
IN  VITRO  MULTIPLICATION AND 
STANDARDISATION OF HARDENING TECHNIQUES 

IN PINEAPPLE (Ananas aontoius (L.) Merr.J

By

J. PRABHA

THESIS
Submitted in partial fulfilment of the 

requirement for the degree of

jfBlatfter of griente in ^ortiralture
Faculty of Agriculture 

Kerala Agricultural University

Department of Pomology and Floriculture

C O L L E G E  O F  H O R T IC U L T U R E  
Vellanikkara - Thrissur

1993



DECLARATION

I hereby declare that this thesis entitled "fri v itro  multi­

plication and standardisation of hardening techniques in pineapple 

( Ananas comosus ( L . )  M e rr .)"  is a bonafide record of research 

work done by me during the course of research and that the thesis 

has not previously formed the basis for the award to me of any 

degree, diploma, associateship, fellowship or other sim ilar title  

of any other University or Society.

Vellanikkara

15-12-1993



D r.R . KESHAVACHANDRAN
Assistant Professor
Department of Pomology S Floriculture

College of Horticulture 
Vellanikkara 

Dated: 15 -12-1993

CER TIFICATE

Certified that the thesis entitled "In v itro  multiplication

and standardisation of hardening techniques in pineapple (Ananas 

comosus ( L . )  M e rr .)"  is. a record of research work done independ­

ently by M rs. J.PRABHA, under my guidance and supervision and 

that it  has not previously formed the basis for the award of any 

degree, fellowship or associateship to her.

D r.R . KESHAVACHANDRAN
Chairman 

Advisory Committee



CER TIFICA TE

We, the undersigned members of the A dvisory Committee 

of Mrs .J .P ra b h a , a candidate for the degree of Master of Science in 

Horticulture, agree that the thesis entitled "fri v itro  multiplication 

and standardisation of hardening techniques in pineapple ( Ananas 

comosus ( L . )  M e rr.)"  may be submitted by M rs.J.P rabha in partial 

fulfilment of the requirements for the degree.

Chairman : Dr.R.Keshavachandran
Assistant Professor 
Dept, of Pomology G Floriculture 
College of Horticulture 
Vellanikkara

Members Dr • P . K . Rajeev an 
Professor G Head (i/c )
Dept, of Pomology G Floriculture 
College of Horticulture 
Vellanikkara

2. D r.N .K .V ijayakum ar
Associate Professor 
College of . Forestry 
Vellanikkara

3. D r.P .K .Sudhadevi
Assistant Professor 
Pineapple Research Station 
Vellanikkara



ACKNOWLEDGEMENT

I am extremely thankful and with great pleasure, I express 

my indebtedness to Dr.R.Keshavachandran, Assistant Professor, 

Department of Pomology and Floriculture and Chairman of my 

A dvisory Committee for his deep interest, sharp comments, sustained 

and valuable guidance throughout the course, of this investigation 

and preparation of the manuscript.

I gratefully recollect the co-operation .and help extended to

me by late Sri.M.K.Mammen, Professor and Head, Department of 

Pomology and Floriculture , for the successful completion of this work.

Sincerely, I wish to place on record my profound sense of 

gratitude to Dr. P. K.Rajeevan, Professor and Head ( i/ c ) ,  Department 

of Pomology and Floriculture, for his constant help and co-operation

which contributed much to the timely completion of the programme.

My heartfelt thanks are due to D r. N. K. Vijayakumar, Associate 

Professor, College of Forestry and member of the A dvisory Committee 

for the help rendered to me in clearing the doubts during the course 

of this work.

I gratefully acknowledge the help rendered to me by

Dr.Sudhadevi, Assistant Professor, Pineapple Research Station, 

Vellanikkara and member of the Advisory Committee during the course 

of the study and for permitting the collection of ex plants for the

investigations.



The co-operation and help extended by the staff members 

of the Department of Pomology and Floriculture is acknowledged with 

very many thanks.

The immense help and valuable guidance rendered to me by 

S ri.P .V .P ra bh ak aran, Professor and Head, Department of A g rl. Statis­

tics for the analysis of data and interpretation of results to 

acknowledged with a deep sense of gratitude. I am thankful to 

M iss.C.Chandrika and staff members of the Department' of A g rl.
j

Statistics for their help in the analysis of the data.

The assistance and co-operation extended to me by S r i.V .K . 

Raju, Professor and Head ( i/ c ) , Department of Processing Technology 

and D r. A . V . R. Kesava Rao, Assistant Professor, Department of A g r l. 

Meteorology is gratefully acknowledged.

The encouragement given by my friends during the course 

of this study w ill always be remembered. I am also thankful to 

Sri.M uthu, S m t.E lsy, Smt.Kowjumma and Smt.Pathumma for their timely 

help.

My sincere thanks are due to S ri. Joy for the neat typing 

of the manuscript.

The award of fellowship by the Kerala Agricultural Univeristy 

is gratefully acknowledged.

I am totally indebted to my husband who has been a constant 

source of inspiration to me throughout the course of this work. I wish 

to express my heartfelt thanks to my parents, whose blessings were 

always with me in t'his endeavour.

J . PRABHA



ABBREVIATIONS

BAP benzylamino purine

cv cu ltiva r

2,4-D  2,4-dichlorophenoxy acetic acid

IAA Indole-3-acetic acid

IBA In d o le -3 -b u tyric  acid
0

KIN Kinetin; N -fu rfu ry l adenine

MS Murashige and Skoog's (1962) medium

NAA o C  -naphthalene acetic acid
-1

Mg 1 milligrams per litre

mM m illim olar

uM micromolar

v/v volume in volume

w/v, weight in volume



LIST OF TABLES

T itle

Chemical composition of MS media

Composition and preparation of stock solut­
ions of MS medium

Preparation of stock solutions of plant growth 
regulators

Concentration and duration of treatment of
surface sterilants on pineapple ex plants

Effect of surface sterilant treatments on 
pineapple explants

Influence of season on explant contamination

Effect of different concentrations of cyto -
kinins and auxins on the establishment of 
pineapple explants in MS medium

Effect of different concentrations of cyto -
kinins and auxins on formation of globular 
structures in pineapple

Effect of different concentrations of cyto -
kinins and auxins on shoot production in
pineapple

Effect of different concentrations of NAA 
and IBA on rooting of Jji v itro  plantlets 
of pineapple

Effect of different concentrations of agar 
on the initiation and elongation of roots 
in MS media (basal)

Effect of auxins and rooting formulation on
ex v itro  rooting of pineapple

Effect of different containers on the number 
of leaves of pineapple plantlets

Effect of different containers on the percent­
age increase in the number of leaves of
pineapple plantlets



13

14

15

16

17

18

19

20 

21 

22

23a

23b

24a

24b

Table No.

Effect of containers on the height of 76 
pineapple plantlets

Effect of containers on the percentage 77
increase in the height of pineapple plantlets

Effect of containers on the width of the 79
largest leaf of pineapple plantlets

Effect of containers on the * percentage &1
increase in the width of the largest leaf
of the pineapple plantlets

Effect of different media on the number 83
of leaves of pineapple plantlets

Effect of different media on the percentage 85
increase in the number of leaves of pineapple 
plantlets

Effect of different media on the height of 87
pineapple plantlets

Effect of different media on the percentage 89
increase in the height of pineapple plantlets

Effect of media on the width of the largest 91
leaf of pineapple plantlets

Effect of different media on the percentage 93
increase in the width of the largest leaf
of pineapple plantlets

Effect of different potting media and 96
containers on the number of leaves of
pineapple plantlets

Effect of different potting media and 97
containers on the number of leaves of
pineapple plantlets

Effect of different potting media and 99
containers on the percentage increase in
the number of leaves of pineapple plantlets

Effect of different potting media and 100
containers on the percentage increase in
the number of leaves of pineapple plantlets

Title  Page No.



25b

26a

26b

27a

27b

28a

28b

29

30

Table No.

25a

T itle

Effect of different potting media and
containers on the height of pineapple plant­
lets

Effect of different potting - media and
containers on the percentage increase in
the height of pineapple plantlets

Effect of different potting  ̂ media and
containers on the percentage increase in
the height of pineapple plantlets

Effect of different potting media and
containers on the width of the largest leaf 
of pineapple plantlets

Effect of different potting media and
containers on the width of the largest leaf 
of pineapple plantlets

Effect of different potting media and
containers on the percentage increase in
the width of the largest leaf of pineapple
plantlets

Effect of different potting media and
containers on the percentage increase in
the width of the largest leaf of pineapple
plantlets

Effect of nutrient starter solutions on the 
growth of _in v itro  plantlets of pineapple

Effect of different concentrations of sodium 
alginate and calcium chloride on bead format­
ion in pineapple

Effect of different potting media and
containers on the height of pineapple plantlets

Page No. 

102

103

106

107

109

110 

112

113

117

120



LIST OF FIGURES

T itle

Influence of season on explant contamination

Effect of cytokinins and auxins on establishment of 
pineapple explants

Effect of cytokinins and auxins on shoot production 
in pineapple

Effect of auxins on rooting of pineapple plantlets

Effect of containers on growth of pineapple plantlets
( i )  Number of leaves

Effect of containers on growth of pineapple plantlets
( i i )  Plant height

Effect of containers on growth of pineapple plantlets
( i i i )  Width of largest leaf

Effect of media on growth of pineapple plantlets
( i )  Number of leaves

Effect of media on growth of pineapple plantlets
( i i )  Plant height

Effect of media on growth of pineapple plantlets
( i i i )  Width of largest leaf



Plate No. T it le

1 Explant inoculated into establishment medium

2 Greening of the prim ary explant

3a Formation of globular bodies from the prim ary explant

3b Further proliferation of globular bodies

4a Close up view of globular bodies formed

4b A magnified view of a shoot formed from the
globular bodies

*

5 Formation of multiple shoots

6a _ui v itro  rooting with IBA

6b _in v itro  rooting with NAA

6c In v itro  rooting in basal medium

7a Nature of roots formed with IBA

7b Nature of roots formed in basal medium

8a Shoots of different sizes kept for ex̂  v itro  rooting

8b _In v itro  formed shoots kept for ex vitro  rooting
under different treatments

8c E>< v itro  rooting of shoots

9 Plantlets kept in d istille d  water p rior to transfer

10 Plantlets transferred into different containers with
different media

11 Plantlets kept in an improvised mist chamber for
hardening

12a Plantlets growing in different containers
( i )  Plastic pot ( i i )  Mud pot ( i i i )  Poly bag

12b Plantlets growing in different containers
( iv )  P ro -tra y

* LIST OF PLATES



Plate No. T it le

12c Plantlets growing in different' media

13 Plantlets transferred into the field

14a Encapsulated beads suspended in calcium chloride
solution for complexation

14b Encapsulated beads of pineapple

15 Storage of encapsulated beads

16 Shoots growing from encapsulated beads



CONTENTS

Page No.

I INTRODUCTION 1

I I  REVIEW OF LITERATURE 4

I I I  MATERIALS AND METHODS 30

IV RESULTS 48

V DISCUSSION 121

VI SUMMARY 138

REFERENCES i -  x iii

APPENDIX

ABSTRACT



JIftttoductlon



INTRODUCTION

Pineapple ( Ananas comosus ( L . )  M e rr .),  belonging to the 

family Bromeliaceae, is one of the most important commercial 

fru it crops in the w orld, being mainly utilised for its processed 

products. In •India, it  is cultivated in an area of 83,490 ha, the 

main areas of cultivation being Kerala and the North Eastern 

regions. In Kerala, pineapple is grown in 4724 ha with an annual

production, of 46265 tonnes (Farm Guide, 1993).*'

Pineapple is normally propagated vegetatively through the 

use of suckers, slips and to a lesser extent crowns. One of the 

major problems in the cultivation of pineapple is the lim ited 

a va ila b ility  of planting materials (Mathews, 1988). The main 

commercial variety Kew has a shy suckering habit and under Kerala 

conditions, slip  production in this variety is rare . The other 

constraints in the cultivation of this crop are the non-uniform

growth and asynchronous flowering among the individual plants 

in a field (Mathews, 1988). Often, very high rates of spontaneous 

mutations occur in the field which make it  d ifficult to obtain 

true to type propagules from a desirable parent plant or a selected 

variety (Wakasa, 1989).

The use of _in vitro  techniques for clonal propagation has

become the most widely used application .of tissue culture technology 

in horticulture in the recent years (Thorpe, 1990). By adopting
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micropropagation techniques, clonal plants could be produced at 

a very rapid rate compared to conventional methods (Chaturvedi 

and Sharma, 1988).

Micropropagation can be achieved by enhancing a x illa ry  

bud breaking, production of adventitious buds directly  or indirectly  

via callus and somatic embryogenesis directly  or indirectly 

(Murashige, 1974). Following the successful rapid multiplication 

of orchids by shoot meristem culture (M orel, 1965) there has 

been, in recent years, an increasing interest in the application 

of micropropagation techniques as an alternate means of vegetative 

propagation of horticultural plants.

The _in v itro  derived plantlets have to be acclimatised

to the entirely different environment prevailing hn vivo  as they 

are poorly adapted to resist the low relative hum idity, higher 

Light intensity and temperature met w ith , in the outside. A period 

of hardening is considered essential for the newly transferred 

plantlets to adapt to the outside environment during which the 

plantlets undergo morphological and physiological adaptation enabling 

them to ensure maximum surviva l when planted out (Sutter, 1985).

The major cost of producing Jji v itro  plants is in the rooting

and hardening stages (Rajeevan and Pandey, 1986). The shoots

produced in v itro  could be rooted ex v itro  by treating with growth 

regulators and keeping under high hum idity conditions in a mist 

chamber. Rooting under ex v itro  conditions also facilitates the
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combining of the rooting stage with acclimatization (George and

Sherrington, 1984).

Encapsulation of differentiating tissue in a biodegradable

synthetic polymer is a method to facilitate mechanised handling

of the propagules. In addition, formation of the synthetic seeds

also help in economising the time, space and cost involved in 

normal micropropagation procedures (Mathur et_.al_., 1989).

In the lig h t of this background, the present study was 

conducted with the following objectives.

1. To standardise the method of rapid multiplication of pineapple

through hi v itro  methods.

2. to  standardise the techniques of hardening of _in v itro  derived

plantlets.

3. To determine the optimum container type and potting mix for

maximum establishment of _in_ v itro  plantlets.

4. To develop a method of encapsulating pineapple shoots.
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REVIEW OF LITERATURE.

2.1 In v itro  culture

The concept of totipotency which is inherent in the cell 

theory of Schleiden (1838) and Schwann (1839), is the foundation 

for plant tissue culture. The firs t person to isolate fu lly  different­

iated cells was Haber landt (1902) and he postulated that the 

isolated cell is capable of resuming uninterrupted growth. Hannig 

(1904) excised nearly mature embryos of some crucifers and 

successfully grew them to maturity on mineral salts and sugar 

solution. Van Overbeek et̂  aK (1941) for the first time demonstrated 

the stimulatory effect of coconut milk on embryo development and 

callus formation. The firs t  successful report of continuously growing 

cultures of tomato root tips was made by White (1943).

Skoog and M iller (1957) put forth the concept of hormonal 

control of organ formation and showed that the differentiation of 

roots and shoots was a function of the auxin-cytokinin ratio and 

that organ differentiation could be regulated by changing the relat­

ive concentrations of these two substances in the medium.

Morel (1960) applied the technique of shoot tip  culture 

for rapid propagation of orchids and it  became possible to 

produce large numbers of genetically identical plants from a single 

bud within a short time. Murashige (1977a) developed methods
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for in v itro  propagation of several species ranging from ferns 

to foliage, flower and fru it  plants. He also developed the firs t 

completely defined nutrient, medium along with Skoog in 1962. 

Wickson and Thimman (1958) showed that the growth of a x illa ry  

buds which remained dormant in the presence of terminal buds 

can be initiated by the exogeneous application of cytokinin. Since 

then, plant tissue culture has evolved as a powerful research 

tool in the fundamental and applied aspects of agriculture.

Several aspects of tissue culture are currently being applied 

to agriculture. The main commercial applications so far has been 

in the production of clonal plants at a very rapid rate compared 

to the conventional methods through tissue culture techniques. 

These plants are reported to grow faster and mature earlier than 

seed propagated plants (Vasil and Vasil, 1980).

As per Murashige (1974), there are three possible routes 

available for _in vitro  propagule multiplication

a) Enhanced release of a x illa ry  buds

b) Production of adventitious shoots through organogenesis

c) Somatic embryogenesis

Shoot tip  culture ensures genetic uniformity while somatic 

organogenesis through a callus phase may be useful for recovery 

of useful variant lines. Somatic embryogenesis though lim ited to 

a few plant species is the most rapid mode of plant regeneration 

(Evans et a l . , 1981).



2-2 In vitro  studies in pineapple

Pineapple (Ananas comosus ( L . )  M e rr.) is a fru it crop 

which originated in the tropical regions of America. There are 

many varieties of pineapple and the important ones cultivated

in Kerala are Kew and Mauritius. Pineapple is conventionally 

propagated vegetatively by the use of s lip s , suckers and crowns. 

One of the major problems in the cultivation of pineapple is the 

limited source of planting materials. Production of slips in the 

commercial variety Kew is rare under Kerala conditions and it 

has a shy suckering habit. Among the other constraints in the

cultivation of this crop are the non-uniform growth and asynchronous 

flowering among the individual plants in the fie ld . Very high 

rate of spontaneous mutations occur in the field which make it 

d ifficult to obtain true to type propagules from a desirable parent 

plant (Mathews, 1988).

2.2.1 Explants

The explants used for in v itro  propagation include crowns, 

a x illa ry  buds from crowns, suckers, slips and syncarp slices.

Aghion and Beauchesne (1960) obtained a few plantlets from crowns 

cultured Jji v it ro . Mapes (1973) reported numerous plantlets and 

protocorm lik e  bodies from the shoot tips of pineapple cv. Smooth 

Cayenne. Lakshmisita et aK (1974) were able to obtain plantlets

from _in̂  v itro  shoot tip  culture of pineapple using ex plants from 

1—1.5 month old slips of cv . Kew, Teo (1974) cultured meristem
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tissues excised from pineapple plants when callus tissue formed 

after 30 days and callus differentiated into plantlets after a

further th irty  days.

Mathews et_ al_. (1976) reported that pineapple plantlets 

could be raised in large numbers by _in vitro  culture of the 

terminal or a x illa ry  buds isolated from the crown. Supernumerary 

shoots arose from single buds after callus formation or originated 

de novo in the axils  of leaves when grown in appropriate media.

Pannatier and Lanaud (1976) reported two methods of in 

v itro  propagation of A. comosus cv. Smooth Cayenne using crown 

a x illa ry  leaf buds. In the first method, the plantlet obtained 

is sectioned horizontally or longitudinally and the fragments 

replanted on a sim ilar medium. In the second method, a single

bud can theoritically  provide about a million plants after two

years. The bud is grown for 10 days to a size of about 3 mm. 

It  is then detached from the mother fragment and transferred to 

another medium.

Mathews and Rangan (1979) reported the formation of multiple
i

plantlets in lateral - bud cultures of pineapple. Plantlets were 

obtained from dormant a x illa ry  buds excised from the crown.

Wakasa at a l . (1978) reported that various explants such

as young syncarp, a x illa ry  buds from suckers or s lip s , small
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crown and small slips in culture produced a mass, sim ilar to a 

protocorm that grew vigorouly and subsequently differentiated into 

plantlets. Zepeda and Sagawa (1981) used a x illa ry  buds from 

crowns of mature fru it for _in v itro  propagation of pineapple 

plants. Rao at a l. (1981) obtained differentiation of plantlets in 

1 Kew x Queen' hybrid  embryo callus of pineapple. Embryonic 

callus was initiated by planting seeds with h yb rid  embryos. Cabral 

et a l . (1984) reported micropropagation of pineapple by a x illa ry

buds from off shoots of c v . Smooth Cayenne.

Fitchet (1987) reported micropropagation of pineapple using 

basal buds from pineapple crown leaves in cvs. Queen and Cayenne. 

About 2000 plants could be obtained from one crown (yielding  40 

buds) within a year.

Evans and Moore (1987) have suggested a means of mass 

production of pineapple propagules using a x illa ry  buds of Smooth

Cayenne and Cambray pineapples. A x illa ry  buds were in itia lly

cultured whereby numerous shoots were regenerated from each bud. 

Shooting material was produced continuously with approximate shoot 

removal and subculturing.

Liu at a l . (1987) reported the _in_ vitro  propagation of spine­

less Red Spanish pineapple. Excised lateral buds (0 .4 -0 .8  mm) 

and meristem tips from crowns of a promising spineless form of

this normally spiny cultivar were ra p id ly  propagated. Rosa-Marquez

8



et a l . (1987) have reported callus induction and regeneration from 

tissue explants of Red Spanish pineapple. Dewald (1988) reported 

production of large number of viable plantlets of A . comosus and 

A. bracteatus v a r. trico lo r. A system was employed utilising

shake cultures derived from a xilla ry  buds of crown, slips and 

stems.

2.2.2  Surface sterilization of ex plants

The explants collected from the fie ld , harbour numerous

microorganisms which, when inoculated on to a nutrient medium 

contaminates the entire jm v itro  system. Hence, surface sterilization 

is resorted to prior to inoculation of ex plants. The efficiency 

of the sterilants used are found to vary depending upon the type 

of chemical, concentration, time of exposure etc.

Sodium hypochlorite (0 .5  -  2.0 per cent w / v ), calcium

hypochlorite (filte re d  5 - 1 0  per cent w/v) and mercuric chloride 

(0.05 -  0.1 per cent w /v) are the most commonly used surface 

sterilants. Since the sterilants are toxic to plant cells, the 

tissues have to be washed thoroughly with sterile , d istilled  water 

to ensure dilution of the chemical (Hu and Wang, 1983). Sommer 

and Caldas (1981) reported that for softer tissues, dilution to

a lower strength may be needed.

Lakshmisita et̂  a l . (1974) reported surface sterilization

of meristem tips of pineapple slips c v . Kew. The tiny growing



apex was sterilised with 75 per cent alcohol for 5 minutes and

then rinsed in sterile  d is tillle d  water and immersed in chlorine 

water for 5 to 10 minutes. Almost a ll the scale leaves vis ib le

to the naked eye were removed, leaving shoot tip  to a very small 

size measuring about 3 - 5  mm in size.

Wakasa et̂  a l. (1978) used various ex plants such as 

suckers, s lip s , crowns and syncarps for jjn vitro  propagation of 

pineapple. A ll materials were washed well with tap water, the 

leaves of suckers or slips were carefully removed and the small

dormant a x illa ry  buds at the base of the leaves were excised. 

These buds alongwith a part of the shoot were sterilised in 5 per 

cent sodium hypochlorite solution* for 10 to 20 minutes. The material 

was rinsed with sterile  water several times before the colour 

of the buds turned brownish. Th is  condition was not enough for 

complete sterilization; however, these parts were so sensitive to 

sodium hypochlorite solution that a stronger condition could not

be used. The young syncarps about 3.5 to 4.5 cm in length, after 

removing the sepals, petals, stamens and p istils  were immersed 

in 20 per cent sodium hypochlorite solution for 10 to 20 minutes. 

After further removing the outside layer th in ly , the material was 

sliced by 1 to 2 mm thickness horizontally at f irs t , then cut 

into pieces small enough to be placed into test tubes. These slices, 

including ovaries, pericarps and floral axes were thoroughly rinsed 

with sterile  water. The same procedure was applied for culture



of small crowns and slips taken from the top or base of young 

syncarps.

Mathews and Rangan (1979) have reported surface sterilisat­

ion of dormant lateral buds from crowns of pineapple, with 0.1 

per cent mercuric chloride for 3 minutes and then rinsed several 

times in d istille d  water.

Zepeda and Sagawa (1981) excised lateral buds from crowns 

of mature fru it. Crowns were disinfected in 0.5 per cent sodium 

hypochlorite (0.1% clorox) with 3 drops of wetting agent (Tween 

20/100 ml) for 60 minutes. A x illa ry  buds were then excised and 

disinfected in 1 per cent clorox for about 20 minutes.

Cabral et̂  a l. (1984) disinfected pineapple a x illa ry  buds 

with sodium hypochlorite (0 .5  to 2.0%) and this treatment was 

reported to give better results than buds not disinfected.

Dewald et_ a l. (1988) have reported surface sterilisation 

of crowns and stems of various cu ltiva rs. Crowns and stems were 

rinsed in water, defoliated and surface sterilised by agitation 

in a 20 per cent clorox solution (1% sodium hypochlorite) with

2 - 3  drops of a surfactant (Tween 20) for 20 minutes, followed 

by 3 rinses of 10 minutes each in sterile  water. Terminal and 

a x illa ry  buds were then excised asceptically and surface sterilised 

in 2 per cent clorox solution for 10 minutes, followed by three 

10 minute rinses in sterile  water.



Zee and Munekata (1992) excised the a x illa ry  bud pieces
3

(1 cm ) from mature green house grown plants of A . comosus L .

M err, and disinfected in 15 per cent clorox solution (5.25% sodium

hypochlorite) and Tween-20 (two drops per 100 ml) for 15 minutes

followed by 10 per cent clorox and Tween-20 for 10 minutes.
3

Pieces were then trimmed to 5 mm in 5 per cent clorox and

Tween-20 and soaked for 1 hour in 1 per cent clorox solution.

Buds were rinsed in 1 ml of sterile  water for 10 minutes*.

2.2.3 Culture medium

One of the most important factors governing the growth 

and morphogenesis of plant tissues is the composition of the 

media. Murashige and Skoogfs (1962) medium developed for tobacco 

has been used for iii v itro  culture of many plant species (Bonga, 

1980). The MS medium has the highest salt content and some

workers found it  beneficial to reduce the strength by half

(S k irv in , 1980, G riffis  et a l . ,  1981).

For _in v itro  propagation of pineapple, the different media 

used include Knudson's basal media with N itsch's micro elements 

(Lakshmisita et al_., 1974), MS medium (Mapes, 1973; Pannatier

and Lanaud, 1976; Mathews and Rangan, 1979; Wakasa et_ a U , 1978;

Zepeda and Sagawa, 1981; Cabral et a l . ,  1984; Ramirez, 1984;

Evans and Moore, 1987; Liu et a l . ,  1987; Rosa-Marquez, 1987;

Dewald et a U , 1988; Marchal and A lv a rd , 1988; Zee and Munekata, 

1992 and Bordoloi and Sarma, 1993) and the Murashige and Tucker's
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medium (Fitch e t, 1989).

2.2.4 Growth regulators

The correct growth regulator used in optimum concentration 

influences the success of an in_ v itro  system (K riko ria n , 1982). 

Skoog and M ille r (1957) showed in tobacco cultures that the type 

of morphogenesis could be influenced by the concentration of auxin 

and cytokinin in the culture medium. Shoot induction is promoted 

when the cytokinin level is higher than that of the auxin. Root 

induction is promoted when the concentration of cytokinin is less/ 

low relative to that of auxin, but at intermediate concentrations, 

unorganised callus growth results. Though the types of auxin and 

cytokinin and their concentrations may va ry , this basic concept 

has been used to regenerate a wide variety of plants (Murashige, 

1974).

For a x illa ry  shoot proliferation, cytokinin has been used 

to overcome the apical dominance of shoots and to enhance the 

branching of lateral buds from leaf axils (Murashige, 1974). Hu 

and Wang (1983) made a study of the growth regulators used for 

meristem and shoot tip  culture and found that among the cytokinin 

containing culture establishment medium, 68 per cent contained 

BAP, 23 per cent Kinetin and 9 per cent 2iP, zeation and SD 8339. 

The effectiveness of the cytokinin varies with the plant species.
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L° et_ ad. (1980) reported that high cytokinin content was 

deleterious to the initiation and elongation of roots of plants. 

Ancora at aK (1981) observed that some times, the residual 

cytokinin from stage I I  cultures was found to be high enough to 

suppress root formation. Hu and Wang (1983) described the young 

shoot apex as an active site for auxin biosynthesis and that for 

culture establishment, exogenous auxins were not always needed. 

However, though auxins do not promote a x illa ry  shoot 

proliferation, culture growth has been improved by th e ir presence 

(Wang and Hu, 1980). One of the possible roles of auxin in culture 

proliferation medium is to nullify the suppressive effect of high 

cytokinin concentrations on a x illa ry  shoot elongation thereby 

restoring normal shoot growth (Lundergan and Janick, 1980). Too 

high a concentration of auxin may not only in h ib it a x illa ry  bud 

branching but also induce callus formation (Hasegawa, 1980).

Mapes (1973) cultured explants from shoot tip  in MS basal 

medium plus adenosine at 30 ppm or adenine at 20 ppm. Lakshmisita 

et a l. (1974) inoculated shoot tips measuring about 3.0 -  5.0 mm 

in size on Knudson' s basal media with Nitsch' s micro elements. 

Clusters of thick roots and leaves developed on the medium with 

1 ppm NAA. At the 4th leaf stage, the plantlets were subcultured 

into a medium of same constitution and were allowed to grow under 

increased light intensity. At the end of a 12th week period, these 

developed into dark green healthy plants with leaves measuring 

about 30-35 mm in length.



Pannatier and Lanaud (1976) have reported culture of - crown 

a x illa ry  leaf buds in MS medium containing BA and NAA. In the 

first method, the plantlet obtained is sectioned horizontally or 

longitudinally and the fragments replanted on a sim ilar medium. 

In the second method, in which a single bud can theoritically 

provide about a m illion plants after 2 years-, the bud is grown 

for 10 days to a size of about 3 mm. It  is then detached from 

the mother fragment and transferred to a medium containing BA, 

IBA and 2 per cent sucrose, where intense ramification occurs, 

with the formation of numerous buds,

Mathews and Rangan (1979) obtained _iii v itro  plantlets from

dormant a x illa ry  buds excised from the crown and grown on MS

medium supplemented with NAA, IBA and KIN. Shoot buds appeared

—1from lateral bud explants after 8-10 weeks on MS + NAA (1 .8  mg 1 )

+ IBA (2 .0  mg 1 *) + KIN (2.1 mg 1 1) .  These regenerated buds, 

when transferred to fresh medium, developed a number of multiple

buds and this cycle was repeatable. Such buds cultured on MS

—1 — 1 + NAA (0.18 mg 1 ) + IBA (0 .4  mg 1 ) developed roots and grew

into complete plantlets in 6-8 weeks. Shaking the culture flasks

during growth, significantly increased the number of multiple

shoots formed. A three fold increase in the number of multiple

shoots per culture as compared to stationary cultures was

observed. An average of 62 multiple shoots per culture were

produced in shake -cultures, as compared to 26 per culture



in stationary cultures. The multiple shoots when isolated and trans­

planted to a fresh medium of the same composition, with continued 

agitation again developed multiple shoots and large number of plants 

were reported to be obtained.

Wakasa at al_. (1978) have reported culture of various

ex plants in MS medium (Murashige and Skoog, 1962) supplemented

with NAA and BA. The dormant a x illa ry  buds were in itia lly

-1  *  -1cultured on MS medium with NAA 2 mg 1 and BA 1-2 mg 1 for

formation of globular bodies. A ll the buds were transferred to

the same composition medium after 45 days. The a x illa ry  buds

that did not produce globular bodies on this medium even after

two months formed the bodies when transferred to medium with 

-12 mg 1 of NAA and BA. When very small crowns were cultured

-1  -1 on the medium with 2 mg 1 of NAA and 1 mg 1 of BA, the

growth pattern was sim ilar to that of a x illa ry  buds. The growing

-1crown when transferred to the medium with 2 mg 1 of NAA and

BA, numerous small leaves and buds developed firs t at the base

of the crown and then a ll over. The process of differentiation

from the cultured slip  was sim ilar to that from the crown. A

number of leaves were produced on the medium with 1 mg l - ^

of NAA and BA, within 4 months of incubation. Slices of syncarp

when inoculated on media containing NAA and BA, produced lumpy

tissues. The frequency of lumpy tissue formation was 10 to 20

-1per cent on media • containing 2 mg 1 of NAA, ten to 50 per cent



“ 1 “ 1 with 10 mg 1 NAA and 60 pen cent on medium with 10 mg 1

each of NAA and BA. Of the different types of lumpy tissues

-1 -1 subcultured to media containing 2 mg 1 of NAA and 1 mg 1

of BA, the nodular bodies showed further growth and these on

-1transfer to the differentiation medium with 2 mg 1 of BA and

2 mg 1  ̂ of NAA formed shoots and leaves-. On medium with 1

mg 1 of NAA, the nodular bodies produced only roots.

Culture of a x illa ry  buds from crowns of mature fru it has

been- done in MS medium with 25 per cent coconut water (Zepeda

and Sagawa, 1981). Th is  was subcultured after two weeks on half

strength MS with 25 per cent coconut water. Solitary shoots with

5-8 leaves were obtained within two months after in itia l culture.

_T
These were subcultured with 0 .5 , 1.0, 3.0 or 5.0 mg 1 of BA.

At least 3 a x illa ry  shoots were produced in cultures of 0.5 or
-1

1,0 mg 1 BA within 30 days. Further multiplication was obtained 

by separation of a x illa ry  shoots and subculturing four times in 

half strength MS medium with BA. Individual shoots were then

transferred to solid half strength MS medium. An average of 16 

shoots were obtained from 23 a x illa ry  buds per crown.

Rao al_. (1981) obtained differentiation of plantlets from

embryonic callus initiated by planting seeds with h yb rid  embryos

on medium containing BA or IBA (both at 0.1 mg l -1 ) .  The radicle

emerged out of seeds in about 7-15 days, callus formation started 

from the radicles and eventually enveloped the entire embryos.



Repeated subculturing resulted in the establishment of a continuously

growing callus. Clumps of shoots with developed roots formed

whan callus pieces were subcultured to the basal MS medium plus

NAA (2 .0  mg f 1) + IBA (2.0 mg l " 1) + BA (2 .5  mg l “ 1) .  Root

formation started about 3 weeks from subculturing w hile after

another 3 weeks, roots and shoots were fu lly  developed. Individual

plantlets were separated and planted on the basal medium. On

an average, each h yb rid  embryo gave rise to 20-25 fu lly  developed
*

plants, averaged over 2 subcultures.

Cabral et_ al_. (1984) used MS medium with 30 g sucrose

per litre  for in itia l culture of pineapple a x illa ry  buds from

offshoots of c v . Smooth Cayenne, for in itia l rapid grow th. MS 

+ 30 g sucrose per lit re  + 1.8 mg NAA + 2.0 mg IAA + 2.1 mg 

BA and MS + 30 g sucrose per litre  + 0.18 mg NAA + 0.4 mg BA 

induced m ultiple bud growth and rooting.

Ramirez (1984) reported that the most suitable medium 

for plantlet development was Murashige and Skoog' s supplemented 

with NAA and KIN. Evans and Moore (1987) in itia lly  cultured 

a x illa ry  buds of Smooth Cayenne and Cambray pineapples in MS

medium. Numerous shoots were regenerated from each bud. Shooting 

material was produced continuously with approximate shoot removal 

and subculturing. Ramirez (1987) has studied various modifications 

of MS medium for the _in vitro  culture of pineapple buds. Bud



growth was best on a medium containing 0.25 mg 1 BA and 0.2 

mg 1  ̂ NAA.

Liu e£ a l. (1987) on culturing excised lateral buds and

meristem tips found that, MS medium without hormone, MS medium

-1 -1+ 0.1 mg 1 2 ,4-D  and AZ medium with 0.1 mg I NAA, were

the best for shoot differentiation. Modified liquid  MS medium with

-1 -12,4-D  at 0.1 mg 1 and benzyl adenine at 0.5 mg 1 was best

for culturing the plantlets derived. Shoot' differentiation and

proliferation took 4-8 weeks.

Rosa-Marquez et al_. (1987) used basal MS medium with 

benzyl adenine for induction of callus from tissue explants. Plant

regeneration was best on MS medium with NAA added vat 4 mg per 

lit re . Callus regenerated into green plantlets after 2-3 weeks.

Dewald et al_. (1988) cultured bud ex plants in MS medium, 

supplemented with 3 per cent sucrose, 0.8 per cent Difco Bacto- 

agar, 0.57 mM inositol, 1.2 uM thiamine HC1, 10.8 uM NAA and 

8.8 uM BA. Proliferating explants were multiplied in 50 ml liquid  

cultures of the same medium in 125 ml Erlenmeyer flasks, main­

tained at 100 rpm on rotary shakers. Liquid shake cultures were 

subcultured at approximately 4 week intervals, when flasks had

become tig h tly  packed with plantlets.

Marchal and A lvard  (1988) reported the effect of frequency 

of renewal of solutions in _in vitro  culture of pineapple in liqu id



media. Pineapple explants were grown for 40' days on MS medium 

in petridishes with renewal of the culture solution after 10, 20

or 30 days. Growth in liq u id  medium was less rapid than on solid 

media. Renewal of the medium after 20 or 30 days improved plant- 

let growth.

Fitchet (1989) initiated callus from ' apical dome region

of c v . Queen crowns and cultured on Murashige and Tucker's

medium, supplemented with 400 mg caseine hydrolysate per litre ,

-115 per cent coconut m ilk, 40 mg 1 NAA and 3 per cent sucrose.

Zee and Munekata (1992) cultured the excised buds of A . 

comosus L . Merr cv . on initiation medium containing fu ll strength
-1  _ i  _ i

MS salts plus 100 mg 1 m yo-inositol, 2 mg 1 glycine, 0.5 mg. 1

-1 -1 nicotinic acid, 0.5 mg 1 pyridoxine HC1, 0.4 mg 1 thiamine

-1  -1 HC1, 2 mg 1 BA, 2 mg' 1 NAA, 30 g sucrose and 9 g Bacto

agar.

Bordoloi and Sarma (1993) found that MS medium containing

IAA, IBA and KIN (5 mg 1  ̂ each) was suitable for establishment 

of solitary shoots from the a x illa ry  buds of pineapple. Multiple

shoot initiation was observed on MS medium supplemented with
_1 _  -1 

IBA (10 mg 1 ) ,  KIN (5 mg 1 ) and casein hydrolysate (200 mg

1 ) .  On MS medium containing IAA, IBA and KIN (5 mg l “ 1 each),

callus developed on the surrounding of the base of each shoot

and after 15 days of culture, the c a lli started initiating shoot

buds.
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2.3.1 Rooting of shoots v itro

In  v itro  plants must have a strong and functional root 

system. The shoots can be rooted under jn  v itro  conditions and 

the rooted plantlets transferred to soil or the propagules could 

be treated like  microcuttings and rooted ex v itro  in a non-sterile, 

h ighly humid, low light environment. Hu and Wang (1983) observed 

that three phases are involved in rhizogenesis v iz .  induction, 

initiation and elongation.

Among the auxins, IBA and NAA have been most effective 

for root induction (Ancora et̂  a U , 1981). A ll cytokinins in hib it

root induction and BA which is widely used for shoot m ultiplicat­

ion does so particularly strongly that roots are delayed even after 

transferring to cytokinin free media (Yeoman, 1986). The root 

elongation phase is very sensitive to auxin concentration. High 

concentrations of auxin inhibited root elongation (Thimman, 1977).

Lakshmisita et̂  a l . (1974) obtained clusters of thick roots 

in Jj2 v itro  pineapple plantlets, when inoculated in Knudson's basal 

media with N itsch's micro elements with 1 ppm NAA. Mathews 

and Rangan (1979) subcultured multiple shoots into MS solid 

medium with NAA 0.18 mg I -1 + IBA 0.4 mg I -1 and obtained

rooting. These developed into complete plantlets which could be 

transplanted to s o il. Rao et a l. could obtain rooting in in vitro

2.3 Root Induction



plantlets of pineapple after 3 weeks of subculturing in MS medium

supplemented with NAA 2 mg 1  ̂ + IBA 2 mg 1  ̂ + BA 2.5 mg 1 ^ .

Cabral et_ al_. (1984) found that subculturing of explants to MS

-1medium with 30 g sucrose per litre  + 1.8 mg NAA 1 + 0 .1 8  mg

-1  -1NAA 1 + 0 .4  mg BA 1 induced multiple bud growth and rooting.

Wakasa (1989) obtained rooting of shoots induced _in v it ro , from

various explants in medium without any growth regulators. Bordoloi

and Sarma (1993) obtained maximum rooting on half strength MS

-1medium containing 2 mg 1 IBA.

2 .3 .2  Rooting of shoots e>< v itro

The cost of production of un vitro  plantlets could be 

reduced by changing the rooting stage from an _in v itro  step to 

an ex v itro  one. The major cost of producing _in vitro  plants lies 

in the rooting and hardening stages (Rajeevan and Pandey, 1986).

For rooting under ex v itro  conditions, the shoots for rooting could 

be handled as microcuttings without using aseptic conditions. By 

adopting such a technique, the sterile tissue culture phase would 

end with the proliferation of shoots and rooting could be considered 

as conventional propagation. Rooting under ex v itro  conditions 

also facilitates the combining of the rooting stage with 

acclimatization which is an essential part of the micropropagation 

procedure (George and Sherrington, 1984).



The formation of adventitious roots on a microcutting is 

a crucial step in commercial micropropagation (McClelland et a l . , 

1990). The type of root system formed depends on the physical 

characteristic of the rooting environment (Nemeth, 1986), as well 

as the species and quality of the microcutting (George and 

Sherrington, 1984).

2 .3 .2 ,1  Methods of ex v itro  rooting 

Two-step process

Micro propagated shoots of Pinus radiata were pre-treated 

for rooting by inserting them into water agar medium containing 

auxins for five  days after which they were moved to a potting 

mix of peat and pumice for rooting under high humidity (A itken- 

C hristie  and Thorpe, 1984).

Maene and Deberg (1985) described a simpler technique 

of adding a layer of liq u id  medium over the agar surface in p ro li­

ferating cultures and _in v itro  proliferated shoots of Magnolia 

soulangeana were successfully rooted ex v itro  by this method. 

They further reported that addition of water, auxin solution, 

sucrose solution or a combination of auxin and sucrose helped 

in forming roots in several herbaceous species.

One-step process

The _in v itro  produced shoots are inserted into rooting 

media such as peat, p erlite , verm iculite or a mixture of these
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compounds. The microcuttings are then placed in a high humidity 

environment for rooting (George and Sherrington, 1984).

Treating the cut basal ends of micropropagated shoots with 

an auxin carried on talc powder before inserting them into a 

rooting medium and then placing them under mist or high humidity 

conditions were successful with black berry and blue berry 

(Zimmerman and Broome, 1980) and apple (Zimmerman and Broome, 

1980; Simmonds, 1983).

2.4 Hardening and planting out

Wainwright (1988) observed that the environment in a 

tissue culture container is that of very high hum idity, low light 

level and usually a constant temperature. Leaves on shoots or 

plantlets leaving this environment are as a result, very poorly 

adapted to resist the low relative hum idity, higher light levels 

and more variable temperature found j r  v iv o .

Langford and Wainwright (1987) observed that physiologi­

c a lly , the leaves grown in v itro  are incapable of significant 

photosynthesis. The stomata are unable to close and as cuticular 

wax on the leaf surface is minimal, are unable to control water 

loss. Im proper development of vascular connections between the 

shoot and the roots may also cause poor establishment of the 

plantlets.



Light, temperature and relative humidity are the three 

major factors to be controlled during acclimatization. Hu and Wang 

(1983) suggested a period of humidity acclimatization for the

newly transferred plantlets. Three methods of controlling relative

humidity are the polythene tent, misting and fogging. In polythene 

tent, as the aerial weaning environment is closed, it  is possible

to take advantage of carbondioxide enrichment during hardening 

(Lakso et aK , 1986).
*

Standardization of rhizosphere environment is also necessary 

for getting better growth of plantlets (Zimmerman and Fordham, 

1985). Kyte and Briggs (1979) found that a porous potting mixture 

of peat, perlite  and composted bark (1 :1 :1 ) was the best for 

rooting _in v itro  cultured Rhododendrons.

Ramesh et aK (1993) found that sand supported 53.3 per 

cent s u rv iva l of in v itro  produced jack plantlets. Vermiculite,

peat and sand + soil mixture were found to record 40 per cent 

s u rv iva l.

Nutrition of the micro propagules during rooting and harden­

ing has been shown to be species dependent and Scott (1987) has 

shown that Inclusion of fe rtilize r during hardening can be detri­

mental for Kalmia, improve plant quality of Rhododendron and 

is essential for quality Magnolia. Wong (1986) recommended addition 

of 3 g of nutricate (14:14:14 NPK) to each pot one week after



transplanting to get healthier _in v itro  banana plantlets for planting 

in the main fie ld . Mathur et a l. (1988) in itia lly  irrigated jri v itro  

derived Java citronella plantlets with Hoagland and Arnon (1950) 

nutrient solution for one week. Keshavachandran (1991) obtained 

cent per cent establishment of Vetiver plantlets with the applicat­

ion of half strength MS nutrients as well as an NPK fe rtilize r

solution (10:5:10 g 1 1) at weekly intervals. However better vigour 

of the plantlets was observed by application of the latter solut- 

ion. Ramesh et aU (1993) found that application of half strength

MS basal medium was found to be the best for maximum surviva l 

of jack plantlets.

2.5 Encapsulation studies

The term a rtific ia l seed was firs t  coined by Murashige

(1977c) and in simple terms it means a somatic embryo entrapped

in a bio-degradable synthetic polymer coating that acts as an 

a rtific ia l seed coat. Kamada (1985) broadened the scope of a rtif i­

cial seed technology by defining these somatic propagules as a 

capsule prepared by coating a cultured matter such as a piece 

of tissue or an organ which can grow into a complete plant body 

along with nutrients with an a rtific ia l covering.

Redenbaugh et̂  a l . (1986) encapsulated somatic embryos

of alfalfa, celery and cauliflower as single beads to produce 

individual somatic a rtific ia l seeds. The somatic embryos were
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mixed in 3.2 per cent (w /v) sodium alginate, dropped in divid ually  

into a 50 mM solution of calcium chloride and allowed to undergo 

complexation for 30 minutes to form an alginate bead.

Kitto and Janick (1985) produced synthetic seeds by encap­

sulating somatic embryos of ' carrot. Synthetic seed coats were 

applied to asexual embryos of carrot, by mixing equal volumes 

of embryo suspension and a 5 per cent (w /v) solution of poly­

ethylene oxide (Polyox WSR-N 750) and dispensing 0.2 ml drops 

of this mixture into teflon sheets. The drops got dried to form 

detachable wafers consisting of embryo suspension embedded in 

polyox.

Bapat et a l. (1987) encapsulated a x illa ry  buds of m ulberry

in alginate and agar to produce individual beads. The beads could

be stored at 4°C for 45 days without loss of v ia b ility . Among

the encapsulating agents tested, sodium alginate was found to be 

the best. Encapsulated buds regenerated complete plantlets on 

an appropriate medium.

Bapat and Rao (1988) encapsulated somatic embryos of 

sandalwood in an alginate m atrix. Encapsulated single embryos 

germinated to form plants with roots and shoots. Embryogenic 

cell suspensions encapsulated and stored at 4°C for 45 days 

produced embryos when recultured as suspensions.

2 8



Mathur at aK (1989) encapsulated apical and a x illa ry  shoot 

buds of Valeriana w a llich ii in calcium alginate beads and plantlet 

development was observed under both jj i  v itro  (98%) and Jji vivo  

(64%) conditions in pots with verm iculite under glasshouse condit­

ions. An assessment of various concentrations of sodium alginate 

and calcium chloride for the formation of beads indicated that 

a 6 per cent solution of sodium alginate upon complexation with 

75 mM of C a C ^ ^ H ^ O  solution gave optimal firm  and round beads 

within an ion exchange complexation duration of 30 minutes.

Keshavachandran et̂  aU (1993) reported that differentiating 

ca lli of vetiver could be successfully encapsulated into beads 

using sodium alginate at 2.5 per cent and calcium chloride at 75 mM. 

The firm  and round beads formed could be successfully stored 

at 4°C on cotton wool moistened with MS basal salts for 45 days 

without losing their regeneration capacity.
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MATERIALS AND METHODS

The present studies on _in vitro  multiplication and standard­

isation of hardening techniques in pineapple (Ananas comosus ( L . )  

M e rr.) were carried out in the Tissue Culture Laboratory of the 

A ll India Co-ordinated Floriculture Improvement Project attached 

to the Department of Pomology and Floriculture, College of Horti­

culture, Vellanikkara during 1991 to 1993.

3.1 Materials

The major and minor elements required for the preparation 

of media were of analytical grade and procured from M/s.BDH 

Laboratories, Sisco Research Laboratories (SRL) and Merck. The 

amino acids, vitamins and plant growth regulators were obtained 

from M/s.Merck, SRL and Sigma Chemicals, USA.

3.1.1 Glasswares

Borosilicate glasswares of Corning/Borosil brand were used 

for the study. They were cleaned by in itia lly  soaking in potassium 

dichromate solution in sulphuric acid for 12 hours, followed by 

thorough washing with jets of tap water in order to completely 

remove a ll traces of dichromate solution. They were then soaked 

in detergent solution (Teepol 0.1%) overnight, thoroughly washed 

with tap water and rinsed twice with double d istille d  water. The 

glasswares were then dried in a hot a ir oven at 100°C for 24
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h r . They ■ were then stored in cupboards away from contaminants 

and dust until used.

3 .1.2  Culture medium

3.1.2.1  Composition of medium

Murashige and Skoog (MS) medium (1962) was used in the 

present study. The nutrient medium included inorganic salts, 

vitamins, growth regulators, organic supplements and a carbon 

source. The composition of the medium is given in Table 1.

3 .1 .2 .2  Preparation of medium

The stock solutions for micronutrients, vitamins, Fe-EDTA 

and growth regulators were prepared with sterile d istille d  water 

as given in Table 2a and b.

To make up one litre  of medium, the required quantity 

of each stock solution was added into a glass beaker. A known 

quantity of double d istille d  water was added into the beaker and 

the required quantity of sucrose was weighed, added as solids 

and dissolved fu lly . The pH of the solution was adjusted using 

an electronic pH meter to 5-7 using 0.1 N HC1 or 0.1 N NaOH. 

The volume was made upto one litre . Agar (0.7%) was weighed 

out, added to the medium and melted by keeping the solution in 

a waterbath maintained at 90-95°C. The medium was distributed 

to test tubes (150 mm x 25 mm) at the rate of 15 ml each or 

to 100 ml Erlenmeyer flasks at the rate of 25 ml each. The test
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Table 1. Chemical composition of MS media

Constituents_____________________________________ :______Quantity (mg/1)

Major elements

CaCl2.2H20 440.000

FeSO.-Ho0 4 2
27.800

KN03 1900.000

k h 2p °4 170.000

MgS04 .7H20 370.000

NH, NO,4 3 1650.000

Na2.EDTA 37.300

Minor elements

CaCl2.6H20 0.025

CuSO,.5Ho0 4 2 0.025

H3B03 6.200

KI 0.830

MnSO.4 22.300

Na2M004 .2H20 0.250

ZnSO,4 8.600

Organic constituents

Glycine 2.000

Myo-inositol 100.000

Nicotinic acid 0.500

Pyridoxine. HC1 0.500

Thiamine HC1 0.100

Sucrose 30.000

Agar 7.000



Table 2a. Composition and preparation of stock solutions of MS medium

Constituents Concentration Volume of^ Storage
of stock stock 1 of stock
(mg/100 ml) of medium solution

Micro nutrients.

H3B03 620

MnSO,4 2230
ZnSO,4 860

Na2MoO, 2H20 25

CuSO., 5Ho0 4 2 2.5

CoCl2, 6H20 2.5

Vitamin

M yo-inositol 10000
Nicotinic acid 50
Pyridoxine HC1 10
Ca pantothenate 100
Glycine 200
Folic acid 100
Ri boflavine 100
CaCU , 2H20 15

KI 83

Iron source

FeSO., 7Ho0 4 ’ 2 2780

Na2EDTA 3725

1.0

1.0

1 .0

4°C

In the freezer

4°C in amber 
coloured bottle

4°C in amber 
coloured bottle

CO
Preparation of Iron stock solution. 
The quantity of FeSO 
d istille d  water. Na,
?H20 gently.

7H20 and Na2EDTA were dissolved separately in 40 ml each of 
EDTA solution was boiled and then added to hot solutions of FeSO. ,II "



Table 2b. Preparation of stock solutions of plant growth regulators

SI. Growth regulator 
No.

1 Auxins

a. -Napthalene 
acetic acid

b. In do le -3 -b utyric  
acid

Common Quantity 
abbreviation for 50 ml 

stock (mg)

NAA 50

IBA 50

Preparation

Dissolved in 2-5 ml of 1N 
NaOH with slight heating 
and gradually diluted to 
50 ml with double d is tille d  
water

Cytokinins

a. 6-Benzyl adenine

b. Kinetin

c. 6 V .V .  Dimethyl a lly l 
amino purine

BA

KIN

2iP

50

50

50

Dissolved in 2-5 ml of 1N 
NaOH with slight heating 
and 'gradually diluted to 
50 ml with double d is tille d  
water

Concentration
range

1 mg/ml

1 mg/ml



tubes on flasks were plugged with non-absorbent cotton and auto- 

claved at 121°C and 15 psi (1.06 kg/cm ) for 20 minutes (Dodds 

and Roberts, 1982). The medium was allowed to cool to room

temperature and stored in the culture room until used.

3 .1 .3  Transfer area and aseptic manipulations

A ll  the aseptic manipulations such as surface sterilization 

of explants, preparation and inoculation of explants and subsequent 

subculturing were carried out under the hood of a clean air laminar 

flow cabinet (K lenzaids). The working table of the laminar airflow 

cabinet was firs t surface sterilised with absolute alcohol and then 

by putting on the U .V . lig h t for 30 minutes. The petridishes as 

well as the instruments used for inoculation were firs t steam 

sterilised in an autoclave at 15 psi at 121 °C for 30 minutes and

then flame sterilised before each inoculation. The hands were 

also scrubbed with alcohol before each inoculation.

3 .1.4  Culture room

The cultures were incubated at 27°±1°C in an a ir  conditioned 

culture room with a 16 hour photoperiod (2000 lux) supplied by 

cool day lig h t fluorescent tubes.

3 .1 .5  Source of ex plants

The explants were collected from the Pineapple Research 

Station, Vellanikkara, Th ris s u r. Crowns and suckers of pineapple

varieties Kew and Mauritius were used as the explants.



Plate 1. Explant inoculated into establishment medium



3.2 Methods

3.2.1 Preparation of explants

The crowns used as explants were collected from mature 

fruits af.ter harvest while the suckers of 1.5 to 2 months age 

were collected from the fie ld . The leaves from crowns were removed 

one by one without damaging the growing point. The explants were
3

reduced to a size of 0 .5 -0 .8  mm by trimming the four sides and 

the base of the stem portion. In case of suckers, leaves and the 

base with the attached roots were removed and the explants
3

trimmed to a size of 0 .5 -0 .8  mm . The cut explants were thoroughly 

washed in running tap water and_ then with d istilled  water. The 

ex plants were then subjected to surface sterilization treatments.

3 .2 .2  Culture establishment

3.2 .2 .1  Standardisation of surface sterilization

The ex plants were subjected to the surface sterilants at

different concentration and for different durations as detailed in 

Table 3.

The observations on percentage of cultures contaminated

and explant surv iva l were recorded 3 weeks after inoculation.'

3 .2 .2 .2  _ Effect of season of .explant collection on the rate of conta­
mination

The ex plants were collected month wise from January to



December in a ll the months in which they were available. The 

explants were subjected to surface sterilization by treating with

0.1 per cent Emisan for 30 minutes followed by 0.1 per cent 

mercuric chloride for ten minutes. The surface sterilised explants

were thoroughly washed with sterile  d istille d  water and inoculated

-1 -1on MS establishment medium with BA 5 mg 1 and NAA 1 mg 1

Observations on the percentage of cultures contaminated 

and the explant surv iva l were recorded 3 weeks after inoculation.

3 .2 .2 .3  Effect of different cytokinins and auxins on establishment 
of ex plants

Shoot tips isolated from the crowns of varieties Kew and 

Mauritius were cultured in MS medium supplemented with the 

following cytokinins at different concentration with or without 

auxin.

1. BA 5.0 mg l - ^

2. BA 5.0 + NAA 0.5 mg 1 ^

3. BA 5.0 + NAA 1.0 mg l " 1

4. BA 10.0 mg 1 ^

5. 2iP 5.0 mg 1 ^

6. 2iP 5.0 + NAA 0.5 mg l " 1

7. 2iP 5.0 + NAA 1.0 mg I -1

8. 2iP 10.0 mg 1~1

9. Kinetin 5.0 mg l -1

10. Kinetin 5.0 + NAA 0.5 mg l ” 1
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11. Kinetin 5.0 + NAA 1.0 mg 1 ^

-1
12. Kinetin 10 mg 1

13. Basal medium

Observations on the percentage of cultures established,

percentage of cultures showing initiation of growth and the number 

of days taken for greening of the ex plants - were recorded th ree 

weeks after in itia l culture.

3.2 .3  Regneration of _in v itro  plantlets

3.2 .3 .1  Proliferation of globular structures

The greenish elongated shoot tips after 3-4 weeks of 

culture were transferred to MS media with 3 per cent sucrose

and 0.7 per cent agar, supplemented with different cytokinins

with or without auxin at different concentrations as given below,

for formation of globular structures.

1. Kinetin 5.0 mg 1

2. BA 5.0 mg I-1

3. 2iP 5.0 mg I -1

- i
4. Kinetin 10.0 mg 1

5. BA 10.0 mg l “ 1

6. 2iP 10.0 mg f 1

7. Kinetin 5.0 + NAA 0.5 mg 1 1

8. BA 5.0 + NAA 0.5 mg 1 **

9. 2iP 5.0 + NAA 0.5 mg l - ^
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10. BA 5.0 + NAA 1.0 mg 1

11. Basal medium

Observations on the number of days taken for proliferation

of the globular structures and the intensity of globular structures 

formed were recorded three weeks after transfer.

3 .2 .3 .2  Effect of cytokinin and auxin on shoot production

The effect of different concentrations of various cytokinins

and auxins on proliferation of shoots was studied. Approximate

500 mg of the globular structures formed were subcultured into

MS media, with 3 per cent sucrose and agar 0.7 per cent, supple­

mented with different cytokinins and auxins at various concentrat­

ions as given below.

1. Kinetin 5.0 mg 1 ^

2. Kinetin 10.0 mg 1 1

3. Kinetin 5.0 + NAA 0.5 mg 1~1

4. BA 5.0 mg I -1

5. BA 10.0 mg I -1

6. BA 5.0 + NAA 0.5 mg l " 1

7. 2iP 5.0 mg I -1

8. 2iP 10.0 mg l " 1

9. 2iP 5.0 + NAA 0.5 mg 1 ^

10. Basal medium
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There were three replications per treatment. Observations 

on the percentage of cultures developing shoots and the number 

of shoots produced per culture were recorded 45 days after 

transfer.

3.2 .4  Induction of rooting

3.2 .4 .1  Standardisation of auxin concentration and media consistency

The effect of auxins, IBA and NAA on induction of rooting 

in pineapple was studied in an experiment .with solid MS media 

having an agar concentrations of 0.7 per cent and liqu id  medium 

without agar using filte r paper supports. The varying concentrat­

ions of auxins tried were as follows.

1. IBA 1.0 mg I -1

2. IBA 2.0 mg 1 1

3. NAA 1.0 mg f 1

4. NAA 2.0 mg l " 1

5. Control -  Basal medium

Individual shoots regenerated and having attained 4-9 cms 

length were separated and put in different rooting treatments. 

There were two replications per treatment.

Observations on percentage of cultures initiating roots, 

the number of days taken for root initiation, the number of roots 

formed per shoot and the nature of roots formed were recorded 

40 days after subculturing for both solid and liquid  cultures.
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3 .2 .4 .2  Effect of agar concentrations on root initiation and elong­
ation

The effect of varying concentrations of agar on root in itiat­

ion and elongation was tested in an experiment. The agar concent­

rations tried  were

1. 0.70 per cent

2. 0.65 per cent

3. 0.60 per cent

4. 0.50 per cent

Individual shoots 4-9 cms In length obtained from the 

proliferation cultures were separated and used for the study.

Observations on the number of roots formed and the mean length

of roots produced per culture in each treatment were recorded, 

three weeks after transfer. There were 14 cultures per treatment.

3 .2 .4 .3  E>< v itro  rooting

The shoots formed In the proliferation stage were used 

for the study. Shoots of various sizes (2 .0  to 7.0 cm) in length 

were treated with the following concentrations of growth regulators.

1. IBA 100 mg T 1

2. IBA 200 mg 1~1

3. NAA 100 mg l " 1

4. NAA 200 mg 1 ^
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5. Rooton powder*

6. Control

The growth regulator solutions were prepared in ethanol. 

The shoots were dipped in the solutions for a period of 30 seconds 

and then planted in plastic pots fille d  with moistened verm iculite. 

For treatment with Rooton powder, the shoots were firs t  dipped 

in d istille d  water and then in the powder before planting in vermi­

culite . The pots were then placed in the mist chamber.

Observations on the percentage of rooting, number of roots 

and mean length of roots were made fifteen days after planting.

3 .2 .5  Hardening and planting out

3.2.5 .1  Hardening treatments

To standardise the procedure for hardening of _in v itro  

derived plantlets, different hardening treatments were compared. 

Uniform plantlets of about. 3-12 cms in height with well developed 

roots were utilised for the study. There were five  replications 

per treatment.

3 .2 .5 .2  Transfer of plantlets

The ui v itro  plantlets formed with a mean number of 5-12 

leaves and 5-11 roots were carefully removed from the culture

* A rooting compound in powder form produced by M /s.B .K .D istille ry  
(P ) L td .,  Allahabad



vessels. The agar adhering to the roots was carefully removed 

by washing with d istille d  water. The plantlets were then subjected 

to various pre-transfer treatments.

3 .2 .5 .3  Pre-transfer treatments

Two pre-transfer treatments were tried to study their 

comparative effectiveness on subsequent plant establishment.

1. Immersing the roots of plantlets in sterile  water for 18 hrs 

p rio r to transferring

2. Coating the leaves of the plantlets with paraffin o il -on both 

sides before transferring

The plantlets were transferred into different containers 

fille d  with potting media, ind ivid ually  covered with polyethylene 

covers and kept under shade.

The number of plantlets found to establish in these two 

treatments were recorded 15 days after imposing the treatments.

3 .2 .5 .4  Standardisation of containers and potting media

In order to standardise the type of containers and the 

potting media to be used, 4 types of containers and 8 different 

media were used for the study.



Containers Potting media

1. Mud pot (7 .0  cm diameter) 1. Potting mixture (1 :1 :1  of red
earth, sand and FYM)

2. Plastic pot (7 .0  cm d ia .)

3. P ro -tra y  (w ith 64 wells)

4. Polythene bags 
(11.0 x 8.5 cm)

* Soil rite

2. Perlite

3. Soil r ite ’9'

4. Cocopeat**

5. Biofibe****

6. Sand

7. Vermiculite

8. Vermiculite + soil (1:1 ratio)

A mixture of peat mo.ss, verm iculite and perlite 

marketed by M/s.KEL Perlite, Bangalore

A proprietory compound containing decomposed 

peat and coir dust produced by M/s.Langalee 

L td .,  Bangalore

A proprietory mixture of verm iculite, perlite 

rice husk and coir dust, produced by M/s.Red 

Sanders L td ., Bangalore

Uniform sized plantlets of 3-12 cms length and with well 

developed roots were used for the study. The plantlets were trans­

ferred into different containers fille d  with the different media. 

The plantlets were covered with plastic covers and kept under 

shade for two weeks.

Cocopeat

*** Biofibe

Fungicidal sprays with 0.1 per cent Bavistin were given 

2 days after transplanting and subsequently at fortnightly intervals.



The polythene covers covering the plantlets were removed for

a period of one h r. for the firs t few days and then for two,

three and four h r. on the subsequent days. Two weeks after

keeping in shade, the plantlets were transferred to the net house.

The transferred plantlets were watered on alternate days

with tap water. A nutrient solution was prepared by dissolving

5 gm per litre  of a fe rtilize r (N :P :K  -  10:5:20) mixture and

applied once a week to the plantlets, at the rate of 8 ml per

plantlet in mud pots, plastic pots and poly bags and 3 ml per

plantlet in protrays.

The plantlets on transfer to the net house were covered

with a frame made of polythene sheets, in order to simulate an

improvised mist chamber.

Observations on the plant height, number of leaves per

plantlet and the width of largest leaf were recorded at the time

of transfer and subsequently at 15 days interval upto 45 days

after transfer.

3 .2 .5 .5  Effect of nutrient starter solution

Five nutrient starter solutions were tried on established

pineapple plantlets in plastic pots (7 .0  cm d ia .) containing sand.

The nutrient starter solutions tried were as follows.

1. F e rtilize r solution (N , P, K -  10:5:20) @ 5 gm/litre applied

once a week
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2. F e rtilize r solution (N , P, K -  10:5:20) 9 5 gm /litre applied

twice a week

3. MS nutrient solution at i  strength with pH adjusted to 5 .7 , 

once a week

4. MS nutrient solution at 1 strength with pH adjusted to 5 .7 , 

once a week

5. Hoaglandfs nutrient solution at i  strength once a week

6. Tap water as control

Watering of each pot with 5 ml each of the nutrient starter 

solutions was done. On alternate days, watering was carried out 

with tap water.

Observations were recorded on the plant height, number 

of leaves and width of the largest leaf in itia lly  and thereafter 

at 15 days interval upto 45 days after transplanting.

3 .2 .6  Encapsulation studies

The globular bodies formed in MS medium supplemented

-1 -1with 5 mg 1 BA and 1 mg 1 NAA were used for encapsulation

studies in order to form beads which could be stored without 

loss of the a b ility  to differentiate.

3.2.6.1 Encapsulation in alginate

Gels of sodium alginate (Sigma) were prepared in MS basal

salt solution at concentrations of 2 .0 , 2 .5 , 3.0, 3.5 and 4.0 per

cent. The . differentiating globular bodies were broken into
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individual bits and mixed thoroughly with the alginate gel. Calcium 

chloride solutions were prepared at concentrations of 25, 50, 75

and 100 mM. Sterilised glass tubes of 3 mm diameter were used 

to pick up the globular bodies along with the sodium alginate

solution. Sodium alginate drops were allowed to fa ll into CaClg

solution at the rate of 30-40 drops per minute. The formation 

of round firm  beads were noted. The resultant beads (0 .5  to 0.7 

cm in diameter) were left in the C a C ^ solutions for 30 minutes 

on a rotary shaker (80 rpm for complexation). Beads were 

removed, washed three times with sterile d istilled  water and

put in regeneration media or subjected to storage studies.

3 .2 .6 .2  Storage of alginate beads

The alginate beads formed were put into 100 ml flasks

on cotton wool, moistened with MS basal salts or d istille d  water 

and stored at room temperature and at 4°C.

The beads were removed at intervals of 5 days and put

on MS regeneration media to find out the period to which the

beads could be stored without losing the regeneraton capacity.

3 .2 .7  Statistical analysis

Statistical analysis of the data recorded was carried out

in completely randomised design, wherever necessary, following

Panse and Sukhatme (1985). Angular as well as sfx transformations 

were carried out, wherever necessary.
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RESULTS

The results of the studies on in v itro  multiplication and

standardisation of hardening techniques in pineapple conducted 

at the Tissue Culture Laboratory of the A ll India Co-ordinated 

Floriculture Improvement Project attached to the Department of 

Pomology and Floriculture of the College of Horticulture,

Vellanikkara are presented in this chapter.

4.1 Standardisation of surface sterilisation of explants

The results of the experiments on surface sterilisation of

pineapple explants are presented in Table 4a.

Among the different treatments trie d , T^  (Emisan 0.1 per 

cent for 35 minutes followed by treatment with mercuric chloride 

0.1 per cent for 10 minutes) was found to give the least percentage 

of contamination (4 7 .1 ). However, T,. was on par with T^  (Emisan 

0.1 per cent for 30 minutes and mercuric chloride 0.1 per cent 

for 10 minutes), though there was a slight increase in the percent­

age of contamination (50.3%). Reduction in the time of treatment 

with Emisan increased the rate of contamination.

The duration of exposure of the explants to the sterilising

treatments was found to influence the surviva l of the ex plants

in the media. The highest percentage of s u rv iva l (45.8) was 

observed in T 4 followed by that in T 5 (4 2 .2 ), which were on



Table 3. Concentration and duration of treatment of surface
sterilants on pineapple explants

T  reatment 
No.

Sterilants Concentration
(%)

Duration of 
treatment (mts)

Emisan + 

Hgci0

0.1

0.1

15

10

Emisan + 

HgCl„

0.1

0.1
20

10

Emisan + 

HgCl0

0.1

0.1

25

10

Emisan + 

Hgci0

0.1
0.1

30

10

Emisan + 

Hgcin

0.1
0.1

35

10

Emisan + 

HgCl2 + 

Norfloxacin

Emisan + 

HgCl2 + 

Norfloxacin

0.1
0.1
0.1

0.1
0.1
0.2

30

10
30

30

10

30



Table 4a. Effect of surface sterilant treatments on pineapple ex plants

Explant T  reatment Sterilants Concentration Duration Contamination S urvival
No. (%) (mts) (%) (%)

Crown 1 Emisan + 0.1 15 01 Q Q ft
and HgCl0 0.1 10 y l * o y • o

sucker
2 Emisan + 0.1 20 81.4 18.6

H9C12 0.1 10

3 Emisan + 0.1 25 71.8 22.1
. H9C12 0.1 10

4 Emisan- + 0.1 30 50.3 45.8
HgC12 0.1 10

5 Emisan + 0.1 35 47.1 42.2
HgCl2 0.1 10

6 Emisan + 0.1 30
HgClrt + 0.1 10 85.4 14.5
Norfroxacin 0.1 30

7 Emisan + 0.1 30
HgCl + 0.1 >10 71.9 11.7
Norfloxacin 0.2 30

CD 6.24 6.75

SEm± 2.06 2.22

Observations recorded three weeks after inoculation
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par. Hence, considering both the percentage of contamination and 

percentage of s u rv iv a l, the treatment with Emisan 0.1 per cent 

for 30 minutes, followed by treatment with mercuric chloride 0.1 

per cent for 10 minutes was found to be the best.

4.2 Influence of season on explant contamination

The data with respect to the month wise details of the 

percentage of contamination of the explants in the different months 

is presented in Table 4b and Fig . 1.

The percentage contamination observed for 12 months showed 

distinct difference in the different months. The lowest percentage 

of contamination recorded was in the months of January (48.0) and 

February (5 0 .0 ). The explants used in A p ril and November showed 

the maximum contamination (86.0% and 84.6%, re sp e ctive ly ). The 

highest percentage of surv iva l of the explants was observed in

the months of January (4 4 .0 ), May (4 1 .5 ), February (37.5) and

October (3 7 .5 ).

4.3 Standardisation of media and growth regulators for culture 

establishment

The data on the percentage of establishment of the explants 

in media supplemented with different concentrations of cytokinins 

and auxins are presented in Table 5 and Fig. 2. Maximum

establishment (47.72%) of the crown explants was observed in



Table 4b. Influence of season on ex plant contamination

Month Contamination
(%)

S urvival
(%)

January 48.00 44.00

February 50.00 37.50

March 66.02 33.97

A p ril 86.00 13.81

May 56.95 41.48

June 65.62 34.38

July 70.83 21.73

August 72.08 24.20

September 70.00 26.66

October 62.50 37.50

November 84.61 15.39

December 73.33 26.66

Surface sterilization of the crown explants was carried out by 

treatment with Emisan (0.1%) for 30 mts followed by in HgCl^ 

(0.1%) for 10 mts.
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Fig. 1. Influence of season on explant contamination
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treatments (BA 5.0 mg 1 **) and (BA 5.0 + NAA 1.0 mg 1 ^ )

(Plate 1 ). 2iP when added into the media was found to reduce
- 1

the percentage of establishment. In treatment (2iP 5.0 mg 1
_ i

+ NAA 1.0 mg 1 ) ,  none of the explants could be established.

Among the cytokinins, the highest percentage of establishment

was observed when BA was added to the media alone or in combi­

nation with NAA. When the concentration of BA was increased to
-1

10 mg 1 , there was a reduction in the percentage of establishment.

The establishment of ex plants was better wi£h KIN when compared

with 2iP. With KIN also, at higher concentration of 10 mg 1 

there was a reduction in the percentage of establishment (26.14). 

Explants cultured on basal media also showed reduced establish­

ment (26.14%).

4.3.1 Cultures showing growth

The data pertaining to the cultures showing growth after

establishment are presented in Table 5.

The percentage of cultures showing growth after successful

establishment in the media was found to follow the same pattern

as for the establishment with respect to the concentrations of 

cytokinins and auxins added into the media. The highest percentage 

of cultures showing initiation of growth (47.72) were observed

with treatment T 1 (B A 5 .0 m g  1 )  and T ,  (B A 5 .0 m g  I -1 + NAA 1.0

mg I -1 ) .  Th is  was followed by T 1Q (KIN 5.0mg l ' 1 + NAA 0.5 mg I -1 )



in which 39.01 per cent of the cultures initiated growth. The
-1

higher concentration of the cytokinins tried  namely, 10 mg 1

had adverse effect on the percentage of cultures initiating growth. 

Among the cytokinins, BA was found to be the most effective for 

initiating growth of the established cultures followed by KIN and 

2iP. The percentage of cultures initiating growth in the basal 

media was also low (26 .14).

4 .3 .2  Time taken for greening

The data relating to the time taken for greening of the

established explants are presented in Table 5.

The treatments with BA added to the media showed the

fastest response in respect of the time taken for greening of the 

established ex plants (Plate 2 ). The shortest time for this 

response (4.37 days) was observed in treatments T^ (BA 5.0 mg I -1 ) 

and T 3 (BA 5.0 mg I -1 and NAA 1.0 mg I - 1 ) .  With 10 mg l “ 1 BA, 

the explants took more time for greening (6.84 d a ys). The response 

of the ex plants cultured in media to which KIN was added was

significantly slower compared to the BA treatments. With respect 

to the KIN treatments, the fastest response (6.00 days) was 

observed with the treatment T ^  (KIN 5.0 mg l “ 1 and NAA 1.0 

mg 1 1) .  The response of the explants was slowest in media 

supplemented with 2iP. Higher concentration of the cytokinin on 

the whole increased the time taken for greening. However, the

5h
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Table 5. Effect of different concentrations of cytokinins and auxins on the establishment of pineapple 
ex plants in MS medium

Treatment
No.

Growth regulator Concentration 

(mg l “ 1)

Establishment
(%)

Cultures showing 
growth 

(%)

Time for 
greening 

(days)

1 BA 5.0 47.72 47.72 4.37

2 BA + NAA 5.0  + 0.5 30.30 26.14 5.67

3 BA + NAA 5.0 + 1.0 47.72 47.72 4.37

4 BA 10.0 26.14 26.14 6.84

5 2iP 5.0 21.59 21.59 7.17

6 2iP + NAA 5.0 + 0.5 30.30 26.14 11.50

7 2iP + NAA 5.0 + 1.0 0.00 0.00 0.00

8 2iP 10.0 26.14 26.14 9.34

9 KIN 5.0 30.30 ' . 30.30 7.25

10 KIN + NAA 5.0  + 0.5 39.01 39.01 7.68

11 KIN + NAA 5.0 + 1.0 21.59 21.59 6.00

12 KIN 10.0 26.14 26.14 8.83

13 Control (Basal medium) - 26.14 26.14 5.34

CD (0.05) 4.65 4.16 0.54
SEm± 1.52 1.36 0.18

Observations recorded three weeks after inoculation



Fig.2. Effect of cytokinins and auxins on establishment of
pineapple explants
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Plate 2. Greening of the prim ary explant



slowest response of 11.5 days was observed with the treatment

—1 —1 T -  (2iP 5.0 mg 1 + NAA 0.5 mg 1 ) .  In the basal media, the

time taken for greening was 5.34 days, but the number of cultures

getting established and initiating growth was found to be low as

compared to the other treatments.

4.4 Proliferation of the explants

4.4.1 Standardisation of cytokinins and auxins for proliferation 

of globular structures

The results of the experiment on the effect of different

concentrations of cytokinins such as BA, 2iP and KIN with different

concentrations of NAA on proliferation of the explants are presented' 

in the Table 6 and Plates 3a to 4b.

4.4.1.1 Time taken for formation of the globular structures

Among the different treatments tried for proliferation of

1 -1the globular structures, the treatment T ^  (BA 5.0 mg 1 + NAA

1.0 mg 1 "*) showed the fastest response of 5.96 days, followed

by T^ (BA 5.0 mg 1 with 6.95 days. In the basal media ( T ^ ) ,

it took an average of 7.45 days for the formation of the globular

structures. Treatments T 1Q, T ^  and T ^  were however, statistically

on par. The maximum number of days taken for the formation of

the globular structures was observed in treatment T_ (2iP 5.0
y

- i  - 1
mg 1 + NAA 0.5 mg 1 ) where it  took an average of 16.94 days

for the response.



Comparing the three cytokinins trie d , BA showed the

fastest response followed by KIN and 2iP . "The globular structures

formed with 2iP, however, had characteristic narrow leafy p ro li-
-1

feration. In general, at the higher concentration of 10 mg 1 ,

the time taken for formation of the globular structures increased. 

Likewise, when NAA was added at a lower concentration of 0.5 

mg 1 1, the days taken for the formation of globular structures

was found to increase.

4 .4 .1 .2  Intensity of formation of the globular structures

The intensity of the globular structures formed showed 

variation with the different treatments. Maximum formation of the 

globular structures was obtained in treatment T (BA 5.0 mg 1 )

and T^ q (BA 5.0 mg 1  ̂ + NAA 1.0 mg 1 **) followed by T^ (KIN

5.0 mg 1 *) and T^ (KIN 5.0 mg 1 ** and NAA 0.5 mg 1~1) .  The

lowest intensity of the globular structures was formed in the basal

medium. Among the cytokinins, higher intensity of globular

structures was observed with BA followed by KIN and 2iP. The

formation of globular structures was better at the lower concent-

—1 —1 ration of 5 .0  mg 1 of the cytokinin. Addition of 0.5 mg 1

of NAA also resulted in less number of globular structures being

formed. However, 1.0 mg 1  ̂ of NAA in combination with BA 5.0 
-1

mg 1 was found to produce high intensity of globular structures.



Table 6. Effect of different 
in pineapple

concentrations of cytokinins and auxins on formation of globular structures

T  reatment 
No.

Growth regulator Concentration

(mg l~ 1)

Time taken 
for response 

(days)

Intensity of 
nodular stru­
ctures formed

Remarks

1 KIN 5.0 8.08 +++

2 BA 5.0 6.95 ++++

3 2iP 5.0 12.62 +++ Narrow leafy p ro li­
ferations

4 KIN 10.0 8.09 ++

5 BA 10.0 8.13 ++

6 2iP 10.0 13.91 ++ Narrow lea v y p ro li­
ferations

7 KIN + NAA 5.0 + 0.5 10.54 +++

8 BA + NAA 5.0 + 0.5 9.79 +++
9 2iP + NAA 5.0 + 0.5 16.49 ++ Very narrow leafy 

proliferations

10 BA + NAA 5.0 + 1.0 5.96 ++++* »
11 Control

(Basal medium)
7.45 ++

CD (0.05) 1.96

SEm± 0.63

Observations recorded three weeks after transfer



Plate 3a. Formation of globular bodies from the 
prim ary explant

Plate 3b. Further proliferation of globular bodies



Plate Aa. Close up view of globular bocies formed

Plate Ab. A magnified view of a shoot formed from the 
globular bodies



4.4.2 Standardisation of cytokinins and auxins for shoot pro life r­

ation

The data with respect to the study on standardisation of 

different concentrations of cytokinins and auxins on shoot production 

is presented in Table 7 and Fig. 3.

4.4.2.1 Percentage of cultures developing shoots

The different treatments showed significant difference with 

respect to the percentage of cultures developing shoots. The highest 

percentage of cultures forming shoots was observed in treatment 

T 1q (basal MS media) where cent per cent of the cultures developed 

vigorous, dark green long shoots (Plate 5 ). The treatments T  ̂

(KIN 10.0 mg 1 with 91.1 per cent and (KIN 5.0 mg 1 **) 

with 74.8 per cent, ranked next in order. With treatment T^ (BA

10.0 mg 1 ^) ,  there was no formation of shoots. Among the different 

cytokinins, the highest percentage of cultures developing shoots 

was observed when KIN was added to the media followed by 2iP. 

With respect to KIN and 2iP, addition of NAA at 0.5 mg l -1 was 

found to reduce the percentage of cultures developing shoots. 

However, with BA and increase in the percentage of cultures 

developing shoots was observed when 0.5 mg 1  ̂ of NAA was added.

4.4.2.2 Number of shoots formed per culture

The highest number of shoots formed per culture was 

observed with treatment T ^ q (basal MS media) where a mean of



Table 7. Effect of different concentrations of cytokinins and auxins on shoot production in pineapple

T  reatment 
No.

Growth regulator Concentration 

(mg 1 **)

Cultures 
developing 
shoots (%)

Shoots per 
culture ( N o . )

Remarks

1 KIN 5.0 74.8 6.6 Broad short leaved rosette 
type shoots

2 KIN
V

10.0 91.1 4.4 Short, thick leaved shoot 
in itia ls

3 KIN + NAA 5.0 + 0.5 49.6 3.9 Shoots lig h t green in colour

4 BA 5.0 28.0 1.8 -

5 BA 10.0 0.0 0.0 -

6 BA + NAA 5.0 + 0.5 72.1 1.5 Shoots lig h t green in colour

7 2iP 5.0 69.8 3.5 -

8 2iP 10.0 53.4 3.1 Shoots pale green in colour

9 2iP + NAA 5.0 + 0.5 43.7 1.3, i
10 Control

(Basal medium)
— 100.0 11.9 Vigorous,greenish longer 

shoots

CD (0.05) 5.19 1.41
SEm± 1.76 0.48

Observations recorded 45 days after transfer
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Plate 5. Formation of multiple shoots



11.9 shoots were formed, followed by treatment (KIN 5.0 mg 1 )
- i

with 6,6 shoots and T 2 (KIN 10.0 mg 1 ) with 4.4 shoots per

culture. The lowest number of shoots formed was in treatment

—1 - IT  (2iP 5.0 mg 1 + NAA 0.5 mg 1 ) ,  where only a mean number
y

of 1.3 shoots were formed per culture. In general, among the cyto­

kinins, more number of shoots were formed with KIN followed
_1

by 2iP. The lower concentration of the cytokinin (5.0 mg 1 ) 

was more effective than the higher concentration (10.0 mg 1 ^) .  

Likewise addition of NAA (0.5 mg 1 ) aldngwith the cytokinins

also reduced the number of shoots formed per culture.

The appearance of the shoot formed also varied slightly  

with the treatments. In the basal media, vigorous dark green 

coloured larger shoots were formed. The shoots formed with KIN 

were in general shorter, broader and th icker, while those formed 

with 2iP and BA were pale green in colour.

4.5 Induction of rooting

The data relating to the experiment on induction of rooting 

are presented in Table 8 and Fig. 4.

4.5.1 2D. v itro  rooting

4.5.1.1 Percentage of rooting

There was no significant difference with respect to percent­

age of root initiation in the different treatments. In a ll the treat-

“ 1



ments including basal MS medium, cent per cent rooting was obtained 

(Plate 6a to c ) .

4.5.1.2 Days to root initiation

The treatments showed significant difference with respect

to the number of days taken for initiation of rooting. The minimum

number of days for rooting was observed in basal MS medium (8.54

days) .  Among the auxins trie d , faster rooting occurred: when IBA
*

was added into the media (22.16 days) when compared to NAA

(30.20 days) .  Considering the two concentrations of auxins alone,

the higher concentrations of 2 mg 1  ̂ was found to produce faster

rooting (25.72 days) compared to a mean of 26.66 days when
-1

1 mg 1 was used. Considering the two auxins, and the two

concentrations together, the fastest rooting was observed with 

IBA 2 mg 1 ** (21.25 days) .

The physical state of the media had a significant effect

on the number of days taken for rooting. Irrespective of the other 

treatments, considering the physical nature of the media alone,

rooting in liqu id  media was found to be significantly faster. Rooting

in liqu id  media occurred in a mean of 24.84 days while in solid

media it  took a mean number of 27.53 days for root initiation. 

Comparing the two auxins along with the media consistency, the 

fastest rooting occurred with IBA in liquid  media (21.14 days) 

followed by IBA in solid media (23.2 days) .
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Comparing the two auxins along with th e ir concentrations

and the media consistency together, the fastest rooting was observed
_  <1

when IBA 2 mg l ” was added into liq u id  medium (19.81 days)
_ i

followed by IBA 1 mg 1 in liqu id  medium (22.47 days) and IBA

—1 -12 mg 1 in solid medium (22.69 days) .  Vi/hen IBA 1 mg 1 was

added to solid medium, it  took a mean number of 23.71 days for

rooting. Among the NAA treatments, vvhen 2 mg 1  ̂ was added to

liquid medium, it  took a mean number of 28.49 days for rooting.

The maximum number of days taken for rooting was a mean of

31.88 days, when NAA 2 mg 1 ** was added to solid medium.

4,5.1.3 Number of roots

The different treatments showed significant difference with 

respect to the number of roots formed.

Comparing the two auxins alone, irrespective of the concent­

rations and the media consistency, more number of roots were 

formed with IBA (6.06) compared to NAA ( 4.17) .  Comparing the

two concentrations of the auxins used alone, the higher concentrat- 
-1

ion of 2 mg 1 was significantly superior with a mean of 5.44
_ i

roots being produced compared to 4.79 roots at 1.0 mg 1 .

Comparing the two auxins and their concentrations together, the

treatments with IBA showed significant difference. The maximum

-1number of roots was observed with IBA 2 mg 1 (6.41) .
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Considering the media consistency alone, irrespective of 

the other factors, more number of roots were observed in liquid  

media (5.35) .  Comparing the two auxins alongwith the media 

consistency, irrespective of the auxin concentrations, the maximum 

number of roots was obtained with IBA in liquid  medium (6.30) 

followed by IBA in solid medium (5.82) .

Comparing the two auxins, at the two concentrations in 

solid and liq u id  media, the highest number of roots were observed
ft.

-1  -1  with IBA 2 mg 1 in liqu id  media followed with IBA 2 mg 1

in solid media (6.28) and IBA 1 mg 1  ̂ in liquid  media (6.07) .

Among the NAA treatments, the highest number of roots was observed 

"1with 2 mg 1 in liquid  media (4.77) and the lowest number of

-1roots with NAA 1 mg 1 in solid media (3.72) .  In basal media, 

a mean number of 4.78 roots per culture was observed.

’4.5.1.4 Appearance of the roots

The appearance of the roots formed with the two auxins 

and in the basal medium showed v is ib le  difference. The roots 

formed when IBA was added into the media were characterised 

by short and stubby appearance (Plate 7a).  Thin  long branched 

roots were formed when the _in v itro  formed shoots were cultured 

in basal MS media (Plate 7b) .  The roots formed in NAA treatments 

were characterised by th e ir short, thick and hairy appearance. 

Proliferation of callus lik e  mass was also observed at the base

0 4



Table 8. Effect of different concentrations of NAA and IBA on rooting of in v itro  plantlets of pineapple

T  reatment 
No.

Growth
regulator

Concent­
ration

(mg I - 1 )

Media Root Root 
initiation initiation 

(%) (days)

Roots per 
shoot (No. )

Nature of roots

1 NAA 1 Liquid 100 28.59 4.03 Short, th ick  brownish 
hairy  roots with mass of 
tissue at base of plantlets

2 NAA 1 Solid 100 31.86 3.72 »»

3 NAA 2 Liquid 100 28.49 4.77 Brownish coiled roots with 
mass of tissue at base of 
plantlets

4 NAA 2 Solid 100 31.88 4.17

5 IBA 1 Liquid 100 22.47 6.07 Short brownish roots
6 IBA 1 Solid 100 23.71 5.35 j *

7 IBA 2 Liquid 100 19.81 6.53p »»
8 IBA 2 Solid 100 22.69 6.28

9 Basal MS - Solid 100 8.54 4.78 Th in , long branched roots

CD (0.05) 3.27 1-85

SEm± 2 *09 0.67

Observations recorded 40 days after subculture
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Plate 6a. In v itro  rooting with IBA
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Plate 7b. Nature of roots formed in basal medium



of the shoots (Plate 6b) .  At the, higher concentration of 2 mg 

-11 , roots showed characteristic coiled nature.

4.5.1.5 Effect of agar concentration on root initiation and elongation

The data pertaining to the study on standardisation of the 

agar concentration for optimum root initiation and elongation are

presented in Table 9.

4.5.1.5a Number of roots

Among the different concentrations of agar used, the maximum 

number of roots was observed with 0.65 per cent where a mean

number of 4.7 roots were observed foilowed by 4.0 in media so lid i­

fied with 0.6 per cent agar. With 0.5 per cent agar a mean

number of 3.9 roots were observed. The lowest number of 3.0 

roots per culture was observed for 0.7 per cent agar.

4.5.1.5b Length of roots

The treatments showed statistical significance with respect 

to the length of roots. The maximum length of 2.5 cm was observed 

with 0.65 per cent agar followed by 2.1 cm with 0.50 per cent

agar and 2.0 cm with 0.6 per cent agar. The length of the roots

was minimum (1.4 cm) when 0.7 per cent agar was used.

4.5.2 Ex v itro  rooting .

The data relating to the experiment on induction of ex
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Table 9. Effect of different concentrations of agar on the 
initiation and elongation of roots in MS media 
( basal)

Treatment
No.

Concentration 
of agar (%)

Number of 
roots

Length of 
roots (cm)

1 0.70 3.0 1.4

2 0.65 4.7 2.5

3 0.60 4.0 2.0

4 0.50 3.9 2.1

CD (0.05) NS 0.51

SEm± 0.18 0.18

Observations recorded after 21 days
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vitro  rooting is presented in Table 10. The shoots of different 

sizes (Plate 8a) kept for rooting (Plate 8b) under the different 

treatments showed differences in their rooting.

4.5.2.1 Percentage of rooting

The highest percentage of rooting was obtained for treatment 

with Rooton powder (84) followed by control (70) ,  IBA 200 mg 

l -1 (62) and IBA 100 mg 1 1 (59) .  The shoots treated with NAA

at both the concentrations failed to root.

4.5.2.2 Days to rooting

The fastest induction of rooting was obtained by treatment

with Rooton powder (11.2 days) followed by IBA 200 mg 1 (11.4

days) .  The days taken for induction of rooting both for control 

and IBA 100 mg 1  ̂ were the same (14.6 days, each).

4.5.2.3 Number of roots

The highest number of roots was obtained for treatment

-1with IBA 200 mg 1 (9) followed by that with Rooton powder

( 7) .  For control and IBA 100 mg 1  ̂ treatments, a mean of 6 roots, 

each were obtained..

4.5.2.4 Length of roots

The mean length of the roots differed widely with respect

to the different treatments (Plate 8c) .  The maximum length was



Table 10. Effect of auxins and rooting formulations on ex vitro rooting of pineapple

T  reatment T reatments Rooting Days to No. of Mean length
No. (%) rooting roots of roots 

(cm)

1 IBA 100 mg 1~1 59 14.6 6 0.72

2 IBA 200 mg l “ 1 62 11.4 . 9 0.77

3 NAA 100 mg l ” 1 Nil - - -

4 NAA 200 mg 1 1 Nil - - -

5 Rooton powder 84 11.2 7 2.15

6 Control 70 14.6 6 2.00

Observations taken 21 days after treatment
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o
Plate 8a. Shoots of different sizes kept for 

ex v it ro  rooting

0 Plate 8b. Jji v i t ro  formed shoots kept for 
ex v it ro  rooting under different 
treatments



Plate 8c. Ex v it ro  rooting of shoots
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observed for treatment with Rooton powder (2.15 cm) followed 

by that for control (2.00 cm).  The roots produced with IBA treat­

ments were comparatively short and stubby. With IBA 200 mg 1 \  

the mean length of the roots was 0.77 cm and with IBA 100 mg 1 \  

0.72 cm.

4.6 Hardening of plantlets

The effect of certain pre-transfer treatments such as 

immersing the roots of the plantlets in distilled  water for 18

hr before transferring to pots (Plate 9) and coating the leaves 

of the plantlets with paraffin oil was combined with different 

types of containers and potting media. The data are presented

in Tables 11 to 28b, The plantlets were then transferred into 

different types of containers with different media (Plate 10)

. covered in divid ually  in the plastic bags and kept "in shade for

two weeks following which they were transferred into the net 

house (50% lig h t) and kept in an improvised mist chamber

(Plate 11).

4.6.1 Effect of containers

4.6.1.1 Number of leaves

Fifteen days after transplanting in the case of the plant­

lets subjected to pretreatment 1, among the different types of 

containers trie d , the plantlets grown in plastic pots had the 

highest mean number of leaves ( 9 . 8 ) .  The number of leaves



Plate 9. Plantlets kept in d is ti l le d  water p r io r  to transfer



Plate 10. Plantlets transferred into different containers 
with different media



Plate 11. Plantlets kept in an im provised mist 
chamber for hardening
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recorded for plantlets grown in mud pots ranked next with a mean 

of 9.4.  The lowest number of leaves were observed for plants 

grown in p ro -tra ys  ( 7. 3) .

T h irty  days after transplanting, the same trend was 

observed with respect to the number of leaves of the plantlets 

grown in different containers. The highest number was observed 

for plantlets grown in plastic pots and mud pots (11.5) while 

the lowest number was observed in the case of plantlets grown 

'  in p ro -trays ( 8 . 9 ) .

Forty five days after transplanting, the number of leaves 

recorded for the plantlets grown in different types of containers

showed the same trend. The highest number (13.4) was obtained

for plantlets in plastic pots followed by (13.1)  for those in mud 

pots. The number of leaves observed for plantlets grown in p ro - 

trays was the lowest (10.6) .

The number of leaves recorded for the plantlets subjected 

to pretreatment 2 also showed the same trend. Fifteen days after 

transplanting the highest number of leaves (8.9)  was observed

in the case of plantlets in plastic pots, followed by a mean of

8.2 observed for plantlets in poly bags and a mean of 7.6 for 

those in mud pots. The lowest number of leaves were observed 

for the plantlets in p ro -tra ys  ( 5 . 9 ) .  The same trend was noticed

30 and 45 days after transplanting.
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Thus, considering the type of containers, irrespective of 

the media . used, the number of leaves recorded at 15, 30 and

45 days after transplanting was the highest in the case of plant­

lets grown in plastic pots, followed closely by those in mud pots 

and polybags (Plate 12a and Fig. 5a).  The lowest number of leaves 

was observed in a ll the cases with the plantlets grown in pro - 

trays (Plate 12b) . Considering the percentage of increase in the 

production of leaves taking into account the different types of 

containers alone, 30 days after transplanting, the maximum increase 

was observed for the plantlets subjected to pretreatment 1, in 

pro -trays (23.6%),  followed by for those in mud pots (22.3%),  

polybags (21.3%) and plastic pots (17.3%).  At 45 days after trans­

planting the maximum increase was observed in pro -tra ys (19.1%) 

followed by plastic pots (16.5%),  polybags (15.3%) and mud pots 

(14.8%).

The percentage of increase in the number of leaves in the 

case of the plantlets subjected to pretreatment 2 was comparat­

ive ly  less as compared to the increase observed in the case of 

the plantlets subjected to pretreatment 1. The maximum increase 

at 30 days after transplanting was observed for the plantlets in 

pro -trays (3.3%),  followed by polybags (1.2%) and plastic pots 

(1.1%).  At 45 days after transplanting also, the maximum increase 

in the number of leaves was observed in the case of plantlets 

in pro -tra ys (16.1%) followed by in polybags (9.6%) and plastic 

pots (4.4%).

72 ■



Table 11. Effect of different containers on the number of leaves of pineapple plantlets

T  reatment 
No. Containers

Number of leaves

Pre treatment 1* Pre treatment 2**

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

1 Mud pot 9.4 11.5 13.1 7.6 7.6 7.9
(3.1)*** (3.4) (3.6) (2.8) ( 2.8)

2 Plastic pot 9.8 11.5 13.4 8.9 9.0 9.4
(3.1) (3.4) (3.7) (2.9) (3.0)

3 Pro tray 7.3 6.9 10.6 5.9 6.2 7.2
(2.7) ( 2 .9) ( 3.3) (2.4) (2.5)

4 Poly bag 8.9 10.8 12.5 8.2 8.3 9.1
(2.9) (3.3) (3.5) ( 2.9) (2.9)

CD (0.05) 0.10 0.11 0.12 0. 12’ 0.12

SEm± ‘ 0.04 0.04 0.04 0.04 0.04

Dipping the roots of the plantlets for 18 h r in sterile  water, p rio r to transplanting

Coating the leaves of the plantlets with paraffin o il on both sides p rio r to transplanting 

The values in parenthesis denote J H  transformed ones 

Not statistica lly  analysed due to plant m ortalities
CO



Table 12. Effect of different containers on the percentage increase in the number of leaves of
pineapple plantlets

% increase in number of leaves
T  reatment 

No.
Containers Pre-treatm ent 1* Pre-treatment 2*°

30 days after 
transplanting

45 days after 
transplanting

30 days after 
transplanting

45 days after 
transplanting

1 Mud pot 22.3 14.8 0.0 3.9

2 Plastic pot 17.3 16.5 1.1 4.4

3 P ro -tra y 23.6 19.1 3.3 16.1

4 Poly bag 21.3 15.7 1.2 9.6

* Dipping 

** Coating

the roots of 

the leaves of

plantlets 18 h r in s te rile  water, p rio r to transplanting 

the plantlets on both sides with paraffin o il p rio r to transplanting
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Plate 12a. Plantlets growing in different containers 
( i )  P lastic pot ( i i )  Mudpot ( i i i )  Poly 
bag

Plate 12b. Plantlets growing in different containers 
( i v )  P ro -tra y



4 .6 .1 .2  H e ig h t‘of the plant

In the case of plantlets subjected to pre-treatment 1, 15

days ■ after transplanting, the maximum height was observed for

the plantlets grown in plastic pots (8 .2  cm) followed by poly bags

(7.5 cm) and mud pots (7 .0  cm ). T h ir ty  days after transplanting, 

the same trend was observed with the plantlets in plastic pots 

having a . height of 8.5 cm, followed by those in polybag (7.7 

cm) and in mud pots (7 .3  cm ). Forty five  days after transplanting, 

maximum height was again recorded for plants in plastic pots 

(8 .9  cm) followed by those in polybag (8 .0  cm) and mud pots 

(7 .6  cm ). At a ll these intervals, the lowest height was recorded 

for the plantlets in p ro -tra ys  (F ig . 5 b ).

In the case of plantlets subjected to pretreatment 2 also,

the maximum height was recorded for plantlets grown in plastic

pots, followed by those in poly bags and mud pots. Fifteen days 

after transplanting, the maximum height observed for plantlets 

in plastic pots was 7.9 cm followed by 6.8 cm for those in p o ly - 

bags and 6.5 cm for those in mud pots.

T h irty  days after transplanting, the maximum height 

recorded for the plantlets in plastic pots was 8.1 cm followed

by 6.9 cm for those in polybags and 6.6 cm for those in mud

pots. Forty five  days after transplanting, the maximum height 

observed for the plantlets in plastic, pots was 8.4 cm followed



Table 13. Effect of containers on the height of pineapple plantlets

Treatment
No.

Containers

Height of plantlets (cm)

Pre-treatm ent 1* Pre-treatment 2**

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days** 
after 
trans­
planting

1 Mud pot 7.0 7.3 7.6 6.5 6.6 7.1

2 Plastic pot 8.2 8.5 8.9 7.9 8.1 8.4

3 Protray 4.1 4 .2 4.6 4.1 4.2 4.7

4 Poly bag 7.5 7.7 8.0 6.8 6.9 7.7.

CD (0.05) 0.55 0.55 0.59 0.67 0.67
SEm± 0.19 0.19 0.22 . 0.24 0.24

Dipping the roots of the plantlets for 18 h r in sterile  water, p rio r to transplanting 

Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting 

Not statistica lly  analysed due to plant m ortality



Table 14. Effect of containers on the percentage increase in the height of pineapple plantlets

T  reatment 
No.

Containers
% increase in the height of the plantlets

Pre-treatment 1 * Pre-treatment 2**

30 days after 
transplanting

45 days after 
transplanting

30 days after 
transplanting

45 days after 
transplanting

1 Mud pot 4.3 4.1 1.5 7.6

2 Plastic pot 3.7 4.7 2.5 3.7

3 P ro -tra y 2.4 9.5 2 .4 11.9

4 Poly bag 2.7 3.9 1.4 11.6

* Dipping the roots of the plantlets 18 h r in sterile  water p rio r to transplanting

** Coating the leaves of the plantlets on both sides with parafffn o il p rio r to transplanting
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by 7.7 cm for those in poly bags and 7.1 cm for those in mud

pots. The lowest height at a ll the intervals was recorded for

the plantlets in p ro -tra ys .

T h irty  days after transplanting, the percentage of increase 

in the height of the plantlets subjected to pretreatment 1 was

maximum for the plantlets in mud pots (A .3%) followed by those

in plastic pots (3.7%) and poly bags (2 .7% ). Forty five  days after

transplanting, the percentage of increase ii> height was maximum

for the plantlets in p ro -tra ys  (9.5%) followed by those in plastic 

pots (A .7%) and mud pots (A.1%).

In the case of the plantlets subjected to pretreatment 2 

and 30 days after transplanting, the maximum height was observed 

for the plantlets in plastic pqts (2.5%) followed by for those

in pro -tra ys (2.A%).  The lowest increase was* observed for the

plantlets in poly bags. At A5 days after transplanting, the maximum

increase in height was observed for the plantlets in .p ro -tra ys

(11.9%) followed by for those in polybags (11.6%) and mud pots

(7.6%).

A . 6.1.3 Width of the largest leaf

In the case of plantlets subjected to pretreatment 1, 15

days after transplanting, the maximum width of the largest leaf 

was observed in the case of plantlets in plastic pots ( 6 . A mm)

followed by the plantlets in mud pots (5.9 mm) and polybags (5.8 mm) .



Table 15. Effect of containers on the width of the largest leaf of pineapple plantlets

Treatment
No.

Containers

Width of the largest leaf (mm)

Pre-treatm ent 1* P re-■treatment 2**

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days** 
after 
trans­
planting

1 Mud pot 5.9 6.4 11.9 5.2 5.2 5.3

2 Plastic pot 6.4 7.1 12.4 6.5 6.5 6.5

3 Protray 4.3 4.7 8.8 3.9 4.0 4.4

4 Poly bag 5.8 6 .3 11.7 5.9 5.9 6.4

CD (0.05) 0.42 0.48 1.05 0.59 0.60

SEm± 0.15 0.17 0.38 0.21 , 0.22

* Dipping the roots of the plantlets for 18 h r in ste rile  water p rio r to transplanting

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting

^ot statistica lly analysed due to plant m ortality



T h ir ty  days after transplanting, the maximum width was

observed for the plantlets in plastic pots (7.1 mm) closely

followed by those in mud pots (6.4 mm) and those in polybags 

(6.3 mm).

Forty five  days after transplanting, the same trend was 

observed at a higher magnitude. The mean width observed for

the plantlets in plastic pots had increased to 12.4 mm, closely 

followed by the plantlets in mud pots (11.9 mm) and in polybags 

(11.7 mm).  The minimum width at a ll these intervals was observed 

for the plantlets grown in pro -trays (Fig.  5c) .

In the case of plantlets subjected to pretreatment 2, also,

maximum width was observed for those grown in plastic pots,

followed by those in poly bags and mud pots, with the lowest

values recorded for those in p ro -tra ys .

Variation was observed with respect to the width of the 

largest leaf in the different types of containers without considering 

the interaction with the type of media. For plantlets subjected 

to pretreatment 1, 30 days after transplanting, the percentage

increase was maximum for the plantets in plastic pots (10.9)

followed by those in p ro -tra ys  ( 9 . 3 ) ,  poly bags (8.6)  and mud

pots ( 8 . 5 ) .  At 45 days after transplanting stage, the percentage 

increase in the width of the largest leaf was greater. The highest 

percentage increase was observed for the plantlets in mud pots

o v
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% increase in the width of the largest leaf

Treatment Containers Pre-treatment 1* Pre-treatment 2**
No. ------------------------------------------------------------------------ ------------------------------------------------------------------------

30 days after 45 days after 30 days after 45 days after
transplanting transplanting transplanting transplanting

Table 16. Effect of containers on the percentage increase in the width of the largest leaf
of the pineapple plantlets

1 Mud pot 8.5 93.2 0 .0 1.9

2 Plastic pot 10.9 74.6 0.0 0.0

3 P ro -tra y 9.3 87.2 2.6 9.1

4 Poly bag 8.6 85.7 0.0 7.8

# Dippling the roots of the plantlets for 18 h r in ste rile  water, p rio r ’to transplanting

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting
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(93.2) followed by those in pro -tra ys (87.2) ,  poly bags (85.7)  

and plastic pots ( 74. 6) .  For plantlets subjected to pretreatment 

2, the maximum increase in width at 30 days after transplanting

was observed for the plantlets in p ro -tra ys  (2.6%).  Forty five  

days after transplanting, the maximum increase in width was 

observed for the plantlets in pro -tra ys (9.1%) followed by those 

in polybags (7.8%).

4.6.2 Effect of media

4.6.2.1 Number of leaves

The plantlets subjected to pretreatment 1 showed significant 

difference with respect to the number of leaves recorded in

different media irrespective of the containers used, 15, 30 and

45 days after transplanting (Plate 12c and Fig , 6a) .  Fifteen days 

after transplanting, the highest number of leaves (9.9)  was recorded 

for perlite followed by biofibe and normal potting mixture with 

a mean of 9.4 leaves and a mean of 9.2 for so ilrite  and cocopeat. 

The lowest number of leaves was recorded for the plantlets grown 

in a mixture of vermiculite and soil ( 7 . 2 ) .

T h irty  days after transplanting, the number of leaves 

recorded was highest for plantlets grown in cocopeat (11.5)

followed by 11.1 for so ilrite  and 10.9 for perlite  and normal 

potting m ixture. The lowest number (9.1)  was observed for plant­

lets grown in verm iculite and so il.



Table 17. Effect of different media on the number of leaves of pineapple plantlets

Treatment
No.

Media

planting

Number of leaves

Pre-treatment 1* Pre-treatment 2**

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days** 
after 
trans­
planting

1 Potting mixture 9.4 ^ ^ 10.9 12.8 7.4 7.6 7.8
1:1:1 (3.0) (3.3) ( 3 .6) ( 2.7) (2.8) (2.8)

2 Perlite 9.9 .10.9 12.4 6.9 6.9 8.1
( 3.2) (3.3) ( 3 .5) (2.'6) ( 2.6) (2,9)

3 Soilrite 9.2 11.1 12.9 7.7 7.7 8.5
(3.0) (3.3) ( 3 .6) (2.8) ( 2 .8) (2.9)

4 Cocopeat 9.2 11.5 13.5 8.1 8.2 8.7
(3.0) (3. 4) ( 3 .7) ( 2.8) (2 . 9 ) ( 2.9)

5 Biofibe 9.4 10.4 12.1 7.2 7.3 7.5
( 3.1) (3.2) ( 3.5) (2.7) ( 2 .7) ( 2.7)

6 Sand 8 .4 10.7 12.2 7.7 7.9 8.4
(2.9) ( 3.3) ( 3.5) (2.8)• (2.8) ' (2.9)

7 Vermiculite 8.0 10.7 12.5 8.3 8.3 9.4
(2.8) (3.3) (3.5) (2.9) (2.9) ( 3.1)

. . A Verm iculite + . soil - - 7 .2 9.1 10.8 7.9 7.9 6.8
( 2.7) (3.0) ( 3 .3) (2.8) (2.8) (3 .0 )

CD (0.05) 0.15 0.15 0.17 NS NS

SEm± 0.05 0.05 0.06 0.06 0.06

* Dipping the roots of plantlets for 18 h r in s te rile  water, p rio r to transplanting
** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting
*** The values in parenthesis represent y/x transformed ones

Not sta tistica lly  analysed due to plant m ortality
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Plate 12c. Plantlets growing in different media



Forty five  days after transplanting, the highest number 

of leaves (13.5)  was observed for the plantlets grown in cocopeat 

followed by 12.9 for so ilrite  and 12.8 for normal potting mixture. 

The lowest number of leaves (10.8)  was observed for the plantlets 

grown in a mixture of verm iculite and so il.

The number of leaves recorded for the plantlets subjected 

to pretreatment 2 did not show any significant difference at any 

of the intervals of taking observations. Fifteen days after trans­

planting, a mean number of 8.3 leaves were produced for the plant­

lets grown in verm iculite, followed by 8.1 for cocopeat. The lowest 

value (6,9)  was observed for perlite .

T h ir ty  days after transplanting, the same trend was 

maintained. Highest number of 8.3 was recorded for the plantlets 

grown in verm iculite followed by 8.2 for cocopeat. The plantlets 

grown on perlite  showed the least value ( 6 . 9 ) .

Forty five  days after transplanting, the highest number 

of leaves was observed in the case of vermiculite (9.4)  followed 

by 8.8 for the mixture of vermiculite and so il, 8.7 for cocopeat 

and 8.5 for so ilrite . The lowest value was recorded for the plant­

lets in biofibe ( 7 . 5) .

Considering the percentage of increase in the number of 

leaves of the plantlets grown in the different media irrespective 

of the type of containers, for the plantlets subjected to pretransfer



Table 18. Effect of different media on the percentage increase in the number of leaves of
pineapple plantlets

increase in number of leaves

Treatment Media Pre-treatm ent 1* Pre-treatment 2**
No.

30 days after 45 days after 30 days after 45 days after
transplanting transplanting transplanting transplanting

1 Potting mixture 
1:1:1

2 Perlite

3 Soilrite

4 Cocopeat

5 Biofibe

6 Sand

7 Vermiculite
8 Verm iculite + 

soil

16.0 17.4

10.1 12.1

20.7 16.2

25.0 17.4

10.6 16.3

27.4 14.0

33.8 16.8

26.4 18.7

2.7 2,6

0.0 17.4

0.0 10.4

1.2 5.9

1.4 2.7

2.6 6.4

0.0 11.8

0.0 11.4
k  t

* Dipping the roots of the plantlets 18 h r in ste rile  water p rio r to transplanting

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting
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treatment 1, 30 days after transplanting the maximum increase

(33.8%) was observed in the case of plantlets grown in verm iculite

followed by in sand (27%) and in a mixture of verm iculite and

soil (26.4%) and cocopeat (25%). The minimum increase was observed

for the plantlets grown in biofibe (10.6%) and perlite  (10.1%).

Forty five  days after transplanting, the percentage of increase

in the number of leaves was maximum for the plantlets in a

mixture of verm iculite and soil (18.7%) followed by those in
*

cocopeat (17.4%),  normal potting mixture (17.4%),  vermiculite 

(16.8%),  biofibe (16.3%) and so ilrite  (16.2%).  The minimum 

increase (12.1%) was observed for the plantlets in perlite  medium.

For the plantlets subjected to pretransfer treatment 2,

the percentage of increase in the number of leaves was comparat­

iv e ly  less. T h ir ty  days after transfer, the maximum increase was

observed for the plantlets in normal potting mixture (2.7%) followed 

by in sand (2.6%).  Forty five days after transfer, the maximum 

increase was observed for the plantlets grown in perlite  (17.4%) 

followed by for those in vermiculite (11.8) ,  the mixture of verm i­

culite and soil (11.4%) and so ilrite  (10.4%).

4.6.2.2 Height of the plantlets

In the case of plantlets subjected to pretreatment 1, 15 

days after transplanting, maximum height was observed for the

plantlets grown in cocopeat (7.3 cm) closely followed by those



Table 19. Effect of different media on the height of pineapple plantlets

Height of plantlets (cm)

T  reatment Media P re-treatment 1* Pre-treatm ent 2**

No. 15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days## 
after 
trans­
planting

1 Potting mixture 6.7 6.9 7.3 6.4 6.5 6.9

2 Perlite 6.6 6.9 7.2 5 .8 5.8 6.0

3 Soil rite 6.9 7.2 7.5 6 .8 6 .8 7.5

4 Cocopeat 7.3 7.5 7.9 6 .8 6.9 7.4

5 Biofibe 7.0 7.1 7.3 5.6 5.7 6.3

6 Sand 5.9 6.1 6.4 6.8 6.9 7.2

7 Vermiculite 7.1 7.4 7.7 6.2 6.3 7.0

8 Vermiculite + soil 6.0 6.3 6.9 6.5 6.6 7.3

CD (0.05) 0.77 0.78 0.84 NS NS

SEm± 0.28 0.28 0.30 0.34 0.34

Dipping the roots of the plantlets for 18 h r in ste rile  water p rio r to transplanting 

Coating the leaves of the plantlets with paraffin o il on both sides, p rio r  to transplanting 

Not statistica lly  analysed due to plant m ortality

CO



in verm iculite (7.1 cm),  biofibe (7.0 cm) and so ilrite  (6.9 cm).  

T h ir ty  days after transplanting, the maximum height was again 

observed for the plantlets grown in cocopeat (7.5 cm) followed 

by those in verm iculite (7.5 cm),  so ilrite  (7.2 cm) and biofibe 

(7.1 cm).  Forty five  days after transplanting, the same trend 

was observed with the maximum height being observed for the 

plantlets grown in cocopeat (7.9 cm) followed by those in verm i­

culite (7.7 cm),  soilrite  (7.5 cm) and biofibe (7.3 cm).  The

plantlets grown in sand showed the minimufin height at a ll the 

intervals ( Fig.  6b) .

In the case of plantlets subjected to pretreatment 2, 15

days after transplanting, the maximum height was recorded for 

the plantlets grown in cocopeat, soilrite  and sand (6.8 cm),  closely 

followed by those grown in the mixture of verm iculite and soil 

(6.5 cm) .

T h irty  days after transplanting the maximum height was 

observed for the plantlets grown in cocopeat and sand (6.9 cm),

so ilrite  (6.8 cm) closely followed by those in a mixture of verm i­

culite and soil (6.6 cm) and in normal potting mixture (6.5 cm).

Forty five  days after transplanting, the maximum height was 

recorded for the plantlets grown in so ilrite  (7.5 cm),  cocopeat

(7.4)  and mixture of verm iculite and soil (7.3 cm).

Considering the percentage increase in height for the 

plantlets subjected to pretransfer treatment 1, th irty  days after



Table 20. Effect of different media on the percentage increase in the height of pineapple
plantlets

% increase in height of plantlets.

Treatment Media Pre-treatment 1* Pre-treatment 2**
N q m ■ — - ------

30 days after 45 days after 30 days after 45 days after
transplanting transplanting transplanting transplanting

1 Potting mixture 
1:1:1

3.0 5.8 1.6 6.2

2 Perlite 4.5 4.3 0.0 3.4

3 S oilrite 4.3 4.2 0 .0 10.3

4 Cocopeat 2.7 5.3 1.5 7.2

5 Biofibe 1.4 2.8 1.8 10.5

6 Sand 3.4 4.9 1.5 4.3

7 Vermiculite 4.2 4.1 9 1.6 11.0

8 Vermiculite + 
soil

5.0 9.5 1.5 10.6

* Dipping the roots of plantlets 18 h r in ste rile  water p rio r to transplanting

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting
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transplanting, the maximum increase was observed for the plant­

lets in a mixture of verm iculite and soil - (5%) followed by in 

perlite  (4.5%),  so ilrite  (4.3%) and verm iculite (4.2%).  The least 

percentage increase was observed for the plantlets grown in biofibe 

(1.4%).  Forty five  days after transplanting, the maximum percentage 

of increase was observed for the plantlets in a mixture of vermi­

culite and soil (9.5%) followed by the plantlets grown in normal 

potting mixture (5.8%) and cocopeat (5.3%).  The least increase 

was observed for those in biofibe medium (2.8%).

In the case of plantlets subjected to pretransfer treatment

2, th irty  days after transplanting, the percentage increase in

height of the plantlets was only s lig h t. The maximum increase

was observed for the plantlets in biofibe (1.8%) followed by those 

in normal potting mixture (1.6%),  vermiculite (1.6%),  cocopeat, 

sand and a mixture of vermiculite and soil (1.5%, each) . Forty 

five  days after transplanting, the maximum increase was observed 

for those in verm iculite (11%), a mixture of verm iculite and soil

(10.6%),  biofibe (10.5%) and soilrite  (10.3%).  The least increase

was observed for the plantlets grown in sand (4.3%) and perlite

(3.4%).

4,6.2.3 Width of the largest leaf

In the case of plantlets subjected to pretreatment 1, the

width of the largest leaf showed significant difference at all the



Table 21. Effect of media on the width of the largest leaf of pineapple plantlets

Width of the largest leaf (mm)

Pre-treatment 1° Pre-treatment 2*0"01

15 days 30 days 45 days 15 days 30 days 45 days*’’"*
after after after after after after
tran s- tra n s- tra n s - tran s- trans- trans­
planting planting planting planting planting planting

1 Potting mixture 6.0 6.1 9.9 5.7 5.8 6.0

2 Perlite 5.9 6.4 11.6 5.2 5.2 5.6

3. Soilrite 6.4 6.6 13.1 5.7 5.8 5.7

4 Cocopeat 5.5 6.6 13.2 6.0 6.1 6.1

5 Biofibe 5.8 6.3 10.6 5.0 5.1 5.4

6 Sand 4.8 5.6 9.7 4 .9 4.9 5.1
7 Vermiculite 5.7 6.3 12.6 5.7 5.7 6.2

8 Vermiculite + soil 4.7 5.3 8.7 4.9 4 .9 5.1

CD (0.05) 0.59 0.68 1.48 NS ■ NS

SEm± 0.21 0.24 0.53 0.30 0.31

Dipping the roots of the plantlets for 18 h r in ste rile  water, p rio r to transplanting 

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting

*** Not statistica lly  analysed due to plant m ortality

T  reatment Media

No.



intervals of taking observations. Fifteen days after transplanting, 

the maximum width was observed for the plantlets grown in s o ilrite  

(6.4 mm) followed by those in normal potting mixture (6.0 mm), 

perlite  (5.9 mm) , biofibe (5.8 mm).

T h ir ty  days after transplanting, the maximum width was

observed for the plantlets grown in cocopeat, and so ilrite  (6.6 mm) 

followed by those in perlite  (6.4 mm) and vermiculite and biofibe

(6.3 mm) .

Forty five  days after transplanting, maximum width was

observed, in the case of plantlets grown in cocopeat (13.2 mm),

soilrite  (13.1 mm),  vermiculite (12.6 mm) and perlite (11.6 mm).

At all the intervals, the width recorded was minimum in the case 

of plantlets grown in mixture of vermiculite and soil (Fig.  6c) .

In the case of plantlets subjected to pretreatment 2, the 

maximum width was observed for the plantlets grown in cocopeat

at 15 and 30 days intervals and in vermiculite at 45 days 

interval, closely followed by normal potting mixture and so ilrite .

The percentage increase th irty  days after transplanting 

in the width of the largest leaf, in the case of the plantlets 

subjected to pretransfer treatment 1,was maximum for the plantlets 

grown in cocopeat (20) followed by for those in sand (16.7) .  Forty

five  days after transplanting, the percentage increase in width

was considerably more. The maximum increase was observed for



Table 22. Effect of different media on the percentage increase in the width of the largest leaf
of pineapple plantlets

% increase in width of the largest leaf
.T reatment 

No.
Media Pre-treatment 1* Pre-treatment 2**

30 days after 
transplanting

45 days after 
transplanting

30 days after 
transplanting

45 days after 
transplanting

1 Potting mixture 
1:1:1

1.7 62.3 1.8 3.4

2 Perlite 8.5 81.3 0.0 7.7

3 Soilrite 3.1 98.5 1.8 0.0

4 Cocopeat 20.0 100.0 1.7 0.0

5 Biofibe 8.6 68.3 2.0 5.9

6 Sand 16.7 73.2 0.0  . 4.1

7 Vermiculite 10.5 100.0 0.0 8.8

8 Vermiculite + 
Soil

12.8 64.2 0.0 4.1

* Dipping the roots of the plantlets for 18 h r in ste rile  water, p rio r to transplanting 

** Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting
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the plantlets grown in cocopeat (100%) and verm iculite (100%) 

followed by in so ilrite  (98.5%).  The percentage increase in the 

width of the largest leaf in the case of the plantlets subjected 

to pretransfer treatment 2 was much less. T h irty  days after trans­

planting, the maximum increase in width was observed for the 

plantlets in biofibe medium (2%) followed . by in so ilrite  and 

ordinary potting mixture (1.8%, each).  Forty five days after trans­

planting, the maximum increase in width was observed for the
*

plantlets in vermiculite (8.8%) and perlite (7.7%).

4 .6 .3  Effect of containers and media

4.6.3.1 Number of leaves

In the case of plantlets subjected to pretreatment 1, 

considering the type of containers and media together, 15 days 

after transplanting, the highest number of leaves was observed 

for plantlets grown in plastic pots fille d  with perlite  (11.6) 

followed by those in plastic pots with cocopeat (10.9)  and poly bags 

with so ilrite  (10.6) .  The least number of leaves was observed 

for those in p ro -trays (5.8)  fille d  with the mixture of vermiculite 

and soil.

T h ir ty  days after transplanting, the highest number of 

leaves was observed for the plantlets in plastic pots with cocopeat

(13.4)  followed by those in polybags fille d  with so ilrite  (12.9)  

and mud pot with cocopeat and polybags with cocopeat (12.2,



each).  The lowest number of leaves (6.6)  was observed in the

case of plantlets in pro -tra ys with the mixture of vermiculite

and so il.

Forty five  days after transplanting, the highest number

of leaves was observed again in the case of plantlets grown in 

plastic pots with cocopeat (15.9) ,  followed by those in mud pots 

with cocopeat (14.9)  and polybags with soilrite  (14.8) .  The lowest 

number of leaves was observed for the plants grown in p ro -trays 

with a mixture of verm iculite and soil ( 9 . 1 ) .

Considering the percentage increase in the number of

leaves, 30 days after transplanting, among the plantlets subjected 

to pretreatment 1, the highest percentage increase was observed

for the plantlets grown in polybags with vermiculite (46.2)  followed 

by in p ro -trays fille d  with vermiculite (43.8) ,  p ro -trays with

normal potting mixture (38.3) ,  mud pots with the mixture of verm i­

culite and soil (37.9) and mud pots with cocopeat (37.1) .  The 

lowest percentage increase was observed for plastic pots with

perlite  ( 2 . 6 ) .

Forty five  days after transplanting, the highest increase 

in the percentage number of leaves was observed for the plantlets 

in pro -trays with a mixture of vermiculite and soil (37.9)  followed 

by polybags with normal potting mixture (24.2) ,  p ro -tra ys  with

vermiculite (23.9) and plastic pots with so ilrite  (23.2) .



Table 23a. Effect of different potting media and containers on the number of leaves of pineapple plantlets

Number of leaves (Pretreatment 1°)

Containers/ 15 days after transplating 30 days after transplanting 45 days after transplanting
Media Mud pot Plastic

pot
P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

P o ly ­
bag

Potting 9.5 10.1 8.1 9.9 10.2 11.3 11.2 10.8 12.4 13.8 12.8 12.3
mixture (3.1)** (3.2) (2.8) (3.2) (3.2) (3.4) (3.3) (3.3) (3.5) (3.7) (3.6) ( 3 .5)

Perlite 10.3 11.6 8.6 9.5 12.1 11.9 9.4 10.4 13.9 13.2 10.9 11.7
(3.2) ( 3.4) (2.4) (3.1) (3.5) (3.5) (3.1) (3.2) (3.7) (3.6) (3.3) ( 3.4)

Soilrite 9.5 8 .9 7.6 10.6 11.4 9.9 10.3 12.9 13.6 12.1 11.4 14.8
(3.1) (2.9) (2.8) ( 3.2) (3.4) (3.1) (3.2) (3.6) (3.7) (3.5) (3.4) ( 3.8)

Cocopeat 8.9 10.9 7.1 9.9 12.2 13.4 8.5 12.2 14.9 15.9 9.9 13.4
(2.9) (3.3) (2.7) (3.2) (3.5) (3.7) (2.9) (3.5) (3.9) (3.9) (3.2) ( 3 .7)

Biofibe 10.2 10.5 7.9 9.2 11.6 11.5 8.5 10.1 12.4 13.7 10.4 12.2
(3.2) (3.2) (2.8) (3.0) (3.4) (3.4) (2.9) (3.2) (3.5) ( 3.7) (3.2) (3.5)

Sand 9.2 9.4 6.6 8 .8 11.7 11.8 7.9 11.5 12.6 13.5 9.2 13.7
(3.0) (3.1) (2.6) (2.9) (3.4) (3.4) (2.8) (3.4) (3.5) (3.7) (3.0) ( 3 . 7)

Vermiculite 9.4 8.7 6.4 7.8 11.8 10.7 9.2 11.4 13.4 12.5 * 11.4 12.7
(3.1) ( 2.9) (2.5) (2.8) (3.4) ( 3.3) (3.0) ' (3.4) (3.7) (3.5) (3.4) (3.6)

Vermiculite + 7.4 8.7 5.8 6 .6 10.9 11.7 6.6 7.6 11.9 12.9 9.1 9.3
soil (2.8) ( 2 .9) (2.4) (2.6) (3.3) (3.4) (2.6) (2.8) (3.5) (3.6) (3.0) ( 3 .1)

CD (0.05) 
SEm±

NS
0.11

0.30
0.11

* 0.33
0.12

* Dipping the roots of the plantlets for 18 hrs in s te rile  water, p rio r to transplanting 
** Values in parenthesis indicate ,/* transformed ones



Table 23b. Effect of different potting media and containers on the number of leaves of pineapple plantlets

Number of leaves (Pretreatment 2*)

Containers/ 15 days after transplanting 30 days after transplanting 45 days after trans planting***
Media

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

P o ly ­
bag

Potting
mixture

7.5
(2.7)**

8.5
( 2.9)

5.8
(2.4)

8.0
(2.8)

7.8
(2.8)

8.5
(2.9)

5.9
(2.4)

8.2
(2.9)

8.5 8.0 7.0 8.3

Perlite 7.4
(2.7)

8.4
( 2.9)

5.2
(2.3)

6.8
(2.6)

7.4
(2.7)

8.5
(2.9)

5.4
(2.3)

6.8
(2 .6 )

8.0 9.3 6.8 8.3

S oilrite 7.4
(2.7)

8.9
( 2.9)

5.9
(2.4)

8.4
(2.9)

7.4
(2.7)

8.9
(2.9)

6.2
(2.5)

8.5
(2.9)

7.5 9.7 7.0 9.8

Cocopeat 7.8
(2.8)

9.6
( 3.1)

5.8
(2.4)

9.6
(3.1)

7.8
(2.8)

9.6
(3.1)

6.2
(2.5)

9.6
( 3.1)

8.3 9.6 7.0 10.0

Biofibe 7.3
(2.7)

8.1
( 2.8)

5.6
(2.4)

7.8
(2.8)

7.4
(2.7)

8.3
(2.9)

5.8
(2.4)

7.8
(2.8)

8.7 8.4 6.7 7.8

Sand 7.4
(2.7)

9.1
( 3.0)

6.4
(2.5)

8.2
(2.9)

7.4
(2.7)

9.1
(3.0)

6.8
( 2.6}

8.4
( 2.9) •

7.4 9.5 7.0 9.8

Vermiculite 7.8
(2.8)

10.7
(3.3)

5.9
(2.4)

9.1
(3.0)

7.8
(2.8)

10.7
(3.3)

5.9
(2.4)

9.2
(3.0)

7.8 11.8 7.6 10.5

Verm iculite + 
soil

8.3
(2.9)

8.8
(2.9)

7.1
(2.7)

7.6
(2.8)

8.3
(2.9)

8.8
(2.9)

7.1
(2.7)

7.8
(2.8)

8.3 10.0 8.6 8.5

CD (0.05)  
SEm±

NS
0.12

NS
0.12

Coating the leaves of the plantlets with paraffin o il on both sides, p rio r to transplanting 
Values in parenthesis denote transformed ones
Not sta tistica lly  analysed due to plant m ortality



Plantlets subjected to pretreatment 2, did not show signifi­

cant difference with respect to the number of leaves, at any of 

the intervals of recording observations, while considering the

type of containers and media together.

Fifteen days after transplanting, the highest number of 

leaves was observed for the plantlets in plqstic pots with verm i­

culite (10.7) followed by in plastic pots with cocopeat and poly­

bags with cocopeat ( 9 . 6) .  The lowest number of leaves was observed 

for the plantlets in p ro -tra ys  with perlite  ( 5. 2) .

T h ir ty  days after planting, the highest number of leaves 

was observed for the plantlets in plastic pots with vermiculite

(10.7) followed by in plastic pots with cocopeat and poly bags 

with cocopeat ( 9 . 6 ) ,  polybags with vermiculite (9.2)  and plastic 

pots with sand ( 9 .1) .  The lowest number of leaves was observed 

for the plantlets in p ro -trays with perlite  ( 5 . 4) .

Forty five days after transplanting, the highest number

of leaves was observed for the plantlets in plastic pots with 

vermiculite (11.8)  followed by polybags with verm iculite (10.5) ,  

poly bags with cocopeat and plastic pots with a mixture of verm i­

culite and soil (10.0) .

Considering the percentage increase in the number of leaves, 

the maximum increase 30 days after transplanting, was observed 

for the plantlets grown in p ro -trays with cocopeat (6.9%),  sand



Table 24a. Effect of different potting media and containers on the percentage increase in the number of
leaves of pineapple plantlets

Containers/
Media

% increase in number of leaves -  Pretreatment 1*

30 days after transplanting 45 days after transplanting

Mud pot Plastic pot P ro -tra y Poly bag Mud pot Plastic pot P ro -tra y Poly bag

Potting mixture 7.4 11.9 38.3 9.1 21.57 22.1 14.3 24.2

Perlite 17.5 2.6 9.3 9.5 14.9 10.9 15.9 12.5

Soilrite 20.0 11.2 35.5 21.7 19.3 23.2 10.7 14.7

Cocopeat 37.1 22.9 19.7 23.2 22.1 18.7 16.5 9.8

Biofibe 13.7 9.5 7.6 9.8 6.9 19.1 22.4 20.8

Sand 27.2 25.5 19.7 30.7 7.7 14.4 16.5 19.1

Vermiculite 25.5 22.9 43.8 46.2 T3.6 ■ 16.8 23.9 11.4

Vermiculite + 
soil

37.9 34.5 13.8 15.2 9.2 10.3 37.9 22.4

* Dipping the roots of plantlets for 18 hr in sterile water, prior to transplanting



% increase in number of leaves -  Pretreatment 2*
Containers/ 30 days after transplanting 45 days after transplanting
Media ------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- ;------

Mud pot Plastic pot P ro -tra y  Poly bag Mud pot Plastic pot P ro -tra y  Poly bag

Table 24b. Effect of different potting media and containers on the percentage increase in the number of
leaves of pineapple plantlets

Potting mixture 4.0 0.0 1.7 2.5 2.6 0 .0 18.6 1.2

Perlite 0.0 1.2 3.8 0.0 8.1 9.4 25.9 22.1

Soilrite 0.0 0.0 5.1 1.2 1.4 8.9 12.9 15.3

Cocopeat 0.0 0.0 6.9 0.0 6.4 0.0 12.9 4.2

Biofibe 1.4 2.5 3.6 0.0 17.6 1.2 15.5 0.0

Sand 0.0 0.0 6.3 2.4 0.0 4.4 2.9 16.7

Vermiculite 0.0 0.0 0.0 1.1 ' 0 . 0 10.3 28.8 14.1

Vermiculite + 
soil

0.0 0.0 0.0 2.6 0.0 13.6 21.1 8.9

* Coating the leaves of the plantlets on both sides with paraffin o il , p rio r to transplanting



(6.3%) and so ilrite  (5.1%).  Forty five  days after transplanting, 

the maximum increase was observed for the plantlets grown in 

pro -tra ys with vermiculite (28.8%),  perlite  (25.9%),  polybags with 

perlite  (22.1%) and mud pots with biofibe (17.6%).

4.6.3.2 Height of the plant

In the case of plantlets subjected to pretreatment 1, there

was significant difference with respect to the height of the plant- 

lets, 15 days after transplanting. The maximum height was observed 

for the plantlets in plastic pots with cocopeat (9.8 cm) followed 

by those in polybag with soilrite  (9.7 cm) and in plastic pots 

with biofibe and verm iculite (9.0 cm, each).  The lowest value 

was recorded for the plantlets in pro -tra ys with mixture of verm i­

culite and soil (3.7 cm).

T h irty  days after transplanting, the maximum height was 

observed for the plantlets in plastic pots with cocopeat (10.1

cm) followed by in polybag with so ilrite  (9.9 cm) and plastic 

pots with verm iculite (9.4 cm).  The lowest value was recorded 

for the plantlets in p ro -tra ys  with so ilrite , mixture of verm iculite 

and soil as well as normal potting mixture (3.9 cm, each).

Forty five  days after transplanting, the maximum height

was again observed for the plantlets in plastic pots with cocopeat 

(10.3 cm) followed by poly bags with so ilrite  (10.0 cm) and

plastic pot with verm iculite (9.7 cm).  The lowest value was in



Table 25a. Effect of different potting media and containers on the height of pineapple plantlets

Height of plantlets (cm) -  Pretreatment 1 *
Containers/
Media

15 days after transplanting 30 days after transplanting 45 days after transplanting
Mud pot Plastic

pot
Pro­
tray

Poly­
bag

Mud pot Plastic
pot

Pro­
tray

Poly­
bag

Mud pot Plastic
pot

Pro­
tray

P oly­
bag

Potting
mixture 6.9 8.4 3.8 7.8 7.1 8.6 3.9 7.9 7.2 8.9 5.0 7.9

Perlite 7.3 8.4 4.2 6.7 7.5 8.7 4.4 6.9 8.1 9.1 4.6 7.1

S oilrite 7.3 7.1 3.8 9.7 7.6 7.4 3.9 9.9 7.9 7.6 4.3 10.0

Cocopeat 7.7 9.8 4.0 7.7 7.9 10.1 4.1 7.9 8.2 10.3 4.8 8.3

Biofibe 7.2 9.0 4.6 7.3 7.3 9.1 4.8 7.3 7.6 9.3 4.8 7.6

Sand 6.5 6.3 4.2 6.4 6.5 7.0 4.3 6.5 6.8 7.5 4.3 7.0

Vermiculite 7.3 9.0 4.3 7.7 7.9 9.4 4.5 7.8 8.1 9.7 ' 4.7 8.4

Vermiculite + 
soil

6.2 7.7 3.7 6.5 6.6 8.0 3.9 6.9 6.9 8.3 4.5 7.7

CD (0.05) 
SEm±

1.54 
0.56

NS
0.56

NS
0.61

* Dipping the roots of the plantlets for 18 h r in sterile  water, p rio r to transplanting



Table 25b. Effect of different potting media and containers on the height of pineapple plantlets

Height of the plantlets (cm) -  Pretreatment 2*

Containers/
Medid

15 days after transplanting 30 days after transplanting 45 days after transplanting

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

P o ly ­
bag

Potting
mixture 6.3 7.4 4.7 7.3 6.4 7.4 4.8 7.3 6.6 7.6 5.7 7.7

Perlite 5.7 7.2 3.7 6.6 5.7 7.2 3.8 6.6 6.2 7.2 4.1 7.0

Soilrite 6.9 8.3 5.0 6 .8 7.1 8.3 5.1 6.9 7.4 8.9 5.9 7.9

Cocopeat 8 .A 8.3 3.5 6 .8 8.5 8.4 3.7 6.9 9.8 8.4 3.8 8.1

Biofibe 4.9 7.6 3.7 6.2 5.0 7.7 3.9 6.2 6.2 7.7 4.9 6.7

Sand 6.5 8.0 4.5 8.2 6.6 8.2 4.7 8.3 6.7 8.2 4.7 8.9

Vermiculite 7.2 8.2 3.4 6.0 7.2 8.3 3.4 6.0 7.2 9.6  . 4.2 7.2

Vermiculite + 
soil

5.8 9.0 4.5 6.8 5.8 9.1 4.5 6.9 6.5 10.1 4.6 7.8

CD (0.05) NS NS
SEm± 0.68 0.69

* Coating the leaves of the plantlets on both sides with paraffin o il ,  p rio r to transplanting
** Not statistica lly  analysed due to plant m ortality
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the case of plantlets in p ro -trays with sand and also with soilrite  

(4.3 cm).

Considering the percentage increase in plantlet height 30

days after transplanting, the maximum increase was observed for

the plantlets in mud pot with vermiculite (8.2)  followed by in

plastic pots with the mixture of vermiculite and soli ( 7 , 8 ) .  There

was no increase in height upto 30 days in the case of plants in

poly bags with biofibe and mud pots with sand.
%

Forty five  days after transplanting, the percentage increase

in height was maximum for the plantlets in pro -trays with normal 

potting mixture (28.2) followed by in pro -trays with cocopeat

( 17.1) ,  p ro -tra ys with mixture of verm iculite and soil (15.4) ,  

polybags with mixture of vermiculite and soil ( 11.6) .  However, 

there was no increase in height with the plantlets in pro -trays 

with either biofibe or sand and in poly bags with normal potting 

mixture.

Among the plantlets subjected to pretreatment 2, 15 days

after transplanting, there was no significant effect of the type 

of container and the media. The maximum height (9.0 cm) was

observed for the plantlets in plastic pots with the mixture of 

vermiculite and so il, followed by in mud pots with cocopeat (8.4 

cm) and in plastic pots with soilrite  (8.3 cm) as well as with 

cocopeat (8.3 cm) and with vermiculite and sand (8.2 cm).  The

104
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plantlets in pro -trays with vermiculite exhibited the lowest mean

height (3.4 c m ) .

T h ir ty  days after transplanting, the maximum height '(9.1

cm) was observed for the plants in plastic pots with a mixture 

of verm iculite and soil followed by in mud pots with cocopeat 

(8.5 cm),  plastic pot with cocopeat (8.4 cm),  plastic pot with 

soilrite  (8.3 cm),  plastic pot with vermiculite (8.3 cm) and poly­

bags with sand (8.3 cm).  The plantlets grown in pro -tra ys with 

verm iculite exhibited the least height (3.4 cm).

Forty five  days after transplanting, the maximum height 

was again recorded for plantlets in plastic pots (10.1 cm)

followed by in mud pots with cocopeat (9.8 cm) and plastic pots 

with verm iculite (9.6 cm).

Considering the percentage increase in height, the highest 

increase was recorded 30 days after transplanting for the plantlets 

in pro -tra ys with cocopeat (5 .7) ,  with biofibe (5.4)  and with

sand ( 4 . 4 ) .  There was no mean increase in height, for the plantlets 

grown in plastic pots with ordinary potting mixture or with perlite 

or so ilrite , as well as in polybags with potting mixture or p e rlite . 

Mud pots with verm iculite as well as with the mixture of verm i­

culite and soil also exhibited no mean increase in height of the 

plantlets as was the case also with the plantlets in p ro -trays 

with either verm iculite or the mixture of vermiculite and so il.



Table 26a. Effect of different potting media and containers on the percentage increase in the height of
pineapple plantlets

Containers/
Media

% increase in height of the plantlets - Pretreatment 1°

30 days after transplanting 45 days after transplanting

Mud pot Plastic pot P ro -tra y  Poly bag Mud pot Plastic pot P ro -tra y Poly bag

Potting mixture 2.9 2.4 2.6 1.3 1.4 3.5 28.2 0.0

Perlite 2.7 3.6 •4.8 2.9 8.0 4.6 4.5 2.9

Soilrite 4.1 4.2 2.6 2.1 3.9 2.7 10.3 1.0

Cocopeat 2.6 3.1 2.5 2.6 3.8 1.9 17.1 5.1

Biofibe 1.4 1.1 4.3 0.0 4.1 2.2 0.0 4.1

Sand 0.0 11.1 2.4 1.6 4.6 7.1 0.0 7.7

Verm iculite 8.2 4.4 4.7 1.3 2.5 3.2 4.4  • 7.7

Verm iculite + 
soil

6.5 7.8 5.4 6.2 4.5 3.7 15.4 11.6

* Dipping the roots of the plantlets for 18 hr in sterile water, prior to transplanting



Table 26b. Effect of different potting media and containers on the percentage increase in the height of
pineapple plantlets

Containers/
Media

% increase in height of the plantlets -  Pretreatment 2*

30 days after transplanting 45 days after transplanting

Mud pot Plastic pot P ro -tra y  Poly bag Mud pot Plastic pot P ro -tra y Poly bag

Potting mixture 1.6 0.0 2.1 0.0 3.1 2.7 18.8 5.5

Perlite 0.0 0 .0 2.7 0.0 8.8 7.2 7.9 6.1

S oilrite 2.9 0.0 2.0 • 1.5 4.2 7.2 15.7 14.5

Cocopeat 1.2 1.2 5.7 1.5 15.3 0.0 2.7 17.4

Biofibe 2.0 1.3 5.4 0.0 24.0 0.0 25.6 8.1

Sand 1.5 2.5 4.4 1.2 1.5 0.0 0.0 7.2

Verm iculite 0.0 1.2 0.0 0.0 0.0 15.7 23.5 20.0

Verm iculite + 
soil

0.0 1.1 0.0 1.5 12.1 10.9
•

2.2- 13.0

Coating the leaves of the plantlets on both sides with paraffin o il, prior to transplanting



4,6.3.3 Width of the largest leaf

In the case of plantlets subjected to pretreatment 1, there 

was significant difference with respect to the width of the largest 

leaf at a ll the intervals of recording observations. At 15 days 

after transplanting, the maximum width (7.4 mm) was observed 

for the plantlets in plastic pots with verim iculite followed by 

those in plastic pots with normal potting mixture (7.2 mm),  poly­

bags with so ilrite  (7.2 mm) and mud pots with so ilrite  (6.8 mm). 

The lowest value was recorded for the plantlets in pro -trays with 

a mixture of vermiculite and soil (3.0 mm).

T h ir ty  days after transplanting, the maximum width was 

observed for the plantlets in poly bags with so ilrite  and plastic 

pots with cocopeat (8.0 mm) followed by plastic pots with biofibe

(7.8 mm) and plastic pots with vermiculite (7.6 mm). The lowest 

value was for plants in pro -tra ys with sand (3.2 mm).

Forty five  days after transplanting, the maximum width 

was observed also for the plantlets in polybags with so ilrite

(16.2 mm) followed by plastic pots with cocopeat (15.4 mm) and 

mud pot with so ilrite  (14.0 mm). The lowest width was found

for the plantlets in p ro -tra ys  with a mixture of verm iculite and 

soil (5.0 mm) .

Considering the percentage increase in the width of the 

leaves, 30 days after transplanting, the maximum increase was
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Table 27a. Effect of different potting media and containers on the width of the largest leaf of pineapple plantlets

Width of the largest leaf (mm) - Pretreatment 1 *
Containers/
Media

15 days after transplanting 30 days after transplanting 45 days after transplanting

Mud |pot Plastic 
pot

P ro -
tray

Poly­
bag

Mud pot IElastic
pot

P ro -
tray

Poly­
bag

Mud pot IPlastic
pot

Pro­
tray

P oly­
bag

Potting
mixture 5.8 7.2 5.0 6.0 6.2 7.2 5.0 6.0 8.4 11.4 10.0 9.6

Perlite 6.4 6.8 5.0 5.2 7.2 7.0 5.6 5.8 12.4 13.8 9.8 10.4

Soilrite 6.8 6.0 5.4 7.2 7.2 6.2 6.0 8.0 14.0 11.6 10.4 16.2

Cocopeat 6.2 5.6 4.4 5.6 6.4 8.0 5.6 6.4 12.8 15.4 11.0 13.4

Biofibe 6.2 6.4 4.4 6.2 ■ 6.6 7.8 4.4 6.4 11.4 12.0 6.4 12.4

Sand 5.2 5.4 3.2 5.4 6.4 6.6 3.2 6.0 10.8 10.2 6.4 11.4

Vermiculite 5.6 7.4 3.6 6.0 6.2 7.6 5.2. 6.2  , 13.0 13.6 11.0 13.4

Vermiculite + 
soil

4.8 6.0 3.0 5.0 5.2 6.6 3.6 5.6 12.2 11.0 5.0 6.4

CD (0.05) 
SEm±

1.18
0.43

1.36
0.49

2.96
1.07

* Dipping the roots of the plantlets for 18 h r in ste rile  water, p rio r to transplanting



Table 27b. Effect of different potting media and containers on the width of the largest leaf of pineapple plantlets

Width of the largest leaf (mm) -  Pretreatment 2*

Containers/
Media

15 days after. transplanting 30 days after transplanting 45 days after t rans plant ing*’5'

Mud pot Plastic P ro - 
pot tray

Poly­
bag

Mud pot Plastic
pot

P ro -
tray

Poly­
bag

Mud pot Plastic Pro­
pot tra y

P o ly ­
bag

Potting
mixture 4.8 6.2 4.0 7.8 5.0 6.4 4.0 7.8 5.0 6.4 4.0 8.7

Perlite 5.4 6.2 3.4 5.6 5.4 6.2 3.6 5.6 5.6 6.3 3.8 6.7

Soilrite 5.4 7.4 3.8 6.0 5.4 7.4 4.0 6.2 5.5 7.4 4.3 6.5

Cocopeat 6.6 7.4 4.0 6.0 6.6 7.4 4.2 6.0 7.0 7.4 4.3 6.3

Biofibe 6.4 6.2 3.2 4.2 6.4 6.2 3.6 4.2 6.4 6.8 4.0 4.5

Sand 4.6 5.8 3.8 5.4 4.6 6.0 3.8 5.4 4.6 6.3 4.0 5.5

Vermiculite 4.2 7.0 4.6 7.0 4.2 7.0 4.6 ' 7.0 ' 4.2 7.0 5.8 8.0

Vermiculite + 
soil

4.2 6.0 4.4 5.2 4.2 6.0 4.4 5.2 4.6 6.0 4.6 5.2

CD (0.05)  1.67 NS
SEm± 0.60 0.62

* Coating the leaves of the plantlets on both sides with paraffin o il ,  p rio r to transplanting
** Not sta tistica lly  analysed due to plant m ortality ^
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observed for the plantlets in p ro -tra ys  with vermiculite (44.4) 

followed by those in plastic pots with cocopeat (42.9) .  There 

was no increase in width for the plantlets in p ro -tra ys  with 

ordinary potting mixture or biofibe or sand, as well as in plastic 

pots and polybags with ordinary potting mixture.

Forty five  days after transplanting, the maximum percentage 

increase was observed for the plantlets in polybags with vermiculite

(116.1) followed by those in pro -trays with vermiculite (111.5) ,  

in mud pots with verm iculite (109.7) poly bags with cocopeat

(109.4) ,  polybag with so ilrite  (102.5) ,  mud pots with cocopeat

(100.0) and p ro -tra ys  with ordinary potting mixture or sand (100.0).

Among the plantlets subjected to pretreatment 2, there was 

significant difference with respect to the type of containers and 

media in the width of the plantlet leaves. The maximum width

was observed for the plantlets in poly bags with potting mixture 

(7.8 mm) followed by plastic pots; with so ilrite  or cocopeat (7.4

mm), plastic pots with vermiculite (7.0 mm) and poly bags with

verm iculite (7.0 mm).

The lowest values were recorded for the plantlets in p ro -

trays with perlite  (3.4 mm) and with biofibe (3.2 mm).

T h ir ty  days after transplanting, the maximum width was

observed for the plantlets in polybags with potting mixture (7.8

mm) followed by those in plastic pots with so ilrite  or cocopeat



Table 28a. Effect of different potting media and containers on the percentage increase in the width of the
largest leaf of pineapple plantlets

% increase in width of the largest leaf -  Pretreatment 1*
Containers/
Media

30 days after transplanting 45 days after transplanting

Mud pot Plastic pot P ro -tra y Poly bag Mud pot Plastic pot P ro -tra y Polv bag

Potting mixture 6.9 0.0 0.0 0.0 35.5 58.3 100.0 60.0

Perlite 12.5 2.9 12.0 11.5 72.2 97.1 75.0 79.3

S oilrite 5.9 3.3 11.1 11.1 94.4 87.1 73.3 102.5

Cocopeat 3.2 42.9 27.3 14.3 100.0 92.5 96.4 109.4

Biofibe 6.5 21.9 0.0 3.2 72.7 53.8 45.5 93.8

Sand 23.1 22.2 0.0 11.1 68.8 54.5 100.0 90.0

Vermiculite 10.7 2.7 44.4 3.3 109.7 78.9 111.5 116.1

Verm iculite + 
soil

8.3 10.0 20.0 12.0 134,6 66.7 38.9 14.3

Dipping the roots of the plantlets for 18 h r in ste rile  water, p rio r to transplanting

ir-*
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% increase in width of the largest leaf -  Pretreatment 2*
Containers/______________ __________________________ :__________________________________________________________________________
Media 30 days after transplanting 45 days after transplanting

Mud pot Plastic pot P ro -tra y  Poly bag Mud pot Plastic pot P ro -tra y  Poly bag

Table 28b. Effect of different potting media and containers on the percentage increase in the width of the
largest leaf of pineapple plantlets

Potting mixture 4.2 3.2 0.0 0.0 0.0 0.0 0 .0 11.5

Perlite 0 .0 0.0 5.9 0.0 3.7 1.6 5.6 19.6

Soilrite 0.0 0.0 5.3 3.3 1.9 0 .0 7.5 4.8

Cocopeat 0.0 0.0 5.0 0.0 6.1 7.4 2.4 5.0

Biofibe 0.0 0.0 12.5 4.2 0.0 9.7 11.1 7.1

Sand 0.0 3.4 0.0 0.0 0 .0 5 .0 5.3 1.9

Vermiculite 0.0 0.0 0.0 0 .0 0.0 
P i

0.0 30.4 ■ 14.3

Verm iculite + 
soil

0 .0 0.0 0.0 0.0 9.5 0 .0 4.5 0.0

* Coating the leaves of the plantlets on both sides with paraffin o il, p rio r to transplanting



(7.4 mm) and plastic pots with verm iculite as well as polybags 

with verm iculite (7.0 mm). The lowest values were recorded for 

the plantlets in pro -trays with perlite or biofibe (3.6 mm).

Forty five  days after transplanting, the maximum width 

was observed for the plantlets in polybags with ordinary potting 

mixture (8.7 mm) or with vermiculite (8.0 mm) followed by

plastic pots with verm iculite and mud pot with cocopeat (7.0 mm) 

and plastic pot with cocopeat or biofibe (6.8 <nm).

The lowest value was observed for the plantlets in pro­

trays with perlite  (3.8 mm) or with sand or biofibe (4.0 mm).

Considering the percentage increase in the width of the

largest leaf, the maximum increase was observed for the plantlets 

grown in pro -tra ys either with biofibe (12.5) or with perlite 

(5.9)  or so ilrite  (5.3)  or cocopeat ( 5 . 0) .

4 .6 .4  Effect of nutrient starter solution

The data recorded relating to the effect of various nutrient 

starter solutions on the growth of the pineapple plantlets are 

presented in Table 29.

4.6.4.1 Number of leaves

The highest number of leaves was observed for the plant­

lets treated with the N: P: K  fe rtilize r solution once a week at

the 3 intervals of taking observations. Fifteen days after



transplanting, the plantlets treated with NPK fe rtilize r solution

once a week had the mean number of 9 leaves followed by a mean 

of 7.8 leaves in the case of the plantlets to which Hoagland's 

solution was applied, closely followed by those which were treated 

with £ MS salts.

T h irty  days after transplanting, the same trend was observed 

with the highest number of leaves being observed for the plant­

lets treated with fe rtilize r solution once a week (10.0)  followed

by those with Hoagland's solution (9.6)  and £ MS salts ( 9 , 2) .

Forty five  days after transplanting, the maximum number

of leaves observed for the plantlets treated with fe rtilize r solut­

ion once a week (11.0) closely followed by 10.6 for those treated

with Hoagland's solution and 9.4 for those treated with £ MS salts.

Fifteen days after transplanting the percentage of increase 

in the number of leaves was maximum for the plantlets treated

with the fe rtilize r solution once a week (7 .1) ,  while 30 days

after transplanting, the percentage increase was maximum for those 

treated with £ MS (23.7) and with Hoagland's solution (23.07) .

Forty five  days after transplanting, the percentage increase 

in the mean number of leaves, was the highest for the plantlets

treated with the fe rtilize r solution twice a week (15.0)  followed

by with Hoagland's solution (10.4) .



4.6.4.2 Height of the plantlets

Fifteen days after transplanting, the maximum height (6.8 

cm) was observed for the plantlets treated with i  MS salts 

followed by those for control (5.9 cm) and those treated with 

Hoagland's solution (5.7 c m ) . T h ir ty  days after transplanting, 

the maximum height was recorded for the plantlets treated with 

Hoagland1 s solution (6.9 cm) followed b y those in  ̂ MS (6.8 cm) .  

Forty five  days after transplanting, the maximum height was 

observed for the plantlets treated with Hoagland's solution (7.5 

cm) followed by those with i  MS (7.3 cm).

Considering the percentage increase in the height of the 

plantlets, 15 days after transplanting, the maximum height was 

observed with plantlets treated with i  MS salts (10.9) while at 

30 days after transplanting, the plantlets treated with £ MS salts

(24.0)  and Hoagland's solution (21.1) showed the maximum.

Forty five  days after transplanting, the maximum percentage 

increase in the height of the plantlets was observed with the 

plantlets treated with Hoagland's solution (8.7)  or £ MS ( 8 . 1) .

4.6.4.3 Width of the largest leaf

The maximum width 15 days after transplanting was observed 

for the control treatment (6.8 mm) followed by for those treated 

with NPK fe rtilize r solution once a week (6.2 mm),  twice a week
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Table 29. Effect of nutrient starter solutions on the growth of vitro  plantlets of pineapple

T  reat- Nutrient starter 
solution

Number of leaves
Height of the plantlet 

(cm)
Width of the largest leaf 

(mm)

ment
No.

15 days 
after
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

15 days 
after 
trans­
planting

30 days 
after 
trans­
planting

45 days 
after 
trans­
planting

1 F e rtiliz e r 9 .0 10.0 11.0 5.7 6.2 6.5 6.2 6.2 6.2
soultion applied 
once a week

(7 . D * (11.1) (9.1) ( 3.6) ( S . 8) ( 4.8) (3.3) (0.0) ( 0 .0)

2 F e rtilize r 6.6 8.0 9.2 5 .6 6.3 6 .8 6.0 6.6 6.6
solution applied 
twice a week

(3.1) (18.2) (15.0) (5.7) (12.5) (7.9) (3.4) (10.0) (0.0)

3 MS salts - 7.6 9.4 9.4 6.1 6 .8 7.3 5.6 5.8 6.0
£ conc. (2.7) (23.7) (0.0) (10.9) (11-5) (7.4) (o.o) (3.6) (6.0)

4 MS salts - 7.0 8.2 8.8 5 .0 6.2 6.7 5.0 5.6 5.6
£ conc. (2.9) (17.1) (7.3) (6.4) (24.0)

>
(8.1) (0.0) (7.7) (0.0)

5 Hoagland's 7.8 9.6 10.6 5.7 6.9 7.5 5.8 5.8 6.2
nutrient
solution

(0.0) (23.1) (10.4) (3.6) (21.1) (8.7) (0.6) (0.0) ( 6 .9)

6 Control 7,0 8.0 8.8 5.9 6.6 6.9 6.8 6.8 6.8
’ (2.9) (14.3) (10.0) (5.4) (11.9) (4.5) (0.0) (0.0) (0.0)

Observation taken 45 days after transplanting 
* Values in parenthesis indicate percentage increase



(6.0 mm) and Hoagland's solution (5.8 mm). T h ir ty  days after 

transplanting, the maximum width recorded' was for control (6.8 

mm) followed by for NPK fe rtilize r solution twice a week (6.6 

mm), once a week (6.2 mm),  £ MS (5.8 mm) and Hoagland's solution 

(5.8 mm). Forty five days after transplanting, the maximum width 

was observed for control (6.8 mm) followed by those for the plant­

lets treated with fe rtilize r solution twice a week (6.6 mm), once 

a week (6.2 mm), Hoagland's solution (6.2 mm) and }  MS (6.0 mm) .

The percentage increase in the width of the largest leaf 

15 days after transplanting was maximum for the plantlets treated 

with the fe rtilize r solution twice a week (3.4)  followed by 

fe rtilize r solution once a week ( 3 . 3 ) .  T h irty  days after transplant­

ing, the maximum increase was observed for the plantlets treated 

with NPK fe rtilize r solution once a week (10%) followed by \ MS 

(7.7%) and I  MS (3.6%).  Forty five days after transplanting, the 

maximum increase in width of the largest leaf was observed for 

the plantlets treated with Hoagland's solution (6.9%),  followed 

by those with * MS (3.4%).

4.6.5 Transfer to the field

The plantlets after 90 days in the net house with 10-12 cm 

height and a minimum of 12 leaves were transferred into soil 

(Plate 13). The plantlets were carefully removed from the 

containers and planted in trenches in double lines without disturbing 

the roots.

11 n



Plate 13. Plantlets transferred into the field



An assessment of the various concentrations of sodium alginate 

(2 -4  per cent w/v) and calcium chloride (25-125 mM) for the 

formation of beads is presented in Table 30. A 2.5 per cent solution 

of sodium alginate upon complexation with 75 mM of CaCl2.2H20 

solution gave optimal, firm  and round beads within an ion 

exchange duration of 30 minutes (Plate 14a). The diameter of the 

beads ranged between 0.6 and 0.8 cm (Plate 14b). Lower concent- 

ration of sodium alginate (2%) resulted in the formation of very 

fragile beads, whereas concentration higher than 2,5 per cent 

proved to be too viscous for the free flow of the dispersed 

explants. Lower levels of CaCl2.2H20 on the other hand, not only 

adversely affected the bead quality, but also prolonged the 

complexation time.

The encapsulated beads stored at room temperature (30°C) 

retained their regenerative capacity for 30 days when put on cotton 

wool moistened with MS basal salts (Plate 15).

The encapsulated beads, when put on regeneration media, 

regenerated shoots in 15 days (Plate 16).

1.19
4.7 Encapsulation studies



Table 30. Effect of different concentrations c
formation in pineapple

CaCl2, 2H20 (mM)

25 ++

50 ++

75 +++

100 +++

125 +++

Observations were taken after 

+ refers to bead quality in t

sodium alginate and calcium chloride on bead

Sodium alginate (% w /v)__________________
2.5 3 .0  3.5 4.0

+++ + + +

+++ + + +

++++ +++ + +

++++ +++ + +

++++ +++ ++ +

30 minutes complexation duration 

rms of shape, size and firmness



Plate 14a. Encapsulated beads suspended in calcium 
chlorid e  solution for complexation

Plate 14b. Encapsulated beads of pineapple



Plate 15. Storage of encapsulated beads

Plate 16. Shoots growing from encapsulated beads
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DISCUSSION
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The present studies on v itro  multiplication and standardi­

zation of hardening techniques in pineapple (Ananas comosus ( L . )  

M e rr.) were carried out at the Tissue Culture Laboratory of the 

A ll India Co-ordinated Floriculture Improvement Project attached

to the Department of Pomology and Floriculture, College of Horti­

culture, Vellanikkara from 1991 to 1993.
\

Pineapple, belonging to the family Bromeliaceae is one of

the most important of the commercially cultivated fru it crops in 

the w orld. The fru it is mainly valued for its processed products 

such as juices, squashes, jams and canned slices.

Pineapple is propagated vegetatively by using s lip s , suckers 

or crowns. One of the major constraints in the cultivation of 

pineapple is the lim ited source of planting materials available

especially when high density planting is being recommended. Slip 

production in the commercially important Kew variety is rare 

under Kerala conditions and it  has a shy suckering habit. The 

non-uniform growth and asynchronous flowering among the individual 

plants in the fie ld  are the other constraints in the cultivation 

of pineapple. Obtaining true -to -type  propagules from a desirable 

parent is also difficult due to the high rate of spontaneous mutat­

ions which occur in the fie ld  (Mathews, 1988).



Rapid propagation through tissue culture is the most useful 

technique in this context to facilitate faster multiplication of the 

selected parent in a shorter time compared to conventional methods 

(Murashige, 1974).

The jj i  v itro  raised plantlets need to be subjected to a 

series of hardening treatments before they can be successfully 

planted out in the open. The studies on the different methods

of hardening and to determine the optimum size and age of the 

plantlets for planting in the field are essential to ensure maximum 

establishment in the fie ld .

The present studies were carried out to standardise the 

in v itro  technique for raising the maximum number of plantlets

and to standardise the hardening techniques for maximum establish­

ment of the plantlets in the fie ld .

The results obtained in the studies are discussed in this

chapter.

5.1 Standardisation of surface sterilization of explants

The ex plants . collected from the field harbour a variety 

of microorganisms which have to be removed before inoculation

on to the culture medium. Though general sterilization procedures 

have been outlined by various workers (Dodds and Roberts, 1982 

and George and Sherrington, 1984), specific sterilization



procedures have to be evolved based on the tissues being 

handled. Hence, in the present study, the 'sterilization procedure 

with respect to the concentration and duration of exposure was 

standardised. Among the different treatments trie d , the best 

sterilization treatment for crown ex plants was found to be a 

combination of a dip in Emisan 0.1 per cent for 30 minutes followed 

by treatment with 0.1 per cent mercuric chloride for 10 minutes 

which gave the least percentage of contamination and the maximum 

surviva l of explants. The reduction in the tifne of treatment with 

Emisan increased the rate of contamination while the increase in 

duration of exposure of the explants to the sterilizing  treatments 

decreased the surviva l of the explants in the media.

Mathews (1988) used 0.1 per cent mercuric chloride for 

three minutes to surface ste rilize  buds excised from crowns of 

pineapple. In the present study, the same concentration of mercuric 

chloride (0.1%) but for an increased duration of treatment of 10 

minutes was found to be optimum. However, a dip in 0.1 per cent 

Emisan for 30 minutes p rio r to treatment with mercuric chloride 

was found to be essential for reducing contamination percentage 

in the present study.

The percentage of contamination observed for the explants 

collected in the different months showed variation. The ex plants 

collected in the drie r months of the year showed comparatively 

lower contamination w hile those collected in the wetter rainy

12,3
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months showed higher contamination rates. The percentage of conta­

mination was the lowest when the ex plants were collected in the 

months of January and February.

5.2 Standardisation of media and growth regulators for culture 

establishment

Among the media used for pineapple micropropagation, most 

of the workers have used MS medium ( Mapes, 1973; Pannatier and 

Lanaud, 1976; Mathews and Rangan, 1979; Wakasa et_ a K , 1978;

Zepeda and Sagawa, 1981; Cabral et_ a l , , 1984; Ramirez, 1984;

Evans and Moore, 1987; Liu et al_., 1987; Rosa-Marquez, 1987;

Dewald e£ al_., 1988; Marchal and A lva rd , 1988; Zee and Munekata, 

1992 and Bordoloi and Sarma, 1993). However, Lakshmisita et̂  al_.

(1974) have used Kniidson's basal media with N itsch 's micro

elements and Fitchet (1989), Murashige and Tu cke r's  medium for 

pineapple.

In the present study, maximum establishment of the crown

ex plants was observed in MS medium supplemented with BA 5.0

-1  -1mg 1- alone or in combination with NAA1.0 mg 1 . Among the

cytokinins trie d , BA was found to give the maximum percentage 

of establishment of explants followed by KIN and 2iP. At the

higher concentration of the cytokinins, there was a reduction in 

the percentage of establishment. The same pattern was observed 

with respect to the percentage of cultures initiating growth. The
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time taken for greening of the established explants was also

-1shortest with BA 5.0 mg 1 alone or in combination with NAA

1.0 mg l ” ^ . The response of the explants was slowest with 2iP. 

Higher concentrations of the cytokinins in general increased the 

time taken for greening of the explants.

Favourable effects of supplementing establishment media 

with cytokinins and auxins have been reported by many workers 

( Murashige, 1974; Bonga, 1982; Durzan, >984 and Zimmerman,

1985). Various workers have used combinations of BA and NAA 

in the establishment media for pineapple (Pannatier and Lanaud, 

1976; Wakasa et_ a K , 1978; Ramirez, 1984; Rosa-Marquez et_ a l . ,

1987 and Dewald et_ a l . ,  1988).

5.3 Proliferation of explants

The explants which were established and started greening 

formed masses of globular structures when cultured on fresh MS 

media supplemented with cytokinins and auxins. Among the different 

cytokinins used, the fastest formation of the globular- structures 

with the highest intensity occurred in media supplemented with 

BA with or without NAA followed by KIN and 2iP. The fastest

response of formation of the globular structures was obtained with
-1 _-|

BA 5.0 mg 1 + NAA 1.0 mg 1 . The maximum formation of the

globular structures was obtained with BA 5.0 mg 1~1 alone or 

with NAA 1.0 mg 1 . The globular structures formed with 2iP



also showed characteristic narrow leafy proliferation. The higher

concentration of the cytokinins was found' to increase the time

needed for formation of the globular structures and also to reduce

the intensity of the globular structures formed. However, NAA

-1added at the higher concentration of 1.0 mg 1 helped to induce 

faster formation and higher intensity of globular structures.

Wakasa (1989) obtained formation of globular bodies when 

ex plants such as crowns, slips and a x illa ry  buds excised from 

suckers or slips were used for culture on MS media supplemented 

with 2.0 mg 1 each of NAA and BA. As in the present study, 

culture of whole crown explants resulted in the formation of 

numerous small leaves and buds at the base of the growing crowns 

followed by the formation of such globular bodies a ll over the 

ex plants.

5.4 Proliferation of shoots

The globular structures with small leaves and shoots when

subcultured into fresh media formed complete shoots. The highest 

percentage of cultures developing into shoots as well as the 

highest number of multiple shoots formed was obtained with basal
_ i

MS media. Among the cytokinins trie d , KIN at 10.0 mg 1 followed
_  -j

by KIN at 5.0 mg 1 were effective in inducing formation of a

high percentage of shoots in large numbers. Addition of NAA resulted

in the reduction of the percentage of cultures developing shoots
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as well as the number of multiple shoots formed with respect 

to KIN and 2 iP . However, with BA, addition of NAA increased 

the percentage of cultures developing shoots. Though auxins do 

not promote a x illa ry  shoot proliferation, there are reports of 

improvement of culture growth by their presence (Wang and Hu,

1980). Lundergan and Janick (1980) observed that one of the 

possible roles of auxin in culture proliferation medium is to nullify 

the suppressive effect of high cytokinin concentration on a x illa ry  

shoot elongation thereby restoring normal shoot growth.

Mathews (1988) also obtained the maximum number of multiple 

shoots of pineapple on MS medium' supplemented with KIN, NAA 

and IBA though KIN alone or with NAA induced multiple shoot 

formation. Wakasa (1989) reported that when the globular bodies 

were subcultured to media with 2.0 mg 1 BA, rapid growth was 

induced from the differentiated leaves and small shoots in the 

globular bodies. Further growth of these shoots was obtained as 

in the present study by transferring them to medium without growth 

regulators.

5.5 Induction of rooting

5.5.1 v itro  rooting

In the present study, cent per cent root initiation was 

obtained in the basal medium as well as with various concentrat­

ions of NAA and IBA. The shortest time for initiation of roots

187
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(8.54 days) was obtained in basal medium though with lesser 

number of roots. The highest number of roots (6,53) was produced 

when IBA 2.0 mg 1 ** was added to liq u id  stationary media.

The physical state of the medium had a significant effect 

on the number of days taken for rooting as w'ell as the number 

of roots formed. Faster rooting as well as. more number of roots 

were formed at different concentrations of IBA and NAA in liquid  

stationary media with the shoots being supported on filte r paper 

supports. In the case of usage of solid media, the agar concentrat­

ion could be reduced to 0.65 per cent without reduction in the 

number of roots formed and their mean length.

The roots produced in the basal medium were thin, long 

and branched w hile those produced with IBA and NAA were 

brownish, short and stubby.

Various workers have obtained rooting of pineapple shoots 

in a medium lacking phytohormones (Zepeda and Sagawa, 1981 and 

Wakasa, 1989). In the present study also, maximum rooting within 

the shortest time was observed in the basal medium while there 

was an increase in the number of roots formed and a prolonging 

of the time needed for rooting when auxins such as IBA or NAA 

are added into the media.

Mathews (1988) used a mixture of NAA (0.18 mg 1~1) and 

IBA (0 .4  mg 1 ) while Bordoloi and Sarma (1993) obtained, rooting
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The high percentage of rooting obtained in the basal medium

may be because even before the shoots were transferred into the

media, root initiation and formation would have already taken 

place in the regeneration media w h ich , in addition to cytokinins 

also contains NAA.

Hence from the present study, _in vitro  rooting of pineapple

shoots in basal MS medium or liquid  MS medium supplemented with
_i

2.0 mg 1 of IBA is recommended.

5 .5 .2  Ex v itro  rooting

Deberg and Maene (1981) observed that the most labour 

intensive part of micro-propagation is _in v itro  rooting while as 

per Rajeevan and Pandey (1986), the major cost of producing in 

v itro  plants lies in the rooting and hardening stages. Separation 

of individual shoots from multiple shoot clusters and rooting them 

in v itro  is both time and labour consuming. The shoots produced 

in vitrO could be rooted under ex vitro  conditions by treating 

the shoots as microcuttings without using aseptic conditions. 

Rooting under ex v itro  conditions would also facilitate the combining 

of the rooting stage with the acclimatization (George and Sherring­

ton, 1984).

of pineapple shoots with 2.0 mg 1 IBA.
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In the present study, ex v itro  rooting was attempted and

found successful. The highest percentage of rooting, the fastest 

rooting and the maximum length of roots were obtained by treat­

ment with the commercially available Rooton powder. The number 

of roots produced was maximum for treatment with IBA 200 mg 

1 **. There was profuse rooting of pineapple shoots even when 

not treated with any growth regulator and the roots formed were 

comparatively long though it  took s lig h tly  more number of days 

for initiation of rooting.

Dewald et_ a l. (1988) reported that transfer to a rooting 

medium under _in v itro  conditions was not necessary for pineapple 

shoots. The shoots larger than 3.0 cm in length had 100 per cent 

surviva l when transferred to soil. In the present study, the in

vitro  produced shoots larger than 5.0 cm in length were success­

fu lly  rooted when put in vermiculite without treatment with any 

growth regulators and kept in a mist chamber with high

hum idity. The shoots also formed profuse roots on treatment with
-1

Rooton powder or IBA 200 mg 1 . Thus ex v itro  rooting under non­

aseptic conditions help to reduce the time and labour involved 

in jin v itro  rooting and in the subsequent hardening stages thereby 

substantially reducing the cost of production of _in v itro  plantlets.



5-6  Hardening and planting out

5.6.1 Hardening treatments

The _in v itro  derived plantlets have to be acclimatised 

to the entirely different environment prevailing _in. v ^vo as they

are poorly adapted to resist the lower relative hum idity, higher 

lig h t intensity and temperature. A precise control of the weaning 

environment alone w ill ensure maximum surviva l rates (Grout and 

Aston, 1977; Langford and Wainwright, 1987 and Wainwright, 1988).

A period of humidity acclimatization was considered essential for

the newly transferred plantlets to adapt to the outside environ­

ment during which the plantlets undergo morphological and

physiological adaptation enabling them to develop typical terrest­

ria l plant water control mechanism (Grout and Aston, 1977; Sutter, 

1985).

Selvapandian et_ al_. (1988) reported a method of coating 

the leaves of _in v itro  plantlets with g lycerol, paraffin wax or 

grease to avoid rapid water loss from the leaves of plants grown

in vitro  during their transplantation to the field to prevent their

desiccation.

In the present study, immersing the roots of the plantlets

for 18 hr in sterile  water p rior to transplanting was found to 

give cent per cent surv iva l of the plantlets compared to sixty

per cent for the plantlets whose leaves were coated with paraffin 

o il.

.1.31
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The type of containers used for transplanting the _in v itro  

plantlets may affect the establishment and growth of the trans­

planted plantlets. In the present study, considering the number 

of leaves produced, the height of the plantlets and the width 

of the largest leaf at different intervals, the plantlets grown in 

plastic pots showed the highest vigour followed closely by the 

plantlets in mud pots and polybags and the minimum by those 

in p ro -tra ys . However considering the percentage increase in the 

number of leaves, height of the plantlets and width of the largest 

leaf, the maximum increase in general, of these parameters was

observed for the plantlets in p ro -tra ys.

Various workers have used different types of containers, 

to transfer _iH v itro  derived plantlets. Plastic pots have been 

used to transfer plantlets of different species (Canas and 

Benbadis, 1988; Reuveni et a l . ,  1990 and Yadav et al_., 1990).

Ramesh et̂  aU (1993) also used plastic pots for successful transfer 

of jack plantlets and reported mud pots to be the least effective. 

Balachandran (1990) transplanted, plantlets of turmeric and ginger 

in trays. After 3-4. weeks, the plantlets were transplanted into

pots. From the present study it can be said that the plantlets 

can be successfully transferred into p ro -trays for rapid growth 

of more number of plantlets in the in itia l stages and then trans­

planted into plastic pots or mud pots for vigorous grow th.

5.6.2 Type of containers ,
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The type of potting media used to transplant _in v itro  grown 

plantlets is an important factor which determines the percentage 

of establishment. Media which maintain an optimum moisture level 

and sufficient aeration to the root zone of the plantlets promote 

better establishment and growth of the 'transplanted' plantlets

(Ramesh et a l . , 1993).

In the present study, potting mixes such as cocopeat, 

so ilrite , biofibe and verm iculite were found to facilitate better 

growth of the _in vitro  grown plantlets as manifested in the number 

of leaves produced, the height of the plantlet and the width of 

the largest leaf as well as the percentage increase in the same. 

Among these potting mixes, cocopeat is the most economical to

use being the cheapest followed by biofibe and verm iculite, with 

so ilrite  mix being the costliest.

Various workers have used different media to successfully 

transplant _in v itro  plantlets. Keshavachandran (1991) found that 

a mixture of so ilrite  and potting mixture gave the highest

establishment percentage and better vigour of vetiver plantlets. 

Ramesh et a l. (1993) observed that for transferring jack plantlets, 

sand gave the highest s u rv iva l followed by verm iculite and peat. 

Folliot and Marchal (1990) found that for transplanting pineapple 

plantlets, a peat based subtrate gave the best results followed

5.6.3 Effect of media



by a mixture of compost and perlite . Reuveni et_ al_. (1990) used 

a mixture of peat and polystyrene shredded flakes for successfully 

transferring papaya plantlets. The better results obtained with 

potting mixes such as cocopeat, biofibe, verm iculite and soilrite

in the present study may be due to the improved rhizosphere

provided by these media having better ventilation and drainage 

which would have created a favourable condition for better root 

growth and the consequent vigorous growth of the plantlets 

(W ainwright, 1988).

5 .6 .4  Effect of containers and media

The containers and potting mixtures used for transplanting 

in v itro  plantlets were found to influence the surviva l rate 

(Zimmerman and Fordham, 1985).

In the present study, based on the observations on the 

number of leaves produced, the height of the plant and the width 

of the largest leaf, the plantlets grown in plastic pots fille d  

with cocopeat or plastic bags with so ilrite  showed in general, 

better vigour. However, the percentage increase in the number

of leaves produced, the height of the plantlet and the width of 

the largest leaf were more for the plantlets grown in p ro -trays 

with cocopeat, so ilrite  or verm iculite as media.

5.6 .5  Nutrient starter solution

The beneficial effect of addition of inorganic nutrients to



the pot mixture has been reported by several workers (Brown 

and Sommer, 1982; Amerson et_ a l. , 1985; Rajmohan, 1985 and Kesha- 

vachandran, 1991). Wong (1986) recommended the addition of 3.0 g 

of nutricate mix (14:14:14 NPK) to each pot one week after trans­

planting to get healthier ui v itro  banana plantlets for planting 

in the main fie ld . Mathur et al_. (1988) in itia lly  irrigated _i]i v itro  

derived Java Citronella plantlets with Hoagland and Arnon (1950) 

nutrient solution for a week.

In the present study, among the different treatments tried 

in the early stages, application of NPK solution once a week or

•£ strength MS salts were sufficient to induce healthy growth of

the plantlets. At later stages of plantlet growth, better vigour 

of the plantlets was observed by the application of Hoagland's 

solution or the NPK fe rtilize r solution twice a week.

Kavanagh et̂  al_. (1987) found in Prunus serotina that appli­

cation of fu ll strength Hoagland's solution weekly produced the 

most vigorous plantlets. Dewald et a l. (1988) reported that for

best results with pineapple plantlets in itia l application of a 

fe rtilize r b i-w eekly followed by 10 per cent MS salt solution- in

the latter stages was found to be the optimum.

5.7 Encapsulation studies

Differentiating globular bodies formed from crown explants, 

could be successfully encapsulated into beads using sodium alginate
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at 2.5 per cent and calcium chloride at 75 mM with an ion exchange 

duration of 30 min. The beads formed wehe firm  and round. The 

beads when put on regeneration media started differentiating into 

shoots within 15 days. The encapsulated beads could be successfully 

stored at room temperature on cotton wool moistened with MS basal 

salts without loosing their regeneration capacity for 30 days.

Mathur et al_. (1989) have reported in Valeriana w allichii 

that encapsulation of apical and axial shoot buds has resulted 

in scaling up the micropropagation technique while at the same 

time economising upon the medium, space and time requirements. 

As per th e ir report, encapsulated ex plants utilize  only about 

200 ml of MS medium for the preparation of nearly 350 beads each 

of which contains an ex plant, thereby producing 350 plantlets 

under _in_ v itro  conditions. When non-encapsulated ex plants were 

used, nearly 4.5 1 of MS medium were required for producing

the same number of plants. The culture space requirement can 

also be reduced to 1/6 in an Erlenmeyer flask of 250 ml capacity, 

which can accomodate only 5 non-encapsulated explants but can 

hold 30 beads. In addition, plants from encapsulated explants 

can be easily retrieved by picking with a forceps or just shaking 

the beads out. Also, the technique offers easy transportation of 

large number of plants in low bulk.

Thus clonal multiplication of pineapple is possible through 

_in v itro  culture of crown explants. The large number of leafy
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globular structures formed from the prim ary explant could be 

induced to form shoots which in turn could be separated and 

in divid ually  rooted. The. success of ex v itro  rooting would help 

in reducing the cost of producing _in v itro  plantlets. The rooted 

plantlets after undergoing a period of hardening under a low lig h t, 

high humidity atmosphere could be successfully transferred to 

s o il. The standardisation of an hi v itro  propagation technique 

for pineapple would help in generating larger numbers of true 

to type planting material. The development of an encapsulation 

technique would further help in economising the time, labour and 

cost of producing in v itro  plantlets.
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SUMMARY

Studies were conducted on _ir̂  v itro  multiplication and stand­

ardisation of hardening techniques in pineapple at the Tissue Culture

Laboratory of the A ll India Co-ordinated Floriculture Improvement 

Project, attached to the Department of Pomology and Floriculture 

of the College of Horticulture, Vellanikkara. - The salient findings 

of the study are summarised in this chapter.

1. Among the different surface sterilization treatments trie d ,

considering the contamination percentage and su rv iva l of explants,

treatment with Emisan 0.1 per cent for 30 minutes followed
*

with mercuric chloride 0.1 per cent for 10 minutes was found 

to be the best.

2. The explants collected in the months of January and February

gave the least contamination and maximum surviva l percentages.

3. MS medium with BA 5.0  mg 1  ̂alone or in combination with
-1

NAA 1.0 mg 1 was found to be the best for maximum estab­

lishment of the explants.

4. Higher concentrations of the cytokinins were found to reduce

the percentage of establishment of the ex plants. BA gave the 

highest percentage of establishment followed by KIN and 2iP.

5. The percentage of cultures initiating growth was the highest

and the time taken for greening of the explants was the shortest
 ̂ -j

with BA 5.0 mg 1 alone or in combination with NAA 1.0 mg 1~^.
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6. The maximum intensity of globular structures with leaves and

shoots were formed within the shortest- time of 5.96 days on

-1subculture to MS medium with BA 5.0 mg 1 and NAA 1.0 mg 

1 1 or w ithin 6.95 days with BA 5.0 mg 1  ̂ alone.

7. Among the three cytokinins trie d , the fastest ex plant response 

and the highest intensity of globular structures was formed 

with BA, followed by with KIN and 2iP, The structures formed 

with 2iP also had characteristic narrow leafy proliferations.

8. The maximum shoot proliferation (11.9 per culture) was obtained 

with basal MS medium with cent per cent of the cultures 

developing vigorous dark green shoots.

9. Among the cytokinins trie d , KIN at 10.0 mg 1 followed by 

KIN at 5.0 mg 1 ** were effective in inducing formation of a 

high percentage of shoots. Addition of NAA resulted in the 

reduction of the percentage of cultures developing shoots as 

well as the number of multiple shoots formed with respect 

to KIN and 2iP. However, with BA, addition of NAA increased 

the percentage of cultures developing shoots.

10. Hundred per cent rooting was obtained in the basal MS medium 

as well with various concentrations of IBA and NAA. The fastest 

rooting (8.54 days) was observed in the basal medium.

11. Among the auxins trie d , faster rooting and more number of

roots were induced with IBA compared to NAA. The higher

-1concentration of 2.0 mg 1 was more effective.



Rooting was faster in stationary liquid  media compared to 

solid media.

The roots formed in the basal medium were thin, long and 

branched; with IBA short, stubby and brown coloured and 

with NAA, short, thick and h a iry .

In solid media, early root initiation and maximum length of 

roots was observed with 0.65 per cent agar concentration.

Ex v itro  rooting of shoots over 5.0 cm in length was possible 

by placing the shoots under intermittant mist thereby fa c ilit­

ating savings of time and labour involved in vitro  rooting 

and the .hardening stages.

The commercially available rooting powder Rooton induced

the fastest rooting and the maximum length of the roots.

The number of roots produced was highest for treatment with 

-1IBA 200 mg 1 as quick d ip .

Profuse rooting of _in v itro  derived shoots of pineapple was 

obtained even without treatment with growth regulators by 

keeping the shoots under mist.

Immersing the roots of the plantlets for 18 hr in sterile 

water p rio r to transplanting gave hundred per cent surviva l 

of the plantlets.
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19. The plantlets grown in plastic pots in general showed- the 

maximum vigour with respect to the number of leaves, 

height and the width of the largest leaf, followed by those 

in mud pots and poly bags. The percentage increase in these 

parameters were, however, observed maximum for the plant­

lets in p ro -tra ys.

20. The potting mixes such as cocopeat, so ilrite , biofibe and

verm iculite were found better for inducing vigorous growth

of the ir^ vitro  grown plantlets.

21. The plantlets grown in plastic pots with cocopeat or plastic

bags with so ilrite  mix in general induced more vigorous growth

of the plantlets. In p ro -tra ys , cocopeat, so ilrite  or vermi­

culite were more suitable for inducing vigorous growth of

the seedlings.

22. A nutrient starter solution of NPK fe rtilize r solution once

a week or one fourth strength basal MS salts were sufficient

to induce healthy growth of the transplanted plantlets in

the early stages of grow th. Application of the NPK fe rtilize r

solution twice a week or Hoagland fs solution once a week

was found to induce better growth of the plantlets in the later 

stages.

23. The plantlets with a minimum of 10 cm height and 12 leaves

were successfully transferred after 90 days to soil and

planted in trenches.
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24. The differentiating globular bodies formed from the prim ary 

explants could be successfully encapsulated into beads using 

sodium alginate at 2.5 per cent and calcium chloride at 75 mM 

with an ion exchange duration of 30 min.

25. The encapsulated beads could be successfully stored at room 

temperature on cotton wool moistened with MS basal salts 

without loosing their regeneration capacity for 30 days.
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APPENDIX-I
Meteorological parameters of the experimental site at the College of 
Horticulture, Vellanikkara, for the period from January to December

1992

Mean temperature Mean Rainfall Number of Mean
Month  (_?C)---------------  relative (mm) rainy days sunshine

Maximum Minimum humidity (hours)
(%)

January 32.6 20.9 53 0 0 9.0

February 34.5 21.8 65 0 0 9.2

March 36.9 22.8 61 0 0 9.2

A p ril 36.3 24.4 65 48.6 3 8.8

May 33.6 24.8 73 90.6 6 7.4

June 30,1 23.7 84 976.8 22 3.3

July 28.8 22.7 87 874.5 26 2.1

August 28.9 22.3 88 562.9 25 2.7

September 30.1 23.1 82 ‘ 302.9 17 4.1

October 30.1 22.9 82 386.7 14 4.6

November 31.0 23.1 77 376.7 12 5.5

December 31.1 22.3 61 2.0 0 8.9



APPENDIX-II

Abstract of analysis of variance for the effect of different treatments

SI.
No.

Character Treatment
DF

Treatment
MSS

E rro r
DF

E rro r
MSS

Level of 
significance

1 2 3 4 5 6 7

In v itro  m ultiplication

(1)

a.

Effect of surface 
sterilant treatments
Contamination 6 373.45 14 _ 12.69 0.05

b. Survival 6 288.74 14 14.84 0.05

(2 ) Effect of cytokinins 
and auxins on 
establishment of 
pineapple explants

■

a. Establishment 12 153.57 13 4.64 0.05

b. Percentage of 
cultures showing 
growth

12 152.69 13 3.71 0.05

c. Days for greening 12 15.78 13 0.06 0.05

(3 ) Effect of cytokinins 
and auxins on 
formation of 
nodular structures

a. Days for response 10 21.44 11 0.79 0.05

(* ) Effect of cytokinins 
and auxins on shoot 
production

a. Percentage cultures 
developing shoots

9 1283.50 20 9.29 0.05

b. Number of shoots 
per culture

9 51.46 20 0.68 0.05

(5 ) Effect of NAA and 
IBA on in v itro  
rooting

a. Days for root 
initiation

8 45.95 9 2.06 0.05

b. Number of roots 
per shoot

8 35.95 9 0.67 0.05



APPENDIX-II

Abstract of analysis of variance for the effect of different treatments

SI.
No.

Character T  reatment
DF

Treatment
MSS

Erro r
DF

E rro r
MSS

Level of 
significance

1 2 3 4 5 6 7

In v itro  multiplication

(1 )

a.

Effect of surface 
sterilant treatments
Contamination 6 373.45 14 _ 12.69 0.05

b. S urvival 6 288.74 14 14.84 0.05

(2 ) Effect of cytokinins 
and auxins on 
establishment of 
pineapple explants

**

a. Establishment 12 153.57 13 4.64 0.05

b. Percentage Of 
cultures showing 
growth

12 152.69 13 3.71 0.05

c. Days for greening 12 15.78 13 0.06 0.05

(3 ) Effect of cytokinins 
and auxins on 
formation of 
nodular structures

a. Days for response 10 21.44 11 0.79 0.05

(A) Effect of cytokinins 
and auxins on shoot 
production

a. Percentage cultures 
developing shoots

g 1283.50 20 9.29 0.05

b. Number of shoots 
per culture

9 51.46 20 0.68 0.05

(5) Effect of NAA and 
IBA on in v itro  
rooting

a. Days for root 
initiation

8 45.95 9 2.06 0.05

b. Number of roots 
per shoot

8 35.95 9 0.67 0.05

Contd.



2

1 2 3 4 5 6 7

(6) Effect of different 
concentration of 
agar on the 
initiation and 
elongation of 
roots in MS 
medium

a. Length of roots 3 2.34 52 0.45 0.05

b. Number of roots 3 0.33 52 0.18 NS

HARDENING

(7) Effect of different 
containers on the 
number of leaves 
of pineapple

a. Pretreatment 1

i )  15 days after 
transplanting

3 1 .52 128 0.06 0.05

i i )  30 days after 
transplanting

3 1 .48 128 0.06 0.05

i i i )  45 days after 
transplanting

3 1.35 128 0.07 0.05

b. Pretreatment 2

i )  15 days after 
transplanting

3 2.24 128 0.08 0.05

i i )  30 days after 
transplanting

3 1.99 128 0.08 0.05

(not analysed)

(8) Effect of containers 
on the height of 

pineapple plantlets
-

a. Pretreatment 1

i )  15 days after 
transplanting

3 132.45 128 1.55 0.05

i i )  30 days after 
transplanting

3 140.05 128 1.58 0.05

i i i )  45 days after 
transplanting

3 135.66 128 1.85 0.05

Contd.



3

1 2 3 4 ■ 5 6 7

b. Pretreatment 2

i)  15 days after 
transplanting

3 104.66 128 2.30 0.05

i i )  30 days after 
transplanting

3 102.05 128 2.36 0.05

(9) Effect of containers 
on the width of the 
largest leaf of 
pineapple plantlets

a. Pretreatment 1

i )  15 days after 
transplanting

3 33.45 128 0.91 0.05

i i )  30 days after 
transplanting

3 42.01 128 1.19 0.05

i i i )  45 days after 
transplanting

3 107.14 128 5.69 0.05

b . Pretreatment 2

i)  15 days after 
transplanting

3 50.72

t *

128 1.82 0.05

i i )  30 days after 
transplanting

3 47.63 128 1.89 0.05

(10) Effect of media on
the number of leaves 
of pineapple 
plantlets

a. Pretreatment 1

i )  15 days after 
transplanting

7 0.47 128 0.05 0.05

i i )  30 days after 
transplanting

7 0.25 128 0.06 , 0.05

i i i )  45 days after 
transplanting

7 0.26 128 0.07 0.05

b. Pretreatment 2

i)  15 days after 
transplanting

7 0.15 128 0.08 NS

i i )  30 days after 
transplanting

7 0.14 128 0.08 NS

Contd.
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1 2 3 4 5 6 7

(11) Effect of media on 
the height of, 
pineapple plantlets

a. Pretreatment 1

i )  15 days after 
transplanting

7 5.38 128 . 1,55 0.05

i i )  30 days after 
transplanting

7 5.01 128 1.58 0.05

i i i )  45 days after 
transplanting

7 4.56 128 1.85 0.05

b. Pretreament 2

i )  15 days after 
transplanting

7 4.23 128 2.30 NS

i i )  30 days after 
transplanting

7 4.56 128 2.36 NS

(12) Effect of media on 
the width of largest 
leaf of pineapple 
plantlets

a. Pretreatment 1

i )  15 days after 
transplanting

7 6.56 128 0.91 0.05

i i )  30 days after 
transplanting

7 4.81 128 1 .19 0.05

i i i )  45 days after 
transplanting

7 59.35 128 5.69 0.05

b. Pretreatment 2

i )  15 days after 
transplanting

7 3.64 128 1 .82 NS

ii )  30 days after 7 3.77 128 1.89 NS
transplanting

(13) Effect of different 
media and containers 
on the number of 
leaves of pineapple 
plantlets

Contd.
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1 2 3 4 5 6 7

a. Pretreatment 1

i )  15 days after 
transplanting

21 0.06 128 0.06 NS

i i )  30 days after 
transplanting

21 0.17 128 0.06 0.05

i i i )  45 days after 
transplanting

21 0.14 128 0.07 0.05

b. Pretreatment 2

i )  15 days after 
transplanting

21 0.05 128 0.08 NS

i i )  30 days after 
transplanting

21 0.05 128 0.08 NS

(14) Effect of different
media and containers 
on the height of 
pineapple plantles

a . Pretreatment 1

i )  15 days after 
transplanting

21
9

2.86 128 1.55 . 0.05

i i )  30 days after 
transplanting

21 2.58 128 1.58 NS

i i i )  45 day after 
transplanting

21 2.31 128 1.85 NS

b. Pretreatment 2

i )  15 days after 
transplanting

21 2.43 128 2.30 NS

i i )  30 days after 21 2.52 128 2.36 NS

(15) Effect of different
media and containers 
on the width of 
the largest leaf 
of pineapple plantlets

-

a. Pretreatment 1

i )  15 days after 
transplanting

21 1.56 128 0.91 0.05

C o n td .
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1 2 3 4 5 6 7

i i )  30 days after 
transplanting

21 2.00 128 1.19 0.05

i i i )  45 days after 
transplanting

b. Pretreatment 2

21 14.23 128 5.69 0.05

i )  15 days after 
transplanting

21 3.29 128 1 .82 0.05

i i )  30 days after 
transplanting

21 3.02 128 1.89 NS



ABSTRACT

Studies were conducted on Jji v itro  multiplication and stand­

ardisation of hardening techniques in pineapple (Ananas comosus 

( L . )  M e rr.) at the Tissue Culture Laboratory of the A ll India 

Co-ordinated Floriculture Improvement Project attached to the 

Department of Pomology, College of Horticulture, Vellanikkara during 

1991-'93.

Surface sterilization treatment was standardised for crown 

ex plants. Among the different treatments trie d , treatment with Emisan 

0.1 per cent for 30 minutes followed with mercuric chloride 0.1 

per cent for 10 minutes was found to be the best. Ex plants collected 

in the months of January and February gave the least contamination
f *

and maximum surviva l percentage.

MS medium with BA 5.0 mg I  iJJ. alone or in combination 

/ riLwith NAA 1.0 mg/liA>^ gave maximum establishment of the explants. 

The globular structures were formed at maximum intensity within 

the shortest time of 5.96 days in MS medium supplemented with 

Uk and NAA 1.0 m g / l o ^  Among the three cytokinins 

trie d , the fastest response and the highest intensity of globular 

structures was obtained with BA followed by KIN and 2iP.

Maximum shoot proliferation (11.9 per culture) was obtained 

with basal MS medium in which cent per cent of the cultures 

developed vigorous dark green shoots.



Rooting of the _in vitro  derived shoots was obtained in 

in vitro  as well as e>£ v itro  conditions. Hundred per cent ui v itro  

rooting was obtained in basal MS medium as well as in media 

supplemented with various concentrations of IBA and NAA. The fastest 

rooting (in  8.54 days) was obtained in the basal medium. Rooting 

was also faster in liquid  medium compared to solid medium. In 

solid medium, early root initiation and the maximum length of roots 

were observed with 0.65 per cent agar concentration. Among the

ex v itro  rooting treatments trie d , treatment with the rooting powder 

Rooton resulted in the fastest rooting and the maximum length of 

the roots. Profuse rooting of the shoots was obtained without using 

growth regulators by keeping them in a mist chamber.

T  reatments were standardised for successful transfer off i

the plantlets to the outside environment. Hundred per cent surviva l 

of the plantlets was obtained by immersing the roots of the plant­

lets in sterile  water for 18 hr prior to transplanting. Among the

different containers trie d , plantlets grown in plastic pots, in 

general showed maximum vigour with respect to the number of 

leaves, height and width of the largest leaf, followed by those

in mud pots and poly bags. The maximum percentage increase in 

these parameters was observed for the plantlets in p ro -tra y s . Potting 

mixes such as cocopeat, so ilrite , biofibe and vermiculite were 

found to be better in inducing vigorous growth of the plantlets. 

Plantlets grown in plastic pots with cocopeat or plastic bags with

soilrite  m ix, in general, grew more vigorously.



a week or one fourth strength basal MS salts was found to be

sufficient to induce healthy growth of the transplanted plantlets 

in. the early stages of growth. To induce better growth of the plant­

lets in the later stages, application of the NPK fe rtilize r solution 

twice a week or Hoagland's solution once a week was found to be 

better.

Encapsulated beads were successfully formed with the 

differentiating globular bodies formed from the prim ary ex plants.

The globular bodies could be encapsulated using 2.5 per cent 

sodium alginate and 75 mM calcium chloride with a complexation 

time of 30 minutes.

The plantlets after 90 day.s of growth in the greenhouse 

with a minimum height of 10 cm and 12 leaves were successfully

transferred to s o il.

A nutrient starter solution of NPK fertilizer solution once


