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ABSTRACT

Floral morphological characters are studied in different commercial cultivars and local varieties of Ananas comosus. Eleven 
qualitative and ten quantitative characters were scored for assessing floral morphological variations. Among the different 
qualitative characters studied, the colour of the peduncle bract, floral bract and the bract leaves below the inflorescence showed 
major variations than the others. The quantitative floral characters that shown significant variations were peduncle length, 
peduncle diameter, peduncle bract number, peduncle bract length, number of flowers, bract length, sepal length, petal width and 
style length. Pollen grains appeared as monads and biporate in all the varieties studied. Medium sized pollen grains were present 
in all varieties except A. comosus cv. Amritha. In all the four commercial cultivars, pollen grains were subprolate but in A. 
comosus var. bracteatus it was prolate spheroidal. Exine ornamentation was foveolate in all the four cultivars but it was reticulate 
in A. comosus var. bracteatus – red and foveolate to reticulate in A. comosus var. bracteatus– green.
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INTRODUCTION key differentiating markers that indicate the diversity among 

different varieties of pineapple. The study and analysis based 
Ananas comosus (L.) Merr. is a tropical, herbaceous, 

on the above characters is further safeguarded from the effects 
perennial monocot plant that belongs to the family 

of any possible changes in different geographic and 
Bromeliaceae. Ananas comosus var. comosus is the most 

environmental conditions by the study of pollen 
widely cultivated pineapple and is the basis of the world trade 

morphological characters. The aim of the present study is to 
in fresh and processed fruit. India has emerged as the fourth 

analyze the floral and pollen morphological characters to 
largest pineapple producing country of the world. Though 

differentiate different commercial cultivars and local varieties 
pineapple is cultivated and consumed in Kerala (Chadha et al. 

of pineapple. It will help in the selection of parents for 
2013), the large scale production is hampered by the shortage 

hybridization for desirable traits. 
of land. This difficulty can be overcome by the popularization 

and cultivation of high yielding and disease resistant MATERIAL AND METHODS
cultivars. It requires the morphological characterization and 

In the present study, four commercial cultivars of A. 
selection of better varieties among the existing ones in Kerala. 

comosus var. comosus ('Mauritius', 'Kew', 'MD2' and 
In the present study, four commercial cultivars of A. comosus 

'Amritha') and two local varieties (Ananas comosus var. 
var. comosus and two local varieties viz. A. comosus var. 

bracteatus - red and Ananas comosus var. bracteatus - green) 
bracteatus - red and A. comosus var. bracteatus - green are are collected from different localities of Kerala and 
selected to analyze the floral morphological variability. maintained in the Botanic garden, Department of Botany, 
Though the latter two varieties are not cultivated University of Kerala, Kariavattom, Thiruvananthapuram. 
commercially, they are grown as a living hedge and harvested 

Morphological characterization of the inflorescence and for fibre and fruit juice (Bertoni 1919) and are potential 
flowers are carried out. Thirteen qualitative traits and 10 candidates in crop improvement programmes. The importance 
quantitative traits, based on the descriptors developed by the of morpho-genetic characterization of cultivated and wild 
International Board for Plant Genetic Resources (IBPGR, 

relatives of pineapple was reported by Valencia and 
Rome), are scored in all the varieties (Table 1). The data on 

Alcasid (2014). According to them, the morpho-genetic 
both qualitative and quantitative characters are recorded on 

characterization is useful in pineapple breeding programme, 
ten flowers in each variety. The measurements were taken 

particularly in the identification of parental lines, 
using standard ruler. The data obtained are subjected to 

characterization of germplasm, fingerprinting and statistical analysis using SPSS 16.    
maintenance of genetic variation in the pineapple

Pollen grains were collected from freshly dehisced  germplasm. 
anthers for analyzing the pollen morphological characters. Observations on floral macromorphological characters 
The pollen grains were acetolysed by the method of Erdtman such as bract colour, bract length and number of flowers are 
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(1960). Acetolysed grains for light microscopic observations cultivar 'MD2', green in cultivars 'Kew' and 'Amritha' and A. 
were stored in glycerine, those for SEM analysis were instead comosus var. bracteatus - green. Peduncle bract colour is 
stored in absolute alcohol. Light microscopic preparations green with red base in cultivar 'Mauritius', dark green with red 
were made by mounting the acetolysed pollen grains in base in  cultivar 'Kew', green with white base in cultivar 'MD2' 
glycerine gelly; slides obtained were observed at the light and A. comosus var. bracteatus - green, greenish red with red 
microscope using the “Image analyzer” software (Leica DM base in cultivar 'Amritha' and A. comosus var. bracteatus – red. 
2000).    Inflorescence bract colour is red in cultivar 'Mauritius', dark 

red in cultivar 'Kew' and A. comosus var. bracteatus – red, 
Table 1– List of qualitative and quantitative characters selected for 

light pink in cultivar 'MD2', greenish red in cultivar 'Amritha' the study.
and greenish white in A. comosus var. bracteatus - green. 

Sl. No. Qualitative characters Quantitative characters Floral bract colour is red in cultivar 'Mauritius' and cultivar 
'Amritha', dark red in cultivar 'Kew' and A. comosus var. 1 Peduncle colour Peduncle length
bracteatus – red and greenish white in A. comosus var. 2 Peduncle bract colour Peduncle diameter
bracteatus – green. Bract edge aspect is smooth in cultivar 3 Colour of bract leaves  present Peduncle bract number

below the inflorescence 'MD2' and dentate in other varieties studied.  Sepal colour is 
4 Presence of floral bract Peduncle bract length greenish pink in cultivar 'Mauritius', cultivar 'MD2' and 
5 Floral bract colour Number of flowers per cultivar 'Amritha', greenish red in cultivar 'Kew' and A. 

 inflorescence
comosus var. bracteatus – red and greenish white in A. 

6 Bract shape Floral bract length
comosus var. bracteatus -  green. 7 Presence of trichomes on bract Sepal length

8 Bract edge aspect Petal length The quantitative floral characters showing significant 
9 Presence of sepals Petal width variations are peduncle length, peduncle diameter, peduncle 
10 Sepal colour Style length bract number, peduncle bract length, number of flowers, bract 
11 Petal shape length, sepal length, petal width and style length. The 
12 Petal colour peduncle length varies from 9.8 to 23.5cm. The longest 
13 Presence of adnate anther  peduncle length was noticed in A. comosus cv. Kew and lowest 

in A. comosus var. bracteatus – red. The peduncle diameter For SEM analysis, pollen grains were placed directly to 
ranges from 1.94 to 2.42 cm. Highest number of peduncle stubs with double sided adhesive tape and coated with gold, 
bracts is found in cultivar 'Kew'. Peduncle bract length also photomicrographs were taken using Scanning Electron 
showed significant variation among different varieties. It is Microscope (JEOL JSM 6390). For each pollen grain, polar 
highest in A. comosus var. bracteatus - green (37.28 cm) and length (P), equatorial diameter (E), P/E ratio, lumen width, 
lowest in cultivar 'Amritha' (17.66 cm). In the different muri width, pore diameter and exine thickness were detected. 
varieties studied, the maximum number of flowers per The terminology for pollen description is adopted from Nair 
inflorescence is found in cultivar 'Amritha' and lowest in (1970) and Walker and Doyle (1975). The classification 
cultivar 'Kew'. Floral bract length is highest in A. comosus var. proposed by Erdtman (1945) is used for the determination of 
bracteatus – red. Sepal length, petal length and petal width size classes.
also showed significant variation in different varieties studied. 

RESULTS AND DISCUSSION
Maximum sepal length, petal length and petal width are 
observed in cultivar 'MD2'. Variation in style length is noticed Floral morphology — Floral morphological characters of
among the varieties studied. Longest style length is noticed in the selected cultivars and local varieties of Ananas comosus 
cultivar 'Mauritius' and lowest in cultivar 'Kew'.indicate variations in both qualitative and quantitative 

characters.  The varieties differed in seven qualitative and The application of floral morphological descriptors to 
nine quantitative characters. The variability in floral characterize different commercial cultivars and local varieties 
characters is listed in Table 2 and 3. The inflorescence of pineapple revealed the variation among them and it helps in 
morphology of selected cultivars and local varieties are shown the identification of different cultivars and local varieties. The 
in Fig. 1 significant floral morphological variation between the 

commercial cultivars and local varieties is the presence of The qualitative floral morphological characters showing 
attractive long bracts which cover the fruitlets.  All the four variations are peduncle colour, Peduncle bract colour, colour 
commercial cultivars selected ('Mauritius', 'Kew', 'MD2'and of the bract leaves present below the inflorescence, floral bract 
'Amritha') are coming under A. comosus var. comosus, show colour, bract edge aspect, sepal colour and petal shape. The 
variations in floral morphology as also  reported by  de Souza peduncle colour is dark green in  cultivar 'Mauritius' and 
et al. (2011). From the different characters selected for the 
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Table 3- Quantitative floral morphological characters (ACMR- A. comosus cv. Mauritius, ACK-A. comosus cv. Kew , ACMD- A. comosus cv. MD2, 
ACA- A. comosus cv. Amritha, ACBR- A. comosus var. bracteatus- red, ACBG- A. comosus var. bracteatus- green) 

Name of PL (cm) PD PBRN PBRL NOF BRL (mm) SPL PTL PTW STL 
taxa (cm) (cm) (mm) (mm)  (mm) (mm)

b c a cACM 16.60±0.60 2.42 ± 6.0 ± 0.00 27.40 ± 112.60±5.75 20.00±0.31 7.40 ± 19.4 ±  2.80 ± 19.8 ± 
a b cd bc c a0.56 3.67 0.24 0.24 0.20 0.37

a a c cACK 23.50±0.42 1.94 ± 10.4±0.24 34.82 ± 67.00 ± 3.89 19.80± 0.37 8.80 ± 20.4 ±  4.60 ± 11.8 ± 
b a ab b b c 0.06  0.88 0.48 0.75  0.24 0.37

b b b bcACMD 16.60±1.67 2.02 ± 6.8 ± 0.49 23.28± 91.80 ± 3.20 21.20±0.37 9.84 ± 22.2 ±  6.80 ± 18.2 ±
b bc a a a a0.09 0 .44 0.21 0.37  0.20  1.32

b b a dACA 15.86±0.69 2.00 ± 8.4 ± 0.24 17.66 ± 119.60±12.63 16.60±0.24 8.40 ± 19.00 ±  4.0 ± 16.2 ± 
b d bc c b b0.09 0.19 0.40 0.37 0.00 0.58

c b a aACBR 9.80 ± 0.68 2.16 ± 7.6 ± 0.51 22.30 ± 118.20 ± 5.57 24.60 ±1.50 9.60 ± 17.6 ±  4.60 ± 14.6 ± 
b cd a d b b 0.05 .89 0.50 0.24  0.24 0.40

b b ab bACBG 18.16±0.27 1.98 ± 6.8 ± 0.49 37.28 ± 107.60± .44 22.20±0.80 7.00 ± 20  ±  4.6 ± 15.2 ± 
b a e bc b b 0.08 1.81 0.32 0.32  0.24 0.73

PL-Peduncle length, PD- Peduncle diameter, PBRN-Peduncle bract number, PBRL- Peduncle bract length, NOF- Number of flowers, BRL- Bract 
length, SPL- Sepal length, PTL- Petal length, PTW- Petal width, STL- Style length

Table 4 – Quantitative and qualitative morphological characters of pollen grain (ACMR- A. comosus cv. Mauritius, ACK- A. comosus cv. 
Kew, ACMD- A. comosus cv. MD2, ACA– A. comosus cv. Amritha, ACBR- A. comosus var. bracteatus- red, ACBG- A. comosus var. bracteatus- green) 

Name     P (µm)     E (µm) P/E Exine Lumina Muri Pollen Ornamentation 
of taxa thickness width width shape

(µm) (µm) (µm)

ACM 33.79± 1.58d 27.33 ± 0.39b 1.24 1.16 ±0.06a 1.09±0.15a 0.92±0.13ab Sub prolate Foveolate

ACK 36.59±0.95cd 32.05±0.77b 1.14 1.34± 0.19a 0.98±0.03a 0.77±.03ab Sub prolate Foveolate

ACMD 41.74± 1.19c 34.31± 0.27b 1.22 1.12±0.12a 1.03±0.13a 1.00±.08a  Sub prolate Foveolate

ACA 63.32± 3.38a 51.97± 2.69a 1.22 1.14±0.03a 1.29±0.29a 0.72±0.02b Sub prolate Foveolate

ACBR 34.99±0.83cd 32.52± 1.18b 1.08 1.19±0.09a 1.17±0.11a 0.78±0.10ab Prolate spheroidal Reticulate

ACBG 53.19± 3.02b 49.30± 3.71a 1.08 1.28±0.04a 1.28±0.26a 0.94±0.07ab Prolate spheroidal Foveolate to
 reticulate

P-Polar length, E-Equatorial length

Table 2- Qualitative floral morphological characters  (ACMR- A. comosus cv. Mauritius, ACK-A. comosus cv. Kew , ACMD- A. comosus cv. MD2, 
ACA- A. comosus cv. Amritha, ACBR- A. comosus var. bracteatus- red, ACBG- A. comosus var. bracteatus- green) 

Characters ACMR ACK ACMD ACA ACBR ACBG

Green with red 
PC Dark green Green Dark green Green mottling Green

Green with red Dark green with Green with Greenish red with Greenish red with Green with
PBRC  base  red base white base  red base  red base  white base
CBRLBIN Red Dark red Light pink Greenish red Dark red Greenish white
PFLBR Present Present Present Present Present Present
FBRC Red Dark red Pink Red Dark red Greenish white
BRS Triangular Triangular Triangular Triangular Triangular Triangular
PTBR Absent Absent Absent Absent Absent Absent
BREA Dentate Dentate Smooth Dentate Dentate Dentate
PSP Present Present Present Present Present Present

Red with green Pink with green Pink with green Pink with green Red with green Greenish 
SPC  base  base  base  base  base white
PS Lanceolate Oblanceolate Lanceolate Lanceolate Spathulate Spathulate
PTC Dark violet Light violet Purple Dark violet Dark violet Dark violet
PAA Present Present Present Present Present Present

PC - Peduncle colour, PBRC - Peduncle bract color, CBRLBIN - Color of the bract leaves below the inflorescence,  PFLBR - Presence of floral 
bract,  FBRC - Floral bract colour, BRS - Bract shape, PTBR - Presence of trichomes on bract, BREA - Bract edge aspect, PSP - Presence of 
sepals, SPC - Sepal colour, PS - Petal shape, PTC - Petal colour, PAA - Presence of adnate anther
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Fig. 1A-F- Inflorescence morphology of different commercial cultivars and local varieties of Ananas comosus. A. A. comosus cv. Mauritius (scale-
9cm) B. A. comosus cv. Kew (scale-6cm) C. A. comosus cv. MD2 (scale-6cm) D. A. comosus cv. Amritha (scale-10cm) E. A. comosus var. bracteatus-
red (scale-11cm) F. A. comosus  var. bracteatus-green (scale-10cm).
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highest and peduncle diameter, number of flowers per 
inflorescence and style length are lowest in cultivar 'Kew'. 
Number of flowers per inflorescence is high in cultivar 
'Amritha'.  With the increase in the number of flowers, the 
number of fruitlets and consequently the weight of the fruit 
increases.  These quantitative characters help to identify the 
cultivars.
Pollen Morphology — Qualitative and quantitative pollen 
morphological characters are shown in Table 4. In A. comosus 
cv. Mauritius, the pollengrains are biporate, medium sized, 
subprolate and organized in monads (Fig. 2A). Exine 
ornamentation is foveolate and  heterobrochate (Fig. 2B). The 
pore diameter is 6.31 µm, the polar length (P) is 33.79 µm, 
equatorial diameter (E) is 27.33 µm, the exine thickness is 
1.16 µm and diameter of the lumina is 1.09 µm. Pollen grains 
are medium sized, subprolate and biporate organized in 
monad, in A. comosus cv. Kew (Fig. 2C). Exine ornamentation 
is foveolate and heterobrochate (Fig. 2D). Gemmae like 
projections are present in the lumina. Pore diameter is 5.05µm, 
the polar length (P) is 36.59µm and equatorial diameter is 
32.05 µm, exine thickness is 1.34µm, lumina diameter is 0.98 
µm. In A. comosus cv. MD2, pollengrains are organized in 
monads, medium sized, prolate and biporate (Fig.2E). Exine 
ornamentation is foveolate and heterobrochate (Fig.2F). 
Gemma like structures are present in the lumina. Here the pore 
diameter is 6.8µm, polar length (P) is 41.74µm, equatorial 
diameter (E) is 34. 31µm, exine thickness 1.12 µm and 
diameter of the lumina is 1.03µm. In A. comosus cv. Amritha, 
pollengrains are organized in monads, large sized, subprolate 
and biporate (Fig.2G). Exine ornamentation is foveolate and 
heterobrochate having gemma like projections in the luminar 
floor (Fig.2H).  The pore diameter is 5.04 µm, polar length (P) 
is 63.32 µm, equatorial diameter (E) is 51.97 µm, exine 

study, peduncle bracts, bract leaves present below the thickness 1.14µm and luminar diameter is 1.29 µm. In A. 
inflorescence and floral bracts showed the major variations in comosus var. bracteatus- red, pollengrains are organized in 
both colour and size. The peduncle bract colour is green with monads, medium sized, prolate spheroidal and biporate (Fig 
white base in cultivar 'MD2' and A. comosus var. bracteatus – 2I). Exine ornamentation is reticulate and heteorbrochate 
green, which is very different from the ordinary pineapple.  In (Fig.2J). The polar length is 34.99 µm, equatorial length is 
all other varieties peduncle bract, inflorescence bract and 32.52 µm, exine thickness is 1.19 µm and diameter of the 
floral bract have reddish colour. Commonly, in pineapple, the lumina is 1.17 µm. In A. comosus var. bracteatus- green, 
stage of inflorescence emergence is called red heart due to the pollengrains are organized in monads, large sized, prolate 
presence of these reddish peduncle bracts (Purseglove 1972, spheroidal and biporate (Fig. 2K). Exine ornamentation is 
Coppens de' Eeckenbrugge and Leal 2003).     foveolate to reticulate and heterobrochate having gemmae like  

The quantitative floral morphological characters also projections  in the luminar floor (Fig. 2L). The polar length (P) 
vary significantly among the varieties studied. Peduncle is 53.19 µm and equatorial diameter (E) is 49.30 µm, exine 
length varies among the varieties with maximum in cultivar thickness is 1.28 µm and luminar diameter is also 1.28 µm.
'Kew'. But short (8 to 12 cm) or medium (13 to 19 cm) sized In the present study, it is observed that the pollen grains 
peduncle was noticed in other commercial cultivars and local are bilaterally symmetrical and biaperturate (biporate) in 
varieties. Short to medium fruit peduncle helps to bear ripe Ananas comosus. This agrees with the findings of 
fruits (Chadha et al. 2013).  In the present study, it is observed Bartholomew et al. (2003). Pollen grains are of medium size in 
that peduncle bract length and peduncle bract number are all cultivars and local varieties except A. comosus cv. Amritha. 

Fig 2. A-L. SEM photographs of pollen grains and their exine 
ornamentations of different commercial cultivars and local varieties of  
Ananas comosus. A-B. A. comosus cv. Mauritius C-D.  A. comosus cv. 
Kew. E-F. A. comosus cv. MD2. G-H. A. comosus  cv. Amritha. I-J. A. 
comosus var. bracteatus-red. K-L. A. comosus var. bracteatus- green 
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In this cultivar the pollen grains are of large size. The cultivar Duval MF, Noyer JL, Hamon P and Coppens D'Eeckenbrugge 
'Amritha' is a hybrid between 'Kew' and 'Ripley Queen'. G 2000. Study of variability in the Genus Ananas and 
According to some palynologists, hybrids have larger pollen Pseudananas using RFLP. Acta Hortic 529 123–131.
grains than their parents (Rhee et al. 2005, Wrońska-Pilarek et 

Erdtman G 1945. Pollen Morphology and Taxonomy III al. 2013., Rizaeva et al.1985) . Pollen shape is sub prolate in 
Morina L. with an addition on pollen morphological all the four cultivars. But it is prolate spheroidal in the case of 
terminology. Svensk . Botanisk. Tidskr. 39 187-191.A. comosus var. bracteatus as reported by Wee and Rao 

(1979). All varieties showed biporate pollen grains, this agrees Erdtman G 1960. The acetolysis method, a revised 
with Halbritter (1992) and Silva et al. (2016), which also description. Svensk. Bot. Tidskr. 54 561-564.
reported biporate pollen grains in the subfamily 

Halbritter H 1992. Morphologie und systematische Bromelioideae and in A.comosus var. bracteatus respectively. 
Bedeutung des Pollens der Bromeliaceae, Grana, 31(3) In the present study, the exine ornamentation is foveolate in all 
197-212. the four commercial cultivars but is reticulate in A. comosus 

var. bracteatus - red and is foveolate- reticulate in A. comosus 
Nair PKK 1970. Pollen morphology of angiosperms- a 

var. bracteatus- green, as reported by Silva et al. (2016). 
historical and phylogenetic study. Vikas publishing 

While Halbritter (1992) reported instead, reticulate and 
house, Delhi, India.

foveolate exine ornamentation in Bromeliaceae. In the present 
study, it is clear that in all the four commercial cultivars Purseglove JW 1972. Tropical crops. Monocotyledons. 
selected, the pollen shape and exine ornamentation are Longman, London. Pp. 607.
subprolate and foveolate respectively. In the two local 

Rhee HK, Cho HR, Kim KJ and Kim KS. 2005. Comparison varieties, the pollen shape is prolate spheroidal. But exine 
of pollen morphology in interspecific hybrid lilies after in ornamentation is reticulate and foveolate to reticulate in A. 
vitro chromosome doubling. Acta Hort. 673 639–643.comosus var. bracteatus- red and A. comosus var. bracteatus- 

green respectively. Rizaeva SM, Akhmedova MZH and Abdullaev AA 1985. 
The present study is a documentation of data on floral Pollen viability and pollen grain morphology in 

morphological characters including palynological features interspecific cotton hybrids differing in origin and ploidy. 
for the future identification of different cultivars and Selsk Biol. 9 63–66. 
local varieties of pineapple and crop improvement 

Silva VJD, Ribiero EM, Luizi-Ponso and Faria AG 2016. programme. 
Ultra structure and pollen morphology of  Bromeliaceae 
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