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Effects of Enforced Self-pollination in Petunia hybrida

by
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The self-incompatibility mechanism which promotes cross-pollination is
well known in the genus Petunia, Of the different species of the genus,
P. hybrida is largely grown as an ornamental annual for its wealth of variation
in nature of flowers and plant form. This species is known to be of hybrid
origin, the parental specics being P.integrifoliu and P. axillaris (Darlington
and Wylie, 1955; Takehisa, 1963). - Structural differentiation of the chromo-
somes of the gemomes of the 1wo species is considered 1o be still existent
in the garden forms of P.Iybrida and the heterozygosity is probably enforced
through self incompatibility. Rick (1942) observed that chromosomal
deficiencies and duplications can exist in this species without detriment to
viability or normal development. A study of the effects of enforced self-
pollination in this species would throw light on the advantages conferred by
cross pollination in preventing the breakdown of the hybrid from disharmo-
nious genetic recombinations or eliminating in breeding depression. The
present study confined to a few garden forms of P. hybrida is aimed at a
comparison of the cytological behaviour and morphological variation in
the open pollinated and selfed progenies.

Materials and Methods: The populations of Petunia hybrida studied herein,
comprised varieties * Dwarf finest mixed ', *Tall single bedding finest mixed’,
*Amarnath pink’, ‘Large flower orchid pink' and ‘Large flowered special
mixture’. The seeds were obtained from nursery-men at Poona and Calcutia,

Selfing was resorted to by adopting the ‘bud pollination’ technique,
The technique consisted of making lateral incisions on petals of flower buds
2 to 4 days before normal opening and emasculating the buds and dusting the
stigma with pollen from just dehisced anthers from the same plant. The bud
pollinated flowers were then labelled and covered with paper bags, Seeds were
collected from matured capsules, Sceds were also collected from capsules
resulting from open pollination on the same plants. Data were collected from
self and open pollinated progenies in cach variety for two gencrations.

Cytological studies were made with young flower buds fixed in Carnoy's
fluid 6:3:1 (alcohol, chloroform and acetic acid) mixture, The flower colour
grades were decided by a comparison with the colour chart.
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Fii. 1. Diagram showing the mean performance of the five quantitative attributes
in the open and sclf-pollinated population of Petunfa.
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Observations: Morphology: The population derived from self and
open pollination of the same individuals exhibited distinct variation for
growth habit, height of main stem, hairiness of plant parts, texture of leaves
and also for the grades of flower colour. Data on the metric characters
such as height and thickness of main stem, number and length of laterals,
'size of leaf and flower are gathered and the mean performance of the open
and self pollinated population for two generations is presenied in Fig. 1.

Cytology: Seven bivalents were regularly observed at diakinesis, of
which one is nucleolar. Seldom two bivalents were also noticed to be
associated with nucleolus, The bivalents did not differ much in their size.
Occasionally univalents ranging from 2 to 4 were also noticed due to early
disjunction of bivalents. The plant 2 of ‘Dwarf finest mixed’, however,
showed Iyy+5y and 1y+4p+3; respectively in two out of 50 p.m cells
studied. At M; all the bivalents congressed and oriented normally. In
addition to bivalents, univalents were also observed at M; mostly due to the
precocious. separation in one lo as many as three bivalents. The chiasma
frequency w1s scored at mid-diakinesis and M;, The number of chiasmata per
bivalent ranged from 1 to 3 at diakinesis, The univalents whenever occurred
were considered as pairs possessing ‘O" chiasma. The number of chiasmata
per p. m cell ranged from 4 to 15 at diakinesis and 1 to 13 at M; A reduction
in the frequency of chiasmata per cell was noticed from diakinesis to metaphse
in all cases (Fig. 2).

Fic. 2. Selfmean chiasma frequency in the open and “populations’ of ‘Dwarf finest mixed’
and ‘' Large flowered special mixed ' varieties. ol Petunia,
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The chromosome association ranged from 7y to 3+ 8; in all the
varieties studied (Table 1), Among the p.m cclls examined at diakinesis
and M, cells with 7,y were most frequent followed by cells with 2, 4, 6 and 8
univalents. The precocious separation was noticed in 1 to 3 bivalents in all
the varietics examined. The normal separation ranged [rom 14 to 43.5%
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of cells in different varieties.  Thirty five percent (with a range of 26 10 49 %)
of p.m cells showed precocious separation of one bivalent and precocious
separation of two were noticed in 25% of cells. Only 5% of cclls on an
average showed 3y; disjoining precociously,

At A; 92 to 959% of the cells showed normal separation in all the
varietics and the rest showed unequal separation of 8-6 chromosomes. In
28.0% of cells at Ay 1 to 4 (1-2y) laggards were noticed and 6.9% of cells
showed one bridge. - At Ay, 46.2% of cells was normal, laggards (1to3)and
bridges (1-2) were noticed in 45% and 2.2% cells respectively. In six percent
of cells multipolar spindles were seen. In the quartet cells, 3 to 10%, showed
micronuclei. Pentads, one (o two were noted in 3 to 189 of cells,

Pollen fertility varied from 68.7 to 96.8%. The varieties that showed
tetrad abnormalities were, however, more sterile. The pollen diameter ranged
from 27.2 to 37.4 /& with a mean value of 34.4 JL,

Discussion: The meiotic behaviour of the open pollinated progenies
of the three varieties studied indicated abnormalities which would point to
structural heterozygosity, which however can be considered ro be notof a high
order. The pollen sterility, however, has been found to vary in different plants
with a range of 4 to 329%. It could be that cryptic structural differences
causing inhibition of gametophyle development may be present, which however
can not be easily distinquished from genes with the same effect, the relative
constancy in most of the floral and vegetative characleristics in the sarden
varicties does suggest that vigorous selection and inbreeding in small popula-
tions have favoured the attainment of homozygosity for these features. The
residual hererozygosity could therefore, be of significance, if a1 all, in their
effects on quantitative variation and cytological behaviour.

A comparison of the open pollinated and self pollinated proccnies of
individual plants for the five varicties, do not, however, indicate any muiked
reduction in vigour as may be expected in a naturally cross pollinated specics
(Table 1). The range in variation was also not high in quantitative attributes
in the selfed progenies compared to open pollinated oncs. Meiotic instability
noticed in the selfed progenies was not significantly different in degree from
that in open-pollinated lines. However, a greater variation in chiasma fre-
quency towards positive and ncgative directions could be noticed (Fig. 2),
It is evident, there from, that enforced self-pollination do not lead 1o
inbreeding depression, nor to any breakdown ol the progenies due 1o dishar-
monious genetic recombinations. For production of more uniform lines, than
obtainable in commercial sced, self-pollination can be resorted to without
any deleterious effects,
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Summary; A comparison of progenies raised from self and open pollina-
ted sceds of Petunia hybrida was made (o briz{g out the effects of self-pollination
on vigour. There was no significant reduction in vigour in self-pollinated
progenies.  Variation in respect of cleven characters taken into consideration
was noticed almost to the same extent in both the populations. The cyto-
logical abnormalities pointing to structural differences of a small order was
common to both the open pollinated and selfed progenies. The advantages
of out-breeding usually noticed in other plants by way of heterosis was
not observed in this species, though seif-incompatibility promoted out-breeding.
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