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Four, six-rowed, spring barley cultivars were used as

parental material in this study. The parents were distinctly dif-

ferent in plant height. Washington-6124-62 is a standard height

selection while Short Wocus and Minn. 66-102 are intermediate.

The fourth parent was a dwarf selection obtained from India. The

two intermediate cultivars and the dwarf cultivar were crossed to

the tall parent, Wa-6124-62, with a portion of the F1 progeny

backcrossed to the shorter parent. In addition, the intermediate

parent, Short Wocus, was crossed to Indian Dwarf. The following

generations were available for study: parents, BCIF1, F1, and F2.

The purpose of this study was to obtain information concerning

the inheritance of plant height and to determine when selection for this

trait could be made in the breeding program most effectively. To

achieve this objective heritability and the mode of gene action were

studied as well as number of genes segregating for plant height.



The effect of temperature on plant height was also investigated in a

growth chamber utilizing two temperature levels, 19° C and 30° C.

Plant height was recorded on an individual plant basis at two

sites that were distinctly different environmentally and in the growth

chamber. The number of nodes were counted, and the length of

internodes measured for genetic interpretation of culm length.

Broad sense heritability values for plant height of each cross

were estimated by using the variance of parents, Fi's and F2' s.

Heritability values were quite high in the F2 generation ranging from

50 to 90 percent, and suggest that plant phenotype gave a relatively

good indication of the genotype for plant height.

Height of the F1 plants was between the mid-parent and tall

parent indicating partial dominance for tall culm length.

In earlier studies, many investigators found that additive gene

action was the major component of genetic variability for plant

height. Results obtained from this study suggest that the nature of

gene action is a function of the parents used. Where large differ-

ences exist between parents, plant height appeared to be largely

influenced by non-additive gene action. When the parents were

similar in height the trait was controlled mainly by additive gene

action..

Fairly discrete height classes in the segregating populations

indicated that plant height was controlled by only a few genetic



factors in these populations. Ratios obtained from segregating popu-

lations suggested the presence of three recessive genetic factors

for short height in the dwarf parent (Indian Dwarf). The tall parent,

Wa-6124-62, and intermediate parent, Minn. 66-102, appeared to

differ for plant height by one major genetic factor.

Difference in height among the cultivars was mostly due to

difference in internode length rather than the number of nodes.

It was concluded that the rather simple inheritance of plant

height in barley will allow effective selection in the F2 generation

for short stature, and progress to develop semi-dwarf barley

cultivars should be possible if stiffness of straw can also be obtained

along with short stature. In the cross between the tall and dwarf

parent, selection for intermediate plant height would be more effec-

tive if delayed for several generations of selfing due to the relatively

large dominance component of genetic variance.
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INHERITANCE OF PLANT HEIGHT IN BARLEY
(Hordeum vulgare L. Emed. LAM. )

I. INTRODUCTION

The supply of food for people is of major importance today,

particularly with a rapidly increasing population. It is not possible

to find sufficient new agricultural land to provide more food; there-

fore, the only way to produce enough food to provide for increasing

population is to increase the amount of food from existing agricul-

tural land.

For this reason, yield per unit area is the most important

objective in most plant breeding programs. One of the key factors

for increasing yield is the use of fertilizer. At present this is

especially true, since in recent years fertilizers have become avail-

able at relatively low cost. Small grain cultivars developed prior

to 1960 were normally tall with weak straw. As a result, such

cultivars could not respond to fertilizer very efficiently because any

potential increase in yield was lost due to lodging. Since 1960 high

yielding, short, stiff-strawed gentoypes have been developed in

wheat, rice, sorghum and other crops. These short-strawed

"semi-dwarf" cultivars have revolutionized cultural practices includ-

ing a greater use of fertilizer and have led to large increases in

grain yield in many countries.
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Now breeders are attempting to develop short, stiff-strawed

cultivars in other crops such as oats, triticale and barley. This

work will be accomplished more efficiently if the plant breeder can

develop his selection program with some knowledge of those genetic

factors controlling plant height.

The purpose of this study is to determine the nature of those

genetic factors which control plant height in experimental popula-

tions of barley where segregation occurs for several height levels.

Information from this study will enable the breeder to be more

effective in developing semi-dwarf barley cultivars.
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II. LITERATURE REVIEW

Inheritance of Plant Height

The successful results obtained from the development of semi-

dwarf, stiff-strawed cultivars in wheat and rice have indicated the

importance of changing the architecture of cereal crops. Informa-

tion about the inheritance of plant height in cereal grains is needed

if plant breeders are to be efficient in developing semi-dwarf culti-

vars in other species.

Published studies concerning inheritance of plant height in

barley date back to 1919. The results obtained from these early

studies have been summarized in the Botanical Review entitled,

"Cytology and Genetics of Barley" by Smith (19 51). Miyake and

Imai (1922), reported that tall stature was dominant over short and

controlled by one gene. Tschermak (1923) found partial dominance

for tall stature and suggested one gene was involved. Barbacki

(1929) suggested two gene pairs with cumulative effects. According

to Ubisch (1919) plant height was controlled by one to three genes

depending upon the varieties used in the crosses. David (1933) and

Johnston (19 3 4) thought that plant height in barley was a hereditary

characteristic, but the number of genetic factors were not deter-

mined. In 1926, Neatby researched the inheritance of several
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quantitatively inherited traits along with simply inherited characters

in a barley cross. Results of this study suggested that tall stature

was at least partially dominant over short and that two or more

independent factors were responsible for plant height.

Recent results obtained from studies concerning the inheritance

of plant height in barley and wheat are presented in the following

sections.

Inheritance of Plant Height in Barley

In 1947, Kump studied inheritance of plant height in barley and

observed that tall culm was dominant to short and that it was con-

trolled by a single gene.

Nilan in "The Cytology and Genetics of Barley" (1951-1962)

expressed the idea that plant height in barley was a very complex

characteristic and was only partially determined by the H loci.

These loci which influence height have received little attention during

the past ten years.

Fiuzat and Atkins (1953) studied the genetic and environmental

variability of plant height in segregating populations using two barley

crosses involving four related varieties. Populations studied

included the F
1

and F2 generations, and their respective parents.

The calculated broad sense heritability values for the crosses were

74. 6 and 44.4 percent, respectively. Considering the magnitude of
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the heritability values they concluded that selection for plant height

could be effective on an individual plant basis in the F2.

Jogi (1956) studied heritability estimates of several agronomic

traits and reaction to the disease mildew, (Erysiphe graminis), in

two barley crosses. He found that after several generations of

selfing that the portion of genetic variance controlling plant height

due to dominance was insignificant when compared to the genetic

variance contributed by additive effects. The heritability estimates

for plant height indicated that this trait was highly heritable in

comparison to the other traits studied.

Frey (1954b) attempted to predict the performance of F3

selections from F2 selections in two barley crosses and found that

the prediction for plant height was quite good. However, no herit-

ability data were presented.

Upadhyaya and Rasmusson (1967) studied heterosis and combin-

ing ability in barley by using an eight parent diallel cross that

involved F
1

and F2 populations. They found that all F
1

's were

taller than the mid-parent of their respective parents. Variance

analysis indicated that most of the genetic variance for height was

due to additive gene action.
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Interitance of Plant Height in Wheat

The study of inheritance of culm length by Allan et al (1961)

involving four winter wheat populations indicated that inheritance

of culm length was under the control of a few genes. In most

crosses, two genes were identified with broad sense heritability

values ranging from 85 to 90 percent.

Nandpuri and Foote (1958) investigated the inheritance of culm

length in the three crosses involving the semi-dwarf cultivar Norin-

10 and three other standard height varieties. The comparison

between the mean of the F
1

plants with the midparent value in each

cross suggested that tall stature was partially dominant. Broad

sense heritability values were similar in all crosses and quite high

ranging from 81.0 to 96.0 percent, with narrow sense heritability

values 82.4 and 88.5 percent respectively. These results indicated

that a great part of the total variation in the segregating generations

was mostly due to genes with additive effects and selection for

height could be effective in early generations.

Kronstad and Foote (1964) studied general and specific combin-

ing ability in a ten-parent diallel cross in winter wheat. The diallel

analysis for combining ability indicated that a large part of the total

genetic variation observed for the plant height was associated with a
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significant general combining ability effect. There was also a signi-

ficant difference observed for specific combining ability of plant

height.

Merkle and Atkins (1964) investigated the inheritance of plant

height in wheat in one cross involving Milam, a standard height

cultivar, and Norin 10 x C. I 12500, a short statured selection.

They found that tall stature was dominant over short. Narrow sense

heritability estimates computed over a three year period were very

high; 78.5, 71.0, 76.0 percent, indicating that the character was

influenced largely by additive genetic variance and that early genera-

tion selection would be feasible.

The inheritance of plant height was investigated by Johnson

et al (1966) using the cross of two winter wheat cultivars differing

in plant height. They found that plant height was controlled by

three major genes and that additive gene action accounted for the

major portion of the total genetic variance for plant height. Domi-

nance and epistasis were found to be involved to a lesser extent.

The broad sense heritability value for plant height was 60 percent,

and the narrow sense estimate was 45 percent. They suggested that

selection for plant height in the F2 generation would be effective.

Allan, Vogel and Peterson (1968) studied the genetic control

of culm length by using a five parent diallel cross involving a

standard height cultivar Burt and semi-dwarf selections
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Norin 10/Brevor 14, Norin 10/Brevor 2238, Seu-seun 27, and

Suwon 92. They observed dominance and overdominance for tall

culm length and found the expression of semi-dwarf culm length

under the control of two major semi-dwarfing genes and several

minor genes.

Fonseca and Patterson (1968) obtained heritability estimates

for the components of yield and plant height using a seven-parent

diallel cross of winter wheat. Heritability estimates were obtained

by regression of F
1

and F2 means on mid-parent values. Computed

heritability values for plant height for F
1

and F2 generations were

73.0 and 87.0 percent, respectively.

Anwar and Chowdry (1969) investigated inheritance of plant

height utilizing four spring wheat crosses involving tall and short

cultivars. They noted that all Fi's were taller than the tallest

parent within a specific cross. The broad sense heritability values

for plant height were 63. 0, 66. 0, 50. 0, 65. 0, respectively, for the

four crosses, percent and narrow sense heritability values were

21. 0, 33. 0, 40. 0, 26. 0 percent, respectively.

Chapman and McNeal (1971) conducted a study of gene action

for the components of yield and plant height in a spring wheat cross

using "Henry and Lemhi 53" as parents. They found dominance in

the direction of tall stature, but that additive genetic effects
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contributed significantly to the total genetic variation present for

plant height.

Ozsabuncu (1971) investigated the inheritance of plant height

in three crosses of wheat involving the dwarf variety Olesen, two

semi-dwarf varieties (Ciano 67 and Tobari 66), and a tall variety

Buck Atlantico. The average broad sense heritability value in this

study was 90 percent and the number of genes differing for plant

height were found to be two or three depending on the parental

varieties.

Daaloul (1972) studied six crosses involving four winter culti-

vars and found that expression of plant height was predominantly

controlled by additive gene action. Narrow sense heritability values

for plant height ranged from 65.0 to 84.8 percent depending on the

particular cross. He suggested that selection for this trait will be

effective in the F2 generation.

Bhatt (1972) studied the inheritance of plant height in two

crosses of spring wheat involving three cultivars, Timgalen, Sonora

64 A, and Eagle. In these populations tall stature was found to be

partially dominant. Additive genetic variance and dominance com-

ponents were equal in one cross, but additive variance was twice

as great in the second cross. The minimum number of effective

genetic factors involved in the expression of culm length was reported

to be two. Broad sense heritability estimates for these two crosses
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were 79.99 and 80.27 percent and narrow sense 47.77 and 71.82

percent, respectively.

Influence of Number of Nodes and Internode Length
on Plant Height

Mann in The Cytology and Genetics of Barley (1951-1962)

reported that plant height in barley was correlated more highly with

culm-internode length than with culm-internode number.

McNeal et al (1960) planted semi-dwarf and standard height

wheat varieties in Montana and compared the average plant heights.

They found that the upper three internodes of the standard type were

definitely longer than those of the semi-dwarf types, and much of

the increased height was due to longer penduncles.

According to Merkle and Atkins (1964), Stickler and Pauli found

that reduction in plant height of wheat is a function of uniform

shortening of most internodes and the peduncle. In wheat Merkle

and Atkins (1964) ran a multiple regression analysis of the first

and third internode below the peduncle on plant height and found a

highly significant multiple regression coefficient indicating that both

these internodes contributed to plant height.

The results obtained from this literature review, concerning

inheritance and heritability of plant height in barley and wheat,

indicated that in most instances tall culm length was dominant or
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partially dominant over short culm length. The number of effective

genetic factors involved in the expression of culm length were few

and additive gene action accounted for the major portion of the total

genetic variance for plant height. The estimated heritability values,

broad and narrow sense, for this trait were quite high, suggesting

effective early generation selection for plant height.
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III. MATERIALS AND METHODS

Four, six-rowed, spring barley cultivars were used as paren-

tal material in this study. The parents were distinctly different in

plant height. Washington-6124-62 is a standard height selection

while Short Wocus and Minn. 66-102 are intermediate or represent

the semi-dwarf trait in height level. The fourth parent was a dwarf

selection obtained from India. Pedigrees and average plant height of

the parental cultivars are shown in Appendix Table 1.

All the crosses between tall and other cultivars and the cross

between Short Wocus and Indian Dwarf were made in the greenhouse

in 1970. In the same year, four crosses were planted and back-

crossed to the shortest parent. These backcrosses were:

(Wa-6124-62 x Short Wocus) x Short Wocus

(Wa-6124-62 x Minn. 66-102) x Minn. 66-102

(Wa-6124-62 x Indian Dwarf) x Indian Dwarf

(Short Wocus x Indian Dwarf) x Indian Dwarf

Parents, F
I
is, F2's and backcross populations of each cross were

planted in separate blocks at the Sherman Branch Experiment Station

located at Moro, Oregon, in March 1971. Parents and F2's were

also planted at the Central Oregon Experiment Station located at

Remond, Oregon. Both experimental sites were irrigated throughout

the growing season.

All populations were planted in 3.7 meter rows, with the plants
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space planted 30 cm between and within rows. At the Sherman

Branch Experiment Station, each cross consisted of 36 seeds of the

parent, 72 F1 seeds, 96 BC1F1 seeds and 360 seeds of each F2.

Prior to harvest, culm length of the tallest tiller of each

plant was measured from the ground level to the base of the spike

and recorded to the nearest cm, In addition, the number of nodes

were counted and length of internodes measured on 10 plants randomly

selected from each of the parents and F1' s. Forty plants were

randomly sampled from segregating populations for determining

effect of number of nodes and length of internodes on plant height.

Frequency distribution graphs were made for each cross,

The resulting segregation ratios were tested for goodness of fit by

chi-square analysis, and variances and means were calculated for

genetic interpretation of culm length.

Degree of dominance was estimated by using the following

formula:

2(F
2

- MP)
D = TP - MP (Romero 1969)

where:

degree of dominance

F2 = the mean height value of F2 population

MP = Midparent value

TP = Mean height of the taller parent
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F2 means were also compared with the midparent value for estimat-

ing gene actions.

Broad sense heritability values for each cross were computed

by using the variance of the parents, F1's and F2's. Environmental

variance was estimated from the variance of parents and F1' s and

was subtracted from the variance of the F2's which contained both

environmental and genetic components of variance. The following

formula was used to estimate broad sense heritability.

H
B

V
F

V + VP + VFF
2 l

2 3

VF
2

at Moro

V + VP
2VF 1

HB 2 2 at Redmond
VF2

where:

VF = Variance of F
1

population
1

VF
2

Variance of F2 population

VP = Variance of parent
1

1

VP = Variance of parent
2

2
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The following formula suggested by Wright (1968) for estimat-

ing minimum number of loci controlling a particular trait was used:

(P 1-P2)2 / 8 (VF2 -VFl)
P1' P2 = Mean height value of parent

VF2 Variance of F2 population

VF1 Variance of F
1

population

The effect of number of nodes and length of internodes on

plant height was studied both in the field and in the growth chamber

using the four parental cultivars described previously. A low,

19° C, and high, 30° C, temperature was employed in the growth

chamber study. A completely randomized design in a factorial

arrangement was used in the growth chamber study resulting in 20

observations for each treatment. Prior to harvest, plant height,

number of nodes and length of internodes of the main culm were

measured. Light intensity and photoperiod were constant at both

temperature levels. Photoperiod was 10 hours until the earliest

cultivar, Indian Dwarf, attained the early boot stage, and then the

day length was increased to 14 hours.
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IV, RESULTS

Number of plants measured along with the means and variances

of parents, F1' s and F2' s for plant height in each population at two

locations are presented in Table 1. Average plant height values of

F1' s were higher than the tall parent (132.0 and 116.6 cm and

125.1 and 112.3 cm) for the crosses Wa-6124-62 x Short Wocus and

Wa-6124-62 x Minn. 66-102, respectively. However, F1 heights

averaged less than the tall parent (101.0 and 106. 2 cm and 90.6

and 95.0 cm) for the crosses Wa-6124-62 x Indian Dwarf and

Short Wocus x Indian Dwarf, respectively. Variances for plant

height in the F2 generation were different from one cross to another

indicating that parental cultivars in this study were genotypically

different. Variances from the crosses Wa-6124-62 x Short Wocus,

141.a-6124-62 x Minn. 66-102 and Wa-6124-62 x Indian Dwarf were

70. 64, 84. 06, 174.75 and 144. 68, 266. 87, 213. 58 respectively at

the Moro and Redmond Experiment Stations.

The results presented in Table 2 suggest partial dominance

is involved for height for all crosses at both locations. Degree of

dominance estimate averaged over two locations ranged between

0.27 to 0.94. Degree of dominance differed from one cross to

another depending upon the height difference between the parental

cultivars involved in the cross. A greater degree of dominance



Table 1. Number of plants, mean heights, and variance of parents F1' s and F2' s of four barley
crosses grown at two locations.

Cross Population

MORO REDMOND

No. plants
measured

Mean
culm

length
(cm) Variance

No. plants
measured

Mean
culm

length
(cm) Variance

Wa-6124-62 x
Short Wocus 1

P2

a/F1
F2

30

30

10

315

116.6

105.9

132.0

112.8

50.8

34.5

7. 6

70.6

10

10

279

101.1

73.2

89.9

45.0

18.9

84.0

Wa-6124-62 x
Minn. 66-102

P1

P2

F1

F
2

20

20

10

258

112.9

84.8

125.1

99.3

62.0

25.0

14.5

174.7

10

10

140

97.2

64.8

84.7

26.9

31.8

-

144.7

-4



Table 1. Continued.

Cross

MORO REDMOND
Mean Mean
culm culm

No. plants length No. plants length
Population measured (cm) Variance measured (cm) Variance

Wa-6124-62 x P1 20 106.2 79.2 10 93.5 21.7
Indian Dwarf

P2 20 36.7 13.2 10 31.4 21. 0

F1 10 101.0 5. 3

F2 263 85.0 266.9 268 74. 6 213.6

Short Wocus x P1 20 95.0 39. 3
Indian Dwarf12/

P2 20 34.6 6.6

F
1

10 90.6 7. 7

F2 280 79.9 130. 4

a/ F1' s planted only at Moro Experiment Station.

12/ This cross is planted only at Moro Experiment Station.



Table 2. Average heights of the tall parent (TP), midparent (MP), and F2, difference between TP and MP (D), and degree of dominance
estimates ( d) in four barley crosses at two locations.

MORO REDMOND
Average value of

dominance of
both locations

TP MP F2 DIT d TP MP F2 D d

Wa -6124-62 x Short Wocus 116.61 111.25 112.78 5.36 0.57 101.10 87.15 89.88 13.95 0.39 0.48

Wa-6124-62 x Minn. 66-102 112.87 98.67 99.32 14.20 0.09 97.20 81.00 84.65 16.20 0.45 0.27

Wa-6124-62 x Indian Dwarf 106.24 71.46 84.97 34.78 0.77 93.50 62.45 74.56 31.05 0.78 0.77

Short Wocus x Indian Dwarf 95.05 66.35 79.90 28.70 0.94 0.94

D = TP - MP

2 (F2 - MP)
d =

D

d = 1 Complete dominance
d = 0 No dominance
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was observed in the cross between dwarf x tall (0.94) and dwarf x

intermediate (0.78) than between intermediate x tall crosses (0. 45

and 0. 27). A comparison of F2 mean height values with midparent

values suggests a relatively small dominance for the crosses,

Wa-6124-62 x Short Wocus and Wa-6124 x Minn. 66-102, indicating

that additive gene action is a major component of the genetic vari-

ability for plant height in these crosses. Non-additive gene action

or dominance was an important component of genetic variance for

plant height in the crosses, Wa-6124-62 x Indian Dwarf, and Short

Wocus x Indian Dwarf.

Broad sense heritability estimates for plant height in four

crosses grown at two locations are shown in Table 3. Heritability

estimates were 50 and 62 for Wa-6124-62 x Short Wocus, 80 and

79 for Wa-6124-62 x Minn. 66-102, and 88 and 90 for Wa-6124-62 x

Indian Dwarf at Moro and Redmond, respectively. Average of all

these heritability estimates was 77 percent.

Number of F2 and BC1 F
1

plants in each plant height group of

four crosses involving two locations and the frequency distributions

of F2 and BC1 F
1

populations in the cross between Wa-6124-62 x

Short Wocus, are presented in Table 4 and Figure 1. These data

suggested that the two cultivars, Wa-6124-62 and Short Wocus,

may have the same major genetic factors conditioning plant height,

since no distinct height classes were evident and the difference



Table 3. Broad sense heritability (HB)a/ estimates for plant height in four crosses grown at two
locations.

Location

Moro

Redmond

Wa-6124-62 Wa-6124-62 Wa-6124-62 Short Wocus
x x x x

Short Wocus Minn. 66-102 Indian Dwarf Indian Dwarf

0.50 0.80

0.62

0.88 0.87

0. 79 0.90

a/
V

VF1 + VP1
+ VP2

F2 3HB = VF2

V
VP1 + VP2

F2 2HB = VF2

at Moro.

, at Redmond.



Table 4. Number of F2 and BC1 F
1

plants in each plant height group of four crosses at two locations. (Vertical lines indicate the height range
of the parents).

Wa-6124-62 x Short Wocusw

F2

Wa-6124-62 x Minn. 66-102

F2

Wa-6124-62 x Indian Dwarf Short Wocus x Indian Dwarf

F2 F2
Height

BC1F1 F2(cm) BC1F1 F2 BC1F1 F2

25
30
35 1 1

40 2 4
45 3 14 2
50 1 6 13 4
55 2 10 11 5

60 4 3 11 10 4
65 8 4 12 14 17
70 7! 9 13 1 11 35 21
75 16 10 16 1 15 38 31
80 38 4 20 12 4 23 37 45
85 40 3 24 17 3 33 41 72
90 4 46 9 7 22 5C 29 55
95 11 46 4 21 24 37 16 19

100 3 26 35 1 32 20 14 5

105 8 37 13 54 2 11
110 7 66 6 4 49 13
115 12 81 1 7 17
120 13 55 2 12 1

125 10 26 1 2

130 4 6

135 3 3

M = Moro

R = Redmond
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Figure 1. Frequency distributions of F plants from the cross Wa-6124-62 x Short Wocus at Moro and Redmond and BC 1F
1

plants from the cross
N.)2 2

Wa-6124-62 x Short Wocus at Moro. co

115 120 125 130 135



24

between the means of the two parents is relatively small.

Two distinct height classes were observed in segregating

generations (F2 and BC1F1) in the cross between Wa-6124-62 x

Minn. 66-102 at both locations (Figure 2 and 3). Distribution of F2

plants indicated a segregation ratio of 3:1 (tall:short) suggesting that

these two parents differ by one major genetic factor. The observed

ratios were 188:68 at Moro and 108:32 at Redmond. Chi-square

tests for goodness of fit to a 3:1 ratio gave chi-square values 0.30

at Moro and 0.34 at Redmond with probability being between 50 to

75 percent at both locations.

Similarly, one would expect a 1:1 segregation ratio (tall:short)

in the BC
1
F

1
generation. The observed ratio was 17:23 (Figure 3)

which fits the theoretical 1:1 ratio with a chi-square value 0.90 and

with a probability of 20 to 50 percent. Using the formula developed

by Wright (1968), the estimated value for the minimum number of

genes segregating for height in this cross was 0.63 which is close to

1.0. These results indicated that differences in plant height between

the parents Wa-6124-62 and Minn. 66-102 are conditioned by one

major genetic factor.

The frequency distribution of the F2 generation of the cross

between Wa-6124-62 x Indian Dwarf at two locations are shown in

Figure 4. A greater number of distinct height classes (short,

intermediate short, intermediate tall, and tall) and a greater variance
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Figure 2. Frequency distributions of F2 plants from the cross Wa-6124-62 x Minn. 66-102 at Moro and Redmond.
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Frequency distribution of the BC 1F1 plants from the cross Wa-6124-62 x Minn. 66-1022 at Moro.
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Figure 4. Frequency distributions of F plants from the cross Wa-6124-62 x Indian Dwarf at Moro and Redmond and BC F plants from
the cross Wa-6124-62 x Indian Dwarf2 at Moro. 1 1
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for this cross than for Wa-6124-62 x Minn. 66-102 indicated that the

parents Wa-6124-62 and Indian Dwarf differed in plant height by

more than one gene. The estimated minimum number of genes

conditioning plant height in this cross using Wright's formula (1968)

was 2.3. The small number of plants observed within the short

parent group suggested a three gene difference between these two

cultivars. The expected and observed number of plants for a three

gene difference with dominance were

Observed: 6:130:133 Observed: 5:48:87:128at Moro and at
Expected: 4:133:122 Expected: 4:42:96:126

Redmond, Computed chi- square values were 1.97 and 1.98, respectively.

The observed values fit the expected values for a three gene dif-

ference between the tall and dwarf parents as evidenced by chi-

square probability values of 25 to 50 and 50 to 75 percent, respect-

ively, for the above F2 populations at Moro and Redmond. Obser-

vation of three distinct height classes in the distribution of the

BC
1
F

1
generation of this cross (Figure 4) supported the results

obtained from the F2 generation. However, size of the BC
1
F

1
popu-

lation was not large enough to give conclusive results.

The frequency distribution of the F2 generation for the cross

between Short Wocus x Indian Dwarf is shown in Figure 5. Results

obtained from this cross were similar to those from the cross
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Figure 5. Frequency distribution of F2 plants from the cross Short Wocus x Indian Dwarf at Moro.
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between Wa-6124-62 x Indian Dwarf. Most of the population was

intermediate between the tall and short parent, and very few plants

fell into the short parent group (5 out of 280 plants) indicating that

these two parents also differ for plant height by more than one gene,

The estimated minimum number of genes conditioning plant height in

this cross, using Wright's formula (1968), was 3.35. The expected

and observed number of plants for a three gene difference with domi-

nance was Observed: 5:129:146 The chi-square was 2.45 with a
Expected: 4:142:134

value probability of 25 to 50 percent. Thus, it was concluded that

Wa-6124-62 and Short Wocus differ from Indian Dwarf in plant height

by three major genetic factors. It appears that Indian Dwarf has

three recessive genes for dwarfness.

Data on number of nodes and length of internodes under field

conditions indicated that the standard height cultivar Wa-6124-62

usually had 5-6 nodes on the main culm while the intermediate culti-

vars, Short Wocus and Minn. 66-102, had 4-5 and Indian Dwarf had

1-3 nodes. This result suggests that number of nodes has an effect

on plant height. However, results obtained from the analysis of data

presented in Figure 6 indicated that differences in height between tall

and intermediate cultivars were mainly due to differences in inter-

node length; primarily the peduncle and the internode immediately

below the peduncle. The sum of the lengths of these two internodes
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(cm) % -
(cm)

100
45.8 38.48

40.4 37.50
80 (cm) 0A,

35.3 41.38

60 27.8 23.36 26.1 24.20

40 18.8 15.73
17.1

222.2

15.90

26.02
(cm) %

- 12.5 14.06 26.9 72.10
20 15.1 12.68 13.4 12.40 8.4- 9.80

8.8 7.39 8.3 - 7.70 5.3 6.20 8.5 22.70

2.5- 2.10 2.3- 2.10 1.7- 1.90 1.9 S. 20

Wa-6124-62 Short Wocus Minn. 66-102
Cultivars

Indian Dwarf

Figure 6. Average plant height and internode length measured as a percentage of total height computed from 10

random plants, in each of the parental cuitivars.
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and their percentage of the total height was 73.6 cm and 61. 8 percent

for Wa-6124-62, 65. 5 cm and 61. 5 percent for Short Wocus, and

57. 5 cm and 67.4 percent for Minn. 66-102. The difference in height

between tall, intermediate and dwarf cultivars was due to both num-

ber of nodes and length of internodes. Indian Dwarf had fewer nodes

and shorter internodes than the other cultivars.

The results obtained from the growth chamber study under two

different temperature levels indicated that parental cultivars were

significantly different in number of nodes at both temperature levels.

Average number of nodes of each cultivar at both temperature levels

and the analysis of variance for temperature effect on number of

nodes are shown in Appendix Table 2 and the analysis of variance in

Table 5. At 19°C the shortest cultivar, Indian Dwarf, had the

fewest number of nodes, 2.05; intermediate cultivars had the

greatest number of nodes, 6.60 for Minn. 66-102 and 6. 30 for Short

Wocus; and the tallest cultivar, Wa-6124-62, had 6.15 nodes. The

number of nodes increased with increasing temperature for Indian

Dwarf, 3. 40, and for Minn. 66-102, 7. 25; but decreased for Short

Wocus, 5.00, and Wa-6124-62, 5. 35. It is concluded that number

of nodes varies among and within cultivars depending upon environ-

mental conditions.

Average internode length of each cultivar at two temperature levels

and analysis of variance results for temperature effect on
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internode length are shown in Appendix Table 3 and the analysis

of variance in Table 6. There was a highly significant difference

between cultivars in internode length within the same temperature.

Average internode length of Indian Dwarf, Minn. 66-102, Short

Wocus, and Wa-6124-62, at the low temperature (19°C) were 11.7,

13.1, 14.0 and 15.1 cm, respectively. The shortest cultivar,

Indian Dwarf, had shorter internode length than the tallest cultivar,

Wa-6124-62 (11.7 cm and 15.1 cm, respectively). Temperature had

a highly significant effect on internode length. Increasing the temp-

erature from 19 to 30°C resulted in a decrease in internode length.

The average length of internode decreased from 11.7 to 7.2 cm for

Indian Dwarf, from 13.1 to 8.0 cm for Minn. 66-102, from 14.0 to

8.1 cm for Short Wocus, and from 15.1 to 13.8 cm for Wa-6124-62.

Plant height of the cultivars and analysis of variance for temper-

ature effect on height are shown in Appendix Table 4 and the analysis

of variance in Table 7. Increasing the temperature from 19° C to

30°C resulted in a highly significant reduction in height. Height

decreased from 86.6 to 56.4 cm. for Minn. 66-102, from 88.1 to

39.6 cm for Short Wocus and from 9 2. 7 to 71.1 cm for Wa-6124-62.

Height of Indian Dwarf was 23.8 and 23. 9 cm at the low and high

temperatures, respectively, and thus did not change appreciably

with an increase in temperature. Reduction in height by increasing
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temperature was mostly due to decrease in internode length rather

than decrease in the number of nodes.
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Table 5. Analysis of variance for number of nodes of four cultivars
grown at two temperature levels (T1 = 19° C, T2 = 30° C).

Source of Variance d. f. SS M. S.

Treatments 7 429.38 61.34 175.25a/

No. of nodes of cultivars 3 383. 63 127. 87 365. 84-a/

Temperatures 1 0.03 0.03 0.08

No. of nodes of cultivars x
temperature 3 45.72 15.24 43. 54-a/

Error 152 53.60 0.35

Total 159 482.98

Treatment Comparison d. f. SS M. S.

Among cultivars, within T1

Among cultivars, within T2

3

3

279.45

149.90

93.15

49.96

266.14-

142.74-a-7

Between temp. levels, within C
1

1 18. 23 18. 23 52. 082-7

Between temp. levels, within C2 1 4. 23 4. 23 12. 08-
a/

Between temp. levels, within C3 1 16.90 16.90 48.2821

Between temp. levels, within C4 1 6.40 6.40 18.2821

Error 152 53.60 0.35

a/Significant at the 1% level.
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Table 6. Analysis of variance for internode lengths of four culti-
vars grown at two temperature levels (T1 = 19° C,
T2 = 30° C).

Source of Variance d. f. SS M. S.

Treatments 7 1363.97 194.85 83.98-a/

Length of nodes of cultivars 3 522.41 174. 13 75. 052I

Temperature 1 736.98 736.98 317.66-a/

Length of N. x Temp. 3 104.58 34.89 15. 02-a/

Error 152 353.78 2.32

Total 159 1717.75

Treatment Comparison d. f. SS M. S. F

Among cultivars, within T1 3 126.35 42. 11 18.15-a/

Among cultivars, within T2 3 500. 63 166. 87 71. 92-a/

Between temp. levels,
within C

1
1 203. 80 203. 80 87. 84-

a/

Between temp. levels,
within C2 1 262.35 262. 35

a/113.08-

Between temp. levels,
within C3 1 348.99 348.99 153.42-

a/

Between temp. levels,
within C4 1 26.43 26.43 11. 39.-/

Error 152 353.78 2.32

a/ Significant at the 1% level.
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Table 7. Analysis of variance for plant height of four cultivars
grown at two temperature levels (T1 = 19° C, T2 = 30° C).

Source of Variance d. f. SS M. S.

Treatments 7 114075.95 16296.56 435.155!.-/

Plant height of cultivars 3 77055.82 25685.27 685.855-a/

Temperature 1 24875.16 24875.16 664.22 a /

Height x temperature 3 12144.97 4048.32 108.09
a

Error 152 5692.55 37.45

Total 159 119768.50

Treatment Comparison

Among cultivars,
within T1

Among cultivars,
within T2

Between temp. levels,
within CI

Between temp. levels,
within C2

Between temp. levels,
within C3

Between temp. levels,
within C4

Error

d. f. SS M. S.

3 64141.65 21380.55

3 25059.14 8353.04

1 0.10 0.10

1 8880.40 8880.40

1 23474. 03 23474. 03

1 4665.60 4665.60

152 5692.55 37,45

570.90-a/

223.04-a/

0.002

237. 122.-/

626.80-a/

124.58
a /

a " SignificantSignificant at the 1% level.
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V. DISCUSSION

Development of stiff-strawed, semi-dwarf cultivars of wheat,

rice and sorghum along with a different set of cultural practices

including greater use of nitrogen fertilizer has resulted in tremendous

increases in yield in many countries. Similar results can be obtained

with barley if cultivars with short and stiff-straw can be developed.

This will be accomplished more efficiently if the plant breeder can

base his selection on a knowledge of the inheritance of plant height,

because such factors as population size and the generation to start

selecting depend on this information.

In the populations used in this study height of F1 plants

generally was between the tall parent and midparent indicating partial

dominance for tallness. The F
1

plants of two crosses were taller

than the tallest parent. In the field studies parents were seeded,

but F
1

plants were transplanted to ensure a good stand; this resulted

in F
1

populations with more plant vigor than their corresponding

parental populations. Limited greenhouse data indicated that mean

height of all F
1

populations fell somewhere between the tall and mid-

parent heights. Degree of dominance values computed from the

formula developed by Romero (1969) ranged from 0.09 to 0.94, again

indicating partial dominance for tall culm length. Degree of

dominance depended on the crosses considered. Dominance
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estimates averaged over two locations from crosses between tall and

intermediate cultivars, Wa-6124-62 x Short Wocus (0. 48), and

Wa-6124-62 x Minn. 66-102 (0. 27), were lower than estimates from

crosses between tall and dwarf cultivars, Wa-6124-62 x Indian

Dwarf (0. 77) and Short Wocus x Indian Dwarf (0.94).

Many investigators including Nandpuri and Foote (1958),

Kronstad and Foote (1964), Merkle and Atkins (1964), Allan, Vogel

and Peterson (1968), Chapman and McNeal (1971) and Bhatt (1972)

with wheat; and Neatby (1926) and Upadhyaya and Rasmusson (1967)

with barley have also reported that tall stature was partially domi-

nant or dominant over short.

The additive component of genetic variance for plant height

will be high when the degree of dominance is low. Thus, narrow

sense heritability and gain from selection will be inversely related

to the degree of dominance for a particular trait.

Broad sense heritability estimates for plant height in the F2

generation ranged from 50 to 90 percent. The average value for

four crosses at two locations was 77 percent. Heritability estimates

were quite high and suggested that the plant phenotype gives a rela-

tively good indication of the genotype for plant height. Broad and

narrow sense heritability estimates for plant height were also quite

high in many other studies (Appendix Table 5) and generally are in

agreement with broad sense heritability estimates obtained from the
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present study. Most all studies have indicated that plant height is

one of the most highly heritable of all agronomic traits and that

selection for this trait will be effective in early generations.

Variance values for the F2 generation from the Wa-6124-62 x

Short Wocus cross at Moro and Redmond, respectively, are 70.6 and

84.0 (Table 1) and are low when compared with F
2

variances of other

crosses. These variances are only a little larger than the variances

of the tall parent, 50.7 and 45.0 at Moro and Redmond, respectively.

The relatively low variance of the F2 indicates that the parents do

not have large genetic differences between them for plant height.

No distinct height classes were observed in the F2 and BC1F1 genera-

tions in the field (Figure 1); frequency distribution graphs of segregat-

ing generations in this cross show a shape similar to that of a normal

curve. A frequency distribution (Table 4) for height showed that the

two parents overlapped at Moro. The minimum number of genes

conditioning plant height in this cross was 0.22 as estimated by using

the formula developed by Wright (1968). These results suggest that

the two cultivars, Wa-6124-62 and Short Wocus, have common

major genetic factors conditioning plant height. It was concluded

that differences in height between these two parents was due to gene-

tic factors with minor effects.

Two distinct height classes were observed in the F2 generation

at Moro and Redmond (Figure 2) and in the BC1F1 at Moro
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(Figure 3) in the cross between Wa-6124-62 x Minn. 66-102. If

the two parents differed by a single gene with dominance or partial

dominance for plant height, one would expect a 3:1 segregation ratio

(tall:short) in the F2 generation. Chi-square tests for goodness of

fit to a 3:1 ratio resulted in probability values of 50 to 75 percent at

each location. Similarly, one would expect a 1:1 segregation ratio

(tall: short) in the BC
1
F

1
generation. The observed ratio showed

good fit to the theoretical 1:1 ratio even though the population size

was quite small. Using the formula developed by Wright (1968),

the estimated value for the minimum number of genes segregating

for height in this cross was 0.63 which is close to 1.0. Thus it was

concluded that Minn. 66-102 and Wa-6124-62 differ by one major

genetic factor for plant height. Minn. 66-102 appears to have one

recessive gene for short stature.

Frequency distributions of the F2 populations from the cross

Wa-6124-62 x Indian Dwarf (Figure 4) and Short Wocus x Indian

Dwarf (Figure 5) are completely different from the crosses of

Wa-6124-62 x Short Wocus and Wa-6124-62 x Minn. 66-102 suggest-

ing that Indian Dwarf is genetically different in height from Short

Wocus and Minn. 66-102. Very few plants fall into the short parent

class in both crosses. Six plants of 259 and five of 286 fell into

the short parent class from the cross Wa-6124-62 x Indian Dwarf at

Moro and Redmond, respectively. Five plants of 280 fell into the
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short parent class at Moro from the cross Short Wocus x Indian

Dwarf. Most of the F2 population was intermediate in height

between the tall and short parent. The estimated minimum number

of genes conditioning plant height in these crosses using Wright's

formula (1968) was 2.3 for Wa-6124-62 x Indian Dwarf and 3.3 for

Short Wocus x Indian Dwarf. The observed values fit the expected

values for a three gene difference between the tall and dwarf parents.

Results from this study, concerning number of genes condi-

tioning plant height, indicated that this trait was controlled by from

one to three major genetic factors in the parental cultivars used in

this study. This result is in agreement with the findings of other

investigators. Appendix Table 6 shows the results found by differ-

ent investigators concerning number of genes involved for plant

height in wheat and barley. Considering the small number of major

genetic factors conditioning plant height, early generation selection

for height should be effective.

The conclusion was reached from field and growth chamber

studies that number of nodes will vary from one cultivar to another.

Under field conditions the tallest cultivar, Wa-6124-62, averaged

5 to 6 nodes while the intermediate cultivars, Short Wocus and

Minn. 66-102 averaged 4 to 5, and the dwarf cultivar, Indian Dwarf,

averaged 1 to 3 nodes. In the growth chamber Minn. 66-102, a

cultivar of intermediate height, averaged more nodes than the tall
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cultivar, Wa-6124-62. When the temperature was raised, number

of nodes increased even though plant height decreased for the culti-

vars Indian Dwarf and Minn. 66-102; however, high temperature was

accompanied by a decrease in both number of nodes and plant height

in the cultivars Wa-6124-62 and Short Wocus (Appendix Tables 2

and 4). Thus it is concluded that number of nodes varies among

and within cultivars and that this trait is dependent upon environ-

mental conditions. One cannot generalize that taller cultivars will

have a greater number of nodes. Increasing the temperature from

19° C to 30° C resulted in a reduction in height (Appendix Table 5)

due to shorter internode length (Appendix Table 4). Plant heights

of the cultivars are different even though they have equal number of

nodes (Figure 6). Differences in height among and within the

cultivars were mostly due to differences in internode length, especi-

ally the peduncle and the internode immediately below peduncle, The

sum of the peduncle internode length plus the internode immediately

below the peduncle accounted for at least 60 percent of total plant

height. Results of this study were in agreement with results

reported by McNeal et al. (1960), Merkle and Atkins (1964), and

Mann (1953) who all reported that plant height in wheat was affected

mainly by internode length rather than by number of nodes.

The Moro and Redmond sites are distinctly different environ-

ments. Temperatures at Redmond are much lower during the early
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part of the growing season. Also, soil types are different. Both

sites were irrigated throughout the growing season. Height levels

were lower at Redmond for all cultivars and populations. Because

broad sense heritability values were similar and relatively high at the

two locations, selection for plant height would be equally effective

at either location.

The optimumheight level for a cultivar will depend on the

environment under which it is grown. Dry land areas require a

cultivar that is intermediate in height to facilitate harvesting. Short

straw cultivars are more suited for irrigated areas or areas of high

rainfall where plants can efficiently use high rates of fertilizer that

result in abundant plant growth. In all cases straw strength is

important, particularly post-ripening straw strength, because

cultivars often are not harvested immediately after ripening.

Breeding methods are dependent on many factors. Narrow

sense heritability of the desired trait is one of the most important

factors in self pollinating species and is influenced by the number of

genes conditioning the trait and the relative amount of additive and

non-additive gene action present. Results from this study suggest

that if the desired parents for a particular cross differ greatly in

plant height, that selection may have to be delayed until the F
3

generation due to the large non-additive gene action component of

the total genetic variance. This would be true for the intermediate
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height levels which would be necessary for the dry land production

areas.

If the desired parents were short or intermediate in height,

effective selection could be practiced as early as the F2 generation

since much of the total genetic variance is due to additive gene

action.
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VI. SUMMARY

Four, six-rowed, spring barley cultivars were used as parents

in this study. Distinct differences in height were the basis for

selection of these parents. Washington-6124-62 is a standard height

selection while Short Wocus and Minn. 66-102 are intermediate in

height. The fourth parent, Indian Dwarf, was a dwarf selection

obtained from India. Intermediate and dwarf cultivars were crossed

to a standard height parent and further backcrossed to the resulting

F1 to provide BC1F1 seed. Parental, F1, F2 and BC1F1 populations

were then utilized to determine the inheritance of plant height in the

different crosses. Height of all individual plants was recorded in

field studies conducted at two locations. Tall culm length was

partially dominant over short in the F
1

populations. Both additive

and non-additive gene effects accounted for the genetic variability

for plant height. The magnitude of additive and non-additive effects

depends on the varieties involved in the cross. When parents are

similar in height, the trait is controlled largely by additive gene

action.

Broad sense heritability values for plant height were quite high

suggesting that the plant phenotype gave a relatively good indication

of the genotype and that early generation selection would be quite

effective for plant height.
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Fairly discrete height classes in the segregating populations

indicated that plant height was controlled by only a few major genetic

factors in the populations studied. Segregation ratios suggest the

presence of three major recessive genetic factors for short straw

in the dwarf parent, Indian Dwarf. The tall parent, Wa-6124-62,

and intermediate parent, Minn. 66-102 appeared to differ by one

major recessive genetic factor for plant height. Washington-6124-62

and the intermediate cultivar, Short Wocus, appeared to have all

major genetic factors conditioning plant height in common; the dif-

ference in height between the two cultivars was attributed to genes

with minor effects.

Difference in height among the cultivars was due primarily to

differences in internode length rather than number of nodes.

It was concluded that the rather simple inheritance of plant

height in barley will allow effective selection in the F2 generation

for short stature, and progress to develop semi-dwarf barley

varieties should be possible if stiffness of straw can also be obtained

with short stature. Individual plants having short-stiff straw were

observed in the segregating populations and saved for further evalua-

tion. In the cross between the tall and dwarf parent, selection for

intermediate plant height would be more effective if delayed for

several generations of selfing due to the relatively large dominance

component of genetic variance.
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Appendix Table 1. Pedigrees and average plant height of the
parental cultivars.

Parents
Average plant

Pedigree height (cm)

Wa-6124-62 Traill3/Gem

Short Wocus Coast/Lion/Trebi/3/Winter Club

Minn. 66-102 Jotun derivative

Indian Dwarf C. I. 13994

117

105

84

35
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Appendix Table 2. Number of nodes of four cultivars grown at
two temperature levels (T1 = 19° C, T2 =
30° C).

Plant No.

Indian Dwarf
T1 T2

Minn.

1

66-102
T2

Short Wocus
T1 T2

Wa-6124-62
T1 T2

1 2 3 7 8 7 4 6 5

2 2 3 7 5 6 5 6 5

3 2 3 7 6 6 5 6 6

4 2 4 7 7 7 6 7 6

5 2 3 7 6 6 5 7 6

6 3 4 7 7 6 6 7 5

7 2 4 7 7 6 5 6 5

8 2 4 7 7 7 6 6 4

9 2 3 6 7 6 5 6 6

10 2 3 6 8 6 5 6 5

11 2 3 6 7 6 5 6 5

12 2 4 6 8 7 5 6 6

13 2 4 6 8 7 4 6 6

14 2 4 7 9 6 5 6 4

15 2 3 7 8 7 5 6 6

16 2 3 7 7 6 5 6 5

17 2 3 6 8 6 3 6 6

18 2 3 6 8 6 5 6 6

19 2 4 7 8 6 6 6 5

20 2 3 6 6 6 5 6 5

Average 2. 05 3. 40 6. 60 7. 25 6. 30 5. 00 6. 15 5. 35



Appendix Table 3. Internode lengths of four cultivars grown at two temperature levels
(T1 = 19° C , T = 30° C).

Plant No.

Indian Dwarf
T1 T2

Minn.

1

66-102
T2

Short Wocus

1 2

Wa-6124-62

1
T2

1 11.50cm 7.66cm 11.28cm 7.00cm 19.42cm 10.50cm 15.50cm 14.60cm
2 13.00 8.66 9.57 11.20 16.16 9.40 15.50 15.40
3 12.00 8.33 13.25 12.00 15.16 9.40 15.66 12.83
4 11.50 5.50 12.28 9.42 13.00 7.16 13.71 12.50
5 13.00 7.00 13.00 11.16 13.50 8.40 14.00 13.33
6 10.00 5.75 13.28 9.00 14.66 6.33 14.42 16.00
7 9.00 6.25 15.14 7.42 15.00 6.00 16.33 14.60
8 11.50 6.25 13.85 8.71 13.14 7.33 17.83 17.75
9 13.50 8.00 13.66 8.85 15.50 9.40 16.33 12.00

10 11.50 7.66 13.83 6.37 15.33 7.80 15.33 11.80
11 10.00 7.66 13.33 5.85 15.66 9.40 13.33 14.40
12 12.00 6.75 13.83 6.00 14.14 6.00 13.16 12.83
13 12.00 5.75 14.16 5.87 12.85 9.25 14.66 10.83
14 12.50 6.50 12.14 5.77 14.83 5.20 15.83 17.25
15 10.50 8.00 13.28 6.87 10.85 6.40 15.50 12.66
16 9.00 7.66 12.85 8.00 14.00 7.20 15.00 11.80
17 14.00 7.00 14.16 7.37 12.66 14.00 14.50 12.00
18 13.50 8.00 13.16 6.87 14.00 8.60 15.00 10.83
19 12.00 6.50 12.00 7.25 13.16 7.16 15.50 12.40
20 11.50 8.33 14.00 8.66 13.66 7.60 14.83 13.60

Average 11.67 7.16 13.10 7.98 14.03 8.12 15.09 13.47



Appendix Table 4. Plant heights of four cultivars grown at two temperature levels (T1 = 19° C,
T2 = 30° C).

Plant No.

Indian Dwarf
T1 T2

Minn.
T1

66-102
T2

Short Wocus
T1 T2

Wa-6124-62
T1 T2

1 23cm 23cm 79cm 56cm 94cm 42cm 93cm 73cm
2 26 26 67 56 97 47 93 77
3 24 25 93 72 91 47 94 77
4 23 22 86 66 91 43 96 75
5 26 21 91 67 81 42 98 80
6 30 23 93 63 88 38 101 80
7 18 25 106 52 90 30 98 73
8 23 25 97 61 92 44 107 71
9 27 24 82 62 93 47 98 72

10 23 23 83 51 9 2 39 9 2 59
11 20 23 80 41 9 4 47 80 7 2
12 24 27 83 48 99 30 79 77
13 24 23 85 47 90 37 88 65
14 25 26 85 52 89 26 95 69
15 21 26 93 55 76 32 93 76
16 18 23 90 56 84 36 90 59
17 28 21 85 59 76 42 87 72
18 27 24 79 55 84 43 90 65
19 24 26 84 58 79 43 93 62
20 23 25 84 52 82 38 89 68

Average 23. 85 23.95 86.25 56.45 88.10 39.65 92.70 71.10
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Appendix Table 5. Estimated broad and narrow sense heritability
values in wheat.

Name of the investigator
Broad sense

heritability (To)
Narrow sense
heritability (10)

Bhatt (1972)

Nandpuri and Foote (1958)

Anwar and Chowdhry (1969)

76.99 - 80. 27

88. 40

63 66 50 65

47. 77 - 71.82

Allan et al (1961) 85.0 92.0

Johnson et al. (1966) 60.0

Fiuzat and Atkins (19 53) 74. 6

Daaloul (1972) 65. 0 - 84. 8

Fonseca and Patterson (1968) 73.0 - 87.0

Kronstad and Foote (1964) 82. 9

Ozsabuncu (1971) 90. 0
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Appendix Table 6. The number of genes controlling plant height
in barley and wheat.

Name of investigator and crop Number of genes

Kump (1947), barley

Neatby (1926), barley

Bhatt (1972), wheat

Allan, Vogel, Peterson (1968), wheat

Allan et al. (1961), wheat

Ozsabuncu (1971), wheat

Single gene

Two or more factors

2 Major genes

2 Major and some
minor genes

A few genes, in most
crosses 2 genes

2-3 factors


