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GENETIC ANALYSTS OF SOME PTTYSTOLOGICAL
CHARACTERS IN RELATION TO PLANT

DBVBLOPMENT OF A SUNFLOWER
(Helianthus annuus Z.) DIALLEL CROSS.

Franco Cecconirand Mario Baldini2

SUMMARY

A complete set of diallel crosses between four inbred lines of sunflower has been used
to study genetic variability of the following characters: duration of phenological phases, dry
matter production in each phase considered, leaf area per plant, seed yield and harvest index.
The results obtained indicate that, while the âdditive genetic component is consistent for the
characters collected during the first phases of plant dwelopment, the unfixable component
of variation is the major part of genetic variability for the characters collected at the end of
the onthogenetic cycle, as seed yield and harvest index.

The genetic correlations between seed yield and physiological characters as dry matter
production and leaf area, are discussed in relation to the possibilitv of their use in sunflower
breeding programs.

INTRODUCTION

Development of improved inbred lines for hybrid production is one of the most
important objectives of sunflower breeiling programs. Achene yield is the primary target
trait of genetic improvement, but, as in other crops, it is a complex character which
depends on many factors and greatly varies with environment (Fick, 1978). Many authors
have found the variability for yield production to be dependent on both additive and
non-additive gene actions (Stoyanova, 1978; Cecconi et al., 1gg7; Miller et al., 1gg0).
Genotype-environment interactions also may be important for genetic improvement
when particular environments are considered (Dominiques Gimenez et al., 1987).

Several simple plant trajts, as leaf area per plant, total dry matter and harvest index
have been found to be correlated wirh achene yield (Skorié,1974,19g5; pathak, 1974;
Lakshmanrao et al., 1985; Cheervet and Vear, 1990), but few information are available
on the genetic control of these characters during the growth of the plant.

The objective of this papaer was to evaluate, within four elite inbred lines of
sunflower, the genetic variability of some physiological traits in relation to plant devel-
opment and to analyze the phenotypic and genetic correlations among them, seed yield
and phenological phases.
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MAIERIALS AND METHODS

Experimental material was constituted of four inbred lines of sunflower from which

a compléte diallel set of crosses was obtained. Crosses were made in a greenhouse during
thewinter 1988, using continuous white-light treatment to induce male sterility (Pistolesi

et al., 1986). On April 1988, parents ancl hybrid combinations including reciprocals were

sown at the experiment station of the University of Pisa in three randomized blocks. The

experimental unit was a plot of four rows five meters long, the distance between rows was

0.5 meters and plant interval0.3 meters resulting in a plant density of about seven plants

per square meter. Data were collectecl on the two central rows using a minimum of three

plants for each plot.
Accor<ling to Shneiter and Miller (1981), phenological phases were defined as

follows:
V-R1: days from emergence to visible head'

R1-R5: days from visible head to the beginning of flowering.

R5-R9: days from flowering to physiological maturity of seeds.

For each phase the characters analyzed were:

i) Air dry matter production per plant calculated as a difference between data

collected at the end and data collected at the beginning of each phase (for identification
purpose, in tables are reported D.M1, D.M2 and D.M3, which identi$ dry matter
production in the first, second and third phase).

ii) Leaf area per plant determined by Haiashi Denko electronic planimete_r model
AAMT (in tables L.al and L.a2 identiff leaf area developed at the end of the first and

second phase).
Finally seed yield per plant was determined and harvest index calculated.

Statistical analysis of data was done according to the model of Hayman (1954a,

1954b,1958), the relationships between the variance (Vr) and parent-offspring covari-

ance (Wr) of members of the same half-sib family (array) were used to test the assumpti-

ons of the aclditive-dominance model of gene actions. When the model fits the data

collected the regression coefficient of Wr on Vr must be not different from unity and the
variance of Wr-Vr values over arrays must be non-significant when compared with the

variance over replicate blocks. If both tests were satisfied, the genetic components of
variance, the degree of dominance (H/D) and narrow sense heritability (h) were calcula-

ted (Mather and Jinks, 1971).

Genetic and phenotypic correlations between characters were calculated using the
analysis of covariance (Falconer, 1967).

RESULTS AND DISCUSSION

Genetic variability as it results from the analysis of variance reported in Tàble 1, is

consistent for all the characters considered (significance of "an and/or 'b'). It is interesing
to notice that genetic control depends on the developmental stage at which the character

is monitored.



Thble.l - Analysis of variance of diallel rables (for legend see Materials and Methods)
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Tàble.1 - (continued)

Significant at 57a
Significant at 17o
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Duration of phenological Phases

The results synthetized in Thble 1 indicate that the genetic variability for the
durationof the phase ofvegetative growth (V-R1) and the phaseof flower differentiation
(R1-R5) is consistent and determined by the additive genetic effects (significanc€ of na"),

while the genetic control of the duration of grain filling (R5-R9) is based on the

dominance effects of allelic interactions (significance of nb"). The relationships between

Wr and Vr (Thble 2 and Tàble 3) satis$ the assumptions of the genetic model (see

Materials and Methods) for the three characters considered. Genetic components (Th-

ble 4) show that heritability is very high for the first two phases which is in agreement

with the importance of adclitive effects, and which indicate the presence of overdominan-
ce for the duration of the third phase (H/D > 1).

Table.2 - Analysis of variance of (Wr-Vr) and (Wr+Vr) values

Leaf area

Development of leaf area during the onthogenetic cycle is another important
character. The analysis of variance for the data collected at the end of the first phase

(Tbble 1) shows the significance of "an and "b", furthermore, since the significance of nbn

is not confirmed by heterogeneity in the Wr+Vr analysis, additive genetic effects com-

prise the major source of genetic variability (1àble 4). At flowering dominance effects of
àttetic interactions are the most important source of genetic variability, a similar result
has been founcl by Skorié (1935). The relationships between Wr and Vr are in agreement

with the importance of dominance deviations (heterogeneity of Wr+Vr analysis in Tàble

2) and indiôate the adequacy of the genetic model as it results from the homogeneity of
Wr-Vr analysis (Table 2) and from the regression coefficient of lWr on Vr significantly
different from zero and not different from unity (làble 3).

The analysis of the component of variation reported in Tàble 4 indicate that
phenotypic selection may be useful in improving the development of leaf area at the stage

of visible head (heritability of 65%) but this method cannot be used for the same

character at flowering when heritability is very poor. However considering that direc-
tional dominance effect seems to be significant ("b1" in Thble 1) other informations may

be obtained: the correlation between Wr+Vr values of half sib families with the phe-

notypic values of common parents reflects the direction of the dominance; in this case

the value is -0.94 (data not reported) indicating that the dominant alleles increase the
character.
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Air-dry matter production

The variability observed at the end of the first phase is significant only for half sib
families ("a" in Tàble 1), dominance deviations become consistent at flowèring as they
result from the significance of "b" in Tàble 1 and from the heterogeneity olWr+Vr
analysis in Tàble 2. At the end of the onthogenetic cycle, the character showsa variability
that does not fit the additive-dominance model of inheritance, the regression coefficient
of Wr on Vr is in fact significantly different from unity (Table 3). These results indicate,
in agreement with the heritability which is high only when rhe firsr rwo phases of plant
development are considered, that the genetic control of the air dry matter production is
more complex at the end of the onthogenetic cycle when other sources of variability
become consistent. In this case the interactions between genetic sources of variability
and blocks (error variances) are homogeneous, indicating the absence ofgenotype-envi-
ronment interactions.

Seed yield and harvest index

Considering first seed yield, both aclditive and non-additive variance appear to be
important (significance of "a" and "bn in Thble 1). The results reported in Tablè} indicate
that the non-additive source of variation is determined by dominance effect of allelic
interactions (homogeneity of Wr-Vr analysis and heterogenity of Wr+Vr analysis); this
is not different from unity (Tàble 3). The degree of dominance is 2.69 indicating the
presence of overdominance, while heritability is 0.19 (Tâble 4) which is not very higli, but
high enough to select lines for general combining ability.

The ratio between seed yield and total air dry matter, is an important inclex known
as harvest index which reflects the assimilation and translocation efficiency of plants. The
analysis of data shows a light presence of non-additive genetic variance, the significance
of "b" in lbble 1 is confirmed by the heterogeneity of wr*vr analysis only ior p=0.5
(Tàble 2). The absence of non-allelic interaction is in agreement with the Wr ôn Vr
regression coefficient, the resulr of which is not clifferent from unity (Tàble 3).

Genetic and phenotypic correlations

The results synthetized in 1àble 5 indicate that seed yield is positively and strongly
correlated with leaf area development and dry matter production in the first and second
phase of the onthogenetic cycle. It is interesting to notice also that the genetic correlation
with the increment of dry matter production during grain filling is negative. It seems that
the photosynthetic activity during the first two phases, when it is setting flower differen-
tiatjol, 

i1 
more important than the ectivity after flowering even if in the third phase the

grain filling is realized. This result may be explained by taking inro account that grain
filling is realized by both redistribution of assimilates from storage sites and by assimila-
tion after flowering (Blanchet and Merrien, 1982; Hall et al., l9g9; Dubbelde et al., 19g5).
The discrimination of these two physiological processes and the relative importanie
under different environments and different genetic backgrounds are at present a matter
of investisation.
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Tàble.3 -'t" test of Wr on Vr joint regression coefficient (b)

Table.4 - Estimates of variation components

Table.5 - Phenotypic (upper triangle) and genetic (lower triangle) correlatios
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CONCLUSIONS

The results obtained indicate that genetic variability is consistent for all the
characters analyzed. As far as the genetic control is concerneà, it becomes more complex
approaching the end of the onthogenetic cycle when the unfixable component of variati-
on becomes the major part of genetic variability. This is the case wiih seed yield, dry
matter production during the phase of grain filling and harvest index.

The high genetic correlations between seed leld and physiological traits as leaf
area development and dry matter production indicate that these éharaciers are important
limiting factors by which the efficiency of plant assimilation and rranslocation may be
evaluated. Considering the high heritability of these characters especially during the first
phases of plant development, their use in early screening may be uieful anO ecoriomically
convenient when a large amount of hybrid combinations are included in selection
programs.
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ANALYSE CÉXÉngun DE QUELQUEs CmlcrÉRES PIrySIOLOGIQUES EN

RELATION AVBC m DÉVBT.OPPEMENT DES PIÀNTES DE TOURNESOL (Helidnrhus

annuusL\ ISSUES DE CROISEMENTS DIALELLTQUES

RÉSUMÉ

Un plan complet de croisement diallelique entre quatre lignées de tournesol a été utilisé

pour étudiàr la variàblité des caractéres suivants: durée des phases phénologiques, surface

ioliaire par plante, production de matière séche au cours de chaque phase du développement

des planies.b'aprés les résultats obtenus les composantes génétiques additives sont constântes

penàant les prèmières phases du développement des plantes, des composanles.variables

ionstituent la principale part de la variation génétique pour les caractéres étudiés à la fin de

la phase ontogéniqu" tei que le rendement en grain et l'index de récolte. La corrélation

gériétiqu" entr:" le rendement en grain et les caractéres physiologiques telsque production de

iratièrè séche et surface foliaire sont discutés en fonction des possibilités de leurs utilisations

dans d€s programmes de sélection du tournesol.

ANALISIS GENETICO DEALGUNOS CARACTERES FISIOLOGICOS DN REIÀCION AL

DESARROLLO DE I-A PLANTA EN UN CRUCE DIALILO EN GIRASOL (Helianthus

annuwL)

RESUMEN

un dialelo completo entre cuâtro lineas de girasol ha sido usado para estudiar la

variabilidad genética delos siguientes caracteres: duracidn de las fases fenol6gicas, producci6n

de materia Jeca en cada fas-e considerada, area foliar por plantâ, rendimiento e indice de

cosecha. Los resultados obtenidos indican que, mientras que el componente genético âditivo

es consistente para los caracteres determinados durante las primeras fases del desarrollo de

la planta, el componente de variacidn no fijable constituye la mayor parte de la variabilidad

g"néti"" para loi câracteres determinados al finas del ciclo como rendimiento e indice de

cosecha.
Las correlaciones genéticas entre rendlmientos y câracteres fisiol6gicos como

produci6n de materia secâ y area foliar, se discuten en relacidn con la posibilidad de ser

utilizados en programas de mejora.


