GENETIC-EVOLUTIONARY STUDIES ON CULTIVATED CANNAS
I. VariatioN 1x PHENOTYPE

by Iva MurHERJEE and T. N. Krosm00, National Botanic Gardens,
Lucknow

(Communicated by M. S. Swaminathan, F.N.I.)
(Received 15 October 1969)

An analysis of phenotypic characters of the five elemental species (Canna
glauca, C. indica, C. iridifiora, C. warscwiczis and C. flaccida) and 100 cultivars
of C. generalis has revealed that morphological transformation from the
wild to the cultivated condition has involved reduction in plant height,
change in form and colour of leaves, spikes well above foliage, free flowering,
erect flowers, increase in flower size and colour diversity, circular from of
flowers, increase in thickness of flower parts, intensification of colour and
durability of flowers and self-shedding flowers. More often these changes
have followed the following order: elemental species, diploid primary hybrids,
diploid cultivars and finally triploid cultivars.

INTRODUCTION

Cytogenetics helps in the elucidation of problems of plant evolution both
in nature and under the direction of man. In this respect, in comparison
to crop plants, there exists a better understanding of ornamentals. This
is not only because their transformation from wild to the cultivated condi-
tion has taken place in historical time, but more often the intervening events
are reasonably well documented and stages well preserved. The purpose
of this study is, as far as possible, to bring out such events and the chief
factors responsible for the transformation of cannas from tall, long-jointed,
small-flowered, foliage plants, imparting a tropical effect to European
gardens up to the middle of the nineteenth century, to summer flowering
plants with medium to dwarf habit, close compact growth and prominently
held inflorescences of very large and highly colourful circular flowers. This
would enable not only reconstruction of a picture of evolution of garden
cannas which took place primarily within about 44 years (a.n. 1848-1892),
but also pave way for their further genetic improvement for fresh novelty.
So far such improvement has been effected on an empirical basis. The
seven papers in this series deal with different aspects of the present study
(Khoshoo and Mukherjee 1970, in press; Mukherjee and Khoshoo 1970,
in press).

The genus Canna, previously included in the family Scitamineae, was
separated by Winkler (1930) in a monogeneric family Cannaceae because
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of the free sepals, single-chambered stamen adnate to lateral petaloid stami-
nodium, 4 petaloid staminodia, ovary 3-celled with many ovules, style flat-
tened, stigma terminal and straight embryo. This treatment has been sup-
ported by subsequent morphological and taxonomical works (Tomlinson
1956; Hutchinson 1959). The staminodia form the showy part of the flower.

Canna is essentially a native of West Indies and subtropical-tropical
Americas (Fig. 1) but it developed as an ornamental under altogether different
conditions (temperate) of Europe particularly in France and Italy. Out of
51 species belonging to the genus (Krinzlin 1912), only five species, C. glauca,
C. indica, C. iridiflora, C. warscwicziv and C. flaccida, constitute, what may
be called, the elemental or the basal species responsible for the origin of the
garden cannas included under an - artificial hybrid species C. generalis. All
the five species belong to the Subgenus Eucanna, Section Trialatae and the
four Subsections Glaucae, Coccineae (or Indicae), Elatae and Achrida.

Tasie I

Source of Canna species

Species Source
Canna

O, edulis Ker Gawl. Mr. J. W. Donshue,! Gainesville,
Florida; National Botanic Gardens,
Lucknow; Botanischer Gerten,
Giessen,

C. flaccida Salisb. " » »

C. glauca Linn. Royal Botanic Gardens, Kew.

C. humilis Bouche. Prof. R. Prakken (Wageningen).

C. indica Linn. N.B.G., Lucknow.

C. iridiflora Ruiz & Pav. R.B.G., Kew.

C. lagunensis Lindl. Mr. Donahue; Hortus Botanicus,
Denmark.

O. lutea Miller Mr. Donahue; N.B.G., Lucknow;

Hortus Botanicus, Denmark;
Botanischer Garten, Giessen.

C. pallida Roscos Mr. Donahue; N.B.G., Lucknow.

O. warscwiczii E. Dietr, »» » s

MATERIALS AND METHODS

The present study is based on 10 species including over 200 garden
cultivars of Canna which were raised from seed and/or rhizomes obtained
from different sources (Table I). A comprehensive collection of garden

F1es. 2-6. Flowering shoots and leaves of elemental species involved in the origin of
garden canna. 2, C. glauca; 3, C. indica; 4, C. iridiflora; 5, O. warscwiczii; 6, C. flaccida.
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cultivars belonging to C. generalis Bailey, built up over the years, was studied
morphologically and the horticultural name of each cultivar was verified
with the help of Mr. S. Percy Lancaster, Ex-Senior Technical Assistant. It
became clear that from time to time horticulturists seem to have given new
fancy names to the original varieties perhaps to boost their sales. According-
ly, the entire collection resolved into 100 distinct and authentic cultivars
commonly cultivated in the Indian gardens.

In addition to the above, there were four F; hybrids of unknown source
and ancestry growing in the garden. These have been referred to as primary
hybrids. A character analysis shows that their probable parentage may
be C. glauca x C. indica for Nos. T and II, C. warscwiczit X C. indica for No. ITT
and C. lutea x C. indica for No. IV.

OBSERVATIONS
Elemental species

A brief comparative account of the morphology of the five elemental
species of Canna (Figs. 2-6) based on a study of the living and/or herbarium
material is given in Table II. Tt is clear that the species can be divided
into tall (C. tridiflora, C. warscwicziv and C. glauca), medium (C. indica) and
dwarf (C. flaccida) types according to the height of the plant. Foliage is
green in all the species except C. warscwicziv which has claret purple leaves.

Inflorescence is a simple raceme, lax with a few flowers in some cases
(C. glauca, C. indica and C. flaccida) while dense with large number of flowers
in C. warscwiczit. C. iridiflora is rather different in having a paniculate
and drooping inflorescence. Total number of staminodia is regularly five

in all cases except in C. indica and C. lutea where it varies from 4 to 5
(Table II).

Canna generalis Bailey

This is a ‘horticultural’ species under which all the ornamental cultivars
of hybrid origin are included. In most cases exact parentage is either not
recorded or the information is not readily available. They share some
common characters which on one hand bind the cultivars under this species
and on the other distinguish them from the elemental species involved in
their origin. A survey of their morphological characters is given below:

Stem—Canna is a genus of erect rhizomatous perennial herbs. In the
elemental species the height varies from 89 to 500 cm. The tallest species
is C. iridiflora (300-500 em), next is C. warscwiczti (280 em; Fig. 10). The
smallest species is C. flaccida (89 em; Fig. 9). The cultivars in C. generalis
range from 50 to 160 cm, and these can be divided in three size classes, tall
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(95 to 160 cm; Fig. 13), medium (65 to 95 em; Fig. 12) and dwarf (50 to
65 ecm; Fig. 11). Depending upon the height, the tall cultivars are used as
back-row plants in ornamental borders while medium and dwarf types are
best utilized for foreground and also for pot culture. For the latter purpose
dwarf forms are preferred.

1SOBEL(2X)

14 C.warscwiczii(2x). LOUISE (2Y)
NEW RED (3X)

STRIPED QUEEN(2X)
OLIVE (2X)
IMPERATOR (2X)

z
<e STROMBOLI (3x)
o C.indica (2x). JANET {2X)
« . C.flaccida(2x). PRESIDENT (3x)
w — c——————
o
THE VICEROY(3X). ALISON(3X)

"
T4
W
-
"

2

0

AUG.IS SERIS OCT.15
TIME INTERVAL

Fi16. 7. Graph showing the extent of tillering in some elemental
species and cultivars of Canna.

An idea about the tillering habit of the principal cultivars was obtained
after transplanting a set of representative taxa under, as far as possible,
identical cultural conditions. Rhizomes of nearly equal size were taken
and number of tillers were counted, one month after transplantation for
three months (Fig. 7). Among the species, €. warscwiczii produced maxi-
mum number of 14 tillers in three months followed by C. indica and C. flaccida
which had 7 to 6 tillers respectively. However, among the 11 cultivars
chosen for this experiment the maximum number was shown by ‘Isobel’
and minimum by ‘Alison’ and ‘The Viceroy’. Although all species and
cultivars had only one tiller after one month’s growth the difference among
them became evident in the second month and was most pronounced in the
third. Perhaps this property is related to the growth rate and physiological
traits. It is clear that triploid cultivars tend to have fewer tillers than diploids,
although ‘New Red’, a triploid, is a notable exception.

Leaves—This genus is characterized by more or less Musa or banana-
like foliage. Broadly speaking, the colour of the leaves is either green or
bronze, however the intensity of colour varies in the two classes. The
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yellow flowered taxa generally have pale green leaves, while those with red
flowers have bronze or purple leaves and there are many shades in between.
One cultivar ‘Trinacria Variegata’ has variegated leaves with yellow strips
on a green background. The leaves are of ornamental value and in fact
Canna began as a foliage plant.

SEASON SHARAD HEMANT SHISHIR VASANT GRISHAMA VARSHA

MONTH SEF. | OCT. | NOV, | DEC.| JAN, | FEB. | MAR.| APR. | MAY. [JUN. | JUL. | AUG.

DIPLOIOS

C flaccida

C.indica

C luTec

Cwarsewiczli

"BHARAT

'FLACCIDA TYPE
JANET
IMPERATOR’
‘RAJAJL
‘aRigl

TRIPLOIDS
'PRESIDENT’

GLADIATOR'
'PINK SATIN

'WINT ZERS
COLOSSAL

'QUEEN OF ITALY'

'NEW RED

F1c. 8. Chart showing blooming period of some elemental species and cultivars.

Each shoot develops six to nine leaves which are alternate, large, broad
and entire. At first a new leaf appears at the top of the stem in a rolled up
state, it unfolds gradually and finally begins to hang over by its own weight.

The leaves are short-petioled but the shape varies. Elemental species
have oblong, ovate, ovato-oblong, lanceolate or elliptic (Figs. 2-6) while
the cultivars have mostly broadly lanceolate leaves (Figs. 11-13). Apex is
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mostly acute but sometimes it may be short acuminate. Leaves from the
middle part of the stem of different taxa were compared for their size
(Table III). In general, the diploid cultivars have rather large but relatively
narrower leaves in comparison to the triploids. Accordingly, these dimensions
alter the leaf index (Breadth/Lengthx 100, see Oomen 1948), which is signi-
ficantly higher in triploids than diploids. The leaves in triploids are thicker
than in diploids. There is also a direct correlation between increase in leaf
index, thickness and ploidy level.

TasLe IIT
Summary of some leaf characters

Leaf Stomata
Taxon o Numb,
. umber per .
Index Thickness (u) amit a.reI;.e Size (u)

Diploid

C. indica 45-9 550 10 30-4x11.0

C. flaccida 250 55-2 12 29-6 x 10-9

C. warscwiczit 34-0 59-7 10 30-6x 11-0

‘Janet’ 30-0 61-6 9 30-36x 114

‘Imperator’ 36-5 63-8 10 30-8x11-0

‘Rajaji’ 37-5 550 11 31-9x 10-34

¢ Ariel’ 378 59-7 10 29:7x 110

‘Yollow Gal’ 380 57-2 12 31-9x 11-0
Triploid

‘Plumne’ 50-8 72-6 10 32:78 x 11-88

‘President’ 45-9 77-0 8 33:0x13-2

‘Stromboli’ 51-6 70-4 9 32:39x12-1

‘Black Knight’ 40-4 792 7 32-78x 11-0

‘Pink Satin’ 49-6 74-8 9 33-0x 121

While stomatal number per unit area is higher in diploid cultivars than
in triploids, the size is directly correlated with ploidy level (Table III).

Blooming Period—Being a perennial plant, canna has potentialities to
bloom throughout the year. However, under Lucknow conditions most of
the elemental species and cultivars are unable to bear the extreme heat of
June. For the remaining period, both elemental species and cultivars show
a variable response. Following Misra (1959), the blooming period may be
divided into six seasons (Fig. 8). On the one hand is C. flaccida with highly
restricted flowering confined to 6 to 7 weeks in April and May while on the
other hand is C. warscwicziz which flowers for 11 months in a year. A

Figs. 9-13. Range in height in Canna species and cultivars. 9, C. Aaccida. x1/19;
10, C. warscwiczii., X 1/20; 11, ‘Star of India’. x1/10; 12, ‘Yellow Gal’. x1/12; 13, ‘King
Numbert’. x1/15.
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uniform response is seen in diploid cultivars like ‘Janet’, ‘Imperator’, ‘Rajaji’
and ‘Ariel’ which flower for nine months while triploids like ‘President’,
‘Gladiator’, ‘Pink Satin’ and ‘New Red’ flower for 10 months. No rigid
correlation is seen between blooming period and ploidy level in canna, although
property of polyploids in general is to flower late and have a prolonged
blooming period.

The time of opening of flowers is also variable. C. flaccida opens its
relatively large flowers in the early hours of evening (between 19 and 20
hours). Thus, it is more or less a night flowering species. On the contrary,
all the other cannas open early in the morning, towards dawn, between
5 and 6 hours.

Number of branches and flowers per inflorescence—Inflorescence is gene-
rally an erect raceme, but is a drooping panicle in C. iridiflora (Fig. 4). In
elemental species inflorescence is a simple raceme, generally more or less
lax and few flowered. On the other hand, cultivars have mostly branched,
many flowered and dense inflorescences (Table IV).

Flowers arise in pairs in most of the cases. The giant-flowered sterile
cultivars have rather lax inflorescences with a few large flowers. The number
of branches in one inflorescence may vary from one to as many as 8 which
follow one another and give the plant a distinctive appearance. In case
of cultivars of Candileabra Group (semsu Percy Lancaster 1967), there are

Tasie IV

Comparison of inflorescence characters

Number of Number of Number of Number of
Taxon branches per flowers per Taxon branches per flowers per
inflorescence  inflorescence inflorescence  inflorescence
Diploid

C. indica 8 58-60 ‘Lord Reading’ 3 56
C. flaccida 1 2-4 ‘Heart’s Desire’ 4 19
C. warscwiczii 7 4648 ‘Atom Bomb’ 4 46
‘Janet’ 2 18 ‘Prof. Thacker’ 4 64
‘Yellow Gal’ 2 20
‘Goliath’ 2 28 Triploid
‘Soldier Boy’ 2 30 ‘Plume’ 3 42
‘Calypso’ 2 34 ‘Stromboli’ 2 40
‘The Viceroy’ 2 40 ‘Pink Satin’ 2 25
‘Otomie’ 2 44 ‘Gladiator’ 3 46
‘Imperator’ 2 49 ¢ Alison’ 2 30
‘Enchantress’ 3 19 ‘Black Knight’ 2 35
¢ Ariel’ 3 21 ‘Indiana’ 2 11
‘The Queen’ 3 32 ‘Wintzer’s Colossal’ 2 14
‘Percy Lancaster’ 3 33 ‘New Red’ 2 16

3 41 ‘Queen of Italy’ 3 57

‘Rajaji’
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as many as 8 to 12 such branches. The branched types are preferred
because flowering is continued for a longer time and sometimes a single
inflorescence may remain in flowering condition for 1 to 2 months con-
tinuously.

Flower—Flowers are erect or pendulous, asymmetric and bisexual and
arise in the axil of a short bract. There are three small greenish sepals
which are more or less persistent. In the next row, alternating with the
sepals, are three long narrow but firm petals which may be green or coloured.
Next are five brilliantly coloured petaloid staminodia which are usually mis-
taken for petals. Of these, three are in the outer row and two in the inner, The
outer three are very broad and constitute the most showy part of the flower.
The inner two are narrow, one of these is deflexed and constitutes the lip or
labellum of the flower. The other is somewhat curled and bears a half
anther on one side. This is sometimes called as standard. Rarely the number
of petaloid staminodia may be 6 or 7 giving an impression of a double flower.

The half anther attached to inner staminodium has two pollen sacs.
The coloured style is somewhat thick, flat, broad and ribbon-like. It bears
a line of stigmatic tissue along its upper edge. The style in the sterile types
is usually relatively more flat than in the fertile types and sometimes may
even become thread-like and non-functional. This is seen in one cultivar
‘Aida’ in which style is normal in 23 per cent flowers but is bifurcated to
varying degrees in 77 per cent flowers. Out of the latter, nearly 15 per cent
have a completely bifurcated style. The 3-loculed ovary is inferior and is
covered with thick and sapy emergences. :

The entire flower appears to be tubular below. The ‘tube’ is actually
formed by the connate petaloid staminodia and length of this tube varies.
In C. iridiflora the tube is very long (Fig. 4) while in (. ¢ndica it is shorter
(Fig. 3). Even the style, which is totally free above, is adnate to the base
of the tube. Honey secreted by the septal glands on the partition walls in
the ovary is discharged into the base of staminodial tube through fine
openings.

The time of anthesis depends on temperature and humidity but generally
anthers dehisce in the bud condition about 12 hours before opening of the
flower. Dehiscence is very simple and takes place lengthwise. Pollen is
shed on the broad style.

Stigma becomes receptive in the morning before sunrise in all the
cultivars and elemental species except C. flaccida which is a nocturnal species
and in which case it is receptive in the late hours of evening. In both cases
the receptivity remains for 3 to 4 hours.

Flower colour—The basic colours for the genus Canna appear to be
red and yellow but cultivars show a great deal of variability in flower colour
to suit all tastes. In general, the cultivars belonging to the Crozy or French
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Dwarf Group have a very wide range of colours, from creamy-white, different
shades of yellow, pink, orange, red to deep maroon and all shades in between.
On the other hand, the Italian or Giant-flowered cultivars have a limited
number of shades, yellow spotted with red or orange and a few shades of red.

TaBLE V
Flower diameter and fertility

Diameter of the

Taxon flower (cm)
Diploid (Fertile)
C. indica 4-6
C. flaccida 7-9
C. warscwiczii 6-6
C. glauca 8-0
C. iridiflora 6-4
C. lutea 37
C. humilis 35
C. lagunensis 3-9
C. pallida 6-9
‘Primary Hybrid 1’ 59
‘Her Majesty’ 7-0
‘Otomie’ 8:8
‘Janet’ 9-0
‘Imperator’ 10-1
‘Percy Lancaster’ 10-5
‘Yellow Gal’ 11-0
‘Rajaji’ 11-6
‘Heart’s Desire’ 12-0
Diploid (Sterile}
‘Bharat’ 135
T'riploid (Sterile)
¢ Gladiator’ 10-5
‘Plume’ 10-6
‘Pink Satin’ 11-6
‘Black Knight’ 11-9
‘Stromboli’ 18-0
¢Alison’ 12-0
‘Queen of Italy’ 14-0
‘New Red’ 14-5
‘Indiana’ 16-2
‘Wintzer’s Colossal’ 21-0

The flowers may have a single colour or may be bicoloured, when latter
they may be spotted, blotched or margined.

Fias. 14-20. 14-18, range in flower size in some elemental species of diploid cultivars.
19-20, of triploid cultivars. 14, C. indica; 15, C. warscwiczii; 16, Primary Hybrid No. 1; 17,
‘Rajaji’; 18, ‘Bharat’; 19, ‘Plume’; 20, ‘ Wintzer’s Colossal’.
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Flower size—Data on flower diameter are summarized in Table V which
show that in general most of the elemental species possess very small flowers
(Figs. 14-15), notable exception being C. flaccida which has large flowers
(Fig. 6).

Within O. generalis, the F, or primary hybrids have small (Fig. 16)
while garden cultivars have large flowers (Figs. 17-20). Among the latter,
sterile types have in general larger flowers than those that are fertile.
‘Bharat’, a non-seeded cultivar, has the largest flower size (Fig. 18) among
diploids.

The cultivars with large flowers generally have lesser number of flowers
per inflorescence as compared to those with smaller flowers which have rather
compact inflorescences. Flower size also depends on the ploidy level. Tri-
ploids in general have larger flowers than diploids. The maximum flower
diameter of 21 em is found in ‘Wintzer’s Colossal’ which is a triploid (Fig. 20).

Duration of flower and waxy petal character—In general flowers of canna
are short-lived. Most of them shrivel and are dead by evening because of
fragility of the petaloid staminodia. The most short-lived flowers are of
C. flaccida, the character of which has passed to all the Ttalian or Giant-flowered
types which are the descendants of this species. In most of these, petaloid
staminodia are soft and fragile and wilt after a few hours.

One cultivar ‘Dream’ introduced in 1924 bears flowers that last for 2
to 3 days. The plants are dwarf, well formed and the flowers are rosy apricot
with a yellow margin which lose brilliance in colour with maturity but retain
their shape. Such petaloid staminodia have a waxy coating and are thicker
than ordinary varieties. This character appears to be recessive and has
been transferred to several hybrids. The flowers of this type form a compact
inflorescence giving the appearance of a bouquet.

CONCLUSIONS

A few general conclusions emerge from the foregoing survey of some
of the morphological characters. The elemental species are rather tall and
range in height from 89 to 500 cm. On the other hand, height in C. generalis
ranges from 50 to 160 cm only and selection appears to have been made for
dwarf habit. Within this species, diploid cultivars are taller than triploids.
Maximum number of tillers are found in elemental species particularly
C. warscwiczii, followed by diploid and triploid cultivars of C. generalis.

Leaves are larger, narrower and thinner in elemental species and diploids
of C. generalis while triploids of the latter species have shorter, broader and
thicker leaves. The former have many and smaller but the latter have fewer
and larger stomata.

Flower size is smallest in elemental species increasing progressively
in C. generalis from primary diploid hybrids, seeded diploid -cultivars,
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non-seeded diploid cultivars and finally it is largest in triploids. Even in
triploids the allo- or segmental allotriploids (Group II; Mukherjee and Khoshoo
1967) have the largest flowers.

It emerges from the above that from elemental species to diploid primary
hybrids, diploid cultivars and finally to triploid cultivars of C. generalis: in
general there has been a progressive decrease in height, decrease in number
of tillers per plant, decrease in leaf length, increase in leaf breadth and thick-
ness, decrease in number of stomata per uunit leaf area, increase in stomatal
size, shorter duration of blooming period and increase in flower diameter and
size of staminodia. '

The progressive increase or decrease in various characters may be as a
result of hybridization and/or polyploidy. Coupled with the physiological
effects associated with these factors, there has been selection by man for short-
sized but large-flowered and floriferous types.

The foregoing data show that the phenotypic transformation from wild
to the cultivated condition has involved reduction in plant height, change
in form and colour of leaves, spikes well above the foliage, free flowering,
erect flowers, increase in flower size and colour diversity, increase in thick-
ness of flower parts, durability of flowers and self-shedding flowers. These
characters together with the increase in cold hardiness have been responsible
for the shift of emphasis from canna as a foliage plant to canna as a colour-
ful and showy ornamental plant (Khoshoo and Mukherjee 19700). In general,
changes have followed the following order: elemental species, primary hybrids,
diploid cultivars and triploid cultivars. An account of the associated changes
in breeding system and in cytological and genetical properties will appear
elsewhere (Khoshoo and Mukherjee 1970, in press; Mukherjee and Khoshoo
1970, in press).
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