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The inheritance of plant height in crosses involving
short-stem rye genotypes

Roman IZDEBSKI

Department of Genetics, Institute of Plant Breeding and Acclimatization, Radzikéw

Abstract. The paper presents results of studies on the inheritance of plant height in
four short-stem genotypes of rye selected from genotypically different collection
materials. Short-stem genotypes P-2, P-9, P-30 and P-52 were crossed to a tall-stem
inbred line Uniwersalne 145 (S17). The genotype P-2 was additionally crossed to a
related, but tall-stem line P-2 W. In each cross combinations six generations — Py,
P2, F1, F2, B1 (F1 X P)) and B3 (F1 X P2) — were examined. Distribution of plant
height in hybrid generations had a continuous character, which indicated 2 polygenic
determination of short stem in all "P" genotypes under study. Results of the genetic
analysis (degrees of dominance, Burton method, Mather and Cavalli scaling tests,
a six-parameter model of inheritance) showed a significant role of additive, domi-
nant and epistatic gene action in genetic determination of short stem in the "P"
genotypes. Only in the cross Uniwersalne 145 X P-52 one of the applied methods (a
six-parameter model) has not confirmed a significant role of epistasis and domin-
ance. In the cross combinations Uniwersalne 145 X P-2, Uniwersalne 145 x P-9 and
Uniwersalne 145 x P-30 a reduction of the plant height was influenced by homozy-
gote X homozygote and homozygote X heterozygote interactions as well as by
dominance effects, whereas the plant height increase was influenced by heterozy-
gote X heterozygote interaction as well as by effects of additive gene action. The
combination P-2W X P-2 was found to have reverse relationships. The revealed
epistasis had a duplicate character. The heritability of plant height was relatively
high and varied from 70.4% to 84.9% depending on the cross combination.

Key words: gene action, heritability, inheritance, plant height, Secale cereale L., short-stem
genotypes.

Despite a continuous progress in rye breeding, expressed in the introduction
of intensive cultivars into culture, the yielding potential of this plant has not
been fully utilized yet. A significant role in increasing rye productivity is
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ascribed to short-straw cultivars (KOBYLJANSKI 1971, 1975, 1982a, 1982b,
KONDRATENKO, GONCHARENKO 1974, GROCHOWSKI 1975, 1982, WEGRZYN,
GROCHOWSKI 1978, BAUER 1979, CHUDOERKO 1979, VELIKOVSKY 1979,
WINKEL 1979, WOLSKI et al. 1980). Breeding of these cultivars is based on
the use of short-stem carriers. At present, two basic types of short-stcm donors
are distinguished in rye:

1) monogenic, including that with a recessive or dominant determination
of plant height (ANTROPOV, ANTROPOVA 1936, SYBENGA, PRAKKEN 1962,
KUNAKBAEV 1969, FEDOROV et al. 1970, KOBYLJANSKI 1971, 1982b, KOND-
RATENKO, GONCHARENKO 1973, NALEPA, GRZESIK 1975,RYBA 1975, MADE],
WARZECHA 1977, RUEBENBAUER et al. 1983, De VRIES, SYBENGA 1984, MELZ
et al. 1984, SCHLEGEL et al. 1986).

2) polygenic (TSCHERMAK 1906 cited after TARKOWSKI 1984, KOBYLJANS-
KI 1975, 1982b, RUEBENBAUER 1978, EAPINSKI, PARZYSZEK 1982).

The first type of donors has been utilized especially intensively in the former
Soviet Union, where on the basis of dominant sources of short-stemness many
cultivars with the yield about 10 dt/ha higher than that from traditional cultivars
have been bred in the last few years (KOBYLJANSKI 1982a, KOBYLJANSKI 1988
— personal information). Attempts to use dominant genes of short-stemness
made in other countries including Poland, have not been successful so far.
A barrier in cultivar breeding, among others, appeared to be difficulties in
obtaining non-segregating hybrid populations selected on the basis of these
sources. The use of recessive genes of short-stemness, however, was partially
a success in the former GDR (cvs. Pollux, Donar and Muro) and in Poland
(cv. Madar). The effectiveness of using short-stem rye genotypes in rye and
triticale breeding against other cereals is low. In this connection, new donors
of short-stemness, which would be widely applicable in breeding, are being
searched for. These donors, like sources of other traits, should distinguish by
a diverse origin and a desirable level of agronomic traits.

The aim of the present paper was to examine genetic determination of plant
height in four short-stem rye genotypes selected by the author from genetically
different collection materials distinguishing by a desirable level of some ag-
ronomic traits (IZDEBSKI 1987, 1988a, b). Besides, the influence of the direction
of crossing on the inheritance of this trait as well as its heritability were
evaluated.

Material and methods

Four short-stem "P" genotypes (P-2, P-9, P-30, P-52) selected from collec-
tion materials (IZDEBSKI 1987, 1988) and two tall-stem inbred lines (P-2W,
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Uniwersalne 145) were studied. Description of the studied material is as
follows:

P-2 — a progeny of an individual selected in 1978 from the old Polish cv.
Zeelandzkie. Plants have stiff, coarse stems, erectoid leaves, long and awned
spikes with light and shapely grains (1000-kernel weight up to 50 g).

P-9 — a progeny of two plants, encountered in 1979 among the hybrids of
wild, annual rye species, obtained from the "VIR" Institute in Leningrad as
Secale cereale ssp. vavilovii. Long spikes have small grains, with a very high
protein content (up to 20%).

P-30 — a progeny of an individual selected in 1977 in the population
designated MI-2.1(12). Plants are characterized by higher tillering and longer
spikes. This is the only genotype among short-stem genotypes under study,
which shows no reaction to GA; and represents the so-called "ga-ins" type
(IZDEBSKI 1988D).

P-52 — a progeny of two plants isolated in 1979 from the breeding line
MF-14 related to the Canadian cv. Kodiak. Plants arc characterized by a
potentially high productivity, long and awned spikes as well as by light and
shapely grains.

P-2W —a progeny of three tall-stem plants related to the short-stem genotype
P-2.

Uniwersalne 145 — an inbred line (reproduced in inbreeding for 17 years)
of a normal height obtained from prof. Ruebenbauer, Agriculture University
in Cracow.

Short-stem genotypes and tall-stem inbred lines were crossed in the follow-
ing five combinations:

P-2W X P-2
Uniwersalne 145 x P-2
Uniwersalne 145 x P-9
Uniwersalne 145 x P-30
Uniwersalne 145 x P-52.

Progenies of short-stem plants separated from different initial populations
were reproduced on special plots. After several years of selection, some non-
segregating short-stem genotypes were obtained. These genotypes were reci-
procally crossed with tall-stem breeding lines. In the autumn of 1985, seeds
of the parental P, and P, forms, F,, F,, B; and B, hybrids were sown in rows
on plots 2-m long with 20-cm spacing between the rows and 5-cm spacing
between plants in the row. The experimental random block design with three
replications was applied. P, and P, seeds were sown in 2 rows, F;, B; and B,
seeds — in one row and F, seeds — in 4 rows.
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The significance of differences between the means of F; hybrids and re-
spective reciprocal F; hybrids was tested by nonparametric Kruskall-Wallis
test (SUM RANG program in SPETO laboratory in Radzik6w). The adequacy
of the additive-dominant model was tested by Mather scaling tests (MATHER,
JINKS 1977, 1982). Genetic parameters were estimated according to the formula
given by Jinks and Jones (MATHER, JINKS 1982). The significance of particular
parameters was tested using t statistics. Heritability coefficients in a broad
sense were estimated by the formula given by MAHMUD and KRAMER (1951).
The theoretical means of F, and F, hybrids were calculated according to the
method proposed by Burton (HOFF et al. 1973).

The significance of differences between empirical means and expected
means of F, and F, hybrids were tested by the t-Student’s test (ELANDT 1964).
The degrees of dominance h; and h, were calculated by the method given by
PETR and FREY (1966).

Results and discussion

Parental forms, despite overlapping of their variation ranges, clearly differed
from one another in the average plant height (Table 1), thereby fulfilling the
basic requirement of the use of quantitative genetics methods concerning
difference between crossed parents (PLARRE, FISHER 1975, VELIKOVSKY,
MACHAN 1982, MATHER, JINKS 1982). These differences ranged from 20 cm
(Uniwersalne 145 x P-52) to 55 cm (P-2W x P-2) depending on the cross
combination. Variation of the plant height in the majority of the hybrid gener-
ations F;, F, B, and B, (in 22 out of studied 25) had a continuous character
(Table 1), which suggested a polygenic determination of that trait and simul-
taneously indicated genetic distinctiveness of "P" genotypes from the carriers
of a shortened stem with a monogenically determined plant height, which are
known and described in the literature. In cases of monogenic determination of
a shortened stem in F, hybrids a segregation into short-stem and tall plants in
the ratio 3:1 or 1:3 was observed (SYBENGA, PRAKKEN 1962, KUNAKBAEV
1969, FEDOROV et al. 1970, KOBYLJANSKI 1971, 1982a, NALEPA, GRZESIK
1975, MADEJ, WARZECHA 1977, WEGRZYN, FABIJANOWSKI 1980, RUEBEN-
BAUER et al. 1981, De VRIES, SYBENGA 1984, KUBICKA 1987). Though
distributions of plant height in the F;, B, and B, generations in the cross
combination P-2W X P-2 indicated that the short-stem of the form P-2 was
determined by a single dominant gene (Table 1), the distribution of plant height
in the F, generation significantly differentiated from that suggested by the
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segregation into short-stem and high plants in the 3:1 ratio. However, the
occurrence of a separate group of plants 30-50 cm high in that generation
indicated segregation in the ratio 1:15, which proved that plant height of that
class was determined by a duplicate action of two recessive genes.

Means of plant height in the F; generations (except the combination P-2W
X P-2) were intermediate in relation to those of the parental forms. The F,
generation was found to have plants exceeding the value of this trait in the
parental forms. One of the combinations (Uniwersalne 145 x P-9) was even
found to have individuals exceeding the value of this trait in the both parental
forms. The contribution of plants exceeding plant height of one of the parental
forms in the F, generations was 7.5% as a maximum (Uniwersalne 145 x P-2).
The occurrence of the above plants may indicate transgression, but its unbiased
detection requires studies in the successive generations. Means of plant height
in B; generations were lower than those of tall parents, and depending on the
combination they were higher or lower than the means of F; generations
(Table 1). Means of plant height in B, generations were lower than those of
B, generations (for a given hybrid combination). Simultaneously these means
were higher than those of their relevant short-stem parents. Relations between
the means of backcross generations and those calculated from F, generation
and from one of the parents showed inadequacy of the additive-dominant model
in the inheritance of plant height, since these means were noticeably different.

The influence of direction of crossings on plant height

An important role in inheritance may be played by direction of crossing,
which is connected with the action of extranuclear factors. Out of the four
studied "P" genotypes, a significant influence of the direction of crossings on
plant height was found only in the line P-9 selected from the hybrid of wild
annual species (IZDEBSKI 1987). Plants of F; generation derived from the line
Uniwersalne 145 crossed to that form were as many as 20 cm higher in
comparison to plants obtained from a reciprocal crossing (Table 2). This fact
should be taken into consideration when the line P-9 is used in breeding
short-straw cultivars.

Literature reports on the influence of cross direction upon plant height in
rye, particularly in short-stem forms are few. KOBYLJANSKI (1971, 1973,
1982b) found no such influence in his studies on the short-stem mutant EM-1.
He reports, however, on a significant influence of the direction of crossings
on that trait in the group of dwarf forms with polygenic and recessive deter-
mination of plant height. An insignificant influence of the direction of crossings
on the plant height was found in the hybrid Darikowskie Ziote/Kustro (WE-

GRZYN, GROCHOWSKI 1978).
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Heritability

The basic problem of genetic studies on quantitative traits is estimation of
genetic variation in phenotypic variation by calculating heritability coefficients
in a broad and narrow sense (WEGRZYN 1972). This paper presents heritability
coefficients only in a broad sense, since coefficients in a narrow sense are
distorted in the case of nonallelic interactions, which was supported by calcu-
lations of the same coefficients performed on the material presented in this
paper (the obtained values were negative, approximated zero or exceeded
coefficients in a broad sense).

Table 2. Means of plant height, heritability coefficients and degrees of dominance in
five reciprocal crosses of rye

Means ‘ H2 ** Degrees of dominance
Cross combination Difference (%)

Fi F* ) hy h2
P-2 WxP-2 105.0 106\7 -1.7 82.4 -0.84* —-1.85%
Uniwersalne 145 X P-2 136.6 133.1 3.5 84.9 0.70* 0.42*
Uniwersalne 145 X P-9 149.7 129.5 20.2* 76.2 0.95* 0.11
Uniwersalne 145 X P-30 131.6 1354 -3.8 82.6 0.82* 0.19*
Uniwersalne 145 x P-52 111.8 117.2 -5.4 70.4 -0.006 —0.89*

a - difference significant according to Kruskall-Wallis test at o = 0.05

** H2 _ heritability coefficient according to MAHMUD and KRAMER (1951)
* hp and h2 - significantly different from zero
* reciprocal cross.

In all hybrid combinations under study it was found that plant height was
determined by genetic factors to a large degree. That was indicated by high
heritability coefficients, which ranged from 70.4% (Uniwersalne 145 X P-52)
to 84.9% (Uniwersalne 145 x P-2) (Table 2). Data on heritability coefficients
of plant height in short-stem forms of rye are missing in the literature. But
there is numerous information concerning genetic variation of the discussed
trait in populations with a normal plant height. In most studies on this trait
a high value of heritability coefficients in a broad sense was registered (LA-
PINSKI 1976, PATYNA, GROCHOWSKI 1978, WEGRZYN, GROCHOWSKI 1978,
KOMENDA et al. 1982, KEDROV-ZICHMAN et al. 1985). In some studies the
value of the discussed coefficients varied depending on the hybrid combination.
In studies on interlinear hybrids (RUEBENBAUER et al. 1981), statistically
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insignificant heritability coefficients were found for most cross combinations.
A low heritability for plant height was obtained in the studies conducted with
the cv. Darikowskie Ztote (KACZMAREK 1985).

Degree of dominance

In the cross combination P-2W X P-2 the degrees of dominance h, and h,
had significantly negative values, which indicated dominance of a short stem
over a tall one (Table 2). In the combination Uniwersalne 145 x P-52 the
dominance degree h; was close to zero, whereas the dominance degree h, had
a significantly negative value. That could arise from the fact that the plant
height in the F, generation of the combination Uniwersalne 145 x P-52 was
determined by the action of additive genes; however, in the F, generation of
that combination, dominance of a short stem over a tall one was observed. In
other cross combinations the degrees of dominance h, and h, had significantly
positive values (except the degree of dominance h, in the combination Uniwer-
salne 145 X P-9), which in turn indicated dominance of a tall stem over a short
one.

Gene action

Burton method

Interrelations of empirical and expected means in the F; and F, generations
were studied. In the combination P-2W x P-2 the expected mean of the F,
generation was significantly higher than the observed one, indicating partial
dominance of a low value of this trait over a high one (Table 3).

Table 3. Differences between empirical and expected mean values for plant height of
rye in cross combinations involving short-stem and tall-stem genotypes

Difference between empirical and expected mean values
Cross combination Fi E»
emp.-arith. emp.—arith. emp.—geom.

P-2W x P-2 —22.9* -9.9% -6.9*
Uniwersalne 145 X P-2 11.5* 2.2 -1.4

Uniwersalne 145 x P-9 18.1* -8.0* -6.5%
Uniwersalne 145 X P-30 15.9* —4.4* -3.0*
Uniwersalne 145 X P-52 -0.1 -7.0% -6.4*

* differences significant at the o =0.05.
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In the combination Uniwersalne 145 x P-52 these means did not differ
significantly, which indicated an indirect inheritance of plant height in that
combination. In the remaining cases, the expected means were significantly
lower than the observed ones, which suggested that the trait of short-stem in
the discussed combinations had a recessive character (Table 3). In the F,
generations, statistically significant differences were also noticed between the
observed and arithmetic means as well as between geometrical means (in 4
out of 5 cross combinations).

Mather scaling tests and joint Cavalli test

The complexity of the inheritance of short-stem in "P" genotypes was
confirmed by results of A, B, C Mather tests and joint Cavalli test (Table 4).
Therefore, the additive-dominant model appeared to be inadequate to explain
the inheritance of plant hight in the studied hybrids. That model appeared to
be improper also after logarithmic transformation of the original data (Table 5).
A significant role of nonallelic interaction in the inheritance of plant height in
rye was also observed by EAPINSKI and PARZYSZEK (1982), as well as by
JEDYNSKI and KACZMAREK (1986), whereas a significant role of non-additive
gene action in the inheritance of that trait without separating epistasis and
dominance was proved by WEGRZYN and GROCHOWSKI (1978) as well as by
RUEBENBAUER et al. (1981). Results indicating that plant height in rye was

Table 4. Results of Mather and Cavalli tests and estimates of genetic parameters for
plant height in rye

Cross combination
Test,
parameter PAW x P2 Uniwersalne Uniwersalne Uniwersalne Uniwersalne

- - x P-2 x P-9 x P-30 x P-52

A 16.5* 344 —44.6* —27.5* 6.5
B 8.5* 9.7+ —24.7* 9.1 —12.9%
c —39.4* -89 32.1* ~17.4 —27.8%
m 111.9% 101.1* 97.6* 98.0* 100.3*
(4] 26.3% 13.7* 18.7% 18.8* 16.5%
(] —22.3% 10.0* 2.9 6.5% —4.8*

7 91.1 1028 | 615 229 30.8
m 47.7% 117.1* 135.9* 117.6* 93.6*
[a 27.4% 16.6* 19.2+ 19.4* 15.8*

(h) 130.9* —448% | -125.6* -59.1* 2.7

{ 64.4% —15.8* - 372> =192+ 8.4

8.0 44, 1% o -19.9% ~18.4* 6.4

[ —89.4% . 405*  106.6* 55.8* 11.0

* test or parameter values significantly different from zero.
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Table 5. Results of Mather tests (A, B, C) for plant height of rye — data after log
transformation

Cross combination A B C
P-2W x P-2 0.074* 0.044* -0.186*
Uniwersalne 145 x P-2 -0.151* 0.058* -0.041
Uniwersalne 145 X P-9 -0.191* -0.116* ~0.129*
Uniwersalne 145 x P-30 -0.115* -0.029 -0.064
Uniwersalne 145 X P-52 | -0.033 -0.064* —0.129*

* value significantly different from zero

determined only by the additive gene action were also obtained (PATYNA,
GROCHOWSKI 1978, RUEBENBAUER et al. 1981).

Estimation of genetic parameters

The most precise results were obtained after the use of a six-parameter
model of inheritance (Table 4). The parameters [d] deteremining additive gene
action were significant in all combinations. Differences in the inheritance of
plant height in different cross combinations concerned first of all parameters
connected with dominance and nonallelic interaction. |

In the combination P-2W x P-2, genetic variation of plant height was
determined by all types of gene action. Out of three parameters determining
effects of nonallelic interaction, the parameters [i] and [1] appeared to be
significant, which could be indicative of a significant role of interactions
between homozygous loci as well as between heterozygous loci. In that com-
bination the parameter [h] had a positive and highly significant value. The
direction of gene action in that combination was different in relation to other
combinations, which was indicated by positive values of the parameters [h]
and [i] and by a negative value of the parameter [1] (in the remaining combi-
nations a reverse situation was observed). A comparison between the mode of
gene action in that combination and the mode and direction of gene action in
the combination Uniwersalne 145 x P-2 (Table 4) deserves special atten-
tion.One of the parents in the both combinations was the same short-stem form,
which made it possible to compare the influence of genetically varying maternal
forms on the inheritance of plant height. The obtained results showed that
variation of plant height in the both combinations was significantly determined
by all types of gene action, while genetic differences between maternal forms
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influenced the direction of gene action. Opposite directions of the gene action
effects in these combinations had their own implications in determining the
dominance of a short or tall stem in the F; and F, generations. In the combination
P-2W x P-2, short-stem plants dominated over tall ones in both F, and F,
generations, which was proved by negative values of the degrees of dominance
h; and h, (Table 2) as well as by significantly lower observed and expected
means in the F; and F, generations (Table 3).

In the combination Universalne 145 X P-2, the significance of all genetic
parameters, including a significant role of all types of epistasis, was observed.
Estimates of the parameters [h], [i] and [j] had negative signs, whereas the
estimate of the parameter [1] had a positive sign. Likewise was the contribution
of individual genetic parameters in cross combinations of the line Uniwersalne
145 with the forms P-9 and P-30. Not in all combinations the role of epistasis
was clearly proved. In the combination Uniwersalne 145 X P-52, the parameters
connected with epistatic gene action and the parameter connected with domin-
ance were nonsignificant suggesting that the plant height in that combination
was determined only by the additive gene action. That was, however, in
contradiction with results of scaling tests, which clearly showed a significant
role of epistatic effects (Table 4). It should be noticed that in this combination
— as one of those studied — the empirical and expected means for the F,;
generation (Table 3) as well as the degree of dominance h,; (Table 3) indicated
additive action of genes conditioning plant height in F; generation. In the F,
generation, these means (Table 3) and the dominance coefficient h, (Table 2)
suggested dominance of short stem. Relations between the empirical and
expected means in the F, generation, however, pointed out to an essential role
of epistasis, which in combination with the scaling test results (Table 4) would
suggest the existence of nonallelic interactions in that combination. A similar
contradiction between the scaling test results and genetic parameters associated
with epistasis was found by LAPINSKI and PARZYSZEK (1982) in one of the
analysed combinations of interlinear rye hybrids. These contradictions most
probably result from difficulties connected with a precise determination of
some types of nonallelic interactions. Nonsignificance of the parameters [i]
and [j] determining interaction of homozygous loci and that of homozygous
and heterozygous loci, respectively, should not indicate the lack of nonallelic
interaction of that type since these parameters depend on the coefficient r of
gene distribution in the parental forms (KACZMAREK et al. 1984). The par-
ameter [j] may be equal to zero also when r = 0. In this connection it is
impossible to draw conclusions on the lack of nonallelic interaction of that



The inheritance of plant height in rye 337

type, because there is no method to estimate this coefficient on the basis of
segragating generations. The parameter [i] is equal to zero, when the the product
kr? (number of loci X coefficient of gene distribution) occurring in the numer-
ator of an equation for that parameter is equal to unit. Thus, if the parameter
[i] is equl to zero, it is also impossible to draw conclusions about the lack of
epistatic interaction of that type (KACZMAREK et al. 1984). As mentioned
before, the parameter [h] also appeared to be nonsignificant in the combination
Uniwersalne 145 X P-52. The lack of dominance was also indicated by the
previously discussed relation between empirical and expected means of the F,
generation and by the coefficient of dominance h,;. However, a significant role
of dominance was indicated by the value of the coefficient h, (Table 2). These
contradictions are probably concerned with the effects of nonallelic interactions
of the type [i] and [j], which could exist, but have not been revealed. In the
combination of the line Uniwersalne 145 with the breeding lines P-2, P-9 and
P-30 the effects of dominance and homozygotes x homozygotes and homozy-
gotes X heterozygotes interaction effects affected reduction in plant height,
whereas its increase resulted from the interaction heterozygotes x heterozy-
gotes. As mentioned before, this situation in the combination P-2W X P-2 was
the reverse. Similar signs for the mentioned parameters as in the combination
of Uniwersale 145 with short-stem "P" genotypes (except [j] parameter) were
also obtained by LAPINSKI and PARZYSZEK (1982). JEDYNSKI and KACZMAREK
(1986) observed positive values of the parameters [h] and [i] and negative
values for the parameters [1] in most combinations. The parameters [h] and [1]
differed in signs in all studied cross combinations, indicating a duplicate
character of nonallelic interactions.

As follows from the literature review, the number of short-stem carriers in
rye is relatively large, but only few of them distinguish by desirable agronomic
traits and by the known mechanism of plant height inheritance, which has a
negative influence on the effectiveness of these forms utilization in breeding
and is the main cause of a comparatively low contribution of short-stem
varieties under cultivation. First of all forms with a monogenic control of
short-stem are used in breeding. The most common of them is the form EM-1,
especially in the former USSR. Forms with a polygenic determination of
short-stem are less interesting to the breeders. But in the last years also the
latter forms have been successfully used in breeding, which is proved by results
of heterosis breeding in the FRG. The short-stem genotypes "P" belong to the
last group and simultaneously they distinguish by a desirable level of some
agronomic traits (IZDEBSKI 1987, 1988a, b), which permits to suggest that they
constitute a valuable initial material, especially for heterosis breeding.
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Conclusions

The trait of short-stem in four studied short-stem genotypes was determined
polygenically. The "P" genotypes appeared to be genetically distinct in com-
parison to the known genotypes with a monogenic determination of short stem.
A digenic model of interallelic interactions appeared to be insufficient to
explain genetic basis of short stem in the "P" genotypes.

Plant height in these genotypes may be determined by both interactions of
a higher order or gene linkages and a joint action of these factors. The inhe-
ritance of plant height in hybrids from crossing the above genotypes with
tall-stem inbred lines concerned all types of gene action. Nonallelic interactions
were of a duplicate character. Direction of the action of genes controlling plant
height in a given short-stem genotype may significantly depend on the choice
of its parental form.

Plant height in the studied hybrids was determined first of all by genetic
factors, which was indicated by high values of heritability coeffcients in a
broad sense. Significance of the additive effects and nonallelic interaction of
the type [i] indicates a possibility of obtaining non-segregating forms with a
varied plant height as a result of selection. |

When using P-9 genotype in breeding short-stem cultivars, the influence
of the direction of crossing should be taken into consideration.
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