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2.1 Introduction

Pineapple can be counted among the major New
World contributions to global well-being, along with
major staples (maize, cassava, potato, and sweet
potato), legumes (beans), and vegetables (tomato, pep-
pers). It was a major Amerindian crop, being widely
cultivated in neotropical areas (Coppens d’Eecken-
brugge et al. 1997), and Colon (Columbus) observed
it as early as 1493 in his second voyage. From then on,
its unique and impressive characteristics, as well as the
drought resistance of its propagules, ensured its rapid
diffusion throughout the tropics, so it became a pan-
tropical crop in less than two centuries and accounted
for significant greenhouse production in Europe. Its
economic importance further developed along with
efficient preservation and transportation (Rohrbach
et al. 2003).

The importance of the international pineapple trade
has often overshadowed the even more important local
and national markets. Indeed, major producing
countries are also major consumers. National markets
have mostly differed in the predominance of the fresh
products and their wider genetic basis. While the
international market was long dominated by canned
pineapples of the “Smooth Cayenne” cultivar, national
and regional markets allowed the maintenance of
some cultivar diversity. Recently, the introduction of
new cultivars on the international market has boosted
global production up to 18 million tons in 2007,
increased market share for fresh fruit, and maintained
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an interest in genetic diversity of this crop (Loeillet
2008). In addition, a small market for ornamental
pineapple has developed on the basis of small, colorful
fruit types (Souza et al. 2006, 2009; Sanewski 2009).

Other products derived from the pineapple are a
very resistant silk-like fiber, processed into luxury
clothes or specialty paper, both of remarkable
thinness, smoothness, and pliability (Collins 1960;
Montinola 1991). Bromelain, a proteolytic enzyme
complex, is used as a meat-tenderizer and as a nutra-
ceutical with potential therapeutic activity on inflam-
matory changes, blood coagulation, debridement of
severe burns, drug absorption, and tumors (Taussig
and Batkin 1988).

2.2 Basic Botany of the Species
2.2.1 Morphology

The pineapple, Ananas comosus (L.) Merr., is a peren-
nial, herbaceous monocot of the family Bromeliaceae.
Pineapple leaves are spirally organized in a dense
rosette, around a short stem (Fig. 2.1). They are gen-
erally spiny; however, many cultivars show a partial or
complete absence of spines. The adult plant is 0.8—2 m
high and wide, depending mostly on leaf length. The
hormonal shift from vegetative to generative growth is
triggered by climatic factors, mainly day length and
temperature, the plant receptivity increasing with its
size and stress conditions. Flowering may be induced
artificially, by the application of ethylene or ethylene-
producing chemicals, to ensure crop uniformity. The
terminal inflorescence develops into a multiple fruit or
sorose, composed of 50-200 fruitlets, disposed around
its fibrous axis in a 5/13 (small fruits) or 8/21 (medium

C. Kole (ed.), Wild Crop Relatives: Genomic and Breeding Resources, Tropical and Subtropical Fruits, 21
DOI 10.1007/978-3-642-20447-0_2, © Springer-Verlag Berlin Heidelberg 2011



22

" 'P’Qﬁélq . :
S.pcﬁr;to

_/Sucker

Unfruited
ratoon sucke

Mother plant

Fig. 2.1 Structure of a pineapple plant (A. comosus var. como-
sus) showing the succession of vegetative cycles and different
types of planting materials for further vegetative propagation
(stem sucker, slip, and crown) (photograph courtesy Garth
Sanewski)

to large fruits) phyllotaxy, and borne on a peduncle of
variable length. The species reproduces mostly from
vegetative propagules that develop on the stem (stem
shoots and ground suckers), the peduncle (slips), and
the fruit top (crown). The type of planting material
determines the initial development of the root system
and the duration of the first crop cycle, which usually
varies between 12 and 24 months, depending on culti-
vars and temperature. After fruit maturity, slips can be
replanted or suckers may be left on the plant,
providing new growth axes for a further production
cycle. The latter is cheaper and shorter, as the plant is
already established; however, fruit size is reduced and
less uniform, so commercial cultivation is generally
limited to two or three production cycles.

As with other bromeliads, pineapples have
many adaptations related to water economy: CAM
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metabolism; leaf shape and arrangement, together
with aerial roots, favoring rain water collection and
absorption; a thick cuticle; and stomata disposed in
longitudinal furrows on the abaxial leaf surface, cov-
ered with dense shield-shaped trichomes. In addition,
the root system is weak, which is also common in a
family dominated by epiphytism.

Pineapple flowers are hermaphroditic and trimer-
ous, with three sepals, three petals, six stamens in two
whorls, and one tricarpellary pistil. The anthers are
bilobed, introrse, and dorsifixed. The style is hollow,
trilobed, trifid, almost as long as the petals and equal
or longer than the stamens. Petals are free, generally
white at their base to violet-blue at their tip. The
placentae and numerous ovules are located in the
three deep locules of the inferior ovary. These are
separated by three nectary glands, whose generous
production attracts a range of potential pollinators
including hummingbirds, the natural pineapple polli-
nators. The adjacent ovaries, bracts, and the inflores-
cence axis coalesce to form the fleshy compound fruit.

2.2.2 Sexual Reproduction, Genome,
and Cytology

A. comosus possesses a gametophytic self-incompati-
bility system, expressed by the inhibition of pollen
tube growth in the upper third of the style (Kerns
1932; Majumder et al. 1964; Brewbaker and Gorrez
1967). The most important cultivars of A. comosus
var. comosus are strongly self-incompatible; however,
many other cultivars have a weaker self-incompatibility
and may produce a few self-seeds. This phenomenon,
called pseudo-self-compatibility, is much more com-
mon in the other botanical varieties of A. comosus, and
the self-fertility of some clones is only slightly lower
than their cross-fertility (Coppens d’Eeckenbrugge
et al. 1993; Muller 1994). Ananas macrodontes is
highly self-fertile, and self-progenies are homogenous,
suggesting that this species is homozygous and autog-
amous.

The pineapple is diploid, with 50 minute chromo-
somes. Rare triploids, with 75 chromosomes, have also
been observed in A. comosus var. comosus and A. como-
sus var. ananassoides. The meiosis of diploids is normal,
with the formation of 25 bivalents, resulting in normal
tetrads (Heilborn 1921; Collins and Kems 1931;
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Capinpin and Rotor 1937; Lin et al. 1987; Dujardin
1991; Brown et al. 1997; Gitai et al. 2005). The for-
mation of a few giant unreduced gametes may result in
the production of natural triploids, which produce
mostly sterile pollen, and tetraploids (Collins 1933,
1960). Pollen viability is highly variable between vari-
eties, cultivars, and even between clones from the
same cultivar (Coppens d’Eeckenbrugge et al. 1993;
Muller 1994). Male and female fertility are correlated,
and generally lower in pineapples cultivated for fruit
(A. comosus var. comosus), with 0-5 seeds per flower,
than in other botanical varieties, where a single ovary
may give up to 18 seeds (Coppens d’Eeckenbrugge
et al. 1993; see also Leal and Coppens d’Eecken-
brugge 1996). The closest pineapple relative,
A. macrodontes Morren is a tetraploid (n = 100; Col-
lins 1960; Lin et al. 1987). It can be crossed with
A. comosus, yielding a few fertile seeds that give a
majority of tetraploids and some smaller and sterile
triploids, whose phenotype is intermediate between
parental species (Collins 1960).

Arumuganathan and Earle (1991) estimated the
haploid genome size at 444 Mbp for A. comosus var.
bracteatus and 526 Mbp for var. comosus.

2.2.3 Taxonomy

The genus Ananas belongs to the family Bromeliaceae,
a large family of 56 genera and ca. 2,600 species, whose
distribution is essentially American, the only exception
being the African species of Pitcairnia feliciana (Aug.
Chev.) Harms & Midbr., native to Guinea. It is further
classified in the subfamily Bromelioideae, where it
is unique in merging the whole inflorescence into a
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massive compound fruit. Pineapple is also the most
economically important bromeliad. Aechmea and Bro-
melia, two other genera of the Bromelioideae, also
include species yielding edible fruits, such as A. brac-
teata (Swartz) Grisebach, A. kuntzeana Mez, A. long-
ifolia  (Rudge) L.B. Smith & M.A. Spencer,
A. nudicaulis (L.) Grisebach, B. antiacantha Bertoloni,
B. balansae Mez, B. chrysabtha Jacquin, B. karatas L.,
B. hemisphaerica Lamarck, B. nidus-puellae (André)
André ex. Mez, B. pinguin L., B. plumieri (Morren)
L.B. Smith, and B. trianae Mez (Rios and Khan 1998).
These minor fruits are consumed locally, under names
such as cardo, banana-do-mato (bush banana), piriuela
(small pineapple), karatas, gravatd, or croata (generic
vernacular names for terrestrial bromeliads). In addi-
tion, many bromeliads are cultivated or gathered as
ornamentals, fiber extraction, or used in traditional med-
icine (Corré€a 1952; Purseglove 1972; Reitz 1983; Rios
and Khan 1998).

Pineapple taxonomy was recently revised and
simplified by Leal et al. (1998) and Coppens d’Eeck-
enbrugge and Leal (2003), on the basis of new data on
reproduction (Coppens d’Eeckenbrugge et al. 1993),
morphological (Duval and Coppens d’Eeckenbrugge
1993), biochemical (Garcia 1988, Aradhya et al.
1994), and molecular (Duval et al. 2001b) diversity.
The two genera and seven valid species of the previous
classification (Smith and Downs 1979) were down-
graded to two species and five botanical varieties.
Their correspondence is given in Table 2.1.

The tetraploid A. macrodontes (Fig. 2.2) is mainly
differentiated from A. comosus by the lack of a crown
at the top of the syncarpic fruit and by its vegetative
reproduction by stolons, although it will rarely exhibit
a rudimentary crown or produce shoots from the stem.
Its strong spines are retrorse at the leaf base, or even

Table 2.1 Correspondence between the current classification (Coppens d’Eeckenbrugge and Leal 2003) and the former one (Smith

and Downs 1979)

Coppens d’Eeckenbrugge and Leal (2003)

Smith and Downs (1979)

Ananas comosus (L.) Merril
A. comosus var. ananassoides (Baker) Coppens & Leal

A. comosus var. erectifolius (L.B. Smith) Coppens & Leal

A. comosus var. parguazensis (Camargo & L.B. Smith) Coppens & Leal

A. comosus var. comosus

Invalid (Leal 1990)

A. comosus var. bracteatus (Lindl.) Coppens & Leal
Ananas macrodontes Morren

A. ananassoides (Baker) L.B. Smith

A. nanus (L.B. Smith) L.B. Smith

A. lucidus Miller

A. parguazensis Camargo & L.B. Smith

A. comosus (L.) Merrill

A. monstrosus

A. bracteatus (Lindley) Schultes f.

Pseudananas sagenarius (Arruda da Camara) Camargo
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Fig. 2.2 Main distinctive traits of Ananas macrodontes: absence of a crown at the apex of the inflorescence and long floral bracts,
presence of retrorse spines on the leaves, and vegetative reproduction by stolons (photographs courtesy Garth Sanewski)

higher. The fruit flesh is low in acid and it contains
numerous seeds. The plant appears to be highly self-
fertile. The natural habitat of A. macrodontes corre-
sponds to humid forest areas, under semi-dense shade,
in coastal and southern Brazil and in the drainage of
the Paraguay and Parana rivers, from southeastern
Paraguay and northeastern Argentina up to Mato
Grosso (Coppens d’Eeckenbrugge et al. 1997). The
species even tolerates short periods of flooding
(Bertoni 1919). Baker and Collins (1939) reported
little variation for this species, while Bertoni (1919)
distinguished five varieties and Camargo (cited by
Reyes-Zumeta 1967) considered the possible distinc-
tion between three botanical varieties. Ferreira et al.
(1992) reported appreciable variation in a limited sam-
ple from Paraguay and southern Brazil, which was
confirmed by the restriction fragment length polymor-
phism (RFLP) study of Duval et al. (2001b). On the
other hand, Duval et al. (2003) observed only one
chlorotype among six accessions of the species.
When selfed, clones of A. macrodontes produce
uniform progenies (Collins 1960, and field observa-
tions by the authors).

Vernacular names for A. macrodontes include yvira
(fiber) in Paraguay, and gravatd de rede (fishing
net bromeliad), gravatd de cerca brava (wild fence-
bromeliad), or nana cagaba (strong-spine pineapple)
in Brazil, thus referring to traditional uses of the plant,
mostly as a source of long and strong fibers.

A. comosus var. ananassoides is the most common
and diverse form of wild pineapple, and it is the most
likely ancestor of the cultivated pineapple. It is found
in most tropical regions of South America east of the
Andes, generally in savannahs or clear forest, growing
on soils with limited water-holding capacity (sand,
rocks) and forming populations of variable densities.
In the Guianas, it can also be found, although rarely,

thriving in dense rain forest. In contrast, it is not found
in the seasonally flooded lands along the Amazon and
main southern tributaries, which seem to act as a
barrier dividing its distribution in two main areas: a
northern one corresponding to the Guiana shield, Ori-
noco Basin, and northern drainage of Rio Negro (i.e.,
from the Brazilian state of Amapa to eastern Colom-
bia), and a southern one roughly corresponding to
the Brazilian shield and northeastern Brazil (from the
Brazilian states of Acre, Mato Grosso up to Pernam-
buco and down to Paraguay, and northern Argentina).
A higher morphological diversity is observed in the
northern area (Fig. 2.3), where habitats also appear
more variable for the wild pineapples (Leal and
Medina 1995). In the south, they are mostly restricted
to wide areas providing an open and markedly dry
habitat (grass savannahs and low open forests)
(Fig. 2.4).

Most populations of A. comosus var. ananassoides
are monoclonal, but some are polyclonal, with varia-
tion of probably recent sexual origin (Duval et al.
1997). A. comosus var. ananassoides is characterized
by long and narrow leaves, up to 2 m long and less
than 4 cm wide, subdensely serrate with wholly
antrorse spines. The fruit peduncle is elongate (most
often more than 40 cm), slender (usually less than
15 mm wide). Its inflorescence is small to medium in
size, globose to cylindrical, and it shows little growth
after anthesis, so it has little flesh. The pulp is white or
yellow, firm and fibrous, and palatable, with a high
sugar and acidity content, with numerous seeds. In
contrast, the crown resumes fast growth after fruit
maturation, looking disproportionate in comparison
to the fruit. Some clones of the Guianas-Orinoco area
produce larger, fleshy fruits of intermediate size.
They are sometimes cultivated or tolerated in gardens.
Such pineapples may have served as a basis for



2 Ananas

25

Fig. 2.3 Variation for Ananas comosus var. ananassoides in
French Guiana: a small dwarf type from the rain forest; a fleshy,
relatively large fruit from a wild population growing on a rock

Fig. 2.4 A Ananas comosus var.
ananassoides in Mato Grosso (Brazil)
and its typically arid habitat
(photographs courtesy Geo Coppens
d’Eeckenbrugge)

&

domestication. At the other end, some dwarf types
have recently been cultivated as ornamentals for the
cut flower market, at both national and international
levels.

Vernacular names include ananai, or nanat, ananas
de ramosa (Brazil, Pard), curibijul, maya piron,
piniuela, and ananas do indio. Since pre-Columbian
times, the plant has been known for its digestive
properties, as well as a vermifuge, antiamoebic,
abortifacient, and emmenagog (Leal and Coppens
d’Eeckenbrugge 1996). Its fruits were consumed in
the Orinoco (Patifio 2002) and are still occasionally
consumed in the Guianas.

savannah; and an intermediate, semi-domesticated type in a
home garden (photographs courtesy Geo Coppens d’Eecken-
brugge)

A. comosus var. erectifolius is very similar to the
preceding variety. Plants are medium sized, with
abundant shoots, frequent crownlets at the base of
the main crown, numerous erect, fibrous leaves, and
a small, very fibrous, inedible fruit (Fig. 2.5). In some
clones, the fruit appears to be rare. The essential dif-
ference with A. comosus var. ananassoides lies in the
smooth leaves of A. comosus var. erectifolius, a trait
which is under monogenic control (Collins 1960).
A. comosus var. erectifolius is not known to occur in
the wild. It was cultivated in the West Indies at the
time of the contact with the European, and it is still
cultivated by the natives in the Guianas, including the
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Fig. 2.5 Fruit of Ananas comosus var. erectifolius (photograph
courtesy Garth Sanewski)

Orinoco basin, and in the north of the Amazon basin,
for the strong and long fibers associated with its typi-
cal erect habit. Indeed, the dry fibers constitute 6% of
the plant weight. They are used to make hammocks
and fishing nets (Leal and Amaya 1991), but now
suffer competition from synthetic fibers and nylon.
Vernacular names include curagua, curaud, curand,
kulaiwat, and pitte. The typical absence of spines
along the leaf margin, as well as its erect habit, is the
likely result of artificial selection for high yield of
easily extractable fibers among strains of A. comosus
var. ananassoides. The reverse mutation to spiny or
partly spiny leaves has been observed under cultiva-
tion and in germplasm collections. Genetic diversity
studies (Duval et al. 2001b, 2003) indicate that the
domestication process that produced A. comosus var.
erectifolius from A. comosus var. ananassoides has
taken place independently at different times and/or
places. This variety has recently found a new eco-
nomic use in the production of cut flowers.

The wild A. comosus var. parguazensis is also very
similar to A. comosus var. ananassoides, from which it
differs by wider leaves, slightly constricted at their
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Fig. 2.6 Ananas comosus var. parguazensis (photographs cour-
tesy Geo Coppens d’Eeckenbrugge)

base, and larger spines, some of them retrorse
(Fig. 2.6). Its distribution mostly corresponds to the
basins of the Orinoco and upper Rio Negro, with a few
observations in eastern Colombia and in the northeast-
ern Amazon (Coppens d’Eeckenbrugge et al. 1997). It
grows in lowland forests, under canopies of variable
densities, from clearings or river banks to dense forest.
As compared to A. comosus var. ananassoides, it
seems restricted to shadier environments, because of
lower water use efficiency (Leal and Medina 1995).
In A. comosus var. comosus, the most widely
cultivated pineapple and the basis of the world trade
in fresh and processed fruit, the syncarp grows very
significantly after anthesis, so the fruit are generally
very large (up to several kilograms in certain culti-
vars), with many fruitlets (“eyes”); they are borne on a
wide and strong, relatively short, peduncle. Seeds are
rare in the fruits, because of reduced fertility, conju-
gated with stronger self-incompatibility and monoclo-
nal cultivation. The plant has numerous wide leaves
(40-80), with antrorse spines, generally smaller and
denser than in other botanical varieties. They may be
suppressed by dominant mutations, as the one leaving
only a few spines near the leaf tip of cultivar “Smooth
Cayenne” or the one governing the folding of the
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lower leaf epidermis over the leaf margin (“piping”
phenotype), suppressing all spines but the terminal
one. The former mutation is more common in the
Guianas, while the latter is mostly found in the western
Amazon and in the Andes. These two regions also
exhibit a wider overall cultivar diversity (Duval et al.
1997, 2003).

The clearest effects of domestication in A. comosus
var. comosus consist in the reduced susceptibility to
natural flowering induction, together with the forma-
tion of a larger number of wider, and generally shorter,
leaves, a wider and longer stem allowing a larger
starch storage capacity, a significant increase in the
number of flowers, the enlargement of individual
fruits, and reduced seed production through the com-
bination of lower sexual fertility and stronger self-
incompatibility. In the cultivars where the reduction
of female fertility, i.e., the proportion of ovules pro-
ducing a seed, is not very severe, it can be counter-
balanced by the higher number of flowers. In any case,
as vegetative reproduction is largely dominant in the
genus, this reduced sexual potential affects the plant
survival less than the changes in the vegetative organs
and the plant vegetative cycle. Strictly speaking, the
domestication syndrome in this botanical variety lies
in its lack of adaptation to the natural conditions pre-
vailing for the wild varieties. Pineapple plants from
most cultivars can survive when their cultivation is
abandoned, resisting competition in sufficiently open
vegetation and even dry edaphic or climatic condi-
tions; however, they do not propagate efficiently to
form subspontaneous feral populations.

A. comosus var. comosus was planted throughout
tropical America at the time of the Conquest. Its fruit
was widely consumed and particularly appreciated in
the form of fermented drinks (Patifio 2002). Other
traditional uses are the same as for A. comosus var.
ananassoides. Rotted pineapple was used on arrows
and spear heads for poisoning (Leal and Coppens
d’Eeckenbrugge 1996).

A. comosus var. bracteatus is particular as this
variety is an assemblage of two cultivated forms that
show the same geographic distribution as A. macro-
dontes and that are morphologically and genetically
intermediate between the two Ananas species
(Fig. 2.7). The most common one, corresponding to
A. bracteatus sensu Smith & Downs, is a cultigen that
was cultivated as a living hedge and harvested for fiber
and fruit juice, or for traditional medicine, in southern
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Fig. 2.7 The most common form of Ananas comosus var.
bracteatus (photograph courtesy Garth Sanewski)

Brazil and Paraguay (Bertoni 1919). Indeed, its dense,
long, and wide leaves are strongly armed by large
antrorse spines, forming impenetrable barriers. It is
very robust and still thrives in abandoned plantations,
but it seems unable to colonize new habitats. The
syncarp is of intermediate size (0.5-1 kg), borne by a
strong scape, and covered by long and imbricate floral
bracts, as in A. macrodontes. These bracts are bright
pink to red at anthesis, giving the inflorescence a
spectacular appearance. Indeed, a variegated mutant
has been widely propagated as a tropical garden orna-
mental. Morphological and genetic variations appear
very limited in this first form, being comparable to
within-cultivar variations (Duval et al. 2001b, 2003)
and suggesting a very narrow origin, possibly a single
genotype. The second form, corresponding to A. fritz-
muelleri Camargo, shares an additional trait with
A. macrodontes, as it exhibits retrorse spines at the
leaf base. According to Camargo (1943) and Smith
and Downs (1979), it was also used in living fences.
It is a very rare form, whose diversity has not been
documented, only one clone being conserved in Brazil,
by EMBRAPA and the botanical garden of Rio de
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Janeiro. Nuclear and chloroplast DNA data confirm its
closer proximity with A. macrodontes. The chromo-
some number is 2n = 2x = 50 (Camargo 1943).

2.2.4 Capacity for Invasiveness

Although pineapples are hardy plants with good
drought tolerance, they achieve this through a high
stomatal resistance and hence slow growth rate. Gen-
erally, they have a weak root system and have not
established as weeds of significance despite being
grown commercially in many countries. Reproduction
of most commercial cultigens is almost exclusively
through vegetative propagules, which can only be
distributed through human or animal intervention or
extreme environmental events such as flooding. Wild
varieties such as A. comosus var. ananassoides are
known to be seedy. However, viability of seed and
that of vegetative propagules is substantially reduced
after 6 months. All these factors mean it is unlikely
that pineapples would become weeds in nature.

2.3 Conservation Initiatives

Pineapple genetic diversity has long been underesti-
mated. Most cultivars that formed the basis of its
worldwide cultivation were collected in the Caribbean
or near the northern shores of South America.
“Smooth Cayenne” was collected in French Guiana
and “Queen” in Barbados (although it might have been
also brought from French Guiana, where it is a tradi-
tional cultivar of the natives). We do not know the
origin of “Singapore Spanish”, the third common cul-
tivar in Asia. Commercial cultivation in tropical
America has been dominated by a few regional culti-
vars, as “Red Spanish” in the Caribbean (now mostly
limited to Venezuela), “Monte Lirio” in Central
America, “Perolera” in the Andes of Colombia and
Venezuela, and “Pérola” in Brazil. The many cultivars
that were collected in the West Indies for glasshouse
cultivation in Europe (Loudon 1822) have been lost.
To our knowledge, only a handful of them have been
recovered in the germplasm collections of Trinidad
and Tobago and that of Cuba, and similar systematic
collecting should be undertaken in other islands, as
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well as in Central America, particularly where the
commercial planting of “Smooth Cayenne” and,
more recently that of “MD-2”, has not displaced
home garden production.

In South America, the first effort for collecting and
conserving pineapple germplasm was initiated by the
exploration of southern Brazil and Paraguay, by Baker
and Collins (1939). This area was chosen because it
was supposed to be the region of origin and domesti-
cation, as stated by Bertoni (1919). Baker and Collins
confirmed the existence of wild pineapples in this area,
but never explored the Amazon basin north of Mato
Grosso, which fed a circular reasoning about a south-
ern origin of the pineapple, still biasing very recent
literature. This view was seriously challenged in 1981,
when Leal and Antoni (1981) showed that northern
South America exhibited a larger number of botanical
varieties (then considered as different species). This
was confirmed by extensive collecting expeditions in
Venezuela, Brazil, and French Guiana (Leal et al.
1986; Ferreira et al. 1992; Duval et al. 1997) and
preliminary observations in Suriname (Suriname
1995). In addition, national collections were estab-
lished in Colombia and Peru, gathering cultivars
adapted to contrasting conditions, from the Amazon
to steep slopes of the Andes (Bello and Julca 1993;
Hernandez and Montoya 1993).

As could be expected, pineapple genetic erosion
has been particularly severe in southeastern Brazil
and Paraguay, because of deforestation and agricul-
tural intensification. The situation is very different for
wild forms in less densely populated areas of the
Amazon or the Orinoco, as they often thrive in open
areas, on soils with limited water-holding capacity
(sandy hills and shallow soils around rocks), or even
in forest conditions, where they do not compete with
agriculture. Preservation of cultivated forms depends
on the proximity of markets. While Tikuna farmers of
the Upper Amazon may cultivate more than a dozen
landraces in small plots, for their own consumption or
for small village markets, most caboclos around Man-
aus grow two or three more common cultivars in larger
fields. Thus, the possibility of in situ conservation of
most native germplasm diversity is limited to remote
areas, where genetic erosion would be very difficult to
monitor. On the other hand, Coppens d’Eeckenbrugge
et al. (1997) proposed an effort of rigorous clonal
selection in regional cultivars, to optimize their char-
acteristics and enhance their attractiveness for growers
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and consumers, in terms of adaptation, resistance, and
market diversification. Similarly, the exploration and
characterization of germplasm from the “deep” Ama-
zon would certainly be rewarding, allowing the identi-
fication of competitive robust cultivars and an
expansion of the genetic basis of commercial pineap-
ple cultivation.

Field conservation has constituted the most serious
option for pineapple germplasm conservation so far.
The most important collections, in terms of numbers
and diversity of forms and geographic origins, are
those that were established directly from field collect-
ing, i.e., those of EMBRAPA in Brazil, CIRAD in
Martinique, INIA in Venezuela, and USDA in Hawaii.
Other smaller but important collections are main-
tained in Cote d’Ivoire, Malaysia, Okinawa, Taiwan,
and Australia. All field collections face problems
about funding continuity. This may be particularly
true for the two smaller collections of Colombia and
Peru, which harbor unique materials with particular
adaptations.

Concerning procedures for field conservation, Cop-
pens d’Eeckenbrugge et al. (1997) have described the
procedures followed at the CIRAD collection in Mar-
tinique. Biotechnology, on the other hand, provides
alternative or complementary methods for ex situ con-
servation, through tissue culture and/or cryoconserva-
tion. Tissue culture techniques also offer the
opportunity for rapid propagation while providing
the convenience of medium- and long-term storage
of germplasm and facilitating its safe distribution
(Smith et al. 2005).

Low temperature (16-20°C) and low sugar (1.5%
glucose) culture medium have been used to extend
subculture times for up to 4 years (Sugimoto et al.
1991). Zee and Munekata (1992) observed that reduc-
ing the nutrient salts in the culture medium to one
fourth was successful for medium-term (12 months),
low-input maintenance of pineapple cultures. For
long-term storage, cryopreservation has been utilized.
Gonzalez-Amao et al. (1998) demonstrated that
pineapple shoot apices could be preserved in liquid
nitrogen following pre-treatment and the use of cryo-
protectants. A problem with methods only based on
tissue culture, however, is the need of regularly
controlling the variation induced by mutation, a phe-
nomenon that is particularly important in the pineap-
ple (Collins 1960). Its monitoring is complicated and
delayed because the resulting plantlets behave more
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like seedlings than field-multiplied material, so a sup-
plementary cycle of traditional multiplication is
required.

Pineapple seeds can maintain viability for 2 years
or more in dry and cool conditions, opening the possi-
bility of a pineapple seedbank, provided that proper
methodology and procedures can be optimized. Seed
cryoconservation should also be tested. Economic
seed conservation techniques would be particularly
interesting for wild germplasm and primitive land-
races. For more advanced material, their interest is
more limited, as the objective is the conservation of
clones, presenting particular genetic combinations.

2.4 Role in Elucidation of Origin
and Evolution of Pineapple

The use of molecular biology in recent decades has
provided key elements on the origin and domestication
of pineapple.

2.4.1 Phylogeography

The first studies were conducted using enzymatic sys-
tems and evidenced a high polymorphism in the genus
(80-100%), with a strong heterozygosity on a sample
including an important number of accessions collected
in Venezuela (Garcia 1988). Another study on the
USDA collection (missing representatives of wild
populations from the north of the Amazon) indicated
that 86% of the total variation was found within botan-
ical varieties (then considered distinct species), under-
lining a moderate genetic divergence (Aradhya et al.
1994). Both studies evidenced a clear separation of a
group constituted by A. comosus var. bracteatus sensu
Smith & Downs and A. macrodontes.

A first genetic study (Noyer 1991) showed a low
cytoplasmic diversity, with only one polymorphic pro-
be—endonuclease combination out of 56 tested on 75
accessions covering a wide A. comosus diversity.
Polymorphism was then investigated at the nuclear
rDNA level and six groups were identified. The largest
group includes clones of the varieties comosus (all
except one), parguazensis, and ananassoides from
Venezuela. A. comosus var. bracteatus accessions
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formed a second group. Other groups correspond to
one or two accessions (Noyer et al. 1998).

Following joint French—Brazilian pineapple pro-
specting expeditions to explore genetic diversity in
the genus, a nuclear DNA RFLP analysis was con-
ducted on a sample of 301 accessions, most of these
collected in South America with a large distribution
range (Duval et al. 2001b). High levels of variation
were found within A. macrodontes and the wild forms
A. comosus var. ananassoides and A. comosus var.
parguazensis. Genetic diversity varied within
cultivated forms, ranging from very low (A. bracteatus
sensu Smith & Downs), to very high (A comosus var.
erectifolius). The structure of genetic diversity
appeared loose. A. macrodontes separated well but
shared 58.7% of the markers with Ananas and was
very close to the diploid A. fritzmuelleri Camargo.
Within Ananas, only A. comosus var. parguazensis
accessions form a consistent cluster. The scattering
of botanical varieties and the occurrence of intermedi-
ate forms indicates a very probable gene flow, which is
consistent with the lack of reproductive barriers
between them.

Chloroplast restriction site variation was then used
to study a subsample of 97 accessions of Ananas
chosen for their genetic diversity and 14 accessions
from other genera of the Bromeliaceae for phyloge-
netic purposes (Duval et al. 2003). No sister group was
evidenced among these bromeliads. A. macrodontes
and A. comosus varieties were represented by 11 hap-
lotypes and formed a monophyletic assemblage with
three strongly supported groups. Two of these groups
are consistent with the nuclear data analysis and with
geographical data.

The first group includes the tetraploid A. macro-
dontes, represented by only one haplotype and the
diploid A. fritzmuelleri Camargo, both from the south
of the subcontinent and adapted to low light condi-
tions. The contrast in A. macrodontes exhibiting high
nuclear but low cytoplasmic diversity favors
the hypothesis of a recent speciation process by auto-
polyploidization. The nature of its parental relation-
ship with A. fritzmuelleri Camargo is difficult to
evaluate because of the extreme rarity of the latter
(no accession could be recovered during the 1990s
prospecting expeditions).

The second group includes the majority of A. como-
sus var. parguazensis accessions, all from the Rio
Negro region. The third and largest group includes
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cultivated forms, A. comosus var. comosus and
A. comosus var. erectifolius, as well as wild forms,
A. comosus var. ananassoides, and the remaining
accessions of A. comosus var. parguazensis, from the
whole Ananas distribution range.

The comparison of molecular data obtained using
uniparentally and biparentally inherited markers indi-
cate hybridization between these groups in the Rio
Negro region, as well as the hybrid status of A. brac-
teatus sensu Smith & Downs from the south.

2.4.2 Domestication Processes

Pineapple was domesticated more than 3,500 years
ago, as shown by archaeobotanical remains dated
from 1200 to 800 Bc (Pearsall 1992) and glottochrono-
logical data indicate that the crop has been highly
significant to Mesoamerican people for more than
2,500 years (Brown 2010). A likely time frame for
the divergence between wild and cultivated pineapple
lies between 6,000 and 10,000 years Bp. Yet, it has not
resulted in such a clear morphological or genetic dif-
ferentiation as to make it a different species.

Molecular studies and morphological observations
have suggested a two-phase pathway for the domesti-
cation and differentiation of the cultivated pineapple.
Indeed, two hot spots for cultivated A. comosus var.
comosus diversity were found. The first one rests in the
eastern Guiana Shield and hosts a wide nuclear and
cytoplasmic diversity along with a number of interme-
diate forms between A. comosus var. comosus and the
wild A. comosus var. ananassoides that is commonly
observed in the forest. These intermediate forms are
noticeable by their variation in fruit size. These data
point out this region as a likely primary center of
domestication for the fruit. The second hot spot lies
in the upper Amazon. No wild or intermediate forms
have been found in this region, which appears as an
important center of diversification of agriculture
(Schultes 1984; Clement 1989) and could be a center
of diversification for the domesticated pineapple. The
plant would have been brought there by humans,
which allowed for completion of the domestication
process while in the absence of counteracting gene
flow from wild forms.

A. comosus var. erectifolius is cultivated for its
fiber and is morphologically very similar to the variety
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ananassoides, except for the smooth character of the
leaf. Its very high genetic diversity, scattering in the
phenetic and phylogenetic trees, and proximity with
various ananassoides genotypes, generally from the
same origins, indicate that the variety erectifolius
evolved directly from the variety ananassoides fol-
lowing convergent domestication processes in various
places.

The third cultivated pineapple, A. bracteatus sensu
Smith & Downs, is limited to the southeast of the
subcontinent where it is grown as a fence. This form
is very homogenous, displays the most common cyto-
plasmic haplotype shared with other cultivated forms
and the variety ananassoides, and shares nuclear mar-
kers specific to the southern group constituted by
A. macrodontes and A. fritzmuelleri Camargo. These
data point out this form as a hybrid between represen-
tatives of these two groups.

2.5 Role in Development of Cytogenetic
Stocks and Their Utility

Some commercial cultivars of local importance such
as the Puerto Rican “Cabezona” are triploid (Lin et al.
1987). Furthermore, some wild clones such as the
ananas dos indios population from Aguas Emendadas,
near Brasilia, have seedless fruit that appear larger
than those of other wild clones in this region (Dujardin
1991). Indeed, the production of 0-6.5% of diploid
gametes, in diploid plants, results in the spontaneous
formation of triploids and, more rarely, tetraploids.
The latter produce about 90% viable pollen, through
regular meiosis, and when crossed with diploid plants,
they produce a few viable seeds, giving vigorous,
healthy tetraploid seedlings (Collins 1960). Despite
this vigor, polyploidy in itself does not look promising
for pineapple breeding. Autotetraploids of “Smooth
Cayenne” have a vegetative growth period 5 weeks
longer than diploids and give smaller fruits with fewer,
but larger, fruitlets and lower sugar content; however
self-incompatibility is not affected (Collins 1960).
Collins (1933) emphasized the possibility of pro-
ducing triploids by exploiting chromosome non-reduc-
tion in the pistillate parent to retain all the characters
of a good heterozygote, avoiding sexual recombina-
tion, and adding new genes and characters to an exist-
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ing cultivar. However, spontaneous triploidization
appears too infrequent and unpredictable for its
exploitation.

When A. comosus is crossed with A. macrodontes,
5-10% of the seeds formed are viable and give hybrids
that are tetraploid, vigorous, highly fertile, and self-
fertile. A few rare triploids, which are smaller, sterile,
and resemble more the tetraploid parent, are also pro-
duced (Collins 1960).

2.6 Role in Classical and Molecular
Genetic Studies

2.6.1 Morphological and Agronomic
Traits

As observed by Collins (1960), hybridizations
between botanical varieties are comparable with
crosses between cultivars of A. comosus var. como-
sus, so there is no limit in transferring traits from one
form to the other. The most investigated one con-
cerns the presence of spines along the leaf margin,
a very important trait as far as crop management
is concerned. Collins and Kerns (1946) have shown
that it is mainly governed by two genes, S and P, and
their results have been corroborated at CIRAD in
Martinique and at EMBRAPA in Brazil (Cabral
et al. 1997). The recessive s allele determines the
common spiny phenotypes. The dominant S allele
determines the “spiny tip”’ phenotype, with only par-
tial spininess, often concentrated at the leaf tip, as in
“Smooth Cayenne”. The third allele of the series is
Se, which is found in A. comosus var. erectifolius. It
is dominant over both S and s. The P gene, only
found in cultivars, controls the “piping” character,
which consists in the folding of the lower epidermis
over the leaf margin, resulting in a complete absence
of spines. It is dominant, with an epistatic effect upon
the S gene. According to Collins (1960), a third gene,
named B, interferes with the S gene. Its dominant
allele, present in A. comosus var. bracteatus, would
have determined a 3:1 spiny/“spiny tip” phenotypic
ratio and a similar ratio in one F, family. However,
the same cross was repeated in Martinique, produc-
ing a 1:1 ratio, as expected from the segregation of
the S gene only.
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Another simple genetic trait concerns the presence
of high anthocyanin density, giving the plant a dark
red color. Its effect is so clear that it can be easily
differentiated from the quantitative effects of minor
genes for the red pigmentation. The dominant dark red
allele can be found in A. comosus var. erectifolius, as
well as in a few cultivars of A. comosus var. comosus
(e.g., “Roxo de Tefé” and “Red Mundo Nuevo”). The
major genes for spininess and anthocyanins are not
linked (Cabral et al. 1997).

Acid and sugar content are higher in A. comosus
var. ananassoides than in A. comosus var. comosus.
Their hybrid progenies segregate widely for these
traits, with values that are intermediate for acidity,
but closer to the wild parent, particularly for sugar
content. Their fruits have very pleasant flavors.
When A. comosus var. erectifolius is used as a parent,
fruits of the hybrid can be even sweeter, with refracto-
metric indices commonly above 20°Brix. However,
these fruits are smaller and highly fibrous. The gain
in sugar content is generally lost in subsequent back-
crosses onto A. comosus var. comosus, as fruit size
increases to more normal levels. Collins and Hagan
(1932) observed that the progeny from a cross between
such a wild pineapple and cv. Smooth Cayenne
retained its high tolerance to the root-knot nematode
Meloidogyne javanica. On the other hand, comparable
levels of tolerance are found in some cultivars. This
and other examples of pest and disease resistance
breeding are discussed in Sect. 2.7.

When A. comosus var. bracteatus is used as a
parent, larger fruits are obtained, weighing from 0.56
to 3.20 kg, with a wide range of variation in flavor
(Collins 1960; Geo Coppens d’Eeckenbrugge unpub-
lished). In addition, these three varieties present inter-
esting characters of rusticity, such as a strong root
system, resistance to nematodes, wilt, heart rot, and
root rot, which are transmitted to the hybrid progenies
(Collins 1960).

Interspecific hybrids within Ananas present an
intermediate morphology, with crowned fruits and
shoots from the stem as well as from short stolons.
Their leaf margins are wavy like those of their
A. macrodontes parent, some with the same large
spines. When the cultivated parent bears a mutation
suppressing spines, these tetraploid hybrids segregate
for this trait. They are self-fertile, as their A. macro-
dontes parent, and produce very seedy fruits. Back-
crossing to A. comosus var. comosus reduces this high
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fertility and increases morphological variation, with
some plants approaching the backcross parent (Collins
1960).

2.6.2 Molecular Genetics and Genome
Mapping

Carlier et al. (2004) published the first pineapple
genetic map and used the two-way pseudo-testcross
approach to construct two individual maps of botani-
cal varieties comosus and bracteatus using a segregat-
ing population of 46 F, individuals from fully fertile
crosses between the two varieties. To construct the
map, a combination of three different types of markers
was used: random amplified polymorphic DNAs
(RAPDs), amplified fragment length polymorphisms
(AFLPs), and intersimple sequence repeats (ISSRs).
The A. comosus var. comosus map contained 157
markers (33 RAPDs, 115 AFLPs, eight ISSRs, and
the piping locus) with 30 linkage groups, 18 of
which assembled four markers or more (Carlier et al.
2004). A relatively large percentage (43%) of markers
remained unlinked, a fact perhaps reflecting the small
size of the mapping population. This map covered
approximately 31% of the A. comosus var. comosus
genome estimated as 4,146 cM with a calculated ratio
of 127 kb/cM for the relationship between physical
and genetic distance. In the case of A. comosus var.
bracteatus, 50 linkage groups were established con-
taining 335 markers (60 RAPDs, 264 AFLPs, and 11
ISSRs) with 26 linkage groups containing at least four
markers. In this case, map coverage is approximately
57.2% of the genome calculated as 3,693 cM with a
ratio of 120 kb/cM.

Since the publication of the first A. comosus linkage
map, selfing of one of the F, plants at the CIRAD
collection at Martinique has produced an F, popula-
tion for further mapping. J. Leitao’s group has greatly
improved the quality and resolution of the genetic map
and new versions have been published (Carlier et al.
2007; Botella and Smith 2008). The linkage groups
shown in the latest map gather a total of 651 markers,
with 505 AFLP, 124 RAPD, 20 simple sequence
repeats (SSRs), 1 express sequence tag (EST), and 1
morphological trait (piping).

With respect to pineapple genes that have been
isolated, cloned, and characterized, these include an
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ACC synthase and an ACC oxidase (Cazzonelli et al.
1998); a NAD'-dependent malate dehydrogenase
(Cuevas and Podesta 2000); ananain (Carter et al.
2000); a Cu/Zn-superoxide dismutase (Lin et al.
2000); two distinct polyphenol oxidases (Stewart
et al. 2001); and the cysteine protease inhibitor cysta-
tin (Shyu et al. 2004). A retrotransposon-like
sequence, repeatedly integrated in the genome in mul-
tiple variable sequences and still potentially capable of
transposing (Thomson et al. 1998), and the genomic
sequence coding for bromelain inhibitors (Sawano
et al. 2002) have also been isolated and characterized.
Moreover, recent studies on genes involved in root
development (Neuteboom et al. 2002) and in fruit
ripening and nematode-root interactions (Moyle
et al. 2005a, b, 2006) have resulted in a very large
number of sequenced ESTs.

2.7 Role in Crop Improvement Through
Traditional and Advanced Tools

As there are no reproductive barriers among botanical
varieties of A. comosus, wild and semi-domesticated
pineapple germplasm may bring considerable varia-
tion for the benefit of pineapple breeding. Hybridiza-
tion generates a wide variation in most traits, which
opened prospects for new shape and colors for the fruit
(Fig. 2.8), the introduction of resistance/tolerance
traits into the main crop, and also the perspective of

Fig. 2.8 Example of variation obtained
through hybridization of the large-fruited
A. comosus var. comosus (upper right) with
small-fruited wild or primitive pineapples
(photograph courtesy of Garth Sanewski)
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exploiting wild pineapple germplasm in the ornamen-
tal plant market.

2.7.1 Characters of Interest in Hybrid
Breeding for the Fruit

Wild pineapple is highly efficient in its vegetative
propagation, multiplying from stem suckers, slips,
the crown, and even multiple crowns. Suckering is
still important in A. comosus var. bracteatus and is
particularly spectacular in A. comosus var. erectifo-
lius. However, vegetative multiplication must be lim-
ited by the breeder in A. comosus var. comosus to
obtain only a few basal stem suckers, allowing a fur-
ther cultivation cycle or providing strong material for
planting anew.

Tolerance to drought is remarkable in A. comosus
var. ananassoides. However, an ample range of toler-
ance also exists among cultivars, and the use of a
tolerant cultivar such as “Perola” would save the
extra cost of several backcross generations.

The highest potential of hybrid breeding between
botanical varieties lies in the transfer of resistance/
tolerance to major pests and diseases. Thus, clones of
A. comosus var. ananassoides, A. comosus var. erecti-
folius, and A. macrodontes are thought to exhibit
levels of resistance to the nematodes Rotylenchulus
reniformis and Meloidogyne javanica, allowing very
low levels of nematode reproduction (Ayala 1961;
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Ayala et al. 1969; Sipes and Schmitt 1994). It is
difficult, however, to test for relative differences in
genetic resistance to nematodes because of the under-
lying genetic differences in plant growth parameters
and responses to environment. Various methods of
quantifying the effect of nematode challenge have
been reported for pineapple including assessment of
number and distribution of galls or lesions, as well as
the effect on root and plant growth. The difficulty of
assessment is probably partially responsible for
conflicting assessments of genetic resistance and/or
tolerance in pineapple.

In early work by Collins and Hagan (1932), an
A. comosus var. comosus X A. comosus var. ananas-
soides hybrid progeny called “Lot 520” was consid-
ered as highly tolerant of the nematode, Meloidogyne
sp. Although it was infected by the nematode, there
were few galls and plant and root growth were little
affected. Ayala et al. (1969) also reported that
A. comosus var. ananassoides has good resistance to
infection by M. incognita and R. reniformis. Sarah
et al. (1997) tested A. comosus var. ananassoides,
A. comosus var. parguazensis, A. comosus var. brac-
teatus, and many A. comus var. comosus clones for
resistance to Pratylenchus brachyurus and found none
were clearly resistant, whereas A. comosus var. como-
sus “Perola” was the least affected. Dinardo-Miranda
et al. (1996) tested 13 varieties, mainly clones of
A. comosus var. comosus for resistance to M. incog-
nita, and found that only “Huitoto” could be consid-
ered as a poor host. Sipes and Schmitt (1994) reported
on the most comprehensive study and found A. como-
sus var. ananassoides and “Lot 520” supported high
levels of both M. javanica and R. reniformis. In that
study, “Smooth Cayenne” was the most tolerant vari-
ety. Soler et al. (2009) found the A. comosus var.
comosus hybrid “MD-2” displayed little impact on
vegetative growth following infection by R. renifor-
mis. One clone of A. comosus var. ananassoides was
also found to tolerate infection very well and another
moderately well. Williams and Fleisch (1993)
reported that the A. comosus var. comosus hybrid
clone “57-3” displays little growth suppression when
infected with nematodes.

A review of the various studies indicates that there
are conflicting reports regarding genetic resistance.
Usually, the more comprehensive studies suggest that
there are probably no genotypes that resist infection by
any species of nematode to any extent, but some
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genotypes tolerate infection better than others. Often
the varieties with the least vegetative growth depres-
sion will be those with a relatively smaller vegetative
mass (Williams and Fleisch 1993). The domesticated
A. comosus var. comosus clones of “Perola” and “Cay-
enne”, as well as many hybrids, appear to offer some
tolerance as do some clones of A. comosus var. ana-
nassoides. The latter is suspected of exhibiting some
resistance. Given the large diversity within A. comosus
var. ananassoides, it would not be surprising to find
more examples of genetic tolerance to nematode, but
the usefulness of this for breeding is questionable
given the primitive nature of theses clones. Resistant
clones would, however, have significant use in molec-
ular studies.

Resistances to the root pathogens Phytophthora
cinnamomi and Phytophthora nicotianae var. parasi-
tica are also reported for wild varieties of pineapple.
This work was started by the Pineapple Research
Institute (PRI) in Hawaii in 1936. Tests of various
hybrids developed by the PRI indicated a level of
resistance particularly in hybrids involving A. como-
sus var. bracteatus and A. comosus var. ananassoides.
As a consequence, an expedition to South America
was undertaken in 1937 to collect wild species and
landraces that could be used for resistance breeding
(Anderson and Collins 1949). From 1936 to the 1960s,
many cultivars with resistance to P. cinnamomi and or
P. nicotianae var. parasitica were developed by the
PRI from the germplasm collected in South America.
Of the germplasm collected, A. macrodontes was con-
sidered the most resistant, almost immune, but devel-
oping commercially acceptable varieties with it as a
parent was very slow. No commercial varieties using
A. macrodontes were ever developed despite a domi-
nant resistance mechanism, mainly because of the
poor fruit quality. A. comosus var. bracteatus was
considered highly resistant and progress in breeding
commercial types using it was relatively quick.
A. comosus var. ananassoides was moderately to
highly resistant and proved to be the most useful
parent (Collins 1953). Most of the P. cinnamomi and
P. nicotianae var. parasitica resistant varieties devel-
oped have approximately one-sixteenth A. comosus
var. ananassoides in their parentage (Williams and
Fleisch 1993). A. comosus var. erectifolious had a
similar level of resistance as A. comosus var. ananas-
soides, but was a poor parent for other agronomic
characteristics. No resistant, commercial varieties
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with A. comosus var. erectifolious parentage were
developed. The A. comosus var. comosus varieties
“Red Spanish” and “Pernambuco” were also moder-
ately resistant and contained many good agronomic
traits (Smith 1966). Using these varieties, the PRI
breeding program incorporated heart rot and root rot
resistance into many varieties all with a reasonable
complement of other desirable agronomic characters.
This was achieved by backcrossing an F; progeny onto
a commercial variety, usually one with a high propor-
tion of “Smooth Cayenne” genes, over two to three
generations (Collins 1953). While none of these vari-
eties are grown commercially today, many would be
worthwhile parents for use in breeding where P. cin-
namomi or P. nicotianae var. parasitica resistance is a
targeted trait. Some of these varieties are held by the
University of Hawaii (Williams and Fleisch 1993).
Resistant varieties include “PRI-10388” syn. “Spanish
Jewel,” “PRI-59-656,” “PRI-52-323,” and “PRI-61-
2223”7 (Smith 1965; Rohrbach and Johnson 2003).
Two of these, “PRI-59-656" and “PRI-52-323,” were
grown commercially on a small scale in Hawaii before
improved chemical control methods and high yielding
“Smooth Cayenne” clones became available
(Williams and Fleisch 1993).

While most resistant varieties developed had
A. comosus var. ananassoides in their parentage,
some resistant varieties were derived from two appar-
ently susceptible parents. Resistance was considered
quantitative and additive (Smith 1966). Varieties
could differ in their susceptibility to both P. cinna-
momi and P. nicotianae var. parasitica (Johannessen
and Kerns 1964). The variety “59-656” is claimed to
possess good resistance to both the pathogens (Smith
1965).

2.7.2 Characters of Interest in Hybrid
Breeding for Ornamental Plants

The family Bromeliaceae is well recognized for its
extraordinary diversity and ornamental appeal. How-
ever, until very recently, Ananas has not been
exploited significantly as an ornamental, as was the
case of a great number of other genera in the family.
Small but increasing quantities of Ananas plants and
blooms are now being marketed in various countries
for their ornamental appeal, usually A. comosus var.
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bracteatus “Tricolor” and A. comosus var. erectifo-
lious “Selvagem 6” (Fig. 2.5). Both these varieties,
while currently commercially exploited, have limita-
tions and do not incorporate the breadth of ornamental
potential within the Ananas gene pool. There remains
exciting potential for further breeding. Breeding pro-
grams for ornamental pineapple are reported for
Brazil, Australia, France, and Malaysia (Duval et al.
2001a; Chan 2006; Souza et al. 2006, 2009; Sanewski
2009).

Several markets exist for ornamental Ananas pro-
ducts, each with an emphasis on different plant char-
acteristics. These markets include the cut-flower
market for pre-petal syncarps, miniature fully formed
fruit, and attractive cut foliage (F. Vidigal personal
communication). The landscape or potted plant market
will also take plants with ornamental fruit or foliage
characteristics.

For attractive blooms, A. comosus var. bracteatus is
good for imparting a bright red coloration to the syn-
carp and A. macrodontes will impart a pink color.
A. comosus var. erectifolious “Selvagem 6” is a good
parent for obtaining smooth reddish leaves, including
those in the crown. An example of this hybrid is shown
in Fig. 2.9.

For miniature fruit, A. comosus var. ananassoides is
a good parent, as is A. comosus var. erectifolious. It is
important that the small fruit has a strong attachment
to a long (50 cm), thin stem and the crown is well
formed with no side shoots. Large fruits and fruit on a
short stem are less useful in flower arrangements.

Potted or landscape plants should have an attractive
foliage, possibly variegated or reddish in color with
smooth leaf margins. A dwarf, clumping habit is desir-
able for potted plants. An attractive syncarp and mini-
ature fruit are also desirable. Again, A. comosus var.
ananassoides, A. comosus var. erectifolious, and
A. comosus var. bracteatus are excellent parents.

Of all the Ananas, A. comosus var. ananassoides
displays considerable diversity in fruit and leaf color
and appearance. The collection of Ananas held by
EMBRAPA holds accessions highly suited as parental
stock (Souza et al. 2006). Interspecific crosses also
show ornamental interest (Fig. 2.9), and the potential
for utilizing other genera might also exist. Most Bro-
meliaceae contain the same diploid number of 50
chromosomes as Ananas (Brown et al. 1997). Success-
ful intergeneric hybrids with Ananas are reported
for Aechmea, Cryptanthus, Neoregelia (Anonymous
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Fig. 2.9 Two smooth-leaved hybrids obtained from crosses
between A. comosus var. bracteatus and A. comosus var. erecti-
folius (left), or a “piping” leaved A. comosus var. comosus

2007), and Tillandsia (Valds et al. 1998). Many of the
other genera of Bromeliacae exhibit greater diversity
of foliage morphology and color than do Ananas, but
none produce an attractive small fruit. The potential
for combining the interesting decorative fruit form of
Ananas and more striking foliage morphology and
color might therefore exist.

2.7.3 Advanced Tools for Crop
Improvement

Protoplast culture and somatic hybridization, as a tool
for introgression of genes, have had no impact on
pineapple improvement to our knowledge. There has
been a successful attempt to isolate protoplasts of the
cultivar “Perolera” (Guedes et al. 1996), but plant
regeneration was not achieved.

Pineapple transformation, however, offers the possi-
bility to make small targeted changes to the recipient
plant’s genome and is seen as an excellent strategy for
genetic improvement. A review of pineapple transfor-
mation has recently been published (Ko et al. 2008) and
methods involving the introduction of recombinant
DNA to pineapple cells and tissues via Agrobacterium
tumefaciens-mediated transformation and direct gene

cultivar with A. macrodontes (right), both selected for the cut-
flower market (photographs courtesy of Garth Sanewski)

transfer through microprojectile bombardment are
reported. Biolistics has been used to deliver genes con-
ferring herbicide resistance (Sripaoraya et al. 2001) and
blackheart resistance (Ko et al. 2006) into ‘“Smooth
Cayenne.” Other groups focused on using Agrobacter-
ium to introduce ACC synthase genes to control ripen-
ing (Firoozabady et al. 2006; Trusov and Botella 2006).

Despite these advances, consumer resistance to
transgenic fresh fruit is limiting wider use of this
technology. Incorporation of only native genes from
wild relatives and with expression only in plant parts
not intended for consumption is the approach worth
considering. In addition, before businesses and institu-
tions will have freedom to operate with transgenic
lines, intellectual property ownership must be ascer-
tained, and strategies put in place to ensure plants are
free from encumbrance, which would otherwise
restrict the sale of product.

2.8 Genomics Resources Developed

The amount of genomic data in databases is still
scanty, despite the economic importance of pineapple,
but has been increasing in the last few years. A search
for pineapple genomic data through the National
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Center for Biotechnology Information (NCBI) (http://
www.ncbi.nlm.nih.gov) found about 60 microsatellite
and other DNA marker loci from var. bracteatus and
over 5,700 ESTs from var. comosus. About 140 SSR
markers have also been published on EMBL database
(http://srs.ebi.ac.uk), the main contributors being the
Biotechnology Research Institute of Malaysian Sabah
University for 76 SSRs (Kumar et al. unpublished) and
CIRAD in France with 50 SSRs (Blanc et al. unpub-
lished). Also, recently an entire collection of ESTs was
generated during an investigation into fruit ripening
and nematode—plant interactions during root invasion
(Moyle et al. 2006) and has been made publicly avail-
able by an online pineapple bioinformatics resource
named “PineappleDB” (http://www.pgel.com.au).

2.9 New Perspectives for Commercial
Development

The pineapple yields many products in addition to the
edible fruit. Crude extracts from the fruit, stem, and
leaves yield several proteinases, mainly bromelain but
also ananain (Rowan et al. 1988; Lee et al. 1997) and
macrodontain’s I and IT (Lopez et al. 2001). Bromelain
has demonstrated broad bioactivity including antiede-
matous, anti-inflammatory, antithrombotic, fibrino-
lytic, immunomodulatic ~(Maurer 2001), and
anthelminthic (Aye et al. 1996; Hordegen et al.
2006). Innovative studies where Chinese cabbage
plants were transformed with a bromelain construct
demonstrated enhanced resistance to a bacterial soft
rot (Jung et al. 2008). Fiber extracted from the pineap-
ple leaf is processed into paper, cloth, and composite
plastics (Hepton and Hodgson 2003). The domesti-
cated A. comosus var. comosus is the predominant
source of these products primarily because it is
cultivated on a large scale for fruit, making the extrac-
tion of additional compounds cost-effective. The
primitive forms of pineapple have, however, been
traditionally used in similar ways by indigenous peo-
ple of South America. A. comosus var. ananassoides is
the principal wild pineapple. A drink made from the
fruit of the wild ananassoides is considered by some
indigenous Amazonian tribes to have an abortive
effect and this activity has been supported by clinical
studies (Nakayama et al. 1993). A. comosus var. ana-
nassoides is also commonly used in central Brazil for
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gastric pain. Recent studies (Silva et al. 2008) have
demonstrated antiulcerogenic properties, which sup-
port this traditional use. A. comosus var. erectifolious
could be considered as semi-domesticated and is now
grown on a commercial basis for its leaf fiber (Ledao
et al. 2009). The “Curaua” leaf fiber has traditionally
been used for twine, cloth, fishing line, nets, ham-
mocks, etc. (Boom and Moestl 1990; Leal and
Amaya 1991), but is now being tested in biocompo-
sites with potential for the automotive industry (Zah
et al. 2007).

2.10 Concluding Remarks

The indigenous people of South America have led the
process of domestication and selection of the pineap-
ple with so much success that only a few hybrid fruit
cultivars have been produced through systematic
breeding out of tropical America (Leal and Coppens
d’Eeckenbrugge 1996). To adapt the crop to intensive
cultivation and current standards, modern plant bree-
ders attempt to remove the remaining undesirable
“wild” traits such as natural flower initiation, small
fruit size, excessive vegetativeness and long peduncles
from parental stock. There appears limited scope,
however, to revisit the use of most of the wild clones
in breeding programs for fruit production as their
phytomorph is highly unsuited to modern, efficient
fruit production systems. A. comosus var. ananas-
soides in particular, while represented by a diverse
range of clones, is too primitive in form to be of
immediate use in fruit breeding. Its homozygotic ten-
dencies for spiny leaves, vegetative growth character-
istic and generally small, often unpalatable fruit are
highly unsuited. Hybridization to improve on these
characteristics would require many generations and
almost all the desirable characteristics are already
present in more commercially suited A. comosus var.
comosus clones. Collins (1960) estimated that one
generation and four backcrosses taking 20-25 years
would be needed to produce commercial types from
wild clones. This delay might be slightly shortened if
clones with larger and fleshier fruits from northern
South America are considered. A. comosus var. brac-
teatus, on the other hand, is less homozygotic for wild
traits when used as a parent with A. comosus var.
comosus clones and fewer generations are needed so
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it might have greater potential for use in breeding.
Finally, it must be kept in mind that several hybrids
resulting from ancient programs of introgression of
genes from wild varieties still exist in germplasm
collections.

Many of the useful resistance traits are probably
polygenic making gene acquisition difficult. While
this might be the current picture, it is also possible
that some useful resistance traits remain undiscovered
as very few of the wild clones have ever been inves-
tigated. Most have only been collected in recent times.
The increasing pressure toward more environment-
friendly cultivation methods may soon give a much
higher priority to the research on mechanisms and
sources of resistances.

While the potential use of wild types for fresh fruit
breeding awaits detailed characterization of collec-
tions, many are immediately useful for other purposes.
As an example, many of the A. comosus var. ananas-
soides, A. comosus var. bracteatus, A. comosus var.
erectifolious, and A. macrodontes are highly suited to
the production of ornamental varieties. The other
industrial and pharmaceutical uses are yet to be fully
investigated.

There is no doubt that the Ananas collections
held in various centers are an unexploited resource
that needs further investigation to realize their full
potential.
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