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A significant change has occurred in the breeding system of Canna; pre-
dominant inbreeding found in the elemental species has been replaced by
predominant outbreeding in the garden cultivars, although both have re-
mained self-compatible. Self-pollination in elemental species is chiefly
aided by the funnel-shaped compact flowers and little or no difference be-
tween the levels of anther and stigma. Outbreeding was rendered possible
in cultivars as the stigma in these are located 0-3 to 19 cm above the tip
of anther. Therefore, the pollen grains are deposited much below the stigma
and hence there is no seed setting in any cultivar when bagged. Further-
more, seed setting is poorer after self- than after cross-pollination. The
reduced seed set after self-pollination may be as a result of accumulation of
sterility and such other factors accompanying selfing in the cultivars.

INTRODUCTION

For a proper understanding of the evolutionary dynamics of a group
of plants, knowledge of its breeding system is essential. More often it not
only clarifies the nature of variation in the group, but also helps in chalking
out effective breeding procedures and programme. With this in mind, the
pollination mechanism and breeding system were studied in garden cannas
in relation to the situation in the elemental species.

(BSERVATIONS

Except in the night-flowering species, Canna flaccida, the flowers in all
the elemental species and all cultivars under C. generalis open in the early
hours of morning. Because of the abundance of nectar, particularly in
tubular types, sun-birds often visit the flowers during the cooler months.
However, the most common visitors are bees, especially Apis indica, moths
and bumble-bees which start their visits from early morning. Small hymen-
optera -are also seen but they never move from one flower to the other.
Insects first sit on the lip and then push themselves towards the base of the
style in search of nectar and while coming out pollination occurs as the pollen
grains attached to their body adheres to the sticky stigma.
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The type of pollination mostly depends on the position of anther in
relation to the level of stigma and the time of anthesis and receptivity of
stigma. The other factor that may affect pollination is the shape of flower,
viz. it may be narrow and erect as in C. indica, large, tubular and hanging
as in C. iridiflora or large, widely open turgorless flowers as in C. flaccida
(Mukherjee and Khoshoo 1970; Figs. 3, 4 and 6). Generally elemental
species with their small, erect, rather narrowly funnel-shaped, compact
flowers are self-pollinated and self-fertile.

The relative position of stigma and anther as a mechanical barrier
affecting the type of pollination was surveyed in the entire collection and
the results are summarized in Fig. 1. In C. flaccida the anther is situated
about 0-5 cm higher than the stigma while in C. indica, C. warscwiczis,
C. lutea, C. pallida and C. glauca the two are at or about the same level.

ELEMENTAL SPECIES
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DIFFERENCE IN HEIGHT BETWEEN S$TIGMA AND STAMEN (CmMs.)

F1e. 1. Histogram showing the range in the difference between the heights of stigma and
anther in the elemental species and cultivars.

Earlier, Honing (1923) and Oomen (1948) have made similar observations on
C. indica, C. aureo-vittata and C. humilis. In C. iridiflora stigma is about 1-1
cm higher than the level of the anther but the flower is drooping. In most
of these, chances of self-pollination are reasonably high either because of
the very construction of flower, or soft evanescent floral parts not fit for
landing of insects and birds as in C. flaccida or the posture of flower (see also
Krinzlin 1912). On the other hand, in case of the diploid cultivars of
C. generalis, selfing is often prevented due to mechanical barrier because stigma
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is Jonger than the anther by 0-3 to 19 cm and pollen is always deposited
on the foliaceous style well below the stigma. Therefore, pollen is unable
to reach the stigma and no seed is set in any cultivar when bagged. How-
ever, pollen grains germinate on the stigma of the same flower, proving
thereby that there is no self-incompatibility, but there is reduced seed setting
after self-pollination by hand. Cross-pollination between such fertile cultivars
are highly effective which, as indicated earlier, is performed in nature by
insects. However, during their visit there are chances of both self- and cross-
pollination. In this manner reasonable amount of seed formation takes
place in fertile cultivars.

Like diploid cultivars, in both auto- and segmental allotriploids, stigma
is at a higher level than anther. Both types are totally sterile and do not
produce any seed after self-, cross- and open-pollination. Pollen tubes in
such cases swell and burst before they reach the ovules.

The progenies raised from self- and open-pollinated elemental species
breed true to their type, proving that they are self-compatible inbreeders,
a conclusion also arrived at earlier by Winkler (1930). The progeny of the
cultivars both after self- and open-pollination is morphologically and gene-
tically variable proving not only the highly heterozygous nature of the cultivars
but also their self-compatible nature.

CONCLUSIONS

As is apparent from the pollination system, the elemental species are
self-pollinated which is augmented by the very narrow erect funnel-shaped
flowers and little or no difference between the height of stigma and anther.
Pollen is therefore deposited on the foliaceous style near or very near stigma
in these species. Although cross-pollination may result, to some extent,
because of the attractive nectariferous flowers, the species are otherwise
self-compatible. This is in strong contrast to the situation in several genera
belonging to allied families within Scitamineae (East 1940) and also to the
herbaceous perennial and rhizomatous nature of the genus Canna. Such
genera are usually characterized by cross-pollination associated often with
gelf-incompatibility (Stebbins 1950). A question arises as to whether the
self-compatible nature and mechanisms augmenting self-pollination have
arisen here as a comsequence of change in breeding system due to the ento-
mological, geographical, climatical and genetical causes encountered during
domestication in European gardens (see Fryxell 1957) or actually repre-
sents the original situation as may be found in the wild populations of
Central and South America. It may be borne in mind that the material
for the present study came almost exclusively from European and
American gardens, far removed from their native areas of distribution. An
understanding of the breeding system in wild populations will clarify if there
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has been selection for inbreeding under radically different conditions in
Europe and whether such conditions have activated unexpressed, latent or
residual variability in this regard. However, a change from inbreeding in
elemental species as grown under garden conditions to outbreeding in cultivars
is noteworthy and meaningful.
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