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1. INTRODUCTION

Anthurium, Flaming Plant or Painters Palette |is
one of the most important commercial ornamental crop of the
modern world. In a floral arrangement anthurium flowers
cpntribute to the elegance and attractiveness which are
brerequisites for a quality design. They are valued for
their colourful long lasting f[lowers and handsome foliage.
The showy portion of inflorescence composed of the spadix, a
compact cylindrical spike crowded with small bisexual flowers
and the spathe, a large conspicuously pigmented bract at the

base of the spadix.

The most popular and economically important species
of the genus are Anthurium andreanum Lind end A sBherzerianum
Schott. A andreanum is a native of Columbia and is grown
almost exclusively for cutflower production. HMa jor
production centres are in the tropical regions of the world
because they are suitable for hot tropical weather. Growing
of anthuriums on a commercial scale has very recently been
started in different countries. Hawaii is the largest
producer of anthuriums-in the U.S.A. Other leading producers
of anthurium are Holland, South American and European

countries.

in India the anthurium industry is gstill in its

infancy. Kerala with its unique tropical humid climate is



highly congenial for anthurium cultivation. Recently there
has been an increasing awareness among growers about the
potentialities of this new commercial flower crop. However
availability of high quality planting materials and marketing
of the flowers are the limiting factors for developing the

cutflower industry in Kerala.

Anthuriums are commonly propagated by seeds and
also vegetaively by suckers or cuttings. The length of pime
taken for conventional method of propagation has been a
gerious draw back In anthurium cultivation. The recent
development of efficient micropropagation techniques opened
up entirely new and promising prospects to meet the market
demand and to optimise the income for the growers. Methods

of in vitro propagation mainly through somatic organogenesis,

have been standardised for A‘ andreanum (Pierik et mnl 1974 b;
Pierik, 1976; Pierik et al 1979; Sréelatha, 1892.) Although
methods have been standardised there is possibility for
improving the propagation efficiency and establishment of in

vitro derived plantiets of anthurium under natural

environment.

In the present study the influence of the different
media and containers on ex vitro establishment of anthurium
plantlets were taken into account. Thig study will bring to

light the influence of the various media and containers on



the vegetalive growth parameters at the early stages of
establishment of in vilrg produced plantlets. Good

vegetative growlh being the preliminary factor for further

development and flowering.

The specific objective of the study is to develop
suitable methods to plantout in vitro generated plantlets of
A andreanum varieties and to standardise suitable containers

and media for ex vilro establishment.



L S R e Y i T e e B



2. REVIEW OF LITERATURE

Plant propagation using tissue culture techniques,
more commonly know as micropropagation is being applied to an
ever increasing number of plant species. Transplanting and
"re—establishing aseptically propagated plants under non
aseptic condition is still one of the main problems in the
micropropagation of ‘many plant spices. Ex vitro establishment
of plantlets gained importance, consequent to the

commercialisation of micropropagation.

This review encompasses the research works on in
vitro propagation of Anthurium andrenum through somatic
organogenesis, characteristics of in vitro plantiets that
causes problems in ex vitro establishment, measures to
overcome these problems; rooting, and acclimatization of
cultured plantlets; and the influence of size of
microcuttings, potting media, containers, and interaction of

media and containers were discussed,
2.1 In vitro Culture

According to Murashige (1974) there are three

possible routes for in vitro propagule multiplication.
a. Enhanced release of axillary buds.

b. Production of adventetious shoots through organogenesis
and



c. Somatic embryogenesis.

In the first route meristems like shoot tips are
cul tured wﬁich assures, genetic uniformity of progeny to
a great extent (Chand and Roy 1980, Rao and Lee 1986). This
' method is being used for rapid clonal multiplication. The
second route that is callus mediated somatic organogenesis is
not recommended for clonal! propagation, but may be ideal for
recovery of useful variant lines. Somatic embryogenesis, the
third route is limited to a few species but results in the
most rapid mode of plant regeneration. (Evans et al., 18981).
All species in which organogenesis and plant formation can be
achieved in vitro may not be suited for large scale clonal
Propagation (Vasil and Vasil 1880). For some species the
process is too expensive. The route of multiplication is slow

and the mortality of plants at planting out to soil is high.

Somatic organogenesis

Somatic organogenesis can be direct or callus
mediated (Evans et al., 1981) Levels of growth regulating
substances in the culture medium, particularly auxins higher
than those necessary to stimulate thé direct formation of
adventetious shoots generally give rise to the proliferation
of caltus from the explant.. On the other hand if the

concentration of hormones, especially auxins is lowered in



the medium it results in the formation of adventetious
shoots. (Shoot morphogenesis / somatic organogenesis) or
embryos (Somatic embryogenesis) (Skoog and Miller 1957,

Hussey 1986).

Although.ééllus may be obtained from any species,
only in some plants cén be regenerated. Even when totipotent
callus has been obtained, extended proliferation by repeated
subculture may result in the reduction and eventual loss of
regenerative capacity. The reasons for this have only
occassionally been in?estigated in detail, but reduction in
shoot forming ability is often paralleled by an increase in
the proportion of polyploid or aneuploid cells (Smith and

Street 1974).

As a clonally propagated slow maturing crop (2-3
vears from seed to seed) Anthurium andreanum is a prime
candidate for improvement using biotechnology. Establishment
of callus from a variety of tigsue cultured explants like
leaf laminal petiole, inflorescence stalk, spathe, énd spadix
has previously been described for cultivars of A andreanum
available in Holland (Kuehnle and Sugii, 1991; Leffriﬁg et
al., 1878; Pierik, 1975, 1978, Pierik et al., 1974 b) and in

the Republic of South Africa (Finnie and Van staden 1986)

Pioneering studies were conducted.by Pierik and

collaborators (1974 a,b). They succeeded in the induction of



regeneration, first from embryo and seedling tissue and later
from non meristematic parts of mature plants. A modified M S
medium supplemented with a cytokinin (PBA) was used for

optimum growth of callus tissue at 25°C in darkness.

Callus multiplication was observed best in a liquid
medium (Pierilk 1975, Pierik et al., 1975). For this leaf
pieces with the callus was transferred to a liquid medium
" which was placed on a shaker rotating at 120 rpm. Based on
detailed studies a scheme was proposed for the micro
propagation of A andreanum and A scherzerianum (Pierik,

1976, Pierik and Steegmans, 1975, Perik et al., 1979)

Leffring and Soede (1978, 1979 a,b) made use of
shoot proliferation as a means of multiplication from leaf
callus derived shoots. Addition of 2ip at 3 mg/l to the
medium resulted in wide spread shoot formation. The schene
of Kunisaki (1980) avoids an initial callus step by using
shoots developed from auxiliary bud explant as starting
material. Novak and Nepustil (1980) observed that callus with
a high cgpacity for regeneration were derived from leaf

explants of flowering plants.

Finnie and Van Staden (1986) achieved plantlet
regeneration using a modified MS medium at 25+2°'C with 16 h
light and .8 h dark cycle. Keller et al., (1988) obtained

callus from leaf explants on MS medium supplemented with 2 mg



kinetin/l. An embryogenic mode of plant regeneration was
described only for early stages in spadix derived callus of A

scherzerianum Schott (Geier, 1980),

2.2. Characteristics of in vitro plantlets that causes

probfems in ex vitro establishment
Debergh and Maene (1981) defined 4 Stages in micropropagation

Stage O Preparation of stock plants under hygienic
condition.

Stage 1 Establishment of aseptic cultures,

Stage 2 ~-. Multiplication of micropropagules
~ (Shoot proliferation)

Stage 3a Preconditioning and preparation of propagules
for stage 3b

Stage 3b Rooting and re establishment of propagules in
soil
Here the problems encountered in the final stage of

micropropagation and measures to overcome these pitfalls were

described.

Success of micropropagation depends on the field
establishment-of in vitro derived pla.ntletsT With in the in
viiro system, plantlefs are heterotrpphic and get very
favourable condition for their growth. During ex vitro

establishment plantlets have to switch over to autotrophic



nutrition involving normal photosynthetic activity and water

relations.

It has been reported that the leaves of plantlets

developed in vitro are smaller and thinner than those

"developed in vivo (Lee et al., 1988). Physicologically

leaves grown in tissue culture have been shown to be-
incapable of significant photosynthesis (Langford and
Wainwright, 1987), the stomate are unable to close and, as
cuticular wax on the leaf surface is minimdl, are unable to

control water loss (Grout and. Aston 1978).

Donnelly and Vidaver (1984) found that rasberry
leayes produced in vitro were smaller, thinner, had a less
compact arrangement of palisade and mesophyll cells and fewer
epidermal hairs than those developed in vivo. Anatomical
studies have demonstrated that leaves of in vitro propagated
plants have a less ordered palisade layer and relatively more
spongy mesophyl than field grown Plans (Brainerd et al.,

1981, Donnelly et al., 1985) The large internal air space
results in excess water loss from the leaves. Stomatal
density is also gfeater in leaves of in vitro plantlets than

in leaves of acclimatized or green—house grown plants.

In cauliflower, the palisadé mesophyll and palisade
cells were found to be limited in the in vitro grown leaves

(Grout and Aston, 1978). 1In the case of plum plantliets, the
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palisade cell depth and mesophyll air space were
significantly less in the in vitro grown leaves than in the

field grown leaves (Brainerd et al., 1981)

Grout and Aston {(1978) reported that cauliflower
‘'plants in in vitro has lower levels of chlorophyll and
carbondioxide fixation activity than seedlings of comparable
age. Under in wvitro conditions, micropropagated plants are
not photoautotrphic but mixotrophic or heterotrophic. Leaves
existing in culture made only a small or negative
photosynthetic contribution following transplanting and the
first new leaves formed after transplanting had an
intermediate capacity (Donnelly and Vidaver 1984), only new
leaves initiated following transfer to soil had full
photosynthetic competence and successful acclimatization was

dependent on such leaves.

Grout and Aston (1978) observed that the transition
zone between shoot and root was abnormal in micropropagated
cauliflower shoots. According to Sutter (1981) a continuous
vascular connection between the shoot and root was critical
for efficient water flow for reducing the mortality during
stress conditions. In vitro grown plantlets, when much
callus was produced at the shoot base, roots often originated
from the callus and were not strongly connected to shoots.

The vascular connection between roots and shoots was found to
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be proper when the callus production was the minimum at the
shoot base (Cheng and Voqui, 1977; Arnold and Eriksson, 1984;

Patel et

L., 1988). L

Roots, that are produced in agar are hairless,

-

easily damaged on transfer and have limited ability to

function in composts (Wainwright, 1988). Debergh and Maene

(1981) found that in vitro produced roots die soonafter

transfer and new in vivo adopted roots are quickly produced

to sustain the plant in the non sterile environment.
Therefore, rooting directly in vivo is preferable on economic
as. well as physiological grounds, however greater
environmental control can be maintained in tissue culture,
ﬁand with the more detailed sequence of auxin treatments that
some of the more difficult to root species requires, thin

‘roots initiation at least (Zimmerman and Fordham, 1985) in

tissue culture,
2.3 Measures to overcome the in vitro problems in ex vitro
establ ishment of plants

The most important factor controlling the success

rate during the transition of plants or shoots from in vitro

to in wvivo condition is the intrinsic quality of the plant
material (Debergh, 1991), The environment in the in vitro
condition is at very high humidity, low light level and

usually constant temperature. Plants leaving these
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environment are very poorly adapted to resist the low
relative humidity, higher light levels and more variable
temperature found outside. In order to'adjust with the
outside conditions different types of in vitro interventions

practiced.

2.3.1. Control of high humidity in vitro

Attempts to facilitate hardening-off prior to
propagules leaving the culture environment have involved
reducing the relative humidity inside the culliure wvessel by
increasing ventilation or increasing the osmotic strength of
the media (Short et al., [987). In almost hermatically closed
containers the water retention capacity can be controlled by
applying a paraffin layer on top of the medium (Wardle et
al., 1983) Short et al., (1987) observed that addition of
Polyethylene glycol (PEG) in rooting medium help ex vitro
establishment. PEG reduced the humidity with in the culture

vesse] which in turn caused wax depositions on the leaves,.

Dillen and Buysens (1989) developed a modified
plastic lid to escape water vapour from the container. They
used autoclavable paper under the perforated polycarbonate
lid, and could stop evaporation after a while by sealing the

holes in the 1id.
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2.3.2. Improving photosynthetic behaviour

Reducing the sucrose levels in the culture medium
has increased the photosynthetic ability of rose leaves in
"culture (Langford and Wainwright 1987), but maintaining
sucrose levels or even increasing these levels in the culture
medium prior to weaniqg has in practicg been shown to be
beneficial in optimizing microplant size after hardening off

(Hainwright and Scrace, 1988).

Kozai (1990) proposed photoautotrphic
micropropagation based on photoautotrphi¢ tissue culture with
all carbon derived from carbondioxide. In this.type of
culture the growth and development are largely influenced by
the physical and environmental factors which include light

and 002 as major components.
2.4 "Rooting

The propagules can be rooted when in tissue culture
(roted in vitro) and the rooted plantlet tranaferred to soil,
alternatively the propagule can be treated like a soft-wood
cutting and rooted in a non-sterile, high humidity, low-

light environment.
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2,4.1 In vitro rooting

There are different techniques to induce roots in
vitro, but differ with plant species. An obtimUm amount of
carbohydrate is required for achieving maximum in vitro
‘rooting in Jack fruit (Rahman and Blake 1938). Meiraziv
(1979) reported that in vitro propagated gladiolus plantlets
subcul tured to a pre—transplanting medium with lower levels
of nutrients promoted root development and increased ex vitro

establishment percentage.

Hainwright.and Scnacg (1989) studied the effect of
sucrose concentration and the type of of carbohydrate in in
vitro plant growth. Two to four per cent sucrose
concentration gave the maximum shoot lehgth, fresh weight,

and dry weight of plantlets and registered 97.5 per cent in

vitro establishment. Among the different carbohydrates

tested, sucrose, glucose and maltose welre on par, while

sorbitol was the least effective.

Desjardins and Tiessen (1985) observed that very
low sucrose concentration in the medium reduced the rooting
percentage. At higher sucrose concentration the rooting
percentage and subsequent shoot growth were better and the

time required for rooting was found to be reduced.
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Leshem (1983), Marin and Gella (1887) and Short et
al., (1987) reported that higher concentration of agar in
rooting medium increased the ex viiro establishment of
plantlets; but reduced the rooting. Williams and Taji (1889)
reported that higher concentrations of gelrite increased the

" field establishment of plantlets.

The type of auxin used for rooting has been found
to. influence root morphology and plant survival. Williams
and Taji (1989) reported that wheq NAA and NOA were used, the
roots produced were thin, IBA produced thicker roots which
reduced the establishment of the plantlets during

transplanting.

Renjit and Kester (1888) reported that GA at lower
concentrations improved the rooting of tissue cultured cherry
rooct stocks. However, rooting did not occur in the absence

or at higher concentration of GA.

2.4.2 Ex vitro rooting

The rooting directly in ex vitro is preferéble on
economic as well as physiological grounds. It will reduce
cost of production because it combines the two steps of stage
3 of micropropagation. In vitro produced roots become non-
functional after the plantlets were transferred to potting

mixture or soil (Debergh and Maene 1981) so physiologically
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also it is beneficial. Various techniques are developed for

X vitro rooting.

2.4,2.1 Two—-step process

Here first the microcuttings inserted in a root
initiaﬁion medium then transferred to potting mixture.
Micropropagated shoots of apple first inserted in a liquid
medium containing sucrése and auxin to induce root
initiation, 3-7 days after that shoots transferred to a
potting mixture cause elongation of initiated roots and

additional roots also developed (Zimmerman and Fordham 1985).

An even simple technique is to add a layer of
liguid medium over the agar surface in proliferating
cultures. With this pre-treatment, in vitro proliferated
shoots of ﬁagnolia soulangeana were successfully rooted in in
vivo (Maene and Debergh 1985a, 1985b). ~Interestingly, adding
sterile water alone increased rooting Just as much as adding
an auxin solution, a sucrose solution, or a combination of
auxin and sucrose, The technique worked particularly well

with several species of herbaccous plants.

2.4.2.2 One - step process

It is similar to conventional cutting propagation

simply treating the cut basal ends of micropropagated shoots
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with an auxin carried on talc powdér before inserting them
into a rooting medium or plug and place them under “mist or
high humidity conditions worked successfully with blackberry
(Broome and Zimmerman 1878), blueberry (Zimmerman and Broome,

1980b) and apple (Zimmerman and Broome 1880c; Simmonds 1983).

Root initiation occurs so readily on microcuttings
of some crops that no auxin treatment is required, eg.
blackberry (Zimmerman and Broome 1980 a), gardenia (Economu
and Spanoudake, 1985) and many clones of azalea and
rhododendron (Mc Cown and Lloyd, 1883; Economou and Read

1986 a, 1986 b, Ettinger and Preece, 1985).

2.4.2.3 Plug system

In one-step process and two—-step process due to
invariable distribution oflroots, disturbance and damage of
root is more during further transplanting. To minimise this
plug-systems are now used. A rigid tube like container made
of b%odegradable substance like paper folded with appropriate
potting mixture, after rooting the whole container can be
planted and uniformity of rooting is not so critical to
success (Mc Cown 1986, Standardi and Catalano, 1984) but this
method depends upon the root system of the plants to develop
sufficiently to form a stable plug for transplanting. These
plug system provide the growing environment during rooting,

acclimatization and the early growth of rooted cuttings.
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2.5 Acclimatization

Acclimatization is the terminology used to indicate

adaptation of plantiet from in vitro conditions to ex wvitro

conditions in the green house or in the field (Donnelly and
Vidaver 1988; Preece and Sutter, 1990). It is also called

‘weaning' or ‘hardening—-off®.

. Acclimatization environment is the ma jor
contributing factor to successful establishment of
micropropagules. Control of environmental factors like
humidity, temperature, light, gaseous exchange etc., are
essential, for this modified glass house environment is
usually used. (Wardle ot al., 1983, Brkowska 1984;

1., 1987).

Des jardins et

2.5.1 Humidity

The largesi single factor that results in the poor
post~transfer growth and survival of in vitro raised plants
is the drop in relative humidity from near hundred per cent
in the culture vessels to much lower values in the glass
house or in the field. (Grout and Aston 1977., Wetizstein
and Sommer, 1982). Since plantlet lack effective stomatal
closure mechanism, waterloss will be high at lower relative
humidity leading to increased field mortality (Donnelly et

al., 1987).
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Three major methods of cﬁntrolling relative
humidity are the polythene tent, misting and fogging. Poole
and Conover (1983) found that in order to provide humidity,
intermittent misting of the plantlets was better than growing
them under tents. The increased growth observed under
misting, might be due to the increased availability of light.
However, Sutter and Hutzell (1884) reported that the use of
humidity tent was advantageous. Ramesh (1990) found that
individual pots covered with polythene cover is the best
device to contro! humidity in establishment of jack

plantlets.

The advantages of fogging outlined by Press (1983)

include dreater flexibility in relative humidity control.
2.5.,2 Temperature

The effect of temperature on ex vitro establishment

of plantlets has been worked out in many crops. The optimum
temperature range depend on the crop.' Tropical crops
requires a temperature of 30 + 2°C, For the subtropical

crops, 27 + 2°c and for temperate crops, 25°'c or above were

found lethal (Hughes, 1981, Appelgren and Heide, 1972).
2.5.3 Light

In order to minimise shock to the ptantlets during

acclimatization light intensity should be kept low at first
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and then increased gradually {(Dunstan and Turner 1984).
Supplementary lighting during ex vitro establishment
increased the shool growth and dry weight of tissue cultured

strawberry plantlets (Desjardins et al., 1987).

Read and Economou (1882) repofted that quality of
light influenced the rooting of micro cuttings raised in
vitro, in azaleas, the rooting of micro cuttings was promoted
when the shoots were cultured under far-red light for two

weeks prior to planting them in appropriate rooting medium.

2.5.4 Gaseous levels in the growth chamber

Lakso et al. (1986) found Fhat in carbondioxide
enriched environment dry weight of micro cuttings increases,
root growth and leaf area also_improved drastically.
Des jardins et al. (1987) observed that carbondioxide
enriched environment had no effect during the early period
of establishment in-strawberry, but net assimilation rate was
found significantly increased after 20-30 days. Reuther
(1988) found that in vitro plants did not respond to
carbondioxide concentration during their iniiial post

transplanting period.

There were certain other physical components which
has considerable influence on ex vitro establishment of

plantlet produced through tissue culture. They include size
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of plantlets, type of potting media, type of container and

interaction of media and containers.

2.6 Micrecutting size

The size of microcuttings at the time they were
planted had a significant effect on survival. Zhang and
Sholtz (1988) reported that survival rate increased with
microcutting length in the case of Euphorbia fulgens
plantlets. Microcuttings of E fulgens > 3! mm long survived
at a rate 4.7 fold higher than those < 31 mm. However, Poole
and Conover (1883) reported that plant size of dieffenbachia
propagules does not influence survival rate, but longer

plants performed better than smaller ones.

Ramesh (1990) reported that 3.0 cm, long shoots
(with three to four leaves) of jack plantlets were ideal for
rooting and recorded 100 per cent rooting, (5.5 roots per

shoot) and.good rooting intensity.

2.7 Potting media

The potting medium used for potting the im vitro
produced plantlets has been observed to be an important
factor determining ex vitro establishment. Anderson (1980)

reported that thorough washing of the plantlets to remove the



22

traces of nutrient medium and sterilising the potting mixture

eliminated.serious problems of fungal infection.

Geier (1990) observed that Anthurium andreanum

plantlets bearing at least two well developed roots can be
established without loss in a peat/sand mixture interspersed
with styrofoam granules, Devi (1992) found that the most
suitable potting medium for ex vitro establishment of
dendrobium plantlets was a mixture of brick and charcoal

pieces (l:1 v/v).

Damiano (1979) reported that either pure peat or a
mixture of 1:1 sand and peat was suitable as the potting
medium for the ex vitro establishment of strawber plantlets.
The pH of the medium had to be regulated between 5.6 and 7.0.
Mallika et al., (1992) observed that in vitro rooted
plantlets of cocoa showed high survival percentage in the ex
vitro condition in a potting mixture consisting of sterilised

soilrite and soil.

Vermiculite and sand (1:1 v/v) mixture was
identified as the best medium for planting out the plantlets
of cardomom, supporting 91.7 per cent survival. {(Reghunath
1989). Bhasker (1891) found that the most suitable potting
medium giving maximum plant survival percentage (90.0) of

banana was 1:1 (v/v) mixture of vermiculite and sand.
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Kyte and Briggs (1979) observed that a porous
potting mixture of éterile peat, perlite and composted barks
in 1:1:1 ratio was the best for rooting tissue cultured
rhododendrons. In the case of guava plantlets, when a
mixture of sterile soil, sand and compost in 3:3:1 ratio was
‘used for planting, only 10 per cent of the plantlets survived

(Nair et al., 1983).

Mieraziv;(1987) found that the most suitable
substrate for gx vitro establishment of carnation plantlet
was peat + perlite (1:1 or 1:2) followed by peat + perlite +
sand (1:1:1). The rooting rate of rose plantlets in
cellulose, sand, expanded clay, perlite, vermiculite,
Florafort (peat) and TKS-1 (peat)with sucrose was 100,.100,
20, 85, 100, 15 and 80 per cent respectively (Aldrufeu 1984).
Tan (1983) successfully transplanted in vitro'rooted

plantlets of Bougainvillea glabra to pots containing

vermiculite and supplied with quarter strength liquid MS

after further development they were transplanted to soil.

Nathan et al. (1992) reported that Heliconia

psithacorum plantlets transplanted to pots containing a

medium of vermiculite and peat (1:1) and placed under high
humidity and low light intensity recorded 90 per cent
survival after 4 weeks. Anderson (1984) found vermiculite to

be suitable for rooting nephrolepis plantlets. Pena and
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Biutrago (1984) reported that sterilised slag medium was

ideal for planting coffee plantlets.

The survival rate of asparagus plantlets in sterile
vefmiculitevsand mixture (2:1 ratio), vermiculite-sand-peat
mixture (2:1:2 ratio) and garden loam was 60.0, 57.1 and 78.9
per cent, respectively (Li.1985), The lower survival rate
observed in the two vermiculite mixture was due to greater
water accumulation and incidence of disease.. But Smith et
al., €1989) pbserved highest survival percentage of euonymus

plantlets when transferred'to pots containing vermiculite.

In vitro rooted plantlets of African violet were
successfully transplanted_to pots containing 2:1 mixture of

sphagnum peat and soil (Ioannou, 1887).

Reuther (1988) reported that sterile granular rock
wool was a better potting medium for asparagus, gerbera,
pelargonium and saintpaulia plantlets. In pelargonium, 95
per cent survival of plantlets resulted when perlite medium

was used as potting medium (Aldrufeu 1987).

Drew (1988) reported that 90 per cent of papaya
plantlets survived when a mixture of sterile peat, perlite
and polystrene beads (1:1:1 ratio v/v) was used as the
potting medium. Pandey and Rajeevan (1987) found that 80 per
cent of papaya plantletg were survived whén planted_in 1:1

mixture of sand and farm yard manure. Good survival of
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rooted papaya plantléts (85 per cent) with small roots or
root initials were observed when transferred to containers
{4x4 om ) with a medium mix containing peat and polysterine
sheredded flakes (1:1 v/v) and kept for 2-3 weeks in humid
chamber (Reuveni et al., 1990). Ramesh (1990) obéerved that
sand was the best potting medium 'among the ten media tried

for jack plantlets.

2.8 Container

The influence of containers on ex vitro
establishment of tissue cultured: plantlets had studied to a
limited extent so far. The type and size of container had
considerable influence on ex vitro performance of plantlets.
Yang and Clore (1974) found that asparagus plantlets survived
far better when potted up in soil if they were first
transplanted inte Jifff—? peat pots and grown under
intermittent mist for 5-8 days, rather than tyansferred
successively into 10 and 18 cm diameter pots with soil.
Lioyd et gl.,‘(1988) observed that transplantation of rose
plantlets to soil was improved by rooting plantlets in
cellulose plugs and transferring plantlets to soil while

still in the plugs.

Kyte and Briggs (1979) reported that the depth of

soil was important as the survival rate of tissue cultured
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rhododendrons were found to be better, in 10 cm pots than in
shallow trays. Tubular polythene bags of 15 cm diameter and
20 cm length were identified as the best container for ex

vitro survival of banana plantlets (Bhaskar, 1991).

Ramesh (1990) found that plastic pots (5.0 x 5.0 x
7.5 cm size) was the best container for ex vitro survival of

jacks plantlets.

2.9 Interaction of potting media and containers

Le and Collet (1981) reported that the stage of
rooting (in beakers on an agar medium) and weaning on to =a
horticultural substrate were successfully combined by
transferring microcutting of African violet from testubes
directly to plastic boxes containing sterilised white peat or
vermiculite and supplemented with distilled water and after

two weeks with 80 per cent strength MS medium.

Skirvin and Chu (1978) successfully transferred
rooted plantlets of rose directly from the culture tubes to
clay pots containing vermiculite. The rooted plantlets of
salicornia transplanted into 0.6 liter plastic pots
containing a mixture of 1:1:1 peat, vermiculite and perlite
were survived better {nside a humid polythine tent in the

greenhouse. (Chiwon, .- ..., 1992),
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Bunn and Dixon (1892) observed that pineapple 1i
plantlets fransferred to 100 ml black plastic pots containi
“equal volumes of peat that was pasteurized at 70 ¢ for 1
and unpasteurised perlite recorded 89.8 per cent + 8.5 p

cent rooting after two months.
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3. MATERIALS AND METHODS

Investigations on suitability of media and

containers for better establishment of Anthurium andreanum

plantlets produced in the Plant Tissue Culture Laboratory,
Department of Horticulture, College of Agriculture, Vellayani

were carried out during 1991-1993.

The materials and methods ﬁsed for in vitro
production of anthurium plantiets, in vitro treatments to
improve the efficiency of rooting and the ex vitro treatments
for standardisation of media and containers to increase the
field establishment of plantlets and to minimise the cost of
productidn of tissue culture plants of anthurium have been

described.

3.1. In vitro production of anthurium plantlets

Method of in vitro propagation through callus
mediated somatic organogenesis of leaf tissues for A
andreanum had already standardised (Pierik 1976, Pierik et al
1979). This technique was further modified by Sreelatha
(1882). The same method was used for producing anthurium

plantlets to supply the required number of plantlets for the

experiment.

The chemicals used were of apalytical grade from

British Drug House (BPH), Sisco Research Laboratories (SRL),



PLATE 1 Callus initiating from the leaf segments

PLATE 2 Callus differentiating to plantlets






Merck or Sigma. Standard'prooedures'(Biondi-and Thorpe,
1981.) were adopted for preparation of the media. fhe pHE of
the media was adjusted between 5.6 and 5.8. Borosil brand
testubes of 0.D and length (mm) of 25x100 and glass bottles
(excelbrand) of 250 ml were used. Sterilization of the media
and glasswares were done at 15 psi for 20 minutes. All
aseptic manipulations wergz carried out in ‘laminar airflow

chamber.

Young leaves, three to four days after unfurling
(1/2-2/3 of its final length) were excised from adult plants
and used as explant source for in vitro multiplication. The
leaves were washed with sterile water 3-4 times, then with
wetting agent ‘Laboline’. Again the explants were-treated
with fungicide solution (0.t per cent Bavestin) fori30
minutes. The leaves were then surface sterilized with 1 per
cent sodiumhypochlorite for 20 minutes and rinsed 5-6 times

with sterile distilled water. Leaf discs of 1-1.5 omz

with
at least one main vein were made from the basal portion of
the leaves using sterile blade. The explants were then

transferred to the callus initiation media.

For callus initiation modified MS medium developed
by Pierik 1978 (appendix-II) was used. Composition of media
used for various stages of in vitro production of anthurium

plantlets are given in Table-1.



Table-1.

Composition of media used for various stagés of
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in

vitro production of Anthurium andreanum plantlets.

Stages of in vitro
production

1 Callus initiation

2 Callus multiplication
3 Spront regeneration
4 Shoot proliferation

growth and rooting

Cultures were

incubated at 28+2°C,

Modified MS medium supplemented

with 2, 4-D 0.08 mg/1,
BA-1.0 mg/1, sucrose 30 g/1 and
agar 6 g/1.

MS (macro elements 1/4)
supplemented with BA 1.0 mg/l,
sucrose 30 g/1 and agar 6 g/1.

MS medium supplimented with
IAA 2.0 mg/1,BA 0.5mg/1, sucrose
30 g/! and agar 6 g/1.

reliative

humidity ranging from 55 to 65 percent with 18h photoperiod

(40 p Em 2571) except in the cases were complete darkness was

required.

Cultures for callus

initiation and callus

multiplication were kept in darkness.



PLATE 3 Shoot and leaf regeneration from callus

PLATE 4 Shoot proliferation
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Sprout regenerated from the callus were sub
cultured after 30 days. Intact plantlets were used for
raiging individual plants. The remaining portion along wilth
the undifferentiated callus was subjected for repeated
multiplication process for maintaining a stock of muiltiple
shoats. Shoots regenerated via somatic organcgenesis rooted
spontaneously. However inorder to improve the root-ing
efficiency and establishment percentage, various trials on in

vitro rooting were carried out with basal MS medium.

3.1.1 Size of shootlets on in vitro rooting

&
s

The influence of the size of shoots on in vitro
rooting was studied. The treatments involved shootlets of
1.0 cm (with single leaf), 2.0 cm (with two leaves) and 3.0

cm (with two to three leaves) length.

3.1.2 Standardisation of growth regulators for in viitro

rooting

Explants made from shoot proliferating cultures
were used as the explant source. The various levels of auxin
and cytdkinin tried for rooting of anthurium shoots were

listed in Table-2.
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Table—-2. Levels of auxin and cytokinin used for root
induction in anthurium plantlets in vitro

Basal medium-MS

Treatment No Treatment Level

T; BA+NAA 0.5 ppm + 1.0 ppm
T, BA+NAA - 0.5 ppm + 0.5 ppm
Tq BA+NAA 0.5 ppm + 0.2 ppm
T4 BA+IAA 0.5 ppm + 1.0 ppm
Tg BA+TAA ] 0.5 ppm + 2.0 ppm
TB BA+TAA ' 1.0 ppm + 1.0 ppm

3.1.3 Standardisation of agar level for in vitro rooting

The effect of various levels of agar
(0.4,0,5,0.6,0.7 and 0.8 per cent) on rooting of anthurium

shoots excised from shoot proliferating cultures were

studied.

3.1.4 Effect of various levels of sucrose for in vitro
rooting
The effect of five levels of sucrose

(1.5,3.0,4.0,4.5 and 5 per cent) on rooting of anthurium

shoots from shoot proliferating cultures were studied.
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Observations on the number of days taken for root
initiation, number of roots produced, average length of rootis
and nature of roots produced were recorded 20 days after root

initiation.

3.2 Ex vitro establishment

Inorder to standardise suitable growing media and
containers for ex vitro establishment of anthurium plantlets
five media and five containers were selected for the

.exper iment

3.2.1 Media
a. Sand

(i) Coarse (ii) Fine

Good qguality coarse riversand without clay was
washed with tapwater 3-4 times. The fine sand particles were
then seived through 1 mm seive. The fine and coarse sand
were taken separately, dried and sterilised at 15 psi

for 20-25 minutes.

b. Charcoal

Freshly burnt hard wood charcoal was broken into
small gravel size. The charcoal powder were then sterilised

at 15 psi for 20-25 minutes.
c. Soil rite

Soilrite is a mixture of irish peatmoss, expanded

perlite and exfoliated vermiculite with good aeration and



PLATE 5 Media used in Lhe experiment
1. Fine sand 2. Soilrite 3. Sphagnum moss
4. Charcoal powder 5. Coarse sand

PLATE 6 Containers used in the experiment

1. Pot tray with netted pot inside 2. Plastic pot
3. Polythene cover 4. Paper pot 5. Mud pot
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water holding capacity. Commercial grade soilrite was

purchased and sterilised at 15 psi for 20-25 minutes.
d. Sphagnum moss

Comercial sphagnum moss is the dehydrated young

residue of living portion of acid-bog plants in the genus

Sphagnum such as S. papillosum, S. capillaceum and S.

palustre. Good quality dry sphagnum moss was collected and

cleaned by removing debris and treebark and used as such.

3.2.2 C(Containers

a. Mudpot

Round clay pot of 3" diameter with good drainage

holes at bottom.
b. Plastic pot

Round plastic pot of 3" diameter with drainage

holes at bottom

c. Polythene cover

Polythene cover (200 gauge) of 3" diameter with

holes at bottom;
d. Paperpot

Round paperpot of 2" diameter with holes at bottom.

e. Plastic trays with netted pot 1" diameter

The five media and the five containers constituting
25 treatment combinations were tried for the present

investigations.



PLATE 7 Planls arranged inside the hardening chamber

PLATE 8 Plants in containers arranged treatment wise
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Ci¥y
ColMy
CaMy
CqMy
CsM,
CiMp
Coly
CaMy
CaMy
CsMa
CiMg
CaMg
Cal3
CaMg
CsMg
CiMy
CoMy
C3My
CaMy
CsMy
CiM5
CoMg
C3Mg
CqMs
CsMs
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2.3 Trealmenls

Fol.lowing were the 25 treatments tried.

Mud pot- coarse sand
Plastic pot-coarse sand
Paper pot-coarse sand
Polythene cover—-coarsesand
Netted pot-coarsesand

Mud pot-finesand

Plastic pot-finesand

Paper pot-finesand
Poclythene cover—finesand
Netted pot-finesand

Mud pot-charcoal

Plastic pot-charcoal

Paper pot—-charcoal
Polythene cover— charcoal
Netted pot— charcoal

Mud pot-soilrite

Plastic pot-soilrite

Paper pot-soilrite
Polythene covef-soilrite
Netted pot-socilrite

Mud pot-sphagnum moss
Plastic pot- sphagnum moss
Paper pot— sphagnum moss
Polythene cover—-sphagnum moss

Netted pot—-sphagnum moss
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3.2.4 The experimental design

The design used for the experiment was completely
randomised design in5x5 factorial experiment. For each

treatment ten plantlets were used.

3.2.5 Preparation of plantlets for transplanting

In vitro rooted lumps of plantlets were taken out
of the bottle and carefully separated each other using
forceps. The roots were carefully washed with sterile tap
water until they were free of agar. The plantlets were then
treated with 0.1 per cent Bavestin for 15 minutes and singled
out from the shoot cluster with roots. The uniform sized

plants were selected from the lot and used for the sthdy.

3.2.6 Potting of plants

The pots were filled with the respective potting
media according to the treatments. The plantlets were.
planted at the centre of the pots. The plants were
irrigated with distilled water till water oozes from the

drainage hole.

3.2.7 Humidity control

A tunnel like structure made by bricks on the side

and a frame made by angle iron was used. The top of the
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frame was covered with polythene sheets (350 gauge) to

provide high humidity inside the chamber. Diffused sunlight
was given by using synthetic high densit& polythene shade net
{75 per cent shade). The container with the plants were
"arranged treatment wise inside the tunnel. The frame could
be partially lifted to regulate humidity inside the chamber.
The 1ight intensity within +the chamber during mid day
was 25 y Em_zs_l, the temperature range was 27+2°c. High
humidity was provided in the chamber during first week of
transplanting by frequent spraying of water and completely
closing the chamber. The humidity could be gradually reduced

to ambient levels by reducing the water spray and slightly

opening the frame.

3.2.8 Cultural management

The plantlets were irrigated daily with distilled
water for the first one week, then with tap water. For the
first two days after transplanting, complete shade was
provided by covering the chamber with newspaper over the
polythene sheet. A nutrient solution containing half
concentration of MS mineral salts having a pH 5.7 was given

as additional nourishment once in a fortnight.



3.3 Observations recorded

The following observations were recorded during the
growth phase in humidity chamber uptoc two months after

planting.

3.3.1 Survival percentage

Influence of the size of shoots on ex vitro
establishment under different media and containers were
observed. The treatments involved shoots of 1.5-2 em (with
one fully opened leaf and one root), 2-2.5 cm (with two fully
opened leaf and one root) and 2.5-3cm (with 3-4 fully opened
leaves and two or more roots) length. Obgservations on the
number of plants survived and percentage of survival at

weekly intervals were recorded upto one month.

Based on the result of survival percentage, the

optimum plantlet size was fixed, and following observations
were recorded on uniform size microcuttings transplanted.

Five plants from each treatment were randomly selected for

this purpose.

3.3.2 Number of leaves

The total number of fully opened leaves borne at

fortnightly intervals was counted and recorded.
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3.3.3 Height of plants

Height of plants were recorded at monthly
intervals.
7

3.3.4 Area of the new leaves

Leaf area of the fully opened new leaves were
computed at fortnightly intervals. The length and maximum
width of leaves were measured separately and leaf area was

computed based on length - breadth method.

The relationship between leaf area (Y) and the
length (L) and breadth (B) of leaf was estimated from a
sample of fifty leaves.

The relationship was found to be

0.9409 [ 9-7241 g 0.6897

s
i

or

log Y -0.0608 + 0.7241 log L + 0.6887 log B

This relationship was utilised for estimating the

leal area.

3.3.5 Petiole length

Petiole length of mature fully opened leaves were

recorded at fortnightly intervais.
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3.3.8 MNumber of root and root length

Number of roots and average total root length of
piants were recorded two months after planting at the time of

transplanting into bigger pols.

3.4 Statistical analysis

The data generated from the study were subjected to

analysis of variance (Panse and Sukhatme 1878).



RESULTS
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4. RESULTS

'InveStigations were carried out to develop
suitable methods to plant out in vitro generated plantlets of

Anthurium andreanum and to standardise suitable containers

and media for ex vitro establishment. The results of the

studies are presented.
4.1 1In vitro rooting studies
4.1.1 Size of shootlels on in vitro rooting

In vitro rooting in relation to size of shootlets
wére investigated. The minimum days for root initiation
(10.24) and maximum number of roots/shoots (3.88) were
observed in 3cm long shoots with three leaves (Table 3). The
corresponding values were 10.66 and 3.68 for 2cm long shoots
with two leaves and 12.62 and 2.18 for licm long shoots with

one leaf.
4.1.2 Strength of auxin and cytokinin on in vitro rooting

The influence of cytokinin and auxin on in vitro
rooting were studied. Combination of BA and IAA recorded
minimum time for root initiation and have more number of
roots per shoots than combination of BA and NAA (Table 4) BA
0.5ppm + IAA 2ppm recorded minimum time (11.4 days) for root

initiation and maximum roots per shoots (3.88). The
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Table 3. Effects of size of shootlets on in vitro rooting
Treatment Treatment Days taken ¥No. of roots/
No. for root . shools

initiation

Tl 1 cm shoot with

one leaf 12.82 2.18
Tz 2 cm shoot with

two Ieaves 10.66 3.68
T3 3 cm shoot wth

three leaves 10.24 3.88

*¥ Average of six observations
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Table 4. [LEffocls of plant growth substlances on in vilro rooling

Basal medium : MS
Treatment Treatments Days for Root/ Remarks
No. ) root initiation Shoot
Tl BA 0.5 ppm + NAA 1.0 ppm 18.00 2.88 Small Lhick roots
of 1.5 -2 cm
Tz ' + NAA 0.5 ppm 14.40 2.72 Small thick roots
' of 1.5 -2 cm
T3 P + NAA 0.2 ppm 12.62 2,82 Small thick roots
of 2 - 2.5 cm
Ty " + 1AA 1.0 ppm 11.80 3.68 Basal thick roots
of 3 - 3.5cm
T5 ' + 1AA 2.0 ppm 11.40 3.88 Fleshy long roots
of 4 - 4.5 cm
Tg BAL.O ppm + 1AA 1.0 ppm 14.26 3.52 Thin long roots

of 4 - 4.5 cm

* Average of 6 observations



PLATE 9 Nature of root induction by TIAA and BA
treatment combinations

PLATE 10 Nature of root induction

treatment combinationg by NAA and py
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combination of BA 0.5ppm and NAA Ippm took maximum time (18
days) for ro&t initiation, and number of roots per shoolts was
minimum in a combination of BA O0.5ppm + NAA O0.2ppm.
Combination of BA and TAA produced long roots (3 - 4.5 cm)
while BA and NAA combination produced short and thick roots

of 1.5 to 2.5cm long (plate 9;10).
4.1.3 Strenglh of agar on in vitro rooting

The optimum concentration of agar on in vitro
rooting of anthurium plantlets were carried out. Number of
days for root initiation was minimum (10.54) when 0.7 per
cent agar was used (Table 5). However the number of roots
per shoot was maximum (4.2) when 0.4 per cent agar was used,
which was found to reduce when concentration of agar was
increased. More than 3cm long roots were produced when agar
concentration of 0.7 to 0.8 per cent was used, However the

root length was only less than 2cm when 0.4 per cent agar was

used.
4.1.4 Concentration of sucrose on in vitro rooting
The role of sucrose concentration on in vitro

rooting of plantlets was studied. The number of days for
root initiation was 10.18 for i.5 per cent, 12.32 for 3 per
cent, 14.88 for 4 per cent,16.26 for 4.5 per cent and 17.88
for 5 per cent. Sucrose at 5 per cent level recorded maximum

number of roots per shoots (4.,52). While.sucrose at 1.5 per
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Table 5. Effects of concentration of agar on in vitro rooting

Basal medium : MS

Treatment Treatments Days for Root/Shoot* Remarks
No. (per cent) root initiation

Tl 0.4 25.42 4.2 Slender roots of
< 2 cm

T2 0.5 20.36 3.8 Slender roots of
2-2.5cm

Th 0.6 14.58 2.96 Slender roots of
2-2.5cm

Ty 0.7 10.54 2.88 Slender roots of

more than 3 cm

Ts 0.8 12.58 2.98 Slender roots of
more than 3 cm

¥ Average of 6 observations
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Table 6. Effects of concentration of sucrose on in vitro rooting

Treatment Treatments Days for root

No. {per cent) initiation
Ty 1.5 10.18
T, 3.0 12.32
T3 4.0 14.88
Ty 4.5 16.26
Tg 5.0 17.88

Slender roots of
2.5 - 3 em

Slender roots of
2.5 - 3 ¢cm

Slender roots of
2.5 - 3 cm

Slender roots of
2 - 2.5 cm

Medium thick roots
qf < 2 cm

* Average of 6 observations
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cent level recorded least number of roots/shoots (2.28).
Length of roots were found to be reduced on increase of
sucrose concentration in the medium. Concentration of 1.5
per cent,3.0 per cent and 4.0 per cent produced slender roots
of 2.5-3cm length. While at 5 per cent level, thick roots of

less than 2cm length were produced (Table 8),

4.2 Ex Vitro Establishment

Standardisation of media and containers
4.2.1 Micro cutting size

The influence of micro cuttings on survival of
p[antlets under different media and containers were studied.
Microcuttings (2.5 - 3 cm [ong) with three to four leaves and
two or more roots recorded highest survival percentage in all
the twaﬁtyfive treatment combinations of media and
containers, when observed one month after transplanting
(Table 9). Out of the 25 treatments, twenty recorded 980~100
per cent survival, The lowest survival was recorded in the
tfeatments CqMgs (Paperpot-sphagnum moss), CoMg (plastic pot-
sphagnum moss), C4M5 (polythene cover-sphagnum moss) and CgMg
(Nettedpot—spagnum moss) with 60,65,70 and 75 per cent

establishment respectively.

The plantlets of 1.5 to 2cm long with one leaf and

one root recorded lowest survival percentage (upto 40%) in



PLATE 11 Plants in different media inside a pot tray
with netted pot after two'weeks of planting out

PLATE 12 Plants in different media inside a pot tray with
netted pot after four weeks of planting out
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all the twentyfive treatment combinations of media and

containers when recorded at the fourth week of transplanting

(Table 7).

The plantlets of 2 to 2.5 cm long with two leaves
and one or two roots recorded varying responses to different
treatment combinations of media and containers (Table 8).
The treatments CgM, (Nettedpot-fine ‘“sand) and CgMy
(Nettedpot-soilrite) recorded 90 per cent survival and CgMy
(Nettedpot-coarse sand) recorded 80 per cent survival. Among
the various containers used, plants in the netted pots
recorded -highest survival percentage (90.0%), when observed
four weeks after transplanting (plate 11;12). While plants
in the medium Mg (sphagnum moss) recorded lowest gsurvival

percentage (upto 40 per cent).

Microcuttings (:.5 - 2 cm long) with one fully
opened leaf and one root showed significant differences under
variocus media and containers. During the first week after
trangplanting (Table 7.1) the plants grown in the container
C; (mud pot) recorded highest survival rate (33.685) which on
par with Cg (netted pot). The plants in C, (polythene
cover) recorded least survival rate (15.46). Among the media
plants grown in M, (coarse sand) recorded highest survival

rate (46.12) at the first week of transplanting which was
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significantly superior to other containers. The least

survival rate (5.21) was on M4 (charcoal) grown plantletis.

In the second week of the transplanting (Table 7.2)
plants grown in the container Cg (netted pot) recorded
highest survival velue (24.68) which was superior to all
other containers. The lowest survival value (15.46) was
recorded on plants in the containers C4 (polythene cover).
In the case of media plants in M, (fine sand) recorded
highest survival value (32,30) which was superior to all
other media. Plants in the media Mg (charcoal) recorded

least survival rate (00.00).

In the third week after transplanting (Table 7.3)
also plants grown in the containers Cg (ngtted pot) recorded
highest survival! rate (24.68) which wag{éuperior to all other
containers. The lowest survival rate (7.84) was on the
-container Cy (polythene cover). Among the media used plants
in M, (fine gand) recorded highest survival rate which was
superior to all other media. The least survivel value

(00.00) was on the media Mg (charcoal),

The plantlets of 2 to 2.5 cm long with two fully
opened leaves and one or two roots had significant influence
on survival of plantlets in different media and containers.

At one week after transplanting (Table 8.1) survival rate was
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maximum (87.93) on Cg (netted pot) grown plants which was
superior to all other containers and least survival rate
(48.49) was on C, (plastic pot) grown plants. In the case
of media plants in H2 (fine sand) recorded highest survival
rate (63.54) which was on par with M, (coarse sand) and My

(soil rite).

In the second week after transplanting (Table 8.2)
Cg (netted pot) grown plants recorded highest survival rate
(58.92) which was significantly superior to other containers.
The lowest value (37.086) was on containers Ca (paper pot).
Among the media soil rite grown plants showed highest
survival rate (53.8) which was on par with M, (fine sand).
The least survival value (29.77) was on Ms (sphagnum moss)

grown plants.

At the third week after transplanting (Table 8.3)
the plants in the conteiners Cg (netted pot) recorded highest
survival rate (57.77) which was Bsuperior to all other
containers. The least response (29.45) was on C4 (paper pot)
grown plants. In the case of media the:pLants in My (goil
rite) recorded highest survival rate which was on par with M,
(fine sand) and the least survival rate (23.70) was on the

media Mg (sphagnum moss) at the third week of transplanting.
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At the fourth week of transplanting (Table 8.4)

plants in the container C5 (netted pot) recorded highest

survival rate (57.70) which was superior to all other
containers. Plants in the container 03 (Paper pot) recorded
lest survival rate. In the case of media My (Boi}l rite)

grown plants recorded highest survival rate (53.8) which was
on par with M2 (fine sand) and the lowest response (23.70)

was on the media Mg (sphagnum moss).

Microcuttings (2.5 — 3 cm long) with 3 to 4 leaves
and two or more roots also recorded varying response with
different media and containers at weekly intervals in the

case of survival of plantlets.

At the first week of transplanting (Table 9.1)
plants in the containers C; (mud pot) recorded highest
survival rate (87.90) which was superior to all other
containers. The lowest survival rate (78.13) was on Cg
(netted pot) grown plants. Among the media M, (coarse sand)
grown plants showed highest survival rate (90.00) which was
guperior to all other media and the plants grown on H5

(sphagnum moss) recorded least survival value (85.65).

Second week after transplanting (Table 9.2) Cy
(mod pot) grown plants recorded highest gurvival rate (84.71)

which was superior to all other containers. The lowest
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survival rate (72.09) was on Cg (sphagnum moss) grown plants.
In the case of media M, (course sand) grown plants recorded
highest survival (90.00) which was significantly superior to
all other media. C5 (sphagnum moss) grown -—-plants recorded

least survival rate (58.45).

Third week after transplanting (Table 9.3) C; (mud
bot) grown plants recorded highest survival rate (84.70)
which was superior'to other containers. Plants grown on 05
(netted pot) recorded least survival rate. In the case of
media M, (coarse sand) grown plants recorded highest survival
rate (87.41) which was superior 'to all other media. The
plants grown on 05 (sphagnum moss) showed least sBurvival

value (56.973.

If the fourth week after transplanting (Table 98.4)
Plants in the containers Cl (mud pot) recorded highest
gsurvival rate (84.71) which was superior to atl other
containers. The least survival rate (88.0) was on the
containers Cg (netted pot). As in the case of third week the
media showed same response in the fourth week also with
highest survival rate (87.41) was on M, (course sand)} grown
plants which was superior to all other media and the least

survival rate was on Mg (sphagnum moss) grown plants.



Table 7. Effects of microcutting size on survival of
plantlets under different media and containers
(1.5 - 2 cm height with one fully opened leaf
and one root)

I Veek .per IT Week  per 111 ¥eek per IV Week  per
~ Treatments No. of plants cent No. of plants cent Ho. of plants cent No. of plants ceat
suryived survived suryived survived
C]H' 8 80.0 § §0.0 2 20.0 0 00,0
CoMy 6 60.0 5 50.0 3 30.0 3 30.0
C3H| 4 §0.0 2 20.0 0 60.0 I 00.0
C4Hy 3 60.0 b 60.0 § 40.0 § 0.0
CgHy [4 0.0 0 00.0 0 0.0 0 80.0
Ci¥; 4 §t.0 -4 0.0 1 30.0 ¢ 0.0
G4y § 0.4 2 0.0 l 20.0 z 0.0
CHy 5 50.0 (RN X § 40.0 § §0.0
C4H2 1 0.0 [ 0.0 0 00.0 0 00.0
Cghy § §0.0 4 §0.0 § 40.0 § 40,0
Ci¥s z 0.0 0 00,0 0 00.0 - 0 00,0
czﬂg 0 00.0 0 00.0 0 00.0 0 00.0
L 0 00.0 0 00.0 0 00.0 0 00.0
Cys 0 00.0 J 00.0 0 00.0 ? 00.9
Csts 0 0.0 6 00.0 0 2.0 0 00.0
CI“& § 40,0 0 G60.0 ] ﬂﬂ.q 0 60.0
Coky 5 50.0 1 20,0 0 80.0 0 fe.0
Caly [ 0.0 ? 0.0 . 0.0 1 0.0
Cyly 0 00,6 0 00,0 ] 0.0 0 00.0
Coty 5 50.0 5 50.0 5 50.0 § 40,0
CM 0 00.0 0 00.0 0 00.0 b0
CoMlg 0 00,0 0 00.0 0 0.0 | 00.0
C3H5 0 00.0 0 00.0 I 0.0 0 80.0
C4He 0 00.0 0 00.0 0 00,0 0 00.0
CoHs 5 50.0 ; 0.0 4 50.0 § 0.0

* Average of 10 observations
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Table T. Effects of microcutting size on survival of plants
under different media and containers (1.5 - 2 cm
height with one fully opened leaf and one root)

7.1. At the first week of transplanting

C1 02 CS C4 C5 Mean M

M, 80.89 60.00 39.83 60.00 19.13  (46.12)
(63.90) (50.74) (39.13) (50.74) (26.06)

Mo 39.86 40.00 50.00 20.00 60.14  (40.14)
(39.13)  (39.21) (44.98) (26.55) (50.28)

Mg 19.31 00.00 00.00 00.00 00.00 (5.212)
(26.08) (00.00) (00.00) (00.00) (00.00)

My 39.86 50.00 20.00 00.00 50.00 (31.13)
(39.13) (44.98) (26.55)  (00.00) (44.98)

M 00.00 00.00 00.00 00.00 50.00 (8.89)
(00.00) (00.00) (00.00)  (00.00) (44.98)

Mean C (33.85) (26.98) (22.13)  (15.46) (33.37)

Media F (4,50) - 290.84:: CD  3.07

Container F (4,50) - 51.44 CD 3.07

Media x Container F (16,50) - 38.03 Ch 8.85
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7.2 At the second week of transplanting

Ml 40,00 50.00 20.00 680.00 00.00 (32.30)
(39.21) (44.98) (26.55) (50.74) (00.00)

MZ 39.85 20.00 40,00 20.00 40.00 (34.13)
(38.13) (28.55) (39.22) (26.55) (39.21)

Mg 00.00 00.00 00.00 00.00 00.00 (00.00)
(00.00) (00.00) (00.00) (00.00) (00.00)

M4 00.00 20.00 20,00 00.00 50.00 {19.82)
(00.00) (26.55) (26.55) (00.00) (44.98)

Mg 00.00 00.00 00.00 00.00 40.00 (7.84)
(00.00) (00.00) (00.00) (00.00) (39.22)

Mean C (15.87) (19.62) (18.47) (15.486) (24.88)

Media F (4,50) - 1229.69:: cD 1.21

Container F (4,50) - 77.70‘* cCh 1.21

Media x Container F (16,50) - 294 .80 cCbh 2.70



7.3. At the third week of transplanting
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Cy Ca Ca Ca Cs
M, 20.00 30.00 00.00 40.00 00.00
(26.55) (33.19)  (00.00)  (38.21) (00.00)
Mo 30.00 20.00 40.00 00.00 40.00
(33.19) (26.55) (39.21)  (00.00) (39.21)
My 00.00 00.00 00.00 00.00 00.00
(00.00)  (00.00)  (00.00)  (00.00) (00.00)
My 00.00 00.00 20.00 00.00 50.00
(00.00)  (00.00) (26.55)  (00.00) (44.98)
M 00.00 00.00 00.00 00.00 40.00
(00.00)  (00.00) (00.00)  (00.00) (39.22)
Mean C (11.95) (11.95) (13.18) (7.84) (24.68)
Media F (4,50) - 1278.70,, . CD 0.85
Container F (4,50) - 454.31** e CD 0.85

Media x Container F (18,50) - 645.75
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Table 8. Effects

one or two root)

of

microcutting
plantiets under different media and

size

on survival of
containers
(2 - 2.5 cm height with 2 fully opened leaf and

survived

per

50.0
50.0
56.0
30.9
80.9

40.0
50.0
60.0
50.0
90.0

40.0
30.0
00.0
50,0
40.0

50.0
50.0
10,0
60.0
98.0

1Veek  por IT Veek  per 11 ¥eek  per TV Veok
Treatoents HNo. of plants cent Mo, of plants cent No. of plants cent KHo. of plants cent
strvived survived survived
CIH] 1 10,0 5 0.0 5 50,0 5
CZHI § 0.0 5 50.0 5 50,0 5
oMy 8 80.0 6 60.0 § 40,0 §
C4HI 6 60.0 § 40,0 3 30.0 3
CSHI 8 0.0 8 80.0 8 80.0 8
C\¥y 6 60.0 b 0.0 § 0.0 §
CZHZ 1 10.0 5 50.0 5 50.0 5
Cqlty 8 80.0 b 60.0 6 £0.0 b
Cyhy 1 10.0 5 50.0 5 50,0 5
C5H2 1 100.0 9 80.0 9 90.0 9
Cyks 5 50.0 5 50.0 § §0.0 4
Cyly : 60.0 3 30,0 330 3
03M3 4 40.0 z 20,0 0 08.0 0
Catts § §0.0 5 50.0 5 50.0 5
CSH3 6 60,0 4 40,0 § §0.0 §
CMy ; 60.0 5 50.0 5 5.0 5
CoMy 5 50,0 5 50.0 5 50.0 5
C3H* 8 . oL 1 1.0 1 10.0 1
CQHQ 1 10,0 b 60.0 6 60.0 b
Coy ¢ 90.0 g 80,0 9 90.0 9
Cihe 5 0.0 0.0 X Z
U3 § §0.0 4 §0.0 2 20.0 2
Cohs 2 20.0 0 0.0 0 00.0 0
Cys 1 20.0 Z 20.¢ ? 0.0 1
Coltg b 60.0 5 50.0 4 40.0 4

...............................................................

* Average of 10 observations

57
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Table 8. Effects of microcutting size on survival of plants
under different media and containers (2 - 2.5 cm
height with two fully opened leaves and one or two
roots)-

8.1. At the first week of transplanting

Ml 77.99 60.00 80.00 60.00 80.00 (59.89)
(681.99) (50.75) (63.41) {(50.75) (71.54)

Mz 60.00 T0.00 80.00 70.00 100.00 (83.54)
(50.75) (58.77) (63.41) (56.77) (90.00)

Ma 50.00 60.14 40.00 60.14 60.14 (47.34)
(44.98) (50.83) (39.21) (50.83) {(50.83)

M4 60.64 50.00 B0 .69 70.00 90,00 (57.866)
(51.12) (44.98) (63.90) (58.77) (71.54)

M5 50.00 39.86 20.00 20.00 68.39 {38.80)
(44.98) {(39.13) (26.55) (26.55) (65.77)

Mean C (50.77) (48.49) (51.30) (48.33) (67.93)

. * %
Media F (4,50) - 18.91** CD 8.87
Container F (4,50) - 12.37 CD 6.87

Media x Container F (16,50) - 2.46 CD 14.41
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8.2, At the second week of transplanting
C1 C2 .Ca C4 05 Mean M

Ml 50.00 50.00 60.64 39.86 80.69 (48.825)
(44.98) (44.98) {(51.12) (39.13) {83.980)

Mz 60.00 50.00 60.14 50.00 93.31 (53.30)
(50.75) (44.98) (50.83) (44.98) (74.98)

Mq 50.00 29.67 20.00 50.00 40.00 (37.75)
(44 .98) (32.99) (26.55) (44.98) (398.21)

M4 50.00 50.00 70.00 60.14 90.00 (53.82)
(44.98) (44.98) (56.77) {50.83) {71.54)

Mg 40.00 39.86 00.00 20.00 50.00 (29.77)
(39.21) (39.13) (00.00) (26.55) (44.98)

Mean C (44.98) (41.41) (37.08) (41 .30) (58.92)

Media F (4,50) - 27.99:: 5,85

Container F (4,50) - 17.89** 5.85

Media x Container F (18,50) - 5.08 CD 12.84
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8.3. At the third week of transplanting

M, 50.00 50.00 39.86 30.00 80.689  (45.24)
(44.98)  (44.88)  (39.13)  (33.19) (83.90)

M, 39.86 50.00 60.14 50.00 93.13  (50.98)
(39.13) (44.98) (50.83)  (44.98) (74.98)

Mg 40.00 29.67 00.00 50 .00 40.00  (31.28)
(39.21) (32.99) (00.00)  (44.98) (39.21)

M, 50.00 50.00 70.00 60.14 90.00 (53.82)
(44.98) (44.98) (56.77)  (50.83) (71.54)

Mg 20.00 20.00 00.00 20.00 33.36 (23.70)
(26.55) (26.55) (00.00)  (26.55) (38.84)

Mean C (38.97) (38.80) (29.45) (40.11 (57.70)

Media F (4,50) - 55.37:: CD 4.97

Container F (4,50) - 34.73,, CD 4.97

Media x Container F (186,50) - T.37 CD 11.10



At the fourth week of transplanting
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40.00
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8.4.
Cy
Ml 50.00
(44.98)
M, 39.85
(39.13)
Mg 40.00
(39.21)
M4 50.00
(44.98)
Mg 20.00
(26.55)
Mean C (38.87)
Media

Container

Media x Container

F (4,50)
F (4,50)
F (16,50)

cD 4.97
CD 4.97
CDh 11.10

_—-—...-..—_____—_._._...—__—_...—__.._—____-—.___._——___-..-.——-__—_——-—_....———__——.-_.
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Table 9. Effects of microcutting =size on survival of
plantlets under different media and containers
(2.5-3 cm height with 3 or 4 fully opened
leaves and two or more- roots)

------------------------------------------------------------------------------------------------

1 Veak 'per 11 Week  per 1T Yeek per IV Veek  per
Treatments MNo. of plants cent No.of plants cent No. of plants cent No.of plants cent
survived survived survived survived
Sy 20 100.0 20 100.0 0 100.0 10 100.0
7Lh | 180.0 20 100.0 0 100.0 0 100.0
CaM 20 160.0 . 0 100.9 20 100.0 0 100.0
C4M 0 100.0 0 198.0 20 100.0 ~ 70 100,0
CeMy 0 100.9 20 166.0 19 95.0 I} 95.0
CyHy 20 166.0 20 100.0 0 100.9 0 100.0
C,My 20 100.9 20 100.0 0 100.0 19 95.0
CqMy I 106.0 12 90.9 1t 90.0 18 90.0
(LA 0 100.0 n 108.0 10 100.0 20 100,0
CMy . 18 §0.0 16 88.0 16 80.0 16 80.0
C\N3 20 100.8 0 t00.8 0 100,86 - 20 100.0
CoM3 20 100.0 20 100.0 20 100,06 19 95.0
CqMy 2 100.9 19 95.0 18 90.0 it 85.0
i I} 108.6 18 85.0 19 85.0 19 95.0
Coiy 1] 85.0 15 15.0 15 15,0 15 15.0
Chy 0 g0 a0 1.0 100020 1000
LA 20 108.0 19 95.0 18 99.0 18 90.0
CqMy 18 90.0 18 90.0 18 99.9 18 90.0
C4My 0 100.0 19 95.90 19 95.0 19 95.0
CsMy 0 109.8 19 95.0 19 95.0 19 95.0
CiMg 19 95.0 16 80.9 16 80.0 16 80.0
CoMs 15 15.0 1 65.0 13 §0.0 13 §5.0
CqMg 15 15.0 It §0.0 1 60.0 I §0.0
CyMs 14 1.0 L 10.0 14 10.0 L 16,0
CeHg 18 90.0 n 85.0 15 15.0 15 15.0

2 juarans nfF N ahearvatiane
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Table 9. Effects of microcutting size on survival of plants
under different media and containers (2.5 - 3 cm
height with 3-4 fully opened leaves two or more
roots)

8.1. At the first week of transplanting

—— . T T o o o ol P Y Y S S T T T M W R g e o o o o e S S . Y . . . B S o T S S M W o St el by ek S ol Wl S . S . S Mt S

Cl C2 CS C4 05 Mean M

My 100.00 100.00 100.00 100.00 160.00 {90.00)
(20.00) (906.00) (90.00) (80.00) (80.00)

Mz -100.00 100.00 100.00 100.00 90.00 (86.31)
(90.00) (90.00) (90.00) (90.00) (71.54)

Mg 100.00 100.00 100.00 100.00 85.00 {(85.43)
(90.00) (90.00) {90.,00) (90.00) (87.18)

My 100.00 100.00 90.40 100.00 100.00 (86.38)
(90.00) (90.00) (71.92) (90.00) (20.00)

M5 96.72 75.11 75.00 70.08 80.40 {(65.65)
(79.53) (60.05) (59.98) (56.82) (71.92)
Mean C (87.90) (84.01) (80.39) (83.386) (78.13)
Media F (4,50) - 221.97:: CD 1.85
Container F (4,50) - 32‘62** CD (.85

Media x Container F (16,50) - 30.75 CD 4.15



At the second week of transplanting
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(79.
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00
00)

18
52)

11
05)

T2

52)

.38)

(90.00)

(81.01)

(78.83)

(79.11)

(58.45)

g.2,
Cl CZ
My 100.00 100.00
(80.00) (90.00)
M2 100.00 100.00
(90.00) (80.00)
Mg 100.00  100.00
- (90.00) ¢90.00)
My 100.00 95.00
(90.00) (77.05)
M5 80.18 65.06
(83.52) (53.74)
Mean C (84.71) (80.16)
Media F (4,50}
Container F (4,50

Media x Container

F (16,50)

Ca Cyq
100.00 100.
(90.00) (90.
100.00 100.
(90.00) (90.

95.00 g5,
(77.05) (77
90.40 a5
(71.92) (77.
60.04 70.
{(50.77) (58
(72.28) (78
%

- el

' * %



At the third week of transplanting
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g.3.
Cy
My " 100.00
(80.00)
M, 100.00
(90.00)
Mg 100.00
(90.00)
My 100.00
(90.00)
Mg 80.16
(63.52)

100.00
(90.00)

100.00
(90.00)

100.00
(80.00)

90.40

(71.982)

65.05
(53.74)

100.
(80.

90.
(71

00
00)

00
00)

00
05)

00

.05)

08)

95.77
(77.05)

" 80.15

(83.52)

75.11
(80.05)

96.71
(79.52)

75.00
(59.98)

(87.41)

(81.01)

(717.72)

(78.09)

(56.97)

_._____...-—___.—.__..—————_—.—_...—____.-__...-.______._.__._——__——.-.—_.....—______._—.__

Media
Container

Media x Container

F (4,50)
F (4,50)
F (16,50)

Cq

00 100.
00)  (90.
00 100.
.54) (90,
.00 as5.
.54)  (17.
.40 95,
.92) (77
04 70.
.77)  (70.
15) (78
242.04::
81.724,

19.86



At the fourth week of transplanting
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00
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95.00
(77.05)

80.18
(63.53)

75.11
(60.05)

96.71
(79.53)

75.00
(59.98)

(87.41)

(78.42)

(74.31)

(78.09)

(56.97)

9.4.
Cy
My 100.00
(80.00)
Mo 100.00
(90.00)
Mg 100.00
(80.00)
My 100.00
(90.00)
Mg 80.16
(63.52)
Mean C (84.71)
Media

Container

Media x Container

F (4,50)
F (4,50)
F (16,50)

Cyq
00 100.
00)  (90.
00 100
.54)  (90.
23 95.
ag) (77
40 95.
az) (17
03 70.
77) (58
32) (78
213.97::
75.05, ¢

13.40

ch 2.18
Ch 2.18
CD 4.87
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4.2,2 Leaf production

Different media and conteiners showed significant
influence on the production of new leaves in the ex vitro

condition in all the four fortnights.
4.2.2.1 First fortnight

During the first fortnight after transplanting, the
plants grown in the container C, (plastic pot) recorded
largest number of leaves (3.68) which was on par with Cl_(mud
pot) and C4 (polythene cover). The plants in Ca (paper pot)

produced least number of leaves (3.24) - (Table 10.1).

Among the hifferent media used,plants in M,
(soilrite) produced largest number of leaves (3.84) in the
first fortnight after transplanting which was on par with M1
(coarse sand) and plants in the medium Mg (char;oal) produced

least number of leaves (3.24).

There was significant interaction between media
and containers in the case of leaf production at first
fortnight. The treatment combinations C4M, (polythene cover-
coarse sand) C M, (mud pot-soilrite) and CgMy (nettedpot-

soilrite) produced largest number of leaves (4.0). It was
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also observed that with media M; (coarse sand) and M, (fine
sand) plants grown in Cy4 (polythene cover) gave the ma.x i mum
number of leaves followed by C, (mud pot). In media Ma
(charcoal) and Mg (sphagnum moss) piants in the container C,
(plastic pot) were found to be the best, while with My,
(soilrite), all the containers have more or less same
response. The treatment combinations C5Mé (nettedpot-
charcoal),CaMa (paper pot—charcoal),CaMz (paper pot-fine
sand) ,C M4 (polythene cover-charcoal) and CgMy {(nettedpot-

fine sand) produced least number of leaves (3.0) (plate 13).
4.2.2.2 Second fortnight

During the second fortnight after trensplanting,
the treatment C, (plastic pot) produced more number of leaves
(4.52) which was on par with Cy (mud pot) and C4 (polythene
cover) (Table 10.2). Plants in the container Cg (paper pot)

produced least number of leaves (3.84). o

In the case of medium, M4 (soilrite) was the best
treatment (4.80) which was superior to all other treatments.
The plants in the media M5 (sphagnum moss) produced least

number of leaves (3.80) in the second fortnight.



plantlet as

PLATE 13 Number of leaves on anthurium 1
influenced by media and containers at first

fortnight after transplanting
a. Polythene cover — Coarse sand
b. Netted pot — Fine sand

plantlet as

PLATE 14 Number of leaves on anthurium
influenced by media and containers at second

fortnight after transplanting

a. Mud pot — Soilrite
b. Paper pot - Sphagnum moss
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There were significant interaction between media
and containers for production of leaves (Table 10.2). The
treatment combination C;M,; (mud pot-soilrite) produced
highest number of leaves (5.20). It could also be noted that
under medium Ml (coarse sand), no significant difference in
the case of leaf production with various containers. But
under M, (fine sand), Cy4 (polythene cover) was found to be
the best container which was on par with C; (mud pot) and Co
(plastic pot). Under M5 (charcoal) the container C, (plastic
pot) was the best which was on par with C; (mud pot) and
under Mg (sphagnum moss) the container Cg (netted pot) wes
the best which was on par with C, (plastic pot) and Cy {mud
pot). However under M, (soilrite) all the containers showed -
more or less same response with respect to leaf production at
second fortnight after transplanting. The treatment
combination with least number of leavés (2.8) was registeed

by CqMs (paper pot-sphagnum moss) (Plate 14).
4.2.2.3 Third fortnight

Among the different containers (Table 10.3) Cz

(plastic pot) produced highest number of leaves (5.18) which
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was 'on par with C1 (mud pot) and C4 (polythene cover). The

plants in Cgq (paper pot) showed least response (4.12).

Plants grown in the medium M, (soilrite) produced
largest number of leaves (5.52) during the third fortnight
which was superior to all other media. The least response

(4.20) was observed for plants in Mg (charcorl).

Significant interaction between media and
containers were also observed (Table 10.3). The treatment
combination C My (mud pot-soilrite) showed highest influence
on leaf production (6.0). It was found that with medium Ml
(coarse sand), plants grown on container Cy4 (polythene
cover) was the best which was on par with € (mud pot).
‘With the medium M, (fine sand), the best leaf production
rate was on C4 (polythene cover) which was on par with C,
(plastic pot) and C, (mud pot). With the medium Mg
(charcoal) the best container was C, (plastic pot) followed
by Cy (mud pot) and with Mg (sphagnum moss) the container
Cg (netted pot) was the best which was on par with C,
(plastic pot) and C, (mud pot). However, the plants on M,
(soilrite) produced more or less same response in all the

containers in respect of leaf production. The treatment
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Table 10.1. Effects of media and containers on production of
leaves in the first fortnight.

‘1 2__ ‘s _____ ‘4 °s______ Moan M __
Ml 3.8 2.8 3.4 - 4.0 3.2 3.64
M2 3.6 3.4 3.0 3.8 3.0 3.36
M3 3.4 3.8 3.0 3.0 3.0 3.24
M4 4,0 3.8 3.6 3.8 4.0 3.84
M5 3.2 3.6 3.2 3.2 3.8 3.40
Mean C 3.8 3.68 3.24 3.56 3.40
. ok
Media ) F (4,100) - 7.260** CD 0.289
Container F (4,100) - 3.860* CD .0,26%
Media x Container F (16,100) - 1.985 CD 0.557
Table 10.2. Effect of media and containers on Production of

leaves in the second fortnight.

CI 02 CS C4 C5 Mean M
M, 4.8 4.2 4.2 4.8 4.2 4.4
Mo, 4.4 4.4 3.8 4.8 3.4 4.186
Mg 4.2 4.8 3.8 3.8 3.2 3.92
M, 5.2 4.8 4.6 4.8 4.8 4.80
Mg 3.8 4.4 2.8 3.4 4.6 3.80
Mean C 4.44 4,52 3.84 4.38 4.00
Media F (4,100) - 9.072}" CD 0.370
Container F (4,100) - 4.755 CD 0.370

Media x Container F (16,100) - 2.875 CD 0.828
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Table 10.3. Effect of media and containers on Production of
leaves in the third fortnight.

©1 C2 S Ca _______ Cs______ Mean M
Ml 5.0 4.6 4.6 5.8 4.4 4.88
Mz 5.0 5.2 3.8 5.8 4.0 4.76
Mq 4.8 5.4 4,2 4.0 2.8 4,20
M4 6.0 5.6 5.0 5.8 5.4 5.52
M5 4.8 5.0 3.0 3.8 5.2 4,36
Mean C 5.12 5.16 4.12 5.00 4.32
0—————————-———-—————————-———————————————;; ————————————————————————
Media F (4,100) - 10.265** CD 0.499
Container F (4,100) - 9.154** CD 0.499
Media x Container F (18,100) - 3.730 CD 1{.003
Table 10.4, Effect of media and containers on Production of

leaves in the fourth fortnight.

______ 91 . Cz_ C3 C4 05 Mean M
Ml 5.6 5.2 5.0 6.6 5.2 5.52
M2 5.8 6.0 4.4 6.8 4.4 5.40
M3 5.8 6.2 4.2 4.8 3.0 4.84
My 7.0 6.6 5.8 6.8 6.2 6.40
Mg 5.2 5.4 3.8 4.4 6.0 4.86
Mean C 5.84 5.88 4 .68 5.76 4.96

e T T T T T T T e e X% TToTTmmm T TS
Media F (4,100) - 11.409** CD 0.508
Container ) F (4,100) - 9.488** Ch 0.508

Media x Container F (16,100) - 3.5890 Ch 1.1386
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s

combination which produced least number of leaves (2.6) in

Lhe Lhird forlnight was CgMq  (nelted pol-charcoal).
4.2.2.4 TFourth fortnight

Transplanting in the container C2 (plastic pot) at
the fourth fortnight (Table 10.4) produced largest number of
leaves (5.88) which was on par with Cz (plastic pot) and Cy
(polythene covoer). The lowesl number of louves (4.68) woro

produced by plants in the container Cy (paper pot).

Among the different media used, My (soilrite) was
found to be the best treatment (8.40) which was superior to
all other media. Plants in the media MS (charcoal) produced

least number of leaves (4.84) in the fourth fortnight.

The treatment combination of media and containers
showed significant influence on leaf production. The highost
number of leaves (7.0) were produced by plants in the
treatment COmﬁination ClM4 {(mud pot soilrite). It was also
observed that along with medium Ml (coarse sand), plants in
the container C4 (polythene cover) produced largest number of
leaves which was on par with Cl (mud pot). Along with medium
My (fine sand) the best container was C4 (polythene cover)
which was on par with Co (plasticqpot) and C; (mud pot). 1In
medium Mq (charcoal) and Mz (sphagnum moss) the container Cy

(plastic pot) showed highest influence which was on par with
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Cq (mud pot). With medium My (soilrite) all the containers
showed more or less same rate of leaf production excepl with
03 (paper pot). The plants in the treatment combination CSM3

(netted pot - charcoal) produced least number of leaves

(3.0).
4.2.3 Plant height

One month after transplanting of anthurium
plantlets to gxvitro condition, the media and containers
showed significant influence on plant height (Table 11.1).
Among the different containers Cq {(mud pot) found to be the
best treatment (3.28 cm) which was on par with C4 (polythene
cover) and Cy (plastic pot). The lowest height (2.84 cm)

was recorded in the case of 05 (netted pot) grown plants.

The plants grown on the medium My (soilrite) showed
the maximum response (3.41 cm) and all other media were
inferior to it. The least height (2.78 cm) was showed by
plants in the ireatment M5 (sphagnum moss) in the first month

after transplanting.

Significant interaction was noticed between media
and containers in the case of plant height after one month
(Table 11.1). The plants. in the treatment combination CIMI
(mud pot-coarse sand) and C1M4 (mud pot-soilrite) recorded
maximum heights (3.54 cm). It was also observed that under

Ml (mud pot), plants with maximum height was in the container
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C1 (mud pot) which was on par with C4 (polythene cover) and
Cq (paper pot). Under M, {fine sand), all the containers
showed more or less same response except in the case of 05
(netted pot) grown plants; and in medium Mg (charcoal) the
plants grown on container Cl (mud pot) recorded maximum
height which was on par with C, (plastic pot) and C4
(polythene cover). Plants in the medium My (soilrite) and M3
(sphagnum moss) showed no significant difference with respect
to plant height on various containers after one month. The
lowest responses (2.6 cm) were showed in combinations CgMg
(paper pot-sphagnum moss), CgMg (netted pot—-charcoal) and

CgMy (netted pot-fine sand) .

The different treatments had significant influence
on plant height when observed two months after transplanting
(Table 11.2). Among the different treatments with
containers, C; (mud pot) was found to be the best (3.792 cm)
which was on par with C4 (polythene cover) and 02 (plastic
pot). Plants in Cg (netted pot) showed least plant height

(3.124 cm).

The largest plants (4.188 cm) were observed in the
media My (soilrite) which was found to be superior to other
media and least height (2.928 cm) was recorded in Mg

(sphagnum moss) after two months.



Table 11.1. Effect of media and containers on height of plants -
one month after transplanting.

g Ca . I C4a S5 . Mean M
M, 3.54 2.70 3.12 3.18 2.72 3.052
My 3.26 3.08 2.88 3.38 2.60 3.0386
My 3.34 3.14 2.66 2.86 2.60 2.920
My 3.54 3,52 3.18 3.50 3.34 3.416
Mg 2.74 2.84 2.80 2.78 2.96 2,784
Mean C  3.284 3.058 2,888 3.138 2.844
. TTTTTTTTT T T e e T T X% . TTTmmTTTTTT
Media F (4,100) - 11.8247; CD 0.190
Container F (4,100) - 7.027, CD 0.190
Media x Container F (16,100) - 2.087 CD 0.425

Table 11.2. Effect of media and containers on height of plants -
two months after transplanting

_________91 _______ Eg____ 92 _____ C4 _ 05 _____ Mean M
M, 4.28 3.30 3.78 3.94 3.06 3.668
My 3.74 3,68 3.28 4.26 2.84 3.560
Mg 3.80 3.44 2.82 3,14 2.20 3.080
My 4.12 4.44 3.90 4.34 4.14 4.188
Mg 3.04 3.06 2.20 2.96 3.38 2.928
Mean C 3,792 3.584 3.1986 3.728 3.124

Media F (4,100) - 27.504:: CD 0.267
Container F (4,100) - 10.2895+ CD 0.267

Media x Container F (18,100) - 3.585 CD 0.598



Significant interaction between media and
containers were observed for plant height at two months after
transplanting (Table 11i.2). The plant height was maximum
(4.44 cm) on CoMy (plastic pot-soilrite). On medium Ml
(coarse sand), maximum height was recorded for plants grown
on container C; (mud pot) which was on par with C4; (polythene
cover) and CS (paper pot). On medium Mz (fine sand) largest
plant height was on C4 (polythene cover) grown plants which
was on par with Cy (de pot) and Coy {plastic pot) and on
medium Mg (charccal) the highest response was on container
Ciy (mud pot) grown plants which was on par with Cg (plastic
pot). However, along.with medium My (soilrite) all the
containers showed equal response in the case of plant height.
The medium Mg (sphagnum moss) also showed more or less same
response under various containers excépt on C3 {paper pol)
grown plants which was inferior to others. The lowest
heights (2.0 cm) were recorded in the combination C3M3 (paper
pots-sphagnum moss) and CgMg (netted .pot—charcoal) (Plate

15).
4.2.4 Leaf Area

The media and containers had significant influence
on increasing the area of new leaves emerged at fortnightly
intervals in the ex vitro establishment of anthurium

plantlets.
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4.2.4.1 First fortnight

During the first fortnight after transplanting
(Table 12.1) maximum leaf area (1.114 cm®) was observed in
Cy(mud pot) which was found to be on par with Coy (plastic
pot) and C4 (polythene cover). The minimum leaf area (0.873

cmz) was recorded in C5 (paper pot).

Plants grown in M, (fine sand) were found to be the
best treatment (1.219 cmz) among the media. The least leaf
area (0.970 cmz) was observed in plants grown on M; (coarse

sand) in the first fortnight.

There were significant interaction between media

and containers with reference to area of new leaves formed at

the first fortnight (Table 12.1),. Plants grown in the
treatment combination CiMo (mud pot - fine sand) were found
to be the best (1.321 cm2). It was also found thal with

media Ml (coarse sand) all other containers except CS (paper
pot) showed more or less same response. Under M, (fine sand)
no significant difference was observed with various
containers except iq the case of C5 (netted spot) which was
inferior to other containers. Under M4 (paper pot) the
plants grown on Cy (plastic pot)_recorded maximum leaf area
which was on par with Cy (mud pot) and Cg (netted pot).
Under Mgz (Sphagnum moss), all the containers showed response

on par except Cz (plastic pot) grown plants which was
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inferior to others. With media M, (soilrite) no significant
difference were observed in the case of area of new leaves by
using wvarious containers. The least influence on leaf area

was in the combination 03M1 (paper pot-coarse sand).

" 4,2.4-2 Second fortnight

During the second fortnight after transplanting
(Table 12.2), the plants grown in Cy (plastic pot) showed
maximum leal area (1.498 cm2) which was on par with C; (mud
pot) and C4, (polythene cover). The minimum leaf area (1.2286

cmz) was recorded for plants grown on Cg (netted pot).

In the case of media, the highest leaf area (1.618§
cmz) was recorded in Mz (fine sand) which was on par with M4
(soilrite). The lowest leaf area (1.187 cm?) of newly formed

leaves was recorded in media Mg (sphagnum moss).

Significant interactions were observed between the
media and containers with reference to the area of new leaves
formed at second fortnight after transplanting (Table 12.2).
The plants in the treatment combination CZM4 (plastic pot-
soilrite) recorded maximum leaf area (2.083 cm2). It was
also found that in media Ml (coarse sand), all the containers
showed more or less same leaf area. In media My (fine sand)
all the containers showed almost equal response except in the
cage of 05 (netted pot) grown plants which was inferior to

others. In media MS (paper pots) the plants grown on Co
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(plastic pot) recorded highest leaf area which was on par
with C1 (mud pot). In media M5 (sphagnum moss) plants in the
container Cg; (netted pot) recorded maximum leaf area which
was on par with C4 (polythene cover) and Cq (mud pot). But
in media M4 (soilrite) the plants grown on 02 {(plastic pot)
alone recorded highest area of new leaves which was superior
to all other containers. The least response (0.980 sz) was

observed in the combination CSH1 (paper pot-coarse sand).
4.2.4.3 Third fortnight

During the third fortnight after transplanting a
significant difference in the area of newly formed leaves
with different media and containers used were observed

(Table 12.3).

Among the containers used maximum area (1,982 cmz)
was recorded in Cq4 (polythene cover) which was on par with Cz
(plastic pot). Lowest leaf area (1.538 cmz) was recorded in

Cq (paper pot).

Plants grown in M4 (soilrite) recorded maximum leaf
area (2.147 cmz) which was on par with the plants grown in
media Mo (fine sand) at third fortnight. The least value of

leaf area (1,438 cmz) was observed in Mg (sphagnum moss).

There were significant interactions between media

and containers for the area of new leaves formed at third



PLATE 15 Size of anthurium plantlets as influenced
by media and containers at two months
alflor transplanting

a. Plastic pot - Soilrite
b. Paper pot - Sphagnum moss
c. Netted pot — Char coal

PLATE 16 Leaf area of anthurium plantlets as influenced
by media and containers after three fortnights
a. Plastic —~ Soilrite
b. Paper pot - Sphagnum moss
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fortnight (Table 12.3). The treatment combination Czhi
(plastic pot—-soilrite) recorded maximum leaf area (2.865
cm2). It was also observed that along with the medium Ml
(coarse sand), plants grown on C& (polythene cover) were
found to be superior to all the other containers in respect
of leaf aéea.. Along with medium M, (fine sand) no
significapg difference with various containers were noticed
except wigh C5 (netted pot) which was inferior to other
containers. ‘In medium M3 (charcoal), plants grown on Cs
(plastic pot) recorded largest leaf area which was on par
with Cy (mud pot). In the medium M4 (soilrite) plants in the
container Cz (plastic pot) showed maximum response which was
on par with C4.(polythene cover) and in medium Mgz (sphagnum
moss) plants grown on Cs (netted pot) réborded largest leaf

area which was on par with 04 (polythene cover),
4.2.4.4 Fourth Tortnight

Significant influences were exhibited between media
and containers with'respect to leaf area of newly formed
leaves at fourth fortnight - after transplanting (Table
12.4). 1In this stage, plants grown on céntainer Cyp (plastic
pot) recorded the highest leaf area (2.841 cmz) which was on
par with C4l(polythene cover) . The leaf area waé lowest

(2.045 em?) in plants grown on C4 (paper pot).
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Table 12.1. Effect of media and containers on area of new leaves
produced - in the first fortnight

1 °2 % e S5 Memm M
My 1.034 0.9897 0.721 1.144 0.853 0.970
Mo 1.321 1,308 1.218 1.188 1.083 1.219
Mg 1.120 1.147 0.864 0.877 1.052 1.012
My 1.101 1.191 1.143 1.231 0.948 1.122
Mg 0.9893 0.883 0.917 1.082 0.969 0.872
Mean C 1.114 1.1086 0.973 1.1086 0.997
T e T T TTTTTTS
Media F (4,100) - 11.034** CD 0.091
Container F (4,100) - 4.381** CD 0.091
Media x Container F (18,100) - 2.238 CD 0.204

Table 12.2. Effect of media and containers on area of new leaves
produced - in the second fortnight

_._..___-_..__—_.__—.___.___..-..__.____-____.__-..___..___—___.-..__—-_.._-._.-___-_.__—._.__..___._.

_________ 91_“_____ Eg_—__ _ Cg_ _C4 05 Mean M
M, 1.390 1.159 0.980 1.423 1.035 1.187
Mo 1.752 1.700 1.735 1.543 1.365 1.619
Mg 1,484 1.515 1.203 1.150 1.118 1.294
M, 1.410 2.083 1.498 1,608 1.262 1.572
Mg 1.191 1.033 1.064 1.296 1.350 1.187
Mean C 1.445 1.498 1.296 1.403 t.226

Media F (4,100) - 30.010:: CD 0.105
Container F (4,100) - 8.669** Ch 0.105

Media x Container F (16,100) - 5.572 CD 0.235
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Table 12.3. Effect of media and containers on area of new leaves
producoed - in tho third fortnlght

€1 2 s _______ 4 55 Mean M
Ml 1.687 1.271 1.314 2.1089 1.2860 1.528
M2 2.017 2.200 2.062 2.153 1.6809 2.008
MS 1.845 2.232 1.347 1.686 1.352 1L.712
M4 1.834 2.685 2.078 2.327 1.813 2.147
M5 1.3860 1.408 0.891 1.635 1.897 1.438
Mean C 1.768 1,960 1.538 1.982 1.586
T TTTTTTTmTTTT T T T T xx T TTTTTTT=
Media F (4,100) - 24.927** ; CD 0.170
Container F (4,100) - 11.314** ' CD 0.170
Media x Container F (18,100) - 5,398 CDh 0.380

Table 12.4 -‘Effect of media and containers on area of new leaves
produced — in the fourth fortnight

Cy Co , Cq Cyq Cs Mean M
My 2.2686 1.810 1.870 2.537 1.813 2.018
My 3.203 3.331 2.581 3.284 2.025 2.885
Mq 2.435 3.061 1.526 2.489 1.352 2.172
My 2.762 4.202 3.356 3.608 2.821 = 3.349
Ms 1.779 1.798 0.891 2.083 2.464 1.803
Mean C 2.489 2.841 2.045 2.800 2.055
Media F(4,100) - al.2a7*% co o0.281
Container F (4,100) - 14.661_ CD 0.281

Media x Container F (16,100) - 4.526 CD 0.628
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Among the media, the plants g%own on M, (soilrite)
recorded highest leaf area ((3.349 cmz) which was
significantly superior to other media. The the lowest
response {(1.803 cmz) was observed in medium Mg (sphagnum

moss).

Significant differences were observed with
interaction of media and containers on leaf area (Table 12.4)
of newly-formed leaves at fourth fortnight. Plants grown on
CoMy (plastic pot-soilrite) gave the highest leaf area (4.202
om?). It was found that with medium M; (coarse sand) the
highest leaf area was on C4 (polythene cover) grown plants
which was on par with Cy (mud pot). With medium Mo (fine
sand) and Mg (charcoal) the best container was Cy (plastic
pot) which was on par with C4 (polythene cover) and Cqy {mud
pot), With the medium M, (soilrite), Co (plaslic pol) grown
plants showed maximum leaf area which was on par with C4
(polythene cover)and with medium Mg (sphagnum moss) the
container Cs (nelted pot) recorded maximum response which was
on par with Cy (polythene cover). Plants grown in the
treatment combination C3M5 (paper pot—-sphagnum moss) recorded

the lowest leaf area (0.891 cm2) (Plate 18).
4.2.5 Peliole length

The media and the containers had varying influence
on petiole length of newly formed leaves of anthurium plants

at fortnightliy intervals.



4.2.5,1 First fortnight

Media and contﬁiners showed significant influence
on petiole length of newly formed leaves at first fortnight
after transplanting (Table 13.1). Plants grown in the
container Cq4 (polythene cover). recordeq highest petiole
length (1.796 cm) which was significantly superior Lo all
other treatments.- The Cq4 (paper pots) grown plants recorded

lowest peteole length (1.392 cm ).

B

Among the different media M2 (fine sand) grown
plants had highest petiole length (1.888 cm) which was on par
with My (soilrite) while Ml (coarse sand) grown plants gave

least response (1.404 cm).

Significant differences were observed between
interaction of media and containers with respect to petiole
length of new leaves at first fortnight after trénsplanting
(Table 13.1). The plants grown in the treatment combination
C4My (polythene cover-soilrite) recorded highest petiole
length (2.14 cm). It was also found that for medium My
(coarse sand) and in medium Mo (fine sand), the best
container with respect to peteole length was Cy (polythene
cover) which was on par with C{ (mud pot),. For medium Mq
(charcoal) all the containers showed almost equal response
except in 03 (paper pot) grown plants which was inferior to

other containers and under the medium M4 (soilrite) the best
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container was C4 (polythene cover) which was significantly
superior to other containers. While in medium M5 (sphagnum
moss) no significant difference was observed in the case of
petiole length with various containers. The lowest peticle
length (1.08 cm) was recorded in the treatment combination

CZMI (plastic pot - coarse sand).
4.2.5.2 Second fortnight

During the second fortnight after transplanting,
signifiicant differences with respect to petiole length of
newly formed leaves were observed in the case of media only
(Table 13.2). No significant differences were observed
between containers, and interaction between media and

containers.

Plants grown in media M4 {soilrite) recorded
highest petiole length (1.848 cm) which was on par with Mo
(fine sand). Lowest petiole length (1.484 cm)} was recorded

for plants grown in M5 (sphagnum moss) (Table 13.2).
4.2.5.3 Third fortnight

Significant differences were observed between media
and containers with respect to petiole length of newly formed
leaves (Table 13.3). Plaﬁts grown in container Cy (polythene
cover) recorded highest petiole length (2.020 cm) which was

on par with C€; (mud pdt) and was superior to all other
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Table 13.1. Effect of mediaVﬁnd containers op petiole length of
new leaf produced - in the first fortnight .

T LA E Rt e B o e e e e o e oy R et ot e e ——————— ———— — [ W2 BL8 A% e 88 B .  — m — — — — —

“1 C2 ©3 S s _____ Mean M
My 1.82 1.08 1.30 1.74 1.28 1.404
M, 1.74 1.886 i.82 2.10 1.32 1.688
Mq 1.68 - 1.78 1.22 1.34 1.48  1.496
My 1.40 1.52 1.30 2.14 1.56  1.584
Mg 1.24 1.32 1.52° 1.686 1.68 1.480
Mean C 1.536 1.468 1.392 1.798 1.460
Media F (4,100) - 2.575:* " CD 0.189
Container -~ F (4,100) - 5.354_ CD 0.189
Media x Container F (18,100) ~ 2.426 CD 0.423
Tqble 13.2, Effect of media and containers og petiole length of

new leaf produced -'in the seconf fortnight

T T T T T T T T T T e e e e e e e e e e e e e e e e e e e e e e

L Cl Cz Ca C4 Cs Mea.n M
M, 1.78 1.28 1.36 1.84 1.44 1.538
M, 2.06 1.42 1.82 1.96 1.70 1.792
My 1.62 1.78 1.40 . 1.54 1.40 1.548
My 1.80 1.78 1.78 1.96 " 1,92 1.848
My 1.44 1.36 1.42 1.54 1.66 1.484
Mean C 1.738 1.524 1.556 1.798% 1.624
Media ' F (4,100) - 4,755%F CD 0.212
Container F ¢4,100) - 2.004 D -

Media x Container F (16,100) - 0.977 ) CcD -
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Effect of media and containers on petiole length of

Table 13.3. :
new leaf produced -~ in the third fortnight

€1 2 °3 . Ca_ . °s_____. Mean M
My 2.38 1.84 1.90 1.82 1.886 1.920
Mo 1.62 1.92 1.78 2.48 1.78 1.912
Mg 1.86 1.88 1.88 1.92 1.14 1.732
My 2.16 1.76" 2.04 2.06 1.92 1.988
Mg 1.68 1.58 1.18 1.82 2.00 1.6844
Mean C 1.938 1.756 1.748 2.020 1.736
T T T T T T T T T T T T T T T e T
Media F (4,100). - 3.953, CD 0.203
Container F (4,100) - 3.214 CD 0.203
Media x Conteainer F (16,100) - 3.178 CD 0.453

Table 13.4. Effect of media and containers on petiole length of,

N 5;__
M, 2.06
Mo, 2.12
Mg 2.10
My '2.38
Mg 1.66

Media
Container
Media x Conta

ney leaf. produced - in the fourth fortnight-

W

Cyp . - C3 Cy Csg Mean
1.62 1.62 2.06 1.78 1.828
1.70 2.06 2.30 1.82 2.000
2.10 1.80 (.62 1.14 1.812
2.56 2.42 2.08 2.32 2.352
1.82° .. 1.20 1.96 1.98 1.724
1.960 1.820 2.064 1.808

""""" F (4,100 - s8.416%*  cD 0.226
F (4,100 -  2.381 CD -

iner F (16,100) - 2.410%* CD 0.506
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containers have more or less same response on petiole length.
Plants grown in CgMq (netted pot-charcoal) recorded least

petiole length (1.14 cm).
4,2.5.4 Fourth fortnight

During the fourth fortnight after +transplanting,
significant differences between media, and interaction
belween media and containers with respecl Lo peliole length
of newly formed leaves were observed. No significant

difference was observed among various containers used

(Table 13.4).

Among the media, plants grown on My (soilrite)
recorded highest petiole length (2.352 cm) which was
significantly superior to other media. The lowest petiole
length (1.724 cm) was observed in plants grown on M5

(sphagnum moss).

Among the treatment combinations of media and
containers (Table 13.4), plants grown on C2M4 (plastic pot-
soilrite) recorded highest petiole length (2.56 cm). At this
stage it was found that except in the case of media M3
(charcoal) all the other media had no influence on petiole
length of new leaves with various containers. But with M3
(charcoal) except the plants grown on container C5(netted
pot) all other containers show more or less same response.

The C5 (netted pot) grown plants recorded least response.

e
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containers. The least peteole length (1.736 cm) was recorded

for plants grown in 05 (netted pot).

Among the media, highest petiole length (!.988 cm)
was recorded by plants grown in M4 (scilrite) which was on
par with M, (coarse sand) and My (fine sand). Least
response (1.844 cm) was observed in Mg (sphagnum moss) grown

plants.

Significant interaction between media and
containers were observed in the case of petiole length of
newly formed leaves at third fortnight (Table 13.3). The
treatment combination with highest peteole length (2.48 cm)
was recorded for plants gdrown on C4M2 (polythene cover—-fine
sand). At this stage along with medium M, (coarse sand), the
plants grown on Cl (mud pot) was found to be the best and
significantly superior to all other containers. Along with
med ium Mo (fine sand) the plants grown on the container Cy
(polythene cover) recorded maximum petiole length and was
superior to other containers. Along with media Mg (charcoal)
the plants under various containers recorded more or less
same petiole length except on Cs (netted pot) grown plants
which was inferior to other containers. Along with medium Ms
(sphagnum moss) the container Cs; (netted pot) recorded
maximum petiole length which was on par with C4 {(polythene

cover). However, with medium Mq (soilrite) all the

i~
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Plants grown on the treatment combination C5M3 (netted pot-

charcoanl) rocorded leasl peliole length (1.14 cm).
4.2.6. Root production

Two months after transplanting, anthurium plantlets
showed significant influence on media and containers with
respect to rate of root production (Table 14). During this
stage, among the containers Cy (polythene cover) was found to
be the best (5.44) which was on par with 01 (mud pot),02
(plastic pot) and Cs (netted pot). The plants in the
container Cq5 (paper pot) produced lowest ﬁumber of roots

(3.68).

Among the different media used, M4 (soilrite) was
found to be the best treatment (5.720) which was on par with
M2 (fine sand) and was significantly superior to all other
media. Minimun number of roots (4.240) were produced by

plants in the medium My (coarse sand) (Fig. I).

There was no interaction between media and

containers for the production of roots at two months after

transplanting.
4.2.7 Root length

Media and containers showed significant influence

on root length of anthurium plants at two months after
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Table 14.

Effect of

32

media and containers on root production
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transplanting (Table 15). Among the different containers, C4
(polythene cover) was found to be the best treatment
(14.12cm) which was on par with Cy {(mud pot), C, (plastic
pot) and Cs (netted pot). Plants growd in Cq (paper pot)

produced plants wiLh shorlesl root length (8.8944cm).

In the case of different media, My (soilrite)
produced roots with highest length (16.108cm) which was on
par with M2 (fine sand) and was significantly superior to
all other media. The treatment Ml (coarse sand) produced

plants with least root length (Fig. II).

There were significant interactions between media
'and containers in the case of root length at two months after
transplanting (Table 15). The treatment combination CyqMy
(polythene cover soilrite) produced longest roots (21.88cm).
From the data analysed it was also noted that along with
media My (coarse sand) Lhe container Cy (mud pol) grown
plants produced roots with maximum length which was on par
with Cy (plastic pot). Along with medium My (fine sand)
plants in the container Cy (polythene cover) had maximum root
length which was on par with Cl (mud pot). Along with medium
Mg (charcoal) and Mg (sphaénum moss) all the containers
except paper pot had more or less same response on root
length. However along with medium My (soilrite) the plants
grown Iin container C4 (poiythene cover) alone was superior

compared lo other container, with respect to root length.
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5. DISCUSSION

The potentialit;es of plant tissue culture-in rapid
multiplication and crop improvement have provided a
substantial impetus for biotechnological research. The
‘plants produced by tissue culture are generally more
expensive than conventionally produced plants. The cost of

transfer of laboratary regenerants to soil has been estimated

to be 40-80 per cent of total production cost. This transfer
step is time consuming, labour intensive and may vary with

the species or even varieties; The survival rate often
determines whether or not the technology is economically
feasible. Serious field-mortality is often encountered while
planting out. The present 'investigations carried out at
College of Agriculture, Vellayani were mainly aimed for
selection of suitable media and containers for ex vitro
establishment of Anthurium andfeanum plantlets. Attempts

were also made for improving in vitro rooting efficiency of

anthurium plantlets. The outcome of the investigations are

discussed in the following bages.

Debergh and Maene (1981) pointed out that rooting
in vitro was the most labour intensive part of
micropropagation. In the present studies various factors
influencing in vitro rooting such as microcutting size, plant
growth substances, and other medium supplements 1ike agar,

and sucrose levels were standardised.
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In vitro rooting of anthurium plantlets was
favoured when comparatively larger sized shoots were used.
Plantlets of 3 cm length with at least three leaves recorded
shortest time (10.24 days) for root initiation and produced
maximum numper of root per shoot compared to smaller shoots.
Ramesh (1990) has also reported that, compared to smaller
sized shoots of jack plantlets, large sized shoots produced
100 per cent rooting with maximum number of roots per shoot.
Higher food reserves and increased auxin production in the

plantlet might have caused such a response.

In the case of plant growth substances, combination
of BA 0.5 ppm and IAA 2 ppm was the best with respect to
initiation of roots within the shoftest period of time (11.4
days) with maximum number of root per shoot (3.88). While
combination of BA and NAA took more time for root initiation,
and number of roots per shoot was less compared tq'BA and
TAA combination. IAA treated pjants produced thin long
roots, which help the plants to survive better when planted
out, while plants in the medium containing NAA produces short
thick roots. Lane (1979) also reported that NAA usually
give rise to short thick roots. On contrary to the present
observation, Williams and Taji (1989) reported that when NAA

and NOA were used the roots produced were thin.

Increased agar concentration in the rooting medium

helps the ex vitro establishment of plantlets but reduced the
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rooting (Leshem, 1983, Marin and Gella, 1987, Short et al.,
1987). In anthurium, plantlets, shortest time (10.54 days)
for root initiation was 0.7 per cent concentration of agar,
nnd Lhe number of roolts por shool decrenses by increasing
the agar concentration in the medium, while the length of
root increases along with increase in agar concentration.
Agar is not a totally inert material and contains impurities
that can influence the in vitro rooting (Debergh, 1983; Hu

and Wang, 1983).

Lowering the sucrose level in the culture medium is
advantageous for ex vitro establishment as it helps the
plantlets to switch over from heterotrophic to autotrophic
growth (Conner and Thomas, 1982). The present study revealed
that lowering sucrose level reduces the time required for
root initiation. Desjardins and Tiessen (1985) found that
very low sucrose concentration in Lhe medium reduced the
rooting percentage. It has also been found from_the present
studies that lowering the sucrose concentration in the medium
reduced number of roots per shoot. Sucrose level maintained
at normal level of MS medium (3%) took less time for root
initiation (12.32 days) and more number of roots per shoot

(4.22) compared-to all other levels above and below.

In order to standardise the media and containers

for ex vitro establishment of anthurium plantlets five media



paper pot, polythene cover, and netted pot were used. in an
attempt to unravel the possible influence of media and
containers and its interaction on 25 combinations of media
and containers, parameters like survival percentage, number
of leaves, hight of plant, ayea.of new leaves, petiole length

of new leaves, root number and root length were studied.

The survival percentage of plantlets with-respect
to plant size were specifically studied at weekly intervals.
The results pertaining to the effect of plantlet size on
survival percentage under different media and containers
indicated that plantlets with a minimum of 2:5-3 cm size with
3-4 leves and two or more roots recorded 80.0 to 100.0 per
cent survi#al irrespective of media and containers, except
one with sphagnum moss as medium, The reason for the
comparatively low survival percentage (up to 75 %) in
sphagnum moss might be the less compdctness of sphagnum moss
with plants in the early stages. éphagnum moss is light in
weight and has a high water holdiné capacity (Hartman and

Kester, 1988).

The number of leaves is basically a genetic factor
which could be modified by physical conditions. In the
present - -study it was found that different media and

containers significantly influenced the production of new
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leaves for the ex vitro establishment of anthurium
plantlets. In the case of containers, plants raised in
plastic pots recorded highest number of leaves in all the
four fortnights. This might be due to the ability of plastic
pot to maintain optimum moisture level with in the potting
medium by preventing water loss through walls. Similar
results was observed by Ramesh (1890). le found that plastic
pot was the best suited container for planting out of Jjack
plantlets. Soilrite was identified as the best potting media
out of the. five media tried in the case of leaf produ;£ion,
plants grown on soilrite recorded highest number of lieaves
in all the four fértnights. Significant interaction was
recorded between media and containers with respect to leaf
production. It has been found that with medium soilrite the
containers had no significant influence in leaf production
except at fourth fortnight after transplanting. At this
stage, paper pot grown plantlets were found to be inferior to
other containers. Soilrite was an ideal potting medium for
maintaining an optimum moisture level and sufficient aeration
to the root zone of plantlets. It was also recorded that
with medium coarse sand or with medium fine sand the plants
in the ‘container polythene cover recorded highest number of
leaves in all the four fortnights. This might be due to the
interaction of sand with pélythene cover by maintaining most

suited condition for production of leaves.
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With charcoal medium, pléstic pot grown plants
recorded maximum leaf production and with medium sphagnum
moss, netted pot and plastic pot grown plants have greatest
influence on leaf production. The reason for this is due to
the positive interaction of charcoal aqq sphagnum moss with

plastic pot.

As in the case of number of leaves, plant height
also showed different response to the media and cqﬁpaipers.
Both these treatments at one and two montés after
transplanting Cl (mud pot) outdid other contaihers.and M4
(soilrite) outdid other:media by producing plants with
lgrgest hight. Significant interaction were also recorded
between media and containers. Along with medium coarse sand
or charcoal the best container was found_to be mud pot at
one month and two months after transplanting with resﬁect to
plant height. The superiority of this combination could be
explained by a good support and supply sysﬂem provided by
the media in conjunction with the container mud pot. The
less moisture holding capacity of coarse sand and or
charcoal along with mud pot also has to be taken into
account. In the case of medium fine sand at first month
after transplanting no significant influence was shown by
containers except netted pot which had least'response on
plant hight. ‘This might be due to the high compactness of

fine sand in small sized (one ‘inch) netted pot because of the
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partialy epiphytic nature of anthuriums and itis aeration
requiremnt for normal growth. However along with medium
soilrite or with medium sphagnum moss containers showed no
influence on plant hight at monthly intervals. This could be
explained by the superiority of soilrite and sphagnum moss
with the capacity to provide optimum aeration for plant

growth without any interaction with containers.

The treatments which produced shortest plants were
those raised on sphagnum moss and when netted pots were used
as the containers. In this treatment excess moisture content

and attack of termites on moist sphagnum moss might be the

reason for the failure.

Leaves are the photosynthetic apparatus of the
plants which synthesize carbohydrates and store for
developmentai aspects of plants. Hence the more the leaf
area the more could be the photointerception and stored
energy. So the media and container which could help the
plants in producing larger leaves could be treated as better

for their establishment.

In the present study, differential response with
media and containers were recorded at each fortnight in the
case of leaf area of anthurium plants, At the first
fortnight after transplanting Cl (mudpot) recorded maximum

leaf area. At the second and fourth fortnights, Cz {(plastic
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pot) was the best container and at the third fortnight C4
(polythene cover) grown plants gave the the highest leaf
area. In the case of media, first and second fortnights
after transplanting, Mz (fine sand) grown plants gave
maximum leaf area but at third and forth fortnights after
transplanting M4 (soilrite) grown plants were superior to
other media. Thus the medium scilrite once again proved its
superiority as a potting medium for ex vitro establishment.
Media and containers also showed interaction in the case of
area of new leaves at fortnightly intervals. Along with the
media coarse sana, the plants grown in polytheﬁe cover
recorded highest leaf area at the third and fourth
fortnights. This could be explained by the fact that the low
moisture holding capacity of coarse sand is compensated by
polythene cover by.m;idtaining the moisture at the optimum
level. Along with the medium fine sand upto third fortnight
after transplanting, containers showed no influence on leaf
area of new leaves, but at the fourth fortnight plastic pot
grown plants were found to be the best with maximum leaf
area. With medium charcoeal or with medium soilrite the
plastic pot grown plants recorded maximum leaf area in all
the four fortnights. This is attributed to the better water
holding capacity and aeration of charcoal and soilrite in
plastic pot. Charcoal can retain enough moisture and air,
preventing unwanted acid build up (Battachar jee, 1985). But

with medium sphagnum moss the largest leaf area was recorded



104

on netted pot grown plants. This is supposedly due to the
less compactness and water holding capacity of sphagnum moss
on small sized (one inch) netted pot so that the plants
obtained optimum moisture and aeratian. Bose and
Battachar jee (1980) reported that layers of sphagnum moss in
the compost of orchids retain more moisture than osmunda and
was found to be a good material for those orchids that

require constant moisture supply.

-

The plants grown on media Mg (sphagnum moss) and
container Cq (paper pot) showed poor result in the case of
leaf area of new leaves at fortnightly intervals. This might
be due to constant high moisture content of sphagnum moss and

deterioration of paper pot owing to continuous moisture supply.

Length of petiole ls another important

morphological character of anthurium plants which has

considerable influence on growth of plants. The petiole is
cylindrical, smooth and its base forms a. sheath around the
stem (Higaki et al., 1984). The media and containers which

could help plants in producing leaves with more petiocle
length is considered better because of its higher
photointerception capacity. The present study alsc showed
varying response with different media and containers at
fortnightly intervals. The containers showed no significant

influence on length of petiole at the second and forth



105

fortnights after transplanting. Among the media, M4
(soilrite) grown plants gave the highest petiole length from
second fortnight onwards. This again proved superiority of
soilrite as a media for ex vitro establishment of anthurium
plantlets. Significant intéractions were recorded between
media and containers in the case of petiole length at first,
third and forth fortnight after transplanting. With the
medium coarse sand, fine sand or soilrite, plants grown in
polythene covers recorded highest petiole length. This could
be explained by the fact that polythene cover can refaih
moisture and there by providing enough humidity for the ex
vitro establishment. At the forth fortnight after
transplanting except in case of charcoal all other media have
no influence in petiole length with various containers. This
could be explained that in Lhe case of petiole length rather
than containers, media have better influence at fortnightly
intervals. The plants in the medium sphagnum moss recorded
least influence in petiole length. This might be due to the

high water content above optimum level in sphagnum moss.

The roots of anthurium are cylindrical, fleshy,
epiphftic and adventitious, and the epidermis is developed as
velamen (Higaki et al., 1984). Dycus and Kundson (1957)
indicated that the principal role of velamen is mechanical
protection and water conservation. Hence the roots have

vital-role in the growth of anthurium plants. The media and
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containers which help to produce more roots and large roots
are considered better. In the present investigation a
differential response was observed in the case of media and
containers with respect to root production and length of root
at two months after transplanting. The plants in the
containers C4 (polythene cover) and media M4 (soilrite)
recorded maximum number of roots and length of roots,.
Significant interaction between media and containers were
observed only in the case of root length. Along with the
media, fine sand or soil rite, the plants grown on the
container polythene cover recorded.maximum root length.
This might be due to the optimum depth of media in polythene
cover and favourable interaction with polythene cover and
media. Kyteland Briggs (1979) observed that depth of soil
was important, as the survival rate of tissue cultured
rhododendrons was found to be better in 10 em pots rather
than in shallow trays. In the case of coarse sand, mud pot
grown plants have highest influeﬂce on reoot length, This is
because of positive interaction of coarse sand with mud pot
by maintaining optimum conditions for root development. With
charcoal or sphagnum moss, the containers showed no
significant influence on root development except in the case
of paper pot which was inferior to other containers. This
might be due to the depth of potting media in paper pot below
the optimum level and also unfavourable interaction with

charcoal and sphagnum moss.
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6. SUMMARY

The in vitro rooting factors and the suitability of
various containers and potting media on ex vitro
establishment of anthurium plantlets werelinvéstigated. The
study was conducted during 1991-93 at the Plant Tissue
Culture Laboratory of the Department of Horticulture, College

of Agriculture, Vellayani.

The protocol! developed by Sreelatha (1992) was

adopted for in vitro production of Anthurium plantlets.

The salient findings of the study are summarised

below.

Shoots of 3.0 cm long (with three leaves) were
ideal for in vitro rooting and recorded minimum days for root

initiation (10.24) and maximum number of roots per shoot.

Combination of BA 0.5 ppm + IAA 2.0 ppm recorded
minimum time (11.4 days) for root initiation and maximum
roots per shoot. TAA treated shoots produced thin long roots

while NAA treated shoots produced short thick roots.

Agar at 0.7 per cent level recorded minimum days

(10.54) for root initiation, while number of roots per shoot
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decreased by increasing the agar ccencentiration. Sucrose
level maintained al normal level in MS medium (3 per cenl)
took less time for root initiation and produced more number

of roots per shoot.

2.5 - 3.0 cm long plantlets with 3-4 leaves and twg/
more root was identified as the optimum size for
transplanting supporting highest survival percentage (90.0 -
100.0) in all the twenty five treatment combinations of

. media and containers.

Among the containers used plasticpot érown plants
and among the media, soitrite grown plants recorded maximum
number of leaves in all the four fourtnights while treatment
combinations of mud pot and soilrite recorded highest rate of
leaf production at second, third.and fourth fortnigh after

transplanting.

At one month and two months afler lransplanting

tallest plants were produced in the contianers mud pot and in

the media soilrite.

At first fortnight alfter transplanting mudpot grown
plants: recorded maximum leaf area. At second and fourth

fortnight, plastic pot was the best container and at third
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fortnight polythene cover grown plgnts gave highest leaf
area. In the case of media, first and second fortnight after
transplant.ing fine.sand, and third and fourth fourtnight
after transplanting seilrite grown plants gave maximum leaf

area.

The conlainers showed no significant influence on
length of petiole at second and fourth fortnight after
transplanting, while among the media soitrite grown plants
gave the highest petiole length from secona fortnight

ownwards.

The plants grown in polythine cover with media
soilrite recorded maximum number of roots and length of roots

at two months afler transplanting.



REFERENCE




REFERENCES

Aldrufeu, A. 18987, Rooting and acclimatization of
Pelargonium zonale plantlets. Acta. Horit.. 212 (1):
361—-366.

Aldrufeu, A. Pages, M. Messeguer, J. and Mele, E. 1884. In
Vitro rhizogenesis of Rosa sp in different
substrates, Acta. Hort. 150: 315-323.

*Anderson, H. 1984. Establishing plants {(Nephroliepis exallata
cv. Bosteniensis) produced from meristem culture in
growth chamber. Gartner Tridende 100 (38): 1198~
1199,

*Anderson, W.C. 1980. @ Mass propagation by tissue culture:
Principles and techniques. Proc. Conf. Nursery
Production of Fruit Plants Through Tissue culture
Applications and Feasibility. U.S.D.A., Maryland-
ppl-10.

Appelgren, M. and Heide, O.M. 1872. Regeneration in
Streptocarpus leaf discs and its regulation by
temperature and growth substances Physiol Plant.
2T: 417-423.

Arnold, S.V. and Eriksson, T. 1984. Effect of agar
concetration on growth and anatomy of adventitious
shoots of Pjca abies (L.) Karst. Plant Cell Tissue
Organ culture. 3: 257-264.

Bhaskar, J. 1991. Standardisation of in vitro propagation
technique in banana. M.Sc. Thesis, Kerala
Agricultural University, Vellanikkara.



Bhattachar jee, S.K. 1985. Cultural Management in orchids;
influence of different potting substrates on growth
and flowering In: Progress in Orchid Research
(Proceedings of National Symposium on Orchid).
Chadha, K.L and Singh, F.(Ed)IIHR, Bangalore.

Biondi, 8. and Thorpe, T.A, 1981. Requirements for a tissue
culture faciltity. In: Plant Tissue Culture:
Methods and Applications in Agriculture
(T.A.Thorpe, ed.) pp. 1-20. Academic Press, New
York.

*Borkwaska'bizajae. 1984. Preliminary observation of Tart
cherry cultivar "Schattenmorelle” propagated by in
vitrg techniques.  Fruit Science report. 12 (2):
51-541.

Bose, T.K. and Battacharjee, S.K. 1980. Orchids of India
Nayaprokash publishers, New Delhi. pp. 538.

Brainerd, K.E. and Fuchigami, L.H. 1981. Acclimatization of
aspelically cultured apple plants Lo low relative
humidity. J. Amer. Soc. Hort. Sci. 106: 515-518.

Brainerd, K.E., Fuchigami, L.H., Kwiatkowski, S. and Clarke,
C.S. 1981, Leaf ananatomy and water stress of
aseptically cultured pixy plum grown under
different environments. Hort. Sci. 16: 173-175

BroomeJ 0.C., and Zimmerman, R.I. 1978. In wvitLtro
propagation of blackberry. Hort Sci. 13: 151-153.

Bunn, E. and Dixon, W.K. 1992. Micropropagation of the pine
apple lily, Dasypogon hookeri. J. Drumm. Hort Sci.
27 (4) : 3B9.




Chand, §S. and Roy, S§.C. 1980. Shoot tip culture as a means
of propagalion of genclically alike plants. Sci.
Cult. 46 : 307-308.

Cheng, T-Y, and Voqui, T.HU. 1977. Regeneralion of Douglas
fir plantlets Lhrough tissue culture. Science.
198: 308-307.

Chiwon, L.W. 1992, In vitro propagation of Salicornia
bigelorii by shoot tip cultures. Hert. Sci. 27 (5):
472,

:Conner, A.J. and Thomas, M.B. 1i981. Re-establishing
plantlets from tissue culture: a review. Proc.

Inter Plantprop. Soc. 31: 342-357.

*Damiano, C. 1978. Strawberry micropropagation. Proceedings
of the conference on nursery production of fruit
planls Lhrough lLissue culture. Applicalion and

feasibility.

Debergh, P.C. 1991t. Acclimatization techniques of plants
from in vitro. Acta Hort. 289-289,

Debergh, P.C. and Maene, L.M. 1981. A scheme for commercial
propagation of ornamental plants by tissue culture.
Scienta. Hort. 14: 335-345.

Debergh, P.C. 1983. Effects of agar brand and concentration
on the tissue culture medium. Physiol plant. 59:

270-276.

*Desjardins, Y. and Tiessen, H. 1985. The effect of sucrose
concentration and ancymidol on the rooting of
-asparagus in vitro. Proceedings of the sixth

international asperagus symposvm.




Desjardins, Y., Gosselin, A. and Yelle, S. 1987T.
Acclimatization of ex vitro strawberry plantlets in
'COz—enriched environments and supplementary

lighting. J. Amer. Soc. Hort: Sci. 112 (5): 846-
851.
Devi, L.S. 1982. Standardisation of explant for in wvitro

propagation in Dendrobium spp. M.Sc. Thesis,
Kerala Agricultural University, Vellanikkara.

.Dillen, W. and Buysens, S. 1889. A simple technique to

: overcome vitrification in Gysophilla Paniculata.
Plant Cell Tissue and Organ Culture. 19 (3): 181~
188

Donnelly, D.J. and Vidaver, W.E. 1984. Pigment content and
. gas exchange of red raspberry in vitro and ex vitro
J. Amer. Soc. Hort. Sci. 109 (2): 172-176.

Donnelly, D.J., Skelton, F.E. and Nellee, J.E. 1887.
Hydathode anatomy and adaxial water loss. in micro
propagated "Silvan" Blackberry. J. Amer. Soc. Hort.
Sci. 112 (3): 566-569.

. Donnelly, D.J., Vidaver, W.E. and Lee, K.Y. (1985). The
anatomy of tissue cultured red raspberry prior to
and after transfer to soil. Plant Cell Tissue
Organ Culture. 4: 43-50.

Donnelly, D.J. and Vidaver, W.E. (Eds.) 19888. Glossary of
. Plant Tissue Culture.

Drew, R.A. 1988. Rapid c¢lonal propagation of papaya in
yitro from mature field grown trees. Horkt. Sci. 23
(3): B09-611. ‘ ’



Dunstan, D.T. and Turner, K.E. (1984), The acclimatization
of micro propagaled plants. In: Cell Cullure and
Somatic Cell Genelicsg of Planls Vol.l [Vasil 1K
(EDY), pp. 123-129. Academic press Orlando.

*Dycus, A.M. and Knudson, I.. 1857. The role of the velamen of
Lthe aerial rools of orchids. Bol. Gaz. 119: 78-
87.

_Economou, A.S. and Spanoudaki, M.J. 985. "1In wvilro

i
propogation of gardenia. Hort. Sci. 20: 213.

Economou, A.S. and Read, P.E. 1986 a. Influence of light
duration and irradiance on micropropagation of a
hardy deciduous azalea. J. Amer. Soc. Hort. Sci.
21: 146-149.

Economou, A.S. and Read, DP.E. 1886 b, Microcutting
production from sequential reculturing of hardy
deciduous azalea shoot tips. Hort. Sci. 21: 137-
139,

Ettinger, T.L. and , Preece, J.E. 1985. Aseptic

micropropagation of Rhododendron P.J.M. hybrids. J.
Hort. Sci. 60: 269-274.

Evans, D.A., sharp, W.R. and Flinck, C.F. 1981. Growﬁh and
behaviour of cell cultures : Embryogenesis and
organogenesis. In: Plant Tissue Culture: Methods

and Applications in Agriculture (T.A.Thorpe, ed.),
pp. 45-114. Academic Press, New York.

*Finnie, J.F. and Van Staden, J. 1986, In vitro culture of
Anthurium andreanum. South African J. Bot. 52 (4)
343-348.




Geier, T. 1990. AnLhurium In: Handbook of Planl Cell Culture
VYol.5. Ornamental species (P.V. Ammirato, D.A.
Evnas, W.R., Sharp and Y.P.S. Bajaj, eds.) pp.228-
253. McGraw- Hill Publishing Company. New York.

Grout, B.W.W, and Aston, M.J. 187T7. Transplanting
cauliflower plants regenerated from meristem'
culture 1I. Water loss and water transfer related

to changes in leaf wax and to xylem regeneration.
Hort. Res. 17: 1-7.

Grout, B.W.¥W. and Aston, M.J. 1978, Modified leaf anatomy
of cauliflower plantlets regenerated from meritstem
culture. Ann. Bot. 42: 993-995.

Hainwright, H. and Scrace, J. 18889, Influence of in vitro
preconditioning with carbohydrates during the
rooting of micro cutting on in vivo establishment.
Scientia. Hort. 38:. 261-26T7.

Hartman, H.T. and Kester, D.E. 1986. Plant propagation
principles and practises. Prentice Hall of India
Pvt. Ltd., New Delhi. Edn-4. pp. 29-37.

Higaki, T., Rasmussen, H.P. and Carpenter, C.J. 1[984. A
study of some morphological aspects of Anthurium
andreanum Lind. Univ. Hawaii HITHR Res. Ser. 030.

Hu, C.Y. and Wang, P.Y. 1883. Meristem, shoot tip and bud
cullure. I[n: Handbook of Planl ¢ell Cullure, Vol,.
I (D.A. Evans, W.R. Sharp, P.V. Ammirato and Y.
Yamada, eds). pp. 177-227. Macmillian, New York.

Hughes, K.W. 18981. In Vitro ecology: Exogenous factors
affecting growth and morphogenesis in plant culture
systems. Environ. Exp. Bot. 21: 281-288.




*Hussey, G. 1988. Vegetative propagation of plants by tissue
culture. Yeman, M.M. (ed.), Plants Cell Culture

Technology. Biackwell scientific Publicalions,
London.
*Ioannou, M. 1987. Micropropagalion of African Violel from

petiole and leaf blade tissue. Technical Bulletin.
Agricultural Research Institute, Cyprus No. 982, 4

pD.

*Keller, E.R.J., Brehmer, M. and Hofer, . 1986.
Micropropagation of Anthurium andreanum Lind. and
the use of novel stabilising substrate. Archivfur

Gartenbau. 34 (3) : 149-156.

Kozai, T. 1980. Micropropagation under photocautotrophic
conditions. In: Debergh, P.C., Zimmerman, R.I.
(eds). 'Micropropagation, Technoiogy and
Application' Kluwer Academic Publishers, Dordrecht

449-471 .

Kuehnle, A.R. and Sugii, N. 1991, Calius induction and
Plantlets regeneration in tissue cultures of
Hawaiian anthuriums. lMork. Sci. 26 (7) : 919-921.

Kunisaki, J.T, 1980. In propagation of Anthurium andreanum
Lind. Hort Sci. 15 (4) : 508-509.

*Kyte, L. and Briggs, B. 1879. A simplified entry to tissue
culture production. Proc. Intl. Plant. Prop. Soc.
29. '

Lakso, A.N., Reish, B.I., Mortenson, J. and Roberts, M.H.
19886, Carbondioxide enrichment for stimulation of
growlh in vilro propagated grape vines afler
transfer from culture. J. Amer. Soc. Hort. Seci. 111
(4): 834-838,




Lane, W.D. 1979. The influence of growth regulators on roots
and shoots initiation from flax meristem tips and
hypocotyls in vitro. Physiél. Plant. 45: 260~264.

Langford, P.J. and Wainwright, H. 1987. Effects of sucrose
concentration on the photosynthetic ability of rose
shoots in vitro. Ann. Bot. B0O: 633-640.

Le, C.L. and Collet, G.F. 18981. Advantages and limitations
of in vitro. Propagation of Spintpaulia ionantha.
Revue Suisse de Viticulture d Arboriculture et d’!
Horticulture. 13 (5): 285-270.

Lee, Ni., Wetzstein, H.Y. and Sommer, H.E. 1988. Quantum
flux density effects on the anatomy and surface
morphology of in vitro and in vivo developed
seetgum leaves. J. Amer. Soc. Hort. Sci. 113 (1)
167-171.

*leffring, L. and Soede, A.C. 1978. Tissue culture of"
Anthurium andreanum Vakbland Voor de Bloemigterij.
a3 (23) : 25.

*Lefﬁﬁng,lu and Soede, A.C, 1979 a. Tissue culture of
Anthurium andreanum has overcome the difficulties
(1). Vakbland Voor de Blormigtrij. 34 (13) : 43.

*l effring, L. and Soede, A.C. 1972 b. Tissue culture of
Anthurium andreanum has overcome its difficulties
“(2). Vakblad Voor de Bloemisterij. 34 (15) : 40-41.

*leffring, L., ‘Hoogstrate, J., and Braster, M. 1878, Tissue
culture of anthuriums : research into improved
methods Valkblad Voor de Bloemisterij. 31 (9) : 21.

Leshem, B. 1983. The carnation succulent plantlet — A Stable
tetralogical growth. Ann. Bot. 52: 873-876,



Li, S.Z. 1985, Investigation of the survival rate after
transplanting of asperagus plantlets in vitro
Zhejiang Agricultural Science, (1): 47-48,

Lloyd, D. Roberts, A.V. and Short, K.C. 1988, The induction
in vitro of adventitious shoots in Rosa. Euphytica.
37 (1): 31-386.

*Maene, L.J., and Debergh, P.C. 1985 a. Problems related to
’ in vitro rooting of in vitro propagated shoots. In:
Schaefer—-menuhr, A (ed.), In vitroe techniques:
propagation and long term storage. Martinus
Nijhoff/Dr W Junk Publishers, Dordrecht: 59-

4
Maene, L., and Debergh, P. 1885 b, Liquid medium additions
to established cultures to improve elongation and
rooting in vivo. Plants cell Tissue and Orsgan
Culture, 5 : 23-33.

Mallika, V.K., Sankar, A.M., Sindhu, K., Rekha, C., Kumar,
V.N.K. and Nair, V.R. 18982. Plantlets regeneration
in in vitro formed nodal segments of cocoa
(Theobroma cacac L.) and field plantig J. Plant.
Crops. 20 (2) : 114-122. '

Marin, J.A. and Gella, R. 1987. Acclimatization of the
micropropagated cherry root stock "Masto de
montanana” (Prunus cerasus L.). Acta. Hort. 212;
603-606. :

Mc Cown, B.H. and Lloyd, G.B. 1983. A survey of the response
of Rhododendron to in vitro culture, Plant Cell
Tissue and Organ Culture. 2: 77-85.

Mc Cown, D.D. 1986. Plug systems for micropropagules. In:
Zimmerman, R.H., Griesbach, R.J., Hammerschlag,
F.A, and Lawson, R.H. (eds.) Tissue culture a plant
production system for horticultural crops. Martinus
Nijhoff Publishers, Dordrechl: 53-60.




Meiraziv, Schwartz, A and Fleminger, D. - 198T7.
Malfunctioning Stomata in vitreous leaves of
carnation (NDianthus caryophyllus) plants propagated
in vitro; implications for hardening. Plant
Science. 52: 127-134.

Meiraziv, 1979, Trannsplanting gladiolus plants propagated
in vitro. Scientia Horti. 11 : L 257-280.

Murashige, T. 1874, Plant propagation through tissue
cultures. Ann. Rev. Plant Physiol. 25: 135-138.

Murashige, T. 1978. Principles of rapid propagation. In:
Propagation of higher plants through tissue
culture, a bridge between research and application.
(K. Hughes, R.Henke and Constantin, eds) pp. t4-24.
Tech. Inf. Centre, U.S. Dept. of Energy, Oak Ridge.

Nair, 8., Gupta, P.K. and Mascarenhas, A.F. 1983. Haploid
plants from in vitro another culture of Annona
Sguamosa Pt. Cel] Reporter. 3: 198-201.

Nathan, M.J., Goh, C.J. and Kumar, P.P. 1992. In vitro
propagqtion of Heliconja psittacorum by bud
culture. Hort. Sci. 27 (5): 450-452.

*Novak. E.J. and Nepustil, J. 1980. Vegetative propagation of
Anthuriium andreanum by in vitro culture. Shornik
UVTIZ Zahradnictri. 7 (1): 87-74.

Pandey, R.M. and Rajeevan, M.S. 1987. Transplantation of
Papaya (Carica papayva.) plants produced through
tissue culture. Indian. J. Hort. 44: 14-17.

Panse, V.G. and Sukhatme, P.V. 1978. Statistical Methods for
Agricultural ¥Yorkers. 3rd ed. I.C.A.R., New
Deilhi, pp. 347.




*Patel, K.R., Kim, H.R. and Thorpe, T.A. 1988. Plantlet
formation in black and white spruce TIII.
Histological analysis of in vitro root formation
and the root - shoot union New Zealand Journal for
Science.

*Pena,bL De and Biutrago, De S.H.L. 1984. Adaptation of
Coffea arabica cvs. Mundonova plants obtained by
somatic embryogenesis to cultivation in the field
Cepnecafe. 35 (3): B86-76.

Pierik, R.L.M. 1976. Anthurium andreanum plantlets produced
from callus t.issue cultivated in vitro.
Netherlands. J. Agric Sci. 27 (3) : 221-228.

*Pierik, R.L.M., Meys, J.A.J. VanDer. and Steegmans, H.H.M.

1874 a. Vegetative propagation of Anthurium
andreanum in propagating tubes. Vakblad wvoor de

Bloemisterij. 29 (8): 12-15.

Pierik, R.L.M., Steegmans, H.H.M and Meys, J.A.J. Van Der

1974 b. Plantlet formation in callus tissue of
Anthurium andreanum Lind. Sci. Hortic. 2(2): 193-
198, '

Pierik, R.L.M. 1975. Callus multiplication of anthurium
andrenum Lind. in liquid media. Netherlands J.
Agric. Sei. 23 (4): 299-302.

*Pierik, R.L.M., Steegmans, H.H.M., Sehaik, W. Van. and Eyk-

bos, G. Van. 1975. With the aid of shaking
machines, callus propagation of Anthurium
andreanum. Vakblad Voor de Bloemisterij. 30(26):
27.

Pierik, R.L.M. and Steegmans, H.H.M. 1975. Vegetative
propagation of Anthurium sScherzerianum in vitro.

Vakblad Voor de Bloemisterii. 30 (25): 21.




Pierik, R.L.M., Leeuwen, P. Van and Rigter, G.C.C.M. 1979,
Regeneration of leaf edxplants of Anthurium
andreanum l.ind. in vitro Netherlands. J. Agric.
Sci. 27 (3): 221-226.

Poole, R.T. and Conover, C.A. 1983. Establishment and growth
of in vitro cultured Diffenbachia. Hort. Science.
18 (2): 185-18T7.

Preece, J.E., and Sutter, E.G. 1890. Acclimatization of
micropropagated plants to the green house and
field. In: Debergh, P.C. and Zimmerman, R.H.
(eds.) ‘Micropropagation, Technology and
Application’. Kluwer Academic Publishers,
Dordrecht : 71-93.

*Press, T.F. 1983. Propagation; fog not mist. Combined

Proceedings of International Plant Propagators
Society. 33 : 100-109.

Rahman, M.A. and Blake, J. 1988. The 'effects of medium
composition and culture conditions on in vitro
rooting and ex vitro establishment of jack fruit
(Artocarpus heterophyllus Lam.). Plant Cell Tissue
and Organ Culture. 13: 189-200,

Ramesh, B. 1990. Ex vitro establishment of Jack (Artocarpus
heterophyllus Lam.) Plantlets M.Sc., Thesis, Kerala
Agricultural University, Vellayani, Trivandrum.

Rao, A.N and Lee, S.K. 1986. An overview of the in vitro.
Propagation of woody plants and plantation crops.
Withers, L.A. and Alderson, P.G. (Ed.). Plant

Tissue Culture and its Agricultural Applications
Butterworks, London. pp. 123-138.

* . . . . .
Read, P.E. and Economou, A. 1982, Supplemenlal lighting in
the propagation of deciduous azaleas. Proc. Inll.
Planl Prop. Soc. 32: 838-8B45,




Regunath, B.R. 1989. In vitro studies on the propagation of
cardamom (Elettaria cardamomum. Maton) Ph.D.
Thesis, Kerala Agricultural University,
Vellanikkara.

Renjith, M. and Kester, D.E. 1988. Micropropagation of

cherry root stocks II invigoration and enhancved
rooting by Co Culture with cloth. . J. Amer. Soc.

Hert. Sci. 113 (1): 152,

*Reuther, G. 1986. Characteristics of plants produced in
tissue culture and their effect on further culture.
Zier Pflanzenbau. 26 (5) : 172-174.

Rueveni, ©O., Shlesinger, D.R. and Lavi, U. 1880. In vitro
propogation of dioecious Carica papaya. Plant Cell
and Organ Culture. 20 : 41-46.

Short K.C., Warborton, J. and Roberts, A.V. 1987. In vitro

hardening of cultured caulillower and crysasnlhemum
plantlets to humidity. Acta Hort. 212 (1): 329-
334.

*Skirvin, R.M. and Chu, M.C, 18979. Tissue culture propagation
of the rose. Tllinois State Florists® Asscociation
Bulletin. 384: 22-23.

Skirvin, R.M. and Chu, M.C. 1979. In vitro propagation of
"Forever Yours"” rose. Hort. Science. 14: 608-610,

*Skoog, F. and Miller, C.0. 1857. Chemical regulation of
growth and organ formation in plant tissues
cultivated in vitro. In: Biological action of
Growth substances. Sym. Soc. Exp. Biol. 11: 118-
131. .




Smith, C.C. and Jernstedt, J.A. 1989, In vitro development
of adventitious shoots in Euonymus altus
(Celastraceae) Scientia Hort. 14: 335=345.

Smith, S.M. and Street, H.E. 1974. The decline of embryogenic
potential as callus and suspension cultures of
carrot (Daucus Carota L.) are serially subcultured.
Ann. Bot. 38 : 223-241.

Sreelatha, U. 19982, Improvement of -propagation efficiency of
Anthurjium species in vitro. Ph.D. Thesis, Kerala,
Agricultural University, Vellayani, Trivandrum.

*Standardi, A. and Catalano, F. 1984. Tissue culture
propagation of kiwifruit. Comb. Proc. Int. Plant
Prop. Soc. 34: 236-243.

*Sutter, E. and Hutzell, M. 1984, Use of humidity tents and
antitranspirants in the acclimatization of tissue
cultured plants to the green house. Scientia Hort,
23 : 303-312.

Sutter, E. 1981. Problem posed by microptant morphology.
Comb. Proc. Intern. Plant Prop. Soc. 31 : 583-566,

*

Tan, W.C. 1983. Culture of axillary buds of Bougainville

glabra in vitro. Plant physiology communication
NOil, 28.

Vasil, I.K. and Vasil, V. 1980. Clonal propagation Int.
Rev. Cytol. Suppl. 11 A: 145-173.

Wainwright, H. 1988. Overcoming problems in establishing
micropropagules—guidelines for growers. Prof. Hort.
2 87-72. '




Wardle, K., Dobbs, E.B. and Short, K.C. 1883. In vitro
acclimatization of aseptically cultured plantliets
to humidity. J. Amer. Soc. Hort. Sci. 108 (3)
386-389.

Wetzstein, H.Y. and Sommer, I.E. 1983. Seanning electron
microscopy of in vitro cultured Liquidambar
styraciflua plantlets during acclimatization
J.Amer. Soc. Hort. Sci. 108 (3) : 475-480,

Williams, R.R. and Taji, M.A. 1989. Auxin type, &gel
concentration rooting and survival of cheiranthera
volubilis in vitro. Hort. Science. 24 (2) 305-307.

Yang, H.J. and Clore, W.J. 1974, Improving the survival of
aseptically cultured asparagus plants in
transplanting Hort. Sci. 9 (3): 235-238.

Zhang, B. and Stoltz, L.P. 1989, Acclimatization systems for

Euphorbia fulgens Microcuttings. Hort. Science. 24
(6) : 1025-1028.

Zimmerman, R.H. 1988, Micro propogation of woodyplants post
tissue culture aspects. Acta. Hort. 227: 487-499,

Zimmerman, R.H. and Fordham, I. 1985. Simplified method for
rooting apple cultivars in vitro. J. Amer Soc.
Hort. Sci. 110 : 34-38.

- Zimmerman, R.H., and Broome, 0.C., 1980. a. Micropropagation
of thornless blackberries. In: Proc. conference on
nursery production of fruits plants through tissue
culture-applications "and feasibility. U.S. Depts.
Agr., Sci. Educ. Adm., Agr. Res Results, ARR-NE-11

23-26.




*Zimmenmnh R.H. and Broome, O.C. 1980 b. Blueberry
micropropagation. In: Proc. conference on nursery
production of fruit plants through tissue culture-
applications and feasibility. U.S. Dept. Agr., Sci.
Educ. Adm., Agr. Res. Results, ARR-NE-11: 28-36.

*Zimmerman, R.H. and Broome, 0.C. 1980 ¢. Apple cultivar
micropropagation. In: Proc conference on nursery
‘production of fruits plants througth tissue culture
- applications and feasibility. U.S. Depts. Agr.,
Sci. Educ. Adm., Agr. Res. Results, ARR—-NE-11: 54-
58.

¥ — O0Orginals not seen



pre— T R R T R

APPENDICES

ey LN e e R SN




APPENDIX - 1

Composition of Murasige and Skoog (19682) medium

Particulars Quantity Weight Volume Volume
per litre taken made up pipetted

Solution A

NH4NO4 1650 mg 16.5 g
KNO3 1900 mg 19.0 ¢ 250 ml 25 ml
MgS0,4.TH,0 370 mg 3.7 g
KH,PO, 170 mg 1.7 g
Solution B
CaClz2H20 440 mg 8.8 g 100 mi 5 ml
Solution C
MnSO4H20 22.3 mg 2.23 ¢ 100 ml i\ ml
ZnSO47H20 8.6 mg 860 mg
KI 0.83 mg 83 mg
Solution D
S . .
Fe 047H20 27.8 mg 2.78 ¢ 500 ml 5 ml
NaEDTA 37.3 mg 3.73 g
Solution E
CoCl ,6H,0 0.025 mg 12.5 mg
272 1 0.
CuS0, 5H,0 0.025 mg 12.5 mg 250 m > ml
Sclution F
Glycene HCI 2.0 mg 200 mg
Nicotinicacid 0.5 mg 50 mg
. . 100 ml t ml
Phyridoxine HCl 0.5 mg 50 mg
Thiamine HCI 0.1 mg 10 mg
Inositol 100 mg
Sucrose 30 g
Agar 6 g

pH 5.6 - 5.8



APPENDIX - II

Composition of Murasige and Skoog (1962) medium modified by

Pierik (1978)

Solution A
NH4NO3
KN03
MgSO4.7H20
KHZPO4

Solution B
CaCIZZHZO

Solution C
H3B03
ZnS04711,0
KI

Solution D
FeSO47H20
NaEDTA

Sclution E
CoC]26H20
CuSO45H20

Solution F
Glycene HCI

2
Nicotiniecacid 0
Phyridoxine HC] 0.
Thiamine HCI 0

Quanti

ty

per litre

825
950
370

85

440

mg
mg

mg

Weight
taken

8.25 g

9.50 g
3.7 g
850 mg

620 mg
2.23 g
860 mg
83 mg
25 mg

12.5 mg
12.5 mg

200 mg

100

100

500

250

Volume
made up

250 ml

ml

ml

ml

ml

pipetted

ml

mi

ml

ml

ml

Inositol
Sucrose
Agar

pH



ABA

BA

GA

2ip

TAA

IBA

NAA

NOA

CD

0b

MS

ADBREVATIONS

Abscisic acid

Benzy! adenine
Gibberellic acid

2 isopentenyl adenine
Indole acetic acid
Indole butyric acid

2, 4 - dichloro phenoxy acetic acid
Naphthalene acetic acid
Naphthoxy acetic acid
Critical difference
Optical density

Murashige and Skoog



STANDARDISATION OF MEDIA AND
CONTAINERS FOR EX-V77RO ESTABLISHMENT
OF ANTHURIUM PLANTLETS PRODUCED BY

LEAF CULTURE

By
AJITHKUMAR. P. V.

ABSTRACT OF THE THESIS
SUBMITTED IN PARTIAL FULFILMENT OF
THE REQUIREMENT FOR THE DEGREE
MASTER OF SCIENCE IN HORTICULTURE
FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

DEPARIMENY OF HORIICULTURE
COLLEGE OF AGRICULTURE
VELLAYANI — TRIVANDRUM
1993



ABSTRACT

Investigations were carried out at the Plant Tissue
Culture Laboratory of the College of Agriculture, Vellayani
during 1991-1993 to develop guitable methods to plant ocut
Anthurium andreanum plantlets and to standardise media and
containers to maximise the ex vitro establishmqnt and growth

of in vitro derived plantlets.

Segments of leaf were used as explant for producing
required number of pilantlets for the study. Various factors
influencing in vitro rooting were standardised. Plantlets
of 3 cm length with at least three leaves recorded shorteat
time (10.24 days) for root initiation and produced maximum
number of roots per shoot compared to smeller shoots.
Combination of BA 0.5 ppm and IAA 2.0 ppm was found to be the
best for in vitro rooting. Agar at 0.7 ¥ recorded shortest
time (10.54 days) for root initiation and the number of roots
per shoots decreased by increasing its concentration in the
medium, while the length of root increased along with
increase in agar concentration. Sucrose level maintained at
normal level in MS medium (3.0 per cent) was found to be the

best for in vitro rooting.

In order to standardise the media and containers
for ex vitro establishment, media such as coarse sand,
»

finesand, charcoal, soilrite and sphagnum moss and containers



such as mud pot, plastic pot, paper pot, polythene cover and

netted pot were used.

Plantlets with at least 2.5-3 cm size (with 3-4
" leaves and two or more roots) recorded 90.0 to 100.0 per cent
survival irrespective of media and containers. Of the
various madia and containers tried plastic pot as the
container and soilrite as the media recorded highest number
of leaves in the transplanted plants at fortnightly
intervals. Both one and two months after transplanting, mud
pot outdid other con@ainers and soilrite outdid other medie
with respect to plant hight. In the case of leaf area at
second and fourth fortnight, plastic pot and at third
fortnight polythene cover was found to be the best containep.
and soilrite was the best medium at third fortnight onwards.
The containers showed no significant influence on petiole
length at second ‘and fourth fortnight but at second fortnight
onwards medium scilrite recorded maximum petiole length. The
plants grown in polythene cover with media soilrite recorded
éaximum number of roots and length of roots at two months
after transplanting. So it is evident that among the media,
soilrite was the best for ex vitro establishment of anthurium
plantlets but conteiners showed no uniform response with

various growth factors.
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