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INTRODUCTION 

The inheritance of quantitative characters involves a study 

of size, shape, ~d number of parts of an organism. The increased size 

or vigor of an organism as manifested by its rapidity of growth, height 

and general robustness has been defined as 11heterosis 0 • The inheritance 

of quantitative characters is believed to be fundamentally the same as 

qualitative characters. However, due to the confounding of environmental 

and genetic variability, it is necessary to ap~ly 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 qualitative characters is vital for 

workers in plant breeding desiring to improve our economic crops. 

The study was desi~ned 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 ha.ired 

rachilla, and (4) green vs chlorina (Ff) ~lant color. The quantitative 

characters used in relation to these qualitative characters were: 

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

seed per plant. 



The Problem 

What is the nature of the interactions between genes differ-

entiating quantitative and qualitative factors in cultivated barley? 

Problem analysis.-1. 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 (J) weight of 

seed per plant? 

2. Are there correlations between the quantitative characters? 

J. Are there certain qualitative 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 F1 , F2, and F3 generations of a cross 

between two varieties of cultivated barley, i.~ •• Hordeu.m distichon 

Nigrinudum and Minnesota 84-7. 
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MATERIALS AND METHODS 

The materials used in this study consisted of data from the 

F1, F2, and F3 generations of a cross between Hordeum distichon Nigrinudum 

and Minnesota 84-7 barley. 

Parental Description 

Hordeum distichon 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 hairs 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 F1 and F2 generations of H,. distichon Nigrinud.um x Minnesota 

84-7 were grown in a field at the Colorado .!gricultural Experiment Station 

in the summer of 1939. The F3 generation was grown at the same locality 

during the summer of 194o. 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 11th rows within each 

of the lines. The plants were pulled at harvest, and the height of each 



4. 

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, ~ias determined for each plant. 

Seeds from each F2 plant (F3 generations)were planted in the 

field in 194o to determine the F2 genotypes. 

Statistical Methods 

The data were separated into 81 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 11 t 11 values 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 obtaining 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 



weight of seed and number of spikes; for height of plant and number of 

spikes; 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. 
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ANALYSIS OF DATA 

Correlations Between !h!t Three Q;uantitative Characters 

It was necessary to determine if there were correlations 

between the quantitative characters,!,.~., 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 (J) .510 between height of 

plant and weight of seed per plant. The 11 t 11 values for these correlation 

coefficients were 19.53, 10.6?, and 12.J? respectively. A 11 t 11 value of 

1.99 was sufficient to prove that these correlation coefficients associated 

with the given characters were not due to chance. The 11r 11 value of .805 
between weight of seed and number of spikes shows that for each additional 

increase in number of spikes per plsnt 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 variability due to the independently inherited genes associated with, 

and differentiating the qualitative characters controlling weight of seed 

would be partially controlled. 

6. 



Linkage Relations :Between Qu.ali ta.ti ve 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 

7. 

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 expected 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. 
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Associations .Qf ~~Qualitative Characters in All Possible Combinations 
~ .2:!. ~~~~Three Quantitative Characters 

Tables were assembled showing the value of each of the three 

quantitative characters, !..~., . (1) number of spikes, (2) height of plant, 

and (J) weight of seed per plant in combination with genotypes of different 

qualitative characters used were: (1) black vs. white glu.me 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 wa.s 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 qualitative characters were associated with high yield of seed per . 
plant and when these genes were combined with 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 

spikes 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 ~tas 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 ~~s a series of favorable growth 

genes linked with the F allele and another series 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 than either parent. Other ""°rkers have 

pointed out similar gene interactions in which the heterozygous plants 

were more favorable than the homozygous plants. Many have followed Jones• 

hypothesis of partially 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. 
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Suggestions for Further Study 

There is much information to be gathered from the study in 

quantitative inheritance. It will be interesting to know if there are 

certain gene combinations more favorable than others for the production 

of quantitative characters. Such characters as yield of grain, quantity 

of oil, increase 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 applicable 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 parental genotypes with similar genotypes in the F2 population. 

A back-cross program may be used in which the F1 generation is back-crossed 

to both parents. This method would furnish extra data in determining the 

mode of quantitative inheritance. 
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