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DIALLEL ANALYSIS OF AGRONOMIC TRAITS IN WINTER RYE

ABSTRACT

An analysis of combining ability of rye, based on F1 generation hybrids, was performed in order to
select lines of high effects of general combining ability which are useful for creation of population
and synthetic varieties as well as hybrids giving high effects of specific combining ability. The main
aim of the present paper was to recognize the actions of genes responsible for quantitative traits
and combining ability of rye inbred lines on the basis of F1 and F2 hybrids analysis.

The study material included 56 F1 generation hybrids obtained though diallel-cross with 8 par-
ent lines as well as 56 F2 generation hybrids crossed with 8 parent lines.

A genetic analysis of generation F2 yields results and GCA estimates which substantially corre-
spond with those obtained for generation F1. The closest results were obtained for plant height, ear
length and 1000-grain weight. For cultivation purposes, an analysis of generation F2 will be reli-
able and the selection based on it successful. Most of the studied lines were found to essentially in-
fluence the effects of general combining ability. The most recommendable is the line SMH-49
whose progeny was characterized both by shortened leaves and increased 1000-grain weight and
the weight of grains per ear.

Key words: diallel cross, general combining ability, hybrids analysis, specific combining ability,
syntetic varieties

INTRODUCTION

Rye is one of the most difficult objects for genetic and breeding studies.
This is caused by allogamy, self-incompatibility and dependence be-
tween heterozygosity and productivity, which arises as a result of the
inter-chromosomal gene interaction.

According to the used study material (interline-, intervariety hybrids)
frequently different results of effect estimations, connected with the
forms of gene action, are obtained. The possession of valuable inbred
lines enables their use in heterosis breeding (Bujak et al., 1993, 1993a,
1995b; Kaczmarek and Kadlubiec 1985; Wêgrzyn and Madej 1989).

The genetic analysis and evolution of combination abilities in rye is
carried out on generation F1 hybrids in purpose to select lines with high
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effects of general combination ability, useful for creation of population,
synthetic, and hybrid varieties. However, the difficulties in obtaining
a sufficient number of F1 hybrid grains for experiments, force the breed-
ers frequently to establish experiments with hybrids of the F2 genera-
tion. As a result of gene recombination the heterosis vanishes in
subsequent generations, and it is not known how far the information on
combination values in lines used in the breeding programmes are
changing.

There are few results on genetic studies of quantitative features in
rye, and their results are frequently variable.

The aim of this study was to recognize the combination abilities and
the ways of gene action especially these ones responsible for quantita-
tive traits as well combining ability of rye inbred lines on the basis of F1

and F2 hybrid analysis.

MATERIAL AND METHODS

The study material consisted of 8 parental inbred lines, 56 F1 genera-
tion hybrids obtained through diallel-cross with 8 parent lines, as well
as 56 F2 hybrids from the same crosses.

The initial material for the crossing programme consisted of 8 lines of
winter rye derived by a deep inbred self pollination: KL-45 (521), 92
(S25), SMH-49 (S7), 5/2a (S19), Z-7 (S26), 7/4 (526), DS-23 (S21). Mea-
surements of plant height, productive tillering, uppermost internode,
ear length, number of grains per ear, 1000 grain weight and weight of
grains per ear, were performed for all normal plants in the plot.

Hybrids and parental forms were point-sown, spaced 20 × 10 cm in
a field experiment set up with the randomised blocks method.

General and specific combining ability analyses were carried out with
the use of the Griffing�s model (1956a, 1956b) The following mathemati-
cal model for variance analysis was accepted to the general combining
ability analysis:

Where:
µ � population mean
gi, gj � effect of general combining ability (GCA),
sij � effect of specific combining ability (SCA),
rij � effect of reciprocal crosses,
eijk1 � error,
n � number of replications.
The null hypotheses on lack of genotype differentiation was verified by

means of the F test at significance level of α = 0.05 and α = 0.01. The sig-
nificance of effects of combination values was determined by means of
the t test.
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When the lines are being selected on the basis of GCA effects, there
are performed equally the choice including the point of view on numer-
ous features. Therefore of practical meaning is the information on com-
bination values, based on integrated indices in the shape of the
associated combination value (ACA), introduced by Savcenko (1980). In
rye hybrids the usefulness of these indices was tested by Kaczmarek and
Bujak (1993a, 1993b). The ACA index represents the combination abil-
ity of the parental form in shape of an integrated complex of features,
when crossed with many other parental forms. This index is recognized
as the genetic crossing potential. For all seven traits together a mutual
index was introduced as a measure of crossing potential, which ex-
presses the associated combination value (ACA), according to the for-
mula:

Where:
g0 � estimation of GCA of weight of grains per ear
gk � estimation of GCA in k-th associated trait,
bk � regression coefficient between basic and associated trait

RESULTS

The analysis of variance (Table 1) showed a significant variability of
the investigated genotypes for all the traits, excluding tillering of
plants, in hybrids of F1 and F2 generations. For traits showing a signifi-

cant variability of the investigated genotypes the analysis of variance of
combination ability was carried out (Table 2). For all the analysed traits
a high significance and specific combination ability was shown. The
mean squares of variability of general combination ability (GCA) for
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Table 1
The mean squares for analysed quantitative traits of rye from experiments

of F1 and F2 hybrids

Variability
Gene-
ration

DF
Productive

tillering
Plant
height

Upper-
most

internode

Ear
lenght

Number
of grains
per ear

1000-
grains
weight

Weight
of

grains
per ear

Blocks
F1 2 1.09 161.12 1.51 1.55 32.12 0.83 0.22

F2 2 21.12 28.50 13.45 0.12 78.12 0.59 0.50

Genotype
F1 63 3.89 536.99** 23.96* 4.15* 198.74* 0.66* 0.56*

F2 63 3.44 349.77** 17.83* 2.43* 109.26* 0.61* 0.30*

Error
F1 126 3.48 53.20 0.68 0.68 34.43 0.07 0.06

F2 126 2.88 32.32 0.50 0.50 46.72 0.09 0.05

*   - significant at α = 0.05
** - significant at α = 0.01



plant height, length of uppermost internode, ear length, number of
grains in ear, and 1 000 grain weight surpass the mean squares of vari-
ability of the specific combination ability (SCA). This testifies to the
predominance of action of additive genes over non-additive ones in
shaping these traits, though the share of the second ones is also signifi-
cant. The predominance of additive over non-additive forms of gene ac-
tions for number of grains per ear is somewhat lower, whereas for
weight of grains per ear a slight predominance of non-additive forms of
genes in F1 over additive ones was recorded.

On the basis of F2 hybrids the significance of the general and specific
combination ability was ascertained (Table 2). The many times higher
mean square values of GCA and SCA for plant height, length of the up-
permost internode, ear length, number of grains per ear, 1000-grain
weight and grain mass from head, indicate to the predominance of addi-
tive gene actions over non-additive ones. The influence of reciprocal
crossings upon F2 hybrids was significant for the analysed traits, except
of grain number per ear.

The comparison of the obtained mean squares of general and specific
combination abilities from the analysis of variance for generations F1

and F2, showed a full concordance of their significance. Higher values of
GCA over SCA testify to the predominance of additive over non-additive
forms of gene acttion. Instead, for grains mass per ear in generation F1

the non-additive effects were similar to additive gene action. In F2 addi-
tive genes play a higher part in inheriting this trait.
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Table 2
The mean squares of combining ability from experiments of F1 and F2 hybrids

Variability
Genera-

tion
DF

Plant
height

Upper-
most

internode

Ear
length

Number
of grains
per ear

1000-
grains
weight

Weight of
grains
per ear

GCA
F1

7
710.82** 21.82** 5.60** 135.01** 0.64** 0.23**

F2 771.21** 23.40** 3.35** 155.26** 1.27** 0.31**

SCA
F1

28
154.64** 6.49** 1.28** 88.95** 0.26** 0.29**

F2 140.10** 8.15** 1.29** 55.32** 0.15** 0.13**

Reciprocal
crosses

F1

28
70.39** 6.06** 0.43** 26.34** 0.07* 0.07

F2 60.59** 6.05** 0.60** 28.77 0.24** 0.12**

Error
F1

126
17.73 2.02 0.22 11.43 0.02 0.02

F2 16.16 2.28 0.25 23.36 0.04 0.02

* - significant at α = 0.05
**      - significant at α = 0.01
GCA � general combining ability
SCA  � specific combining ability
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Analysing the estimated effects of GCA on the basis of generation F1

hybrids (Table 3), it is difficult to determine explicitly, which of the in-
vestigated lines makes the best component for crossings. For plant
height significantly positive effects of GCA, which gives the increase in
stem length in progeny, were found in lines 1/2/79 and 7/4. The negative
GCA values in lines KL-45, Z-7 and SMH-49 show, that using these
lines in crossing programmes there exists the possibility to obtain hy-
brids of a shortened stem. Lines 7/4, 52a and KL-45 increase signifi-
cantly the length of the uppermost internode in their progeny, whereas
the use of lines 02 and Z-7 for crossing makes them shorten. Lines
DS-23 and 1/2/79 significantly increase the ear length, and Z-7, KL-45,
SMH-49 and 92 decrease it.

Positive effects in GCA for grain number per ear, on the basis of gen-
eration F1, are found in lines DS-23 and 7/4, negative ones in 92, KL-45,
Z-7 and 5/2a. The weight of 1000 grains is increased in progeny of lines
SMH-49 and 1/2/79, and decreased in DS-23 and 92. A significant in-
crease in weight of grains per ear is caused in progeny by lines SMH-49,
1/2/79 and 7/4, whereas lines 92, Z-7 and KL-45 cause its decrease.

The analysis of GCA effects in F2 hybrids for plant height (Table 3) al-
lows to distinguish the lines KL45, Z-7 and SMH-49, which transmit
the ability to reduce stem length to the progeny. Significantly positive
values were obtained for lines 7/4 and 1/2/79. The length of the upper-
most internode in progeny is increased by lines 7/4, SMH-49, 5/2a and
1/2/70, whereas lines DS-23, 92, Z-7 and KL-45 decrease it. Lines
1/2/79 and DS-23 affect the ear elongation, again lines KL-45 and Z-7
its reduction.

On the basis of evaluation of the F2 generation the increase of grain
number per ear can be expected in hybrids of lines 7/4 and DS-23,
whereas a lower grain number in progeny of line KL-45. Lines
SMH-49, 1/2/79 and 5/2a showed a favourable action on l000-grains
weight and lines DS-23, 92 and 7/4 cause a decrease in this trait. In
progeny, the increase of grains mass from ear was recorded in lines
SMH-49 and 5/2a, and its decrease in lines KL-45, 92 and 2. DS-23.

When comparing the GCA effects of both the generations, the effects of
generation F1were accepted as standard estimations. The highest con-
cordance of GCA effects in generations F1and F2 occurred in plant
height, length of ear and 1000-grains weight. The lowest concordance of
GCA-effects estimation in both the generations was found for grains
mass in ear (5 lines showed different estimations). The lack of concor-
dance of GCA effects occurred also in the case of uppermost internode
length. From the breeder�s point of view it is most important to find ge-
notypes (lines) transmitting their favourable values to subsequent hy-
brid generations. From among eight studied genotypes only line 5/2a
gave discordant results in four traits per seven analysed. In the remain-
ing lines concordant results were observed in the majority of traits.
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Particularly worthy of notice is line SMH-49, which, at simultaneous
shortening of stem the 1000-grain weight and weight of grains per ear
increases in both generations. In regard to ear length line DS-23
showed significant and positive GCA effects and influenced its elonga-
tion in both the generations, acquiring at the same time the highest
GCA effects for grains number in ear, but it significantly decreased the
1000-grains weight progeny of each generation. Line 7/4 improves the
number of grains per ear, increasing simultaneously plant height and
stem length in progeny of the generations analysed.

The positive and negative values of GCA estimations hinder in a con-
siderable degree the selection of the genetically best lines. However, it is
possible to analyse together several traits, important from the point of
view of selection, and to express them in shape of a single index charac-
terising the cross potential of heterosis; this considerably facilitates the
choice of the most valuable lines. Such an index is the associatory com-
bination value (ACA), being a measure of the lines crossing potential. In
the present paper as basic trait accepted was the grains mass from ear.
This index is based on evaluations of relations, measured by correlation
coefficients between phenotypic, genetic and additive meanings of the
traits and the proper dispersions. This is an important combination
value of the particular traits, which depicts the relation between the ba-
sic trait and the remaining associated traits. The quantitative evalua-
tion of the associatory combination value can facilitate considerably the
choice of the most valuable breeding materials, and can be one of the
fragments of the genetic analysis of experiments. When analysing the
calculated ACA values for generation Fl it is possible to distinguish the
lines 1/2/79, 7/4, DS-23 and SMH-49, for which positive values of this
index were obtained (Table 3). The highest complex valuation was ob-
tained for line 1/2/79, and next lines 7/4 and DS- 23, whereas the lowest
evaluations were obtained for lines 92 and Z-7, for which in the previous
GCA analysis negative evaluation values were obtained for the majority
of traits. The associatory combination value of lines, based on genera-
tion F2 hybrids, showed the highest value for SMH-49. This line has
been earlier distinguished, on the basis of GCA estimations, as a good
component for crossing. Confirmed is also the high complex estimation
of line 1/2/79, for which, on the basis of second-generation hybrids, the
second highest estimation value was obtained. Like in the previous case,
also line 7/4 attained a positive value of this index. The worst estimated
lines were KL-45 and 92, in which ACA estimations of the investigated
traits showed negative values. The computed ACA values for lines based
on F1 and F2 generations are concordant. Though the sequence of ar-
rangement in generation F2 changes somewhat, but lines showing posi-
tive combination ability in F1 confirm it in generation F2. This analysis
can contribute to the improvement of the process of selection, facilitat-
ing the choice based on several important breeding traits of the most
valuable lines and genders. The choice and connection of lines of high
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genetic crossing potential values may create a heterosic population or
hybrids for practical use.

When analysing the evaluation effects of specific combination value of
F1 hybrids (Table 4) it can be found that from the breeding point of view
the most interesting are hybrids characterised by a reduced plant
height, and a non-reduced value of the remaining traits. Among such
combinations only SMH-49 × DS-23 and SMH-49 × 7/4 can be rated. In
most cases observed was an increase in length of straw in generation F1

hybrids. Worthy of notice is the hybrid 1/2/79 × 5/2a, in which an in-
crease occurred in all the traits analysed. Moreover, in two hybrids
(KL-45 × 7/4 and 7/4 × DS-23) an improvement in most of the investi-
gated traits was recorded. The highest values of SCA effects for grain
number in ear were obtained in line DS-23 in combination with 1/2/79
and 7/4.

As a component for crossings from among the analysed lines, line 1/2/79
should be recommended, which improves in hybrids most of the investi-
gated traits, and SMH-49 with a shortened plant height in progeny.

A relatively large variability in size of effects of specific combination
value of hybrids was also recorded in generation F2 (Table 4). A few
F2-generation-hybrid combinations showed significantly negative SCA
values for plant height. These are hybrids KL-45 × DS-23, SMH49 ×
DS-23, and SMH-49 × 7/4. A significant increase in straw length was ob-
served in hybrids KL-45 × SMH-49, 92 × 7/4, 5/2a × 1/2/79, and 1/2/79 ×
7/4. An increase in length of the uppermost internode was observed in
eight hybrids, its decrease only in two (KL-45 x 5/2a and 92 × DS-23). In
hybrids of line 92 with lines KL-45 and 1/2/79, and of line 5/2a with Z-7,
7/4 and DS-23 an increase of ear length was recorded, whereas a signifi-
cantly shorter ear occurred in hybrids KL-45 × 5/2a and 92 × DS-23.
With respect to number of grains in ear there occurred only positive SCA
values in hybrids of line DS-23 with lines 5/2a and 1/2/79.

Similarly for 1000-grains weight exclusively positive SCA effects were
recorded. A significant increase in 1000-grains weight was found in hy-
brids 5/2a × 1/2/79 and 5/2a × Z-7, as well as in their reciprocal hybrids.
Positive effect values of specific combination value for grains mass from
ear occurred in hybrids of lines 5/2a with lines 1/2/79, Z-7, and DS-23;
a significantly negative SCA value occurred in hybrid KL-45 × 5/2a.

In hybrids 5/2a x DS-23 positive effects occurred for plant height,
length of uppermost internode and ear length, and for grain weight from
ear and grain number in ear. In combination 5/2a × 1/2/79 there appeared
an increase in plant height, length of uppermost internode, 1000-grain
weight and grain weight in ear, whereas in hybrid 5/2a × Z-7 the length
of the uppermost internode and ear increased. There was also an increase
in grain mass per ear, and in 1000-grains weight. Progeny of KL-45 ×
DS-23 as well as SMH-49 × 7/4 belong to the combination of shortened
plant height however SMH-49 × DS-23 represents a shortened ear and
a lower weight of grains per ear.
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From the presented effects of specific combination value in hybrids of
generation F2 it results, that for breeding purposes the hybrids of line
5/2a, with improved values in most of the analysed traits, should be
recommended. However, this line, in combination with 1/2/79, transfers
an undesirable high stem.

CONCLUSIONS

1. The genetic analysis carried out by means of the Griffing�s method
revealed a predominance of additive over non-additive forms of
gene action in traits of generations F1 and F2, except for weight of
grains per ear in generation F1, where the effects of domination
were similar to the additive ones.

2. The genetic analysis of generation F2 yields a high concordance of
results and estimations of GCA estimations, which substantially
correspond to these, obtained for generation F1. The closest results
were obtained for plant height, ear length and 1000-grains weight.
For cultivation purposes, the analysis of generation F2 shall be reli-
able and the selection, based on it, successful.

3. Most of the investigated lines were found to essentially influence
the effects of general combining ability. The most recommendable is
line SMH-49, of which the progeny was characterised both by
shortened stem and increased 1000-grain mass, and grain mass
from ear.

4. The associative combining ability enables to determine the crossing
potential of lines on the basis of several traits. On the basis of this
parameter, lines SMH-49 and 1/2/79, which in generations F1 and
F2 obtained the highest values of the complex estimation, can be
recommended for breeding purposes.

REFERENCES

Bujak H., Kaczmarek J., Kad³ubiec W., 1993. Analiza warto�ci kombinacyjnej linii wsobnych
¿yta w diallelicznym krzy¿owaniu. Zesz. Nauk. AR Wroc. 223: 115-120.

Bujak H., Kaczmarek J., Kadlubiec W., 1 995a. Dialleliczna analiza zdolno�ci kombinacyjnej
oraz efekty dzia³ania genów cech ilo�ciowych ¿yta. Hod. Ro�1. Aklim. 39, 6: 95-102.

Bujak H., Kaczmarek J., Kadlubiec W., Grochowski L., 1 995b. Ocena zdolno�ci
kombinacyjnej materia³ów hodowlanych ¿yta. Biul. IHAR 195/196: 299-306.

Griffing B., 1956a.. A generalized treatment of use of diallel crosses quantitative inheritance.
Heredity 10: 3 1-50.

Griffing B., 1956. Concept of general and specific combining ability in relation to diallel cross-
ing system. Austr. J. Biol. Sci.: 463-493.

Kaczmarek J., Bujak H., 1993a. Analiza genetyczna integralno�ci systemu kilku cech
u¿ytkowych ¿yta z wykorzystaniem asocjacyjnej warto�ci kombinacyjnej. Biul. Inf. AR-T
Olsztyn, 34: 165-177.

Kaczmarek J., Bujak H., 1 993b. Homeostaza odmian i rodów ¿yta. Zesz. Nauk. AR Wroc. 223:
101-103.

Kaczma.rek J., Kad³ubiec W., 1985. Oszacowanie efektów warto�ci kombinacyjnej 7 linii
wsobnych ¿yta (Secale cereale L.) w diallelicznym krzy¿owaniu. Hod. Ro�l. Aklim. 29,
5/6: 61-68.

Kaczmarek J., Kad³ubiec W., Bujak H., 1995. Dialleliczna analiza cech ilo�ciowych
mieszañców F1 ¿yta. Zesz. Nauk. AR Wroc. 278: 93-101.

Diallel analysis of agronomic traits in winter rye 27



Savtchenko B. K., 1980. Asocjativnyj otbor i jego rol w evolucji i selekcji. Zurnal. Obszcz. Biol.,
40: 391-401.

Wçgrzyn S., Madej L. 1989. Ogólna i swoista warto�æ kombinacyjna kilku cech ¿yta
diploidalnego. Zesz. Probl. IHAR, Radzików: 13-22.

28 Henryk Bujak


