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INTRCADUCT ION

Vegetative propagation ensures genetic uniformity
aldng the progeny and is preferred to seed propagation for
the multiplication of heteroszygous genotyves having superior
traits. MNevertheless, a mumber of the important horticultural
crops of Kerala, in spite of being cross pollinated, are
propsgated through seeds. Methods of vegetative onropagation
like air layering, rooting of cuttings, budding and gréfting
are possible in severzl species; but are generally cumbersome
and do not have commarcial feasibility, except in the case of
crops like céshew, jack, mango and pepoer.

There has been an increasing interest in recent
years in the application of tissue culture technigues as an
alternétive me3ns of asexual propagation of economically
important plants. The exploitation of the concent of
totipotency (suggested by Haberlandt, 1902) has progressed
from a future possibility to a rapidly expanding reality as
is evident from the number of epecies now being successfully
propagated through tissue culture.

Even in cases where conventional methods of
vegetative propagition have reached commercial acceptability,
tissue culture technigques have been shown to have definite

advéntages 8 they ensure an extremely rapid rate of



multipliication which is not season-devendent and require

only &2 limited quantity of vlant tissue as the )initial explant.
Tissue culture techniques also can aid in the procuction of
disease-free vlints &nd in the cryopreservation of germplasm.
Tissue culture mediated genetic mocifications serve as
complementsry to the conventional plant breeding methode to

a grast extent.

Moet of the species that ere currently being
propegated through tissue culture are herbaceous horticulturel
crope. The commercial adoption of micropropagation, ssvecially
in woody perennizle, devends to a large extant on solving the
problems related to culture esteblishment, nolyphenol oxidation,
influence of the physiclogical age of the explant, systemic
presence of dcthogens, and planting out. Long term evelustion
of the field nerformance of the tissue cultured plante is

also regquired.

Attenpts for standardising tissue culture Procecures
have not been made for most of the important horticultursl
crops of Kerala. The present investigetions, therefore, aimed
at standardising tissue culture techniques in soms of these
crope, nsmely, jeck, mussaendsa, breacdfruit, pepper n.nﬂ
nutmeg. Detailed investigitions were mesde for standardising
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the techniques for jack (Artocerpus heterophvlius Lam.)

and mussaenda (Musggagnds grythrovhylla Schum. & Thonn.).

In the case of breadfruit (Artocarpus altilis L.),

pepoer (Piper alirum L.) and nutmeg Myristice fragrens Houtt.),
preliminary studiez were mede to understcind the in vitxe
behaviour of the exPlants.
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REVIEN OF LITERATURE

The concept of totipotency, which is inherent in
the cell theory of Schleiden (1838) and Schwann (1839),
is the basis for plant tissue culture. In 1902, Hsberlandt
suggested the use of embryo sac fluids for inducing
divisions in vegetative cells and the culture of isolated
plant cells, and prophesied that ‘srtificial embryos' could
be grown from isolated mature plant cells. Since then,
plant tissue culture has evolved as a powerful research tool
in fundamentzl and applied aspects of Agriculture, Horticul-
ture, Forestry and drug manufacture.

Widespread successes with plént tissue culture
were reported after the discovery of auxins and cytokinins
and after the revelation by Skoog and Miller (1957) that
regeneration of shoots and roots in cultured cells could be
manipulated simply by varying the proportions of these
growth substances in the nutrient media (Murashige, 1982).
The pioneering experiments of White (1934, 1939), Gautheret
(1938) , Mobecourt (1939), Reinert (1958), Steward gt al.
(1958) and Morel (1960) are often cited as the landmarks
in the developmental phase of nlant tissue culture. |

In the early experiments on plent tissue culture,
the basic nutrient medis were often surplemented with
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complex mixtures of maturzl origin {(cocomit milk, yeast
extract, fruit juice etec.) in order to obtain optimal
growth and to induce organogenesis (Steward gt gl., 1958;
Hildebrandt, 1963; Vesil and Hildebrandt, 1966; Butenko,
1968) Street, 1969). Most of these media were modifications
of the formulations used by White (1932, 1939), Gautheret
(1939) and Hildebrandt gt gl. (1946). The first mejor
completely defined nutrient medium was developed by
Murashige and Skoog (1962). Most of the nutrient media now
being ‘nud for tissue culture are chemicelly defined and
can be easily adapted to various uses and needs by sglight
modifications (Vasil and Vagil, 1980).

Swatnl aspects of tissue culture are currently
being appolied to Agriculture. By far, the best commercial
application of tissue culture technigques has been in the
production of clonal plants at 8 very rapid rate compared
to the conventional methods. Such plants are reported to
grow faster and to mature earlier than seed propagated
plants (Vasil and Vasil, 1980).

According to Murashige (1974) there are three
poseible routes available for \n vitro propagule
multiplication: (a) enhanced release of axillary buds,

(b) production of adventitiocus shootes through organogenesis
and (c) somatic embryogenseis. Callus mediated somatic



organogenesis is not recommended tér clonal propagation;
but may be ideal for recovery of useful variant lines.

In shoot tip culture, genetic uniformity is favoured.
Somatic embrycgeneeis is limited to a few species but
results in the most rapid mode of plant regeneration (Evans

at al., 1981).

Currently, in yitro clonmal propagation procedures
have been stancdardised for a number of important plant
species. Excellent reviews on the subject have been made
by Mursshige (1974; 1978), Vasil and Vasil (1980), Hu and
vang (1983), Styer and Chin (1983) and Sharp gt al. (1984).
The orchid industry now relies almost exclusively on tissue
culture to propegate orchids that are difficult to breed.
The greatest success using this technique has been achieved
in herbaceous horticulturzl species (Hu and wWang, 1983).
Compared to herbaceous plants, the micropropagation of
woody species lags behind. Woody or tree species of
angiosperms and gymnosperms have proved to be rather difficult
to culture and regenerate. Success in obtaining viable

plantlets from mature trees has been more recent (Bonga, 1982).

All species in which organogenesis and plant
formation can be achieved jin yitrg may not be suitable for
large scale clonal propagation (Vasil and Vasil, 1980).



Por some species the process is too expensive, the rate

of multiplication slow and the mortelity of plants at the
time of their transfer to g0il high. Genetic variation
may sometimes take place in the clonal population of plants
as a result of aneuploidy and volyploidy introduceé during
cell proliferstion in vitro (Mursshige, 1974).

Not much attempts have been made on the ip yitre
propagation of jack, mussaenda, breadfruit, pepoer and
nutmeg. With a few exceptions, the tissue culture procedures
for trees and woody plants are similar to those for other
plants. Hence, the present review deals with other crops
to cover various aspects of Apn Yitro propagation, factors
influencing success of in ¥Yitpo propagation, in yitro
rooting, cytology and morphology of regenerated plantlets
and the planting out of the plantlets.

I. Routes of Ain vitro propagation
A. Enhanced release of axillary buds

Morel (1960) was the pioneer in applying szhoot
tip culture as a tool for clemal multiplication. In
addition, he could standardise a procedure to render the
orchid, Cymbidium free of virus. Since then, in yitreo
clonal multiplication gained momentum. The greatest success
using this technique hse been achieved in herbaceocus



horticulturzl species. This success has been partially
due to the weask apical dominance and strong root regenersting
capacity of many herbaceocus plants (Hu and ¥Weng, 1983).

Wickson and Thimann (1958) discovered that
cytokinins could release the lateral buds from apical
dominance. In the presence of a cytokinin, the dormant buds
of a vegetative apex 8re stimulated to grow and to elongate,
as are those that form on the new axis. This £inding wes
effectively utilised for large scéle clonal propagation in
stravberry by Boxus (1974). This work was a significant
contribution for the development of the most widely used
tissue culture procedure for clonal propagation of plants
(Hussey, 1980).

There are only preliminery reports on the apoli.
cétion of shoot tip culture for the micropropagation of
Jack (rtocarpus haterophyllug Lem.). Raso gt al. (1981 b)
and Doreswamy (1983) were successful in inducing multiple
shoots from the sghoot tips of mature jack trees when
cultured on MS medium supplemented with a cytokinin and
an auxin (BA 30.0 ppm + IAA 0.5 to 5.0 ppm or 2 4P 30.0 pom »
NAA 1,0 ppm). Only chance rooting of shoots occurred in
their attempts to induce Apn Yitre rooting, using medium
containing IBA and NAA (0.1, 0.5, 1.0, 5.0 and 10.0 ppm).



Yie and Liaw (1977) established papeya
seedling shoot tips in Yitrgo and cbtained proliferative
growth on NS medium conteéining 0.3 /M IAA and either 23 AM
kinetin or 2.2-4.4 /aM BA, Litx and Conover (1977, 1978)
developed @ procedure for establishment and culture of excised
shoot tips from field grown, mature papaya. Shoot tips were
cultured on estzblishment medium consisting of MS basal medium
with 87.6 md sucrose, 47 M kinetin and 10.8 4N MAA. Enlarged
explants were subcultured after two to three months on shoot
proliferation medium (NS medium with 2.2 /aN BA and 0.54 AaM
RA%4) . Bstablishment time and rate of proliferation were both
dependent on the age of the stock plants, the time of the
vyear. the sex type and the presence of bacterial/viral
contaminants (Litz and Conover, 1981). The steminate plants
responded more rapidly than the pistillate plants. Explants
from stock plants during active period of growth respronded
the best. The rate of proliferation wes cbserved to be seven
to eight fold between the subcultures. The ability of the
cultures to maintain proliferation was lost after eight to
thirteen subcultures. Pandey and Rajeevan (1983) obtained
prolifically growing shoot cultures when the shoot apices of
papays seedlings of the verieties Ranchi Selection 1.45D and
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Coorg Honey Dew, cultured on MS medium supplied with NAA

S /M and kinetin 50 /sM (establishment medium)were transferred
after a period of thres months to the same basic medium

with NAA 0.5 &M and BAP 2.% A4M (proliferation medium).

The esteblizshment period coulé be reduced to two weeks when
the kinetin level was doubled in the estéblishment medium.

Ms and Shii (1972) reported the in vitro formation
of adventitious buds in bananas shoot apex following decspita-
tion. Berg and Bustamsnte (1974) could recover only s single
plant per excised shoot apex while attempting the micro-
propagation of banana. The applicadbility of the excised
shoot tip culture techniqus t© a number of banana clones was
asserzed by de Gusman gt 8). (1976). Krikorian sn? Cronaver
(1984) could induce multiple shoote by releasing dormant
buds at the leaf hases. Subculturing could be carried out
from the proliferating mass of shoote. Protocorm-like bodigs
vere formed at the mewly formed shoot bases which, in turn,
produced multiple shoots. Jarret gt al. (1985) initiated
shoot tip cultures of two clones of banans (Sabe and
Pelipita) on a modified ME medium supplemented with 3 mg/l
BA and 1 mg/)l IAA. Propagation cultures were initiated by
splitting shoot tipe along their longitudinal axis and
reculturing the individual pieces on bas2l medium supplemented
with S mg/1 BA,
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Enhanced release of axillary buds from the shoot
apices of Carrizo citrange wes induced by Kitto and Young
{(1981) using a medium consisting of Knop's macro nutriemts
and organic growth factors anéd M5 micro nutrients,
supplemented with 5.0 mg/1l BA, Barlass and Skene (1982)
observed that the optimum concentration of BA was 10 mg/l
to induce multiple shoot formation from the explants of
various Citruse spp, and hybrids.

Initisl attempte on micropropagation of pineapple
{Ananas comogus) were made by Lakshmi Sita gt al. (1974),
Teo (1974), Pannetier and Lanaud (1976) and Mathews gt al.
(1976) . Mathews and Rangan (1579) found that the basal
medium of MS supplemented with 1.8 mg/l RAA, 2.0 mg/1l IBA
and 2.1 mg/l kinetin wasz suitable both for establislment and
proliferation of shoots. About 75.7% of the cultures recorded
a proliferetion rate of 4.5 shoots. Drew (1981) could induce
30 to 50 multiple shoots within a veriod of one month when
the oxplant. wae cultured on M8 medium containing 2.5 mg/l
BA and 1.9 mg/1 RAA., Shoots from the proliferating cultures,
cut longitudinally to four segments, could also be regenerated.

A novel method for rapid multiplication of grzpes
(Yitis vinifers) involving the induction of adventive buds
from fragmented apicil meristem explants was described hyv
Barlass and Skene (1578). In a period of two weeks, four
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fold proliferation of shoots occurred at the basal end of

the lezf like structures originating from the apical
fragments., The chemical and physicel parameters for sghoot
production have been revised and optimized for several
cultivars and species (Xrul and Mowbray, 1984). Nodal explante
of grapes were also used for in yitro multiple shoot produ-
ction (Mulline gt al., 1979).

Proliferation of apnle shoots in vitxo, followed
by rooting of these shoOts, was accomplished by Abbott and
Whiteley (1976). Meristem tips were excised from seedling-
and adult-phase trees of Cox's Orange Pippin and cultured oOn
NS medium with gimplified organic constituente, mo auxin,
and 0.% - 4.6 AN kinetin., Most of the subsequent work with
apples used Bh as the cytokinin (Zimmermzn, 1984). Jones
(1976) rcportod‘ the striking effect of phloridsgin and
phloroglucinol on proliferation of M.7 and M.286 rootstock
shoots. Shoot proliferation occurred on a modified M5 medium
containing BA and IAA; addition of phloridzin or shleoroglucinol
increased the number, length and weight of shoote, whereas
elimination of IAA stopped proliferation. An Ap yvitro
system having the potential of producing 60000 shoote in
eight monthe from a single shoot apex of M.26 apple rootstock
was proposed by Jones gt 3l. (1977). Subsequent research
extended the technique to numerous other rootstock and scion
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cultivare (James and Thurbon, 1981; Werner and Boe, 1980;
Norton and Boe, 1982; Simmerman, 1984). Snir and Eres (1980)
found no response to phloroglucinol in their cultures.

The most effective cytokinin in stimulsting shoot prolifera-
tion in apple cultivers was found to be BA, the least
effective being 2 4P, Kinetin was found to be intermediste
in its effectiveness. HOwever, the effect of these on shoot
elongation was in the reverse order (Lundergan and Janick,
1980). The shoots produced at the most effective concentrations
of bA (13.2-22.2 4k) for proliferation were found to be
stunted. Normmsl growth could be obtained by transferring the
cultures to medium containing 4.4 M BA and 4.9 AN IBA,

Anderson (1980) perfected tissue culture propagation
procedure for rhododendron. He observed that the explente
4i¢ not respond to their maximum potentizl when grown on
M5 medium. They were apparently affected by general salt
toxicity as shown by foliage chlorosiz and browning of the
stems. Anderson found it necessary to modify the MS formula
by reducing the ammonium nitrate and potassium nitrate to
approximately 1/4 strength and by adding twice the strength
of ferrous sulphate and Ns, EDTA. These changes dramatically
improved the propagule multipliec:ztion and culture heslth.

The £irst report on rapid clonal multiplicastion
of pomegrantte (Punice granatum) from mature trees by tissue



14

culture was mede by Gupts gt al. (1981). 1In another study

by Mascarenhas gt al. (1981) on two varieties (Ganesh and
Muszcat) of mature pomegranate trees, multiple shoot formation
was obtained on MS medium containing 500 mg/l casein
hydrolysate, 0.5 mg/l kinetin and 1.0 mg/1l BA. However,
elongation of shoote &id not take place on this medium.
Trensfer to a medium with lower casein hydrolysate (100 mg/l)
with same concentrations of cytokinins brought about elongation.
Under these conditions, the leaves turned bright green and

the shootsz glongated.

The pioneer work on the application of in vitro
techniquee on coffee m spp.) wae publiched by
Staritsky (1970). However. the first report on snhanced
release of axillary buds was made by Custer gt al. only in
1980. When nodal explants of aseptically grown 3-month old
coffes arabice plants were cultured on ME medium supplemented
with 44 /aM BA and 0.6 A IAL, shoot development occurred on
the average of 2.2 per node after two to five weeks, Similar
techniques have been used by Dublin (1980) with Arsbusts plants.
Shoot development was Observed in medium supplemented with
malt extract (400 mg/l) and BA (4.4/uM). Kartha gt al. (1981)
induced multiple shootz in isolated apical meristems from
seedlinge of Coffed axahica cov. Caturra Rojo and Catui,
cultured on M5 medium containing 5.0-.10.0 AM BA or Zeatin
and 1.0 AN NHAA,
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Multiple shoot formetion wvae reported by Kadguuda
at al. (1983) from in vitre grown cardemom (Rlettaria
sardamomum) shoot tips. Young sprouted buds were excised and
cultured on M5 medium supplemented with 0.5 mg/1 BA, 0.5 mg/1
kinetin, 2.0 mg/l1 IAA, $.0% coconut water, 0.1 mg/l calcium
pantothenste and 0.1 mg/l biotin. The bude grew to a length
of over 40 mm in eight weekse. Shoot tips from elongated buds
or rooted plantlets, when excised and transferred to the same
medium, gave rise to multiple shoots. Kumer gt al. (198S)
reported the direct formation of shoote from the immature
panicles (measuring 0.5 to 5.0 cm after initiation) of cerdamom,
on MS medium supplemented with 0.5 mg/1 MAA, 0.5 mg/1 kinetin,
1.0 mg/1 BA, 0.1 mg/l calcium pantothenate, 0.1 mg/l folic
acid and 10% coconut water. The ghoots, when subcultured on
NS medium containing 2.0 mg/1l WhA and 0.0%5 mg/l kinetin, and
incubated in dark for five days, formed roots.

Meristem culture techniques, as first avplied to
cassava (Mapihot gasculgnts) cultivars, employed the M5 medium
containing vitsmins as in the BS medium (Gamborg gt al., 1968),
supplemented with NAA, BA snd GA at 1.0, 0.% and 0.1 AN,
respectively (Kartha gt gl., 1974). Later, it was observed
that BA was the cytokinin best suited for plant regeneration
in the presence of KAA and GA, and that GA hed a stimulating
effect on shoot growth from meristem cultures (Nair gt al.,
1979). The use of upto 0.3 4aM BA promoted shoot initiation
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and growth. Further increase of BA concentrétion retarded
shoot growth, inhibited rooting and stimulated callus
formation. Addition of MAA to this medium further enhanced
callus growth and rooting in some varieties (Rocz, 1984).
Mgristem tips cultured in NS medium with 0.05 /uM RKAA and
increasing concentrations of BA graduslly develoned into
rosette cultures, with shortened shoots 2nd many nodes

(CIAT, 1979). FRurther growth of the axillary bude at each node
ogccurred when the concentration of BA was reduced to 0.25 &M
in the presence of 0.1 /4M GA and 0.1 aM NAA in rotated liguid
M5 medium. This gave rise to multiple shoot cultures. It was
founé that sucrose interacted with BA in meristem culture

of cessava (CIAT, 1980). At low BA concentrations, shoot
elongation was practically doubled when sucrose was increased
from 0.03 - 0.06 ANM.

Chaturvedi gt gl. (1978) presented a oreliminary
report on the propagation of bougainvillea (Bougainvilles
glebhra) by tissue culture. Sharma gt al.(1981) could induce
an average of ten shoots from the shoot apex of B, glabre
‘Magnifica’ cultured on 2 basal medium supplemented with
0.5 mg/1l BA and 1.5 mg/1l IAA.

- Tissue culture of Rucalyptus spp. has been described
by Aneja and Atal (1969), de Fossard (1978), LakshmiSita (1979%),
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LakshmiSita and Vaidyamsthan (1979) and Hartney and

Barker (1980). However, in all these studies, organogeneeis
was cobtained only from juvenile seedling tissues or embryos
and not from tiscues of mature trees. Gupta gt al. (1981)
described for the first time the propagation of mature trees
by tissue cﬁltm. Multiple shoots were obtained from
terminal buds of 20 year-old trees of Bucelvptus citriodora
on MS medium supplemented with calcium pantothenate (0.1 mg/1)
BA (0.3 mg/1) and kinetin (0.2 mg/l). Incubation at 18°%
with continuous {llumination followed by growth in agitated
liquid culturees was essential for inducing shoot development
in the primsry terminal buds. These treatments were not
necessary in later subcultures or with explants from seedlings.
In the same experiment they observed that at the higher
cytokinin levels tried the buis turned brown within a week.
Gunta gt 2)l. (1984) formulated a practical estimate of
producing over 50,000 plants from a sgingle explant in an

year through the enhanced relsase of axillary buds.

Micropropagation of teak (Tectona grandis) was
attempted by Gupta at al. (1980). They could induce multiple
shoot formation from excised seedling explants as well as
from excised terminal buds of 100-year old trees on M8 medium
containing 0.1 mg/l BA and 0.1 mg/l kinetin. Buds were
cultured on a primery MS medium (without growth substances but
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with 2% sucrose) for three to four weeks, after which they
were transferred to the liguid M5 proliferating medium with
continuous agitation and illuminstion (1000 lux). Shoots
obtained on this medium were excised and induced to root on
a low salt medium containing three auxins. Nodal explante
from these rooted shoots were subcultured on fresh medium
with 0.5 mg/l1 kinetin and 1.0 mg/1l BA where they proliferated
to form multiple shoots.

Vegetative propsgation of various palm species
through tissue culture methods was attemptad only during the
last decagie. Technigues have been standardised for oil valm
(Jones, 19743 Corley gt gl.. 1976y Rabechault and Martin,
1976), dete pelm (Tisserat, 1979; 1981) and coconut (Blake
end Beuwens, 1981; Raju gt al. 1984). The technique developed
by Jonss (1974) is being used on a pilot scale for production
of oil palm plantinj material in Malaysia (Choo gt al., 1981).
All ths published work on palms showed the initiation and
multiplication of tallus followed by shoot or embryoid
regensration or direct embryogenesis. While meristem
proliferation is the preferred technique for propegation of
moet plant species, this has not so far been proved poscible
with pelms, Blake and Beuwens (1980) obtained shoot like
gtructures, with no intervening callus stage; but these

structures did not develop into plantlets. Segments of



19

rachillae, when excised and grown on suitable medium,
developed shoot like structures having active growing points
which continued to form a series of leaves or bracte (Blake
and Eeuwens, 1981). The number of shootlets was incressed
when the cultures were grown on 2 liquid medium. Addéition
of coconut water to the medium was beneficial. Wwhen coconut
water was omitted, ite effect could be replaced by

5 x 107% BA, 2.5 x 107" GA and 4-5% sucrose. Growth in
the dark was better then in the light and a temperature of
30 - 32?0 wag optimal. Selection of segments of the
rachillae from inflorescences when the cuter spsthe length
ranged from 30 mm to 830 mm gave the maximum number of
shootlets. After three weeks, the shootlets were placed on
a root inducing medium conteining 1073M to 107% MAA. After
a further three we=ks, they were transferred to a low auxin
medium to encourage the root initials to grow out. When
root induction ogcurred, an organised shoot apex could not
be maintained., Seedling apices were successfully cultured
on Y3 medium (Beuwens, 1976) by Blake and Beuwsns (1981).
Cores were removed from the centre of coconut seedlings and
culturad. Normal shoot growth was achieved by the addition
of a low level of auxin (10"711) « Much greatsr growth was
obtained on additicn of 0.25% activated charcoal to the
mediun when 10"5!4 auxin gave the best growth. Roots were
formed at the base of the shoots when transferred to a medium



gontaining 2.5 x 10~4M MAA, with charcoel. The plantlets
could be finally established in the soil.

B. Somatic organogenesis/embryogenesis

Generally, a high concentration of auxin and a low
concentration of cytokinin in the medium promote abundant
cell proliferation with the formetion of callus (Skoog and
Miller, 1957). On the other hand, low auxin and high
cytokinin concentration in the medium result in the induction
of shoot morphogenesis. Auxin, alone or in combination with
a very low concentration of cytokinin, is important in the
induction of root primordia. Somatic organogenesis cen be
direct or callus mediated (Bvans gt gl., 1981) and is useful
in indueing genetic veriability or to recover pre-existing
natural genetic variebility. In either case., regenerated

variants can be used to complement the extant veriability.

Somatic embryogenesis was first clearly described
in carrot (Reinert, 1959; Halperin and Whethersl, 1964).
It is seen limited to a few species; but results in the most
rapié¢ mode of plant regeneration (Evans gt al., 1981).
There ars two routes to somatic embryogenesis, as described
by Sharp gt al.(1980). The first is the direct embryogsnesis
where embryos initiate directly from tissue in the absence
of callus prolifaration. The second is the indirect
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embryogenesis where some cell proliferstion is required.
A primary medium with an auxin source and a gecondary
medium devoid of growth substances, both containing a
substantial supply of reduced nitrogen was found to be
essential for inducing somatic embryoids (Ammirato, 1983).
Reviews on somatic organogenesis and embryogenesics were
published by Murashige (1978), Sharp gt al. (1979), Vesil
and Vaeil (1980) and Styre and Chin (1983).

Rao gt al. (1981 b) observed callus production when
gshoot tip explants from mature jack trees were cultured on
MS medium containing Iax (0.1 ppm) alons or in combination
with BA (2.0 ppm). However the cellus failed to differen-
tiate intc shoot/root. Callussing could be obtained from
inflorescence primordia also., Callusz induced from hypocotyl
segments differentiated into shoot buds when cultured on
MS medium conteining IBA or NAA (1.0 ppm) and BA (2.0 pom).

Cellus formation from different types of papaya
explants has been reported by sever:l workers (De bBruijne
at al., 1974; Yie and Liaw, 1977y Litz and Conover, 1981).
Callus induction from midrib explants ané vein tissues
occurred with 1.3-8.8 AN BA and 2.7-16.2 AM HAA (Litg
at al., 1983) while callus induction from lamina explants
required higher concentrations of NAA (6.5 - 27.0 M)
and BA (2.6 - 13,2 aM). Adventitious roots were formed from
midrik callus of papayz cotyledons on MS medium with
0.5 - 81 AM NAA 2nd 0 - 2.2 /M BA. Adventitious meristems



were formed from both lamina and midrib callus on culture
media containing 0 - 1,1 pn‘m and 0.2 - 4.4 oM BA, Pandey
and Rajeevan (1983) could induce good callussing from stem
segments of papiya seedlings of the varieties Ranchi
Selection 1-45D and Coorg Honey Dew (grown in the summer
months) in BS medium supplied with NAA 25 4M and kinetin

10 AM. Large quantity of cellus was produced from the explants
of the in yitro formed roots also in BS medium supplemented
with NAA 10 - 15 AIM and kinetin 10 AM. Eu and Teay (198S)
couléd induce casllus from papays anthers containing microspores
in tetrads to early-binucleate stages by culturing on half-
strangth MS medium, with full-strength of Na Fe EDTA,
supplemsnted with 2.0 ppm MAL, 1.0 ppm BA and 6.0% sucrose.

De Bruijne gt al. (1974) described the formation

of somatic embryoids from papeys céllus derived from seedling
petiocle segments, following & three-stage procedure. Yie and
Liaw (1977) demonstrated a two-stage procedure for induction
of somatic embryogenesis in callus of seedling stem origin.
Litz and Conover (1983) described the induction and control
of high frequency somatic embryogengsis from ovular callus.
Embryogenic ovular callus cculd be induced on M5 medium
containing 60 g/1 sucrose and 2.0 mg/1l 2,4-D. Maturation and
germination of the embryoids occurred in the absence of
growth substances. 8u and Tsay (198%5) reported the formmtion



of haploid plantlete and pollen~derived embryoids from

anthers cultured at the uninucleate stage on 3.0% sucrose

containing M5 medium without a2ny growth substance, at low
light intensity.

Grinblat (1972) using Citrus medurensis and
Chaturvedi and Mitra (1974) using Citrue grendie obtained
callus from stem explants tiéken from young seedlings grown
under laboratory conditions. Grinblat regenerated pleants
from callus attached to the original explants while Chaturvedi
and Mitra developed plantlets from subcultured callus.
Plantlets were regenerated from callus, induced from juice
vesicles (Kato, 1980) and root explants (Sauton gt al., 1982)
of Citrus spp. Maheswari and Rangaswamy (1958) described
the induction of scmatic embryos from polyembryonic citrus
nucellar tissue in yitro. Rangen gt al. (19568) observed that
somatic embryogenesis could be induced in yitro from the
nucellus of three monocembryonic Citrus cultivers. Plantlet
formetion via gsomatic embryoide induced from the nucellar
callus of Citrus spp. was also reported by Bsan (1973),
Kochbs gt al. (1974) and Juarex gt al. (1976).

In mango (QMapgifera indice). Rao gt al. (1981)
reported the induction of callus from cotyledon tissue and

root regeneration 6n MS medium containing NAA (5.0 mg/l1),
kinetin (2.5 -~ 5.0 mg/l) and coconut water (150 mi/1).



Callue induction oegcurred two weeks after inoculation.
Growth was found tO be better in the cultures mainmtezined in
the dark than in those under light. The callus was dark
and compact. Distinct lobes were formed in one-month old
cultures. Root initials developed during the second week
and they were positively geotropic, somewhat flat and tapering
at the top. RoOt caps were present; but root haires were
absent. Shoot development was not cbserved. Litz (1984)
demonstrated the regeneration of somatic embryoids of
monosmbryonic mango cultivares from nucellar explants. Litsg
(1985) induced large number of somatic embryoids from the
nucellar explante of polyembryonic mango cultivars. In the
above two cases of somatic embryogenesis in mengo cultivare,
the nucellar explants were first cultured on & modified M8
medium supplemented with 0.5 -~ 2.0 mg/1, 2,4-D for the
induction of embryogenic callus and embryocids. They were
then subcultured on MS medium without growth regulators for
the germination of the embryoids formed.

In pineapple, Mathews and Rangan (1979, 1981)
reported shoot formation from callus developed at the base
of excised lesves and shoots. In the former study, callus
initiation, followed by shoot bud regeneration, was obsern}!
on M5 medium supplemented with 1.8 ppm MAA, 2.0 pom IBA and
2.2 ppm BA., In the latter study, callus was initiated from



in yitro grown shoots on M8 liquid medium containing

5.4 prm NAA, 5.2 ppm IAA 2and 2.1 ppm kinz=tin. Shoot
regenaration could be obtained on a number of media including
MS, without growth substances or with various combinations

of growth substances. Rao gt al. (198ls) reported shoot and

root regeneration from callus vroduced from hybrid seedlings
grown in yitro.

Morel (1945) was the first to r=port on the
production of cellus from stem explants of graves. Production
of cellus cultures from explants of stem tiscues (Staudt
at al., 1972) and immature berries (Hawker gt al., 1973)
has &lso been reported. Rajesekharan and Mullins (1979)
procuced viable somatic embryos with diploid genomes from
callug. Somatic embryoids have been obtained from unfertiliged
ovules (Mullins and Srinivasen, 1976), immature stems, flower
clusters and young leaves (Krul ané wWorley, 1977) of a
Vitis spo. hybrid and petiole and lesf interveinal explants
of Vitig epp. (Pavre, 1977).

Callus procduction from several plant parts of apple
hes been revorted (Mu gt al., 1977; Schneider gt sl., 1978;
Fukui gt gl., 1981). ©Differentiation of roots and leaves
from callus was observed by Mu gt al. (1977). Chen gt al.
(1979) obtained plantlets regenerated from the callus of



explants from M.9 rootstocks. Callus was induced from
stem segmentz on MS medium containing 2.2 M Bia, 10.7 M
NAA and 100 mg/l casein hydrolysate. When the callus was
transferred to a similar medium without NAA, shoote
differentisted. These shoots were then rooted in yitro

on a medium containing IBA. Differentiation of callus
(derived from seedling tissues of Golden Delicious) into
leaves, shoote and roots was reported by Mehra and Sachdeva
(1979) and Liu gt gl. (1%81).

Hair gt gl. (1984) succeeded in inducing adventitious
buds from excised leaf explante of custard apple (Annona
aguaposs L.) ceedlings pm Medium containing 0.5 mg/l BA
and 0.5 mg/)l kinetin. Various suxins in combination with the
above mediumr produced cidllusing of ths explants. Maximum
number of shoots were obtiéined using the leaf base with
petiole at a temperature of 27°C and a light intensity of
1000 lux. Roots were initiated erratically when individual
shoots were trested with an suxin and then transferred to an

auxin-free mediunm.,

The pioneer work with coffee tissues was published
by Staritsky (1970) who succeeded in inducing callus from
shoot explants of Coffes spp. However, somatic embryos and
plantlets were obtained only from C, ganephora. Callus

formation and organogenesiz from variocus explants of Coffes spp.
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cultured in yitro have been reported by several workers
(Sharp ot al., 1973; Monaco gt al., 1974; Crocomo gt al.,
1975). Somatic embryos were obtained at high frequencies
from mature leaf cultures of Coffes arabica (Sondahl and
Sharp, 1977). Sometic embryogenesis from cotyledonary leaves
of G, arabick cv. Mundoc Novo wes described by Sondahl gt al.
(1988) .

Callus hasz been induced from stem, petiole, leag
and root sectiones of caseava (Bskes gt al., 1974; Prabhudessi
and Merayamaswamy, 1975; Parke, 1978; Rey and Fernandez, 1980).
In general, stem sections seemed best suited for cellus
induction (Roca, 1984). Rapid growth of callus was achisved
with a combination of 5.0 - 13.0 M 2,4-D and a cytokinin
(2.0 - 8.0 fa). Root formation in callus culturees was
obtainad when MAA was used as the auxin., Liu and Chen (1978)
observed cellus and root formmtion from anthers cultured on
M5 medium supplemented with BA and NAA. Somatic embryos and
whole plante have been regenerated using cotyledonary
explants from mature cassave seeds (Stamp and Henshaw, 1982).
The highest frequency of embryo formation occurred at high
concentration of 2,4-D (20 /M) while embryo development was
enhanced at lower concentration (0.05 4AM) and with the
sddition of BA (0.5 AM).



Callus cultures were established from tissues of
coconut (Apavatjrut and Blake, 1977; Beuwens, 1578;
Pisher and Tsai, 1978). Blake and Beuwens (1981) obs=rved
that development of coconut callus was dependent on the
addition of activated charcoal (0.25%) to a medium with a
high level of 2,4-D (107%M to 10"3). Branton and Blake
(1983) reported success in producing a clonal plantlet from
root callus cultures. Pannetisr and Buffard-Morel (1982)
could induce somatic embryos in the leaf callus. However,
further developrment of the embryos wae not possible. Raju
at al. (1984) produced for the first time, clonal plantlets
through direct somatic embryogenescis from leaf explants
without the intervention of a céllus phase. Gupta gt al.
(1984) observed globular o-btyo like structures, formed
directly from lesf explants, on Y3 medium supplemgnted with
2,4-D. Monfort (1985) could obtain embryoids from coconut
microspores. The embryoids were formed when the anthers were
cultured for twenty weeks on Picard and de Buyser medium
supplemented with activated charcoel, TIBA and glutamine,

II. Pactors influencing success of in yitro propagation
A. Explant

l. 8ize

The size of the explant determines the survival

of the culture, When tissuesr are cut, the cut surfaces turn
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brown due to the oxidation of phenols to toxic quinones in
the damaged cells (Monsco gt al.., 1977). When the explant
sige is small, the cut surfaceivolume ratio is high and
there will be difficulty in the survival of the explant. In
cassava Xartha and Gamborg (1975) demonstrcted that only
explante exceeding 0.2 mm length formed complete plants.
Those less than 0.2 mm produced either callus or roots.
Mellor and Stace - 8mith (1877) observed that meristems of
potato less than 0.3 mm long 4id not root anéd buds more than
0.7 mm long were prone to infection. 1In meristem culture
for virus elimination, explants of 0.1 - 0.5 mm are used
(Hussey, 1978). Trin Thanh Van and Trinh (1978) developed
the concept and methodology for achieving in yitro morphogenesis
in thin cell layers.

2. Bud location

In Chrysanthenup meristem culture, Hollings and
Stone (1968) observed that the success rate of explants from
terminzl buds wés 32% whereas that of explants from laternal
buds was only 18%. According to them, the terminal buds
had stronger growth potential, as they were in a younger
stige of development, than the lateral ones. Hasegawe (1979)
obeerved that a higher vercentage of shoot tip explants of
roee developed multiple shoots than the explants from lateral
buds,
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3. Age

During the maturation process of plant, several
physiological changes teke place that influence t_:hc in m
behaviour of the explants (David, 1982). This effect has
been demonstrated in the ability of the explants to form
adventitious and axillary buds, in the rate of shoot elongation,
and in rooting. Because of the decressed morphogengtic
ability of mature meterial, it has not been generally possible
to apply the techniques developed for juvenile materisl to mature
plants. Bonga (1982) found it important to select the most
juvenile tissues, as within the trees, there were tissues in
which juvenility was better maintained than in other tissues.
Somatic rejuvemation occurs maturally or can be experimentally
induced in some tissues in mature trees. The rejuvemation
may progrests tc a point where the tissues become capable of
organogenesis or embryogengsis. Boulay (1979) propagated
Seguoia ssmparvirens more than 50 yedrs old, by using explants
from stump sprouts., Tissuee can be rejuvenated or at least
invigourated by using stump sprouts at bole of the tree
(Boulay, 1979), by grafting scion on to juvenile rootstocks
(Goublay de Nantois, 1980), by sdopting in vitre procedures
using auxins, cytokinins and gibberellins, by a sequence of
selected treatments (Bonga, 1981) or by 2cclimatizing plants
to 4in vitro conditions before explants are teken (Durzan, 1984).
Such rejuvenation or invigouration usually meke the explants
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to respond better. Durand -~ Cresswell gt al. (1982)
developed an elongation medium for shoot tip explants from
th", juvenile sprouts of Rucelyptus gunpnii to stimulate
elongation of the shoots and to obtain a favourzble leaf
morphology. Gibberellic acid (1.0 mg/l) and activated
charcoal (15.0 g/1) were the components of the elongation
medium.

B. Surface disinfection

Shoot tips, bude or nodal sections are usually cut
to a size larger than that of the final explant, surface
sterilised and trimmed to the finel size before being
transferred to the culture vessel (Hussey,1939). The most
commonly useéd surface sterilant is sodium hypochlorite. Buds
can be sterilisad with 5% sodium hypochlorite. For softer
tissues, a dilution to lower strength may be needed; but
anything below 0.5% may prove ineffective (Sommer and Caldas,
1981) . The concentration as well as the duration of sosking
may be reduced or increased according tc the need. Forty five
minutes of soaking in 0,5% NaClO was found beneficiel by
Kunisaki (1980). Concentrations ranging from 1% (Minocha,
1980) to 10% (Ruo and Tsay, 1977) have been used. Jones gt al.
(1977) observed that apple shoots, which were readily damaged
by common surface sterilants becime more resistant after a

short period of incubation on a culture medium. Generxally,
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a drop of detergent is added to the surface sterilant. In
the surface sterilisation of spruce shoot tips, the addition
of detergent was found to increase the toxicity of NaCl0 to
the explantg. Alcohol slones or in combination with other
surface sterilants has been used for disinfection (Bonga,
1982) . Mercuric chloride is another commonly used surface
sterilant. Severzl rinses with sterile distilied water are
necessary to remove the sterilants before the excision of
the explant (Bu and Wang, 1983).

C. Culture medium
1, Basal medium

A wide variety of medis hive been reported. The
choice depends on the plant species and the intended use of
the culture. The Murashige-S8koog medium, characterised by
high concentrations of mineral salts hag been widely used for
gener2l plant tissue culturs and specifically for morphogenesis
and plant regeneration (Murashige, 1974). The BS medium which
contéins lower amounts of minersl salts was found to be

preferred by cells of some species (Gamborg and Wetter, 1973).

2. Growth substances

Majority of stage I culture media contains a
cytokinin, BA has been the most effective cytokinin for
meristem, shoot tip and bud cultures, followed by kinetin



(Murashige, 1974). According to Nair gt al. (1979),
2-isopsntenyl adenine has been uced less frequently. A small
percent of stage I media has been reported to be without
cytokinin (Hu and Wang, 1983). In such cazes, they argued
that cytokinin mey be present in the explants, endogenously,
at the required levels. For axilliary shoot proliferation,
cytokinin has been utiligzed to overcome the apical dominance
of shoots and to enhance the branching of latersl buds from
leaf axils (Murashige, 1974). According to Hu and Wang (1983),
the congcentraticn of cytokinin in the Stage II media range
from 4.5 M (in about 75% cases) to 25.0 /44 or higher (in
about 25% cases). A kind of synergism between two cytokinins,
kinetin and BA L hasz been reported in the ipn vitro axillary

bud prolifarszti-n of teak by Gupta gt al. (1980). They

further observz: tixt at higher concentrations of BA (5.0 mg/l)
as well as kinetin (5.0 mg/1), the explants of stage I died.
Lo gt gl. (1980) reported that high cytokinin content wes
deleterious to the initiation and elongation of roots of

both monocgtyledonoue and dicotyledonous plants. Sometimes

the residual cytokinin from stage II cultures wag found to be
high enough to suppress root formation (Ancora gt al., 1981).
For stage I cultures, exogenous auxin was not always needed.
The young £hoot apex has been described as an active site

for auxin biosynthesis (Hu and Wang, 1983). Although exogenous



auxins 40 not promote axillary shoot proliferation, culture
growth has been improved by their presence (wang and Hu, 1980).
One of the possible roles of auxin in Stage II medium is to
nullify the suppressive effect of high cytokinin concentrations
on axillary shoot elongation thereby restoring normal shoot
growth (Lundergan and Jamick, 1980). Too high a concentration
of suxin may not only inhibit axillary bud branching but also
induce callus formation (Hasegawe, 1980). When GA is
supplemented in Stage I cultures its function is primerily

bud elongation (Schnabdrauch and Sink, 1979).

D. Culture conditions

Not much studies have been carried out to reveal
the optime for the culture conditiong such as temperature,
light, humidity etc. which influence the growth and
development of plant materials in culture. Workers in
meristem, shoot tip and bud cultures select &2 constant
incubation tempercture ranging between 24°c ana 26%c. Higher
temperature of 28°C favoured growth and development of
coffee callus cells (Monaco gt al., 1977). Pavre (1977)
found that for orgenogengsis from leaf blades of grapes,

a temperature of 29°C 2nd 12 hours photoperiod were more
favourable than continuocus light. In order to maximise
Ap yitro growth, long photoperiods (12 to 24 hr per day)
have been used (Hu and Wang, 1983). A photoperiod of 16 hr



and a light intensity of 1000 to 5000 lux were found to

be the optims for the ip yitro propagation of strawberry
(Boxus gt al., 1979). Darkness was found to be favourable

for callus growth in apple (Chong and Taper, 1974),

coffee (Momaco gt gl., 1977) and grepes (Rajasekharen and
Mulling, 1981). Air humidity is infrequently controlled
during incubation (Hu and Wang, 1983). Wwhen it is controlled,
70% has been found to bs the most frequent setting.

B. Polyphenol oxidation

Polyphenolic compounds are present in many plénts.
when tiessues Of such plants are injured during dissection,
phenolic compounds will be oxidised by polyphenol oxidases
and the tiseue will turn brown or black. The oxidation
products are known to inhibit enxyme activity, kill the
explant and darken the tissues and culture media. Such
phenomena are serious setbacks in the estéblishment of primery
cultures, esrecislly in woody plants (Hu and Wang, 1983).
Some of the procedures used to overcome this problem are
adféition of antioxidants to the culture medium, presoaking
of the explants in an antioxidant before inoculation,
incubating the primary cultures in reduced light or darkness
for an initial pexriocd and frequent subculturing of the
explants intc fresh mediuwm. IXIchihashi and Kako (1977)
could control the browning of Cattleya shoot tipe by the
addition of an antioxidant into a liquid medium in stationary
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condition. Stevenson and Harris (1980) reported reduction
in the discolouration of agar medium with PVP-10 (0.01%)

in Fuchsis shoot tip cultures. Gupta gt al. (1981) observed
during the initial shoot tip culture of tesk that the medium
turned black and all the explants died. In order to reduce
the blackening, the explants were agitated for 43 minutes in a2
solution of different sntibrowning agents in 0.058 M sucrose.
The chemicels tested were H,0, (5X%), ascorbic acid (0.28 mM),
soluble WP (0.7%) and polyclar AT (0.7%). Blackening was
reduced by all the trestments, Multiple shoots, neverthless,
were formed only from the explants treasted with polyclar AT,
an insoluble WP. A less than 4% browning of the garlic
meristem dome explants was obtained by Wang snd Huang (1974)
when the incubation light intensity during the first month
ws 150 lux. In order to reduce the sccumuletion of phenolic
oxidates, the initial incubation period (1 to 6 weeks) has
been carried ocut in darkness (Admms gt 21., 1979; Mc Comd
and Newton, 1981; NMonaco g% al.. 1977). The tissue and
medium diecolouration in thornles: blackberry cultures were
effectively controlled by Broome and Zimmerman (1978) when
the shoot tip explants were transferred to fresh medium one

or two days after initizl culturing.

III. Rooting of shoots grown in yitgo

The elongation of shoots in stage 11 is sometimes
inhibited by high cytokinin level when an intermediate shoot
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elongation stage becomss necessary (Hu and Wang, 1983).

¥Wang as quoted by Hu and Wang (1983) reduced BA concentration
| from 264.0 to 22.0 /M to stimulate the elongation of Ssssafras
shoots from stage II cultures before transferring them to
rooting medium. Stage 1II does not always have to be carried
out Aip vitro (Mc Cown and Amos, 1979). Kusey gt al. (1980)
obtained 60% rooting of Gypsophila papigculats by planting
ghoots in Jiffy peat moss cylinders in green houvee under
intermittent mist. Eince auxin is essential for root initiation,
majority of stage III media contzins suxin as a supplement,
Among the common suxins, NAA las been the most effective one
for induction of rooting (Ancor: gt al., 1981y Kitto and
Young, 1981). Socmetimes, a combination of auxins may give
better resultz (Gupta gt al., 1980). According to Hu and Wang
(1983), three phases are involved in rhizogenesis (inductinm,
initistion and elongation). The root elongation vhase has
been found to be Vvery sensitive to auxin concentration. High
concentrations of auxin inhibited root elongati-:n (Thimenn,
1997). In the procedure developed for in vitro rooting of
apple rootstocks, James and Thurbon (1581) cultured the shoots
first in an auxin containing root induction - initiation
medium for four to ei ht days. Then, the culturzs were
transferred to an auxin-free root developing medium. This
two-phzsed procedure effectively prevented calius formation,
resulted in 95% rooting and led to a three fold increese in
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root number. A 48-hour sosking in an 11.0 /M NAA solution
before transfer to White's medium induced root formation in
Bucalyptus citriodors Gupts gt al.. 1581). MS, BS.and I8
are all high N, P and K salt media. Sometimes root initiation
fzile at such high salt concentration regardless of the

typee of hormong present. Abundant rooting was observed when
the salt concentration in the medium was reduced to one-half,
one-third or one-fourthof the standard strenyth (Karths gt al.,
1974; Lane, 1979;; Skirvin and Chu, 1979). But in such cases,
poor top growth resulted scmetimes (Wang, 1978; Gupta gt al.,
1981).

IV. In yitro cytologicsl changes

Numerical or structural chenges in chromosomes are
reported to be associated with 1ln yitxo regeneration of plents
(Larkin and Scoweroft, 1981). Numerical changes have been
observed in callus cultures of tobseco (Sacristan and Melchers,
1969) , sugarcene (Heinz gt 8l., 1977), maize (Rice, 1982) and
towato (Bvans and Sharp, 1983). This variability reflected
either pre-existing cellular genetic differencee or tissue-
culture induced varisbility (Bvsns gt al., 1984). According to
Sacristan and Melchers (1969), longterm cultures resulted in
tissue culture-induced variability in chromosome number in
both the callus and in the vlants regenerated from it. The
origin of chromosomel instability of cultured tissue has been
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attributed to endo-reduplication (Partanen, 1973), nuclear
fusion (Mitra and Steward, 1961) as well as abnormal spindle
formation (Sunderland, 1973).

Contrary to the above, Mitr: gt al. (1560) observed
that only diploid plants were regensrated from the csllus
of carrot having a wide renge of chromosome number.

With respect to apical meristem culture, such
variations are rére (o;neom at al., 1981). According to Bonga
(1982) the meristemetic line, consisting of specific cells
in more or lees fixed position exercisez a strict control
over the mitotic evente. Any mutateé cell in a multicellular
shoot apex will mostly form only limited areas of tissue which
will finally be eliminated from the meristematic region
(Hussey, 1978).

V. Planting out of plaentlets

Physical, chemical and biological proverties of
the potting mixture and the atmospheric conditions during
post-transfer growth are important in the establishment of
ip yitro regenerated plantlets which have been planted out.
Kyte and Briggs (1975) found that a porous potting mixture
of peatsperlite:composted bark (1:1:1) was the best for
rooting tissue-cultured rhododendrons. They found the depth
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cf soil to be important, as the survival rate was much
greater in 10.16 cm (4%) pote than in shallow trays.
Thorough washing of the plantlets tc remove the trsces of
nutrient medium and sterilising the potting mixture
eliminated serious problems of infection (Anderson, 1980).

Excescive water los: was observed from the leaves
of apple plantlete immediately after transplanting (Zimmerman
and Broome, 1980). High rate of weter losz has been related
to the reduced quantities of enicuticular wax (Grout and
Aston, 1977), reduced layers of paslisade cells (Fabbri gt 3l.,
1984) high volume of mesophyll intercellular spaces
(Brainerd gt al.. 1981), and the slowness of stommtal
response to water stre ss(Brainerd and Puchigsmi, 1981),

Improper development of vascular comnections between
the shoot and the roots might alse ctuse poor establishment
of the plantlete (Grout and Aston, 1977).

& period of humidity acclimatigation was suggested
for the newly trasnsferred plantlets to make them adapted to
the outside enviromment (Hu and Wang, 1983). Sutter gt al.
(1985) found that survival of the plantlets dePended as
much on the vigorous growth of the newly produced leaves
as on the adaptation of the leaves present at the time of
planting out.
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Barnes (1979) maintained high humidity for the
newly transplanted watermelon plantlets under intermittent
mist 2néd found the explant survival rate to be poor.
Subsequently, the plantlets could be successfully establisghed
in the green house by covering them with cloir plastie
cups to maintain high humidity. The cups were partially
lifted for short duratione during the sacond week and later
kept removed for five to six hours daily. The cups were
completely removed subsequently. Broome and Zimmerman (1578)
obtained 60% survival rate in blackberry by growing the
plantlets under inverted glaes jars for one to three weeks.



///d/c"?{dé (lﬁ,&// L/ﬁ///////




MATERIALS AND NETHODS

The investigations were carried out at the Plant
Tissue Culture Laborstory attached to the Departmant of
Plantation Crops & Spices, College of Horticulture,
Vellanikkara during 1981-85 to standardise the micropropagation
techniques in jack (Artogarpus hetercophvllus Lam.) and
mussaenda (Musseepnde srvthrophvllis Schum. § Thonn.). Studies
were aleo made to understand the ip vitro response of the
explants of breadfruit (Artogarpus gltilis L.), pepper
(Piper piaxum L.) and nutmeg (Myristica fregrans Houtt.).

The general ip vitro cloning procedure adopted in
the studies is presented in Fig.l. The stages indicated are
as per Murashige (1574).

The detéils of the procedures adopted for the
édifferent sgpecies are described in the following peges.

steage~-wise.

I. Jack (Axtogarpus hatexophyllus Lam.)
A. Culture establishment (Stage I)

Explants were taken from seedlings (4 to 6-week 0l14),
grafts (6-month old) and mature trees (5, 10 and 30-year old).
They were subjected to the ipn yvitro multiplication procedure
described in Table 1.
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Table 1. JIp yitre multiplication procedure
Method of Explant
multiplication
1. Bnhsnced 1. Shoot tips from seedlings (4 to 6-week
release of old) ,
;ﬁ:.lary 2. Shoot tips and nodal segments with
axillary buds from fresh sorouts of
S5.year o0ld jack tree
3. Shoot tips and nodal segments with
axillary budg from fresh sprouts of
10-year 0ld jack tree
4. Shoot tipe and nodal segmente with
axillary buds from fresh sprouts of 30-yesr
old jack tree
5. Shoot tips and nodal segments with
axillary buds from S-month olé jack
grafts
2. Somatic 1. All the explants used for enhenced rele2se
organogenasis of axillary buds
2. Leaf segments
3. Young inflorescences
4. Rcot tipe (from culture)
3. Sematic 1., Leaf segments
exrbryogengsis
2. Shoot tips
3. Internodal segments
4. Young inflorescences
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The explants were dipped in 93X ethyl alcohol
for 10 seconds before thorough washing with sterile water.
. 8Surface sterilisation was dong by keeping them in 2%
sodium hypochlorite solution for 30 minutes. Following
thorough washing in sterile water, the explants were placed
in a solution of 2% sucrose and 0.7% polyvinyl pyrrolidone
{(insoluble PVP) and agitated for 30 to 45 minutes. The
explants were then either subjected to pre-culture tre2tment
by keeping them for 24 hours in a solution ceontaining
cytokinin and GA under refrigerated conditions (6-5%) or
directly surface~sterilised with sodium hypochlbritc followed
by mercuric chloride solutions. A few 4rops of Teepol were
added to the sterilants. The detalls of the surface

sterilisation treatments oxc given in Table 2.

Table 2. Surface sterilisation treatments

Sterilant Concentration Time

(%) (minutes)
Sodium hypochlorite 2.00 -~ 4.00 S . 18
Mercuric chloride 0.0% ~ 0.20 $ - 18

Combinationsof the best
treatmgnt of the above
{(Serial treatment)
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The explants, after surface sterilisation, were
rinsed (at least five times) with sterile water. In the
case of shoot tips, the shesths were removed and the apices
cut back to 1.5 em length, aseptically. The leaves and
internodal segmemtz were also asepticelly cut into 1.5 em
long segments. The explants were then transferred to the
med ium.

1. General An Yi%r9 culture techniques

The chemicales used were of analytical grade from
British Drug House (BDH), Sisco Resetrch Laboratories (SRL),
Marck or Sigma. Standard procedures (Biondi and Thorpe, 1981)
were followed for the preparation of the media. The pH of
the media was adjusted to 3.7. Generally semisolid media
contzining 0.7 ¢g/1 ager (EDH) were used. Liquid medium
(20.0 m1 per test tube, with a filter psper plaxtform) wes
tried in shoot multiplication studies. Corning brand test
tubes and conical flasks were uMsed. Sterilisation of media
and conical flasks was done at 15 psi for 1S — 20 minutes.
All asevtic maninulatione were carried out in a Laminar air
flow chamber. Cultures were incubated at 26 + 2°C with a
16-hour photoperiod (1000 lux), supplied by cool day light
fluorescent tubes.
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All the trials on Stage I and Stage III were
carried out on Murashige and S8koog (1962) basal medium
(M5 medium). PFor the trials on Stage II NS and Anderson's
(1980) media were used. '

Detaile of the culture estiéblishment trials
(8tige I) are presented in Table 3.

2. Observations (Stage I)
a. Rstadblishment of shoot tips and lateral bude

The observiations on par cent survival (cultures
which were alive) znd per cent grovwing cultures were made on
five explante per trsetment after three weske of inoculation

and the means worked cut,
b. Somatic organogenesis - calius production

Bach treatasnt combination was tried on five
explants and after three veeks of inoculaticn, ohservationg
were made on per cont explants initiating callus and growth

of the ca.ilus.

Growth of ths callus was assessed based on a visuval
rating (with score 1 to the smallest and score 4 to the
largest callus). The mean score wvas expressed as the growth

score (G).



Table 3. Culture establishment trials

Method of mmltiplicetion Explant

Treatment

1. Enhanced relesse of 1. Shoot apex (fresh)
axillary buds

2. Leteral bud (fresh)

and kinetin (2.5. $.0, 10.0 &)

3x) combination of HAA (0.1, 0.5, 1.0 A4M)
and B (2.3, 5.0, 10.0 4N)

2x5 combination of MAA (0.2, 1.0 ppm)
a!ﬂ ‘h (06'0 1.0. 2.0' 19-04 m.o ”,

3x3 combimation of IAM (0.1, 0.5, 1.0 4M)
and BA (2.5, 5.0, 10.0 4N)

3x) diallel set of BA (0.1, 0.2, 0.3 ppwm)
and kinetia (0.1, 0.2, 0.3 pmwm)

3x3 cambinstion of GA (0.5, 1.0, 2.0 pm)
and activeted charcosl (0.25, 0.5, 1.0%)

GA 1.0 ppm (without activated charcoal)®

2x2 combination of GA (1.0, 2.0 ppm) and
activated charcoal (0.5, 1.0%)

(Coma,)

* Since unfer treatment 6, GA 1.0 ppm gave promising results

s HAA 1 14M = 0,182 pom
Kinetins 1 M= 0.215 pom

BA

s 1/aM = 0,225 ppm

IAA 3 1/40M = 0.175 ppm



Table 3 (continued)

Method of multiplication Bxplant Treatment

2. Somatic corganogengsis

(induction)
a. Callus production 1. Shoot tip (from culture) 1. 4x3 combination of MAA (1.0, 2.0,
4.0, 8.0 ppm) and kinetin (1.0,
2. Internodal se ot 2.0, 4.0 pom)

(from culture

3. Leaf segments (from cul-
ture)

4. Root tip (from culture)

2. 4x3 combination of KaA (1.0, 2.0,
4.0, 8.0 prm) and BA (1.0, 2.0,
4.0 pom)

3. 4x3 combination of 2,4-D (0.1. 0.5,
1.0, 2.0 Qm, and BM (1.0; 2.0.
4.0 ppm)

b. Direct orgsnogenesis 1. Shoot tip (from culture)
{induction) 2. Internodal segment
(from culture)

2.00 s'o m)
3. (a) ‘c"'u:u;:‘,?"“t (from  , CoMbination of BA (0.5 ppm) and

mt m1‘ o‘ l‘nm nmtin ‘001: 0’5' l'el 2.0' 500 m
with petiole
(b) Leaf s nt (from
culture
Upper half of lamina

pt

« Combination of kinetin (0.5 pom)
and BA (m.l. Q.5, 3.00

3. Somstic embryogenesis 1. Shoot tip (from culture) 1. 2,4-D (0.1, 0.5, 1.0, 2.0 ppm)
(tnduction) 2. Ic:ﬁ:ﬁ::,sal segment (from 2. 4x3 combination of 2,4-D (0.1, 0.5,

3. Leaf segment (from culture) ;:g: 2:3 gg:; and kinetin (1.0,

4. Youny inflorescence (fresh)

i
@
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Callus Index (CI) was computed by multiplying
per cent explants initisting cellus with the growth score.
This wag vorked ocut to estimete the overall effectiveness
of the treatments to infuce and support ths growth of

c.ll“‘ .

¢. Direct orgunogenssis

hfter five weeks of imoculation, observitions were
made on per cent explantes initizting dirsct organogengsis
and the multiplication rate (the mumber of shoots produced
by an explént during the observation period).

The above otbrervatione were mede on five explants

per trectment a2nd the mepans worked out.

¢. Somatic embryogengsis

After four vesks of fnoculstion, observetions were
recorded (three explants per trestmant) on nercent explants
initiating cailus snd the growth of the ccllus,

Growth score (@) end callus index (CI) were worked

out as stated eariier.

B. Nultiplication of propagules (Stage IIX)
1. Bnhenced releasze of axillary buds
a. Btandardisation of basic proliferation medium
M preliminary experiment with 24 treatmant
combinstions 1“01‘1" BA (2050 $.0, 7.50 10,0, 20.0, 40.0 m’
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and MAA (0.1, 0.2, 0.4, 0.8 Pprm) was conducted to stendardise
a basic proliferation medium (BPM) for the stimulation of
axillary shoot production from the szhoot tip culturee.

Proliferation of lateral bud was tested with the
treatment combination identified as the most effective for

proliferation in shoot apex culture.

Another sxperiment was conducted for the enhanced
release of axillary buds from the shoot tip cultures of
seedlings, 10-yeer old tree., 30-year old tree and 6-month
0lé grafts. Thi: experimsnt had treatment combinations
involving BA (2,%, 5.0, 7.5. 10.0, 12.5, 20.0 and 40.0 ppm)
and NAA (0.2 ppm) in semisolid medium and BA (5.0 ppm) and
MAA (0.2 pom) in liquid medium.

b. Shoot proliferation and growth of the shoot tip cultures

Studies were conducted to determine the effects of
various compounds on the multiplication rate and growth of
the shoot tip cultures. The basal media employed, the
supplemente and the different test compoundes are indicated
in Table 4. BA 5.0 pom and RAA 0.2 Ppom were used &g supdlements
to the basal media for these trials based on the results of
the standardisation of BPi. Single shoot apices from the

proliferating cultures ware used 2z explante.



Table 4. Various compounds (auxingy cytokinins; cytokinin related substances;:
gibberellin; amino acid supplement:; carbon sources; inorganic and organic
components of NS medium) and Anderson's medium tested on the multiplication
rate and growth of shoot apex cultures from S~year o0ld jack trees

Basal Supvlemented with Treatnent Level
medium
1. s BA 5.0 otm Auxins INA, WAL, 2,4-D 0.1, 0.2, 0.4 prm
2. (a) S NAA 0.2 PPm Cytokinins bA, kinetin 2656 $.0, 7.5, 10.0, 20.0,
40.0 pom
{b) s - . . 3x3 diallel set of 0.1,
o.s' 100 m
3. = BA 8.0 pom + BRas 0.2 PoR Cyttﬂtinin Adenine .“1phﬂt‘o 1°o°. 20.0. ‘0000 ‘0.0.
related adenines 160.0 ppm.
substances
4. NS " Giblerellin GA, 1.0, 2.0, 4.0, 8.0, 16.0 pmm
3. 5 " Amino acid Casein mml’* 50.0, 100.0, %00.0, 1000.0,
supolement sate 2000.0 ppm
6. M8 " Carbon source Sucrose, glucose 1.0, 2.0, 3.0, 4.0%
7. MB organie - Inorganic
growth factors salts of MS z:_;‘i/z; 1‘°'hz‘° times
+ sucrose 3% medium rengt
(macro and
nicro)
8. MS inorganic * Organic growth -
salts + factors cf B
sucrose % pedium (inositel,

syridoxine HC1,
thiamine HCl,Glycin,
nicotinic acid)
9. Anderson’s ol - It
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2. Orjenogenesis calius mediated

Combinations of MAA (0.1, 0.5, 1.0 ppm) and
kinetin (0.5, 1.0, 2.0, 4.0, 8.0 ppm) as well as MAA (0.1,
0.5, 1.0 pom) and BA (0.5, 1,0, 2.0, 4.0, 8.0 pom) were
tried to enhance the production of shoots from callus of
shoot tip cultures. The basal medium was MS, Callus from
the firet subculture was used for the study.

3. Sometic embryoid formmtion

The explants/celli from the induction medium were
transferred to NS medium containing 3 x 3 diallel combination
of BA (0, 0.5, 1.0 pom) and Xkinetin (0, 0.5, 1.0 »pm) for
the formation of somatic embrycids.

a. Observations

i. Basic proliferation medium.

There were four cultures per treatment combimation.
Obsexvations on the number of shoots, the length of the
longest shoot and the length of the longest leaf were
recorded after five weeks of culture. The performence of
each treatment was also visually rated in the yqpgeof 1
(smell and compressed shoots) to 2 (fairly elongated shoots).
The multiplication rate (the mumber of shoots produced per
.xpl#nt during an observation period) of the shoot cultures
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in the BN was 8l80 gxamined for 10 continuous subcultures
done at four-week interwel.

1i. Regulation of shoot proliferation and growth of shoot
tin culture

Observations on the number of shoots, the length
of the longest shoot and the length of the longest letf were
recorded after five weeks of culture. The performance of
each treatment wee 3ls0 visuslly rated in the range of one to

two as mentioned above.
111. Orgznogenesis (Calius mediated)

Ten callue pieces were tried ver treatment and

organogenesis, if any, recorded after 60 days of culture.
iv. Somatic embryoid formation

dmbrycid formation on three cultures per treatment

was observed after 60 days of culture.
C. Standardisation of medium favouring shoot elongation

An experiment with treatment combinations imvolving
8h (1.0, 2.0, 3.0 and 4.0 pom) end IAA (0.1, 0.2 and 0.4 pPpm)
and Bh (2.0 ppm) and NAA (0.1, 0.2 and 0.4 ppm) was conducted
to standardise a medium which favoured the elongation of
shoot in the cultuzres transferred from the proliferztion
medium,.



1. Obgervations

There were four cultures per treatment. Observations
(on the number of shoots, length of the longest shoot as well
a: the length of the longest leaf) were recorded after five

veeks of culture.

D. In yitro rooting (Stage I1I)

The different factors (and their levels) tried for
rooting of jack shoots of various origin are listed in
Table 5. Az a pre-treatment, the shoots from the medium
favouring normal growth (elongation medium) were cultured
for one to two weeks on M8 mediun suoplemented with activated
charcoal (0.1%) in reduced light intensity. From this
culture, shoots > 1.0 cm in length were selected and used
for the rooting experiment.

1. Observations

Bumber of days taken for root initistion was recorded.
In adcéition, per cent cultures with roots, number of primary
roots and inteneity of root branching (based on a visual
rating renging frog 1 to 3 (1 : poors 2 : modereter 3 : profuse)
wvere recorded after 30 days of culture. Abnormalities on

root and ghoot growth were a8lso recorded asg and when observed.
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Table 5. Compounds and physical conditions tried for the
AR vitro rooting of jack shoots of different sources.

Source of the

original explant
which gave rise . Trestment Basal medium

to the shoots

tested
1. Six-week old L. ARxing
seedling 1. IBA (0.2 ppm) M (with 1/2
2. IBA (0.8 pom) concentration
3. 38A (1.6 pom) of mineral
4. IBA (8.0 ppm) salts)
S. WaA (1.0 ppm)
6. Ian (10.0 ppm)
7. 2,4-D (0.1 ppm)
8. AR (0.08 m) + IBA (0.4 ppm)
9. MAA (0.4 pom) + IBA (0.4 ppm)
10. ¥a2 (0.5 ppm) + IBA (0.2 ppm)
11. NAA (2.0 ppm) + XBA (0.4 pom)
12. 3AA (0.1 ppm) + IBA (0.1 pom)
2. Pive-year old i. IBA (840 ppm) 30
tree 2. WA (1.0 ppm)
3. BAA (2.0 ppwm)
4. Ian (10.0 ppm)
s. 2,4-D (0.1
6. Wan (0.03 pom) + (IBA 0.4 ppm)
7. WAh (0.4 ppm) + (IBA 0.2 pvm)
8. NAA (0.4 pom) + (IBA 0.4 Dpm)
9. ¥aA (0.4 pom) + (IBA 0.8 ppm)
10. NAA (0.4 pom) + (IBA 1.6 ppm)
11, KAn (0.5 ppm) + (IBA 0.2 ppm)
12. ¥aA (2.0 ppm) + (IBA 0.4 ppm)
13. NAA (2.0 ppm) + (IBA .2.0 ppm)
for six days snd then shoots
transferred to 1/2 MB without
growth substances
14. IaA (0.1 ppm) + IBA (0,1 ppm)
3. Ten-year old 1. MAA (0.4 ppm) + IBA (1.6 ppm) ~d0o-
tree 2. @ (2.0 ppm) + IBA (2.0 ppom) for
aix days and then s hoote transferred
to 1/2 MB without growth substances
4. Thirty-year -0~ «80-
old tree
$. 8ix-month old g 1 «80-
grafe
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Table $5 (Contd.)

(1) (2) (3)
R. )G _nedium
1, Pive-~year 1. Ninerel salts /4, 1/2, 1 M8 organic
old tree (both meero and and 2 times growth faectors #
micro mutrients) of the normel sucrose M +
MS salt IBA (1,6 oom) +
condentration MNAA (0.4 ppm)
2. Organic h 1/4, /2, 1 1/2 M8 salte +
factors (ino- and 2 times of sucrose I%
sitol, pyridoxine the normal M5 + IBA (1.6 ppm)
BCl, thiamine organic growth + NAA (0.4 ppwm)

HCl, glycine and factor concen-
nicotinic acid) tration

3. Sucrose 1, 2, 3 and 208 + IBM
% 1.6 prm) +
Mo (0.4 pom)

S. Fhysical conditions

1. Agar 0.4, 0.6, 0.8 =B 0u
and 1%
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B. Planting out of plantlets/shoots to soil (Stage 1IV)

The influence of the following factors on the
survivel and estsblishment of the plantlets (shoots that
had roocted Ap Yitro) wee assessed.

1. After rooting in yisre
8. Potting mixture

The following potting medis were urel for the
study.

(1) sand + soil (1e¢1 v/v) 4in mud pote
(11) Sand + gsoil + cowdung (12131 v/v) in mud pots
(111) Vermiculite in mud poks
(iv) Coir dust in med pots
(v) S8and + goil + ¢oir dust (131:]1 v/v) in mud pots
(vi) Trine-2 commercial pots (from Trice India Pyt.ltd.
(vii) sphagnum moss + sodl (131 v/v) in mud pote

The potting mixtures were sutoclaved at 15 psi
for 20 minutes and used after 10 days. The eulinrn.
{mmediately after vigible root initiation (1.2 mm long roots)
were exposed to higher light imensity (3500 lux) for a
period of one week, sfter which tramnsplanting was dons to
the potting media. Just before tramsplanting and at weekly
intervals afterwards, the potting mixtures were drenched
with Bavistin (0.06%). |
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b. Age of the plantlets at transplenting

The survival rate of the plantlets of different
ages (0, 1, 2, 3 and 4 weeks after root initiation) were
observed in vermiculite, which Was identified as the best
medium.

c. Light intensity

The plantlets just after the visible root initiation
were subjected to different light intensities (250 lux,
1000 lux and 3500 lux) for one week. They were then trans.
planteé¢ to vermiculite to observe the effect of light
intensity (before transplantation) on their surviwval.

4. Humidity control

Different methods were tried for mamintaining high
humidity around the transplanted plantlets for a pericd of
three weeks after the transplanting. The methods consisted
of covering the pots with glass beaker. placing the pots in
petriplates containing sterile water and covering theam with
glass beaker, placing the pots, in plastic basins containing
a thin layer of sand and covering them with microecore covers
(thick trzansparent plastic covers having 60 cm height and
45 om diameter at the base) and placing the pots under a
pyremid shoped metallic structure (1.0 x 1.0 x 0.75 m) amd
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covering them with polythene sheet. Intermittemt spraying
of water with a2 handsprayer was done in the latter two cases.

e. Growth substances

Sterile solutions of ABA (0.03 ppm), BA (10.0 ppm),
kinetin (10.0 ppm) and MAA (1.0 ppm) were sprayed on to the
plantlets (trensplanted to vermiculite in mud pots) to
study their effects on the survival and establishment of the
plantlets. The above solutions (containing a wetting agent,

Teepol) were sprayed at weekly intervals for four weeks.

2. Direct trzneplanting of shoots from the elongation medium

The shoots grown in yitro (in elongation medium)
were treasted with IBA at five concentrations (5.0, 50.0,
100.0, 200.0 and 400.0 ppm) and transplanted to a standard
potting mixture (sandisoili:cowdung 1:1:1 v/v) to sgee vhether
or not direct transplanting in a non-sterile medium would
succeed. Shoots > 2.0 em in length were selected and dipped
in sterile IBA solution for 24 hours before trzneplanting.

There vers £ive ghoots per treatment.

To maintain the humidity at the desired level, the
pots were placed in plastic basins containing a thin layer of

sand, and covered with microscope covers. Intermittent



(60

spraying of water was also done. The other treatments were

not attempted as they wers not successful with plantlets.

3. Effect of nutrient starter solutions in enhancing the
growth of the plantlets

The following starter solutione were tried.

1) M5 nutrient solution (with macro and micronutrieats)
at half strength, having a pH of 5.7

11) A fertiliser solution (MPK 10:52:10 g/1) having
a pB of 5.7

1i1) Tap water as the control

watering of each pot with S ml of the sbove
solutions was done at weekly intervals, Observations were
made on four plantlets per treatment on the height of the
plantlets, the number of leaves as well as the length and

breadth of the ledves, three months after planting out.

4. Histological investigations

For the anatomical examination of the leaves of the
plantletes (just before planting out and after hardening) and
the field grown plantes (to observe the difference, if any),
the leaves were colloctod. and £fixed in PAA (formslin 5 ml,
acetic acid 5 ml and 70% ethanol 90 ml) for 24 hours.

The fixed material was dehydrated in alcolml series, cleared
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in xylol and embedded in peraffin. Sections (84 - 15 A
thick) were cut on a rotary microtome, stained in 0.5%
Haegmatoxylin and mounted in canada balsam (Johansen, 1940).

S, Cytological examination of root tip squashes

Roots (2 to 3 mm in length) were excised, pretreated
with 0.002 M B8.hydroxyquinoline for five hours and fixed in
Carnoy's fluid (1:3 acetic acid: ethmnol) for 48 hours at
10°C. The root tips were then hydrolysed for 12 minutes in
IN HC1 at 60°C and stsined for 45 to 60 minutes with basic
Fuchsin. Squashing of the root tipe was done in %
aceto-orcein. Metaphase plates were observed for numerical
changes of chromosomes (Sharms and Sharms, 1980). |

F. Statisticel analysis

The data generated from the various experiments
vere subjected to statistical analysis in completely
randomised design, wherever necessary, ae per Panse and
Sukhatme (1978).

G. Economics of production of jack plantlets

The cost of production of jack plantletes using
explents from fresh stem sprouts of five~year 0ld trees was
worked out based on the facilities of the Tissue Culture
Laboratory at the College 0f Horticulture, having a potential
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of maintaining 4300 cultures for multiplication, 4200
cultures for shoot elongation, 4200 culturez for rooting
and 7000 plantlets for hardening. One scientiet
(8.1400/= p.m.) and ons Technician (%.1000/= p.m.) were
considered necessiry for the work. Hased on the rate of
culturs estzblishment, rate of multiplication, rooting
rezponee of the shoots, the survival of ths plantletes and the
meximum cepacity of the Lsboratory, the number of plantlete
which cén be produced per vear from 100 initial explante was
estimted. The totzl cost involved per year was worked out
 based om the cost of building, equipment. glasswares, chemicels
and miecellenecus items having been distributed over the
years according to their potentisl/durability. The cost of
production of one jack plantlet including one month's
haprdening was finally workeé out.

II, Nussaends

' A. Culture establishment (Stage I)

The plants of Missasnds ervthroohylia Schum.& Thomn.
available at the Ornamental garden of the College of Horti-

culture, Vellanikkara were utilised for the stuly. The plants
vwere quite mature and were Wore than fiva yeors olé. The
different explants were subjected t0 the in ¥Vitro multiplicetion
procedures as described in Table 6.
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Teble 6. In vitro multiplication procedure

Method of multiplication

Explant

1. Enhanced reletse of
axillary buds

2. Sometic organogenesis

3. Somatic embryogenesis

2.

1.
2.

3.
‘.

2.
3.

Shoot tipe
Axillary budsg

Shoot tips

Segments of leaves
(£rom culture)

Internodal segments
Segments of ovary wall
Segments of leaves
(from culture)

8hoot tips

Segments of ovary well
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The explants were collected and washed in sterile
distilled water several times. They were then agitated in
& solution of 50 ppm ascorbic acid for 30 minutes. It wvas
followed by surface sterilisation with mercuric chloride
golution (0.1% for 15 minutes). The summary of the surface
sterilisation treatments is given in Table 7.

Table 7. Surface sterilisation treatments

Sterilant Concentration Time

(%) (minutes)
Mercuric chloride 0.05 - 0.30 5 - 18
Sodium hypochlorite 2.00 - 4.00 5 -~ 15

The explants after surface sterilisation were
rinsed {(at least 5 times) with sterile water. In the case
of shoot tipes, the larger letves were removed and the
apices cut back to 1.0 cm length, aseptically. The leaver,
internocdal segmente and Ovary wall were also aseptically
cut into 1.0 em long segments. The explants were then
trensferread to the medium. Mureshige and Skoog (1962)
medium and Anderson's (1980) medium were used for the studies.

The generul Ain yitro technigues were the same as
adopted in the case of jack.
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Details of the cuiture establishment trials are

presented in Table 8.

1. Observations (Stage I)
a. Bstablishment of choot tips anéd lateral buds

The observations on per cent survival (cultures
which are alive) and per cent growing cultures were made on

five explants per treatment after three weeks of culture.
b. Somatic orgéncgenesis - callus production

Bach tredtment combination waz tried on three
explants and after four weeks of culture observations were
made on per cent explante initisting callus and growth of

callus.

Growth of callus was asseszed based on a visual
rating {(with score 1 to the smallest and score 4 to the
largest czllus). The mesn score vas expressed az the growth

gcore (G).

Callus Index (CI) was vorked out by multiplying
per cent explants initiasting gallus with the growth score
for estimating the overall effectiveness of tre&tments to
induce and support the growth of callus.
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Table 8. Culture estzblichment tcgial
Method of multi- Explant Growth regulator treatments
plication
1. Enhanced relesse 1. Shoot tip 1. Kinetin {(0.%, 1.0, 2.0 ppm)
of axillary buds (fresh) 2. BA (0.5, 1.0, 2.0 ppm)
3. 4x4 Alallel set of BA (0.1,
0.3, 0.5, 1.0 prm) and
kinetin (0.1, 0.3, 0.5, 1.0pom)
4. 3x3 combinationsof kinetin
(2.5, 5.0, 10.0 ) and MAA
(0.1, 0.5, 1.0 4 )
2. Axillary Best trestment identified for
bud shoot tip
{fresh)

2. Bomatic organogenesis

a) Callus produ-
ction

b) Direct orgsno-
enesis
induction)

3. Somatic embryo
induction

1.

3

3.

3.

Shoot tip 1.
{fresh)

Segmente of 2.
leaves

(from

culture)

Segments of 3.
ovary wvall
{£rech)

Shoot tip 1.
(fresh)

Intarnodal 2.
segments
{(£resh)

Leaf segments
{(from culture)
Lower half of

4x3 combinstions of WAA
(1, 2, 4 and 8 ppm) and
kinetin (1, 2 and 4 pom)

4x3 set of MAA (1, 2, 4 and
8 ppm) and Ba (1, 2 and
4 ppm)

4x3 set of IAA (1' 2, 4 and
8 ppm) and BA (1, 2 and
4 ppm)

Combinations of BA (0.1, 0.5,
100; 200. 5.0 pﬂl) and

Combinations of kinetin
(0.1, 1.0, 2.0, 5,0 ppm) and
BA (0.05 opm).

lemine with petiole
1.8hoot tip 1.

(fresh)

2,4-D (9.1. 0.%, 1.0, 2.0 m’

2.0.63f segments 2. €x3 combinations of 2,4-D

(from culture)

(0.1, 0.5, 1.0, 2.0 ppm) and
kinetin ‘1000 2.0, 4.0 m




c. Direct somatic organegsnesis

After three weeks of culture observations were
made on per cant explants :I.nitht:lnq direct organogenssis
and multiplicastion rate (the number of shoots produced by
an explant during the observation period).

The sbove observations were made On three explants
per treatment and the mean worked out.

4. Somatic enmbryogenesis

sfter four weeks of inoculation chgervations were
recorded (three explants per treatment) on per cent explante
injitieting cellus and growth of the callus.

Growth score (G) and Callus Index (CI) were worked

out ag stated earlier.

B. Multiplication of propagule (Stage II)
1. Enhanced relesce of axillary buds
a. Standardisation of basic nroliferation medium (BPM)

A preliminary experiment with treatment combi-
nations involving BA 0.1, 0.5, 1.0 prm and kinetin 0.1,
0.5, 1.0 ppm wag conducted to standardise a basic prolifera-
tion medium for the stimulation of axillary shoots from
shoot tip cultures. Serial subgulturing for five times
at 4-veek intervel was done in the basic proliferation



medium to underetznd the effect of multiplication rate.
Proliferation of lateral bud was tested with the best
treztment combination identified as the most effective for
the proliferation of sheot apex culture.

b. Shoot tip proliferation and growth of shoot tip cultures

Stulies were conducted to determine the effect
of various compounds on the multiplication rate and growth
of shoot tips cultures. The basal media employed, the
supolements and the different test compounds are indiceted
in Table 9.

BA 0.5 ppm and kinetin C.5 ppm used in the basic
media for these tricis were fixed hased on the resulte of
the sténderdisation of BPNM,

2. Organogenssis (callus mediated)

Combinations of kinetin (0.1, 0.3, 0.5, 1.0 prm)
ané BA (0.1, 0.3, 0.5, 1.0 ppm); kinetin (1.0, 2.0, 4.0 ppm)
and BAA (0, 0.5, 1.0, 2.0, 4.0, 8.0 ppm)s BA (1.0, 2.0, 4.0 pom)
and NAA (0, 0.5, 1.0, 2.0 ppm) were tried to induce sheot/
root from callus of shot tip cultures. The basal medium
was MS.Cazllus from tha first subculture was used for the study.



Table 9. Various compounds (auxins; cytokinin related substinces; carbom
sources inorganic components of MS medium) and Anderson's medium
tested on the multiplication rate and growth of musssenda shoot
apex cultures

Bagel medium Supplemented with Treatments Level
1. B BA 0.5 prm + kinetin 0.5 pom Auxins RAA, IAA 0.1, 0.2, 0.4 Ppm
2. MSs BA 0.5 ppm + kinetin 0.5 pom Cytokinin- Adenine 10, 20, 40, 80 ppm
related sulphate
. substance
3. ks BA 0.5 pom + kinetin 0.5 pom Carbon Sucrose 2,3,4,%%
source
4. MS organic growth. BA 0.5 ppm + kinetin 0.5 pom Inorganic 1/4, 1/2, 1.0, 2.0
factors + sucrote salts of MS times-normal
K ;- 3 medium strangth
(macro and
micro)
S. Anderson's BA 0.5 ppm + kinetin 0.5 pom - -

69
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3. Somatic embryoid formation

The explants/calli from the induction medium were
trznsferred to ME medium containing 3Ix3 diallel combinations
of BA (0, 0.5 and 1.0 prm) and kinetin (0,05 and 1.0 ppm).

4. Obpervations

a. Mpical shoot multiplication

There were four cultures per tredtment combination.
Observations on the number of shoots and length of the longest
leaf were recorded after four weeks of culture. Observetions
on five cultures per subculturing was made four weeks after
subculture on the number of shoots produced, for the serial
subculturing trial,

b. Regulation of shoot proliferation and growth of shoot
tip culture

There were four to five cultures per treatment
combination., Observations on the number of shoots, number of
leaves and length of the longest leaf were recorded after four

weeks of culture.

¢. Organogenssis (Callus mediated)

Observations on organogenesis were tzken after 60

days of culture on three cultures per treatment,
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8. Somatic embryoid formation

Somatic embryoid formation on 15 cultures per

treatment was Observed after 80 days of culture.

C. In vitro rooting (Stage IIXI)

The ¢ifferent factors (and their levels) tried
for rooting of mussaenda shoots are listed in Table 10.
Shoots of > 1.0 cm length were selected from the nroliferation
medium and used for the rooting experiment.

1. Cbservetions

Rumber of days taken for root initiation wes
recorded on five shoots per treatment. In additien,
per cent cultures with roots and the number of primary roots
were recorded after 50 days of culture. Abnormalities on
the root and shoot growth were also recorded aeg and when

observed.
D. Planting out of plantlste/shoots to soil (Stage IV)

The influence of the following factors on the
survivel and establishment of the plantlets (shoots that
had rooted jip vitro) was assessed.



Table 10.

Various factors tested (Auxins; inorganic components of NS medium;
rooting wedium) on the in vitro rooting

carbon source; agar, Anderson's

of mussaenda shoot cultures

Basal mediom

Supplemented with

Treatment

Level

l.

3.
4.

MS (with 1/2

concentration
of inorganic

salts)

NS organic
growth-
factors

M
Mus

Anderson's

Sucrose
HAA O.4

IBA 0.4

Sucrose
IBA 0.4

Sucrose
IBA 0.4

3% + IBA 0.4 Pom +
prm
% +
ppm + NAA 0.4 ppm
% +
pom + MAA 0.4 ppm

3x3 combination
of IBA and MAA

MS inorganic
salts (macro
anc micro)

Carbon source Sucrose

Agar

0.4, 0.8, 1.6 PR

/4, 172, 1, 2
timgsz the normal
strength

1, 2, 3, &%
O“. o." o.a‘ 1.“

4



I. After rooting in yitre
a. Potting medium

The following potting media were used for the study,

(1) Sand + soil + cowéung (13131 v/v) in mud pots
(11) Vermiculite in mud pots
(141) Trice-2 commercial pots (from Trice India Pvt.Ltd.).

There were seven plantlets per treatment.

The potting mixtures were autoclaved at 15 psi for
20 minutes and used after 10 days. After root initiation
the cultures were exposed to higher light intencities (3500 lux)
for one veek, after which transplanting was done to the potting
mixtures. Just before tramplantinﬂ and at weekly intervals
afterwarde, Bavistin (0.06%) was: .drenched to the vots.

b. Humidity control

Different methods were tried for maintazing high
humidity around the transplanted plantlets for a period of three
weeks after transplanting. The methods consisted of covering
the »ots with glass beaker, placing the pots in petri plate
containing eterile water ¢nd covering them with glasc besker
and placing the pote in plastic basins containing a thin layer
of sand and covering them with microscops covers (thick
transparent plastic structure with 60 cm height and 45 cm



diameter at the base). In the latter case intermittent
spraye of water with a handsprayer waz done.
2. Direct transplanting of shoots from the proliferation
medium.

The shoots grown jin Yitro were treated with IBA
at 5 concentrations (5, 50, 100, 200 and 400 ppm) and
transplanted to a standard potting mixture (sandi:soil:dried,
powdered cowdung 131131 v/v) to observe whether or not direct
transplanting in a non-sterile medium would be successful.
Shoots 2.0 cm in length were selected and dipped in
sterile IBA solution for 24 hours before transplanting.

There were five shoots per treatment.
B. Statistical analysis

The data generated from the various trials were
subjected to statistical analysis, in completely randomised
design, wherever neceesary, as per Panse and Sukhatme (1978).

III. Breadfruit (Artocarpus altilis L.)

Culture establishment (Stage I) studies were made,
utilising mature bresdfruit trees above 10 years old
available at uannuéhy. Due to the problem of phenolics
interference and weak explant response the studies were not

cont inued beyond Stage I.



The different explants were subjected to culture
establishment treatments as given in Table 11.

Table 11. JIn vitro multiplication procedures

Method of multiplication Explant
1. Enhanced release of 1. S8hoot tips from mature brecdfruit
axillary buds trees (above 10 years old)

2. Somatic organogenesis 1. Shoot tips
(Callus medizted) 2. Young inflorescences

3. Somatic embryogenesis 1. Shoot tips

The explants were dipped in 9% ethanol for 10
seconds and then thorouthj washed with sterile water. They
were agitected in a solution of 2% sucrose and 0.7% WP 360
for 30 minutes. The explants-were then surface sterilised
with MaCl0 followed by mercuric chloride szolutions. The details
of the surface sterilisation treatments cue given in Table 12.

Table 12. Surface sterilisation tr-atments
of breadfruit explants

Sterilant Concentréation 7T img

(%) (minutes)
Sodium hypechlorite 1. - 3.0 10 - 20
Nercuric chloride ' 0.1 « 0.2 10 - 18

Combination of the best treztments
of the abeve (Serial treatmnemt)




70

The explants after surface sterilisation were
rinsed (at least 5 times) with sterile water. 1In the case
of shoot tinz the shesths were removed and the apices cut
back to 2.0 cm length sseptically. The root tips amd
young inflorescence were 81s0 aseptically cut into 2.0 =
long segmente. The explants were then transferred to the
media. Murashige and Skoog (1962) basic medium was used
for all the trials, The general ip vitro culture techniques
adopted were as described for jack.

The det2ils of the treatients of the culture
establicshment trial are given in Tadble 13.

A, Observations

I. Enhanced releacse of axillary buds

Observations were made on five euplants per
treatment after 3 weeks of culture periocd on per cent survival
(cultures which are alive) and per cent growing cultures

(fresh green and growing).
2. Somatic organogenesis (calius mediated)

Bach treatment wee tried on five explants and after
3 weeks of inoculation cbservations were made on per cent

explants initiating callus and growth of the cillus.



Table 13.

17

Culture establishment trial

Method of multiplication

EBxplant

Treatment

1. Enhanced release
of axillary buds

2. Somatic orgenoge-~
nesis (callus
medisted)

3. Sametic
embryogenesis
{1 nduction)

1. 8hoot tip

1. Shoot tip

2. Young

1.

4.

inflorescence 1.

1. 8hoot tip

1.

22 diallel set of
kinetin (1.0 and
2.0 ppm) and MAA
(1.0 and 2.0 pom)

BA (2.0 and 10.0 Dpm) +
GA 1.0 ppm+ activated
charcoal 1.0%

Ba (0.5 ppm) and
kinetin (0.5 ppm) +
GA 1.0 pom+ activated
charcoel 1.0%

BA (2.0 prm) and IAA
{0.%3 ppm) # GA 1.0 pom +
activated charcosl 1.0%

2x2 4iallel set of
kinetin (1.0 and 2.0 ppm)
and NAA (1.0 lM

2.0 ppmp
2,4-D 1.0 pom+ kinetin
1.0 ppm.

2.4-D (1.0 ppm) +
activated charcoal 1,0%
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3. Somatic embryogenesis

After four weeks of inoculation observations were made
on five axplants per treatment on per cent explants
initiating ctllus and growth of the callus.

IV. Peprer (Eipar nigrum L.)

Stege I and Stage Il studigs were attempted
utilising three year 0ld pepnrer vines available at the College
of Horticulture, Vellanikkara. Due tO severe problem of
systemic bacterisal pronm.;.c in the explants the study could

not beg continuved.

Shoot apices and nodel segments of about 2.0 om
were used for culture establishment stucies. The explants
were dipred in 95% etanol for 10 seconds and thoroughly \
washed with sterile water. The explants vere agitated in a
solution of 2% sucrose and 0.7% VP 360 for 7 minutes and
then surface sterilised. The detaile of the surfice steri-
lisation treatments ies given in Table 14.

Teble 14. Surface sterilisation treatments
of pepprer explants

Sterilant Concentration Time

) (minngs)
1. Sodium hypochlorite 1.% - 3.0 10 - 20
2. Mercurie chloride 0.1 - 0.3 10 - 20

3. Combination of the best
treatmant of the above
(serial treatment)
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The explants after surface sterilisation were
rinsed (at least 3 times ) with sterile wvater. The shoot
tips and nodal segments were cut back to 2.0cm aseptically
and transferred to the media. MBS basal medium was used
for the triale. The general jin vitro techniques adopted
were as described for jack. The detsils of the culture
establislment trial are given in Table 15.

Table 15. Culture establishment trial on pepper

explants
Method of
multiplication Sxplant Trestment
1. Bomatic 1. 8hoot 1. 3x3 diallel set Of kingtin
organogenesis tip (0, 1.0 and 2.0 ppm) and
{(callus XAA (0, 1.0 and 2.0 pmm)
mediated)
2. 2.4-D (1.0 m)
,0 20"‘0 (100 m '“ kmtin
(1.0 ppm)
2. Nodal 1. Kinetin (1.0 ppm) and NAA
segment (2.0 ppm)

A, Observations

RBach treatment was tried on four explants and
after three weeks observations wvere made on Per cent explants

initiating callus and growth of the callus.
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The details of stage II experimente are given in
T‘bl’ 16.

Table 16. Stege XI trials

Method of Explant Treatment
multiplication
1. Somstic 1. Callus 1. 3x3 diesllel set of
organogenseis (fxom kinetin (0,1 and 2 pom)
(Cailus shoot and MAA (0,1 and 2 ppm)
mediated) tip)
2. Kinetin (0.5 ppm) and
2. ‘i;g:‘ BA (0.5 ppm)
nodal
seghent)

B. Observetions

Bach treatment wes tried on four explants and after
three weeks observations were made on per cent culture showing
shoot differentiation,per cent cultures showing root
differentiation and number of roots per explant.

V. Nutmeg (Nyxristice fragrans Houtt.)

Stage I studies were made utilising the mature nutmeg
plants available at Mannuthy. Due to the problems of
phenoclics and wesk explant response the studies were not

continued.



81

Shoot tips (about 2.0 cm) were used as explants for
micropropagation through enhanced release of axillary buds
and cellus mediated somatic organogenesis.

The explants were &ipped in 9% ethanol for 10 seconds
and then thoroughly washed with sterile water. The explants
were agitated in a solution of 2% sucrose and 0. 7% PVP 360
for 30 minutes. The explants were then surface sterilised with
mexcuric chloride solution (0.1%) for 20 minutes. The summary
of the surface sterilant treatments is given in Table 17,

Table 17. Surface sterilisstion trestments of
nutmeg explants

Sterilant Concentration Time
(%) (minutes)
1, Mercuric chloride 0.03 » 0.10 and 10 - 20
0.2

The explants after surface sterilisation were rinsed
(at leaszt S times) with sterile water. The shoot tipes were
then cut back to 2.0 cm length aseptically and were
transferred to the media. MS basal medium was used for
the trial. The genercl in Yitro technigues adopted were as
described for jack.

The details of the treatments of the culture establish-
ment trial are presented in Table 18,
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Table 18. Culture establishment trial on nutmeg

explants

Method of EBxplant Treatment

multiplication

1. Enhanced 1. Shoot 1. 2x2 diallel set of kinetin
release of tip (1 and 2 ppm) and RAA
axillary (1 and 2 ppm)
buds

2. Ba (1, 2 and 3 pom)

2. Somatic -30- 1. 2x2 édiallel set of kinetin
organogenesis (1 and 2 ppm) and NAA
{callus (1 and 2 ppm)
mediated)

2. 2,4-D (1 pom) and kinetin

(1 ppm) + activated
charcoal 1.0%

A. Observations

1. Enhanced release of axillary buds

Obgervations on four explants per treatment after

three vweek:c were meéde on per cent survival (cultureswhich

are alive) and per cent growing culture.

2. Somatic organcgenesis (callus mediated)

Bach treatment was tried on five explants and after

three weeks observations were made on per cent explants

initiating callus and growth of the callus.
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The results genersted im the investigation
conducted at the Plant Tissue Culture lLaboratory of the
College of Horticulture, Vellanikkara are presented in
the following pages, crop-wise.

I. Jack
A. Culture esteblishment (Stage I)
1. Establishment of shoot apices and lateral buds

Shoot apices and lateral buds excised from fresh
stem sprouts of five-ysar 0ld jack were subjected to various
culture establishment treatments and the rasults are
precented in Table 19. A combination of GA (1.0 ppm) and
activated charcoal (1%) resulted in cent per cemt surviwel
and production of healthy growing cultures of shoot apices
under dark conditions. Gibberellic acid at 2.0 ppm in
combination with activated charcosl (0.5 - 1,0%) alsc yielded
similar results. But the cultures were less healthy and
the leaves were fragile which fell off at the szlightest shock.
Though majority of the treatments had similar effects in
terms of culture survival (60.0 - 100.0%), tae resulting
number of growing cultures was far from satisfactory
(20,0 -~ 40.0%). Survival of lateral buds was 100% at GA
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Table 19. Effect of different trestments on the survival
and growth of the jack shoot apex cultures
(via enhanced reletse of axillary buds)

Basal medium: M5

Survival®* Cultures*

Treatment & cultures exhibiting
alive) growth &)
Xinetin 2.5 M + NAA 0.1 /M 40 0
" + " 0.5 M 40 0
" + " 1.,0AM 40 0
kinetin 3.0 M + NAA 0.1 /M 60 0
. + " 0,5 /4 40 0
" + " 1.0/ 60 ]
kinetin 10.0 M + MAR 0.1 AM 60 0
" + * 0.3M 20 0
" + " 1.0/AM 60 0
BA 2.5 AM + NAA 0.1 M 100 20
" + " 0.5/ 80 0
" + " 1,0AM 60 20
BA 5.0 oM + NAA 0.1 M 100 o
" + " 0.5 M 100 0
" + " 1,0/ 80 20
BA 10.0 M + MAA 0.1 Ao 100 0
" + " 0.5 M 60 0
» +# " 1,0/AM 80 4]
NAA 0.2 ppm +BA 0.5 pmm 40 20
" + * 1.0 prm 100 20
" + " 2.0 ppm 80 20
" + " 10.0 ppm 20 0
" + * 20.0 ppm 0 0
RAA 1.0 ppm + BA 0.5 pm 80 0
" + " 1,0 ppm 80 0
» + * 2.0 ppm 40 0
" + * 10.0 ppm 60 0
" + " 20.0 ppm o 0

(Contd . )
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Table 19. (Continued)
Trontnent T, e,
alive) growth (%)
IAA 0.1 AM + BA 2.5 AN 60 0
" + * 5.0 M 100 20
" + * 10.0 A 100 0
IAA 0.5 44 + BA 2.9 AM 80 0
" + " S.0AM 100 40
" + " 10.0AM 80 0
IAA 1.0AM + BA 2.5 /M 100 0
» + " 5.0/M 60 20
" + " 10.0 oM 100 0
BA 0.1 pom + kinetin 0.1 ppm 60 20
" +» " 0.2 vpm 100 0
" L 0.3 ppm 100 0
BA 0.2 ppm + kinetin 0.1 ppm 80 20
" + " 0.2 ppm 100 0
" + " 0.3 ppm 100 40
BA 0.3 pom + kinetin 0.1 ppm 60 0
" + " 0.2 pm 80 0
" + » 0.3 prm 100 20
GA 0.5 ppm + Activated charcoal 0.25% 100 0
» +* " 0.5% 100 20
" + " 1.0 100 0
GA“1.0 ppm + Activated charcoel 0.25% 100 40
" + . 0.5% 100 40
" + " 1.0 100 100
GA 2.0 pom + " 0.25% 100 60
. + - 0.5% 100 100
" + " 1.0% 100 100
GA 1.0 pom 60 0

* - Averizge of five observations
Culture period -~ three weeks
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1.0 - 2.0 ppm with activated charcoal (0.5 - 1.0%); but

growing cultures were too few (0 - 20.0%).

Slight elongation of shoot apices was observed
in about three wecks of culture (Plate X). By this time,
unfurling of the leaves commenced. The cultures were
considered to have been established when the unfurling reached
a satisfactory level (Plate 2). This stage wes reached six
weeks after inoculation in the case of shoot apices. The
response of the lateral buds was slower and inferior to that
of the shoot apices (Table 19).

Though pre-culture treatments like shaking the
explante in ihsoluble WP (0.7%) for 30-45 min., trimming the
explants at low temperature and culturing them at reduced
light intensity were employed, the problem of oxidation of
phenolics persisted. The severity of this problem was minimum
vhen activated charcosl (1.0%) was incorporated to the
medium especizlly in combination with ""3 (Plate 3). During
the multiplication of propagule (Stage XII), incorporation
of insoluble PVP in the medium was found to effactively
minimise the problem (Plate 4).

2. Somatic organogenesis - callus production
a. Shoot apices

The effect of the treatments involving combinations
of kinetin and MAA, BA and RAA, and BA and 2,4-D on initiation



Plate 1. Jack shoot apex from fresh stem sprout (source:
five year 0ld tree) in the establishment medium.

Magnification:s x 1.36

Plate 2. Jack shoot apex from fresh stem sbmt (source:
five year old tree) after six weeks in the establish-

mant medium, showing unfurling of leaves
Magnification: x 3.08









Table 19a. ERffect of the treatments identifiad as promising on the survivel and
growth of jacklshoot apex and latersl bud cultures (vis enhanced
1 111 b
release of axillary buds) Basal meds . M8

Response of shoot apex* Responss of lateral bud
Treatment Survival** Cultures** Survival® Cultures**
% cultures exhibiting % cultures exhibiti

alive) growth (%) alive) growth (;?
GA 1.0 pom + Activated charcosl 0.%5% 100 40 100 4]
- + - 1.0% 100 100 100 20
GA 2.0 pom + Activated chagcoal O0.5% 100 100 100 o
" + " 1.0% 100 100 100 ]

* . Results reproduced from previous experiment stated in Table 1
** _ Average of five observitiocns

Culture period - three wesks
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of callus, callus growth expressed as growth score (G) and
callus index (CI) was assessed and the results are presented

in Table 20.

Among the treatment combinations involving kinetin
and MAA, the highest CI value (180.0) waes obtained at
kinetin 1.0 ppm + RAA 2.0 ppm. The CI values of the rest of
the treatment combinstions were 100.0 or below (Table 20).
M comparison of the mean CI values of the levels of NAA over
the levels of kinetin (Appendix I:1) showed that NAA was more
favourable at 2.0 ppom (CI = 106.66) than at the other levels
tried. Among the levels of kinetin, a concentration of
1.0 ppm yielded the highest CI valus (86.66). Callus index
at kinetin 1.0 and 2.0 ppm decressed with NAA concentration
above 2.0 ppm. Callug index registered by variour lgvels of
NAA at the highest concentrstion (4.0 ppm) of Xkinetin was
negligible (0 -~ 20.0), as the treatments were poor in
effecting the initiation (callus initiation O to 20%) and
growth (G = 0 - 1,0) of the callus.

Among the treatment combinations involving BA and
NAA, BA 1.0 pom + NAA 2.0 pom recorded the highest CI value
(140.0). The CI values of the rest of the treatments were
120.0 or below (Table 20). A comparison of the meen CI
valuez of the levels of HAA over the levels of BA showed that



Tables 203, @ffact of different treatments on the production ark! growth of calli from shoot
apay and intarnodal segment culturas of iack {w.r.t. somatic organogenesis)
Basal medium : MS
Shoot apex culture Internodal segment culture
Treatment Cultures Growth callus Cultures* GrthP g:;lus*
initiating* score* index* initiating ’c(é§ h :?
callus (%) (G} {c1) callus (%) ¢
kinstin 1.0 oDpm + NAS 1.0 pom 40 1,00, 40.0 40 1.00 4G.0
= + "% 2.0 popm 100 1.80 180.0 60 1.00 50.0
» 4 v 4,0 opm 40 1.00 40.0 60 1.33 79.8
“ £ 8,0 mpm [¢] Q 0 0 0 0
kXinetin 2.0 pom > NAA 1.C ppm 0 ¢} 9] o] 0 0o
" + = 2.0 opm 40 1.0C 40.0 0 ) 0
“ + ° 4.0 opm 80 1.25 100.0 20 2.00 40.0
- « * 8.0 ppm 40 1.00 40.0 4] 0 0
Kinetin 4.0 opm + NAA 1.0 opm 0 0 0 0 ) )
“ + "~ 2.0 ppm 0 o] o} 0 0 [¢]
" + " 4,0 ppm [ ¢] o] 0 0 [}
” + 4 8.0 ovom 20 1.00 20.0 0 0 0
BA 1.0 »om + NAL 1,0 pom 80 1.00 80.0 40 1,00 40.0
. + * 2.0 nom 100 1.40 140.0 60 1.00 60.0
" + " 4.0 ppm 100 1,20 120.0 20 1.00 20.0
» + " 8.0 ppm 20 1.00 20.0 60 1.33 79.8
BA 2.0 pom + NAA 1.0 pom o] o 0 0 0 0
n + “ 2.0 pom 40 1.00 40.0 20 1.00 20,0
s +# " 4.0 opm 30 1.2% 100.0 20 1.00 20.0
¢ + " B.0 pom 20 1.0 20.0 [o] 4] 0
BA 4.0 pom + NAA 1.0 oom 20 i.00 20.0 o] 0 0
* + " 2.0 opm 20 1.00 20.0 o] o] 0
* + " 4.0 ppm 20 1.00 20.0 20 1.00 20.0
+ % 8.0 opm 40 1.50 50.0 0 0 0
BRA LO ntan + £,5-D 0.1 DpI 20 1.00 20.0 0 4] 0
- 9.% nom 100 .20 i20.0 60 1.00 60.0
v 1.0 Doom 100 1,40 t40.0 60 1.33 79.8
- " 2.0 nrm 40 .00 40.0 ¢] o] [¢]
Ri 7.0 npe + 0 2,4-0 0.1 pom Q o 20 1.00 20.0
. v " 0.5 opm 40 402 20 1.00 20.0
- " 1.0 onm 6C 20,0 20 1.00 20.0
* " 2.0 Hom ] o] 40 1.00 40.0
Ba 4.0 o s 2,4 0 0.1 ppm 20 . 0.0 0 0 0
, “ 0.5 opm 40 1.00 40.0 20 1.00 20.0
v 1.0 »nom 20 oo 0NN 0 0 o]
. 2.0 apm 20 I 200 0 0 0
® Average ot filve observatlon. :b
Cal uara neriod threa waeak, w
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NAA was more favourable at 4.0 ppm (CI = 80,.0) than at

the other levels (Appendix I.2). Among the levels of BA,
1.0 pom recorded the highest CI wvalue (90.0). Callus index
at BA 1.0 ppm was foun? to decresse with NAA above 2.0 prm.
CI velues of NAA 1,0, 2.0 2nd 4.0 ppm were found to be
reduced at higher leveles of BA (2.0 and 4.0 pom), while
MAA 8.0 pom registered a slight increase with increasing

concentrations of BAa,

Among the CI valugs of the treatment combinations
involving BA and 2,4-D. the highest value (140.00) was
recorded by BA 1.0 ppm + 2,4~D 1.0 pom. The CI values of
the rest of the treatments were 120.0 or below (Table 20).
From a comperison of the amean CI values of the levels of
2,4-D over the levels of BA (Appendix 1.3), it could be
seen that, 2,4~D was more favourable at 1.0 ppm (CI = 73,33)
than at the other levels tried. Among the levels of
BiA, 1.0 ppm recorded the highest CI vaiue (80.0). Callus
indices of the levels of BA were found to decrease with

2,4-L above 1.0 pom.

Anong the 36 treatment combinations tried., the
highest number of cultures initiating callus (100.0%), the
best growth score (G = 1.8) and the best callus index
(CI = 180.0) were recorded by the treatment combination



Plate 3. Jack shoot apex from fresh stem sprout (Source:
five yedr old tree) showing culture establishment.
The problem of polyphenol interference minimum with
activated charcoal (1.0%) incorporated in M8 medium
containing GA, (1.0 ppm)

Magnification:s x 1.46

Plate 4. Jack shoot apex from fresh stem sprout (Source:
five ysar o0ld tree) in the proliferetion medium.
The problem of polyphenol interferenfe minimum on
addition of insoluble PVP (500 ppm) to the BPM

Magnification: x 1.38
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kinetin 1.0 pom + MAA 2.0 ppm (Plate 5). Only eight
treatments recorded callus initiation in more than 50.0

per cent of thd cultures. Two treatmente effected growth
gcore above 1.5. Seven treatments recorded CI values above
75.0. The initiation and growth of callus was poor in

most of the other treatmente. BA 1.0 pom + NAA 2.0 ppm

and BA 1.0 ppm + 2,4-D 1.0 pom (with 100.0 per cent callus
initiation) recorded a lower growth score of 1.4 and CI
value of 140 as comoared to the best combinstion identified.

b. Internodal segments

The data presented in Teble 20 show that among the
treatment combinatione involving kinetin and NAA, the
highest CI value (79.8) wae recorded by kinetin 1.0 ppm +
NAA 4.00 pom. CI values of the rest of the treatments were

60.0 or below.

The treétment combinations involving higher levels
of NaA (8.0 ppm) and kinetin (4.0 pom) were totally
ineffective for the production of callus from internodal
segments (Appendix I.4). Only one treatment combination
vig. kinptin/RAA combination 1.0 + 4.0 ppm recorded CI
value (79.8) above 75.0. CI values of the rest of the
treatments were 60.0 or below. The mean CI values of kinetin

showed declining trend with increasing levels, whereas RAA



Plate S. Callus production from jack shoot apex culture
(Source: five year old tree) on NS medium +
kinetin 1.0 pom + RAA 2.0 pom.Callus Index = 180.0

Magnification: x 1.93

Plate 6. Callus production from young inflorescence explant
of jack (Source: ten year 0ld4 tree) on M8 medium +
2,4-D 0.5 pom + kinetin 1.0 pom. Callus Index = 100,.0

Magnifications x 1.24
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responded favourably from 1.0 to 4.0 ppm. The highest mean
CI values of kinetin (44.95) and NAA (39.93) were recorded
at 1.0 ppm and 4.0 ppm, respectively.

Among the combinations involving BA and NAA, the
maximum CI value (79.8) was recorded by BA/NAA combination
1,0 + 8'.‘0 prm. The remeining tresatments registered CI
valuez of 60.0 and below (Table 20). The highest mean CX
values of BA (45.95) and RAA (33.33) were recorded at 1.0 ppm
and 2.0 ppom, respectively. The mean CI value of BA decreated
with incre2szing levels, wheress NAA registered an increasing
trend except at 4.0 ppm (Appendix I.5).

BA 1.0 ppm + 2,4-D 1.0¢ ppm registered the highest
CI value (79.8) among the treatment combinations of Ba and
2,4-D. The CI values of the rest of the treatments were
60.0 or below (Table 20). A comparison of the mean CI
values of the levels of 2,4-D over the levels of BA showed
that 2,4-I was more favourable at 0.5 and 1.0 opm (33.33)
than at the other two levels. Among the levelsof BA, 1.0 ppm
recorded the highest CI value (34.95). CI values decreased
with increasing concentrationsof BA. The response of 2,4-D
decreased drastically with concentrations above 1.0 ppm

(Appendix I.6).

In general, the effectiveness of the 36 treatment

combinations wag poor with regard to initiation and growth
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of the callus. Only six treatment combinationsg recorded
above 50.0 per cent gallus initiation, the highest value
(60.0%) being recorded by kinetin/NAA combination 1.0 +

2.0 ppﬁ and 1.0 + 4.0 ppm; BA/NAA combination 1.0 + 2.0

and 1,0 + 8.0 ppms and BA ¥ 2,4-D combination 1 + 0.5 prm
and 1.0 +# 1.0 ppm. Moderate rate of callus growth G = 2.0)
wag observed only in kinetin/MAA combination 2.0 + 4.00 pom.
In all the other trsatments, callus growth was poor

(G = 1.33 or below). The highest CI value (79.8) was
recorded by kinetin/NAA combination 1.0 + 4.0 pom, BA/MAM
combination 1,0 + 8.0 »pm and BA/2,4-D combination 1.0 +
1.0 ppm. The CI values of the rest of the treatments were
below 60.0.

c. Leaf segments

The data on callus production from leaf segments
are presented in Table 21. The only treatment combinations
which recorded callus initiation from more than 50.0 per cent
of the explants were BA/2,4-D combination 2.0 + 0.1 pom
(60.0%) an2 2.0 + 0.5 ppm (60.0K). Only 16 of the 36
treatments were able to Lﬁitintc csllug. Even in these,
the growth of the callus was slow and poor (G = 1.00).
The maximum CI value (60.0) was registered by BA/2,4-D
combination 2.0 + 0.1 vem and 2,0 + 0.5 pra. The CI values

of the other fourtesn treatments were 40.0 or below.



Table 21. Tffect of diffsersnt treatments on the production and growth of calli from leaf segment and
root tip cultures of jack {(w.r.t. somatic organogenesis)
Basal medium : MS
Leaf segment Root tip
Cultures* Growth¥* Callus* N .
Treatment initiating score Index iui:‘;t:: Growth Callus*
callus (%) (G) (€1) nitiating  score Index
—e - callus (X) @) (c1)
kinetin 1.0 pom + NAA 1.0 opm 0 0 0 80 1.00 80.0
" + * 2.0 pom 40 1.00 40.0 60 1.33 79.8
" + " 4.0 ppm 40 1.00 40.0 60 1.33 79.8
“ + * 8.0 nom 40 1.00 40.0 o o - 0
kinetin 2.0 oppm + NAa 1.2 ppm o] [a] [+} 20 1,00 20.0
" + " 2.0 ppm 20 1.00 20.0C 40 1.00 40.0
" + " 4.0 opm 0 0 [ 20 1.00 20.0
a + " 8.0 ppm 0 0 Q 20 1400 20.0
kinetin 4.0 ppm + NAA 1.0 opm 0 C o] V] 0 )
» + * 2.0 pom 0 G [¢] 0 4] 0
" + " 4.0 ppm (o] c a ] 0 0
L + * 8.0 »pm [} 0 0 40 1.50 60.0
BA 1.0 vpm + NAA 1.0 pom 0 Y 0 20 1,00 20.0
" + " 2.0 ppm 40 1.00 40.0 40 1,00 40.0
" +4 " 4.0 ppm 40 1.00 40.0 40 1.50 60.0
" + * 8.0 opm 0 0 0 0 (V] (V]
BA 2.0 ppm + NAA 1.0 pom [} 0 0 40 1.00 40.0
" + “ 2.0 ppm 20 1.00 20.0 0 0 0
- + " 4.0 ppm 0 0 o] 0 0 4]
" + " 8.0 ppm 20 1.00 20.0 20 1.00 20.0
BA 4.0 pom + NAA 1.0 pom 20 1.00 20.0 [¢] 0 0
" + * 2.0 pom 0. 0 (¢} 0 0 0
- + " 4.0 ppm 0 [o] 0 0 o} 0
" + * 8.0 ppm 0 0 0 40 1.00 40.0
BA 1.0 oom + 2,4-D 0.1 ppm 20 1.00 20.0 20. 1.00 20.0
" + " 0.5 ppm 40 1.00 40.0 0 [} 0
" + " 1.0 ppm 40 1.00 40.0 60 1,33 79.8
" + " 2.0 ppm 40 1.00 40.0 80 1.25 100.0
Ba 2.0 oovm + 2,4~ 0.) opm 60 1.00 60.0 0 0 0
" L 0.5 pom 50 1.00 60.0 40 1.00 40.0
" + " 1.0 ppm o} [ 0 60 1,33 79.8
“ + ™ 2.0 ppm [} ¢ 0 20 1.00 20.0
84 4.0 prm + 2,4- 0.1 ppm 20 1,00 20.0 20 1.00 20.0
+ " 0.% ppm o] o] 0 0 0
+ " 1.4 pom o] o 0 20 1.00° 20.0
+ ™ 2.0 npm 0 & Q [¢] 0 4]
* . Bverage of Five ohbservations

ultare sarioed o three wmaks



INDE X

CALLUS

180

&
SHOOT APEX
160 1
|40 —
120 b
ROOT YOUNG
SEGMENT INFLORESCENCE
too -
INTERNODAL
SEGMENT
8o T
LE A
SEGMENT

60 _—

m
40 -
20 —

o il

PLANT PART

Fi1G: 2. CALLUS PRODUCTION BY EXPLANTS FROM DIFFERENT PLANT PARTS oF
JACK AT THE BEST TREATMENTS IiDENTIFIED




d. Root tips

The results of growth substance treatments on
callus production from in vitro formed root tips are
presented in Table 21.

Among the treatment combinations involving kinetin
and NAA, the highest CI value (80.0) was obtzined at
kinetin/HAA combination 1.0 + 1.0 ppm (Table 21). The mean
CI value= of kinetin showed decreasing trend with increasing
levele, the most favourable level being 1.0 pom (CI 59.9).
The favourible level of NAA was 2.0 ppm (CI = 39.93), above
which the CI values decreased (Appendix I1.7).

The CI value (60.0) recorded by BA/NAA combination
1.0/4.0 ppm was the highest among the conmbinations involving
BA and NAA. The CI values of the rest of the treatments
were 40.0 or below (Table 21).

Among the treatment combinations involving BA
and 2,4-D, the highest value wes recorded by BA/2,4-D
combination 1.0 + 2.0 ppm (100.0). The CI values of the
remaining treatments were below 80.0 (Tsble 21). Comparison
of mean CI valuss of BA Over the levels of 2,4-D showed
that EA effected a decreasing trend with increasing levels.
It was observed that 2,4-D was most favourable at 1.0 ppm
(Appendix I.8).
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The initistion and growth of the callus was poor
in majority of the treatments when explants from root tips
were used. Only six treatments recorded céllus initiation
in above 50.0 per cent cultures, two treatments effected
growth score of above 1.5 and six treatments recorded CI
values of above 75.0. The maximum callus initiation (80.0%)
wag recorded by kinetin/NAA combination 1.0 + 1.0 ppm and
BA 7/ 2,4-D combination 1.0 + 2.0 ppm. The rest of the
treatmente registered cellus initiation of 60.0% or below.
The highest growth score of callus (G = 1.5) was recorded
by kinetin /NA: combination 1.0 + 8.0 and BA/NAA combinstion
1.0 + 4.0 ppm, wvhile the maximum CI vaiue (100.0) was
registered by BA/2,4-D combination 1.0 + 2.0 ppm. CI velues

of the remaining treatments were 80.0 or below.
3. Direct sometic organogenesis

Combinations of BA and kinetin were tried for
the induction of direct organogenesis from in vitro formed
shoot apices, internodal segments, lower half of leaves
with petiole and upper half of leaves. HNone of the tr.at;
ments tried were successful in inducing direct orgsnogenesis
from the explants used.
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4. Somatic embryoid induction - callus production

The results cbtained on the induction of somatic
embryocids from shoot apices., 1ntornodai segmants, igaf
segments, and young inflorescences, with the different
combinations of 2,4-D and kinetin are presented in Table 22.
No direct samitic embryoid formation was observed. Callus
was induced by the treatments from the different explants
tried.

a, Shoot apices

Majority of the treatments tried weres not efficient
in inducing callus from shoot apices cultured. Responses
were ocbeerved only for five of the 12 treatments tried.
Best callus initistion (100.0), growth score (G = 1.67)
and callus index (CI = 167) were recorded by 2,4-D/kinetin
combination 1.0 + 1.0 prm and 1,0 + 2.0 ppm (Table 22).

A comparison of the mean CI values Of kinetin over the
different levels of 2,4-D showed that kinetin was most
favourable at 1.0 ppm {(CI = 66.75). The CI value of 2,4-D
showed an increasing trend upto 1.0 ppm after which there
was a drastic reduction (Appendix I.9).

b. Interncdal segments

The response of the internodal segments toc the

various treatments was 2lso poor. Only one treatment



Table 22.

Bffect of different treatments on the induction of somatic embryoids (callus induction) from shoot tip,

internodal segment, leaf segment and young inflorescence cultures of jack

Basal medium

1 MS

Shoot apex Interncdal segment Leaf segment Youna inflorescence
Treatment Cultures* Growth* Calius* Cultures* Srowth* Callus* Cultures* Growth* Callus Cultures* Growth* Callus*
initia- score Index initia- S?m)re I!(ide;)( initia- score index initia- score index
ting A ting (G c1 ting ting ‘ (cT)
callus @) cx) callus callus @) tcn) callus @)
(%) v.9) (%) %)
2,4.D 0.1 ppm + kinetir 0 npm 0 0 L] 33.3 i.o 33.3 4] 4] 0 100.0 1.0 100.0
. 0.5 ppm + E ] o 0 0 0 0 o 0 0 0 0 0
" 1.0 ppm + . 33.3 1.00 33.3 o] 4] (] 4] 0 0 66.7 1.0 66.7
- 2.0 pom + - 33.3 1.00 33.3 33.3 1.0 33.3 33.3 1.0 33.3 33.3 .0 33.3
2,4-D 0.1 ppm + kinetin 1.0 opm 0 o] 1] 33.3 1.0 33.3 33.3 1.0 33.3 100.0 1.0 100.0
" " 2.0 pom o] [4) 0 100.0 1.0 100.0 33.3 1.0 33.3 0 o] 0
2,4-D 0.5 ppm + kinetin 1.0 pom 100.0 1.00  100.0 13.3 1.0 33.3 66.7 1.0 66.7 100.0 1.0 100.0
" " 2.0 opm 0 0 f¢] 33.3 1.0 33.3 0 0 0 0 0 0
2,4-D 1.0 pom + kinetin 1.0 opm 100.0 1.67 167.0 0 0 0 100.0 1.0 100.0 33.3 1.0 33.3
" + " 2.3 wom 100.0 1.67 167.0 0 0 [s] 33.13 1.0 33.3 0 (o] (o]
2,4.D 2.0 pom + kinetin 1.9 som 0 0 3 0 0 0 [¢] 33.3 1.0 33.3
L] + » 2.0 nrm o] 0 G 0 0 0 (4] 0 (o]
* Averaae of three observations
Culture period - four weekye

83
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(2,4-D/kinetin combimation 0.1 + 2,0 opm) registered
moderate callus index value of 100.0. The CI v:lues of
the remaining five treatments initiating callus were 33.33
(Table 22).

c. Leaf segments

The leaf segments subjected to the various
treatments also exhibited poor performance. Only a single
treatment (2,4-D/kinetin combination 1,041.0 ppm)
registexred a CI value of 100.0. Callus was seen initiated
in 100.0 per cent of the cultures receiving this treatment.
The CI values of the rest of the treatments were 33.33
except in the cige of 2,4-D/kinetin combination 0.5+41.0 ppm
where the CI value was 66.7. The growth score recorded by

all the effective treatment: vere the same (Table 22).
d. Young inflorescence

Only three of the twelve treatments (2,4-D/kinetin
combination 1.0 + O ppm, 0.1 + 1.0 ppm and 0.5 + 1.0 ppm
and 0.5 + 1.0 ppm) recorded a moderate CI value of 100.0
(Plate 6). In these cégee, callus initiation was observed
in all the cultures (100%). The callus index values of the
rest of the trestments were 66.7 and below. These treatments
recorded a lower per cent callus initistion (33.3 - 66.7).
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Callus Jrowth was poor (G = 1,0) in all the effective
trectments. Five treathmemts 4i¢ not register any rnpogﬁpc
(Table 22).

B, Multiplication of the propagules {(Stage II)

1. Enhanced relesse of axillary buds
a. Standardisation of basic proliferstion medium

The shoot apices, placed in the establisiment medium
and incubated for four weeks in darkness and two weeks in
light, were transferred to 24 treatment combinations
involving BA (2.5, 5.0, 7.5, 10.0, 20.0 &nd 40.0 ppm) and
NaA (0.1, 0.2, 0.4 and 0.8 ppm). The data on the number
of shoots produced per initial explant in these media after
five weeks of culture are given in Table 23. The results
of the analysis of variance are Presented in hvpendix II.

The moximum number of shoots por explanmt (8.7%)
wag achieved at BA/NAA combimetion 7.%5/0.2 ppm. This treatment
was statisticelly onh psr with BA/NAA combination 7.% + 0.1 pmm
(8.0 =shoots) and BA/MAA combination 10.0 + 0.2 pom (7,7% shoote).
Among the shoots produced in the above treatments, a
large proportiocn wes highly compresced and smsll shoots
(Plate 7). The percentage of such shoots showed an
increaeing trend with increase in the level of BA. The
treatments BA/MAA 5.0 + 0,2 pom and BA/NAA $.0 + 0.1 ppm,



Plate 7. Production of highly compressed shoots from jack shoot
apex (source: five year old tree) cultured on MS
medium contéining high level of cytokinin

Magnification: x 1.24

Plate 8. Production of fairly elongated multiple shoots from
jack shoot apex (source: five yetr old treep cultured
on MS medium + BA 5.0 pom + NAA 0.2 prm. Multiplication
rate after five weeks of culture = 4.5x

Magnificeticn: x 1.28






Plate 9. Production of fairly elongated multiple shoots from
jack shoot apex (source: five year old tree) on MS
medium + BA 5.0 ppm + NAA 0.1 ppm

Magnification: x 0.86

Plate 10. Multiple shoot production from jack shoot apex
(sources five year old tree) after serial subculturing
for ten times on the EPM. Increase in multiplication
rate due to sequential subculturing: 26.7%

Magnification: x 0.89
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Table 23. Effect of combinations of BA and NAA on

multiple shoot formation from jack shoot
apex cultures

Basal medium : MS

ini 1-;. l‘;trly'.‘

tia elongat

Tresthent explant shoots/
initial explant

NAaA 0.1 pem + BA 2.5 ppm 1,00 1.00
. + " 5.0 pom 4,00 3.75
. + * 7.5 pom 8.00 3.50
" + " 10.0 ppm 7.00 3.25
" + " 20.0 ppm 0 0
. + " 40.0 ppm 0 0
NAA 0.2 ppm + BA 2.5 ppm 1.25 1.25
" + " 5.0 ppm 4.75 - 4.,%0
. + " 7.5 pom 8.75 3.25
» + - 10.0 m 707’ 3.00
. ¢ " 20.0 ppm 5.75 2.50
. + " 40.0 ppm 0 0
NAA O.4 ppm + BA 2.5 ppm 1.00 1.00
. + " 5.0 ppm 5.00 3.50
. + * 7.5 ppm 6.50 3.50
. + " 10.0 ppm 5.25 2.00
" # " 20.0 ppm 0 0
. + " 40.0 ppm 0 0
NAA 0.8 ppm + BA 2,5 ppm 1.00 1.00
. + " 5.0 ppm 3.00 3.00
" ¢+ " 7.5 ppm 4.00 3.00
» + " 10.0 ppm 5.25 2.00
® + * 20.0 ppm 0 0
. + " 40.0 ppm 0 0
cD (5%) 1.75 1.10
SEM 0.61 0.38

* . Average of four observations
Culture period - five weeks
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which were statistically at par, produced a high proportion
of fairly elongated shoots (Plates 8 and 9). Iateral

buds when used as the explants failed to produce multiple
shoots.

For further multiplication, the shoots were
exciged and placed in fresh medium of the composition
selected. Subculturing the proliferating shoot cultures

was done at five-week intervals.

The results of the studies conducted to assess
the improvement in the rate of multiplication of the shoots
consequent on continuous subculturing are presented in
Table 24. The cultures which produced 4.25 shoots initially
registered a decrease (by 5.88%) during the first subculture
and an increase (ranging from 5.88 to 52.94%) during the
subsequent subcultures. On the average, the multiplication
rate increased by 26.79% as a result of subculturing
(Plate 10). No apparent reduction was observed in the growth,
and vigour of the cultures due to continuous subculturing.

b. Regulation of proliferation and growth of the
cshootes in the cultures

The results of the studies conducted on the effect
of cytokinine, cytokinin - related substances (adenine
and adenine sulphate),auxins, gibberellic acid, amino acid
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Table 24. Maltiplicetion rate per explant (from 5-yeer
old jack trees) on subculturing at 4-week

interval
(Mediums MS + BA 5.0 ppm + KAA 0.2 ppm)
ahoots; % increase in
psr culture number of shoots
Culture over the initial
culture
1 4.25 -
2 4.00 bl
3 4.75 11.76
4 4.%0 5.88
5 5.7% 35.29
6 6.00 41.17
7 4.7% 11.76
8 6.50 82.94
9 $.78 35.29
10 6.50 $52.94
Mean 26.79
D (5%) 1.97
SEN 0.57

** ~ A decreiase of 5.88% was observed
* ~ Average of four observetions



—t
e
(133

supplement (casein hydrolysate), MS inorganic and organic
components and carbon sources (sucrose and glucose) on the
multiplication and growth of the shoots from shoot tip

cultures are presented in Tables 25 to 28.
i. Cytokinins

The data on the influence of BA and kinetin (basal
medium containing NAA 0.2 ppm) on the number of shoots,
length of the longest shoot and length of the longest leaf
are pruenéed in Table 25, and the analysis of variance.
in Appendix II.

Kumber of shoots

There waes significant veriation among the treat-
ments for the number of shoots produced. Maximum number
of shoots (8.7%) was recorded by BA 7.5 pom which was on
par with BA 10.0 ppm (7.7% shoots). Shoot production was
obgerved to decretse with increase in the concentration
of BA above 10.0 pom. Highly comnressed and small shoots
showed an increasing trend with increase in the levels
of BA. Maximum number of fairly elongated shoots (4.5)
were recorded by BA 5.0 ppm. With respect to kinetin,
th.o effects at 10.0 pom (4.0 shoots) and at 7.5 ppm
(3.5 shoots) were on par and were superior to the lowest
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Table 25. Bffect of cytokinins on multiple shoot formstion
from juckA shoot apices

Basal medium : MS + NAA 0.2 ppm

Shoots* Length of
pex *® *
Trestment PLent oot leat
(cm) (cm)
BA 2.% pom 1.28 3.03 3.33
*« 5.0 pom 4.78 2.1% 2.90
* 7.5 ppm 8.7% 1.38 1.68
* 10.0 prm 7.7% 1.08 1.28
» 20.0 ppm 5.78 0 0
* 40.0 ppm 0 0 0
kinetin 2.5 ppm 1.2% 2.23 2.5)
" 5.0 opm 2.50 1.58 2.6%
» 7.5 ppm 3.%0 1.18 2.%
" 10.0 ppm 4.00 1.08 1.45
" 20.0 ppm 3.00 0.90 0.60
» 40.0 ppm 2.00 0.83 0.63
BA 0.1 ppm + kinetin 0.1 ppm 1.00 1.08 1.78
» + " 0.5 ppm 1.25% 0.98 1.83
" + . 1.0 ppm 1.00 1.40 2.33
BA 0.5 ppm + kinetin 0.1 ppm 1.00 1.00 2.08
+ . 0.5 ppm 1.%0 1.48 2.00
" + " 1.0 ppm 1.7% 1.48 2.%0
BA 1.0 ppm + kinetin 0.1 prm 1.5%0 1.50 2.18
" *» " 0.5 ppm 1.50 1.43 2.60
. + " 1.0 pom 1.50 1.43 2.65
cD (5%) 1.62 0.40 0.21
SEN ¢ 0.%7 0.14 0.07

* . Average of four cbservations
Culture periocd - five weeks
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(2.50 ppm) and the highest levels (40.0 prm). However,
the maximum number of fairly elongéted shoots (2.5) was
produced by kinetin 5.0 ppm. The effects of combinations
of BA and kinetin A14 not steatistically differ from each
other. The performance was generaliy poor, the maximum
number of shoots being 1.75, registered at BA/kinetin
combination 0.5 + 1.0 ppm.

Length of the longest shoot

The responses to the various treatnents wvere
stztistically significant. The length of the longest shoot
(3.03 cm) recorded by BA 2.5 ppm, was suverior to that
recorded by the rest of the treatmentsz. The dsngth of the
longest shoot ghowed decressing trend with increasing
levels of BA. Among the lewels of kinetin, 2.5 ppm effected
the maximum length (2.23 em). The performance of the rest
of the kinetin treatments was inferior and showed a
declining trend with increasing levels. Among the combina-
tions of BA and kinetin tried, the maximum response
(1.5 em length) was recorded by BA/kinetin combination
1.0 +# 1.0 pom. This treectment wes on par with majority

of the other treatments.
Length of the longest lezf

The length of the longest leaf produced by' the
shoots subjected to the various treatments differed
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significantly. The highest value (3.33 om length) was
recorded by BA 2.5 ppm, which was significantly superior to
the rest of the treatments. The length of the longest leaf
decreased with incressing concentrations of BA. Kinetin
was most favourable at 5.0 pom, registering a leaf length
of 2.65 cm. The length was decressed at the higher levels
of kinetin, the least being 0.6 cm at 20.0 pom. The BA/
kinetin combinetion 1.0 ¢+ 1.0 prm registered the maximum
leaf length of 2.65 cm.

ii. Cytokinin-related substances

The effects of adenine and adenins sulphate on the
multinlication and growth of the shoot cultures are presented
in Table 26 and the analysis of variance in Appendix II,

Number of shoots

Significant improvemsnt in the rate of shoot
multiplication was cbserved by the addition of adenine and
adenine sulphate. Among the levels of adenine tried,

80.0 pom registered the maximum value (8.0). This was

45 .4% per cent higher than that obt:ined in the control
(BPM) which registered a multipiication rate of 5.5.
Adenine 80.0 ppm was on par with those of 160.0 ppm (7.8)
and 40.0 pm (6.5) Adenine 40.0 ppm, 20.0 »pm and 10.0 pom
444 not significantly differ from the BPM in influencing
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Table 26. Effects of adenine, adenine sulphate, casein
hydrolysate and GA, on multiple shoot formation
from jack shoot apices

Basal medium : MS+BA 5 ppm+NAA 0.2ppm

Shoots Length of the
per
Treatment explant Longest Longest
shoot (cm) leaf {(cm)
Adenine 10 ppm 5.50" 2.43% 3.08*
" 20 ppm 6.00 2.50 2.93
" 40 ppm 6.50 2.38 1.95%
" 80 prm 8.00 1.85 2.0%
" 160 ppm 7.7% 1.90 1.43
" 0 pom 5.50 2.1% 2.90
cD (5%) 1.56 0.30 0.45
SEM + 0.52 0.10 0.1%
Adenine sulphate 10 ppm 6.00* 2.65% 2.95%
" 20 ppm 7.00 2.45 2.90
" 40 ppm 8.7% 1.95 1.98
" 80 ppm 8.%0 1.83 1.63
" 160 ppm 8.00 1.35 1.73
" 0 ppm 5.50 2.15 2.90
D (5%) 1.25 0.32 0.49
SEM + 0.42 0.11 0.16
Casein hydrolysate 350 ppm 6.2** 1.92** 2.24**
" 100 pom 7.8 1.42 1.62
" 500 ppm 8.4 1.16 1.26
" 1000 ppm 8.0 1.00 0.86
" 2000 ppm 7.4 1.00 0.58
" 0 ppm 6.0 2.44 3.18
D (5%) 1.13 0.48 0.64
SEM + 0.39 0.16 0.22
GA 1.0 ppm 8, 2% 2.58%% 3.56**
" 2.0 ppm 5.6 1.92 2.82
" 4.0 ppm 4.6 2.22 3.16
" 8.0 ppm 5.0 2.30 2.40
" 16.0 ppm 5.2 2.70 3.44
0 ppm 5.2 2.44 3.16
CD (5%) 3 NS 0.63
SEM + 0.37 0.2 0.22

*: - Average of four observations
- Average of five observations
Culture periocd - five weeks
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the number of shoots. Levels of adenine sulphate signi.
ficantly differed from each other. Adenine sulphate
40.0 pom which registered the maximum number of shoots
(8.8) was on par with 80.0 and 160.0 ppm. The response
obtained at adenine sulphate 40.0 prm wes 60.0 per cent
more than that obtained in the control.

Length of the longest shoot

Marked differences were observed in the length
of the shoots produced at the different levels of adenine
as well as adenine sulphate. 1In both cises the highest
concentratione reduced the shoot length whereas the lowest
levels increased it (compared to the control). Among the
levele of adenine, 20.0 pom registered the maximum shoot
length (2.5 cm) whereas 50.0 ppm caused the least (1.85 om).
The effects of adenine 10.0 povm, 40.0'ppm, 80.0 ppm and
160.0 prn were on par with the BPM, which recorded a
shoot length of 2.15 cm. The effect of adenine sulphate
in incredsing the 2hoot length war the maximum at 10,0 ppm
(2,65 cm length) which was on par with that of 20.0 pom.
Menine sulphate at 40.0 ppm, 80.0 ppm and 160.0 p;:n
exhibited 8 reduction in the shoot length. The reduction
vag the maximum at 160.0 ppm (1.35 cm length). In the
case of adenine sulphate the levels that increased the
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number of shoots reduced the length of the shoots. In the
case of adenine also, a similar but less pronoumced influence

could be cbserved.
Length of the longest leaf

The length of the longest leaf was also significantly
influenced by the levels of adenine and adenine sulphate.
In both cases szignificant reduction in the length was
observed at the highsr levels (40.0, 80.0 and 160.0 »pm).
The lower levels vere on par with the BPM which recorded
a leaf length of 2.90 om., Ledf growth was affected by
those levels of adenine and adenine sulphate (80.0 to
160.0 prm) which favoured increase in the number of shoots.

Adenine and adenine sulphate at the levels tried,
showed positive influence on enhancing the shoot multi-
plication rete. At the optimum levels, adenine (at 80.0 ppm)
and adenine sulphate (at 40.0 ppm) recorded increase of
45.45% and 60.0% respectively, over the control (EMM),
which recorded a multiplication rete of 5.5x. However,
these levels along with most of the other favourable levels
affected the growth of the cultures, by reducing the length
of the longest shoot and the 1§nqth of the leongest leaf.
Only adenine sulphate 20.0 ppm registered an increase in
shoot multiplication rste (27.27%) over the control
(multiplicetion rate 5.5x) without significently affecting
the growth of the cultures.
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i11i. Auxins

The effects of the lgvels of IAA, NAA and 2,4-D
(basal medium containing BA 5.0 ppm) on the number of
shoots, the length of the lgngest shoot and the length of
the longest leaf are presented in Table 27 and the analysis
of variance, in Appendix II.

Rumber of shoots

Auxine did not significantly influence the number
of shoots produced. The effects of the levels of IAA,
NAA end 2,4-D were not statistically differant from each
other. The differences in shoct number effected by the
levels within esch zuxin were also not significant.

Length of the longest shoot

The influence of the levels of auxins exhibited
significant veriation. NMA 0.2 ppm which recorded the
maximum shoot length (2.55 em) was on par with IAA 0.2 ppm
and 0.4 ppm, 2,4-D 0.1 ppm and NAA 0.4 ppm. All these
treatments were significantly superior to the sero level.
Incre2sing concentrations of 2,4-D registered a depressing
effect on the shoot length.
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Table 27. Effect of auxins on multiple shoot formation
from jaek shoot spices

Basal medium : MS+BA 5.0 ppm

Shoote* Length of the
per
Treatment explant longest™ Longest*

shoot leat
(cm) (cm)
IAA 0.1 PPm 4.7% 1.83 2.%0
" 0.2 prm 5.2% 2.53 2.9%
" 0.4 pom 5.25 2.43 2.90
NAA 0.1 ppm 4.00 1,98 2.88
" 0.2 ppm 4.7% 2.55 3.10
" 0.4 ppm 5.00 2.38 3.18
2,4-D 0.1 ppm 5.00 2.45 3.00
» 0.2 pom $.00 2.08 2.63
- 0.4 ppm %.25 2.0% 2.48
Control (MS+BA 5.0 ppm) 5.00 1,93 2.43
CD (5%) Bs 0.40 0.38
SEM 0.%3 0.14 0.13

* . Average of four observations
Culture period . five weeks
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Length of the longest leaf

Majority of the levels of auxins tried significantly
increaszed the length of the longest leaf. 1In this
respect, NAA 0.4 ppm was OB par with NAA 0.2 ppm, NA* 0.1 ppm,
2,4-D 0.1 ppm, IAA 0.2 ppm and IAA 0.4 ppm. While a
decreasing trend with increasing concentration was registered
by 2,4-D, NA: brought about an increasing trend with

increasing concentretions.
iv. Gibberellic acid (GA,)

The responses to the loveia of GA, tried with
reepect to the number of shoots, the length of the longest
ghoot and the length of the longest ledf are dresented in
Table 26 and the analysis of variance, in Appendix IXI.

The number of shoots and the length of the longest
shoot were not significantly altered by the levels of GA,.
However, the length of the longest leaf was significantly
reduced by GA, 8.0 ppm (2.4 cm). MNo beneficial effect
was observed when GA, wes included in the BPAM.

v. hmino acid supplement, casein hydrolysate (CH)

The number of shoots, the length of the longest
shoot and the length of the longest leaf as influenced by
the levels of CH are presented in Table 26 and the amalysis
of variance in Appendix 1II.
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The highest number of shoots was recorded at
$00.0 ppm (8.4) which was 40% greater than that of the
BPM, which recorded 6.0 shoots. Casein hydrolysate 3500.0 ppm
was on par with 1000.0 ppm (8.0), 100.0 vpm (7.8) and
2000.0 pom (7.4).

All the levels of CH significantly reduced the
length of the longest szhoot and that of the longest leaf.
The resultant small siged shoots were cobserved to have
slow rate of growth during further culturing. The sddition
of CH in the BMM was, thus, not found to be besneficial.

vi. M5 inorganic and orgiénic components

The multiplication rate and growth of the cultures
as influenced by ths strength of the inorganic salts and
org:nic growth factors of the MS medium are presented in
Table 28 and the analyeis of variance, in Appendix II.

The concentration of the inorganic salts in the
MS medium exhibited significant influence on the multipli-
cation rate and growth of the jack shoot cultures.
The number of shoots, the length of the longest shoot and
the length of the longest leaf were considerzbly reduced
by lowering the amount of mineral salts below the normal
strength. Wwhen the salt concentretion was reduced to

half Strength, the number of shoots, the length of the
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Table 28. Effect of MS inorgenic salts, MS organic growth
factore, sucrose and glucose on multiple shoot
formation frem jack -hoot’?pieou

Basal medium containing BA 5 ppm +
NAA 0.2 ppm
Shoots* Length of the
per
Trestment explant Llongest* longest®
shoot leaf
(em) (cm)
MS Inorganic salts 1l/4 conc. .2 1.08 1.12
" 1/2 cone. 3.6 1.24 2.06
" 1 cone. 5.2 2.42 3.06
" 2 cone. 5.4 1.82 2.04
CD (%) 0.9% 0.45 0.72
SEM + 0.32 0.15% 0.24
MS Organic growth factors 1/4 conc.3.0 1.28 1.76
. 1/2 cone.3.0 2.08 2.12
" 1 cone. 5.0 2.48 2.46
" 2 gonc. 5.4 2.20 2.26
co (5%) 0.90 0.69 NG
S5EM & 0.30 0.23 0.24
Sucrose 1% 3.6 0.92 1.60
" % 4.6 1.26 2.76
" % 5.4 2.24 2.92
" 4% 6.0 1.80 2.7
cD (3%) 0.79 0.62 0.59
SEM & 0.27 0.21 0.20
Glucﬂ.. 1’ 3.4 1.%52 2.28
» 2% 5.0 2.14 3.06
. K 4.6 2.00 2.7
. 4% 3.4 1.8 2.%4
cD (5%) 1.04 0.50 0.51
SEM + 0.35 0.17 0.17

* -~ Average of five observations
Culture period - five weeks
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longest shoot and the length of the longest leaf were
reduced by 30.77, 48.87 and 32.68 per cent, respectively
as compared tO those under the normel strength. Further
reduction in the multiplication rate and growth of the
shootes was observed when the inorganic salt concentration
was reduced to quarter strength. The increase obtained
in the number of shoots conseguent as incroaginq the

salt concentration to double strength was not statistically
eignificant (as compared to that in normal strength).
Significant reduction in the length of the longest shoot
(25.0%) and the length of the longest leaf (33.33X) was
effected by the double strength NS medium,

When the strength of the organic growth factors
of M8 medium was reduced to half or quarter of the normsl
strength the production of ahootev was significantly affected.
The reduction vas 40.0 per cent in both the ceses. The
double concentration of the organic factors (5.4 shoots)
was on per with the normal strength (5.0 shoots). Quarter
strength of organic factors significently reduced the shoot
length (48.39% reduction) compared the full strength
(2.48 cm). Half and double concentrations of the organic
fectors also caused a reduction in shoot length (16.12 and
11.29%, respectively). However, these were statistically
on par with the full strength. The responses of the different
concentretions on the length of the longest leaf wes not
significent.
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The above results showed that the normal strength
of the inorganic salts and organic growth factors as
present in the M8 medium war more effective for multipli.
cation and growth of the jack shoot cultures.

vii. Carbon sources

The effects of sucrose and glucose as carbon/energy
sources on the shoot multiplication rate and growth of the
cultures iz given in Table 28 and the analysis of variance

in Appendix II.

Reduction in the guantity of sucrose, below the
normal level (3%) resulted in reduced number of shoots.
Reduction (33.33X) recorded by sucrose 1% was statistically
significant while that by 2% (14.81%) was on par with
the effect of the full strinqth. Though the effect of
sucrose 4% on the number of shoote wes slightly greater
(11.11%) than that of the normal level it was not stati-
stically significent. Sucrose at 1 and 2% levels signifi.
céently reduced the length of the shoots. The reduction was
$8.93 and 43.75 per cent, respectively. Sucrose at 4% was
not significantly different from the normal strength.
Sucrose 1% significantly reduced the length of the longest
leaf also. The reduction in length was 45.2 per cent,
compared to that under the full strength and wae signi.
ficantly different from the rest of the treitments which

vers on par with each other.
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. The maximum favourable effects of glucose with
recpect to the number of shoots (5.0), the length of the
longest shoot (2.14 cm) and the length of the longest
leaf (3.06 cm) were realised at 2.0X concentration.

Glucose 3.0% wae less effective than the 2.0% level but

the difference was not statistically significant. The lowest
and highest levels of glucose were unfavourable for the
multiplication and growth of the shoots.

Sucrose (3 - 4%) and glucose (2 -~ 3%) were thus
identified 28 ideal sources of carbon supporting the
multiplication and growth of the jack shoot cultures.

viii. Influence of Anderson's medium

When the Anderson's medium was supplemented with
BA/NAA combination 5.0 + 0.2 pom, only 3.3 shoots per
culture were produced. This multiplication rate was
30.53 per cent less than that obtained with the MS
proliferation medium, The length of the longest shoot
(2.17 cm) and the length of the longest leaf (1.88 cm)
registered by the Anderson's medium were lese (by 14.950%
and 39.35% respectively) then those of the MS proliferation
medium. The Anderson’s medium, containing quarter séronqth
of smmonium nitraste and potassiun nitréte and double
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strength of FeS04 BUTA, wvas found 0 be unsuitable for
jJack shoot proliferation.

2. Somatic organogenssis - differentiation of callus

The treatment combinations of MAA (0.1, 0.5 amd
1.0 ppm) and kinetin (0.5, 1.0, 2.0, 4.0 and 8.0 ppm) as well
as BAA (0.1, 0.5 and 1.0 ppm) and BA (0.5, 1.0, 2.0, 4.0
and 8.0 ppm) were tried for inducing orgenogenesis frem
cellus. HNone of the treatments were found to be effective.

3. Scmatic embrycgenesis (callus mediated)

The callus from the induction medium was transferred
to I8 medium containing combinations of BA (0, 0.5 and
1.0 ppm) and kinetin (0, 0.5 and 1.0 ppm) for inducing
somatic embryoid formation. Bebdryoid formetion was not
observed in any of the treatments.

C. Medtium for shoot glongition

With the M5 medium as the base, combinations of
BA and IAA as well as BA and RAA were tried to bring about
elongation of shoots. The resgults are presented in Table 29.
The BA/NAA combination 2.0 + 0.2 ppm was found to be
significsntly supericr to the rest of the treatnents with
respsct to the length of the shoots (3.83 cm). The trestment
recorded a leaf length of 3.7 cm which was on per with the
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Table 29. Bffect of combinations of BA and auxins on the
elongation of jack shoots from the shoot

proliferation medium

Basal medium : MS

Shoot8"™  Length of the
per

Treatment explant longest* longest*
shoot leag
(cm) {cm)
BA 1,0 ppm + IAA 0.1 ppm 1.00 2.40 3.1)
e + " 0.2 ppm 1.00 2.70 3.18
" + " 0.4 ppm 1.2% 3.03 1.78
BA 2.0 ppm + IAA 0.1 pom 1.00 2.9% 3.28
" + * 0.2 ppm 1.2% 3.45 3.78
" + * 0.4 ppm 1.00 3.15% 3.58
BA 3.0 ppm + IAA 0.1 prm 3.78 2.7 3.00
“ + * 0.2 pom 2.2% 2.98 2.93
bl + * 0.4 ppma 1.7% 2.95 2.9%
BA 4.0 ppm + IAA 0.1 PPR 2.7 2.80 3.18
. + * 0.2 pom 3.00 3.0% 3.00
" + * 0.4 ppm 2.2% 2.98 3.18
BA 2.0 ppm + NAA 0.1 ppm 1.0 2.%8 3.20
» + " 0.2 ppm 1.0 3.83 3.70
" + * 0.4 pom 1.0 2.5% 3.43
control (MS medium) 1.0 2.18 2.93
CD (8%) 0.55 0.33 0.41
SEM + 0.19 0.12 0.1%

* . Average of four observations
Culture period - five weeks
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effects of the BA/IM combinations (2.0 + §.2 ppm and
2.0 + C.4 prm) and the BA/BRAA combinstion 2.0 + 0.4 ppm.
The treatment combination of BA/NAA 2.0 ppm + 0.2 pom was
found to be suitable for the elongation of shoots from
the vroliferation medium, befoOre subjecting them to

An yitro rooting trez2tmente (Platesll and 12).

D. Ip yitro rooting (Stage IXI)
1. Axins

The effects of the levels of auxins either alone
or in combination, on the in yitre rooting of juc?\c shoot
cultures were observed and the results are presented in
Table 30. Of the thirteen treatments tried, only two
treatments, namely (i) IBA/RAA combination 1.6 + 0.4 pom
and (11) IBA/NAA combination 2.0 + 2.0 pom (for six days
followed by transferring the shoots to 1/2 M8 medium without
growth substances) vwere effactive in inducing roots from
jack shoot cultures from 5-year old trees (Plate 13).
The root initiation was slightly greater in the former (80.0%)
than in the latter (70%). However, the latter treatment
produced more number of roots per shoot (5.43) and took
lese time for root initiation (13.43 days) as compared to
the former (4.17 roots per shoot and 24.67 days). In all
the treatments, callussing (to varying degrees) at the cut
end of the shoots was observed before the initiation of



Plate 11. Blonyation of jack shoot on transfer to M5 medium +
BA 2.0 pom + NAA 0.2 ppm, from the BPM

Magnification: x 0.92

Plate 12. ®longation of jack shoot on transfer to MS medium +
BA 2.0 ppm + NAA 0.2 ppm, from the BPM

Magnification: x 0.97






Plate 13. In vitro rooting of jack shoot apex culture (source:
five year old jack tree) in "1/2 MS +IBA 2.0 pom +
NAA 2.0 ppm for six days and then 1/2 M8 without growth
substances” resulted in 70.0% rooting, with 5.43 roots
per shoot initiated in 13.43 days

Magnification: x 0.97

Plate 14, Callussing at the cut end of shoot, preceding the
in yitro rooting of jack shoot culture

Magnificetion: x 2.3






Table 310. Effect of auxins on the in vitro rooting of jack shoots cultures from varioue age groups
Basal medium : d concentration of MS inorganic s=alts anc
full concentration of MS organic growth factors
Explant from seedlinge Explant from S-year Explant from 10-year Explant from 30-year Explant from 6-monthe
old tree old tree old tree old grafts
a e
Root Roots Days Root Root s Days Root Roots Days Root Roots Days Root Roots T™mays
Trearment initia~ per for initia. per for initia- per for initia- per for initia- oer fog
tion explant root tion explant root tion explant root tion explant root tion exnlant root
(%) initia- (%} initia- (%) initia- (%) initfa- (%) initia-
rion tion tion tion tion
1. IBA 0.2 pom 100 4.25 28.00 - - - - - - - - - _ - _
2. 1BA 0.8 ppm 100 5.00 29.25 - - - - - - - . - - -
3. IBA 1.6 pom 75 7.33 29.00 - - - -~ - - - - - - - -
4. IBA 8.0 ppm 0 0 Q [ 0 (o} - - - - - - _ - .
5. NAA 1.0 pom 0 0 o o] 0 0 - - - - - - - - _
6. NAA 2.0 pom - - - ¢} 0 0 - - - - - - - - -
7. IAA 10.0 opm 0 o 0 0 0 0 - - - - - - - - s
8. 2,4-D 0.1 pom 0 [} 0 0 0 0 - - - - - - - - -
9, NAA 0.05 pom + 1I8A 0.4 ppm 0 0 [¢] [ 0 0 ~ - - - - - - - -
10. NAA 0.4 ppm + IBA 0.2 pom - - 0 0 0 - - - - - - - - _
11, NAA 0.4 ppm + IBA 0.4 opm 100 6.00 20.75 0 [ 0 - - - - - - - - _
12. NAA 0.4 pom + IBA 0.8 opm - - - 0 o 0 - - - - - - _ - -
13. NAA 0.4 vom + IBA 1.6 opm ~ - - go.o" 4.17 24.67 40.09 2.50 44.00 0 0 0 0 0 0
14, NAA 0.5 pom + IBA 0.2 pom 100 5.7 36.25 Q o] 0 - - - - - - _ - -
15, NAA 2.0 pom « IBA 2.4 opm 75 2.67 “8.33 0 G ¢} - - - - - - - - _
16, NAA 2.0 pom * 134 2.0 opm A< . &
{for 6 days an¢ *hen witho - - - 70.9 5343 13.43 40.0 2.50 24.00 15.00 1.0 46 .70 50.0 2.00 20.50
out growth sub.-: ces)
17. IAA 0.1 ponm + 184 0,1 oom 50 2.50 2.50 n 0 0 - - - - - - - - -
& - Average of four obs-rvations Average of five observations 0] NOo response
. Average of 1% observi.oions - Average of 20 obesarvatinne - Nn treatment
Average of 10 obsaearv.- - ones

T
N
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roots (Plates 14 and 15)., Callussing was least for
“JBA/NAA combination 2.0 ¢+ 2.0 prm followed by transferring
the shoots into 1/2 M8 medium without growth substénces”.
The root growth in this cése was visually observed to be
more vigorous (Plate 13). Root initiation was generslly
followed by new leaf production and shoot elongation.

The roots produced were thick and light yellow to deep
yellow in colour (Plates 13 and 16).

2. Concentration of NS medium
a. Inorganic salts

There was marked influence of the strength of the
inorganic salts in the percentage of rooting and the number
of roots per shoot. The most favourable effect was at
half strength. Eighty per cent rooting and four roots per
ghoot were recorded by this level, whilg the normal concsn-
tration recorded only 40 per cent rooting and 2.5 roots per
shoot (Table 31). Quarter and double strengthe of the MS
inorgenic selts affected root initiation having produced
only 20X rooting and one t0 two roots per shoot.

b. Organic growth factors

Alterztion of the strength of the NS orgznic growth
factors from the normal, apprecisbly affected root initiation.
The root initiation was 20%, 60% and 40% at quarter, half



Plate 15. S8light callussing, observed at the cut end of shoot,
preceding the in vitro rooting of jack shoot culture

Magnification: x 1.27

Plate 16. Three-week o0ld jack plantlet showing thick, dup
yellow roots

Magnification: x 1.34
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Table 31, Effect of MS inorganic salts, MS organic growth
factorse, sucrose and agar on the in wvitrxo
rooting of jack shoot cultures

Basal medium containing IBA 1.6 ppm
and NAA 0.4 ppm

Cultures* Roots per
Treatment initiating explant
roots (%)
MS Inorganic salts 1/4 conc. 20.0 1.00
. 1/2 cone. 80.0 4.00
. 1 cone. 40.0 2.50
- 2 cone. 20,0 2.00
M8 Organic growth factors 1/4conec. 20.0 3.00
. 1/2 cone. 60.0 2.67
« 1 cone. 100.0 5.60
" 2 cone. 40.0 2.50
Sucrose 1% 20.0 2.00
" 2% 60.0 3.67
" 3% 80.0 4.00
" 4% 80.0 3.80
Agar 0.4% 80.0 5.25
- 0.6% 80.0 4.75
® 0.8% 60.0 4.00
. 1.0% 20.0 2,00

* -~ Average of five observations
Culture period - five weeks



and double strength of the organic factors, respectively
(fable 31). The corresponding values for the number of
roots produced per shoot were 3.00, 2.67 and 2.50 respe-
ctively. Hundred per cent rooting with 5.6 roots per shoot
was achieved only at the normal concentration of M8 organic

factors.
c. Sucrose

The optimum sucrose concentration was found to be
3% for obtaining the highest rooting percentage (80%)
and the largest number of roots per shoot (4.00). Though
the higher concentration of sucrose (4%) also effected
80% rooting, only 3.75 roots per shoot were produced
(Table 31). The per cent cultures initiating roots and the
number of roots per shoot decreased with decrease in the
sucrose content below 3.

3. Physical condition of the medium

S0lid medium with agar in the range of 0.4 - 0.6%
was observed to effect 80% rooting and 4.75 - 5.25 roots
per shoot (Table 31). However, 0.6% agar was found to be
better for easiness of handling the cultures. Agar 0.8%
recorded only 60% rooting and 4.0 roots per shoot.

Per cent rooting and number of roots per shoot were observed
to be poor at 1% agar.
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The ipn vitrxo rooting was better at half strength
of the MS inorganic salts, full strength of the MS orgenic
growth factors, 3% sucrose and 0.6% agar.

E. Planting out the plantlets/shoots to soil (Stage IV)
1. After ipn yitro rooting (Plantlets)

The effects of potting mixtures, age of the plantlets,
light intensity prior to planting out, humidity maintenance
methods, growth substance sprays and nutrient starter
solutions on the survival of the plantlets were assessed
and the results are presented in Tables 32 to 33.

a, Potting mixture

The most suiteble potting medium was found to be
vermiculite. It registered the meximum survivel (55.6%)
of the plantlets. The potting mixture consisting of sand,
soil and coir dust (1:1:1 v/v) was also found to be useful;s
but recorded only 40% survival of the plantlets (Table 32).
The other potting mixtures tried failed to support the
survivael and growth of the plantlets.

b. Age of the plantlets

Age of the plantlets at the time of planting out
was found to influence their survival (Table 32). The
survival rate of 55.6% was obtained when the plantlets,
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Table 32. Influence of potting mixtures, humidity maintenance
methods, age of the plantlete, light intensity
one week prior to planting out and growth substance
spreys on the survival of the plantlets after
planting out.

Survival
of plantlets
planted out
&)
A, Potting mixture
1. Sand + soil (131l v/v mixture) o®
2. Sand + soil + cowdung (131111 v/v mixture) o
3. Vermiculite 55.6"
4. Coir dust 0
5. Sand + goil + coir dust (11111 v/v mixture) 40.0°
6. '‘Trice~2' commercial peat pot o”
7. Sphagnum moss + goil (1:1 v/v) mixture o®
B. Humidity maintenance devices
1. Glags beaker 0¢
2. Petri plate + glass beaker 33.3¢
3. Microscope cover 55.¢%
4. Pyramid shaved polythene cover o°

C. Age of the plantlets at the time of planting out

Me of the plantlets Hapdening

1. Root initiation Bl oP
2. . One week 55.6%
3. One week after root imitiation One week _  0°
4. Two waeks after root initiation One week 40.0”
S. ?;1:::‘::;:: after root One week ob

(Contd . ,



Table 32.
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Survival

of plantlets

planted out
)

D. Light intensity one week prior to planting out

1. 250 lux
2.1000 lux
3.3500 lux

B. Growth substance sprays after planting out

1.
2.
3.
4.

BA 10.0 ppm

kinetin 10.0 ppm

Nah 1.0 ppm
ABA 0.03 ppm

40.0°
58.3

50.0°
50.0®
25.0°
50.0°

e & 0 oS

Aversge
Averege
Average
Average
Average

of 18 observations
of 5 obeservations
of 6 observatioms
of 12 observetions
of 4 observations
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just after the root initiation (Plate 17), were subjected
to one week of in Yitre herdening with respect to light

and temperature before transfer to the potting mixture.
Planting out immediately after root initistion (without
hardening) failed to give szuccess. Delaying the planting
out till the roots are sufficiently elongated was found

to be unfavourable. Plantlets., three weeks after root
initiation (Plate 16) and subjected to one week's hardening
when planted out failed to survive.

c. Light intensity

When the cultures vere subjected to hardening with
respect to light at 3500 lux for one week, the plantlets
survived better (58.3%) than when they were exposed to lower
light intensity of 1000 lux (40.0% survival). Wwhen the
herdening process was totally eliminated, the plantlets
failed to survive (Table 32).

d. Hunidity maintenance methods

Humidity during the initial period after planting
out was obrerved to influence the survival of the plantlets.
Microscope covers (Plate 18) were found to be the most
suitable, maintiéining 90 - 100X R.H. and supvorting 55.6¢
of plantlet survival (Table 32). Placing the potsin
petriplates containing water and covering the szme with



Plate 17. Jack plantlet, just after root initiation
Magnification: x 1.5

Plate 18. Microscope cover for meintaining the relative humidity
at the required level (90-100%) plantlet survival = 55.6%

Magnification: x 0.07
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glass beakar (Plate 19) was found to be less succeesful,
accounting for only 33.3% survival. The rest of the

treatiments were unsuccessful.
e. Growth substance sprays

The various growth substance sprays given to the
plantlets planted ocut d4id not improve their survival rate
(Table 32).

£f. Rutrient starter solution aspplication

Two starter solutions were tried for boosting up
the growth of the estiblished plantlets. VWhen the nutrient
solution of NPK 10:52:10 ratio wag applied to the potting
mixture, all the plantlets dried up. Growth of the
plantlets was markedly superior when 1/2 M5 inorgznic salt
solution was applied (Plates 20 and 21), . The plantlets
registered a height of 14.75 om with six leaves having a
length of 9,75 cm and breadth of 5.30 cm, three months
after planting out (Table 33).

2. Direct transplanting of shoots without roots

Shoots from the elongation medium were taksn ocut,
immersed in different concentrations of IBA solution for
24 hours anéd then transplanted to a potting mixture (sand,
soil, cowdung 13l1:1 v/v). Rooting was not observed in any



Plate 19. Jack plantlet in pot placed in petri plates containing
water and covered with glass beaker. Plantlet
survival = 33,.3%

Magnificetion: x 1.03

Plate 20. Jack plantlets, three months after transfer to ordinary
potting medium

Magnificatiocn: x 0.22






Plate 21. Jack plantlet, three months after transfer to
ordinary potting medium

Magnificetion: x 0.39

Plate 22. Multiple, shoot production from jack shoot apex
(source: six-week o0léd seedling) on MS medium +
BA1D.0 + NAA 0.2 pom. Multiplication rate after
five weeks: 17.4x

Magnification: x 1.52
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Table 33. Bffect of nutrient starter solutions on the
growth of the plantlets, planted out.

Height of Leaves/ Length Breadth

the plant- of the of the
Treatment plantlets let longest longest
(em) leaf leaf
{cm) (cm)
l. Tap water 7.00 3.7 3.85% 2.8
2. 1/2 M5 salt solution 14.7% 6.00 9.7% 5.30
3. NPK 10152110 nutrient 1] 0 1) 0

solution

*hverage of four observations made 3 months
after planting out
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of the above trectments. The shoots started wilting after

10 days with symptoms of deceying from the basal region.

¥. In yitro shoot proliferation and rooting of explants
from seedling., 10-year o0ld tree, 30-year old tree and
six-month old grafe:

In the studies to ascertain the influence of the
source of the explants on the jip vitre shoot multiplication
and rooting, the explants of seedling origin gave very good
response, whereas those of mature trees and grafts exhibited
low response, even though fresh stem sprouts were used and

repeated suﬁultutuﬂ was done (Table 34).

In the case of seedling explants, maximum shoot
proliferation (17.4) was achieved at BA 10.0 ppm (Plate 22).
This level of BA was significantly superior to the rest
of the levels. The response to0 the higher and the lower
levels varied from 4.4 to 14.0 shoots per explant.

BExcellent rooting of shoote (100.0%X) with 4.25 to
6.00 roots per shoot was obtezined by treatment with IBA/NAA
combination 0.2 + 0.5 ppm and 0.4 + 0.4 ppm as well as
IBA 0.2 prm and 0.8 ppm. The IBA/NAA combination 0.4 + 0.4 ppm
recorded the maximum number of roots (6.0) in 20.7% Adays
(Table 30). Fifty to seventyfive ber cent rooting (with
2.5 to 7.33 roots per shoot) was obtained in about 29.00-46.2%



Table 34.

Basal medium: MS + RAA 0.2 Pm

Rffect of BA on the in yitrp multiplication rate and growth of jack
shoots of different age groupe

Explant from 10-year

Rxplant Explant from 30-year Explant from 6-month
from 0ld trees old trees olad grafts
Treatment seedlings " =
Shoots™ Length of the Shoots ILength of the Shoots® Length of the
ahgots! per a a Per per )
pe explant long-' long- explant long- long- explant long- long-*
explant est ng-
est est est est est
shoot leaf shoot leaf shoot .¢
(cw) (cm) (em)  (cm) (em)  (om)
n 2.5 m ‘.‘ - - - - - - - - -
BA 5.0 prm 8.8 2.80 2.26 2.52 2.09° 1.9 1.32® 1.0 1.90 1.77
BA 5.0 ppm (Liquid - c c
med 4 um) - - - 1.25¢ 2.39¢ 1.8 - - -
BA 7.5 pom 11.8 1.00 2.00 1.42 1.00° 2.28% 1.259 1.0 1.15  0.80
BA 10.0 opm 17.4 1.00 0 0 0 - 0 10 0 0
BA 12.5 ppm - 1.00 0 o - - - 1.0 0 (4]
BA 20.0 prm 14.0 - - - 0 0 0 - - -
BA 40.0 ppm 13.8 - - - o 0 0 - - -
a - Average of five observations 4 - Average of two observations
b - Average of 11 observationms e -~ Average of four observations
¢ - Average of eight observations
Culture period - five weeks —

4
»

£&
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days with IAA/IBA combimation 0.1 + 0.1 ppm, IBA 1.6 pm
and NAA/IBA combination 2.0 + 0.4 ppm (Table 30). The rest
of the 12 treatments tried were found to be ineffective.

Fresh stem sprouts from 10-year o0ld trees, after
culture establichment, were subjected to shoot proliferstion
treatmgnts. Multiplication of the shoots was observed only
at the lovest level (5.0 ppm) of BA tried (Table 34).

The rate of multiplication was very low (2.8 shoots). Higher
levels restricted the growth of the shoots resulting in
single shoot per culture. At BA 5.0 ppm, the length of the
longest shoot was 2.26 cm. The longest leaf measured

2.52 cm. BA 7.5ppm recorded 2.0 cm as the shoot length

and 1.42 cm as the leaf length. The shoots and the leaves
were very smsll at the higher levels of BA. When the shoots
from the proliferation msdium were transferred to an
elongation medium (BA 2 ppm + NAA 0.2 ppm), no marked
improvement in shoot growth was observed. The shoots
attained a length of only 2.5 cm, with a leaf length of

2.5 cm in about egix weeks. Rooting of shoots was attempted
with "1/2 MS + IBA 1.6 ppm + MAA 0.4 ppm® and *1/2 M8 + IBA
2.0 ppm + NAA 2.0 ppm (for 6 days) and then 1/2 MS without
growth substances®. Forty Per cent rooting was obtained

in both treatments, with 2.5 roots per shoot (Table 30).
Hovever, the latter trectment took only 24 days for root
initiation, while the former took 44 days.
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Multiple shoot formetion was examined with
explants from fresh stem sprouts of 30-.year old trees,
with different levels of BA in solid medium (containing
NAA 0.2 ppm). Multiple shoots were obtained (Table 34)
only at BA 5.0 prm (2.09 shoots per culture). Shoots
turned brown and died at the higher levels of BA tried
(10.0 ppm, 20.0 ppm and 40.0 ppm), except at 7.5 prm.

In liguid medium, BA at 5 prm recorded only 1.25 shoots

per culture. This treatment was inferior to BA 5 ppm in
80l1id medium with respect to shoot proliferation. However,
the shoot and leaf growth were better in the liquid medium
(5.39 cm and 1,84 cm, respectively) than in the solid
medium (1.97 cm and 1.32 cm, respectively). At BA 7.5 ppm
a shoot length of 2.25 om and a lesf length of 1.25 cm were
observed (Table 34).

The shoots were subjected to two rooting treatments
“1/2 M5 + IBA/NAA combinstion 1.6 + 0.4 ppm* and *1/2 MS +
IBA/RAA combination 2.0 + 2.0 ppm (for 6 days) and then
1/2 MS without growth subgtances". Rooting was not
observed in the former case, even after three sub cultures.
The latter treztment produced 15.0 per cent rooting after
46.7 days, with three subcultures (Teble 30).

Explants from six-month old jack grafts were
subjected to shoot proliferation trials, expecting better
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performance resulting from partial rejuvenation, However,
the treatments with BA (5.0 to 12.5 ppm) + WAA (0.2 pre)

were not effective in inducing multiplication of the shoot
apices and axillary buds, although 100% survival of shoots
and fairly satisfactory shoot growth were observed (Table 34).

Rooting of the shoote were tried with two treatments
"1/2 NS + IBA/RAA combination 1.6 + 0.4 pre® and "1/2 M8 +
‘IBA/MAA combination 2.0 + 2.0 ppm (for six days) and thea
1/2 ¥S without growth substances”. The rooting percentage
after one subculture was 30%. Only two roots per shoot
(Plate 23) were produced after 20.3 days (Table 30).

G. Cytological examination by root tip squash technique

The influence of L5 yitro culture techniques on
the chromosome stability of the plantlets raised from
explants of five-year ©ld trees and seedlings has been
exsmined by the conventional root tip squash technique.
The metaphzse observations are presented in plates 24 and 28.

The Plantlets recovered from the shoot apices of
five year old trees and seedlings meintained the diploid
nature with the normal chromosome count of 2n = 86.



Plate 23. 1§ yitre rooting of jack shoot apex culture (source:
six-month old jack graft) in "1/2 M5 + IBA 2.0 ppm +
KA 2.0 ppm for six days and then 1/2 M8 without
growth substances*

Magnificstion:s x 0.52

Plate 24. Metaphsse plate of a cell from the rooct tip squash
of jack plantlet, showing a chromosome number of
an = 56 :

Magnification: x 1600






Plate 25. Metaphase plate of a cell from the root tip squash of
jack seedling, showing a chromosome number of 2n = 56

Magnification: x 1600

Plate 26. C.S5. of leaf produced by jack plantlet, showing thin
cuticle

Magnification: x 700






H. Hietological investigations

The leaves from the seedlings (used as the source
of explants) and the nev plantlets (prior to and after
hardening) were examined to understand the anatomical
differences, if any, that could contribute to better survival,

The leaves of the new plantlets were observed to
have thinner cuticle (Plate 26) as compared to those of the
seedling leaves (Plate 27). The new leaves produced by the
hardened plantlets after establishment ocutside (Plate 28)
also had thicker cuticles.

Economice of production of jack plantlets

The cost of production of jack plantlets using
explants from fresh stem sprouts of five-year o0ld trees vas
worked out based on the facilities of the Tissue Culture
Laboratory at the College of Horticulture, having a potential
of meintaining 4200 cultures for multiplication, 4200 cultures
for shoot elongation, 4200 cultures for ipn vitro rooting
and 7000 plantlets for hardening (Table 35). One scientist
{(.1400/= p.m.) and one Technician (.1000/= p.m.) were
considered necessary for the work. The number of initial
explants was 100. The duration for culture establishment
wvas six weeks; for shoot proliferstion, five weeks; feor

shoot elongation, four weeks; for in vitxo rooting, four



Plate 27. C.S. gf leaf produced by jack seedling, showing normal
' cuticle

Magnificetion: x 1100

Plate 28. C.S. of leaf produced by jack plantlet after establishing
outside, showing normal cuticle

Magnification: x 1100
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Table 35. Economics of production of jack plantlets through

in vitro culture
I. Cost of production
Maximum capacity for the ¢ 4200 cultures for shoot
production of plantlets under multipliication, 4200 cultures
the existing physical faci- for shoot elongation, 4200
lities of the T.C. lab at the cultures for rooting and
College of Horticulture 7000 plantlets for hardening
A. Physical Bxpenditure
per year (is.)
1. Glagswares . 30000/5 yrs. 6000.00
2. Chemicals Bs. 10000/' yre. 2000.00
3. Vooden racks - 7 Nos. Bs. 6300/20 yrs. 315.00
4. Fluorescent tubes
(63 Nos.) and fittings k. 6000/5 yrs. 1200.00
S5. Autoclave - 1 No. k. 25000/20 yrs. 1250.00
G, TSRS T G e wre. 550000
7. Alir conditioner - 2 Nos, Bs. 30@0/1' yrs. 2000.00
8. Shaker - 1 Neo. Bs. “”/“ Yre. 850.00
9. Hot air oven - 2 Nos. . 10000/%20 yrs. 1800.00
10. Balances - 2 Nos, . 10000/20 yrs. $00.00
11, pH meter - 1 No. k. 4000/10 yrs. 400.00
12. Refrigerator - 1 No. k. 6000/15 yrs. 400,00
13. Water bath - 1 No. . 5000/20 yrs. 250.00
14, Heating mantles - 1 No. Bs. 400/5 yrs. 80.00
35. Dele giaes il e v, GOBS
16. Cottca, inoculation aide, . 1000/yr. 1000.00
foils, alcohol etc.
Jl.z. :\:m and fottiag mixture B&s. 4000/yrx. 4000.00
. dity maintenance
19. EBlectricity charges, . 4000/yr. 4000. 00

maintenance charges and
miscellaneous items \
20. Building and furnishings . 100000/50 yrs. 2000.00"

B. Salary
1. Salary of one scientist . 16800/yr. 16800.00
(hlz l.llOO/- p.l.,
. i
T e ™ n M 12000. 00

Total k. 59445.00

(ce-tq\)
‘\\\\
\\
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Table 35. (Contd.)
II. Number of plantlets produced per year

boiot woarn SSitis EUNREEE Sho nesriny Iiaetiste
shment tion month har-
dening
6 100 100
11 573
16 3283.3
21 18813.3
25 4200
26 24066
29 2940
30 4200
31 24066
34 2940 1634.64
35 4200
36 24066
39 ‘ 2940 1634 .64
40 4200 :
41 24066
44 ; 2940 1634.64
45 4200
46 24066
49 2940 1634 .64
50 4200
Total 6538.56

III. Cost of production of single plantlet
Total cost involved per year . 59445.00

Number of plantlets produced per year 6538.56

Cost of production of one plantlet k. 9.09
oIt
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weeks and for planting out and hardening the plantlets,
five weeks. After 21 weeks, two cyclesz can be introduced
into the production system. A portion (4200 shoots) of

the multiple shoots preduced (18813.3 shoots) cen be
diverted for jin vitro rooting, the remaining portion to be
recycled for the shoot proliferation. Based on the capacity
of the laboratory, rate of culture establishment (100.0%),
rooting response of the shoots (70.0%) and the survival

of the plantlets (55.6X), 6538.56 plantlets per year was
estimated to be produced. The total cost involved per year
worked out to k. $9445.00, the cost of building, equipment,
glasswares, chemicals and miscellaneocus i{tems having been
distributed over the years according to their potential/
durability. The coest of production of ons jack plantlet
including one month's hardening was found to be K.9.09.

A further period of upto six months may be required in the
nursery which could increase the cost by about »&.0.80.

I1. Mussaenda
A. Culture estazblishment (Stage II)
1. BEstablishment of shoot apices and lateral buds

Shoot apices and lateral buds of mussaends were
subjected to various culture establishment treatments and
the results are presented in Table 136. ﬁundrod per cent
culture survivel and actively growing cultures of the shoot
apices were observed in NS medium supplemented with BA
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Table 36. Effect of different treatments on the survival
and growth of mussaenda shoot apex cultures
(via enhanced release of axillary buds)

Basal medium : M8

S&trviva 18 Cultures®
cultures exhibiti
Treatment alive) growth (%
kinetin 0 ppm 60 o
" 0.5 ppm 80 20
. 1.0 ppm 60 40
» 2.0 prm 20 0
BA 0.5 ppm 80 40
" 1.0 ppm 80 40
" 2.0 ppm 60 0
kinetin 2.5 AN + NAA 0.1 AM 100 0
" + " 0.5 4N 80 o
» + " 1.0 A 100 20
kinetin 5.0 oM + NAA 0.1 A 80 20
. + " 0.5 AM 100 0
" + * 1,0 & 100 20
kinetin 100 AM + NAX 0.1 /M 60 0
- + " 0.5 AM 100 o
" + " 1.0 /M 60 0
BA 0.1 ppm + kinetin 0.1 ppm 60 0
" + * 0.3 ppm 80 0
. + “ 0.5 ppm 60 0
" + * 1.0 ppm 100 0
EA 0.3 ppm + kinetin 0.1 ppm 60 0
" + *" 0.3 ppm 100 o
" + * 0.5 ppm 80 0
" + * 1.0 ppm 40 0
BA 0.5 ppm + kinetin 0.1 ppm 80 20
» + " 0.3 pom 100 40
. + * 0.5 po;a 100 - 100
» + " 1.0 ppm 80 40
BA 1.0 pom + kinetin 0.1 ppm 80 20
" + *“ 0.3 ppm 60 20
. + * 0.5 ppm 80 20
" + “* 1.0 ppm 60 o

a - Average of five observations Culture period - 3 weeks
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0.5 ppm + kinetin 0.5 pom. Msjority of the other
treatments also supported the survival of the cultures
gairly well (60.0 - 100.0 per cent). However, the
proportion of growing cultures in these tre2tments was low
(0 to 40%). Out of the 32 treatments involving combinations
of BA, kinetin and NAA, only 14 favoured the growth of the
cultures. W¥When lateral buds were subjected to the best
treatment identified, namely, BA/kinetin combination

0.5 + 0.5 ppm, 73.3 per cent survival of the cultures and

26.1 per cent growing cultures resulted.

In about two weeks after the inoculation of the
shoot apices, the outer leaves started growing at a fast
rate (Plate 29). By the time they expended fully, growth
of the new leaves was initiated. The cultures were
considered estiéblished when the above changes reached a
satisfactory level (Plate 30). This stage was attained
three veeks after inoculation, in the case of shoot apices.
Lateral buds needed about five weeks to attain this stage,
as their growth was slower. The problem of phenolics was
sparse in both the cultures.

2. Somatic orgenogenegsis - callus production
a. 8heot apices

The effect of the 36 treatmente involving combina-

tions of kinetin and NAA, BA and NhA as well as BA and



Plate 29. Mussaenda shoot apex after two weeks in the establishment
medium (MS + BA 0.5 ppm + kinetin 0.5 ppm)

Magnification: x 1,56

Plate 30. Mussaenda shoot apex after three weeks in the
establishment medium

Magnification: x 1.77
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IAA on the production and growth of callus from the shoot

apices of mussaenda are presented in Table 37.

Among the treatment combinations involving kinetin
and HAA, the highest vielues for callus index (CI = 367.0),
growth score (G = 3.67) and per cent callus initiation
(100.0%) were registered by kinetin/NAA combination 1.0 +
2.0 ppm (Table 39). Fifty per cent of the treatments recorded
CI valuer ranging from 133.0 to 367.0, growth score from
1.33 to 3.67 and hundred per cent callus initiation.
A comparison of the mean CI values of the levels of NAA
over the leveles of kinetin showed that NAA was more favoureble
at 2.0 pom (CI = 233.33) than at the other levels
{(Appendix IXX.1). MNean CI values of kinetin over the levels
of NAA sglightly increased with increasing concentrations,
the maximum being at 4.0 ppm (CI = 75.18).,

Among the BA/NAA combinations, maximum callus index
of 233.0 and maximum number of cultures initiating callus
(100.0%) were obt2ined in BA/NAA combinations2.0 + 2.0 ppm gpg
4.0 + 8.0 pom (Table 3%). BA/RAA combinations 1.0 + 2.0
and 2.0 + 8.0 prm registered the maximum growth score
(G = 2.5). On the whole £fifty per cent treatments registered
callus initiation of 66.7 per cent or above, while one third
of the treatments proved ineffective. Moderate to good
callus index (CI = 166.8 to 233.0) and growth score



Table "7 gttect of different treatmert: on the Droeductiol “ne Grows b
ovary wall regment and leat segment cultures of musscends
Shoot apex culture
Treatment Culturesa Growth® callus® P
initiating score Index cor
callue (%) (G} (cn (G
kinetin 1.0 ppm + NAA 1.0 ppm 33.3 1.00 33.30 66 .7 1.00
" + " 2.0 pom 10C.0 3.67 367.0C 100.¢ 2.00
" + 7 4.0 ppm 33.3 1.00 33.30 33.3 1.00
" + * 8.0 ppm 66.7 1.00 £6.7G 0 4]
kinetin 2.0 pom + NAA 1.0 ppm 0 0 s} 33.3 1.0¢
" + * 2.0 ppm 100.0 2.33 233.00 100.0 1.67
" + " 4.0 ppm 100.0 1.33 133.00 100.0 1.33
" + " 8.0 ppm 100.0 1.67 167.CG 100.0 2.00
kinetin 4.0 ppm + NAA 1.0 pom 66.7 1.00 66.70C 66.7 1.50
" + * 2,0 pom 66.7 1.50 100.00 66.% 1.00
" + * 4.0 pom 100.0 2.67 267.00 100.0 2.67
" + " 8.0 pom 100.0 2.67 267.0C 100.0 2.00
BA 1.0 vop + NAA 1,0 pom 33.3 1.006 33.30 - -
" + " 2.0 ppm 66.7 2,55 166. 7% - -
o + " 4.0 ppm 0 (o] 0 - -
" + * 8.0 ppm 33.3 2.00 66 .60 - -
BA 2.0 prm + NAA 1.0 ppm ] o] 0 - -
" + * 2.0 pom 100.0 2.33 233.00 - -
" + * 4.0 ppm 66.7 1.00 66.7C - -
" + " 8,0 pom 66 .7 2.5n0 166.80 - -
BA 4.0 pom + NAZ 1.0 ppm 0 0 0 - ~
" + * 2.0 pom 0 0 0 - -~
* + * 4.0 opm 100.0C 1.67 167,00 - -
v + * 8.0 prm 100.C 2,33 233.00 - -
BA 1.0 »om + IAA 1.0 ppm 33.3 1,00 33.30 ~ -
" + " 2.0 ppm 66.7 1.5%0 100.00 - -
" + " 4.0 ppm 100.0 1.00 100.00 - -
. " + " 3.0 opm 100.0 1.33 133.00 - -
BA 2.0 ppm + TAA 1.0 ppm 33.3 1.0¢ 33.30 - -
" + * 2.0 ppm 66.7 1.00 6€.70 - -
B + ¥ 4.0 opom 100.0 1.00 100.0C - -
" + ' 8.0 pom 100.¢C .87 167.C0 - -
BA 4.0 pom + lAa 1.0 ppm 100.0 l.o0 100,00 - ~
" + * 2.0 ppm 0 ] 4} - -
" + * 4.0 ppm 100.6 1.32 133.00 -~ -
N + © 8.0 pom 100.0 1.00 100,00 - -
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(G = 1,67 to 2.50) were recorded by five ocut of the 12
treatments tried. The mean CI values of NAXA when compared
over the levels of BA showed that MAA was more favourable

at 8.0 pom (CI = 155.47) than at other levels (Appendix 1I1IX.2).
BA was more effective at 2.0 ppm (CI = 116.63).

Treatments involving combinations of various levels
of BA and IAA recorded lower values for ctsllus index and
growth. However, callus initiation was fdirly good (Table 33).
While seven out of the twelve treatments induced c&llus in
hundred per cent cultures, only two treatments recorded
growth scores above 1,5. Callus index value above 1%0.0
was obtained in only one .tratmt. Maximum CI value
(CI = 167.0) and growth score (G = 1.67) coupled with hundred
per cent callus initiation were recorded by BA/IM. combination
2,0 + 8,0 ppm. The mean CI values of IAA over the levels
of BA showed that IAA was more favourable at 8.0 ppm
(CI = 133.33) than at the other levels (Appendix III.3).
The effect of IAA was found to increase with increasing
levels.Benzyl adenine weas equally effective at 1.0 and 2.0 pmm
(CI = 91.78).

Majority of the treatments were effective in
induecing profuse callus growth from the shoot apices
(Plate 31). Sixteen treatments recorded hundred per cent



Plate 31. Callus production from mussaends shoot apex culture
on MS medium + kinetin 1.0 ppm + NAA 2.0 pm.
Callus Index = 367.0

Magnification: x 2.0

Plate 32. Callus production from ovary wall segmsnt culture of
muscaenda on MS. medium + kinetin 1.0 pom + NAA 2.0 ppm.
Callus index = 400.0

Magnification: x 2.1%
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callus initistion, vhile the remmining recorded 0. to
66.7M%. The kinetin/MaA combination 1.0 + 2.0 ppm registered
the maximum callus index (CXI = 367.0), growth score

(G = 3.67) and per cent cultures initiasting calius (100.0%).
Six treatments recorded CI walues above 100.0. The kinetin/
MAA combinations 4.0 + 4.0 ppm (CI = 267.0), 4.0 + 8.0 ppm
(CI = 267.0), 2.0 + 2.0 prm (CI = 233.0), BA/NAA combinstions
2.0 + 2.0 ppm (CI = 233,0) and 4.0 + 8,0 ppm (CI = 233.0)
were among the treatments showing good performance. All
thete treatments induced hundred per cent cellus initiation
with growth score ranging from 2.33 to 2.67.

b. Segments of leaf

Twelve combinations of kinetin and NAA were eviluated
for their capecity to induce callus initiation and growth
from the segments of the ih Yitrxo formed letves of musszaenda.
The results are presented in Table 3%.

Callus index values of 200.0 and above coupled with
hundred per cent ctllus initiation wers recorded by four
treatments. Growth scores raénged from 2.00 to 2.67 in all
these treztments. 7The mximum values for \callu index
(CXI = 267.0), growth score (G = 2.67) and per cent cultures
initiating callus (100.0) were registered by kinetin/MNAA
combinstion 4.0 + 4.0 ppm. Comparison of the mean CI values
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of the levels of HAA over the levels of kinetin showed

that the effect was maximum at 2.0 ppm (CI = 144.57) and
4.0 ppm (CI = 144.43). The effect of kinetin when compared
over the levels of NAA wvas found to increase with increasing
concentrations and redched the maximum at 4.0 pom

(CI = 158.43).

c. Segments of ovary wall

Response of segments of ovary wall of mussaenda
to treatments involving kinetin and NAA are presented in
Table 37.

All the twelve treatments tried were effective in
inducing profuse callussing from segments of ovary wall
(Plate 32). ExceDPt one, all the treztments registered
66.7 to 100.0 per cent cultures initiating callus. The growth
score ranged from 1.0 to 4.0 and five trestments recorded
values 2.0 or above. In five treatments the CI values were
200.0 or above. Kinetin/WAA combinations1.0 + 2.0 ppm and
2.0 + 4.0 ppm were the most effective treatments, recording
CI values of 400.0, growth score of 4.0 and hundred per cent
callus initiation. MNean CI values of NAA when compared
over the levels of kinetin was found to be the maximum at
2.0 pom (CI = 300.0). Higher levels of MAA recorded lower
CI values. Kinetin was more favourable at 2.0 ppm when
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compared over the lgvels of BAA (CI = 225.08). Mean CI
values of kinetin 1.0 ppm and 4.0 ppm were lower
(CI - 1“068)0

The c&llus initiation started in about 10 days in
all the above cases. It was preceeded by swelling at the
cut ends Oof the shoot apices and swelling all over the
segments of ovary wall, In the case of leaves, callus
initiation started along the veins at first. 1In all the
cages, finally the entire explant was covered by white/light
cream, friable to slightly compact callus which turned
light green at times.

3. Direct somatic organogenesis

Induction of direct organogenesis from in yitro
formed shoot apices, internodal segments and lower halves
of leaves with petiocle, was tried with treatment combinations
involving BA and kinetin. Howegver, all the treatments failed
to induce direct organogenesis from the explants.

4. Somatic emdbryoid induction - cidllus production

Responses of shoot apices and in yitro formed leaf
segments to the treatment combinations of 2,4-D and kinetin
are presented in Table 38. Direct somatic embryoid formation
was not observed. All the tredtments, except tﬁo. induced
callus from the explants.



Table 38. Rffect of different tre2tments on the induction of somatic embryoids
(callus induction) from shoot apex and leaf segment cultures of musssenda.

Basel mediym: MS

Shoot apex culture Leaf segment culture

Treatment Cultures® Growth® callus®  cultures® OGrowtr®  callue®

initiating score Index initiating score xnsu

callus @) (c3) callus ©) (cx)
o) &)

2,4-D 0.1 ppm 66.7 1,00 66.7 66.7 1.50 100.0
. 0.5 ppm 100.0 1.00 100.0 66.7 1.00 66.7

. 1.0 ppm i99.3 1.00 33.3 66.7 1.00 66.7

" 2.0 prm 0 o 0 33.3 1.00 6.7
2,4-D 0.1 prm + kinetin 1.0 ppm 66.7 1.00 6.7 6.7 1.00 .7
- + " 2.0 ppm 100.0 1.0 100.0 100.0 1.00 100.0

L + . 4.0 ppm 66.7 1.00 66.7 33.3 1.00 39.3
2.4-D 0.% pom ¢ kinetin 1.0 ppm 100.0 1.00 100.0 66.7 1.00 66.7
" + » 2.0 ppm 33.3 1.00 33.3 66.7 1.00 66.7

- * ” 4.0 ppm o 0 0 33.3 1.00 33.3
2,4-D 1.0 pom + kinetin 1.0 opm 6.7 3.00 200.1 100.0 2.33 233.0
. + » 2.0 ppm 100.0 1.67 167.0 100.0 1.00 100.0

" + . 4.0 pom 100.0 1.00 100.0 33.3 1.00 33.3
2,4-D 2.0 ppa + kinetin 1.0 ppm 100.0 3.67 367.0 66.7 2.%50 166.8
" + . 2.0 ppm 66.7 2.%0 166.8 100.0 1.33 133.0

" + " 4.0 ppm 100.0 1,00 100.0 66.7 2.50 166.8

a - Average of three observations
Culture period - four weeks

6%1



150

a. Shoot apices

Hundred per cent callus initiation was effected
by ssven out of the 16 treatments tried (Table 38). Two
treatments (2.4-3”2.0 prm and 2,4-D/kinetin combination
0.5 + 4.0 pom) proved ineffective. Twelve treatments
induced 66.7 per cent or sbove cillus initiation. Maximum
callus index (CI = 367.0) and growth score (G = 3.67) and
hundred per cent callus initiation were recorded by 2,4-D/
kinetin combination 2.0 + 1.0 pom. There were nine treat-
ments registering CI values of 100.0 or above. Comparison
of the mesn CI values of the levels of 2,4-D (0.1, 0.5,
1.0 and 2.0 prm) over the levels of kinetim (0, 1.0, 2.0
and 4.0 ppm) showed that 2,4-D was more favourable at 2.0 ppm
(CI = 158.45). Medn Cl values of kinetin compared over the
levels of 2,4-D, were found to decretse with incressing
concentratione, the maximum being at 1.0 pom (CI = 183.45).

b. Begments of leaf

Twelve ocut of the 16 treatments effected 66.7
per cent or above callus initiation (Table 3¢). However,
only four treatments recorded growth score of 1.5 or above
and only three treatments registered CI values of 166.8
or above. Meximum CI value (CI = 233.0) and growth score
(G = 2.33) and hundred per cent ctllus initiation were
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observed in the case of 2,4-D/kinetin combination 1.0 +
1.0 ppm. Mean CI values of the levels of kinetin compared
over the levels of 2,4-D, decreased with increasing concen-
trations, the maximm being at 1.0 ppm (CI = 133.3),

2,4-D wvas more favourable at 2.0 ppm (iioan CI = 124.98).

B. Multiplication of propagule (Stage II)
1. Enhanced release of axillary buds
a. Standardisation of basic proliferation medium

After three weeks of culture in the establishment
medium, the single shoots were subjected to nine trettment
combinations invelving BA (0.1, 0.5 and 1.0 ppm) and
kinetin (0.1, 0.5 and 1.0 ppm). The number of shoots
produced per culture, number of leavers and length of the
longest leaf, after four weeks of culture were recorded and
are presented in Table 39, %The analysis of variance is
given in Appendix II.

i. Number of shoots

The maximum number of shoote (2.75) was obrerved
in the case of BA/kinetin combination 0.3 + 0.5 ppm (Plate 33).
However, the differences in the number of shoots recorded
by the various treatments were not statistically significant,
Bffect of the rest of the treatments ranged from 1.00 to
1.50 shoots.



Plate 33. Multiple shoot production from mussaenda shoot apex
culture on M8 medium + BA 0.5 ppm + kinetin 0.5 pom.
Multiplication rate = 2.75x

Magnifications x 1.48

Plate 34. White/cream callus produced from mussaenda shoot apex
culture )

Magnification:s x 1.04
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Table 39. Effect of combinstions of BA and kinetin on multiple
shoot formation from muszaenda shoot apices

Basal medium : MS

Shoote per® Leaves® Length®

initial per of the
Treatment explant exPlant longest
le2f (cm)
BA 0.1 ppm + kinetin 0.1 ppm 1.00 2.50 1.20
" + v 0.5 prm 1.00 3.00 1.78
" + " 1.0 ppm 1.00 2.50 1.78
BA 0.5 ppm + kinetin 0.1 ppm 1.5%0 5.00 2.20
" + " 0.5 ppm 2.7% 10.25 3.10
- + " 1.0 prm 1.2% 4.45 3.00
BA 1.0 ppm + kinetin 0.1 ppm 1.%0 4.2% 1.93
" + " 0.5 ppm 1.25 4.50 2.03
" + " 1.0 ppm 1.50 4.00 1.8%
co (5%) - NS 3.59 0.66
SEM * 0.38 1.24 0.23

2 -~ Average of four observations
Culture periocd - four weeks
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11. Rumber of leaves

There wvas significant differences in the number
of leaves produced by the various treatmente. The BA/kinetin
combination 0.5 + 0.5 ppm having produfed the maximum
nunber of leaves per culture (10.25) was significantly
superior to the rest of the treatments which vere on par

with each other.
1ii. Length of the longest leaf

The effects of the different treatments tried were
significantly different. BA/Kinetin combination 0.5 + 0.5 pom
and 0.5 ¢+ 1.0 ppm were on par with resvect to the length of
the longest leaf (3.1 and 3.0 em, respectively). These

were esignificantly superior to the rest of the treatments.

After about four weeks, the shoots could be
separated and placed in fresh medium of the samg composition.
The rate of multiplication of the shoots was observed for
five continuous subcultures of four weeks each and the
results are pressnted in Table 40. 1In the basic proliferation
medium, the shoot aéicc- produced an average of 2.6 shoots
per initial explant over a period four weeks. During the
subsequent subcultures, the multiplication rate increased
and remained to an average of 13.46%. lateral budes subjected to
BA/kinetin combination 0.5 + 0.5 ppm failed to form multiple
shoots.
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Table 40. Multiplication rate per explant of mussaenda
on subculturing at 4-week interval

Medium s MS + BA 0.5 ppm +

kinetin 0.5 pom

Shoots* Per cent increase
per in number of shoots
culture over the initisl
culture

1 2.6

2 2.8 7.69

3 3.4 30.77

4 2.6 0

S 3.0 15.39

Mean 13.46

* Average of five observations
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b. Regulation of shoot proliferation and growth of the
shoot apex cultures
Effects of auxins (IAA and HAA), adenine sulphate,
M8 inorganic salts, and sucrose on the multiplication and
growth of the shoots was agsessed and the results are
presented in Tables 41 to 413.

i. Auxins

Response of shoot apices to the treatments of IA
and BAA (basal wmedium containing BA 0.5 ppm + Xkinetin 0.3 pmm)
are given in Table 41. The analysis of variance is pPresented
in Aprendix II.

Compared to the basic proliferation medium, IAA
(0.1, 0.2 and 0.4 ppm) and RAA (0.1, 0.2 and 0.4 prm) d4id
not effect significant difference in the number of shoots,
number of leavee and length of the 1onqc-t leaf. The number
of shoots and number Of leaves were Cbserved to be slightly
reduced by the levels of the two auxins. However, a slight
improvement in the length of the longest leaf was observed.
Callus formation from the base of the shoots was Observed
in fifty per cent of the treatments.

ii. Adenine sulphate ‘
The number of shoots, the numbar of leaves and the
length of the longest leaf as influenced by the different
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Table 41. Effect of IAA and HAA on multiple ghoot formation
from mussaenda shoot apices

Basal medium 3 MS + kinetin 0.5 ppm+

BA 0.% prm
Shoots per® Leaves per® Length of®
Treatment explant explant the longest
leaf (em)
IAA 0.1 ppm 2.7% 8.25% 3.6%
0.2 ppm 1.7% 4.75 3.40
0.4 ppm 2.50 6.00 3.%0
HAM 0.1 porm 2.25 5.50 3.2%
0.2 ppm 1.7% 5.00 3.70
0.4 prm 2.00 4.75 3.40
Control 2.7% 10.2% 3.10

(kinetin 0.5 ppm+BA 0.5 ppm)

cD (5%) NS NS B
SEM + 0.45 1.34 0.25

a - Average of four observations

Culture period - four weeks
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levels of adenine sulphate are presented in Table 42.
The analysies of variance is given in Appendix II.

Inclusion of adenine sulphate (10.0, 20.0, 40.0
and 80.0 ppm) in the bagic proliferation medium 4id not
significantly alter the number of shoots, the number of
leaves and the length of the longest leaf. The difference

in response of the various levels were not significznt.
4ii. M5 inorganic salts

The multiplication rate and growth of the cultures
as modified by the strength of inorganic saltsz in M8 medium
are presented in Table 43, and the analysis of variance,
in Appendix I1I.

The nunber of shoots produced per culture was
significantly reduced by the double as well as the quarter
strength of M8 inorganic salts. However, the difference
in the number was not significant at the full and half
strengths (2.4 and 1.6 shoots, respectively). The number
of le2ves and the length of the longest leaf were
significantly reduced by altering the normal salt concen-
tration. The normal concentration of M8 {norganic salts
was found to be the optimum for supporting multiplication

and growth of mussaenda shoot cultures.
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Table 42. Effect of adenine sulphate on multiple shoot
formation from musszends shoot apices

Basal medium 3 MS + BA 0.5 ppmd

Shoots® Leaves® Length ot®
per the longest

Treatment Paplamt  ewplant leaf (cm)
Mdenine sulphate 10 pprm 2.6 6.8 3.28
" 20 ppm 2.6 6.8 3.04
» 40 ppm 2.6 5.5 3.28
. 80 ppm 2.2 6.0 3.44

cD (5%) -} NS NS
SEM + 0.49 1.7 0.21
a - Average of five cbeervations

Culture period . four weaks



iv. Sucrose

The effect of sucrose (2.0, 3.0, 4.0 and 5.0
per cent) on the multiplication rate and growth of musssenda
shoot cultures is given in Table 43 and the analysis of
variance, in Appendix II.

The number of shoots was not significantly altered
by the levels of sucrose incorporated in the basic oroli-
feration medium. However & slight reduction in the number
was observed at 2.0 and 5.0 per cent levels. The number of
shoots produced at sucrose 3.0% and 4.0% were identical.
Bffect of the levels of zucrose on the number of leaves per
culture and length of the longest leaf were not significant.
Sucrose 3.0 per cent produced the highest number of leaves
(7.6) while 4.0 per cent effected the grestest length of
the leat (3.46).

v. Influence of Anderzon's medium

The Anderson‘s medium was found to be unfavourahle
for the multiplication of mussaenda shoot cultures
(Table 44). The number of shoots produced per culture wes
only 1.55. The number of leaves (3.82) was slso very much
reduced than those of the basgic proliferztion medium, though
the length of the longest leaf (3.66 cm) was found to be
slightly increased.
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Table 43. Bffect of M8 inorganic salts and sucrose on

multiple shoot formation from mussaenda

shoot apices

Basal medium containing BA 0.5 ppm+

Shoots® Leaves® Length®

per per of the

Treatment explant explant longest

leaf (cm)

MS inorganic salts 1/4 conc. 1.0 2.0 0.92
" 1/2 cone. 1.6 3.6 1.66
" 1 eone. 2.4 6.0 3.14
» 2 conec, 1.0 2,0 2.30
cp (5%) 1.08 2.40 0.71
SEM * 0.36 0.80 0.24
Sucrose 2% 1.8 4.0 2.78
" 3% 3.0 7.6 3.38
. 4% 3.0 6.8 3.32
" 5% 2.8 6.8 3.46
CcD (5%) NS NS R
SEM + 0.52 0.1% 0.20

a - Average of five observations

Culture period - four weeks
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Table 44. Effect of Anderson's medium on multiple shoot
formation from mussaenda shoot apices

Medium containing BA 0.5 ppm +
kinetin 0.5 pmm

Shoots® Leaves  Length of

Treatment per per the longest
explant explant leaf (cm)
Anderson's medium 1.8% 3.82 3.66
MS basic proliferation 2.7% 10.2% 3.10
med i um*

* Results reproduced from previous experimant
in Table 38 '

a - Average of 11 observations



2. Somatic orgsnogenesis - differentistion of callus

Treatment combinations of kinetin (0.1, 0.3, 0.5
and 1,0 ppm) and BA (0.1, 0.3, 0.3 and 1.0 ppm); kinetin
(1.0, 2.0 and 4.0 ppm) and BAA (0, 0.5, 1.0, 2.0,4.0 and 8.0 ppm)
and BA (1.0, 2.0, and 4.0 pom) and NAA (0, 0.5, 1.0 and
2.0 ppm) were tried to regenerate shoot/root from callus,
produced from shoot apex eultn;oa. The results are presented
in Table 45 to 46.

Three out of tha 46 treatments tried were effective
in inducing shoot regensration. The per cent cultures
initiating shoot regensration was 33.3 in all the three
treatmente. The effective treatments were BiA/kinetin
combinations 0.5 + 0.3 prm (two shoots per culture), 0.5 +
0.5 ppm- (five shoots per culture) and BA 2.0 pom (four shoots
per culture). The white/cream coloured calius (Plate 34)
in about 30 days of culture period, orgenised into meristematic
protuberances (Plate 33). Greening of the callus was
simultansocusly initiated as a result of chlorophyll synthesis.
Graening of a few points was observed tO become more intesne
and shoot differesntiation was initiated from much points.

The shoot regeneration process was slow and the new shoots
formed were tiny with a shoot apex surrounded by miniature
green leaves (Plate 36). 8hoots were formed only from the
upper surface of the calius., Root formation was not observed

in the cultures.



Plate 35. Meristematic protuberences in the callus from
mussaenda shoot apex cultures on MS + BA 0.5 ppm +
kinetin 0.5 ppm, 30 days after culture

Magnificaticn: x 2.18

Pinte 36. S8hoot differentiation in the callus of mussasnda
on M8 medium + BA 0.5 ppm + kinetin 0.5 pm

Magnificetion: x 1.92
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Table 45. Effect of combinations of BA and kinetin, amd
BA and NAA on samatic organogenesis (shoot
differentiation) from the calli of mussaends.

Bagal medium : MS

Cult urol‘ Shoots per
initiating culture

Treatment shoots (%)
kinetin 0.1 ppm + BA 0.1 ppm 0 0
" + * 0.3 ppm 0 0
" + * 0.5 ppm 0 0
" + * 1.0 ppm 0 0
kinetin 0.3 ppm + BA 0.1 pom 0 0
" + “ 0.3 ppm 0o 0
" + % 0.5 ppm 33.3 2.0
" ¢+ * 1.0 ppm 0 0
kinetin 0.5 prm + BA 0.1 ppm 0 0
" + " 0.3 ppm 0 0
" + " 0.5 ppm 33.3 5.0
L + " 1.0 ppm 0 0
kinetin 1.0 ppm + BA 0.1 ppm 0 0
. + " 0.3 pom 0 0
" + * 0.5 ppm 0 0
" + " 1.0 ppm 0 0
8A 1.0 ppm + NAA O ppm 0 0
" + * 0.5 ppm 0 0
" + * 1,0 ppm 0 0
" + " 2.0 ppm 0 0
BA 2.0 ppm + NAA O ppm 33.3 4.0
" + * 0.5 ppm 0 0
» + * 1.0 ppm o 0
" + " 2.0 pom 0 0
BA 4.0 ppm ¢+ NAL O ppm 0 0
" + * 0.5 ppm 0 0
" + * 3.0 pom 0 0
" + 2.0 ppm 0 0

& - Average of three observations
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Compared to shoot differentiation, rhizogenesis
was more frequent. Nine out of the 88 treatments tried
were effective in inducing moderats to profuse root
regeneration from the cellus. In seven out of the nine
effective treatments, 66.7 per cent or above cultures
exhibited root initiation. Meximum number of roots was
produced at the kinetin/MAA combination 2.0 + 8.0 ppm. Among
the effective treatments were kinetin/NAA combinations
4.0 + 8.0 pom (9.67 roots), 2.0 + 2.0 ppm (8.67 roots) and
BA/RAA combination 1.0 ¢ 2.0 ppm (6.50 roots). The number
of roots produced by the various treatments renged from 2.00
to 13.33. The roots were formed from all over the surface
of the callus (Plates 37 and 38). They were initiated
after about 60 days of culture as white outgrowths from the
callus and rapidly elongated with tufts of snow white root
hairs. Some of the roots turned light green due to the
presence of chlorophyll. The roots in contaect with the
medium exhibited a faster rate of growth with the production
of primary and secondary branches.

Resulte of the above trials indicated the organo-
genstic potential of callus from mussaenda zhoot apices.
3. Somatic embryogenesis (Callus mediated)

The callue from the somatic embryoid induction medium
was transferred to NS medium containing combinations of BA



Plate 37. Root differentiation in the callus of mussaenda on
NS medium + kinetin 2.0 ppm + NAA 8.0 pmm

Magnifications: x 1.92

Plate 38. Root differentiation in the callus of mussasenda on
MS medium + kinetin 2.0 prm + KM 8.0 prm

Magnification: x 1,51
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(0, 6.5 and 1.0 ppm) and kinetin (0.05 and 1.0 ppm).

The results of the trials are presented in Table 47. Globular
structures resembling somatic embryoids (Plate 39) were
formed after 70-73 days of culture in BA/kinetin combinations
0.% + 0.5 prm and 1.0 + 0.5 ppm. These structures then
exhibited simultenscus root and shoot development (Plate 40).
The frequency of development of the structures was low and
was observed in 26.7 per cent cultures of BA/kinetin combination
0.5 + 0.5 prm 2nd in 6.7 per cent cultures of BA/kinetin
combination 1.0 + 0.5 ppm. In the former treatment, 4.5
shoots and in the latter, 2.0 shoots were formed finally.

In both the cases, tufts of snow-white miniature roots were
formed at the base of the shoots. The shoots developed were
emall white and with miniature light green leaves (Plate 40).
Both the shoots and the roots were observed to have a slow
rate of growth.

C. In vitro rooting (Stage III)
1. Auxins

Combinations of the auxins IBA (0.4, 0.8 and 1.6 ppm)
and NAA (0.4, 0.8 and 1.6 ppm) were tried for in Yitro rooting
of mussaenda shoots and the results are presented in Table 48.
Root initiation was observed in five tre2tments. The per cent
root initiation in these ranged from 20.0 to 60.0 with 3.0 to
7.0 roots per culture, initiated in 27.0 to 42.5 days. Maximum
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Table 47. REffect of combinations of kinetin and BA on
somatic embryoid formation from the calli of

mussaenda
Bagal medium : MS
Cultures® Somatic Days
1n1t1:ting enbryoids taken
somatic formmd for
Treatment ahryoid- per initla-
(% culture tion of
somtic
anbrvoids
BA O ppm + kinetin O ppm 0 0 0
" + " 0.5 ppm» $ (¢} 0
" + " 1.0 ppm 0 0 0
BA 0.5 ppm + kinetin 0 ppm 0 o (4]
" + " 0.5 prm 26.7 4.5 70
» + » 1.0 ppm (4] 0 o
BA 1.0 ppm + kinetin 0 ppm 0 0 0
" + o 0.5 ppm 6.7 2.0 73
" + " 1.0 ppm (4] ] 0

a -~ Average of 15 observations



Plate 19. Development of globular structures (scmatic
embryoids?) in the callus of mussoenda tr:znsferred

from the induction medium to MS + BA 0.5 ppm +
kinetin 0.5 pm

Mzgnification: x 1,54

Plate 40. S8imultaneous development of tiny shoots and tufts
of snow white roote from the globular structures
(somatic eabryoids?) emerged from the cellus of

mussaends transferred from the induction medium to
MS + BA 0.5 pom ¢+ kinetin 0.5 prm

Magnification:s x 2.92
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Table 48. Rffect of combinationes of RAA and IBA on the
in yitro rooting of mussaenda shoot cultures
Basal medium: 1/2 conc. of MS inorganic
salts and full conc. of MS organic
growth factors
Root® Roots Days .for
initia~ per root
Treatment tion explant initia-
o) tion
IBA 0.4 PPm + NAA 0.4 PpR 60.0 7.0 37.33
" + " 0.8 ppm 0 (v} 0
" + " 1.6 ppm 0 0 0
IBA 0.8 ppm + NAA 0.4 ppm 40.0 3.0 42.5%0
" + " 0.8 ppm 20.0 7.0 27.00
" + 1.6 ppm 0 0 0
IBA 1.6 ppm + NAA 0.4 Pmm 60.0 3.0 41.33
" + " 0.8 ppm 20.0 3.0 39.00
- + " 1.6 pmm 0 0 0

a - Average

of five observations
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number of roots (7.0) initiated in minimum number of days
(27.0) was observed at IBA/HAA combination 0.8 + 0.8 ppm.
However., the per cent root initiation in thies case was only
20.0. The IBA/NAA combination 0.4 # 0.4 ppm induced 7.0
roots and recorded 60.0 per cent root initiation; but took
37.31 days for the initiation. The other treatments recorded
only 3.0 roote per culture.

In generzl, the rooting response was poor, with
low number of roots per culture, more days for root
initiation and low percentage of root initiation. The roots
produced were slender and not as hetlthy as those differen-
tiated from the callus. They produced a few primary branches
only. Rooting was invariably associated with good amount
of callussing from the base of shoot:s. In most of the cases,
including the best tredtment, the shootes turned pale yellow
with symptoms of withering, by the time the roots were
initiated, as the half strength of MS inorganic salts used
for the rooting apreared to be insufficient to support the
shoot growth for long. At the full salt strength, the number
of roots per culture and per cent root initiation were

considerably reduced.

2. M8 inorganic salts
Concentration of the M8 inorganic salts Tad marked

influence on the number of roots per culture and per cent
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Table 49. EBffect of M8 inorganic salts, sucrose and agar
on the in yitre rooting of musssenda shoot

cultures
Basal medium containing IBA 0.4 ppm
and NaA 0.4 ppm
Culturoz‘ Roots
Treatment initisting per
roots explant
(%)
M8 Inorganic szlts 1/4 conc. 40.0 2.5
" 1/2 conc. 60.0 8.5
" 1 cone. 40.0 3.5
» 2 econc. 0 0
Sucrose 1% 0 0
" 2% 40.0 5.%
“ k.3 80.0 5.5
" 4% 60.0 4.5
M‘r 0.4“ 40.0 3.0
- 0.8% 80.0 3.0
" 0.8% 20.0 3.0
. 1.0% 0 0

8 - Average of five observations
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root initiation as evident from the data presented in

Table 49. Half strength of the salts recorded the maximum
number of roots per culture (8.5) and per cent root

initiation (60.0). Quarter as well as full strength
registered lower per cent root initiation (40.0 each) and
reduced number of roots per culture (2.5 and 3.5 respectively).
Double strength of the salts inhibited root initiation.

Half strength of M8 inorganic silts could be seen to be

the most favourable for the in vitro rooting of mussaenda

shoots.
3. Bucrose

The influence of sucrose on the jin vitro root
initiation of mussaenda shoots was studied with different
levels (1.0, 2.0, 3.0 and 4.0 per cent) of sucrorse incluled
in 1/2 M6 medium supplemented with IBA/NAA combination
0.4 + 0.4 ppm. The results are presented in Table 49.
Sucrose at 1.0 per cent was unfavourable for root initiation.
The effectes of 2.0 and 3.0 per cent sucrose on the number
of roots produced were equal (5.5 roote each), though the
per cent root initiation differed (40.0 and 80.0 per cent
respectively). Sucrose at 4.0 per cent level recorded
60.0 per cent root initiastion with 4.5 roots per culture.
Sucrose at 3.0 per cent level was found to be ideal for root
initiation.
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4. Agar

Agar at 1.0 per cent level inhibited root initia-
tion, as the shoot growth was saffected (Table 49). The other
levels tried (0.4, 0.6 and 0.8 per cent) did not differ in
the number of roots produced. However agar 0.6 per cent
recorded the maximum per cent root initiation (80.0%).

S. Anderson's rooting medium

Anderson's rooting medium was observed to be unsuiteble
for the in yitro root initistion from musszaenda shoots,
as only 2.5 roots per culture were produced, with 40.0 per cent
root initiation (Table 50).

D. Planting out of plantlets/shoots to goil (Stege III)
1. After Aip yitro rooting (Plantlets)

Attempte for planting out musseenda plantlets,
with different potting mixtures and humidity maintenance
methods 4id not succeed. Weak and slender roots which were
low in number, presence of abundant callus at the shoot-root
junction which got 'casily decayed after planting out and
the partial withering of shoote by the time the roots were
initiated, might have contributed tc the lack of establishment
of the plantlets.
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Table 50. Effect of Anderson's rooting medium on the
in vitre rooting of mussaenda shoot cultures

Medium containing IBA 0.4 ppm +

NAA 0.4 ppm
Cnlturua Roots
Treatment initiating per
roots culture
(%)
Anderson's rooting medium 40 2.50
M5 rooting medium* 60 7.00

* Rezults reproduced from previous experiment
stated in Table 48

& - Average of five observations
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2. Direct transplanting of shoots without roots

The in Yitro grown shoots were treated with IBA
(.0, 50.0, 100.0, 200.0 and 400.0 ppm) and transplanted
to a potting mixture (soilisand: coir dust 1:l:l v/v) to
see the effect on roct initiation and establishment of the
shoots. However root initiastion wes not observed in any of
the treatments tried end the shoots started decaying in

about two weeks.

III. Breadfruit
A. Culturs establishment {(S8tage I)
1. Bstablishment of shoot apices

Response of shoot apices of mature breadfruit

trees (above 10 ymar-old) to various culture establishment
treatments are presented in Table 51. The treatments tried
were combinations of kinetin (1.0 and 2.0 ppm) and NAA
(1.0 and 2.0 ppm); BA (2.0 and 10.0 ppm)4+ GA (1.0 ppm) +
activated charcoal (1.0%); BA (0.5 pom)s kinetin (0.5 ppm),
Gh (1.0 ppm) + activated charcosl (1.0%) and BA (2.0 ppm) +
Iaa (0.5 ppm) + GA (1.0 prm) + activated charcoal (1.0%).

The per cent survival of the cultures was fairly
good in all the treatments (80.0 to 100.0) except BA
2.0 pom + IAA 0.5 ppm + GA 1.0 ppm + activated chzrcoal 1.0%



Table 51, Effect of different treatments on the survival and growth of
breadfruit shoot cultures (via enhanced release of axillary budsg)

Basal medium 2 MS

Survival® Cultures®
Treatment (% cultures exhibiting
alive) growth (%)
kinetin 1.0 ppm ¢+ NAA 1.0 ppa 100.0 0
- + 2.0 pom 80.0 0
kinetin 2.0 ppm + HA4A 1.0 ppm 80.0 o
- + " 2.0 pra 90.0 0
Bia 2.0 ppm ¢+ GA 1.0 ppm + activated charcoal 1% 80.0 20.0
BA 10.0 pom + GA 1.0 pom + activated charcoal 1% 80.0 40.0
BA 0.5 ppm + kinetin 0.5 prma ¢+ GA 1.0 prm + activated 80.0 20.0
charcoal 1% - .
BA 2.0 ppm + IAA 0.5 ppm + G2 1.0 ppm + activated 60.0 0
charcoal 1% °

a - Average of five observations

GLI
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which recorded 60.0 per cent survival., The problem of
browning of the medium and explant due to phenolics
oxidation was severe in almost all the treatments tried.
The least problem was observed &t kinetin 1.0 ppm + NAA

2.0 prm (20.0 per cent cultures affected) and at BA 0.5 ppm
+ kinetin 0.%5 prm + GA 1.0 ppm + activated charcoal 1.0%
(40,0 per cent cultures affected). In the rest of the
treatments, 60.0 - 100.0 per cent cultures wers severely
affected by the browning due to phenolics oxidation

(Plate 41). However, killing of the explants due to browning
wag obsarved to be very slow, Subculturing of the explants
to medium of the same composition was done after three weeks.
The per cent cultures showing signs of growth were very
much limited in the above treatments. Only thres treatments
supported the growth of the cultures. The most favourable
treatment was BA 10.0 pom + GA 1.0 ppm + activated charceoal
1,06, supnorting 40.0 ver cent growing cultures. Twenty
per cent growing cultures were observed in the cese of BA
2.0 pom + GA 1.0 pom + activated charcosl 1.0% and

BA 0.5 pom + kinetin 0.5 prm ¢+ GA 1.0 pom + activated
chiarcoal 1.0%. Eventhough wvery slight growth of the
explante was observed (Plate 42) during the early stages.

the cultures ceased to grow after a stage. The growth



Plate 41. Shoot apex culture of breadfruit (source: ten-year old
tree) showing browning due to polyphenol oxidation

Magnification: x 2.60

Plate 42. 8hoot apex culture of breadfuit (source: ten-year old
tree) in the establishment medium (ME& + BA 100 ppm +

GA 1,0 ppm + activated charcosl 1.0%) after repeated
subculturing

Magnification: x 2.80
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response could not be improved even after repeated
subculturing in medium of the same composition. Hence
attemptes could not be made for stage II studies.

2. Somatic organogenesis - callus production

Shoot apices failed to initiate callus under the
influence of the various treatments tried. However, young
inf lorescence responded weakly to the treatment with
2,4-D 1.0 ppm + kinetin 1.0 ppm (Table 52). The light green
callus produced (Plate 43) recorded a poor growth score
of 1.0, with a CI value of 60.0. The per cent culture
initisting callus was 60.0. Callus initiation was closely
followeéd by browning of the cultures due to phenolics
oxidation., The problem remained even after repeated
subculturing and finally the callus turned brown and died.
As a result the callus could not be subjected to treatments
for differentiation.

3. Somatic embryogenesis -~ callus production

The cultures turned brown and died when subjected
to the treatment.

IV, Pepper
a. Culture establishment (Stage I)

Response of shoot apices and nodal segments of
pepper to various culture estéblishment treatments were



Plate 43, Callus production from young inflorescence explant
of breadfruit (source: ten-year old tree) on MS
medium + 2,4.D 1.0 ppm + kinetin 1.0 ppm

Magnification: x 1.7%

Pibte 44. Nodal segment culture of pepper affected by bacterial
contamination. Slight swelling/callussing visible

Magnification: x 0.74






Table 52. Effect of different treatments on the production and growth of calli
from shoot apex and young inflorescence cultures of breadfruit

(w.r.t. somatic organogenesis)

Basal medium 3 MS

Shoot apex cultures

Young inflorescence cultures

Treatment Cultures® Growth® callus® Cultures® Growth® Callus®
rea initiating score Index initiating zcore Index
callus G) (cx) callus (@) (c1)
(%) (%)

kinetin 1.0 ppm ¢+ NAA 1.0 prm L+ 0 0 - - -

. + 2.0 ppm 0 o 0 - - -
kinetin 2.0 ppm + NAA 1.0 ppm (1] 0 0 - - -

. + 2.0 pom 0 0 0 - - -

4 -~ Average of five observations

8L
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observed and the data are presented in Table 53.

The shoot apices were subjected to trestments
involving combinations of NAA (0, 1.0 and 2.0 pom) and
kinetin (0, 1.0 and 2.0 ppm), 244-D 1.0 pom and 2,4-D 1.0 pome+
kinetin 1.0 ppm. The nodal segments were subjected to
NAA 2.0 pom + kinetin 1.0 ppm.

Severe contamination problem (50.0 to 75.0% initially)
due to the presence of systemic bacteria was observed
(Plate 44). Even in the case of explants/callus, found to
be apparently free from contamination, the problem appeared
in advanced stage of organogenesis, indiceting the systemic
nature of the bacteria. Treating the explant with
streptomycin 250 ppm in addition to the normel disinfection
process did not help. As & result of the problem, advanced
stage of organogengsis could not be rezlised. Browning of
the medium and explants was another nroblem. However this
could be effectively tackled by subculturing.

In the case of shoot apices NaAA/kinetin combination
2.0 + 1,0 pom recorded the greatest response with respect to
callus growth G = 3.0) and CI value (CI = 300.0), followed
by NAA/kinetin combination 1.0 + 1,0 pom registering
G = 2.5 and CI = 250. The CI values of the rest of the
treatments were 100.0 or Sclov. NAA/kinetin combination



Table 53. Effect of different treatments on the production and growth of calli
from shoot apex and nodal segment cultures of pPepper (w.r.t. sometic

organogenesis)
Basal medium : MS
Shoot apex culture Nodal segment culture
Treatment Cultures Growth Callus Cultures Growth Callus
initiating score Index initiating score Index
callus G) (cI) callus (G) (c1)
(%) )
kinetin 0 pmma + NAA 0O ppm 0 0 0 - - -
L] - " 1.0 PP 50.0 1.0 50.0 - - -
L > @ 2.0 PpPpR $0.0 . 1.0 50. - - -
kinetin 1.0 ppm + BAic O pom 0 0 0 - - -
. + * 1.0 ppm 100.0 2.9 2%0.0 - - -
" + " 2.0 ppm 100.0 3.0 300.0 80.0 2.0 160.0
kinetin 2.0 ppm + HAA O ppm o o o - - -
] + = 1.0 ppm 100.0 1.0 100.0 - - -
- + = 2.0 ppm 100.0 1.0 100.0 - - -
2.‘-D 1.0 m 5000 1.0 50.0 - - -

0 -~ no response
- -« No treatment
Culture period - three wveeks

084



Table 54. Effect of combinations of NAA and kinetin on shoot/root differentiation
from the calli from shoot apices and nodal segments of peprer

Callus from shoot apex

Calius from nodal

segment
Shoote RooOts Shoots Roots
Treatment édifferen- differen- differen- differen-
tiated per tiated per tiated per tiated per
culture culture culture culture
kinetin O »pm + NAA O pom 0 0 0 0
" +% 1.0 ppm [ 0 o 1.00
" +" 2.0 pm 0 2.50 0 ()
kinetin 1.0 ppm + RAA O ppa 1.00 0 0.33 0
. + 1.0 ppm 0 1.67 (0] 2.33
" * % 2.0 ppm 0 0.50 o 2.33
kinetin 2.0 pom + NAA O ppm 0.33 o 1.00 0
" + % 1.0 pom 0.33 0 0 1.00
. + " 2.0 ppm 0 0 0 0
kinetin 0.5 ppm + BA 0.5 ppm 0 0.75 0 1.50

Culture period - three weeks

I8t



Plate 45. Root differentiation in the callus of nodal explant
culture of pepper (source: three-year old vine) on
MS medium + NAA 2.0 ppm

Magnification: x 2.08
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2.0 + 1,0 ppm effected growth score of 2.0 and CI value of
160.0 in the case of nodal segments.

B. Multiplication of the propagule {8tage II)

When the callus was subjected to redifferentiation
treatments roote and shoote were formed (Table 54). Root
regensration wasg more common. Callus from nodal segments
had more regensrative capiecity. In the case of callue from
shoot apices roots were formed at NAA/kinetin combinations
2.0 + 0 pom (2.5 rootyexplant) 1.0 + 1.0 ppm (1.67 roots/
explant), 2.0 + 1.0 pom (0.5 roots/explent) and at kinetin/BA
combination 0.5 + 0.5 ppm (0.7% root/explant). Shoot formation
wag observed at kinetin 1.0 ppm (1 shoot/explant) and 2.0 pm
(0.33 ghoots/explant) and MAA/kinetin combination 1.0 + 2.0 pm
(0.33 shoots/explant). In the case of nodal explante roots
were formed at NAA 1.0 ppm (1.0 root/explant), NAA/kinetin
combinations 1.0 + 1.0 ppm (2.33 roots/explent), 2.0 + 1,0 ppm
(2.33 roots/explant), 1.0 + 2.0 ppm (1 root/explant) and
at kinetin/BA combination 0.5 + 0.5 ppm (1.5 roots/explant).
Shoot formation was observed at kinetin 1.0 ppm (0.33 shoots/
explant) and 2.0 ppm (1.0 shoot/explant).

The roots regenersted were cylindrical, long and
quite healthy with white colour and & rapid rete of growth.
However the shoots formed were rudimentary and appeared as
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green growing points. PFurther development ¢id not take
Place in any of the cultures due to the problem of bacterial

contamination.

V. Butmeg
A. Culture establicshment (8tage I)
1. Bstablishment of shoot apices

Response of szhoot apices from mature female nutmeg
plants to various culture estéblishment trsatments are
presented in Table 55. Majority of the cultures were severely
affected the problem of polyphenol oxidation (75.0 - 100.0%).
The per cent survival of the cultures recorded by various
treatments were low. Maximum per cent survival (50.0) was
observed at HAA/kinetin combinations 2.0 + 1.0 pom, 1.0 + 2.0
anmd 2.0 + 2.0 pom. However none of the treatmaents were
effective in supporting growth of the cultures, even when
subcultured.

2. Somatic organogenssis -~ callus production

Initiation and growth of callus from mature shoot
apices of nutmeg were tried with treatment combinations
involving NAA (1.0 and 2.0 ppm) and kinetin (1.0 and 2.0 prm),
and 2,4-0D (1,0 ppm) and kinetin (1.0 ppm) along with
activated charcoal 1.0%. ill the treatments excert 2,4-D/



Table 55. Effect of different treatments on the survival and growth of shoot
cultures and the production and growth of callus from shoot apex
cultures of nutmeg

Survival® Cultures Cultures® Growth Callus

Treatment . (%X cultures exhibiting initiating score Irdex

alive) growth callus @) (cx)

(%) (%)

kinetin 1.0 ppm « KAA 1.0 ppm 4] 0 0 - -
» + ~ 2.0 ppm 50.0 0 0 - -
kinetin 2.0 ppm + RAA 1.0 ppm 50.0 o 0 - -
- + " 2.0 ppom $0.0 o 0 - -
BA 2.0 pm 25.0 0 - - -
BA 3.0 ppm 0 0 - - -

2,4-D 1.0 ppm + kinetin 1.0 ppm + - - 40.0 1.0 40.0

activated charccal 1.0%

a - Average of four observations
b - Averzge of five observations

§i
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kinetin combination 1.0 + 1.0 ppm + activated charcoal

1.,0% falled to initiate callus from the explants.

Howgver the response of this effective treatment was poor.
S5light cslliusz growth, with growth score of 1.0 and callus
index of 40.0 was observed in 40.0 per cent cultures.

The callus 4id not survive, dus to the problem of polyvhenol
oxidation, even when subcultured.
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DISCUBSION

b number of important horticultural crops are
commercially propagated through seeds. MNost of them are
cross pollinated and as such heterosygous. The variasbility
assoclated with the heterozygosity is seen expressed in
vield, quality and disease/pest resistance. The horticul-
tural qualities of superior cultivars are normally governed
by complexes of genes. During sexuval propsgation, the
gene combimations are altered.

Conventional methods of vegetative propagation
like air layering, rocting of cuttings, budding and grafting
are possible in several horticulturel species. However,
efforts to standardise them to a cocmmercially feasible
level have not been successful, except in the case of
mango, jack, cashew and peprer. During the past decede.
tissue culture has emerged as a possible alternative in the
crops where conventional methods have posed problems. Even
‘'in cases where conventional methods of vegetative propagation
has reached commercial acceptasbility, tissue culture
techniques have been shown to have definite advantages.
Tissue culture ensures an extremely rapid rete of multipli-
cation which is not season-dependent and requires only a
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small amount of plant tissue as the initial explant.
“Filtering off of the pathogens™ (Morel and Margtin, 1952),
cryopreservation of germplasm (Kartha gt al., 1979),
in yvitro secondary plant metzbolite production (Yamada and
Hashimoto, 1982) etc. are some of the other advantages of

tissue culture.

¥with respect to perennial horticultural crope, the
commercial applicebility of tissue culture methods has been
demonstrated only in oil pelm (George end Sherrington, 1984),
apple (Zimmerman, 1979), plum, peach (Zimmerman, 1988) and
strewberry (Boxus gt al., 1977). Difficulties in cuiture
establishment, influence of the physiologicel age of the
explant, polyphenol interference, systemic presence of
pathogens, problems during planting ocut, necessity of long-
term evaluation of field performance etc. have been documented
aes the hurdles to be overcome. In the case of the various
horticultural crops of Kertla, namely, jack, breadfruit,
pesprer, nutmeg, musseends astc. studies covering these aspects
axe scanty. The present investigations aimed at standapdising
tizsue culture techniques in some of the above crops. The
salient findings have been discussed in the following pages.

I. Jack
Being croes pollinated, se=d propegztion in jeck,
Artocarpue heterophylliug Lam. ceuser considerable variation
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among the progenies, particularly in the shape, size and
quality of the fruits. The firm flaked Yarikka and the

soft flaked ‘Koozha 8re the two predominant types in
cultivation. Consumer preference is for the Yarikia type.
It is not posaible to predict the fruit form or guality at
the seedling stage, based on any plant characteristics,
because of the absence of strong correlations. Conventional
methods of vegetative propagation like insrching (Srinivasan,
1970), epicotyl grafting (Msgabhushanam, 1983), air layering
(Srinivasan, 1970; Dhua and Sen, 1984) and rooted stem
cuttings (Chatterjee and Mukherjee, 1982; Dhua gt al., 1983)
are possible. However, the rete of multiplication is low
and the methods, rather cumberscome. It is in this context
that the jin vitro cloning methods are considered advantageous.

There are three possible routes available for
in yitro propagule multiplication, namely, shoot tip culture,
somatic organogenssis and somatic embryogenesis (Murashige,
1974). The first and the thiré pathways are ideal for
cloml propagation, whereas the second iz largely employed
for recovering desirable variants. All the three routes
were attempted in the Present studies, with explante from
seedlings, younyg grafts, fresh stem sprouts of immasture and

meture trees. and young inflorescences.
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Murashige (1974) recognised four stages in tissue
culture propagation, namely, Stage I - culture establislment,
Stage IXI - multiplication of propagules, Stage XII - rooting
and hardening for transfer to soil and Stage IV - planting
out to soil and special treatments for initiating ranid
growth and development. Az each of these stagesrequires
specific chemical anéd physical snvironments, attempts were

made to standardise them with reference to jack.

Methods were standardised for enhanced reletse of
axillary budes from the explants of fresh stem sprouts
of five-year 0ld jack trees. The procedure for the
AR Yitro clomal propagation of jack through enhanced release
of axillary buds involved agitating the surface sterilised
ghoot apices from fresh stem sprouts in a solution of
0.7% insoluble WP + 2.0% sucrose for 30 minutes and keeping
them in sterile water at 4-3°C for 24 hours, followed by
édisinfection and culture in an establishment medium
(GA 1.0 pom + activated chaxcoal 1.0%) in dsrkness for a
period of four weeks, with repsated subculturing (Stage I).
The cultures were then exposed to iight for a period of two
weeks, after which the growing shoot apices were transferred
to a proliferation medium consisting of BA 5.0 pom + HAA
0.2 ppm + insoluble PVP 500.0 pm. In about five weeks a
number of axillary shoots were seen to grow from the shoot
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apices (Stage II). The process of multiple shoot production
from each of the new shoots could be comtinued until the
desired number ©f shoots was obtained. The shoots were then
transferred to an elongation medium (BA 2.0 ppm + NAA

0.2 pom + insoluble WP 500.0 ppm) to have a favourable shoot
morphology before rooting. Incubating the shoots for twe
weeks on ME medium containing activated charcoal 1.0 per cemt
was found to be beneficial for ipn vitro rooting. The shoots
were then cultured in derkness on a root induction medium

(1/2 M8 + IBA 2.0 ppm + NAA 2.0 ppm) for six days and
subcultured in ancther medium (1/2 MS without growth substances)
for root elongation (Stage III). Just after the appearance

of the roots, the plantlets wers hardened by exposure to

high light intensity for one week. The plantlets were then
traneplanted to vermiculite medium under high relative humidity
(90.0 to 100.0%) &nd watered with a solution of M8 inorganic
salts at half concentration (Stage IV). After ancther gredual
hardening procees and as nevw leaves were produced, the
plantlets were transferred to garden pots filled with a
mixture of sandisoil:comdung (13131 v/v). The potted plants
were then transfermd to open field conditions.

The culture establisiment medium is useful for
conditioning of the explant and for stimulating its initfal
growth. In establishing the shoot apices from fresh sprouts
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(from the basal portions of the stem) of five, ten and
thirty-year old jack trees, difficulty was experienced due
to browning of the tissues and media, and callussing at

the base of the cultured shootz. Browning of the explants
and media has been reported to be common with use of media
containing cytokining especially BA as observed in

Pistacis vyers (Barghchi and Alderson, 1985), Pretreatment
of the explants with insoluble VP (0.7%), keeping them in
sterile water at reduced temperature (4-5°C) for 24 houre,
trimming the explants st low temperature (4-3°C), inclusion
of activated charcoal (1.0%) in the establishment mediwm,
providing reduced light intensity during the initial period
of culture and/or frequent subgulturing helped to reduce
the browning and subsequent neerosis of the tissue. By
these treatments, the oxidation of polyphenols (Eu and Wang,
19683) might have been reduced or the oxidation products
(Gupta gt al., 1981) might have been adsorbed. In either
case beneficial effecte can be logically expected. Following
subculture of shoots, less callus wag seen produced at the
base of the shoots (as in the csse of seedling explants).
The subculture of shoots might have brought about a decrease
in the production of endogenous auxins or reduced their
avéilability (Barghshi and Alderson, 1985) thus decreasing
callus production. The (juvenile) ledf morphology exhibited
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by the subcultured shoots may be an indication of a
reversion to a more juvenile state. Decrease in tissue
browning and callussing, and the appearance of juvenile
morphology have been reported in the case of ‘mature explznts'
from several species as a consequence of serial subculturing
(Vietez gt 2l1., 1985; Barghchi and Alderson, 1985). In the
present studies, inclusion of GA 1.0 ppm and activated
charcoal 1.,0% in the establishment medium was found to be
ideal for conditioning of the explants and for stimulating
their initial growth. The function of GA iz primarily bud
elongation (Chalupa, 1977; Schnabdrauch and Sink, 1979).
However at the higher level of GA tried, the cultures became
less healthy, with fragile leaves. Unfavourable effects of
higher concentrations of GA have been reported in eucalyptus
(Durend-Cresswell gt al., 1982). Enhanced release of axillary
buds vas reslised in the proliferation medium. The high
concentration of cytokinin might have broken the apical
dominance of shoots and enhanced the branching of lateral
buds from leaf axils (Hu and Wang, 1983). The rate of multi-
plication of shoots in the proliferation mediym was only
4.25 x, in a period of four weeks; but during subsequent
subculturees, the rate incretsed to %.39 x. This incretse

in multiplication rate may be dus to the modification of the
physiological stats of the plant material. Examples are
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available which indicste that the recalcitrant state of
many species can be gradually modified through serisl
subculturing (Pranclet, 1979; David, 1982). Litx and
Conover (1978) obtained increase in shoot multiplication
rate of papaya as 2 result of subeculturing.

Distinct differences in the rate of multiplication
wag observed vis-a-vis the physiological age of the explants.
While a multiplication rate of 17.4 x was obtained for the
seedling explants, the rates wvere only 4.%5 x, 2.8 x zend
2.09 x for the explants from fresh stel sprouts of S-year
old, 10-year old and 30-year old trees, respectively. In
spite of taking explants from fresh bassl sprouts and
adopting suitzble pre-culture trestments like shaking (to
remove the endogenocus inhibitors present), using activated
charcoal and insoluble PVP (to reduce the problem of
phenolics oxidation) and supplemsnting the culture medium
with exogenous growth substances, only partial rejuvemation
(Bongs, 1982; Durgan, 1984; Zimmerman, 1985) of the explants
resulted. The use of explants from young grafts also 4id
not help to make the response favourable. This could be
attributed to the ‘residusl memory' of the explants.
Explants from mature trees are kXnown to retain the memory
and as a result, major prodblems have been encountered in the
micropropagation of woody pereanials (Dursan, 1984). The limited
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success cbtained in teak Gupta gt al.. 1980) and

eucalyptus (Gupta gt al., 1981) has been ascribed as due

to the use of explants from old trees. However the problem
has been g0lved t0O some extent by serial subculturing and
pre-treating the explants with insoluble WP in teak and
incubating the explants at lew temperature (15°C) with
continuous illumination followed by the use of liquid medium,
in eucalyptus. In order to have better response of mature
explants, detailed investigations are warranted to understand
the physiological and biochemical bases favouring juvenility
in jack.

After asszessing the influence of cytokinins, adenine,
adenine sulphate and auxins, a proliferation medium was
standardised. BA (5.0 ppm) was observed to provide the
maximum number of fairly elongated shoots which facilitated
convenient handling during subsequent culturing. Higher
concentrations of BA had a suppressive effect on axillary
shoot elongation. However, Rao gt al. (1981 b) umed 30.0 ppm
BA or 2 iP for inducing multiple shoots from shoot apices
of mature jack trees. In their study, the details of the rate
of multiplication and shoot growth were not mentioned. BA
hats been considered as the most effective cytokinin for
stimulating axillary shoot proliferation in a number of species
like apple (Lundergen and Janick, 1980), strawberry (Kartha
at al., 1980) and pistachio (Baxghchi and Alderson, 1988).
Adenine as well as adenine sulphate had significant influence in
incredsing the rate of production of multiple shoots in jack.
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However, the levels which recorded maximum multiplication
ratee had adverse effects on the growth of the cultures.
Only adenine sulphate 20.0 ppm registered an increase in
multiplication rate (27.3%) without affecting the growth

of the cultures. Adenine and related substances are
precursors of endogenous cytokinins (Nitech gt al.. 1967).
and hence exhibit promotive effects on shoot formation and
help to counteract the inhibitory action of auxins. Adenine
was included in the proliferation medium used by Nemeth (1981)
for Malus spp. Increased multiplication rate by the action
of adenine sulphate has been reported in Phlox subulats
(Schnabdrauch and 8ink, 1979) and Carrizo citrange (Kitto
and Young, 1981).

The proliferction rate and growth of jack shoot
culturers az influenced by auxine (m, WA and 2,4-D) were
obsexved. The ¢growth of the cultures, rather than the
rate of multiplication, was improved by the zuxins. Among
the three, ¥AA (0.2 ppm)significantly improved the growth
of the cultures. Auxins may be useful to nullify the
suppreseive effect of high cytokinin concentrations on
axillary shoot elongation and to restore normel shoot growth
(Lundergan end Janick, 1980). Too high a concentration of
auxin may inhibit axiliary bud branching and induce callus
formation (Masegawe, 1980; Hamatt and Evans, 1983). S8imilar
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response to auxin applicstioca of shoot cultures has been
reported in apricot (Skirvin and Rukan, 1979), rose
(Basegawe, 1980) and coffes (Kartha et al., 1981).

Inclusion of casein hydrolysate (CH) at concentratione
ranging from 500.0 to 2000.0 ppm in the proliferation medium
significantly enhanced the proliferation rate. The growth
of the cultures was, however, severely affected. Carsein
hydrolysate iz a non-specific organic nitrogen source and
serves as an amino acid supplement (8koog and Miller, 1987)
and has been known to increase the rate of in yitro prolifere-
tion in pinsapple (Mathews and Rangan, 1981) and pomegreanate
(Mascarenhas gt al., 1981). Mascarenhacs gt al. (1981)
could obtain slongation of the pomegranate multiple shoots
only after transferring thel to a medium with lower CH content
or without CH.

According to Schnabdranch and Sink (1979) GA, 1if
included in the proliferation medium may hive a role in
axillary bud elongation. However, in the present studies,
no favourable effect of Gh on shoot elongaticn was observed.
Simiiar lack of response has been observed in apple
(Lundergen and Janick, 1980) and globe artichoke {(Ancora

st al., 1981).
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Explants of certain fruit crops like red raspberries
and blugberries do not exhibit their maxiwum potential if
grown on normal strength of the M8 medium, which is considered
as a high salt medium (Anderson, 1960a). However in the
present studies, the full strength NS medium (supplying the
required quantities of inorganic nutrients, vitamins amino
acids and cerbon source) was found to be the optimum for
supporting the growth of tha jack shoot cultures. Media with
lower salt concentrations (1/2 strength; 1/4 strength) were

"found to be inferior with respect to the rate of multiplication
and growth of the cultures. Unlike in rhododendron (Andereson,
1980. ), the Anderson's medium (which has reduced concentrations
of ammonium nitrate and potassium nitrate and increased
concentrations of ferrous sulphete and N, BDTA) proved
inefficient to support the proliferation and growth of jack
shoot cultures. Sucrose (30.0 - 40.0 g/1) and glucose
(20.0 g/1) was found to be ideal carbon/energy sources and
osmoticum for supporting the growth of the jack shoot cultures.
This requiremsnt may be related to the specific carbohydrate
metzbolism through which water relations and endogenocus
phytohormonee are regulated (Chong and Pua, 1988).

In genersl, conditions that stimulate abundant
shoot induction inhibit continued shoot growth (David, 1982;
Amerson gt 21., 1985). As the elongaticn of the majority of the
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jack shoots in Stage II was not satisfsctory, an
intermediate shoot elongation stage., prior to Stage III,
bacame necesssry. Intermediate stige has been considered
necessary in Sagspfras (du and Wang, 1983). A medium
containing HAA (0.2 ppm) and reduced concentration of BA
(2.0 prm) was found to be suitadble for the elongation of
the jack shoots from the proliferation medium.

In the case of explants from mature trees, a fwrther
intermediate stage involving culturing for two weeks in a
medium containing activated charcosl 1.0% was found to be
beneficial for the ip yitre rooting of jack shoots. The
ability of activated charcosl to absordb the toxic substances
and the residual cytokinin from Stage II medium (Pridboryg
at 31.., 1978) may have brought about the rooting response.
The process of root initiation is an auxin-mediated event
in contrast to ths cytokinin dependent shoot initistion.
Higher levels of endogenous BA have been reported to have
inhibitory effect on in ¥Yitro rooting (Takasyama and Misawa,
19807 Ancora_gqt _al., 1981).

Stage IIX involves da ROVC regenerztion of adventitious
roots from the shoots obtiingd in Stage II or the intermediate
stage. In the present studies, various auxins, either
alone or in combination, were tried with the objective of
increesing the nmumber of roots per shoot cultured and for
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enhancing the percentage rooting. Only two trestments

were found to be effective in the case of exrlants from
S-~-year 0ld trees. One of these troatments was that reported
by Rajmohen and Mohanskumaran (1583) which involved incubating
the jack shoot cultures on 1/2 MS medium containing IBA/NMAA
combination 1.6 + 0.4 ppm to yield 80.0% rooting with 4.17
roots per shoot in 24.67 days. However, 70.0% rooting,
maximum number of roots per shoot (5.43), minimum days for
root initiation (13.43) and minimum callusing at the cut

end of the shoots were recorded when the zhoots were cultured
for six days on 1/72 MS + IBA (2.0 ppm) + AL (2.0 ppm)
followed by transfer to 1/2 MS without the growth substances.
Similar two-phase procedure helped in giving a strong root
induction stimulus to the haréd-to-root apple rootstocks,
avoiding callusing and root growth inhibition (Snir and

Exex, 19807 James and Thurbon, 1981) and to loblolly pine
(Amerson gt al., 1985). The induction and initiation of
rootes tieke place in about foirto eight days in the first
phase. The first phase is unfavoursble for root elongation
because of the high auxin content. The auxin free second
phase it ideal for root elongation. As observed in the
present investigations, synergism between two auxins to
yield better results in in yitre rooting has been reported
earlier (Gupta gt 3l.,1980; Skirvin gt gl.. 1982).
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The seedling explants responded to different auxin
treatments for in vitro rooting. Among the promising
treatments, MAA (0.4 pom) + IBA (0.4 ppm) gave hundred
per cent rooting of shoots with six roots per shoot in 20.7%
days. This incressed recponse of seedling explants may be
the result of the associstion of juvenile phase with high

degree of regenerztive potential (Bonga, 1982).

Response of the explants from 10 and 30.year old
trees and young griafts wers poor even after serial subculturing.
A low percentage of rooting (40.0, 15.0 anc¢ 50.0 for 10-yesr
old tree, 30-yesr oléd tree snd young graft of jack,
resvactively) with less than 2.5 roote ner shoot was observed
after serial subculturing upto three times. Physiologicel
and biochemic:l changes assoclated with the developmentai
age of the source of explant may be the reascn for reduced
response (Durgen, 1984). Use of fresh basal sprouts of the
trees seems to hive effected only partial rejuvenation,
Subculturing proces:s is reported to change the physiologicel
state of the explants &nd gradually rejuvenzte them to meke
ip yitro root induction progressively easier. Increased
responze of explants from mature plants to in yitro rootiny
treatments, due to seriasl subculturing has been recorded in
grapes (Mulline gt zl., 1979), hundred-year olc¢ teak trees
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(Gupta gt 2l., 1980) and twenty-year old gucalyptus trees
(Gupte gt al., 1981).

Use of grafts as source Of explants has given
encouraging results in Pagqudotgugs penziesil (Goublay de
Nantois, 1980), suggesting a degree of rejuvenation on
grafting. However, in the present investigations, use of
grafts as source of explant 414 not vield increacsed response.
With respect to response yig 4 Yis age, the scions behaved
as the original tree from which they were taksen. Thus
grafting seems to have not brought about rejuvenation to a

level favouring increase in response.

The concentration of inorgenic salts in the basal
medium influence the ip vitrgo rooting regardles:c of the
growth substances present. When the salt concentration in
the medium wvas lowered to one-half, one-third or one-fourth
of the standard strength, rooting became abundant (Kartha
at 2l., 1974 €kirvin and Chu, 1979). Better root induction
waz obzerved in coffee with half sgtrength M8 medium (Kartha
at al., 1981). In the present stuiies also, half concentra-
tion of M5 medium gave the mexiram favourable effect on
AD yitro rooting (80.0% rooting) without affecting the
shoot growth unlike in certain gpecies (Wang, 1978; Gupta
at 2l., 1981). Full strength of orgenic growth factaors of
M8 medium was found to be most favourable for root initiation.
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Sucrose was optimum at 3.0 per cent for the production of
normal plantlets from jack shoots. As a source of enmergy
as vwell as a factor for osmoregulation for optimising the
rocting response, sucrose has eslready been recognised
(Chong and Pus, 1988).

Agar iz used as the carrier material to solidify
the medium for supporting root initiation and growth ip yitro.
Phyeiologicelly agar i3 not a completely inert materiesl
and is8 a source of various types of substances which my
influence growth in sensitive species (Hu and wWang, 1983).
Kitto and Young (1981) obsearved an inverse relationship
between the rooting ability and the agsr concentration in
Carrize citrange cultures. In the present studies, agar
0.6 per cent was found to be the optimum for the ian vitxo
rooting of jack shoot cultures.

Rooting of cultured shoots nesd not always be
carried out ip yitro. Kusey st al. (1980) cobtained €0.0
per cent rooting of Gypsophila Paniculata by planting the
cultured shoots in ‘'Jiffy 7' psat moss cylinders in green
house under intermittent mist. However in the present
studies attempts for direct rooting of shoots from the
proliferation medium in a non-sterile medium (sandisoil:s
cowdung 1:1:1 v/v) under high humidity (after pretreating

with IBA) were not successful.
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Attempt was made to induce cellus mediated somatic
organogenesis from various explants of S-year o0ld jack.
The expression of morphogenetic potential was found to be
limited to the de-differentiation stage. The ctllus proved
totally recalcitrant to re-differentiation at the various
treatments tried. Rao gt al. (1981 b) 2lso reported the
recetlcitrant nature of the callus fyrom shoot tip explants
of mature jack trees. The potential for callus production
from the different explants was observed to be poor to
moderate. B8hoot apices were found to have the maximum
response, registering a callus index of 180.0 at the best
treatment. The level as well as the type of auxin or
cytokinin to estsblish callus varied with the explants (shoot
apices, internodal segments, leaf segments and root apices).
The basic phenomsna involved in the induction of callus from
plant parts are still unresolved. Hence, the re2sons for the
obzerved difference in the requirement of growth substances
by various parts of the same plant can only be conjectured
as due to the differences in physiologiczl conditions like
level of endogenous phytchormongs, nutrients and metabolites,
presence of heretofore unidentified growth substances,
interaction between the various growth factors. etc.
Agcording to Skoog and Miller (1957), quantitative interaction
between diverse growth factors may have decisive role in
organogengsis. The initiation of organised development in
the calius involves a shift in metabolism (Thorpe, 1980).
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Identification of the areas of metabolism involved in
this shift as well as determination of the role of
various phytohormones and other interacting metabolites
may help to chenge the recslcitrant nature of the callus
from jack explants.

Somatic organogenesis was also attempted through
direct differentiation from in vitro formed shoot apices,
internodal segments and leaf segments. However, all the
treatments tried proved ineffective to induce direct
orgénogenesis. Successes reported of using leaf explants
for plantlet production through direct in yitro organogenesis
in pineapple (Mathewsand Rangan, 1979) and custard apple
(Rair gt 8l.. 1584) suggest thet further work on these
lines may yield promising resulte in jack.

Attempts to induce somatic embryogenesis in jack
exPlants in the presence of an suxin like 2,4-D and to
develop them in an anxin-free medium also proved unsuccessful
in the present studies. Successful instances of somatic
embryoid formetion have been renorted in species like
coffes axsbige (Sondshl and Sharp, 1977), Yisis vinifexra
(Srinivesan and Mullins, 1980) and Carica pepays (Lits amd
Conover, 1982). These suggest that detailed investigations
involving different levels and types of auxins, reduced
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nitrogen, different culture methods and coniitions may

prove successful.

The determinants in the establishment of the jack
plantlets in soil (like potting mixture, age of the
plantlets, light intensity before trensplentation, applicestion
of nutrient solutions, humidity maintenance etc.) were
standardised in these investigations. A satisfesctory percen-
tage of survival (55.6) of the plantlets could be achigved
by exposing the cultures just after root initiation to high
light intensities of about 3500 lux for one week and
transferring the plantlets to vermiculite medium (pre-socsked
for 24 hours with Bavislin 0.06%) contained in small mud pots.
At this stage, agar could be easily removed as the roots
were not long. Transfer of older plantlets gave poor
survival. Thi: may be due to their low root regensration
potential (after transplanmtation). The posaibility of greater
injury and subsequent decay of the injured roots 2lso exist.
Another cause for the low estéblishment of older plantlets
could be the difficulty in making the roots completely free
from agar. Durand - Cresswell gt al. (1982) recommended the
planting out of plantlets just after the appearance of the
root tips, in the case of sucalyptus. In the present studies,
vernmiculite medium supported better survival of the plantlets.
This may be due to its ability to meintain optimum moisture
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gtatus at the same time providing sufficient aeration. The
other potting mixtures tried, excedt sandisoilscoir dust
(1s1:1 v/v) failed to give setisfactory level of establishment.
According to Murashige (1974) and Hussey (1978) subjecting
the plantlets to high light intensities before tramsplan-
t2tion helovs in better establishment. Enhanced vhotosyamthesis
under the influence of high light intensities halps in
building up a high food reserve to be utilised during the
transform period from partially heterotrophic to autotrophic
growth of the plantlets after transplantation (Murashige,
1978).

Hardening the plantlets to make them adapt to the
outside environment is a eritiezl process due to the
anstomical and physiological peculiaritiees of the plantlets.
From the leaves of the plantlets after trznsplanting excessive
water loss has been recorded which was ascribed as due to
improper development of cuticle and slowness of stomatal
response to water stress (Erainered and Puchigami, 1981;
Fabbri gt al., 1984). The proeblem may be ag.ravated by improper
vascular connections between the roots and the shoot during the
initial stages of development, Anatomical studies of the
Jack plentlets illustrated the defective nature of the lezf
cuticle. A period of humidity acclimstization was considered
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necessary for the nevly transferred plantlets te adept

to the outside enviremment, during which the plantlets
undergo morphological and physiological adantation enabling
them to develop typical terrestrial plant water control
mechanism (Grout and Aston, 1977 Sutter gt al., 198S).

In the present studies, high relative humidity (90.0 to
100.0%) was maintained during the initial period of planting
out with the help of microscope coveres and intermitant water
sprays. After two to three weeks, the covers were lifted
for short intervels to make the plantlets hardened with
reepect to lower relative humidity. By this method, they
could be hardened for their life in the open, in about four
to six weeks.

Addition of inorganic nutrients to the potting
mixture is egsentiel for the normal growth of the potted
plantlets (Brown and Sommer, 1982; Amerson, et al., 1988).
hpplication of 5.0 ml nutrient solution containing M8
inorganic salts at half concentration and having a pH of 5.7,
at weekly intervels enhtnceéd the survivel and promoted
normal growth of the plantlets. The liquid fertiliser
solution (NPK 10352310 ¢/1) which yielded good results on
the growth of cassava plantlets (Roce, 1984) was not found
to be beneficial to the jack plantlets.,
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A tissue culture method, to become commercially
accepteble, has to assure genstic stability in terms of the
number and structure of the chromosomgs. In the present
investigations, the stability with respect to the number of
chromoscmes alone could be exsmined. A normel chromosome
count of 2n = 56 wes observed on cytologicul examination of
the root tip squacshes of the jack plantlets. It may be
recalled that the plantlets had resuilted from the enhanced
rele2se of axillary buds. Genetic stability has been observed
in the case of axillaery shoots and this has been attributed
to the properties of the meristematic line involved in their
origin. The meristematic line, consisting of snecific cells
in more or less f£ixed position, exercises a strict conmtrol
over the mitotic events (Bonga, 1982; Vasil, 1983). According
to Hussey (1578) mutated cells, if any, in a muiticellular
shoot apex will form only limited arear of tissue which
eventually remain suppressed in the meristematic region. The
vast me jority of the plantlets regenerated from meristem/shoot
apex culture have been found to be genetically stable
(Ancor: gt al., 1581)., Mutated single cells in a callue,
on the other hand, can multiply and give rise to a mutant
adventitions plant.

The cost of producing jack plantlets using explants

from fresh stem sprouts of five-Year 0ld trees was worked out
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based on the facilities of the Tissue Culture Laboratory

at the College of Borticulture, having a potential of
maintaining 4200 cultures for multiplication 4200 cultures
for shoot elongation, 4200 cultures for rooting anéd 7000
plantlets for hardening. One scientist (5.1400/= p.m.)

and one Technician (5.1000/= p.m.) were considered necessery
for the work. Based on the reate of culture estcblishment,
rooting response of the shoots and the survival of the
plantlets &t various stages, 6538.%6 plantlets per year can
be produced from 100 explents., The totsl cost involved

per year worked out to k. 60845.00, the cost of building.
equipment ,glassware and chemicals having been distributed
over the years according to their potential/dursbility.
Under the sbove conditione, the cost of oroduction of one
jack plantlet including one month's hardening wes found to be
E.9.09. A further veriod of six months may be required

in the nursery which could increase the cost by about

B. 0.50. The cost c¢an be reduced by augmenting the physical
facilities, by improving the rate of multiplication of the
propagule, by reducing the mertality of the plantlets using
mist faciiities etec. The current cost of jack grafts in the
KAU farme is 5.8.00 per graft and therefore, the method
reported herein offers promise.
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In the foregoing discussion, the salient findings
of the present investigations have been critically
evaluated which indicate possibilities for developing the
apical meristem culture technique as a commercial method
in jack. PFor successful commercial exploitation and for
unravelling some of the puszles thrown out by these
investigations, intensified work in specific areas seems

necessary.

Explante from fresh stem sprouts of mature jack
trees (10 and 30 year old) and shoot apicee of young grafte
gave comparatively low multiplication rate and limited
rooting response. Repeated subculturing and special
pPre-culture and culture treatments yielded only a partisl
rejuvenation of such explants. Detailed investigations are
werranted to understand the physiologiczsl and biochemical
bases of juvenility and ageing so0 as to evolve techniques
that would bring zbout a total rejuvenation of the mature
explants. Only then can we make the protocal developed
in these studies applicable to mature trees.

Ae somtic organogenesis iz useful to generate
variants and is essential for aploid culture and production
of homodiploids, somatic hybrids etc. further efforts my
be made to improve the callus production and to induce
callus re-differentiation to obtain plantlets.
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Bventhough induction of direct somatic organogenesis
or direct/callus mediated somatic embryogenesis proved
unsuccessful, attempts should be made with different culture
media, culture conditions and explant source in the light of
success reported in other crops (Lits, 1983).

Studies oOn vigour, final tree size, cropping capacity
and phenotypic stability of the trees resulting from shoot

apex culture are necessary before commercialising the method.

Influence of different genotypes and seszons on the
response of the explants has to be studied. The review
presented in chapter 2 indicates that genotypes in apple
(Z4mmerman, 1984) ,grapes (Krul and Mowbray, 1984),banams
(de Guaman gt 3l., 1976) etc. and seasons in papeya (Pandey
and Rajeeven, 1583), coconut (Reaju gt al., 1984) etc. influence
the response of the explants.

Il. Mussaenda

Mugsagnda erythrophylla Schum & Thonn is propagated
by vegetative means, cutting and layering being commonly

employed. As such strict true-to-type nature with respect
to the colour of tha foliaceous sepals exist. Being an
ornamental plant, variability in colour will have economic
relevance. The present studies were undertaken with a view
of developing an in yitre cloning procedure through shoot
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apex culture. Stendardisation of technigues for somatic
organogenesis and callus mediated embryogenesis., which
are reported to yield variants in other crops was also
attempted.

Standardisation of the different stages (Mureshige,
1974) in the iR Yitro clomal propagaticn of mussaenda through
shoot apex culture was attempted. The procedure inveolved
agitating the shoot apices in a solution of ascorbic acid
(50 ppm) for 30 minutes, surface sterilisation with mercuric
chloride solution (0.1%) for 15 minutes and culture in an
establishment medium (kintein/BA combination 0.5+0.5 ppm)
for a period of three weeke (Stage I). The growing shoot
apices were then transferred to a proliferation medium
containing BA 0.5 ppm + kinetin 0.5 ppm and cultured for
four weeks, during which period enhanced release of axillary
buds occurred ( Stage II). A multiplication rate of 2.7%x
only could be obtisined, which is conszidered low as compered
that in jack (4.5x). During subsequent subculture (for
five times), the multiplicetion rate increased slightly to
an average of 2.95x. The shoots from the proliferation
medium after separation were wmade to root in 1/2 M8 medium
supplemented with IBA 0.4 ppm and NAA 0.4 pPpm under dark
conditions in sbout 37 days (Btage III). Good amount of
callus was seen developed at the rcot-shoot junction.
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Partial withering and yellowing of the shoots were
ocbeerved by the time the roots were initiated. Theee
seem to have impared the success in Stage IV,

The M5 medium supplemented with BA 0.5 ppm and
kinetin 0.5 pom wes found to be the most suitable one for
conditioning the explant and for initiating growth in the
culture. It may be reczlled that the establishment medium
for jack waz MS medium supplemented with GA 1.0 prm and
activated charcoal 1.0 per cent. Such differential require-
ment has been recorded in a number of crops (Bu and Wang,
1983). Further, while jack eihibited 4ifferential
requiremsnt between Stage I and II, mussaenda showed good
response to the culture establishment medium even at
Stage II. Hence subculturing to medium of the same
composition was sufficient for shoot proliferation. The
rate of multiplication was only 2.75x. Serial subculturing
at four-week interval in the same proliferation medium
increased the multiplicetion rate by 7.27 per cent indiceting
the return of the shoots to a more juvenile state as a
result of sequential subculturing. Similar results have
been cbserved in species like teak (Gupte gt al., 1980),
euczlyptus (Gupta gt al.. 1981), pistachio (Barghchi and
Alderson, 1985) and jack (in the present studies).
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The composition of the proliferation medium wvas
worked out based on the results of the studies involving
cytokinins (BA snd kinetin), adenine sulphate and auxins
(IAM and MAA). BA/kinetin combination 0.5 + 0.5 ppm wvas
found to favour multiplicetion and growth of the shoot
cultures. Similar kind of synergism between kinetin and
BA has been reported in the ip Yitro axillary shoot proli-
feration of teak and eucslyptus (Gupta gt al., 1980; 1981).

Auxins vere not found beneficial in mussaenda
(8tzge II), as they 4id not influence the multiplication
and growth of the shoots. In addition, ocellus formation
was also evident in the trettments involving auxins. The
presence of endogenous auxins at the required level as
described by Hasegawa (1980) in rose shoot cultures, mey
have brought about these responses.

Iﬁclua!.on of adenine sulphate in the basic proli-
feration medium 4id not significantly influence the
multiplication rate or growth of the cultures. This
observation is contrary to the results reported in Phlox
subulats (Schnabdrauch and 8ink, 1979), Carrizo citrange
{(Kitto and Young, 1981) and jack (in the present studigs).

The M8 inorganic salts at normal strength supported
the growth of mussaenda shoots and favoured their
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sultiplication. Unlike in rhododendron (Anderson, 1980 ),
the Anderson's medium with reduced concentration of
ammonium nitrate and potassium nitrate and increased
concentration of ferrous sulphate and laz EDTA, proved
inefficient to support the proliferation and growth of
mussaenda shoot cultures. As 1n-tho case of jagk, sucrose
at 30.0 to 40.0 g/1 wvas found to be a suitadble carbon/energy

source anéd osmoticum.

For the induction of jin yitro rooting, mussaenda
shoots from the prolifereticn medium were subjected to
various trestment combinations of IBA and NMAA. IBA/RAA
combination 0.4 + 0.4 ppm gave §0.0% rooting with seven
roote per shoot in about 37 days after inoculation. Gupta
at al. (1980) also cbtained better results of in vitxo
rooting in teak with a combination of auxins. In genersl,
the roots produced in the case of mussaenda were slender
and weak, with only a few primary branches. Good amount
of callussing was observed at the base of the shoots.

The callus mey bring about poor vascular connection between
the roots and the shoot. These responses point either to
high levels of the auxins tried (Lane, 1979) or to the
need £Or treatment with other auxins. MNemeth (1981)
reported that COPPN, a rare synthetic auxin, produced 90%
more roots than IBA in apple rootstocks.
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Concentration of the M8 inorgenic salts influenced
the per cent root iaitiation and the number of roots per
culture. Half strength of the salts recorded the most
favourable influence. The inorganic salt concentration of
the basal medium has been found to be critical for root
initiation in a number Of speciez, regardlees of the type of
growth regulator present. A reduction to one-half, one-third
or one-fourth of the sténdapd strength favoured rooting in
many species (Rartha gt al., 1974, 1981; Skirvin anéd Chu,
1979). In the present studies, by the time the roots were
initiated (37.0 days), the mussasenda shoots cultured at
reduced level of MS inorganiec salts turned psle Yellow with
symptoms of whithering. This indicated the insufficiency
of inorganic salte for supporting shoot growth for long
periods. On the contrary at full salt strength, while shoote
were supported well for longer periods the number of roots
per culture (3.5) and the root initiation (40.0%) were
reduced. Poor shoot growth in media favouring 4in xyitro
rooting has been observed in other species also (Wang, 1978;
Gupta qt al., 1981). The Anderson's rooting medium, though
reported to be good for rhododendron (Anderson, 1980 ) d4id
not favour ip yitre rooting of mussaenda. Sucrose 30.0 g/l
was found to be the ideal carbon source and osmoticum for
rooting. Agar, as a carrier material, supported maximum
root initiation (80.0%) at 0.6 per cent concentration.
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In the present investigations, efforts were made
for the direct establishment in potting mixture of shoots
from the proliferation medium, pre-trested with IBA solution.
Such attempts were not successful. It may be recelled that
in jack also the method proved a failure. However, there
are successful reports of direct planting out of the shoots
from the proliferation medium (Mc Cown and Amos, 1979;

Kusey gt al.. 1980).

Attempts on callus mediated somatic orgznogenesis
from various explants of mussaends indicated shoot apices,
leaf segments and segments of the ovary wall as suitable
for callus production. Segments of the ovary wall yielded
profuse csllussing, registering a c:zllus index value of
400,0 at the best tre2tment. Among the combinations of
auxins and cytokining, those involving NAA and kinetin gave
the msximum response in the different explants tried.
However, the optimum levels varied with the explants as
in the cese of jack. The difference in physiological
conditions of the explants like level of endogencus
phytohormones, nutrients, metabolites, heretofore uniden-
tified growth substances stc. might have been | - responsible
for thie variation. According to 8koog and Miller (19%7)
quantitative interaction between diverse growth factors
may have decisive role in orgenogenesis. Changes in the
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total and relative amounts of cytokinins and auxins my
promote dis-organised c¢sllus growth, shoot formation or

root formation,

Instances of shoot regeneration from the cellus
of shoot apices were observed in mussaenda, though at a
rather low frequency of 33.3%. The regeneration occurred
only after long period of culture on NS medium supplemented
with BA 2.0 ppm or BA/kinetin combination 0.5 + 0.5 pom
and 0.5 + 0.3 ppm. EBA/kinetin combinations gave better
resultes than BA alone. The shoot regeneration process was
slow and the new shoots formed were tiny with the apex
surrounded by miniature green leaves. The results clesrly
revesl the regenerative potential of musséenda callus.
Further improvement in the frequency of shoot differentiation
and the growth of the differentiated shoots may be possible
by optimising the mode of culture (ligquid culture), culture
enviromment ané culture medium. Plantlet regeneration
from the callus leads to high incidence of bud differentiation
(Brown and Sommer, 1982) and enables generation of desirpble

variante.,

The callus from shoot apices of mussgenda wvas
ocbserved to have great potential for rhizogenesis.
Differentiation of roots was more frequent than shoots.
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Maximum number of roots per culture (13.33 with 66.7%

root initiation) was observed at kinetin/NAA combination
2.0 + 8.0 ppm after 60 days of culture. The roots
differentiated from the callus (in contrsst to those
produced when the shoots were subjected to in yitre rooting
treatments) were healthy and exhibited & faster rate of
growth, producing primery and secondary branches. Skoog

and Miller (1957) have opined that high cytokinin/lew 2uxin
favours shoot differentiation whereas the reverse, root
formation. It may be possible that mussaenda callus contains
a high level of endogenous suxin, inhibiting shoot differ-
entiation and promoting root differentiation.

In an attenpt to induce direct somatic organogenesis,
the in Yitxo formed shoot apices., int=rnodal segments and
lower htlves of leaves (with petiole) were cultured in
media supplemented with combinations of BA and kinetin.
Altacugh direct indication of organogenesis has been revorted
from leaf explants of many species (Behki and Lesley, 1976;
Nair gt al., 1984), the trestments fsiled to induce direct
orgénogenetis from the explants of mussaenda.

The potential of the musssenda explants for direct
and callus mediated eromatic enmbryogenesis wae also examined
in the present studies. Direct somatic embryogenesis was

not observed. However, globular structures resembling
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somatic embryoids were formed vhen the csllus from the
induction medium wes trensferred to medium containing
BA/kinstin combinastion of 0.5 + 0.5 prm and 1.0 + 0.5 powm,
after 70 to 73 dayes of culture, These structures then
exhibited simultaneous root and shoot develomment. The
frequency of occurrence of the structures was 26.7. Only
limited number of these structures were observed (which
gave rise to 4.5 plantlets finally, at the best treatment),
contrary tO numerous reported in other especies (Ammirato,
1983). The shoote developed were small and light green with
miniature light green leaves and & tuft of snow white,

small roots. The plantlets exhibited a slow rate of growth.
The morphology and growth rate of the roots were strikingly
different from thote of the roots developed by somtic
organogenssis. Proliferation of roots/shoots in other
porte of the callus was totally absent. These observations
seem to indicate that the globular structures resulted

from somatic embryogenesis and not from somatic organogenesis.
However, since histologicel examination to ascertain the
lack of vascular comnection between the plantlets and the
mother callus (which is one of the proofe to confirm sommtic
embryoid formation) was not done, this argument cannot be
forcefully made. Somatic embryogenesis has been observed

in a number of species (Raghavan, 1976; Ammirato, 1983
Lits, 1988). The possibility exists that cells from any plant,
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given the appropriste stimuli and conditions, could be
fostered to embark on the embryogensetic patlway (Ammirato,
1983) rather than following organogenetic pathway. Failure
to demonstraete this cepscity has been largely due to
faulty techniques and/or inhibiting conditions within the
system (Raghavan, 1983). Improvement in reeponse may be
effected by optimising conditions to completely elimimate
the inhibitory factors, by trying different modes of culture
(1ixe liquid culture), by providing optimum culture
conditions and by altering the composition of the culture
media,

Planting out of the mussaenda plantlets was
attempted with different potting mixtures and under varying
humidity levels, as done in the case of jack. However,
none of the treatments were effective in supporting the
survival of the plantlete. The weak and slender roots
which were low in number, the callus present at the shoot-
root junction which decayed essily after planting out and
the pertiel withering of shoots by the time the roots were
initiated, could be considered as the reasons for the
lack of survivel of the plantlets.

The protocol for in vitre formation of multiple
shookte and plantlets, stendardised for mussaenda in the
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present studies nsed further rdimunt with respect to
optimisation of the mode of culture and culture enviromment.
Emphasis must be given t0 increase the shooting and rooting
potentisl. The interference of callus observed in the
studies need to be eliminated.

Further refining of the process of somatic
organogenesis, cbserved in the present investigations, is
needed to increase the frequency and to improve the growth
of the plaﬁtl.ts.

Histological studies to ascertain the status of the
globular structures (resembling somatic embryoids) showing
simultaneous shoot and root development, efforts to increase
the frequency of somatic embryogenesis and attempts to
improve the growth of the resulting plsntlets are also

warranted.

Since attempts to induce multiple shoots to exploit
them as sources of plantlets did not yield encouraging
results, the course open seels to be direct/callus mediated
somatic embryogenssis at the dezired frequencies. Promising
results on these lines have been reported in the case of .
crops like coffee (Sondahl and Bharp, 1977) and papays
(Lits and Conover, 1983). The method will have added advantage
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in mussaenda vhere colour/type mutants would be very

valuable.
III. Breadfruit

Breadfruit (Artogerpus altilis L.) is commonly
grown in the homesteads of Kerzla for its fruite which
are used for vegetable purpose. It is propagsted through
vegetative means via rooted root cuttings and root suckers
(Purseglove, 1974). This method offers a low percentage
of success and is especially cumbersome. S5Standardisation
of effective tissue culture techniques may be revarding
for the multiplication of the species. At present there

are no reports on tissue culture of breadfruit.

The presaent preliminary studies, aimed at understanding
the in yitro behaviour of the explants from mature trees
pointed to two primary problems, namesly, polyphenol
oxidation and reduced response of the explants. The explants
from the shoot apices could be effectively surface sterilised
by sequential treatments with 1.5% sodium hypochlorite
(for 10 minutes) and 0.1% mercuric chloride (for 10 minutes)
solutions. The Mi medium proved suitable to support the
growth of the cultures, as indicated by the growth (although
slight) registered and the prolonged survival of the cultures
which were not cseverely affected by browning due to polyphenol
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oxidation. While the shoot apices failed to initiate
callus, the young inflorescences responded weakly to the
callus induction treatment with 2,4-D 1.0 ppm + kinetin
1.0 ppm. The cgll.\u produced recoOrded a low callus index
valug (CI = 60.0) and turned light green before the
discolouration due to polyphenol oxidation set in.

The studies indicated the possibility of sammtic
organogenesis by optimising the mode of culture, preculture
treatments and culture conditions.

IV. Pepper

Pepper (Pirsr nidrum L.) is a lesding cash crop
of Kerzla. It is propagited by vegetative means, using

rooted stem cuttings. The recently developed 'bamboo methed'’
(CPCRI, 1985) for the rapid vegetative propegation of

peprer via rooted single node cuttings is estimated to
generate 1.5 to 2.0 million rooted cuttings 4in an year

from one hectare. This method may be successfully adopted
for the rapid multiplication and esrly establizhment of new

genotypes evolved.

The present productivity of the crop is reported
to be comparatively low (Bavapps., 1985). Improvement of
the productivity and production of pepprer is being given
much emphasis at present. The pepper breeding progremmes
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at the varicus centres of Kerala concentrate on evolving
varieties with higher yield, better quality and disease/

pest resistance/toOlerance.

Plants recovered from tissue culture, especially
via csllus mediated somatic orgenogenssis have deen reported
to exhibit high amount of variability (Carlson, 198S).
Somaclonal variation helps to widen the natural genetic
spectrum and is useful for the selection and hybridisation
programmes. It was in this context that the present preli-
minary attempt on the somatic orgsnogenesis of pepper wes
undertaken.

Tissue culture procedure was not previously tried
in this crop. In the present studies, profuse callussing
coulé be induced from the nodal segments and shoot apices
by culturing them on NS medium supplemented with NAh 2.0 ppm +
kinetin 2.0 prm. The MS medium could, therefore. be assumed
to be suitable for supporting the survival and growth of the
pepper explents. Discolouration of the cultures due to
polyrhenol oxidation was observed. However, the problem
could be effectively solved by serial subculturing.
Frequent subculturing has been demonstrated to reduce the
incidence of culture discolouration in many species (Ru and
Wang, 1983). The surface sterilisation technique employed
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in the present studies failed to eliminate the systemic
presence of bacteris in the culture. Bacterial contami-
nation appresred gven at advanced stages of organogenesis,
making it difficult to have a systematic study of the
somatic organogenesis in pepper. Systemic presence of
bacteria has been reported to contaminate the cultures at
the time of culture esteéblishment or subsequently during
proliferation, in many species (Zimmerman, 1985). In the
limited instances of initial freedom from contamination,
profuse root regeneration in the celli of shoot apices end
nodal explants was observed at a wide range of NAA/Xinetin
combinations, indicating the high morphogenetic potasntial
of peprer explants. 8hoots were observed to form rudimentary
green growing points from the caslli. Use of explants from
excised embryo or from seedlings raised under sterile
conditions may eolve the problem caused by systemic bacteria
and aid in somatic orgnneqchoah in pepper.

V. Nutmeg

NMutmeg (Myristice fragrepns Houtt.), one of the
popular tree spices and a mgmber of the multi-storeyed

cropping system of Kerala. It is commonly propagated through
seeds. Being cross pollinated, seed Propagation in nutmeg
leads to wariability among the progeny. HNutmeg is a
diceceous plant and recognition of the sex type is possible
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only wvhen the reproductive phase sets in. Vegetative
propagation through grafting (inarching) is possible
(Purseglove, 1974); but is cumbersome and yields only a low
rate of multiplication. PFurther, the grafts exhibit a

slow growth rate during the initisl years. Massz clomal
propagation through tissue culture appears to be & priority
area for tackling these set dacks.

Previous reperts on the tissue culture of nutmey
axe lacking. The attempts mmde tO understznd the ipn vitre
response of nutmeyg explants were seriously marred by the
problem of polyphenol oxidation., The callussing observed
at 2,4-D/kinetin combination of 1.0 + 1.0 ppm (although
slight) indicated the potential of the explants for somatic
orgenogenesis and the suitability of M8 medium to support
the survival and growth of the explants. The explams
could be successfully made aseptic by treating with mercuric
chloride (0.1%) for 15 minutes. The i3 vitro response of
nutmeg, initially with juvenile explants, needs further
studies.
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SUMMARY

Attempts were made in the Plant Tissue Culture
Laboratory of the College of Horticulture, Vellanikkare
during 1981-.85 to standardise tissue culture techniques
in some of the important horticulturzl crops of Kerala,
Detailed investigations on the micropropagation of jack
(artocarpus heterochvliug Lam.) and mussaenda (Mugsaenda
srythrophylla Schum. & Thonn.) were made. Studies were
also conducted to understand the in yitro response of the
explants from breadfruit (Artocerpus altilis L.), pepper
(PApsr nigrum L.) and nutmeg (Myxistica fxugreps Houtt.).

In the case of jack, the explants from plants of
different physiologiczl age were subjected to s variety
of culture media and culture conditions for observing the
enhanced release of axillary buds and their subsequent
rooting (direct as well as ip yitre) and for inducing
direct/cellus mediated somatic organogenesis/embryogenesis.
Standardisation of methods for hardening the plantlets and
their planting out ‘wcs alzo ettempted.

In the cusze of mursaenda, sttempts were made for
the in yitro propagation via enhanced release of axillary
buds and direct/callus mediated somatic orgenogenesis/
embryogenssis.
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Preliminary studies on culture establishment and
propagule multiplication were made in the case of breadfruit,

pepoer and nutmeg.

The saliant findinges of the above studies are

summarised in this chapter.
1. Jack

1. Jack explants from the shoot avices of five-year
0lé trees successfully estzblished in MS medium supplemented
with GA 1.0 pom and activated charcoal 1.0%. The medium
gupnorted cent per cent survival and healthy, growing cultures.
Survivel of the lateral buids was hundred per cent in MS
medium with GA 1.0 to 2.0 ppm and activated charcoal 0.5 to

1.0%; but growing cultures were too few (0 to 20.0%).

2. The problem of phenolics wes effectively minimised
by adopting suitable pre-culture treatments like shaking the
axplants in a rolution of insoluble P (0.7%) and sucrose
2.0% for 30-45 minutes, trimming the exrlantz at low
temperature and culturing them at reduced light intensity,
frequent subculturing, incorporation of activated charcoel
(1.0%) in the culture establishment medium and inclusion
of insoluble PVP 3500 ppm in the multiplication medium.
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3. In the case of explants from fresh stem
sprouts of five~Year @ld jack trees, MS medium containing
BA/NAA combination 5.0 + 0.2 prm and 5.0 + 0.1 ppm
recorded the maximum number of fairly alongated} shoots per
culture (4.5 and 4.0, respectively). However, the length
of the longest shoot was significently greater (2.55 cm)

in the former treatment.

4. The highest number of shoots per culture in the
above cease wvas recorded in M3 + BA/RAA combination
7.5 + 0.2 ppm (8.7% shoots) which wee on par with M8 +
BA/NAA combination 7.5 + 0.1 ppm (8.0 shoots) and M8 + BA/NAA
combination 10.0 + 0.2 ppm (7.75 shoots). However, among
the shoots produced in the above treatments, a large
proportion was highly compressed and small.

S. Auxins (IAA, NAA amd 2,4-D) 414 not influence
the zhoot multiplication rate. However, ths growth of the
cultures {(in terms of the length of the longest shoot and
the length of the longest leaf) vis significently improved
by majority of the levels of auxins tried.

6. Significant tnpren-on}t in the shoot multipli.
cation rate waes obtained by the inciusion of adenine or
adenine sulphate in the basic proliferation medium. Among
the levels of adenine tried, 80.0 ppm registered the maximum
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increase of 45.45%. Adenine sulphste 40.0 pom registered
the greatest increase of 59.09%. However, mejority of the
favourable levels of adenine and adenine sulphate affected
the growth of the cultures by reducing the length of the
longest shoot and the length of the longest leaf. Only
adening sulphate 20.0 ppm recorded an increase in multipli.
cation rate (27.27%) without gignificently affecting the
growth of the cultures.

7. No beneficial gffect was observed when G)i.3 was
included in the basic proliferstion medium, in terms of the

rate of shoot multiplication and growth of the cultures.

8. Inclusion of casein hydrolysete 300.0 ppm in the
basic proliferation medium incretszed the rate of shoot
multiplication by 40.0%. However, all the favourable levels
of CH tried, severely affected the growth of the cultures.

9. The number of shoote per culture, the length of
the longest shoot and the langth of the longest leaf were
significently reduced by lowering the content of M8 inorganic
salts to half strength (reduction of 30.77%, 48.87% and
32.68%, respectively) and quarter strength (reduction of
57.69%, 55.37% and 63.39%, resnectively) than the normal level.
Doubling the selt concentration ceused, reduction in the
length of the longest shoot and the length of the longest
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leaf (2500% and 33.33%, respsctively) and 414 not improve
the shoot multiplicstion rate.

10. Reducing the quantity of sucrose below the
normal level (3.0X) was unfevourable in tarms of the shoot
multinlication rate and growth of the cultures. Increzsing
the quantity to 4.0% 4id not significantly improve the
proliferation rate and growth of the cultures. Sucrose
3.0 to 4.0% was found to be ideal as carbon/energy source.

11. Naximum favoureble effects of glucose as carbon/
energy source (in terms of shoot proliferation and growth
of the cultures) were observed at 2.0 to 3.0% level.

12. The Anderson's medium (gupplemented with BA 5.0 ppm
and NAA 0.2 pom) was found to be unfavourable for shoot
multiplication and growth of the cultures, recording a
reduction of 30.53% in the number of shoote ver culture,

14.9% in the length of the longest shoot and 39.35% in the
length of the longest leaf as compsred to the MS proliferation

medium,

13. The multiplication rate of the shoots was
increased by 26.79%, on an aversge, as 2 result of ten serial

subculturing at four-week interval.
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14. The M8 medium supplemented with BA 2.0 ppm
and RAA 0.2 ppm was found to be the most favourable for the
elongation of shoots transferred from thq proliferation
medium, recording a shoot length of 3.83 om and a leaf length

of 3.7 om.

1S. As for the in yvitro rooting of jack shoot
cultures, the treatment "1/2 M5 + IBA/NAA combination 2.0 +
2.0 ppm (for six days) and then 1/2 M8 without growth
substances® was found to be the most favourable, giving 70.0%
root initiation with 5.43 roote in 13.43 days.

16. Half strength of the M8 inorganic salts, full
strength of the M8 organic growth factors, 3.0% sucrose and
0.6% agar were identified as the most favourable levels
for the An Yitro rocting of jack shoot cultures.

17. Physiological age of the explants exhibited
significant influence on the Ain yitre nhoot proliferation
and rooting of jack. The response was maximum for the
seedling explants, followed by the explants of fresh stem
sprouts from five.year old trees. A drastic reduction was
apparent in the response of the explants from fresh stem
gprouts of ten and thirty-year 0ld trees and explants from
six-month old grafte,
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18, Seedling explants registered a multipliication
rate of 17.4 x at MS + BA 10.0 ppm + RAA 0.2 pom and
demonstrated excellent rooting of shoots (100.0%)with 6.00
roote per shoot when trested with 1/2 M5 + IBA/NAMA combina-
tion 0.4 + 0.4 ppm in 20.75 days. JIp xitro rooting was
possible in a wide ringe of auxin treatments.

19, Bven with repeated subculturing, multiplication
ratee of 2.80x, 2.09x and 1,.00x only were obtained for the
explants from fresh stem sprouts of 10.and 30-year old
trees and for the explants from shoot apices of 6é-month old
graefte, respectively. The corresponding percentage of
in yitro rooting war 40.0 (with 2.5 roots in 24.0 deys),
15.0 (with 1.0 rooct 4in 46.7 days) and 50.0 (with 2.0 roots
in 20.5 days).

20. Attenpts for direct planting out of the shoots
taken from the proliferstion medium (pretreated with IBA

solutions) were not successful.

21. Vermiculite was identified as the best medium
for planting out the plantlets, supporting 55.6% survival,.
The potting mixture consisting of sand: soils coir dust
(13131 v/v) recorded only 40.0% survival.

22. The highest percentage (55.6) of survivzl of the
plantlets was observed when the plantiets, just after root
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initiation, were subjected to one-week of in vitro
herdening at & high light inteneity (3500 lux) at room

tempearsture.

23. Microecope covere were found to be suitazble
as humidity maintenance devices, mmintzining 90 to 100%
R.H. and supporting 55.6% of plantlet surviwvel.

24. Spreying the planted out plantlets with growth
substances 414 not improve their survival,

2%. vhen 1/2 ME inorganic salt solution was applied,
the plantlets registered a height of 14.75 cm with gix

lgaves, three months after planting out.

26. The tissue cultured plants could be successfully
transferred to garden pots filled with ordinary potting
mixture (sands scil: cowdung 13131 v/v) and kept in oven
field conditione for six months.

27. Callus production was obtzined from explants
of shoot apices, internodal segments, leaf segments and root
anicee of five-year old trees as well as from young

inflorescence explants of 10 year o0ld trees.

28. Explants from shoot apices were the best, recording
the highest czllus production (Calius Index = 180.0).
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29. The highest percentage of callus initiation
(100.0) and the best csllus index (CI = 180.0) were obtsained
when the shoot apices were treasted with S + NAA 2.0 ppm ¢
kinetin 1.0 ppm. This was significantly superior to the
rest of the treatments involving combinations of auxing
and cytokinins.

30. Attempts for inducing regenerztion in the callus

were not successful.

31. Attempts for inducing direct somatic orgcznogenesis

were not successful.

32. Attempt: for inducing callus mediated somatic

embryogenesis were not successful.

33, Cytologicel examination revesled the stability
of the chromosome number (2n = 56) in the vlantlets produced.

34. Hiptological studies demonstrated the presence
of thin cuticle in the leaves of the new plantlets and
the presence of normal cuticle in the new leaves produced
by them after the hardening.

35. The cost of production of one jack plantlet,
including one month's hardening was worked out to &.9.09.
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IX. Mussaenda

1. Mussaends explants from shoot apices were
successfully established in NS medium supplemented with
BA 0.5 pom an@ kinetin 0.5 ppm, which gupportod cent per cont
survivael and production of hedlthy growing cultures. In
the same medium, the lateral buds recorded 73.3 survival

and 26.1% growing cultures.

2. The best medium for inducing enhanced relesse
of axillary buds end growth of the cultures war identified
as M5 + BA 0.5 ppm + kinetin 0.5 ppm, recording 2.7% shoote
per explant with 10.25 leaves, 3.1 cm long.

3. Serial gubculturing in the oroliferation medium
(for five times at 4-week interwval) increased the rate of
shoot multiplication to 2.95x for the explants from shoot

apices.

4. Auxins (IAA and NAA) werg found to be not
beneficial for the multiplicstion of choots.

S. Inclusion of adenine sulphate in the basic
proliferaticon medium d4id not improve the shoot multiplication
ratge 2nd growth of the cultures.

6. The shoot multiplication rate as weli as growth
of the cultures (in terms of the number ¢of leaves produced
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and the length of the longest leaf) were markedly reduced
by reducing the quantity of the MS inorganic salts to
quarter or half strength. Doubing the salt concentration
not only 4id not improve the multiplication rate, but also
led to poor growth of the cultures.

7. The rate of shoot multiplicztion and the growth
of the cultures were not eiﬁnuicantly altered by varying

the sucrose content in the msdium.

8. The Andarsonia medium (supolemented with BA 0.5 pom
and kinetin 0.5 ppm) was found to be unfavourasble for the
multiplication and growth of the mussaenda shoot cultures,
registering a multiplication rate of 1.55x with 3.82 leaves
having 3.66 cm length,

9. In vitre rocting of the cultured mussasnda shoots
wag found to be better in 1/2 M8 + IBA/NAA combination
0.4 + 0.4 pom, inducing 60 per cent rooting with 7.0 roots

per culture in 37.31 days.

10. Half strength of the ME inorgenic salts, 3.0%
sucrose and 0.6% agar were identified as the most favourable

levels for the in Yitxo rocting of mussaenda shoot cultures.

11, The anderson's rooting medium weg observed to
be unsuitable for the in yitre rooting of mussaends shoots,
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as only 2.5 roots per shoot were initiasted with 40.0
per cent root initiation.

12. Attemptes for the divrect planting out of the
mussaenda shoots tuken from the proliferastion medium

(pretre2ated with IBA solutiones) were not successful.

13. Attempts fOr planting out the musszenda
plantlets were unsuccessful. The limited number of weak
and slender roots, the abundant callussing observed at the
root-shoot junction and the partial withering and yellowing
of the shootr by the time the roots were initiated, could

be ascribed as the possible reasons.

14. Appreciable quantity of ccllus could be produced
from various explants (shoot apices, le2f segments and
segments of ovary wall) of mussaenda. Ovary wall has been
identified aes the best tissue for the production of callus,
recording s callus index vélue of 400.0 at the best treatment.

15. The M5 medium supplemented with kinetin/NAA
combination 1.0 + 2.0 ppm 3nd 2.0 + 4.0 ppm was the most
effective treatment for inducing callussing, recording a
callus index value of 400.0 (explant: segments of ovary wall).

16. Attempts for inducing direct somatic organo.

genesis were not successful.
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17. Shoot regensration from the callus wes
observed at a low frequency (33.3%). At the most
effective treatment (M8 + BA/kinetin combinstion 0.5 +
0.5 ppm), five shoots per culture were produced.

18, Root regeneration from the callus was observed
at a frequency of 66.7%. At the mozst effective tredtment
(MS + kinetin/NAA combination 2.0 + 8.0 ppm), 9.67 roots

per culture were produced after 60 days of culture.

19. Structures resembling somatic embryoids,
showing simultanecus root and shoot development, were
observed in the calius subcultured from the embryoid
induction medium., At MS + Ba/kinetin combination 0.5 +
0.5 pom, these structures developed at a frequency of 26.7%
after 70 days of culture. Finally, 4.5 small shoote per
culture with tuftes of miniature roots were developed.

III. Bread fruit

1. The explants from shoot apices successful.y
estsblished in M8 + EA 100 ppm + GA 1.0 ppm + activated
chagrcoal 1.0%, supporting 80.0% survival and 40.0% growing

cultures.

2. 8light callus production (callus index = 60,.0)

was observed when explants from young inflorescences were
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subjected to treatment with M5 + 2,4-D/kinetin combination
1.0 + 1,0 Ppm.

<

3. Due to the problem of polyphenol interference
and reduced response of the explants tried, the studies
could not be continued.

IV. Pepper

1. Good callus production was ocbserved from the
expPlants of shoot apices, recording a callus index value
of 300.0, at the best treatment (MS medium supplemented with
NAA 2.0 ppm and kinetin 1.0 ppm).

2. Callus from the nodal explants exhibited more
regenerative capacity than the calli from other explants.
At M5 + NAA/kinetin combination 1.0 + 1.0 pom and M8 + NAA
1.0 ppm, 2.33 roots per culture were formed. Formetion of
rudimentary shoots, which appesred as green growing points
was observed at MS + kinetin 1,0 ppm (0.33 shoots ver culture)
and MS + kinstin 2.0 ppm (1.0 shoot per culture).

3. Due tO the systemic presence of bacteria, the
study could not be continued.
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V. Rutmeg

From the explants of shoot apices, slight
callussing (c2llus index = 40.0) was observed at Ms +
2,4-D 1.0 ppm + kinetin 1.0 ppm + activated charcoal
1,06. Dus to the problem of polyphenol interference,
the callus 4id not survive, even after subculturing.
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Research Notes

{N V/ITRO ROOTING OF JACK SHOOT CULTURES

Fresh sprouts from the basal portion of the stem of a five year old jack tree
were collected. The shoot tips (5 cm) were cut, dipped in 959, ethyl alcohol for 10
seconds, washed with sterile water containing teepol, washed again with sterile
‘water and surface sterilised by keeping in 2.09, sodium hypochlorite solution for
30 min. Following thorough washing in sterile water, the shoot tips were placed in a
solution of 2.09; sucrose and 0.7%, polyveny! pyrrolydon (soluble PVP) for 30 min.
The basal ends were again cut and dipped in a sterile solution containing
BA 10.0 ppm and GA 1.0 ppm for 24 hours under refrigerated conditions
{4-5°C). Shoot apices (2 cm length) were cut under low temperature and low
intensity of light. They were surface sterilised with sodium hypochlorite (3.09, for
5 min) and mercuric chloride (0.12, for 10 min) solutions.  After rinsing with sterile
water, the sheaths covering the shoot tips were removed and the apices cut back to
1.5 cm length. They were placed cn semisolid MS medium containing GA (1.0 ppm)
and activated charcoal (1.0%). The cultures were incubated at 25-30°C in darkness
for four weeks and then exposed to light for two weeks. They were sub-cultured in
a medium containing BA and IAA for inducing multiple shoot formation. After the in-
duction, the shoots were separated and sub-cultured in a medium with reduced BA and
1AA for favouring normal development of shoots. They were then transferred to a med-
ium containing activated charcoal(1.09,) and GA (1.0 ppm) and grown for two weeks.
The cultures were transferred to a modified MS medium (major and minor nutrients
reduced to half strength) supplemented with IBA 1.6 ppm, NAA 0.4 ppm, sucrose
3.09,, agar 0.7%, and with a pH of 5.6. The cultures were incubated in darkness at
25-30°C. Due to the production of slight amounts of phenoiics, sub-culturing was
found to be necessary. Very slight callussing preceded root initiation. Roots were
seen initiated in about 24 days. On an average, six roots were produced. They
attained 1.0 cm length in about 20 days. The roots were reddish yellow and cylin-
drical. Just after the initiation of roots, the shoots elongated repidly.

When shoot apices of two-month old seedlings were used for the study,
roots were initiated in about 18 days in the same med:um with 0.4 ppm IBA and 0.4
ppm NAA.

Vo |NaDe
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APPERDIX I

Two way comparison of the mezn €allus Index values of jack explants in response
to different combinatione of growth substances

Combination of

sl.¥No. Explant g th substances Callue index values Mean

1. Shoot avex KAA kinetin 1.0 ppm 2.0 ppm 4.0 ppm
1.0 ppm 40.0 0 0 13.33
2.0 pom 180.0 140.0 (] 106.66
4.0 ppm 40.0 100.0 0 46.66
8.0 ppm 0 40.0 20.0 20.00
Mean 86.66 70.0 5.0

BA

2. Shoot apex 1.0 pm 2.0 pom 4.0 prm
1.0 80.0 o 20.0 33.33
2.0 140.0 40.0 20.0 66.66
4.0 ppm 120.0 100.0 20.0 80.00
8.0 poma 20.0 20.0 60.0 33.33
Mean 90.00 40.00 30.0

3. Shoot apex 2,4-D BA 1.0 opm 2.0 ppm 4.0 pom
0.5 pm 20.0 0 20.0 13.33
0.5 pmm 120.0 40.0 40.0 66.66
1.0 ppm 140.0 60.0 20.0 73.33
2.0 ppm 40.0 0 20. 20.00
Nean 80.00 25.00 25.00

(Contd.)



Appendix I (Contd.)

sl.¥o. Bxplant Combination of Callus index values Mean
growth substiénces

4. Interncdal segment .. kinetin 1.0 pom 2.0 ppm 4.0 ppm
1.0 ppm 40.0 0 0 13.33
2.0 ppm 60.0 0 0 20,00
4.0 ppm 79.8 40.0 0 39.93
8.0 ppm 0 0 0 (4}
Mean 44.95% 10.0 0

5. Internodal segment NAA BA 1.0 ppm 2.0 ppm 4.0 ppm
1.0 ppm 40.0 0 0 13.33
2.0 ppm 60.0 20.0 0 33.33
4.0 ppm 20.0 20.0 20.0 20.00
8.0 pom 79.8 0 0 26.60
Mean 49.9% 10.00 5.00

6. Internodal segment 2.4-D BA 1.0 ppa 2.0 pom 4.0 pom
0.1 pom 0 20.0 (] 6.66
0.5 ppm 60.0 20.0 20.0 33.33
1.0 ppm 79.8 20.0 (] 33.27
2.0 ppm 0 40.0 0 13.33
Mean 34.95% 25.0 5.0

{Conta.)
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Appendix I (Contd.)

Combination of

Callue index values

Mean

S1.No. Bxplant growth substances

7. Root tip AR kinetin ;4 ,im 2.0 prm 4.0 pom
1.0 ppm 80.0 20. o 33.33
2.0 ppm 7.8 40. 4] 39.93
4.0 ppm 79.8 20.0 0 33.27
8.0 ppm 0 20. 60.0 33.33
Mean £9.9 33.33 15.0

8. Root tip 2,4-D BA 1.0 pom 2.0 pom 4.0 ppm
0.1 ppm 20.0 0 20.0 20.0
0.5 ppm o 40. /] 13.33
1.0 ppm 79.8 7.8 20.0 $9.87
2.0 ppm 100.0 20.0 0 40.0
Mean 49.9% 34.95% 10.0

9. Shoot apex 2,4-D kinetin 0 ppm 1.0 ppm 2.C pom
0.1 pm [ ¢] 0 0 0
0.5 ppm 0 100.0 0 33.3
1.0 pom 313.3 162.0 167.0 122.43
2.0 pom 33.3 0 0 1.1}
Mean 16.7 66.75% 41.7%

1334
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APPERNDIX II

Analysis of variance for different characters

Means squares

Treatment/character
Treatment Error
1 2 3
I. Jack
A. Enhanced release of axillary buds
1. Combinations of BA/NAA
a. Number of shoote 26.94 1.50 *«
b. Number of fairly elongated shoots 4.72 0.59 %+
2. Serial subculturing in BPM
a. Number of shoots 3.47 1.29 *
3. BA;y kinetin; BA/kinetin
a. Rumber of shoots 18.60 1.32 #»
b. Length of the longest shoot 1.16 0.08 *+
c. Length of the longest leaf 1.96 0.02 **
4. Adenine
a. Number of shoots 4.684 1.10 **
b. Length of the longest shoot 0.31 0.04 **
c. Length of the longest leaf 1.80 0.09 **
5. Adenine sulphate
a. Kumber of shoots 7.24 0.71 **
b. Length of the longest shoot 0.86 0.05 **
c. Length of the longest leaf 1.62 0.11 **
6. Casein hydrolysate
a. Number of shoots 4.86 0.75 =
b. Length of the longest shoot l1.68 0.14 **
c. Length of the longest leof 4.61 0.24 **
7. 653
a. Number of shoots 0.53 0.70 Ns
b. Length of the longest shoot 0.38 0.40 RS
c. Length of the longest leaf 0.90 0.24 *

(Contd.)



v
Appendix II (Contd.)
1 2 3
8. IAA; NAA; 2,4-D
a. Number of shoots 0.56 1.13 N8
b. Length of the longest shoot 0.30 0.08 **
¢. Length of the longest leaf 0.30 0.07**
9. M8 inorganic salts
a. Number of shoots 11.27 0.50 **
b. Length of the longest shoot 1.86 0.11 **
c. Length of the longest leaf 3.14 0.29 **
10. M8 organic factors
a. Number of shoots 8.20 0.45 **
b. Length of the longest shoot 1.32 0.26 *
¢c. Length of the longest leaf 0.44 0.29 N
11. Sucrose
a. Number of shoots 5.40 0.38 **
b Length of the longest shoot 1.70 0.21 **
¢. Length of the longest leaf 1.82 0.19 *»*
12. Glucose
a., Number of shoots 3.40 0.60 **
b. Length of the longest shoot 0.47 0.1 *
c. Length of the longest leaf 0.53 0.1% *
B. Shoot elongation
1. Iaa/Bhr WAA/BA
a. Number of shoots 1.92 0.15 **
b. Length of the longest shoot 0.63 0.0% **
¢. Length of the longest leaf 0.81 0.08 **

(Contd.)
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Appendix II (Contd.)

2 3
II. Mugsasnda
A, Enhanced release of axillary buds
1. Combimticne of BA/kinetin
8. Number of shoots 1.19 0.56 NS
b. Number of leaves 21.97 6.12 *
c. Length of the longest leaf 1.58 0.21 **
2. IAA; HAA
a. Number of shoots 0.75 0.80 N8
b. Number of le2ves 17.74 7.14 N
¢c. Length of the longest leaf 0.18 0.24 NB
3. Aenine sulphate
a. Number of shoots 0.16 1.18 &
b. Bumber of leaves 13.60 l14.48 B8
¢. Length of the longest leaf 0.11 0.22 ®8
4. MS inorganic salts
a. NBumber of shoots 2.20 0.6% *
b. NMumber of le2ves 17.87 3.20 *
c. Length of the longest leaf 4.45 0.28 **
S. Sucrose
a. Number of shoots 1.65 1.3 s
b. Number of leaves 12.47 11.30 s
¢. Length of the longest leaf 0.48 0.20 W8

** significant at 1% level

* Significant at 5%

RS Not significant

level



APPERDIX IIIX

Two way comparison of the mean Callus Index values of mussaenda explamts in

response to diffsrent combinations of growth substances

Combination of

Sl.Mo. Explant growth substances Callus Index values Mean
1. Shoot apex Xinetin RAA 1.0 prm 2.0 ppm 4.0 ppm 8.0 prm

1.0 ppom 33.3 367.0 33.3 66.7 125.08
2.0 ppm o 233.0 133.0 167.0 133.2%
4.0 ppm 66.7 100.0 267.0 267.0 17%.18
Mean 33.33 233.33 144.43 166.90

2. Shoot apex BA RAA 1.0 ppm 2.0 ppm 4.0 ppm 8.0 ppm
1.0 ppm 33.3 167.8 0 66.6 66.93
2.0 ppm 4] 233.0 66.7 166.8 116.63
4.0 ppm o ] 167.0 233.0 100.00
Mean 11.10 133.60 77.90 155.47

3. Shoot apex BA IAA 1.0 prm 2.0 opm 4.0 ppm 8.0 oom
1.0 prma 33.3 100.0 100.0 133.0 91.6%
2.0 pom 33.3 66.7 100.0 167.0 91.7%
4.0 pom 100.0 0 \ 133.0 100.0 83.75
Mean $5.53 55.53 111.00 133.33

(Contd.)
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Appendix IIXI (Contd.)

Combination of

1337

81l.No. Explant growth substances Callus Index values MNean

4. Leaf segment kxinetin HAA 1.0 prmn 2.0 pr 4.0 ppm 8.0 prm
1.0 ppm 66.7 200.0 33.3 (4] 75.00
2.0 ppm 33.3 167.0 133.0 200.0 133.33
4.0 ppm , 100.0 66.7 267.0 200.0 158.43
Mean 46.63 144,57 144.43 133.33

S. Segments of NAA 1.0 ppm 2.0 ppm 4.0 opm 8.0 ppm

ovary wall kinetin

1.0 ppm 100.0 400.0 66.7 100.0 166.68
2.0 ppm 33.3 300.0 400.0 167.0 225.08
4.0 ppm 66.7 200.0 267.0 133.0 166.68
Mean 66.67 300.0 244.57 133.33

6. Shoot apex 2.4.p Xinetin 0 ppm 1.0 ppm 2.0 ppm 4.0 prm

L4

0.1 ppm 66.7 66.7 100.0 66.7 75.03
0.5 ppm 100.0 100.0 33.3 4] 58.33
1.0 ppm 33.3 200.1 167.0 100.0 125.03
2.0 pom ] 367.0 166.8 100.0 158,45
Mean 50.0 }83.45 116.78 66.68

7. Leaf segment 2. 4=D kinetin 0 pom 1.0 prma 2.0 ppm 4.0 ppm
0.1 prm 100.0 66.7 100.0 33.3 .00
0.5 ppm 66.7 66.7 66.7 33.3 $8.35%
1.0 ppm 66.7 223.0 100.0 33.3 108.25%
2.0 ppm 33.3 166.8 133.0 166.8 124.98

Nean 66.67 133.3 99.93 6648
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ABSTRACT

Attempte were made in the Plant Tiasgue Culture
Laboratory of the College of Horticulture, during 1981..85
to standardise tissue culture techniques for the propagation

of some of the important horticultural crops of Kerela.

Explants from shoot apices of fresh stem sprouts
of five-year old jack (Artocarpus heterophylius Lam.) trees
registered a multiplication rate of 4.5 x when cultured for
five weeks and produced 70% rooting (in 13.43 days) with
5.43 roote per shoot. The MS medium supolemented with GA
1.0 prm and activated charcoal 1.0% was identified as
suitsble for culture establishment, supporting the survival
and initial growth of the exolants. Benzyl adenine 5.0 ppm
was found to be the optimum cytokinin ley=l for the
production of fairly elongated multiple shoots and NAA
0.2 ppm was identified as the optimum asuxin level for
supporting the growth of the cultures. The normal strength
of the inorgenic saltes and organic growth factors of the
MS medium, with 3 ~ 4% sucrose or 2 - 3% glucose was found
to support the multiplication and growth of jack shoot
culturee. GA, did not influence the shoot proliferetion
or growth. Adenine sulphate at 20 pom was found to increase



the multiplication rate by 27.3%, without affecting the
growth of the cultures. Adenine as well as casein
hydrolysate were found to be not beneficial. The Anderson's
medium was found to be unsuitable to support the proliferation
and growth of jack shoot cultures. Serial subculturing for

10 times at 4-week interval was found to increase the
multiplicaticn rate to 5.39x. The MS medium supplemented
with BA 2.0 ppm, NAA 0.2 pom and insoluble PVP 500 pom was
found to be suitable for shoot elongation. Half strength

of the MS inorgenic salts, full strength of the MS organic
factors, 3% sucrose and 0.6% agsr were found to be the optimum
for the in vitro rooting of jack shoot cultures. When planted

out, the plantiets were observed to have 55.86% survival.

Callus production was made possible from exblants
of shoot apices, internodeal segments, lesf pegments and root
apices. Efforts to incuce ra-differentiation in the celius,
direct organogenecsis and direct/ceélius medisted somatic

embryogenesis were not successful,

Shoot apices from the seedlings registered a multi-
plication rcte of 17.4x. In this case, the percentage of
rooting was 100, with 6.0 roots formed in 20.75 Adays.
Bxplants from freth stem sprouts of ten-year old and

thirty-year old trees recorded 2 shoot multiplication rate



of 2.8 and 2.09, respectively in five weeks. In the
former, the rooting percentage was 40 with 2.5 roots
produced in 24 days, after 2-3 subcultures. In the latter,
there was 15X rooting with 2.0 roots formed in 46.7 days,
after 2-3 subcultures. Explants from six-month old jack
grafts failed to produce multiple shoots and exhibited 50%
rooting with 2.0 roots formed in 20.5 days. Cytological
examination revealed the stébility of chromosome number in
the plantlets. Anatomical studies revealed the vresence of

thin cuticle in the letves of the young plantlets.

The procedure for the ip vitro clonel npropagation
of jack through the enhanced release of axiliarxy buds
involved agitating —tho surfzce sterilised shoot apices in a
solution of 0.7% insoluble PVP + 2% sucroee for 30-45
minutes and keeoing them in sterile water at 4-5°C for 24
hours followed by disinfection (3% sodium hypochlorite
solution for 5 minutes and 0,1% mercuric chloride solution
for 10 minutes) and culture in the establishment wmedium
(MS + GA 1.0 ppm + activated charcoal 1.0X) in darkness for
four weeks with repeated subculturing. The cultures were
then exposed to light for two weeks, after which the growing
shoot apices were transferred to the sroliferation medium
(MS + BA 5.0 pom + NAA 0.2 pom + adenine sulphate 20 pom +
insoluble PVP 500 ppm). Shoots from the proliferation



medium were tranaferred after five weeks to an elongation
medium (MS + BA 2.0 ppm + A 0.2 ppm + insoluble PVP

500 ppm). The shoots were then cultured on MS medium
containing activated charcoal 1.0% for two weeks., Por the
in vitxo root induction, the shoots were tultured in
darkness in 1/2 MS + IBA 2.0 ppm + NAA 2.0 ppm + sucrose
3% + agzr 0.6X (for 6 days) and then transferred to 1/2 MS

without growth substances for root slongation.

Just after the appearaznce of the roots, the plantlets
were hardened by exposure to high light intensity (3500 lux)
for one week. The plantlets were then transferred to
vermiculite medium, under high relative humidity (90-100%)
provided by microscope covers. The plants were watered
with a solutiog of the M8 inorganic salts at half strength.
After another §:adunl hazrdening process and 2 new leaves
were produced, the plantlets were transferred to garden
pots and kept in the open field conditions. The cost of
production of one jack plentlet, inciuding one month's
hardening was worked out to B,.9.09

Explants of mussaends (Musgaends ervthrophvila
Schum. & Thonn.) were effectively surface sterilised by

treating with 0.1X mercuric chloride solution for 15 minutes.
The suit:ble culture estzblishment medium was identified as



MS + BA 0.5 pom + kinetin 0.5ppm. A shoot multiplication
rate of 2.75x was realised in a period of four weeks on

MS medium supplemented with BA 0.5 ppm and kinetin 0.5 ppm.
Subculturing was found to increase the multiplication

rate to 2.95x. Full stremgth of the M5 inorganic salte

was found to support the proliferation and growth of
mussaenda shoot cultures. Adenine sulphite, auxins and
Anderson's medium were found to be not beneficial. The shoots
were mdde to root on M8 medium containing half strength

of the inorganic salts and full strength of the organic
growth factors, 3I% sucrose, 0.6% agar, 0.4 ppm IBA and

0.4 pom NAA, under dark conditions in 37 days. Anderson's
rooting medium was found to be inefficient for the in vitro
rooting of musszendz shoot cultures. Attempts for planting
out were not successful, probably due to the low number

of rootes (which were weak and slender), the development of
callus at the root-shoot junction and the partial withering
and yellowiny of the shoote by the time the roots were
initieted. Attempts for the direct planting out of the

shoots pretreated with IBA golution were not successful.

Segments of ovary well was identified as the best
source of explant for callus production, registering a
calius index velue of 400, at the best treztment (NAA/
kinetin combinations 2.0 + 1.0 ppm &néd 4.0 + 2.0 ppm).



Shoot regenerztion from the callus occurred at a frequency
of 33.3% on MS medium supplemented with EA 2.0 prm or BA/
kinetin combinations 0.5 + 0.5 pom and 0.5 + 0.3 ppm. Root
regenesration was observed at a frequency of 66.7% with 13.33
roots Der culture on NS medium conteining kinetinyRAA
combination 2.0 + 8.0 prm after 60 days' culture. Aittempts

for direct organocgenssis were not successful.

Globular structures resembling somstic embryoids
having simultansous root and shoot development were observed
when the cellus from the induction medium (MS + 2,4-D
2.0 ppm + kinetin 1.0 ppm) was transferred to MS medium
contéining BA/kinetin combinations 0.5 + 0.5 opm or 1.0 +
0.5 ppm after 70 to 73 days culture. About 4.5 shoots with
a tuft of ministure roots were formed per culture, at the
best treatment. Attempts for inducing direct =zometic

embryogenesis were not successful.

Preliminary studies on culture establishment were

made for breadfruit (Aptogerpug altilis L.) and nutmeg
(Myristice fragrans Houtt.). Slight callus production was
made possible in both the cases. Preliminary studies on

somatic orgenogenesis were made in the case of perper (Piper
bigrum L.). Callus production and redifferentiation were

observed.
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