height per plant, Iikewise, the genociype (an) prodused
graatey yield than either BN or Nn genotypes, and these cases were

statistically significant, There was no evidenoe to prove that (NN)

produeed greater ylelds than the heteresygote (¥n),
The gene combinations for weight of seed per plant, as
shown in Table 16, are summarized as belows

na >R in vombination with §7 we, ff
an DNE in combination with Pf wa, ff
nn>in in combination with #F wve, f£f

an DNn in combination with F¥F wa, £f
nn >¥n in combination with Ff ve, ff
nn >Hn in combination with FP ve, ¥

HE >8n in combiuation with ¥ wa, £f
Na >HN in combination with ¥f ve, If
NE Dlin in combination with ¥F ve, Ff



In general, the covered seeds might be expected to
produce greater yields than the naked seefs bepause of the extra
welght added by the floral organs which remain on the caryopsiae of
the covered seed, However, as ¢an be ssen from Tables 14 and 16,
the plants of genotype (nn) naked caryopsie produced better yields
than either Xn or NN plants in combinations with the ¥P, Ff or f£f
genotypes,

The genes associated with length of machilla hairs in
m‘aﬁﬁt;m vnh_ genes governing adherence of glume to the cary-
opsis are shown in Tebles 17, 18, and 19, The 58 genotype wes
more favorable than its ss and Ss alleles in four out of the six
ecombinations for number of spikes per plans, (Zable 17). The

heterozygote (5s) wae more faverable for number of spikes per
plant than ite ss allele in sll combinations with the genes for
covered and naked caryopsis. However, only the interaction of
the Se with the NN genctype shoved statistical significence for
greater number of spikes when combined with the interaction of
the ss and NN genotypes, There was no consistent gene action for
height of plant or weight of seed shown by genes sssociated with
length of rachilla hairs in combination with covered or naked,



Baked (mn)
Long hsir {ss8)
hi.r (Ss
Long ;}

Covered {(¥n)
NHaked {(nn)

29,36

26,56
26,97
27,38

zg;w
25.33
29.36

'26.13

2.31
"‘1. N
3.23

1.88
1,25

2%,68

26,56
27.38 1:98

2,772
2,920
2.972*

616
1.375

516
1.822

29.83
oy

29,36
32.04

29,83
30.53
32.80

29.89
31,10
31.99

29.89

- 31.10

.99

29,36
32,04

~a 53
- 10
«05

%

2,126%

22,77
22,50
21.27

24,03
2h 1
23.20

22,77
22,50
21,27

21,66
25,14
22,06

21,66
25.14
22,06

25,03
2h. 41
23.20

i.n
-2,64
- .ﬁ

2. 37
1,14

=1,26
"'1.91
-1.93

1.476
3.696*

2.84p»
1,036
1,10

z,%.
2t
1,756

* § test gives PD .05



Genotyy pSetes ver oluat
e No.  Diff, %

Covered {N¥)
e
Faked {nn) | _ _ |
Jong hair (Ss) 26,56 27,38 - .82 a.ezrs 20,35 32,06 2,69 7.249% 24,03 23.20 B3 996
Short bhair (ss) 24,68 26,13 -1.B5 1,595 29.85 31.99 =2.18 7,591 21,66 22,06 - B0 480

Covered {ln)
vei

Haked {nn)
Long hair{ss) 25,33 29.36 -4,03 3.953' 30.53 32,80 -2,27 3.859* 22.50 21.27 1.23 1,300
Leng heir (Ss) 26,97 27.38 - .B1 ,565 731,00 32,08 -1.04 4,520 2401 23,20 1.21 1.69%
Short hair {es) 26,53 26,13 B0 L A4S6 31,10 31.99 - .89 3.204* 25,14 22,06 3,08 3.696*

Coversd (NN)

Covered {¥n) : :
long hsir Eszs} 26,99 25,33 1,66 2320 29.B3 30,53 -~ .70 1,540 22, 2
Tong heir (Ss) 26,56 26,97 -~ 1 .578 29,35 31.00 -—1-55 5.950% 24,03 2uh1 - -
Short hair (ss) 28,68 26,53 -1.85 2.,164* 20,85 31,10 -1.25 3.500* 21.66 25,14 3,48 &,

$5%

* t test glves PD .05

U



Fable 19.-~INTERACTION W

M(mmm(m}
Mlﬁ)mmﬂ{ﬂ%

Short (ss
mé:;i $ Iong (Ss)

Goversd (iin) va: Neked (nn)
, (g8 Short (ee)
m E?s% m Short (ss)
tong (88) ve: long {Se)
Coversd (WM} ve: Covered (ln)
m {58) ve: Short ln%

e G

ADHERENCE OF GLUME AND LENGTE OF RACHIILA o

6.
1418,

8,436

3&7‘25

- 53
i !55
28

"1.38
b 115
~1.23

25

-

«95

3.652*
2,145
1,006

2,002
836
6.519*

1136

Pt

~2,25
-2427

L2

3.75

55

7.500%
6,200%
1,203

* § test gives PD.05

23
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Table 18 presents the data of the covared and nsked gence
tip_p& when in combination with genes governing length of rachilla
hairs, The same general conclusions for height per plant ansd
number of spikes per plant in combinations with covered vs, naked
and long vs, short hair rachille, as shown in Table 18, applies to
those conclusions drawn from covered wvas, naked and M-‘m.
ehlorina plants shown in Teble 15, Thet is, the nn genotype in
genaral, vroduced greater number of spikes and greater height then
the ¥H or Nn genotypes, However, the no genotype did not produce
grester ylelds than the NN or Nn genotypes when in all combinations
of genes for length of rschilla hairs, The following summary taken
from Table 19, eives the resulte of the $atevastion of s aad Nn
genotypes with weight of seed per plants

¥i >nn vhen in combination with 58 vs, ss
BX >nn when in combination with 8¢ vs, se
NN >an vhen in combination with 88 ws, 88

nn >Nn when in combination with 88 vs, se
nn>Nn when in combination with Ss vs, se
Na>nn when in combinstion with 85 vs, Ss

¥E>Hn when in combination with 88 ve, s
¥H >Hn vhen {n combination with Ss ve, ss
HE >Hn when in combination with S8 vs, Ss
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The associations of the P, Pf and £f genotypes with

the BB; Bb and bb genotypes are shown in Tadles 20, 21, and 22,

The PF and 7f genotypes produced greater effects than the £f genos
types in all oombinatione with blsck and white glume color, The
green plants produced grester effecte than did the chlorina plants
for esach of the thres quantitative characters studied, These differ-
ences were statistically significant, %The Ff genotypes produced
greater nusdbey of epikes per plant, greater height per plant, and
greater weight per plant than the FF genotypes in all combinations
with the black and white genotypes, Thesa results are shown in
Table 20,

Table 21 shows the resulta of the black we, white gense
types with all combinations with the genotypes for green and
chlorine plants, The trend is in favor of the white (bb) genotype
over the BR and Bb genotypes, The only significant differesnse de-
twean the BB vs, b genotypes was shown in welght of seed per plant
vhere a differsnce of «3,70 was obtained for the chlorins (ff) geno-
type, The b genotype was significantly greater than the Bb gence
type vhen in combinstion with the Ff and £f genotypes for epikes
par plant and with the f£I genotype for weight of seed per plant,
The differences between BE and Bb were not statietically significant



Tadle 20,--GENES DIFFERENTIATED AND ASSOCIATED IN INHERITANCE WITH COLOR OF PLAN? AND COLOR OF OLUMES,

Genotypes
Green {IF)
ve:
Chlorins (ff)
Bleck (BB} 27.73 12,79 14,958 1h,327* 31,29 25.88 s5.41 14661 24,19 9,73 14,56 12,107
Black (Bb) 29,19 13.12 16,07 20.608% 30.72 26,68 4,04 10.464* 24, 7% 9,99 14,75 18,hoB*
white (Bb) 29,21 13.35 15,86 16,938 31,46 26,36 5.10 14.076* 25,11 13.43 11,68 14,904
Green {Ff)
va:
Chlorina {(ff)
Black (BB) 29,98 12.79 17.19 12,858+ 32,26 25,88 6,38 16.779* 26.68 9.73 16,95 16.103
Black (Bb) 29.63 13.12 16,51 25.029* 32,13 26,68 5,45 23,108*0 26,82 9,99 16,83 24,555*
wnite (Bb) 31,52 13.35 18,17 19.hoé* 32,06 26, 5.76 15,789 27,83 13.43 14,50 14,800
Green (FF)
vai
Green (Ff) .
Black (BB) 27.73 29.98 -2.25 2.315% 31,29 32.26 - .97 3.492% 24,19 26,68 2,89 2,936
Black (Bb) 29,19 29.63 - .Gk 685  30.72 32.13 -1.51 5.6u0¢ 27,74 26,82 ~2.08 3.320°
vhite (bb) 29,21 31.53 -2,32 4,798 31,46 32,06 -, 623 25,11 27.83 -2.72 3.046%
* § test gives PD.0S



Tahle 21,--CGERSe DIFFERSHPIATED AND ASSCUIATED IN INESRITANCE WITH OOCLOR OF GLUMES 4ND COLOR OF PLAN,

Bleck (BB)

et
White (bb)

Green (N’) 2_‘?'.?3

Chlerins {tf) 12,79,
Pleck (Bh)

ves
White (bY)

creen (¥F) 29,19

Onlertna (£2) 13,12
Black (BB)

ot
Black (Bb)

Green 27.73

Chlorins {£7) 12,79

29.21
.52
13,35

29,21

.52
13.35

29,19 .

29.63
13.12

<148
1,58

- 62
«1.89
- 123

~1.56

o -35
- 33

+ 5035

022
3.02
3.539%

25,88

31.29

32,26
25,88

30.72
32.13

26,28

21.2%

30.72

26 32,13
26,28

<57
«13
-'-.ﬁﬂ

2h,19

-

9.73

2k, 7
26,82
9.99

24,19
26,68

973

25.11
27.83
13.43

2*#.‘?&
26,86

9.99

ices ¢5
- «26

* £ test gives P) .05 l



Pable 22,--INTERACTION OF COLOR OF GLUME AND COLOR OF PLANT,

e | _ hﬁhra!_’ip”f
Genotypes and Phenotypes _per pla _

s RS,
Black (BB) vs: White (bb)
Green (FP) we: Chlorina (ff) - 92 1.392 3 1,248 2,78 3.725*
Green (Ff) vs: Chlorina (ff) - .98 192 .68 2.999* 2.55 b4, 28
Green ‘” } ve: Green (’f) -'96 ulo?a "137 1;@? 023 .m
Black (Bb) ve: White (bb) .
Green (FF) we: Chlorine (ff) 21 - 340 -.56 2.203* 3.07 5.210%
green (Ff) we: Chlorina (ff) ~1.66 3.370* «15 812 2.53 &, 877
Green (FF) vst Green (¥f) 1.87 3.605% -.81 4,185+ _ +OB 1.2
Black {BB) ws: Black () :
Green (Ff) ve: Chlorina (£7) - 402 . «53 2,910* 08 159
@reen (¥?) ve: Green (Pf) % 1,817 Sl 2,308 - 37 .73

* ¢ test gives PD.0S

99



for any of the three quantitative charmgters, Hovever, thers wes a
trend ia favor of the Bb over the BB genotypes, especially for
spikes per plant and weight of sesd per plant,

Tahle 22 presents the data sbtained from the interaction
of genotypes responsible for glume and plant solor, The inter-
actions were inconsistent aeg far as any certain gene combinations
sre concerned, For example, let us look ab the weight of seed per
plant between BB and db genotypes in Table 1, In every case, the
bb genotypes produced greatsr ylelds than the BD genotypas. However,
the BB genstype produced greater yields than the bb gemotypes when
we take into account the Interactions of genas for green and
chlorine plant color as shown inm Table 22,

The results for welght of seed per plant as observed in
Pable 22 are summarized as followm

BB> b when in combination with FF vs, ¢

BB >bh when in comdination wvith Ff vwe, ff

BBE>0b when in mh&-nﬂ.iu with ¥¥ ve, Ff

" Bb>bb when in combination with FF ve, £f
Eb>bb when in combination with Pf ve. £f
Bb>bb vhen in combination with FF vs, Ff

Bb >BB vhen in combination with ¥F we, £f
EB>Bb when in combination with Ff we, ff
BbSBB when in combination with PF ve, Ff
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Chapter V
DISCUSBION

The results of this study gave evidence that the general
nature of the interactions of genes affectingz the guantitative
charscters was extremely varisble, Due to the great wariations in
the nature of these gene interactione, it was not possible to de-
velop a suitable genetic hypothesis accounting for the action of
all .;'gznu or gene combinations, Data from other workers indicated
similar gene interactions, Powers (13), 1936, was unable to forme
ulate a hynothesies dus to the great variadility of gene interactions
between genes that govern the eix and two yow types of darley, and
genes regulating habit of growth, However, he 4id find some cases
in which genes generally favorable for increased yield per additional
epike gave greater inoreased yields whea in combination with other
geneg which also favored the development of this character.

A portion of the data reported in this article concern~
ing the gene action of normal green (FF) genotypes, heterozysous
green (7f) genotypes, and chlorina (ff) genotypes showed that the
normal green and the heterosygous green plants were more favorable

in the production of greater number of spikes, greater height, and
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greater weight of seed per plant than were the chlorina plants. The
data also showed that the heterosygous (¥f) genotypes were more
efficient than either the homeszygous (F¥ or ff) genotypes, These
diffarences were chtiuiuny significant for all combinations of
interactions with genes governing color of glumes BB, Bb, and bd
adhorance of the glumes to the caryopsis ¥E, En, or m;. and were
significant in sll interactions with genes governing the length of
~ rachills hairs 88, Se, and ss exocept in two cases. These cases
vere shown in Table 8 for height per plant in which the PF geno-
type showed greater effect than Pf genotype in combination with the
88 genotype, The other cmse ocourred when the ff genotype had a
greater effect than the FF genotype when in comdination with the
88 genotype, However, in general, the heterosygous (Ff) genotype
prodnced a greater number of spikes per plant, greater height, and
a greater yleld of seed than the homosygous (FF or ff) genotypes.
The interactions of dominant favorable growth genss
sugeested by Jones (8), 1917, ie the most generally accepted
genstiec interpretation as an explanation of heterosis, Jones
assumed that there sre lapge numbers of at least partially dominant
linked genes which govern the rate mnd magnitude of the develop-
mental processes, it may be assumed that a series of favorable
growth genes are linked with the ¥ allele which, when in combination
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with another different series of favorable growth genes in the
chromogome with the f allele, interzcts to produce greater values
in the Ff combination than either homoszygote (FF or £1).

Martin (10), 1936, found ia hybrids between different
grain sorghums that certain guantitative characters were due to
the interagtion of a few genes, The interaction of dominants at
two loci accounted for internode length, A similar incident wes
reported by Quinby and Earper (17), 1945, in which the photoperiod
response in milo was controlled by interaction of two genes for
i-.ntmea; length and three genes nmntih- for internocde number,

Concepts developed by Bast (3), 1907, shull (23), 1910,
Bast and Hayes (4), 1912, and later by Bsst (2), 1936, have o
direct bearing on the interpretation of the green vs, chlorina gene
reactions in darley providing intra-allelic interactions are
assumed, and that each allele produces a different function., These
workers have sccounted for heterosis as being due to heterosygesity
rather than the sction of partially dominant linked genes, It has
been nesumed that heteroszygotes have greater advantages, possibly
because of greater physiological efficiency, snd that alleles have
a less weakening or unfavorable sffect when heteresyzous than when
nomoaygous. (1), (2), (3), (23).



The effeet of heterosygoeity has been studied dy Guetafsson
(5)¢ 1946, 1n vhich he studied heterosygous darley plants of
albina 7, end zantha 3. He found that plants in the heterosygous
econdition were more favorable than homesygous plants for length of
ear, number of oulms, and weight of seed. Also the heterozygous
seeds of aldbine 7 remained viable longer than did homozygous seeds,

The Ma gene in sorghum was studied by Quinby and Karper
(16), 1946, in which they showed that when the Ma geno was in the
heterosygous condition Ma.ma, it produced plants which matured
differently than plante possessing the gene in the homosygous con-
dition, They also found thet these heteroszygous plants produced
plants that were larger and tillered more than homozygous plants.

The menes responsible for the chlorins plant coler
reported in this paper may be classified as physiologicsl defsctive
genes as was suggesied by East (1), 1935, The effest of the f£f
genotype was depressing in every combinstion with the other three
qualitative genotypes, The normal green plante would be glassified
as non-defective in comparison to the chlorina plaats,

Regardless of how the data are interpreted, whether it
be due %o the action of dominant limked favorable growth factors or
to physiological effects due %o heteroasygosity, it would be evident
that the genes responsible for chlorina color in plants are
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extremely important in the study of inheritance of quantitative
characters, When such genes are involved in & breeding program,

in any combination with the other qualitative charascters reported

on in this paper, one could expest o depressing effect for number

of $illers, hoisht per plant, and weight of seed per plant, However,
a combination of desirable factors frem both grsen and chlerina
plants may be obtained, producing an ¥, more suitable than either

parant,

There is much information to be gathersd from the study
of quaniitative charapgters, Bpecial m-ﬁhaﬁi have been developed
with sush erops as tomatoes and q’u&h which are ales applicadle
to many other economie crops, Such methods may be used $o analyse
date dealing with quantitative inheritance in barley, Another
study may be developed in which the parents are used in the
anslysis of the quantitative charscters, Since one parent was
wfortwmately mmm in the material of this study the writer
wag unable to compsre the parental genotypes with similar genotypes
from the ¥, population, A basck-orossing progrem may be used in |
vhich the ¥y generation is backecrossed to both parents. By such a
method additional information could be gathered by comparing the
back-crosse genotypes with the ¥y gemotypes,

i

i



Ghapter VI

A study was made of the sffectp of certain quantitative
characters associated with kam qualitative Wmhm 'Y
sross of Horfem Alstichon Merizndus snd Mizmnesota 84e7 barley,
The quantitative cherscters stulted verer (1) nusber of spikes,
(2) height, and (3) welght of seed per plant, The four qualitative

charnoters studied weret (1) dlack ws, white glume solor (Bd),
{2) long vs, short haired vachilla (Se), (3) covered wve. naked
caryopsis (Hn), and (4) green ws, chlorina plant color (Ff). The
dats were separated into 81 gemotypes on the basis of the four
factor pairs differentisting the qualitative characters, The sums
of squares, regression coefficlents, and varisnces were obtained
for esch genotype., The variances used to caleulate the "t* valunes
were corrvected on the basis of the regression coefficients. The
1linkage velations were determined for the four gualitative
characters studied, It wae found that the genes governing the
inheritsnce of the four guantitative charasters were independently
inherited. The means of the three quantitative characters wers
caloulated and it was shown that the means of the three genotypes
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for eash of the four quantitstive charecters studied were sush that
there was no evidence of heterosis in the plants having the genes
for the qualitative charscters in the hetercsyzous condition,

The effecte of qualitative characters on the three
guantitative characters were studied by testing each of the four
qualitative characters in all poseidle combinations tw at & time,
The results of this study gave svidence that the gmeral nature of
the genes affecting the guantitative characters was extremely
variable, Due to the great veriations in the nature a!' the gene
interactions, it was not pessible to develop & suitadle genstic
hypothesis sccounting for the nmction of all genes or gene combine
tions, However, a portion of the data followed a definite trend,
It was generally true that the normal green (FF) genotypes and the
hetorosygous green (Pf) genotypes were move favorable for the pro-
dnetion of number of spikes per plant, height of plant, and weight
of seed per plant then were the chlorina (ff) genotypes in all
gsombinations with the other three qualitative charasters, However,
the heterozygous (Ff) wes more efficlent than either homezygous
(PP or ££) genotypes, The ff genotype may be clasd fisd as
physiologically deficient,

The ianterpretation of such gen® resciions may be accounted
for by Jones' theory of partislly dominsnt linked genes in which



there is a seriss of genes linked with the F allele and another
series of linked genes with the f allele, The heteromygote (Ff),
in this case, will be the product of the interaction between
1inked genes closely associated with the F and £ alleles,

The heterosygosity hypothesis may slso accomnt for the
green vy, chlorine gene reactions if we assume only the intre-
allelic interactions, Howsver, the purinh uveed in thie oross were
not isogenic and other gene pairs could have been involved,
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