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Forword

Tissue culture, a new biotechnological tool, offers superior quality plant clone material free of
disease in desired quantities. Plant tissue culture is presently of great interest of Molecular
Biologist, Plant Breeders, and industrialists. Since the establishment of Tissue Culture Laboratory
in 1976 at National Herbarium and Plant Laboratory Godawari, different aspects of micro
propagation and micro-shoots rooting in non sterile sand have been carried out in a number of
economic plant species. In 2000 A.D. Biotechnology laboratory was established in Department
of Plant Resources, Thapathali. The main objective of the Biotechnology laboratory is to use
the plant tissue culture technique for the mass production of economically important and
endangered plant species, DNA Bar coding of high value medicinal plant species and virus

testing of propagated plants.

This book consists of compilation of research works that had been published in different national
and international journal. This book is a collection of research works done in both laboratories.
Tissue culture laboratory, Godawari and Biotechnology section, Thapathali. The present bulletin
(No. 37) consisted of 60 number of articles.

It is hoped that this collections of research articles will be useful for the people those who are
engaged in research work. I would like to thanks Ms. Keshari Maiya Rajkarnikar, Scientific
Officer, Ms. Sabari Rajbahak, Assistant Scientific Officer Mr. Sisir Panthi Assistant Scientific

Officer and Mr. Puskar Basnet for helping in many ways in bringing out this publication.
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Yam B. Thapa
Director General
Deartment of Plant of Resources

Kathmandu, Nepal






Introduction

Tissue culture is the development of new plants in an artificial nutrient medium under aseptic condition
from explant. The explant is a small piece of plant used to start a culture. The explant can be a very small
pieces of plants, such as embryos, seeds, stem, shoot tips, meristem, root tips, callus, single cells and pollen
grains.

Plant tissue culture is an important aspect of biotechnology. It has great potential for rapid, large scale and
true to type multiplication. The plants from tissue culture are generally clean and healthy. This technique
has been applied to several crop species. This technique is of particular interest in case of highly heterozygous
species which are virus infected and are generally vegetative propagated.

Since 1963, in vitro culture has been growing rapidly throughout the world. Mass propagation of some
ornamentals is one of the most successful examples of commercialization of tissue culture technology.
Multimillion dollar industries have been set up in the world to meet the demand for quality plants. Realizing
the potential tissue culture technique protocol development for different species are being carried out in
different laboratories.

Tissue Culture Laboratory was established in 1976 in Godawari. This laboratory has developed the techniques
for micropropagation of economically important plants and elite trees to produce best quality clone plants.

Micro shoots developed from tissue culture can be rooted in non sterile sand. For this the microshoots in
flask are acclimatized in glass house for one week and these are individually planted in sun dried clean
sand. It is covered with polyethylene sheet to maintain humidity of 80% and temperature range of 25-30° C.

The advantage of the technique is to cut down the cost of production of tissue cultured plant. From this
rooting technique, the cost of growth medium, incubation room, electricity and tissue culture manpower is
lowered. This rooting technique can be easily done by nursery personnel for the mass production of micro
propagated plants. This rooting technique has a great application.

In Tissue Culture Laboratory, micro propagation methods for several plant species have been developed.
These methods are simple, effective compared to the conventionally used in vitro cloning methods. In the
conventional procedure four steps are involved.

1. Explant establishment,

2. Shoot multiplication,

3. Rooting of multiplied shoots in the medium and
4. Field establishment.

In the step 1. the explant isolation, surface sterilization, washing and establishment in the culture medium
is done. In the step 2. the micro shoots are proliferated in a defined culture medium. In the step 3. micro
shoots proliferated during incubation are transferred to a rooting medium within the flasks. In the step 4.
the micro plants are transferred from the aseptic environment of the laboratory to the natural condition for
field establishment.

The steps 3 and 4 are labor intensive and expensive such that the step 3 accounts 30-70% of production
cost. And the step 4 encounters the severe problem of low percentage of survival of plants when the plants
are transferred from the flask to the field.



In the method developed at Tissue Culture Laboratory, instead of step 3 and 4 the micro shoots are directly
rooted in sand under suitable day/night temperature regimes in the ordinary green house conditions. Such a
procedure has reduced the production cost. It can be compared with the production cost of seedlings and
cuttings.

Micropropagation protocols have been developed in following plant species in Godawari.

Trees:

Artocarpus lakoocha, Artocarpus heterophyllus, Dalbergia sisoo, Eucalyptus camaldulensis, Eucalyptus
citriodora, Eucalyptus terecticornis, Ficus auriculata, Ficus carica, Ficus elastica, Ficus lacor, Ficus
nemoralis, Ficus nerifolia, Ficus memicordata, Morus alba, Populous ciliate, Elaecocarpus sphaericus,
Daphne papyracea, Paulownia tomentosa, Azadiracha indica, Acacia auriculiformis, Santalum album

Horticultural crops:

Brassica oleracea var. capitata, Citrus limon, Citrus sinensis, Fortunella spp., Musa spp., Poncirus trifoliate,
Solanum tuberuson, Saccharum spp., Fragaria ananassa, Zinziber officinale. Stevia rebaudina bertoni,
Citrus aurantifolia, Actinidia deliciosa, Solanum lacinatun

Medicinal Plants:

Chrysanthemum cinerarifolium, Solanum laciniatum, Piper longum Withinia somnifera, Aloe vera, Swertia
chirita, Amonum subulatum, Rauvolfia serpentina, Valeriana jatamansi, Rheum emodi, Cephaelis
ipecacuanhe, Swertia ciliata Neopicrorhiza scrophulariifolia

Ornamental Plants:

Chrysanthemum morifolium, Chrysanthemum spp., Dianthus caryophyllus, Gerbera, Gladiolus, Lilium
nepalensis, Lilium longiflorum, Rosa rosa, Saintpaulia ionatha, Spathiphyllum wallisii, Syngonium, Asiatic
Lily, Primula obconica, Begonia tuberhybrida, Fuschia Hybrida, Antirrhium majus,

Orchids:

Cymbidium giganteum, Cymbedium grandiflorum, Cymbidium longiflorum, Dendrobium densiflorum,
Dendrobium fimbriatum, Vanda teris. Dendrobium amoenum Cymbidium aloifolium, Vanilla planifolia,

Bamboo:

Dendrocalamus hamiltonii, Dendrocalamus strictus.

Anther Culture:

Allium fistulosum, Nicotiana tabacum, Oryza sativa.
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The in vitro Proliferation of Forest Trees
Dalbergia sissoo Roxb. ex Dc

B. Suwal, A. Karki'! and S. B. Rajbhandary?
Tissue culture Laboratory, Royal Botanical Garden, Godawary, Kathmandu, Nepal

Abstract

Multiple shoots were induced on cotyledonary node culture of Dalbergia sissoo in the presence of
benzylaminopurine (BAP) at 1.0 mg/l and naphtaleneacetic acid (NAA) at 0.1 mg/l. These shoots continued
to proliferate at a sustained rate of 10 15 microshoots over two years of 8 weekly sub-cultures in the
basic medium, with the supplement of BAP at 0.25 mg/l. Such microshoots rooted readily in non sterile
sand beds with subsequent successful field establishment.

Key words : Dalbergia sissoo, cotyledonary culture, multiple shoots, non sterile rooting, field establishment.

Zusammenfassung

Bei Kotyledonen Nodien Kulturen von Dalbergia
sissoo wurden durch die Anwendung von
Benzylaminopurin (BAP) (1.0 mg/l) und
Napthalenessigsdure (NAA) (0.1 mg/l), multiple
Sprosse induziert. Diese Sprosse pflanzten sich
weiterhin mit einer ununterbrochenen Rate von 10
15 Sprossen tiber 2 Jahre fort, wobei die Subkulturen
8 Wochen dauern, bei Verwendung des
Basismediums unter Zugabe von 0.25 mg/l BAP.
Solche Mikrosprosse wurden in nicht sterilem Sand
leicht bewurzelt und erfolgreich in Feldversuche
ausge-bracht.

Introduction

Dalbergia sissoo is a multipurpose native species
which is extensively used in afforestation in the
Nepal Terai for production of fodder, fuel and timber.
Since there is considerable phenotypic variation
between trees in provenance trials of D. sissoo raised
from seed, genetic improvement will depend on the
selection of individual trees with superior
characteristics and propagation of these by clonal
means. However, cloning of superior material
through the use of conventional vegetative cuttings
resulted in uneven growth, as only tip cuttings gave

Present address:

rise to straight growing plants, whereas branch
cuttings produced trees which retained their
characteristics as branches (plagiotrophic growth)
(K. White, personal communication). Moreover only
25 percent of the cuttings were successfully rooted
(Singh, 1982). An alternative to vegetative
propagation by cuttings is to use the tissue culture
method of multiplying clones using meristem or
shoot tips or buds as the explants.

To develop a process for cloning elite candidate trees
of Dalbergia sissoo it was thought convenient first
to devise a method of producing tissue culture plants
using explants from seedlings grown in culture. Once
a successful proliferation medium has been
established it can then easily be tested for cloning
superior individuals through meristem or shoot tip
or bud culture.

We report here the shoot proliferation, followed by
non-sterile rooting of these shoots, and subsequently
field establishment of rooted plants, by culturing D.
sissoo cotyledons excised from in vitro grown
seedlings.

Maierials and Methods

Seeds of D. sissoo were obtained from the
Afforestation Division, Hattisar, Kathmandu. The

Department of Botany, University of Nottingham, School of Biological Sciences, University Park. Nottingham, U. K.
Department of Medicinal Plants, Thapathall, Kathmandu, Nepal
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seeds were kept in running water for one hour,
followed by a brief dip in water containing teepol,
at the rate of two drops of teepol in 100 ml of water.
The seeds were then washed five times in distilled
water. Finally they were sterilized in 0.1 percent
HgCl, solution fo 20 minutes, and subsequently
washed five times in sterilized distilled water. The
seeds were transferred to culture flasks (100 ml
conical flasks containing 40 ml solidified medium),
when the seedlings germinated within four days.
Cotyledons excised from the seedlings were cultured
on Murashige and Skoog medium (1962) (MS), with
the addition of benzylaminopurine (BAP) at 1.0 mg/
| and naphtaleneacetic acid (NAA) at 0.1 mg/l, and
1000 mg/l caseinhydrolysate. The medium was
solidified with 0.6 percent bacteriological agar with
pH adjusted to 5.8 before sterilization. It was
sterilized by autoclaving at 15 lb/sq. in for 15
minutes. The cultures were incubated at 25+4°C
under a 16 h photoperiod, with light provided by
fluorescent tubes at ca 3000 lux.

Under these conditions 2-5 shoots developed from
the nodal region of the cotyledon after seven days.
These shoots were used in a number of experiments
using different concentrations of BAP (0.01 to 10
mg/l) and kinetin (2-4 mg/l), either alone or in

Fig. 1 : Development of shoots from cotyledonery node on
MS supplemented with T mg/I BAP + 0.1 mg/I NAA, and
1000 mg/l caseinhydrolysate

2

Fig. 2 : Multiple shoot formation on MS supplemented with
0.25 mg/I BAP and 1000 mg/I caseinhydrolysate. Eight
weeks in culture.

combination with NAA (0.01-0.1 mg/l). The
cytokinin concentration that supported a high rate
of shoot proliferation was selected for further
subculture.

The sterile rooting step was skipped, and the
multiplied shoots were separated out treated in 0.01
percent indoleacetic acid for 5 minutes and
transplanted, through the year 1985, to sand beds in
a greenhouse. To facilitate rooting relative humidity
was maintained at 70-80 percent.

Rooted plants, 10-20 cm high, were transplanted into
the soil in the greenhouse, followed by planting out
in the field.

Results

When the multiple shoots developed on cotyledonary
node (Fig. 1) were transferred to the media
supplemented with both BAP at 10-0.01 mg/l and
NAA at 0.1 mg/l, callus formation increased with
the increase in BAP concentration. At the higher
concentrations of BAP (2-10 mg/l), with 0.1 mg/I
NAA, brown callus tissues were formed on the parts
of the explant in contact with the medium and no
development of shoots occurred. BAP at or below
10 mg/l with NAA at 0.1 mg/l induced tile formation



of callus as well as shoots and roots. With 0.01 mg/
1 NAA, BAP at 1.0 mg/l or below this level also
produced callus shoots and roots.

i

Fig. 3 : Rooted plantlets after 4 weeks in the sand

after the transfer.

Silvae Genetica 37, 1 (1988) Pp 26-29

BAP at 1.0, 0.5, 0.25, and 0.12 mg/l induced the
formation and development of shoots. The number
of elongating shoots was always higher on the
medium containing 0.25 mg/l BAP concentrations.
The multiplication rate was 10-15 shoots (0.5-6 cm
high) per explant after four weeks of culture in
presence of 0.25 mg/l BAP. The shoots have been
subcultured for two year without any loss of
multiplication potential (Fig. 2).

Kinetin at 2-4 mg/1 alone or in combination with
NAA at 0.1 or 0.01 mg/l gave rise to only callus
tissues.

On the transfer of in vitro produced shoots to sand
beds over 35 percent developed into rooted plantlets
within 10 days, under day and night temperatures of
34° C/15°C under 70-80 percent humidity. The rooted
plantlets grew to a height of 10-15 cm in four weeks
(Fig. 3). Such plantlets were transferred to soil in
pots and subsequently planted out in the field. All
the plants grew straight, without any tendency to
horizontal growth (Fig. 4).

Discussion

Cotyledons have been reported to be the most
regenerative part of the plant (Murashige, 1974). Of
25 legume species that have been regenerated in vitro
in five, Ceratonia siliqua, Indigofera ennccaphylla,
Psophocarpus tetragono-lobus, Stylosanthes hamala
and Trifolium repens cotyledons were used as
explants (Flick et al., 1983). Chang et al. (1980)
reported multiple shoot bud formation of soybean
from cotyledonary node culture. Usha Mehta and
Mohan Ra (1980) observed fascinated shoot bud
development at the cotyledonary node culture of
Cajanus cajan. Our results corroborate the findings
of the above workers.

In vitro micropropagation of Dalbergia sissoo
through axillary bud proliferation was easily
accomplished using excised cotyledons as explants.
Therefore it is reasonable to assume that the
procedure developed in the present work has
possibilities in the cloning of elite genotypes of D.
sissoo from meristem or shoot tip or bud cultures.
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The fact that it was possible to omit the sterile rooting
stage (Karki and Rajbhandary, 1984), and the
successful rooting of over 85 percent of the shoot
cuttings in non sterile sand beds, suggests the
commercial applicability of using this method in
large scale plantations of D. sissoo. Mukho-Padhya
and Mohan Ram (1981) reported the formation of 2
or 3 plantlets in 30-45 days from root culture of D.
sissoo. Their method involved the use of aseptic
cultures in both the shoot induction and rooting
stages. This would therefore, limit the possibility of
using this method in the large scale production of
D. sissoo plants.

Since no loss of multiplication potential in D. sissoo
shoot culture was observed in over two years of 8
weekly sub-cultures, production of more than a
million D. sissoo plants from a single plant in a year
is apparently feasible by use of the present method.
Our observations are consistent with the suggestion
by Bonga (1977), that the solution to the problem of
producing large number of trues of improved
qualities on shortened rotations could possibly be
obtained through the use of micropropagation
techniques.

However, despite the great advantages offered by
tissue Culture propagation methods, to date only a
few species in the genera Populus, Eucalyptus,
Betula, Liquidambar, Acacia, Ulmus, Castanea,
Tectona, Santalum, and Alnus, have been
micropropagated (Perinet and Lalonde, 1983).
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In vitro propagation of Dalbergia sissoo

S.R. Rajbhandary

Department of Medicinal Plants

Summary

In vitro propagation from the cotyledonary node of
Dalbergia sissoo seedling has been successfully
practiced. A field trial has shown that the resulting
plants compare well with those raised by traditional
methods.

Introduction

Large numbers of plants are required for
reforestation, to increase the supply of fuelwood,
fodder and timber. Vegetative propagation can be
used to multiply trees with desirable heritable
characteristics, including rapid growth and good
form. Vegetative propagation from cuttings,
however, requires the maintenance of mother trees
in hedges or orchards, and each tree a provide at
most only a few hundred cuttings a year.

Tissue culture can give a much greater rate of
multiplication; a million plants can be produced in
one year from a single explant. Because the plants
are produced under sterile laboratory conditions they
have the added vantage of being free from pests and
pathogens.

Tissue culture was started in Godavari 1976,
beginning with orchids, potatoes, and medicinal
plants. In 1983 Mr Emrald J. Rana, then Secretary
to the Ministry of Forests and Soil Conservation,
suggested that tissue culture of Dalbergia sissoo
should be tried. It is a good multipurpose species,
very popular with the people of the terai for fodder,
fuel, and furniture.

In vitro propagation

Although it might have appeared more rational to
use mature tissue from elite trees, difficulties were
encountered in the sterilization of such tissue, and
so it was decided to make the first experiments with
seeds as be starting material this is a common

procedure when starting tissue culture experiments
with a new species. The object was to find a medium
that would support sustained shoot proliferation, and
which might later be used with other kinds of starting
material.

Seeds of D. sissoo were washed in running water
for one hour, and then briefly dipped in detergent
(two drops of Teepol in 100 ml water). The detergent
was washed off with five washings of distilled water.
The seeds were then sterilized in 0.1% HgClL,
Solution for 20 minutes, and this was washed off
with five washings of sterile distilled water. The
seeds were then placed on solidified agar (0.7%

Table 1 : Murashige & Skoog medium (1962)

Mineral saltsmg/litre
NH,NO, 1650
KNO, 1900
CaCl,.2H.0 440
MgSO,.7H,0 370
Kl 0.83
H,BO, 6.2
MnSO,.4H,0 22.3
ZnSO,.7H,0 8.6
Na,MO,.2H,0 0.25
CuSO,.5H,0 0.025
CoClL,.6H,0 0.025
Na EDTA 373
FeSO,.7H,0 27.3
Vitamins
Inositol 100
Nicotinic acid 0.5
Pyridoxine.HCI 0.5
Thiamine.HCI 0.1
Amino acid, Glycine 2.0
Sucrose (g) 30
Supplements for shoot proliferation
Benzylaminopurine 0.26
Casein hydrolysate 1000
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bacteriological agar) in conical flasks (100 ml flasks A proliferation rate of 10 15 shoots every 8 12 weeks
containing 40 ml of agar), covered with aluminium  was obtained and this has been maintained over the
foil. All these aseptic operations were carried out  last four years by a sequence of subcultures. See Fig.
under a laminar flow hood (where there is only clean 1.
air).

The seeds germinated in four days. The cotyledons
were excised, and cultured in Murashige and Skoog
medium, with additional casein hydrolysate and
benzylaminopurine. See Table 1.

Fig. 1 : Shoot proliferation at ten weeks on Murashige and Fig. 2 : Rooted plant after four weeks in the sandbed
Skoog medium supplemented with benzylaminopurine and
casein hydrolysate

Table 2 : Sagarnath sissoo provenance trial (planted 9 September 1985)

24 November 1985 24 November 1986
Aw. ht. (cm) Survival/50 Av. ht. (cm) Survival/50
Plants of seedling origin: provenance
Sunsari 24.1 46 189 37
Sagarnath 27.6 46 188 38
Kailali 22.6 45 240 40
Sagarnath 28.4 46 210 43
Banke 259 48 230 44
Jhapa 244 46 234 41
Kosi 23.5 46 214 41
Stem cuttings (from Sagarnath)
(D 30.7 44 212 40
2) 313 47 235 44
Tissue culture 19.2 38 214 36




The shoots obtained in this way were rooted in non
sterile sand beds. A high proportion was successfully
rooted; it was more than 80% in the months June
and July (withaverage day/night temperatures of
34°C/15°C and 70-80% relative humidity. The roots
developed within ten days. See Fig. 2.

Field Trails

In September 1985 more than 200 plants were
uprooted from the sandbed, wrapped in moist paper,
and transported fron Godavari (near Kathmandu) to
Sagarnath in the terai, a journey of some six or seven
hours. Two lines, each of fifty tissue cultured plants,
were laid out along with other lines of plants raised
from seed of various provenances, and some from
traditional shoot cutting. Table 2 records the survival
and average heights measured November 1985 and
1986. See also Fig. 3. So Far it seems that tissue-
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cultured plants have a similar to that of traditionally
pro-pagated ones, but the plots will continue to be
observed over the next few years.

Conclusions

The success so far achieved has justified continuing
experiments with the propagation of Dalbergia
sissoo from other kinds of tissue, taken from selected
mature trees.
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Abstract

Seven potato cultivars obtained as test tube plants were multiplied rapidly by using tissue culture method
of propagation. The tissue culture derived seed tubers of these cultivars and the other ‘Cardinal’ cultivar
were planted in the field to assess the growth yield and late blight resistance. In the spring as well as in
the autumn plantations in 1986, the two CIP cultivars 1853 and MS 91.18 were found resistant to the late
blight where as the other CIP cultivars MS 82.60, MS 35.22, BR 63.15, and Sangema showed various
levels of late blight infection. Cardinal cultivar was found to be severely infected by the late blight.

Introduction and Review

Potato is one of the important crops of the world. In
the developing countries the potato crop is
vulnerable to attack by more than 268 diseases and
pests (Mendoza H.A,4). Some of these are
distributed worldwide, and cause extensive
destruction. For example, the late blight can reduce
more than 50% of the total production of the crop in
Nepal (Khergoli L.P,2). Within certain geographical
zones there are some localised insects which may
damage the crop.

In order to improve the quality of potato crop, the
disease free seed tubers of suitable cultivars and the
cultivars resistant to pests and pathogens should be
used.

The developing countries, however, depend upon
developed countries for the supply of such certified
seed tubers. This accounts for 40-60% increase in
the total production cost of a potato crop (Wattemina,
7). Several countries therefore, use some sort of
multiplication technique in their basic seed
production program. In recent years tissue culture
for germplasm maintenance in a disease free state
has been a great break-through for the production
of clean planting materials. In addition, the
advantage of rapid clonal propagation through tissue
culture has generated increasing interest among the

plant breeders. In view of the potential application
of tissue culture in potato crop improvement, plant
regeneration via multiple shoot proliferation was
carried out with seven International Potato Centre
(CIP) cultivars and the Cardinal cultivar. This was
followed by field evaluation of these cultivars at
Godawari during spring plantation (January 1986)
and autumn plantation (August 1986).

Materials and Methods

Two test tubes containing four ‘in vitro’ plants of
each of seven potato cultivars, 1853, MS 91.18, MS
35.22, MS 82.60, MS 42.3, BR 63.15 and Sangema
were received from CIP, Peru in September 1983,
through National Potato Development Programme
(NPDP). The plants from one set of test tubes were
planted directly in pot, and from the other set of test
tubes nodal cuttings were transferred in Murashige
and Skoog medium (Murashige and Skoog, 5)
supplemented with 1.5mg/I kinetin, 1mg/1 6 benzyl
amino purine (BAP) and 1000mg/Icasein
bydrolysate, This medium was used because the
Cardinal cultivar was successfully micropropagated
in the medium (Manandhar, A,3). The medium was
solidified with 0.7% becteriological agar with pH
adjusted to 5.8 before autoclaving. The cultures were
incubated at 25°C+with 16 hrs. photoperiod
(30001Iux) provided by fluorescent tubes. New shoots
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were developed from auxiliary buds. After 6 weeks
of culture, the shoot tips were harvested and placed
horizontally in the fresh medium. After 4-6 sub
cultures, uniform shoot growth and multiplication
were established. For rooting, excised shoot tips
were treated with 100ppm indole acetic acid for 5
minutes and planted in non sterile potting mixture
in green house under plastic cover. Rooting was
observed after 10-12 days under humid tent. Thus,
the rooted plantlets were transferred to soil mixture
in the seed box and left to harden for two weeks in
green house in open condition before field
transplantation.

The well rooted plantlets were planted in the field.
The spacing from one plant to another was 15 cms
and from one row to anther was 70 cms. After three
months period that plants produced the tubers. These
tubers were cultivated in two growing seasons in
1986 in the field at Godawari.

Results and Discussion

When directly planted in potting mixture, the ‘in
vitro’ plants of seven CIP cultivars became dead.
However, one plant each of MS 42.3 and MS 35.22
survived. They produced small tubers after five
months of growth.

The nodal cuttings of different cultivar proliferated
uniformly after 4-6 subcultures. Such cultures
produced 40-50 healthy micro cuttings from a single
shoot in 8 weeks’ period. The multiplied shoots
lacked visible roots, a few aerial roots were, however,
observed. Treatment with 100 ppm indole acetic acid
(IAA) resulted in successful induction of roots after
10-12 days in the non-steriled potting mixture. The
rooted plants were then transplanted in field and they
produced tubers after three months. The yield was
not high due to late plantation (Table I).

The seed tubers of different cultivars were planted
side by side in the same area in Janaury, 1986. Tubers
of eight cultivars were harvested after three months
(Table II).

The tubers of Cardinal, MS 42.3, MS 35.22, MS
82.60, MS 91.18, BR 63.15 and Sangema were

attacked by red ants in various levels, whereas the
tubers of 1853 were found totally unaffected by red
ants. Late blight appeared only in Cardinal during
the harvesting period.

Fig. 3 : In vitro proliferation

Micropropagation of Potato Cultivars and their field
performance.
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Table I : The yield (fresh wt.) from Tissue culture plants of different cultivars of potato

Cultivars Plantation Harvesting Average Average
No. of wt. per
potatoes plant (g)
per plant
1853 27.3.1986 18.6.1986 15 151
MS 91.18 19.3.1986 15.6.1986 21 247
MS 42.3 24.3.1986 21.6.1986 30 377
MS 35.22 25.3.1986 20.6.1986 17 365
M9 82.60 10.3.1986 8.6.1986 11 160
MS 63.15 16.3.1986 15.6.1986 10 118
Sangema 31.3.1986 28.6.1986 10 85
Cardinal 31.3.1986 28.6.1986 14 390
Average of 100 plants

Table II : The yield (fresh wt.) of different cultivars of potato grown during spring (1986) at Godawari.

Average Average wt. wt of potatoes Max. Min

Cultivars No. of potato per plant per sq. meter yield yield
es per plant (g) (Kg) (gm/plant) (gm/plant)

1853 19 543 3.75 850 175
MS 91.18 12 697 441 1025 300
MS 42.3 18 383 2.06 625 170
MS 35.22 12 364 2.21 750 175
MS 82.60 15 248 1.43 350 180
DR 63.15 9 317 1.90 600 200
Sangema 8 424 2.57 525 250
Cardinal 16 474 3.57 875 225
Average of 100 plants

Table III. The yield (fresh wt.) of different cultivars of potato grown during Autumn (1986) at Godawari.

Average Average wtof max. Min
Cultivars No. of wt. per Potatoes yield yield
potatoes plants (g) per sq. (gm/plant) (gm/plant)
per pl. meter (kg.)
1853 21 502 3.16 1550 200
MS 91.18 7 425 2.71 975 230
MS 35.22 7 247 1.63 900 160
MS 82.60 6 296 1.78 830 150
DR 63.15 8 309 1.86 490 200
Sangema 8 267 1.53 460 175
MS 42.3 14 225 1.35 250
Cardinal 18 91 0.56 120
Average of 100 plants

Similarly, the seed tubers of eight cultivars were  drastically. In MS 42.3 disease appeared after 50 days
planted in the following season i.e. in August 1986.  of plantation. So, the yield was not satisfactory. Other
one month of plantation, the Cardinal was severely  cultivars such as BR 63.15., MS 35.22, MS 82.60
attacked by late blight. The yield was reduced and sangema were found slightly susceptible to late
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blight. The two cultivars I 853 and MS 91.18 were
planted along with the susceptible cultivars. The
yields of tubers of I 853 and MS 91.18 were 3.61 kg
and 2.71 kg per sq. meter area respectively (Table
110).

Conclusion

Late blight is probably the single most serious
disease of potato world wide. The occurrence of
disease mostly depends upon the temperature,
moisture, light intensity as well as the lost cultivar.
The disease could be controlled by planting resistant
cultivars in late blight affected areas. It is known
that a cultivar which shows resistance to late blight
in one locality may not be resistant in an other
locality. Therefore, the cultivars MS 91.18 and 1 853
which have shown resistance to late blight at
Godawari should be tried at different agroclimatic
regions to determine their reaction against the late
blight infection.

In the areas like Godawari, the local people are
discouraged to grow potato because the soil is
inhabited by red ants. These insects heavily damage
the tubers.

The 1853 cultivar was observed to be free from red
ant attack in January plantation and in August
plantation. Therefore, in order to extend this cultivar
in large scale plantation in the red ant problem areas,
further field trials should be carried out in different
locations.

Acknowledgement

The authors are grateful to Dr. S.B. Malla, Director
General, Department of Medicinal Plants, Ministry
of Forest and Soil Conservation, for facilities
provided and Mr. B.K. Bhomi, Chief, National
Potato Development Programme, Department of
Agriculture, Khumaltar, Kathmandu, Nepal. for
supply of invitro materials from CIP, Peru.

12

References

Karki, A. and S.B. Rajbhandary 1984. Clonal
propagation of Chrysanthemum cinerariaefolium
vis (Pyrethrum) through tissue culture. Pyrethrurn
Post, 15, pp. 118-21.

Khergoli, L.P. 1980. Aalu Bali. Sahayogi Press,
Tripureswor, Kathmandu, Nepal.

Manandhar, A. and S.B. Rajbhandar y (1986).
Rooting in non sterile potting n dx of in vitro
Potato and its field establishment, Ind. J. Hort.,
Sept Dec. issue.

Mendoza, H.A. 1983 Breeding of Potato population
at the International Potato Centre, CIRCULAR,
International Potato Centre, Lima, Peru, Vol 11,
No. 3, pp. 1-5.

Murashige, T and F. Skoog 1962. A revised medium
for rapid growth and bio assays with tobacco
tis-sue culture, Physiol. Plant,15, pp. 473-97.

Roca, W.H., N.O. Espinoza M.R., Roca and J.E.
Bryan, 1978. A tissue culture method for the rapid
propagation of potatoes, Am. Potato J., 55, pp.
691-701.

Wattimena, G., B. Me Cown and G. Weis 1983.
Comparative field performance of potatoes from
micro-culture, Am. Potato J., 60, pp. 27-33.



In Vitro Propagation of Trifoliate Orange
(Poncirus trifoliata)

Niraula, R.! and S.B. Rajbhandary?
'Scientific Officer, Botanical Survey and Herbarium, Godawari, Kathmandu
2Dy Director General, Department of Medicinal Plants, Godawari, Kathmandu

Abstract

In the culture of Poncirus trifoliala, a Citrus root stock obtained from Japan, the shoot induction was
caused in the Murashige and Skoog medium (1962) (MS) in the presence of benzylaminopurine (BAP)
1.0mg/l and napthalene acet