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INFLUENCE OF DIFFERENT FACTORS ON PLANT
REGENERATION SYSTEM OF JUTE SPECIES

ABSTRACT

Experiments were conducted during the period from August 2005 to May 2006 m the
Genetic Engineering Laboratory, Department of Cytogenetics, Bangladesh Jute Research
Institute (BJRI), Dhaka, In the first experiment, five varieties of Corchorus sp were used
to investigate their in vifro germination percentage. And in the second experiment, five
varieties of Corchorus sp. were used to investigate their in vifro regencration
performance. In the third experiment, varieties of Corchorus sp were used to investigate
their in vitro shoot regeneration from the explants (cotyledons) of C. capsularis and  C.
oiltorius with different hormonal concentrations. Fourth to minth experniments were
conducted to show the different factors on plant regeneration from cotyledons of C.
capsularis and C. olitorius. In the first experiment, seed germination percentage was
found highest in CVE-3 in cotton-based medium (98.88%) compared to agar-based
medium (87.17%). Among the phytohormone combination, MS+ 2 mg/l BAP + 0.5 mg/l
IAA showed the highest shoot regeneration (60.66%). Among the varieties, CVE-3 was
highly responsive to shoot regeneration (67.99%), M5 media without hormone (MSQO)
was used for root formation. The variety CVE-3 response better than O-72 towards shoot
regeneration at difTerent pH level. Among the sucrose concentration 3% (30mg/l) showed
the highest shoot regeneration (87.49%). Among the different concentration of vitamins
x2 times (3.0mg/1) showed the highest shoot regeneration. Using different concentration
of surfactant 0.1% surfactant showed the highest shoot regeneration (91.663%). In the
NaCl experiment, among the three varieties CVE-3 was found mghly responsive to shoot
regeneration (97,22%) and 0.125, 0.25 and 0.50 (%) shows the better responsive to shool
regencration, Using different concentration of FeSOy, x2 times (3.0mg/l) showed the
highest shoot regeneration. The variety CVE-3 response better than O-72 towards shoot

regeneration at different concentration of FeSOy,
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Chapter 1
__ Introduction




INTRODUCTION

Jute is a fibre yielding crop obtained from the bast of two cultivated species of
genus Corchorus namely Corchorus capsularis and Crochorus olitorius of the
Tiliaceae family. The genus Corchorus has around 50-60 species, but over 170
Corchorus names are given in index kewensis( Bhajwani 1988). These species are
found throughout the tropics and subtropics. Corchorus capsularis is called “Deshi
pat”, “Tita pat” or “White pat” whereas Crochorus olitorius is called Tosa pat,
produce better quality fibres, 1.e. finer, sofier, stronger and lustrous than those of
Corchrous capsularis (1slam, 1981). The fibres of Corchorus capsularis are ordinarily
whitish and in Corchorus olitorius the fibres are either vellowish golden or grayish in
colour. Jute is the most important bast fibre crop next to cotton. Jute is not only a
major foreign currency earner, but also a major source of employment. It is of prime

importance in the rural economics of the regions in which it is grown.

Once upon a time jute was referred to as the Golden Fibre of Bangladesh,
because of its immense contribution for to the economy of this country. Considerable
number of our population is engaged directly or indirectly in production and
processing of jute. Jute exports constitute a major source of foreign exchange (12-
13%) earning in Bangladesh and contribute 8% of total GDP (BBS, 2003). During the
year of 2004-2005 total supply of raw jute was 48.24 lakh bales, total domestic
requirements was 31.21 lakh bales and Bangladesh exports 17.04 lakh bales of raw

jute and jute goods and earned about 18000 million Tk. (FAQ, 2005).



Jute consitutes a major world crop and it is one of the most important cash
crops of Bangladesh, It occupies 5™ position afler rice, pulses, oil seeds and wheat in
respect ol cultivated area (BBS, 2003). Bangladesh is second largest producer of jute
followed by India and produces the best quality jute and leads the export market. In
the year of 2004-2005 the acreage, and production of jute was 450.0 thousand ha. and
810 thousand tones respectively (FAO, 2005), It is extensively used in agricultural
and industnal products. Jute is mainly used for manufacturing products for the
packaging of grains, sugar, cocoa, coffee and other food crops as well as packaging
for cement, fertilizer, salt, cotton ete, which currently account for the consumption of’
80% of jute products i.e. hasseian (burlap) and sacks. The use of jute products and
accounts for about 15% of the world jute consumption (BBS, 2003). Jute fibre is also

used to produce carpet, yarns, cordage, {elts and padding decorative fabrics and other

items of industrial use.

Despite high socio-cconomic importance of the jute, cultivation of jute in
Bangladesh is increasingly shifting to less productive land with marginal care. Thus
creating challenges in dealing with new emerging production constraints. In every
year about 7 lakh 67 thousand bales of jute are damaged by insect-pest (Ahmed and
Jalil, 1993). Diseases have also an adverse effect on yield (about 5 lakh bales
damaged by diseases). Abiotic stresses like drought, flood, low temperature elc. are
detrimental to this crop. With the lauching of global compaign for environmental
awareness international opinion is being crealed on jute for its expanded production
and use, as it is biodegradable and friendly to the environment. Jute is a plant, all parts
of which have extensive uses. A sustainable improvement in jute productivity under
less favourable environment can only be achieved with a constant flow of new genetic

materials, The existing variability for constraints, like insect-pest and discases, poor
2



soil fertility, water stress, fiber quality, photo-insensivily etc. is a serious issue that
needs to be addressed (Aggarwal, 2000}, One of the major constraints to increase jute

productivity is the non-availability of modern varicties with improved plant 1ypes.

At present not much success was achieved for jute improvement through
conventional breeding methods. New genotypes are, therefore, very much needed to
be introduced for jute breeding. Although a number high yielding variety of jute have
been released from the Bangladesh Jule Research Institute (BJRI) through
conventional breeding techniques, but these techniques have some limitations. It is
therefore, very important to explore other means of modern scientific techniques for
example, tissue culture or genetic engineering to accelerate the pace of varietal

improvement,

Tissue culture techniques can be applied conveniently to overcome the
incompatibility barrier through fusion of protoplasts from vegetative cells of
interspecific, intergeneric and interfamilial group., But in several instances, callus
derived from fused proplasts could not be induced to regenerate plantlets (Rao 1985),
From these informations, it is evident that all the tissue culture techniques play a vital
role in the enrichment of genetic variability, this particular technique contributed a
little in the production of discase and pest resistant plants as well as plants of better

agronomic characters in jute.

The chances for availability of new genotype of jute with disease resistance in
nature are very remote unless new techniques are launched to create variability.
Biotechnology is a recently flourished novel approach and therefore 1t s very

important to explore the science for varietal improvement of jute.



The pre-requisite for the genetic transformation in jute is to establish an
_efficient regeneration system from different explants to matured fertile plants. Plant
regeneration from the cotyledonary petioles were reported earlier from C. capsularis

(Khatun ef al., 1992) and from shoot apices of (. elitorius (Khatun, 1993).

Research on plant biotechnology in bast fibre crops especially on jute has been
conducted in a few laboratory of Bangladesh and in some other countries like India,
China, and in a few laboratories in England. Some achievements have been made in
the laboralories of Bangladesh and India using tissue culture techniques,
Biotechnological approaches for crop improvement is a new research thurst in

Bangladesh.

The history of plant tissue culture begins from 1902, when Haberlandt made
the first attempt in in vitro isolated cell culture without any success. The first success
in tissue culture was reported in carrot and tobacco, when isolated cambial tissue was
cultured for long period of time. During the last lew decades, the technique of plant
tissue culture has been introduced as new and powerful tools for crop improvement

and it received high attention of biologists.

The regeneration of plant from tissue or explants is an important and essential
genctic manipulation of plants. The totipotency ol cell or fissue open up several new
contingencies in plant breeding programmes that provided gene manipulation and
selection of desirable character. Tissue culture techniques have several advantages
over traditional propagation methods: cultures have to start with small plant parts,

therefore, only a small amount of space is required to multiply large number of plants,



Cultures are conducted in aseptic environment with the assurance of the production of
disease-free materials and without risk of reinfection. High frequency regeneration of
plants from in vitro cultured tissues is a pre requisite for successful application of
tissue culture technique. Cell and tissue culture provides the engineering of this crop
to supplement conventional breeding. Thus any improvement in the growth of such
cultures could be beneficial in both basic research and applied plant biotechnology.
Establishment of an efficient plant regeneration system for the explants of jute
(Corchorus capsularis and C. olitorius) is therefore the prerequisite for introducing
foreign gene through genetic transformation.

Based on the above information, the present study was undertaken to study the

in vitro regeneration performance of the varieties of two cultivated Corchorus species.

The specific objectives of the present research work were therefore:
I To optimize the in vitro regeneration performance of five varieties of
Corchorus capasidaris and (. olitorius.
ii. To see the effect of different levels of pH on plant regencration of” (7

capsularis and C. olitorius.

i, To standardize a protocol for shoot regeneralion with different

concentration of sucrose.



‘'he present study has been divided into nine separate experiments. These are

Experiment-i In vitro regeneration of Corchorus spp.

Experiment-ii In vifro regeneration performance ol five varictics ol Corchorus
species

Experiment-iii Optimization of shoot regeneration from the explants of C. capsularis
with different hormonal concentrations.

Experiment-iv Effect of dilferent levels of pll on plant regeneration from cotyledons
of Corchorus species

Experiment-v Influence of different concentration of sucrose on plant regeneration
from cotyledons of C. capsularis and C. olitorius

Experiment-vi Influence of different concentration of vitamins on plant regeneration
from cotyledons of C. capsudaris and C. olitorius

Experiment-vii Influence of surfactants (pluronic F-68) on plant regencration from
cotyledons of C. capsularis and C. olitorius

Experiment-viii Influence of NaCl on plant regeneration from cotyledons of of C.

capsularis and C. olitorius
Experiment- ix Influence of FeSO, on plant regeneration from cotyledons ol €.

capsularis and O olitorius
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REVIEW OF LITERATURE

Jute is the most important fibre crop of Bangladesh. The crop received much
attention by a large number of researchers on various aspects of production and
utilization. Improvements of crop plants like jute through conventional method
require long time. Plant biotechnology now a day offers many opportunities for
breeders with chances to solve certain breeding problems at cellular level.
Biotechnological research on jute has been initiated in early sixties (Islam, 1964).
However, output is still very limited. Recent advances in tissue culture and
recombinant DNA technology have opened new avenues in transformation of higher
plants, which consequently produced many transgenic plants with new genetic
properties. Establishment of an efficient plant regeneration system from the explants
of jute is a prerequisite to create variability and to introduce foreign genes into this
crop through genetic transformation (Khatun, 1998). Brief review of works done on

plant regeneration of jute is summarized bellow.

2.1 Experiment-i In vitro regeneration of Corchorus species

2.1.1 Concept of tissue culture

Conventional techniques are lengthy processes and take more time for crop
improvement, The techniques of plant tissue culture have been developed as a new
and powerful tool for crop improvement (Carlson, 1975, Razdan and Cocking, 1981)
and received wide attention of modern scientists (D’ Aamato, 1978, Skirvin, 1978,

Larkin and Scowcroft, 1982).

Regeneration from explants like cotyledon, hypocotyle, leaf, shoot apex on defined
nutrient media under sterile conditions is the basis of plant tissue culture. When

explants of a plant are grown in a defined medium, an undifferentiated collection of



cells arise which then developed into whole plants from this unditTerentiated callus,

this process is known as regeneration.

Nowadays, plant tissue culture techniques have been emerged as a world wide
accepted concept (Haque, 2001) and opened up several new avenues for manipulation
of crop plants to induce genetic changes and selection of desirable traits (Nath, 2001).
Besides, plant regeneration from fn vifro cullures is a prerequisite of many plant

genetic transformation techniques (Akter, 2001).

Tissue culture technique is now used extensively in many national and international
organizations, such as CIP, TARI, ICRISAT, USDA, where programmes of crop

improvement are in progress for development of different crops

2.1.2 Tissue culture of jute

In vitro regeneration has been quite difficult among the species Corchorus through
tissue culture technique. It appears that jute is a difficult recalcitrant tissue and
regeneration from totally differentiated tissue, like callus. Where there are reports of

regeneration from cotyledon or hypocotyle derived callus, there are usually portions

of meristematic tissue left from where regeneration actually occurs

2.1.3 Need for tissue culture in jute

Tissue culture provides the opportunities for the genelic engineering of this
crop to supplement conventional breeding. In 1925, Laibach conducled immature
embryo culture in interspecific hybridization of flax and obtained the interspecific
hybrid plant. This is the first study on tissue in bast fibre crops as well as one of

carliest success in plant tissue culture.



Tissue culture research in jute was started in 1964, when Islam cultured mterspecific
hybrid embryo (Corchorus capsularis x Corchoras olitorins) and hybrid plants were
obtained. /n vitro regeneration is quite difficult among the species of Corchoris

through tissue culture technique (Khatun, 1993),

Plant regeneration of jute from meristem (Rahman ef al., 1985), cotyledon (Rahman
ef al., 1985, Khatun ef al., 1992; Ali, 1992), leal (Islam, 1981), plumule (Das er al.,
1986), hypocotyle (Khatun ef al, 1992; Ghosh and Chatterjee, 1990; Seraj, 1992),
apical meristems (Rahman, 1985) and anther culture [(IBFCAAS), 1974; Islam, 1981]

have been reported.

Islam (1981) obtained callus initiation and root formation [rom explants ol Corchorus
olitorius and claimed to have obtained a few shoots directly from leal’ explants of

Corchorus ofitorins on MS medium.

To overcome the problems of the viral infection, virus-free plantlet have been
produced through shoot tip culture of Corchorus capsularis (Das, 1983).

Experiment —i: /n vitro seed germination of Corchorus spp. on agar-based and clinical
cotton supported medium

2.1.4 In vifro seed germination

Healthy seedling production was one of the major criteria for plant regeneration. Bul
very few little and attention has been paid so far on in vifro seed germination of jute.
Some literatures related to in vitro seed germination are cited below:

Khatun (2001) conducted an experiment to study the germination percentage of
different varieties of Corchorus species namely 0-9897, 0-72, CVL-1, CVE-3, and

Tricap-2 on hormone free agar-solidified MS basal media and cotton based MS liquid



media. She observed that the germination percentage of the varieties was higher on

cotton based medium than the agar medium.

Khatun (2001) also noted that the highest germination percentage was [ound in the
variety Tricap-2 (98.66%) on cotton based medium and the lowest germination

percentage was found in the variety O-4 (38.66%) on agar solidified medium,

Experiment-ii. In vitro regeneration performance of five varieties of Corchorus
species

2.1.5 Callus induction

A callus is an amorphous mass of loosely arranged thin walled parenchyma cells
arising from the proliferating cells of parent tissue (Dodds and Robert, 1990). Callus
induction from different explants of various jute (Corchorus capsularis) varieties in
the combinations of growth regulators were reported by several workers. The most

relevant literatures related to callus induction have been reviewed here:

2.1.6 Varietal difference
Murashige and Skoog (1962) reporied that nutritional requirements for optimum
growth of tissue in may vary with varieties. Even tissue culture of difTerent parts of

plant may show different requirements for satisfactory growth.

Khatun (2001) conducted an experiment on six varieties of jute (CVL-1, CVE-3, D-
154, CC-45, BJC and Tricap-2) and observed that the frequency of shoot production
varied greatly among the varieties. She reported that Tricap-2 showed best
performance in shoot regeneration.

Two species of Corchorus was tested for plant regeneration (Khatun, 2001) and she

observed that plant regeneration from the explants of Corchorus olitorius was very
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different in culture condition than Corchorus capsularis, Several attempts were made
by using various hormone concentration and media combinations in vifro 1o obtain

plant regeneration from various explants of Corchorus olitorins.

Saha ef al. (1999) reported that JRC-312 showed the best shoot regeneration ability

followed by JRC-212 and D-154.

Tewari ef al. (1999) conducted an experiment using three cullivars JRC-212, JRC-321

and JRC-7447 for plant regeneration.

2.1.7 Effect of explants

Khatun (2001) reported that plant regeneration from the explants (Cotyledon
segments, hypocotyl segments and root segments) of Corchorus olitorius (Var. O-
9898, OM-1, O-72 and 0-4) was difficult, but the explants of cotyledonary petiole of

all these varieties produce shoots from the cut ends.

Tewari et al. (1999) reported that 2, 4-D induced callusing in 100% of explants when
cotyledons, segments of hypocotyl and roots of white Jute (Corchorus capsularis)
were cultured on MS medium supplemented with 16 adjuvant individually and/or in

combination,

Rahman er @l (1985) showed that callus initiated from both apical meristems and
cotyledon of var. D-154 of Corchorus capsularis, when culture on BAP and tyrosine
fortified MS media forms shoot.

Khatun ef af. (1992) reported plant regeneration from cotyledon derived callus in D-

154, They used phytohormones BAP and TAA supplemented with MS medium to set

11



multiple shoots from cotyledon derived calli, Ali (1992} also reported similar

observation.

Seraj ef al. (1992) reported that callus initiation from hypocotyls of D-154 and CVL-1
of Corchorus capsularis when cultured on BAP and tyrosine fortified MS medium,

They also used antioxidant NDGA (nordihydroguaiaretic acid).

Ghosh and Chatterjee (1990) reported plant regeneration from hypocotyle derived

callus on MS medium in Corchorus capsularis.

Islam (1981) reported that callus initiation from explants of both Corchorns
capsularis and Corchorus olitorius and claimed that have obtained a few shoots from

leaf explants of Corchorus olitorius,

2.1.8 Maintenance of callus

Very little work and attention has been paid so far on maintenance of calluslni'jule_
However some of them are reviewed below.

A long-term regeneration system for garlic clones was developed by Myers and
Simon (1990) where callus was initiated on modified Gamborg’s BS medium
supplemented with 4.5uM 2, 4-D and maintained on the same basal medium with 4.7
pM piclorum and 0.4pM Z2ip (isopentenyladenine). Regeneration potential of callus
after 5, 12 and 16 months on maintenance medium was measured using several plant
growth regulator treatment.

The organogenic callus of Corcharus capsularis (Var. D-154 and CVL-1) when rich
in large starch granules, was transferred to MS basal medium and differentiated into

single or multiple shoots (Seraj ef af., 1992),

12



2.1.9 Somatic embryogenesis

Somatic embryogenesis has a tremendous potential for large scale production of plant
material (Amirato and Styer, 1985) and is considered as an effective aid to genetic
transformation study. It represents an alternative for massive clonal propagation and
appears 1o be a potential solution to the problem of field propagation, especially in
areas with frequent disease transmission and maintenance of cultivars that have been
selected for their important genetic characteristics (De Garcia and Martinez, 1995),

There have been very few reports of somatic embryogenesis in jute.

Somatic embryogenesis was induced from cotyledon and protoplast derived callus of

Corchorus capsufaris in the presence ol 2, 4-1 and BAP (Khatun e al., 1993).

Wang et al. (1992) reported that basic MS medium with BS vitamins and different
concentration of Br (brassinolied) at 0.01 ppm + 2, 4-D at 5.0 ppm iduced callus
formation in all cultivars except Coker 201 and coker 312 when he cultured the

hypocotyls explants from 8 cotton cultivars. He also veported that afler removal of 2,

4-D embryogenic callus and embryoids were [ormed.

2.1.10 Organogenesis

The totipotency of somatic cells has been explained in vegetative propagation of plant
species. /n vitro studics have revealed that most plants would differentiate shoot ends
and roots from somatic as well as reproductive tissues. Whole plant regeneration from
cultured cells may occur either through shoot-end differentiation of plant from callus
has been reported by different workers. The literatures closely related to in vitro

regeneration of jute are cited below:



Khatun (2000) reported that the cotyledonary explants of . olitoriny produced
multiple shoot when cultured in MS medium with 0.5 mg IAA/L and 3.0 mg BAP/L.

She also reported that the best in vifro response for shoot regeneration was obtained

from (-9897,

Khatun (2001) observed multiple shools [rom cotyledons with attached petioles

explants of C. capsularis on MS medium supplemented with 2 mg BAP and 0.5 mg

IAA/L.

Das ef af. (1986) showed that when plumules of var. D-154 of Corchorus capsularis
were cultured on BAP and tyrosine fortified MS media, the tissue developed into

multiple shoots,

2.1.11 Induction of root
In vitre root induction of jute was reported by several rescarchers. The information,
which are closely related information are reviewed here:

Saha ef al. (1999) reporied that the best root formation induced in the MS medium

with 2.5uM IBA and 1.5% sucrose,



Ahmed ef al. (1989) reported that the in vitro regenerated shoots of (. olitorins (var.

0-4) produced roots most successfully on MS medium with 3.0 mg

nirdihydrogniaretic acid + 0.3 mg IBA/L.

Bigaria (1998) conducled a field experiment to study the influence of IBA,
environmental factors and planting position on the regeneration of stem cutling and
leaves of Hibiscus cannabinus. Stem cutting and leaves were treated with IBA at 10,
25, 50 100, 150 and 200 ppm. Through their early differentiation of adventitious roots

and stimulate the sprouting of buds on the stem cutting.

Khatun (2001) reported that the regenerated plantlets ol " copswlariy produced

rooting on MS medium without hormone within seven days.

Root formation was induced in the in vitro regenerated shoots by culturing them on
half strength of MS medium with 0.1-1.0 mg/l either of NAA, 1BA and IAA. Among
the three types of auxin, NAA was found to be most effective at different
concentrations tested for producing roots on the cul margin of the shoot and 0.1 mg/l
NAA found to be the best concentration of auxin for proper rooting in which 100%

shoots showed rooting within six weeks of culture.

2.3 Experiment-iii. Optimization of shoot regeneration from the explants of C.

capsplaris with different hormonal concentrations

2.3.1 Callus induction
Callus induction from different explants of jute (Corchorus capsularis) varieties in
the combination of growth regulators were reported by several workers. The most

important literatures have been reviewed here.
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2.3.2 Effects of growth regulators
Tewari et al. (1999) reported that MS medium supplemented with 2, 4-D induced

callusing in 100% explants of jute.

Khatun (2001) cultured in vifro grown cotyledons (with attached petioles) of (.
capsularis in agar solidified MS medium supplemented with 0.5 mg/l. TAA and
different concentration of BAP (2, 3, 4 or 5 mg/L) and noted least performance in
callus induction and shoot regeneration on the combination of MS + 0.5 mg/L IAA

and 2 mg/L BAP.

Li et al. (1989) conducted an experiment of Gossypium hirsutum and reported that
hypocotyls and cotyledons of 15 upland cultivars (Geossypium hirsuium) were cultured
in MS medium supplemented with various phytohomones at 16 hours light and 8 hrs
dark with fluorescent illumination at 1500-2000 lux. Calli were formed at 6-10 days,
with hypocotyls forming calli 3-4 days earlier than cotyledons. Morphological traits
of the calli depended on the cultivar and the hormones added to the medium. Grey or
yellowish-grey friable calli cultured for 50-60 days produced embryos, while green,
white or green and white dense calli did not. Calluses of cv. ASJ2 on medium
supplemented with 0.1 mg kinetin per liter multiplied most rapidly, producing almost
double the weight of calli of the other cultivars, but ASJ2 produced the fewest calli.
Zhongmian 12 produced the worst calli, followed by Zhong 13, Stoneville 213 and

Coker 312,

2.3.3 Shoot regeneration

Khatun (2001) cultured in vitro grown cotyledons (with attached petioles) of .

capsularis in agar solidified MS medium supplemented with 0.5 mg/L. IAA and
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different concentration of BAP (2, 3, 4 or 5 mg/L) and noted best performance in
shoot regeneration on the combination of MS + 0.5 mg/L IAA and 2 mg/L BAP.

The highest frequency of callus induction (99.2) was observed on MS medium
containing (2.0mg/l) of NAA and (0.5mg/l) of Kn. This kind of auxin alone or in
combination with callus induction has been reported in the past. (Rao ef al., 1973)
(Groenwald efal, 1977) and (Lupi ef al., 1985),

The combination of auxin in high concentration and cytokinin in low was more

effective for callus formation (Rao, ef al,, 1973).

Nidhi Prabhakar (1998) reported that the effect of thidiazuron on a comparative study
of the effect of BAP and thidiazuron (TDZ) on shoot bud differentiation (rom excised
cotyledons of Brassica juncea cv. PR-45 showed that the latter is ten times more
effective than the former and in combination produces synergistic effect. At its
optimum concentration (5 x 10* mM) TDZ induced 100% regeneration with 7.4

shoots per cotyledon.

Khalekuzzaman ef al. (2000) reported that an efTicient tissue culture method for a
high rate of shoot regeneration was developed lor Corchorus capsularis L. var. D-154
(jute). Cotyledonary explants with and without petiole were cultured in M8 medium
supplemented with auxin and cytokinin. Explants with the petiole showed a better
response than those without it in respect of shool initiation. The best shoot
proliferation was observed when cotyledon-derived calli was subcullured in MS$
medium fortified with a combination of 2.0 mg/l BA and 0.5 mg/l 1AA. In vitro

elongated shoots were rooted with 100% success by treating them with a 0.3 mg/|
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IBA. Rooted plantlets were successfully established into soil more than 80% plants
survived. The regenerants matured as normal and produced fertile seeds.

2.4 Experiments-iv: Effect of different levels of pH on plant regencration from

cotyledons of Corchorus species

Naher and Khatun (2004) reported that two varieties of C. capsularis (Vars, CVL-1
and D-154) and C. olitorius (O-72) performed differently on shoot regeneration in
different pH levels (e.g. 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 and 7.0) in association with MS
plant regeneration medium. They found that 0-72 responded for maximum shoot
regeneration at pH 5.0 (65.00%) and CVL-1 at pH 7.0, CVE-3 at pH 7.0 (63.33 %.).
They also reported that shoot regeneration percentage of 0-72 gradually decreased as
pH levels were increased and shoot regeneration of CVL-1 and CVE-3 gradually
increased as the pH levels were increased.

Modarres Sanavy and Jami Moeini(2003) conducted an experiment and reported that
solid MS medium with 0.25 mg/l GA;, 000 mg/l NAA 2.0 mg/l calcium
pantothenate, 30 g/l sucrose and 7g/l showed significant differences between different
pH levels in respect of its ability to induction of rooting and shooting in plantlets
produced from the single nodes of two cultivated potato (Solanum tuberosum 1..)
varieties aller subjecting them with thermotherapy. Overall pH 5.5 was the best for all
the traits. Low and high levels of pH from 5.5 were found to reduce the growth and

rooting of single nodes. The reduction was more pronounced at low levels than high

levels of pH.
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Pierick (1997) reported that there is insufficient information about the effect of pH on
explants growth in vifro. Tt seems that pH in the range of 5-6.5 supports growth,
because lower pH (less than 4.5) and higher pH (more than 7.0) generally stop growth

and development of plantlets,

Gulsen and Domanoglu (1991) studied the effect of different levels of sucrose, agar
and pH on multiplication rate and shoot quality ol Quince Tree on modified MS
medium with 3.0 mg/l BA, 0.1 mg/l IAA and 0.1 mg/l GA;. They obtained best shoot
multiplication and development in the medium containing 30 g/l sucrose and 5 g/l

agar at pH 5.5,

2.5 Experiment-v: Influence of different concentration of sucrose on plant

regeneration from cotyledons of C. capsularis and C. olitorius

Akhond er al. (1997) reported that plantlets of taro (Colcasia escuienta var.
antiguorim cv. Bilashi) were regenerated trom shoot-tip-derived calli cultured on MS
medium supplemented with 1.0 mg/l e-napthalencacetic acid (NAA) and 5.0 my/] 6-
benzyladenine (BA). /n vitro storage at low (emperature was tested by transferring
well developed plantlets to growth regulator free MS media containing diflerent
sucrose levels, The cultures were kept at 8°C in complete darkness while the control
treatment was maintained on MS medium at 2 + 1°C under light conditions. After 18
months of storage without subculture at 8°C in the dark, the plantlet survival rate was
92% for cultures containing 30 g/l sucrose. The highest number of auxiliary shoot

multiplication and the highest number of plantlets were obtained from medium

containing 40 g/l sucrose. Plantlet survival was 100% when transferred to soil. No
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morphological variation was observed among the plants of the population raised from

in vifro long-term cultures.

Westcott ef al. (1977) reported that high levels of sucrose may help to prolong the

interval between subcultures of materials in an in vifre repository

Staritsky ef al. (1986), Pathirana (1991) reported that use of different sucrose levels in
the storage medium for Colocasia has been raising the osmolarity of the storage
medium in combination with reduced temperature might help prolong storage periods

(Staritsky ef al., 1986).

Bessembinder ¢f al. (1993) reported that although all the shoots of the plantlets under
normal conditions died within eight months, small corms remained. After 12 months,
regrowth of the auxiliary shoot was observed from these corms in 67% of cultures.

Regrowth of plantlets from 40% of the cultures from this treatment survived and
remained healthy for 16 months. Death of taro plants in storage for eight months at

28/24°C and 12 hrs photoperiod was also observed.

Pathirana(1991) reported that the number of auxiliary shoots per plant was highest in
the treatment with 40 g/l sucrose after 18 months of storage at 8°C . The highest
number of plantlets was obtained from the 40 g/l sucrose treatment following the
resumption of regrowth. Without any growth regulators, suflicient shoot

multiplication was achieved afler regrowth in the treatments with 40 and 45 g/l
sucrose in the media. The survival percentage of the cultures with 40 g/l sucrose was

sufTicient considering the number of plantlets obtained after resumption of growth.
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2.6 Experiment-vii Influence of surfactants (pluronic F-68) on plant regeneration

from cotyledons of C. capsularis and C. olitorius

Khatun ef al. (1992) conducted an experiment of stimulation of differentiation in jute
cotyledon cultured with pluronic F-68, They reported that the addition to MS-based
medium of 0.1 or 0.5% (w/v) of either commercial grade Pluronic F-68 or a purilied
fraction obtained by passage through silica gel, stimulated shoot production from the
petiole of cotyledon of Corchorus capsularis vars. D154 and C134. This effect was
pronounced with C134, because of the failure of control cotyledon to differentiate into
shoots in M8 medium without Pluronic. The implications of these results are
discussed in relation Lo the potential value of non-ionic surfactants as additives 1o

plant culture media for stimulating growth and differentiation.

Lowe et al (1993) showed that a novel approach to the growth of cultured plant cells,
tissues and organs by supplementation of cullure media with low concentrations
(<1.0% wiv) of surfactants is discussed. Studies using Arabidopsis thaliana, Nolanum
dileamara and Corchorus  capsularis  demonstrated the considerable growth-
stimulating effects of pluronic (Poloxamer) co-polymers in both liquid and semi-solid
systems. The possible mechnism (s) involved and their implications are considered in

relation to the application of such compounds in plant biotechnology.

Kumar ¢f ¢, (1991) reported that the non-ionic, copolymer surfactant, Pluronic IF-68
(Poloxamer 188), is a valuable growth-promoting supplement in plant cullure
systems. For example, addition of low concentrations of Pluronic F-68 lo culture
media stimulated growth of callus, isolated protoplants and Agrobacterium rhizogens-

transformed roots of Solanum duleamara
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King ¢f af. (1991) reported that related studies with animal cells have shown that
Pluronic F-68 stimulates increased 2-deoxyglucose uptake and amino acid
incorporation into protein perhaps by increasing cytoplasmic membrane permeability.
This is supported by patch-clamp experiments using artificial lipid bilayers in which
pluronic F-68 caused the formation of short-lived, trans membrane pores. The
inclusion of surfactants in plant culture media could prove beneficial, not only for

stimulating tissue growth, bul also in promoting differentiation.

2.7 Experiment-viii Influence of NaCl on plant regeneration from cotyledons of

C. capsularis and C. olitorius

Chaudhuri and Choudhuri(1993) reported that 30-day-old seedlings ol two jute
species (Corchorus capsularis cv, JRC 212 and . olitorins cv. JRO 632) grown in
terracotta pots but removed and washed with distilled water were subjected to short-
term salinity stress (160 and 200 mM NaCl for 1 and 2 d). Relative water content, leaf
water potlential, water uptake, transpiration rate, water retention, stomatal
conductance, not photosynthetic rate and waler use elliciency of both jute species
decreased due to salinity stress. The decrease was greater in C. ofiforius than in .
capsularis and as stress increased. Greater accumulation of Na' and CI" and a lower
ratio of K':Na' in the root and in the shoot of C. ofiforius compared with C.
capsularis were also recorded. Pretreatment of seedlings with kinetin (0.09 mM),
glutamic acid (4 mM) and calcium nitrate (5 mM) for 24 h signilicantly improved net
photosynthesis, transpiration and water use efficiency of salinity stressed plants, the
effect being more marked in C. oliforius. Among the pretreatment chemicals, calcium

nitrate was most afTective.
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Chapter 3




MATERIALS AND METHODS

3.1 Location
The experiments were conducted during the period of July 2005 to May 2006 in the
Genetic Engineering Laboratory of Cytognetics Department, Genetic resources and

seed Division, Bangladesh Jute Research Institute, Dhaka.

3.2 Experimental materials
The following genetic materials of Jute (Corchorus capsularis and Corchorus
olitorius) were used in the present investigation:
a. Corchorus capsularis L. var CVE-3
b. Corchorus capsularis L. var CVL-1
c. Corchorus capsularis L., var Tricap-2
d. Corchrus olitorius L. var 0-9897
e, Corchrus olitorius L. var 0-72
3.3 Sources of the materials
The materials used in the experiment were obtained by the courtesy of Bangladesh

Jute Research Institute (BJRI), Dhaka.

3.4 Methods

The following culture media were used in the present investigation depending on

specific purposes as mentioned below:

3.4.1 For seed germination
MS (Murashige and Skoog, 1962) medium.
3.4.2 For callus induction and shoot differentiation
MS (Murashige and Skoog, 1962) medium supplemented with hormone, p', vitamin,

surfactant, NaCl, FeSO,.
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3.4.3 For root induction

Half strength MS (Murashige and Skoog, 1962) medium

3.4.4 Preparation of culture media

For the induction of callus and shoot regeneration in jute a number of culture media
have been advocated by different scientists of which MS (Murashige and Skoog,
1962) medium was used for investigating the present piece of work. A nutriemt
medium consists of organic and inorganic salts, irons, a carbon source, some vitamins

and growth regulators were used. Based on the types of explants different media along

with different concentration were used. Compositions of MS medium formulated by

Murashige and Skoog, 1962, is presented below :
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Constituents of stock solution for MS (Murashige and Skoog, 1962) medium

Constituents

a) Macronutrients

Concentration {mgﬂ]-

Concentration (g/1) 10X

KNOjs 1900,00 19.00

NH4NO3 1650.00 16.50

KH2PO, 170.00 1.7

CaCly. 2H,0 440.00 a4 |
MgS04.7H;0 370.00 3.7

b) Microautricnts — 100% |
MnS04.4H,0 2230 273
H.BO; 6.20 062

ZnS0, .7TH:0 8.60 0.86
K 0.83 0.083
NazMo04.2H,0 0.25 0,025

CuS04. SH,0 0025 T 00025
CoCl,. 6H,0 0.025 0.0025 il
?} Iron sources 10X

FeSO4. TH;0 27.80 0.278

Na;EDTA 37.30 0.373

d) Organic nutricnts ' (mg/1) 100x
Glycine 2.00 200

Nicotinic acid 0.50 50
Pyridoxin-HCl o 0.50 s
Thimine-HCl 0,10 10
Myo-inositol 100.00 0.10

Agar 8000.00 8.00 g/l

Sugar 30.00 g/l

30000.00

25

-



Different steps of media preparation have been briefly presented here

3.4.5 Preparation of stock solutions

The first requisite for preparation of medium was the preparation of stock solutions.
Stock solution of growth regulators were prepared separately by dissolving the
desired quantity of ingredients in appropriate solvent and the required final volume
was made with water for ready use to expedite the preparation of the medium
wherever needed. Separate stock solutions for macronutrients, micronutrients, iron,

vitamins and growth regulators were prepared and stored appropniately for use.

3.4.5.1 Stock solution A (macronutrients)

The stock solution of macronutrients was made up to 10 folds (10x) the final strength
of medium in 1000 ml of distilled water. Ten times the weight of salts required per
liter of the medium were weighted accurately and dissolved in 750 ml of distilled
water and volume was made up to 1000 ml by further addition of distilled water. This
stock solution was filtered and poured into a clean brown bottle, labeled with marker

and stored in a refrigerator at 4°C for use.

3.4.5.2 Stock solution B (micro-nutrients)

This was made up to 100 folds (100x) the final strength of the medium in 1000 ml
distilled water (DW). The stock solution was filtered labeled and stored in a

refrigerator 4°C for later use.

3.4.5.3 Stock solution C (Iron source)
FeSO, (0.028gm) added directly into solution. This was prepared at 10 folds (10x)

the final strength of FeS04 and Na;-EDTA in 100 ml distilled water and chelated by

heating on a heater cum magnetic stirrer. Then the volume was made up to 1000 ml
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by further addition of distilled water. Finally, the stock solution was filtered, labeled
and stored in a refrigerator at 4'C for later use.

3.4.5.4 Stock solution D (Vitamins)

Each of the desired ingredients except myo-inositol were taken at 100 folds (100x) of
their final strength in a measuring cylinder and dissolved in 750 ml of distilled water.
The final volume was made up to 1000 ml by further addition of distilled water, The
solution was dispensed into 10 ml aliquots and stored at — 20°C. Myo-inositol was

used directly at the time of media preparation,

3.4.5.5 Stock solution for hormones

Stock solution of hormones was prepared separately at 100 ppm by dissolving the
desired quantity of ingredients in appropriate solvent and the required volume was
made with distilled water and stored in a refrigerator at 4°C for later use. The
following growth regulators (phytohormone supplements) were used in the present
investigation

Auxin: 3-indole acetic acid (IAA) was disolved in ethanol

Cytokinins; 6-benzyl amino purine (BAP) was disolved in 0.1 NaOH.

The growth regulators were dissolved in appropriate solvents as IAA in ethanol and

BAP in 0.1N NaOH.

For the preparation of stock solution of any of these hormones, 0.02g of cach of the
hormone powder was taken on a clean beaker and dissolved in 1 ml of the particular
solvent. The mixture was then collected in a 50 ml measuring cylinder and volume
was made up to 20 ml by the further addition of distilled water. The solution was then
poured into a clean glass container and stored at -4°C and used for maximum period
of two weeks.
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3.4.5.6 Steps followed for the preparation of culture media

In the course of present investigation, the following steps were followed for

preparation of different culture media.

3.4.5.7 Preparation of MS medium

To prepare one liter (1000 ml) of MS medium, the following steps were followed:

1)

i)

vi)

vii)

viii)

100 ml of macro-nutrients, 10 ml of micro-nutrients, 100 ml of iron and 10
ml of vitamins were taken from each of these stock solutions into a 2 liter
Erlenmeyer flask on a magnetic stirred stirrer,

Distilled water was added in the flask to dissolve all ingredients and made
the total volume 400 ml.

100 mg of myo-inositol was added directly to the solution and dissolved
well.

Thirty grams of sucrose was added to this solution and agitated gently to
dissolve completely.

Different concentrations of hormone supplements were added to the
solution either in single or in combinations as required and mixed well.

The whole mixture was then made up to 500 ml with further addition of
distilled water.

pH of the medium was adjusted to 5.8 with a digital pH meter with help of
0.1 N NaOH or 0.1 N HCL,, whichever was necessary,

Seven gram agar was added in 500 ml of water. The mixture was then
heated gently with continuous stirring till complete dissolution of agar.
Hot agar (500 ml) was then mixed with 500 ml of medium. The mixture

was thoroughly mixed by shaking.
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ix) Required volume of hot medium was dispensed into culture vessels or
conical flasks. After dispensing the medium the culture vessels were
plugged with cork and/or non-absorbent cotton and marked with difTerent

codes with the help of a glass marker to indicate specific hormonal

combinations

3.4.6 Sterilization
To ensure aseptic condition fn vifro, all instruments, glassware and culture media

were sterilized properly by autoclaving,

3.4.6.1 Sterilization of culture media

The conical flasks containing prepared media were autoclaved at 1.16 kg em”
pressure and 121°C temperature for 20 minutes. For bacteria culture, YMB medium
was then poured into sterile petri dishes in a laminar air {low cabinet and were

allowed to cool before use.

3.4.6.2 Stenilization of glasswares and instruments

Beakers, test tubes, conical flasks, pipettes, instruments like forceps, scalpels, were
wrapped with brown paper packets. Empty flasks were capped with cotton plug and
2

then sterilized in an autoclave at a temperature 121°C for 20 minutes at 1.16 kg cm’

pressurc.

3.4.6.3 Sterilization of culture room

The culture room was initially cleaned by gently washing all floors and walls with a
detergent followed by wiping with 70% ethyl alcohol. The process of sterilization was
repeated at regular intervals. Generally, laminar airflow cabinet was sterilized by

wiping the working surface area with 70% ethyl alcohol.
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3.4.6.4 Precautions 1o ensure aseptic condition

Aseptic manipulations were carried out in a laminar airflow cabinet. The cabinet was
switched on for at least half an hour before use and cleaned with 70% ethyl alcohol to
overcome the surface contaminants. During the entire period of inoculation the
autoclaved scalpels, forceps were kept immersed into 70% alcohol contained in a
glass jar inside the cabinet. At the time transfer these were again sterilized by flaming
method inside the cabinet. Both of the hands were rinsed with 70% alcohol. All
measures were taken to obtain maximum contamination free condition during the

surgical operation of the explants,

3.4.7 Culture techniques

3.4.7.1 Experiment-i. In vitro regeneration of Corchorus species

a) Axenic culture

Seeds of C. capsularis (vars. Tri cap-2, CVE-3, CVL-1) and C. olitorins (vars. O-
9897, 0-72) were surface sterilized by immersing in absolute alcohol for 1 minute and
then in 0.1% (w/v) Mercuric Chloride for 20 minutes. Seeds were thoroughly washed
with autoclaved distilled water for 6 times. The sterilized seeds were transferred into
a 100 ml conical flask containing 50 ml of hormone free MS agar-solidificd (0.8%,

w/v) medium. Twenty seeds were inoculated in each flask.

In another set of experiment, clinical cotton was used instead of agar as a supporting
material for seed germination in association with MS basal medium. Clinical cotton
was placed at the bottom of 100 ml flasks. Each flask contained 20 ml of hormone
free MS liquid medium, Seeds of C. capsularis varieties were surface sterilized by
immersing in absolute alcohol for 1 minute and then in 0.1% (w/v) Mercuric Chloride
for 20 minute followed by 6 washes and placed on the surface of cotton-based MS
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liquid medium. Cultures were placed in a growth room with 28"C temperature under
1.0 Wm™ of daylight fluorescent tubes with 12 hour photoperiod, Twenty sceds were
inoculated in each flask. Seven days old scedlings were used for further research work

and data collection.

b) Explants culture

The seedlings raised in axenic culture were used as the source of explants. The
cotyledon with attached petiole were used as explants. Cotyledon with attached
petioles of Corchorus spp. were taken from in vitro grown seedlings for this study. In
this case, seedlings were allowed to develop for 7 days to make sure that the
undeveloped apical shoot buds were not attached with the petioles. Therefore, the
optimum explants source, cotyledons with their attached petioles were excised from 7
days old seedlings and were cultured in 250 ml conical fMasks containing 50 ml of
agar-solidified MS medium supplemented by IAA (0.5 mg/l) and BAP (2.0 mg/l). Ten
explants were placed in each culture flask. The culture flasks containing explants
were placed in a growth room at 28°C under a 1.0 Wm™ of daylight fluorescent tubes
with a 12 h photoperiod. The cultured flasks were checked daily to note the

development of contamination. Data were recorded 6 weeks after culture.

¢) Transfer of regenerated shoot-buds for root induction

When the shoots were 2-3 cm in length, they were rescucd aseptically from the flasks
and cultured in 250 ml conical flask containing freshly prepared MSO (hormone free
MS medium) medium for root production, The conical flasks containing plantlets

2

were incubated at 28°C under 1.0 Wm™ of daylight {luorescent tubes with 12 h

photoperiod. Observations were carried out to note the responses.
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3.4.7.2 Exeriment-ii. In vifro vegeneration performance of five varieties of

Corchorus capsularis and Corchorus olitorius

The following culture methods were employed in the present investigation:
a) Axenic culture
b) Explants culture

c) Subculture

a) Axenic culture

Sterilized seeds were placed into sterilized seed germination medium in culture
vessels. Twenty five seeds were placed in each flask, The culture was then incubated
in dark till the germination of seeds. These were then transferred to 12 hours light for
normal seedling growth. Seven to ten days old seedlings were used as source of

contamination-free explants.

b) Explants culture

The seedlings raised in axenic culture were used as the source of explants. The
cotyledons with attached petioles were used as explants. Cotyledons with attached
petioles of C. capsularis were taken from in vitre grown seedlings for this study. In
this case, seedlings were allowed to develop for 7-10 days to make sure that the
undeveloped apical shoot buds were not attached with the petioles. Therefore, the
optimum explants source, cotyledons with their atached petioles were excised from
7-10 days old seedlings and were cultured in 250ml conical flasks containing 50ml of
agar-solidified MS medium with IAA (0.5 mg /1) and BAP (2.0mg/l). Ten explants
were inoculated in each culture flask. The culture flasks containing explants were
placed in growth room and were maintained at 28" C under a 1.0Wm? of daylight

fluorescent tubes with a 12 h photoperiod. The culture flasks were checked daily to
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note the response the development of contamination. Data were recorded 4 weeks

after culture,

¢) Subculture or transfer

i) Subculture of the callus for shoot regeneration

Two weeks afler inoculation of explants, the calli attained convenient size. Then they
were removed aseptically from the cultured flask on a sterilized glass plate inside the
laminar airflow cabinet and were placed again on freshly prepared sterilized medium

containing appropriate hormonal supplements for shoot induction from the cells. The

culture flasks showing signs of contamination were discarded.
it) Transfer of regenerated shoot-buds for root induction

When the shoots were 2-3 cm in length, they were rescued aseptically from the
cultured flasks and were separated from each other and again cultured individually on
250ml conical flask with freshly prepared MSO (hormone free MS medium) medium
for root production, The conical flasks containing plantlets were incubated at 28" C
under a 1.0 Wm™ of daylight fluorescent tubes with a 12 h photoperiod. Day to day

observations was carried out to note the responses.

3.4.7.3 Experiment-iii. Optimization of shoot regeneration from the explants of
C. capsularis under different hormone concentration
Seeds were germinated on cotton supported liquid medium following the techniques
described in section 3.4.7.1 and cotyledons with attached petiole were used as
explants. Ten explants were placed in each cullure flask containing different
treatments of BAP (0 mg/l, 1 mg/l, 2 mg/l, 3 mg/l and 4 mg/l) and IAA (0.0 mg/l, 0.5

mg/l, 1.0 mg/l, 1.5 mg/l and 2 mg/l). The culture flasks containing explants were
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placed under fluorescent light in growth room with controlled temperature (28°C),

The flasks were checked daily to note the appearance of shoot regeneration.

3.4.7.4 Experiment-iv. Effect of different levels of pll on shoot regeneration in
Corchorus capsularis and C. olitorius

The following culture techniques were employed in the present study:
a) Axenic culture
b) Explant culture

a) Axenic culture

Discussed in axenic culture above.

b) Explants culture

The seedling raised in axenic culture were used as the source of explants. Here
cotyledon(with attached petioles) were used as explants. Ten explants were placed in
each culture flask containing different levels of pH (4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5) supplemented with 2mg/l BAP and 0.5mg/l IAA. The culture flasks containing
explants were placed under fluorescent light in room with controlled temperature (28"
C) until callus initiation. The flasks were checked daily to note the appearance of

callus.

3.4.7.5 Experiment-v Influence of different concentration of sucrose on plant
regeneration from cotyledons of C capsularis and C
olitorius

The following culture techniques were employed in the present study:
a) Axenic culture

b) Explants culture
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a) Axenic culture

Discussed in axenic culture above.

b) Explants culture

The seedlings raised in axenic culture and explants culture were used as the source of
explants, Twenty four cxplanis were placed in three replications of containing
different concentration of Sucrose (0, 1%, 2%, 3%,) supplemented with 2 mg/| BAP
and 0.5 mg/l 1AA. In three replication containing explants were placed under
fluorescent light in a growth room with controlled temperature (28'C). The flasks

were checked daily to note the appearance of callus and shoot regeneration.

3.4.7.6 Experiment-vi Influence of different concentration of vitamins on plant

regeneration from cotyledons of C. capsularis and C

olitorius

The following culture techniques were employed in the present study:
a) Axenic culture

b) Explants culture

a) Axenic culture

Discussed in axenic culture above.

b) Explants culture

The seedlings raised in axenic culture and explanis culture were used as the source of
explants, Twenty four explants were placed in three replications of containing
different concentration of vitamin (0, x 1 times, x 2 times, x 3 times, x 4 fimes)

supplemented with 2 mg/l BAP and 0.5 mg/l TAA. [O(control), x 1 times (1.5 mg/l) x
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2 times (3.0 mg/l), x 3 times(4.5 mg/l) x 4 times(6.0mg/l)]. In three replication
containing explants were placed under fluorescent light in a growth room with

controlled temperature (28"C), The flasks were checked daily 1o note the appearance

of callus and shoot regeneration.

3.4.7.7 Experiment-vii Influence of surfactants (pluronic F-68) on plant

regeneration from cotyledon of C. capsularis and C

olitorius

The following culture techniques were employed in the present study:

a) Axenic culture
b) Explants culture
a) Axcnic culture

Discussed in axenic culture above.

b) Explants culture

The seedlings raised in axenic culture and explants culture were used as the source of
explants. Twenty four explants were inoculated in three replications of containing
different concentration of surfactant %6( 0, 0.001, 0.01, 0.1, (0.5) supplemented with
2.0 mg/l BAP and 0.5 mg/l IAA, In three replication containing explants were placed

under fluorescent light in a growth room with controlled temperature (28°C). The

flasks were checked daily to note the appearance of callus and shoot regeneration.
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3.4.7.8 Experiment-viii Influence of NaCl on plant regeneration from
cotyledons of C. capsuluris and C. olitorins

The following culture techniques were employed in the present study:

a) Axenic culture

b) Explants culture
a) Axenic culture
Discussed in axenic culture above.
b) Explant culture
The seedlings raised in axenic culture and explants culture were used as the source of
explants. Twenty four explants were placed in three replications containing different
concentration of NaCl %( 0, 0,0625, 0.125, 0.250, 0.5, 1.0) supplemented with 2 mg/l
BAP and 0.5 mg/l IAA. In three replication containing explants were placed under
fuorescent light in a growth room with controlled temperature (28°C). The flasks

were checked daily to note the appearance of callus and shoot regeneration.

3,4.7.9 Experiment- ix Influence of FeSO4 on plant regeneration of C. capsularis

and C elitorius

The following culture technigues were employed in the present study:
a) Axenic culture
b) Explants culture

a) Axenic culture

Discussed in axenic culture above.
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b) Explants culture

The seedlings raised in axenic culture and explants culture were used as the source of
explants. Twenty four explants were placed in three replications containing different
concentration of FeSQ4 (0, x 1 times, x 2 times, x 3 times, x 4 times) supplemented
with 2 mg/l BAP and 0.5 mg/l IAA. O(control), x 1 times(1.5 mg/l) x 2 times(3.0
mg/l), x 3 times(4.5 mg/l) x 4 times(6.0mg/1). In three replication containing explants
were placed under fluorescent light in a growth room with controlled temperature

(28"C). The flasks were checked daily to note the appearance of callus and shoot

regeneration.

Data collection

Experiment-i

Germination percentage

The germination percentage was estimated as the ratio of the number of seed

germinated to the number of seed placed in the germination medium,

No. of seeds germinated
No. of seeds placed in the medium

Germination percentage = x 100

Experiment —ii-ix
To investigate the effect of different treatments of the experiment, dala were collected
from the difTerent parameter as given here

a) Per cent callus induction
Percentage callus induction was calculated on the basis of the number of explants

placed and the number of explants induced callus.

No, of explants induced calli x 100

Percent callus induction = No_oToxlants flaced
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_b) Percent plant regeneration
The percentage of plant regeneration was calculated based on the number calli
transferred to regeneration medium and the number of calli produced plantlets.

No. of calli producted shoot x 100
No. of explants cultured

Percent plant regeneration :

Statistical analysis of data

The data for the characters under present study were statistically analyzed wherever
applicable. The experiments were conducted in growth room and arranged in
completely randomized Design (CRD). The analysis of variance for different
characters was performed and means were compared by the Duncan’s Multiple Range

Test (DMRT).
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RESULTS AND DISCUSSION

Considerable attention is being focused on the large scale culture of pant
materials by improving the media components in vifro. The rate of plant regeneration
is limited in some species including jute. Therefore, there is necessity for an
additional stimulant to increase the rate of multiplication of regenerated shoots.
Supplementation of culture media with non-ionic surfactants is a novel approach for

the improvement of growth of cultured plant tissues and organs.

Varietal differences were observed among the five varieties of C, capsularis and C.
olitorins for plant regeneration from the cotyledon explants. In a preliminary
experiment on explants culture of jute it has been observed that different pH levels

have effect on plant regeneration of different varieties.

Jute has been pushed to the marginal lands these days due to the emerging pressure of
food crops. Coastal areas are usually not suitable for jute cultivation because of the
presence high concentration of NaCl. However, a preliminary research was initiated
in the biotechnological laboratory to see if there was any effect of NaCl on jute
varieties in vitro so that the salt tolerant variety could be grown in the coastal lands.
Noticeable results were observed for jute seeds, explants and shoot culture on
different concentrations of salt. If the salinity tolerance level of jute could be
established in the laboratory, jute can be grown in the known level of saline condition
of the lands. Therefore, the objective of this programme is to identify the tolerance
level of jute in the laboratory.

4.1 Influence of different factors on plant regeneration system of jute species

4.1.1. Experiment-i. In vitro regeneration of Corchorus spp.

Healthy seedling production is one of the major criteria for plant regeneration from
jute explants. Seeds of five C. capsularis and C. olitorius varieties (Tricap-2 CVE-3,
CVL-1, 0-9897, 0-72) were germinated on both agar solidified medium and surgical
cotton-based liquid medium. In present study, number of seeds germinated and

percentage of seed germination were observed.
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4.1.1.1. Percent seed germination
4.1.1.1.1. Effect of variety

A significant variation in percent seed germinalion was observed among the test
varieties, The highest percentage of seed germination was found in variety CVE-3

(92.72%) and lowest was found in O-9897 (67.22%) (Table. 1).

4.1.1.1.2. Effect of media

Percent seed germination from C. capsularis and C. olitorius varieties was found to
be higher on cotton-based liquid MS medium (95.81%) compared to agar solidified
MS medium (69.81%). The result was shown in Table 2. Germination of jute seed and

seedling growth in cotton-based liquid medium was found to be comparatively higher
than agar solidified medium (Plate 1 & 2). This finding was similar to the findings of
Khatun (2001) who reported that germination percentage was higher in cotton-based

medium than the agar-based medium.

4.1.1.1.3. Combined efTect of variety and media
The combined effect of variety and media on percent seed germination has been
presented in Table 3. The percent seed germination was found highest in cotton-based

medium CVE-3 (98.88%) and lowest in agar-based medium O-9897(43.10%).
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Table 1: Main effect of different varieties and optimization of seed germination

from the cultivars of C capsularis and C. olitorius on agar-based and

clinical cotton supported medium

Varieties Numhl':f‘ of seed Percentage of
germinated sced germination
Varieties
CVL-1 46.00 a 92.00 a
CVE-3 76.44 a 92.72 a
Tricap-2 4477 b 89.55b
D-9897 33.79d - 67.22d
0-72 35.3%¢ 70.79 ¢

Figures followed by same letter in a column do not differ significantly by DMRT.

Table 2: Main effect of seed germination from the cultivars of C. capsularis and C

olitorius on agar-based and clinical cotton supported medium

Niirisdiei of sl Number of seed Percentage of
germination seed germination
Agar - 50 3494 b 69 81 b
Cotton- 50 4762 a 9510 a
CV (%) 1.21 =

Figures followed by same letter in a column do not differ significantly by DMRT.
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Table 3: Combined effect of optimization of secd germination from the cultivars of

C. capsularis and C olitorius on agar-based and clinical cotton supported

medium
Number of Number of seed Seed germination
Varielies
seed used germinated (Vo)
Agar 44 55 d 8911 d
CVL-1
Cotton 47.44 b 9488 b
Agar 43.58¢ 87.17 ¢
CVE-3
Cotton 4944 a 9888 a
Agar 4344 e B6.55 e
Tricap-2
Cotton 4596 ¢ 9192¢
Agar 21561 4312
0-9897
Cotton 46.033 ¢ 91333 ¢
Agar 21.553fF 43107 T
0-72
Cotton 49.23 a 9843 a
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Plate 1. Seed germination of variety CVE-3 on clinical cotton and agar based media.

Plate 2. Seed germination of variety 0-72 on clinical cotton and agar based media.



4.1.2.Experiment-ii. In vifro regeneration performance of five varieties of C.

capsularis and C olitorius

Plant regeneration through callus induction offers unique facilities of reproducible
protocol as well as recovery of somaclonal variants, which can be utilized for the
future crop improvement programs. Therefore, induction of calli from cotyledonary
explants and subsequent regeneration of complete plantlets is very important. The
varieties viz. Tricap-2, CVE-3, CVL-1, 0-9897, O-72 were used to see their

regeneration performance.

4.1.2.1 Callus induction

Cotyledons (with attached petiole) of five varieties of C. capsularis and C. olitorius
were cultured on MS medium supplemented with 2 mg/l BAP and 0.5 mg/l IAA.
Callus induction performances of all the varieties were evaluated and results are

presented in Table 4,

The test varieties difTered significantly for both number of explants showing callus
and callus induction. Cotyledons (with attached petiole) started callus initiation with a
change in their shape within 6 days of incubation in all the test varieties. The initial
response of callus induction was exhibited by swelling of the cut ends of the
cotyledons. Callus formation was completed within 8 days. Calli induced from
cotyledons were mostly compact, greenish and small in size. The percentage of callus
induction was highest in CVE-3 (94%) followed by Tricap-2 (88%) (Plate 3 & 4)

(Table-4).
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4.1.2.2 Days required for callus initiation

~ The varieties Tricap-2, CVE-3 requires shorter time than 0-9897. 0-72 to initiate
callus induction. It was observed that days required for callus initiation was minimum
in CVE-3 (5.6) and maximum in 0-9897 (8.20) (Table-4),

4.1.2.3 Shoot regeneration

The ultimate goal of in vitro technique is production of free-living plantlets via shoot
and root formation from callus. The responses of different varieties towards shoot
regeneration are presented in Table 5.

Shoot regeneration was the highest in CVE-3(67.99%) followed by Tricap-2

(55.66%) and CVL-1 (59.49%) (Plate 5, 6 and 7). High responsive genotype CVE-3

for callus induction had high regeneration capacity, indicating that callus induction
capacity is related to regeneration of shoot. This result correlated with the findings of

Khatun (2001) who reported that CVE-3 had high shoot regeneration capacity.
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Table 4: Genotypic effect on number of explants showing callus, percent

callus induction and days to callus initiation

Explants showing Callus Days to callus
Variety . . P——
callus induction (%) initiation
CVE-3 940 a 9400a 6.00 b
Tricap-2 8.80 ab 88.00 ab 5.60b
CVL-1 8.00 be B0.00 be 6.20b
072 7.40 cd 7400cd |  800a
0-9897 6.80 d | 68.00d 8.20a

Figures followed by same letter in a column do not differ significantly by DMRT.,

Table 5: Genotypic effect on number of explants showing shoot regeneration
and percent shoot regeneration

Explants showing shoot 3

Variety ; Shoot regeneration (%)
regeneration (%)

CVE-3 6.40 a 6799 a
Tricap- 2 580ab 65.06a
CVL- 1 4.80 be 59.40 ab
0-72 3.80 cd 50.71 be
0-9897 3.00d 45.57 ¢

Figures followed by same letter in a column do not differ significantly by DMRT,
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Plate 3. Callus initiation of Tricap-2 on MS +2 mg/l BAP +0.5 mg/l IAA

Plate 4. Callus initiation of CVE-3 on MS +2 mg/l BAP +0.5 mg/l IAA
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Plate 5. Shoot regeneration of Tricap-2 on MS +2 mg/l BAP +0.5 mg/l IAA

Plate 6. Shoot regeneration of CVL-1 on MS +2 mg/l BAP +0.5 mg/l IAA

Plate 7. Shoot regeneration of CVE-3 on MS +2 mg/l BAP +0.5 mg/l [A
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4.1.2.4 Regeneration of root

Shoots regeneration from cultured cotyledons were transferred to MSO (MS medium
without hormone) medium in order to induce root from the differentiated shoots, The

results are presented in the Table 6.

Different genotype showed significant variation in producing root. CVE-3 showed
highest percent of root initiation (95%) followed by Tricap-2 (85%) (Plate § and 9).
Days required for root initiation was minimum in 0-72 (5.60) and maximum in CVE-

3 (7.60). CVE-3 showed superiority in rooling relative to other varicties
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Table 6: Effect of different variety on number of shoot to which root induced,

percent root initiation and days to root initiation

- No. of shoot to | Percent root Days to  root
Variety
which root induced | initiation initiation

CVE-3 119.00a 95.00 u 7.00

Tricap- 2 17.00 b 1 85.00b 7.200

CVL-] 15.20 ¢ 76.00 ¢ "5.80 be

0-72 13.20d 66.00 d 560¢c

0-9897 12.00 60.00 ¢ 740a
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Plate 8. Initiation of roots from regenerated shoot of Tricap-2 on MSO medium

Plate 9. Initiation of roots from regenerated shoot of CVE-3 on MSO medium
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4.1.3 Experiment -iii. Optimization of plant regeneration from the explants of C.

capsularis with different concentration of BAP and 1AA.

In this experiment different combination of BAP and IAA were used for callus
induction and shoot regeneration using cotyledonary petioles as explants of

var.CVE-3.

4.1.3.1 Callus Induction
In vitro callus induction depends on a number of factors including proper

concentration of growth regulators.

4.1.3.1.1 Effcet of phytohormone (BAP)

Different concentration of BAP levels showed significant variation for number of
explants showing callus, percent callus induction and days required for callus
induction, indicating significant differences among the coneentrations of the BAP on
these characters. BAP at 2 mg/l was found to be the best for all the characters
(Table- 7).

4.1.3.1.2 Effect of phytohormone (IAA)

Mean value due to different concentration of IAA for number of explants showing
callus, percent callus induction and days required for callus induction were
significant, indicating the presence of variation among the concentrations uscd for this
study. TAA at 0.5 mg/l concentration was found to be the best. Maximum number of
explants showing callus (8.44) with the highest percentage of callus induction
(84.40%) was found at this concentration. It was also observed that the above

concentration requires shorter days to initiate callus (Table-7).
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4.1.3.1.3 Combined effect of BAP and 1AA

Combined effect of BAP and IAA on number of explants showing callus, percent
callus induction and days required for eallus induction are presented in Table 8.

The highest percentage of callus induction was found in the combination of MS+2
mg/l BAP+0.5 mg/l IAA (96%) followed by MS+ 2mg/l BAP+ 1.5 mg/l [AA (94%).
Minimum days (6.0) required for callus induction was observed in the combination of

MS+ 0.0 mg/l BAP+ 1.0 mg/l IAA.

54



Table 7: Main effect of different hormone concentration of BAP and IAA on
number of explants showing callus and percent callus induction and
days required for callus induction in C. capsularis var. CVE-3

- No. of explants Percent callus Days required for

showing callus Induction callus induction

BAP (mg/L)

0.0 5.36¢ 53.60 ¢ 7.16a

1.0 8.32 ab 8320ab 8.00a

2.0 8.96a 89.60 a 5.72b

3.0 8.04 ab 80.40ab 7.44a

4.0 7.56b 75.60 b 7.52a

TAA (mg/L) o

0.0 5.84 b 58.40b 6.72 be

0.5 8.44 a 84.40 a 612¢ |

1.0 8.12a 81.20 a 6.88 he

1.5 7.92a 79.20 a 7.76 ab

2.0 7.92a 79.20 a 836a i

Figures followed by same letter in a column do not differ significantly by DMRT,
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Table 8: Combined effect of BAP and IAA on number of explants showing

callus, percent callus induction and days required for callus induction

C. capsularis var. CVE-3
Treatment No. of Percent :
explants callus Days required
BAP ) | IAA ) | Showing | inducion | o
e i - A —
0.5 6.80 gh 68.00 gh 6.20f
0.0 1.0 7.00 fgh 70.00 fgh 6.00 f
1.5 640h 64.00 h 7.80 bed
2.0 6.60 gh 66.00 gh 8.60 ab
0.0 7.00 Igh 70.00 fgh 9.20 a
0.5 9.00 abed 90.00 abed | 6.40 cf =
1.0 1.0 8.80 abede 88.00 abede | 7.00 eder
1.5 8.40 abedef £4.00 abedel | 8.20 abe
2.0 8.40 abedef 84.00 abedef | 9.20a
0.0 7.80 cdefg 78.00 cdefgh | 6.60 def
0.5 9.60 a 96.00 a 6.80 def
2.0 1.0 9.20 abc 92.00 abe 6.40 1
1.5 9.40 ab [ 94.00ab | 7.80 bed N
2.0 8.80 abede 88.00 abede | 820abe
0.0 7.40 efgh 74.00 efgh 6.00 f
0.5 840abcdef | 84.00 abedef | 6.60 def
3.0 1.0 8.00 bedefg 80.00 bedefi | 8.20 abe
1.5 8.40 abedel 84.00 abedel” | 7.80 bed
2.0 8.00 bedefiy | 80.00 bedigh | 8.60 ab
0.0 7.00 fgh 70.00 fgh | 8.80 ab
0.5 B.40 abedel 84.00 abedelr | 7.60 bede
4.0 1.0 7.60 defgh 76.00 defgh | 6.80 def
| B 7.00 fgh 70.00 fgh 7.20 edef
2.0 7.80 cdefgh 78.00 cdefgh | 7.20 cdef

Figures followed by same letter in a column do not differ significantly by DMRT.
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4.1.3.2 Shoot regenceration

~4.1.3.2.1 Effect of phytohormone (BAD)

Different concentration of BAP levels showed significant variations for number of
explants showing shoot, percent shoot regeneration and days required for shoot
regeneration. The responses of calli to different concentrations of BAP towards shoot
regencration are presented in Table 9. Shoot regencration was found highest at 2 myg/l
BAP (42.23%) followed by 3 mpg/l BAP (30.12%). Days required for shoot

regeneration was also minimum (18.72) at 2 mg/l BAP concentration.

Number of explants showing shoot and percent shoot regencration gradually increased
with the increasing level of BAP up 1o 2 mg/l. Further increasing of BAP level did not
show any improvement of number ol explants showing shoot and percent shoot
regeneration. The minimum regeneration (14.85%) was observed 0 BAP treatment

level.

4.1.3.2.2 Effect of phytohormone (IAA)
The highest percentage of shoot regeneration was found at 0.5 mg/l IAA (35.94%)

than the other concentrations. Days required for shoot regeneration was also found
minimum (19.74) at this concentration. Shoot regeneration was minimum (19.75%) at

control level.

4.1.3.2.3 Combined effect of BAP and IAA
The combined effect of BAP and 1AA showed that highest shoot regeneration

percentage (60.66%) was recorded in MS medium supplemented with 2 mg/l BAP

and 0.5 mg/l IAA followed by MS+2mg/l BAP+ 1.0 mg/l IAA (47.28%). This finding
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is similar to the fOnding of Khatun (2001) who found best performance in shoot
_regencration on the combination of MS+2 mg/l BAP+0.5 mg/l IAA. No shoot
regencration ability was found without IAA and BAP (Table 8 & Appendix-x). Days
required of shoot regencration was also found minimum in the combination of MS§+2

mg/l BAP + 0.5 mg/l TAA, It might be concluded that M5+2Zmg/l BAP+(L5 mg/l [AA

combination was favorable for higher percentage ol shoot regencration; on the other
hand extreme lower and higher combinations of IAA and BAP did not favoured shoot

regeneration. The results have been given in Appendix-X
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Table 9:Effect of different hormone coneentration on number of explants

showing shoot, percent shoot regeneration and days required for shoot

regeneration
No. of explants Percent shoot '___'Da}fs required for
Treatment
showing shoot regeneration shoot regenceration
BAP (mg/L)
0.0 1.00¢ 14.85¢ 2264 b
1.0 2.20b 25.13 be 24.12a
2.0 3.84a 42.23 a 18.72 ¢
3.0 244 b 30.12 ab 22.12b
4.0 1.76 be 23.36 ab 2252b
TAA (mg/L)
0.0 lddc 19.75 b 19.76 b
0.5 3.16a 35.94a 19.76 b
1.0 2.64 ab 31.39 ab - 22.56a
1.5 2.16abc | 2349ab | 2244a
2.0 1.84 be 25.12 ab 22.882a

Figures followed by same letter in a column do not differ significantly by DMRT.
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09 DIAAOOmgL  DIAA 0.5 mg/

@IAA 1L0mg/.  EIAA 15 mg/l
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4

15.0-

0.0

0.0 1.0

Figure-1: Combined effect of different concentrations of BAP and IAA on shoot
regeneration
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4.1.4 Experiment —iv. Effects of different levels of pIl on plant regeneration from
cotyledons of C. capsularis and C. ofitorius

Two varieties of C. capsularis and C. ofitorius (vars, CVE-3 and O-72) were cultured

in the presence of a range of pll levels (eg. 4.0, 4,5, 55, 6.0, 6.5, 7.0, 7.5) in

association with MS plant regeneration medium. Two varictics responded difTerently

on various levels of pH (Table-11),

4.1.4.1 Percent shoot regeneration

Mean square values ol two difTerent vaneties were found statistically significant for
percent shoot regeneration and number of shoot per cotyledon, indicating significant
differences between the varieties. It was observed that CVE-3 showed relatively better

response (52.95%) towards shoot regeneration than that of O-72 (35.08%) (Table-10).

The highest percentage of shoot regeneration was found at pH 5.5 (58.50%) and
lowest at pH 4.0 (35.80%) (Table-10). It may be concluded that pil has signilican

effect on shoot regeneration.

The results the combined efTect of variety and pH level on percent shoot regeneration
and number of shoot per cotyledon are presented in the Table 11. In case of O-72,
highest shoot regeneration percentage was found at pH 5.5 and lowest at pll 7.5
(Plate.10 &11). 1t was observed that percentage ol shoot regeneration gradually
decreased at pH levels were increased in var. O-72 (Table -11). On the other hand a
contradictory result was observed from the cultured cotyledons of CVE-3. In case of
CVE-3, highest percentage of shoot regeneration was found at pH 7.5 which was 71%

and lowest (35%) at pH 4.0 (Plate. 12&13). Shoot regeneration from cultured

cotyledons of CVE-3 gradually increases as the pH levels were increased. However,
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observing the result of the number of cotyledons responded for shoot production of

both of the varieties might suggest that CVE-3 was more capable to grow al various

range of pH containing soil compared to 0-72. The results showed conformity with

the findings of Naher and Khatun (2004) who also found the similar result,

4.1.4.2 Number of shoot /cotyledon

The highest number of shoot regeneration per cotyledon was recorded in variety

CVE-3 (8.57) than that of O-72 (6.8) (Table-10). The combined effect of variety and

pH for number of shoot per cotyledon was highest in CVE-3 (13) at pH 6.0 and

lowest in O-72 (2.8) at pH 7.5 (Table-11).

Table 10: Main effect of different pH level on percent shoots regeneration and

number of shoot/cotyledon

Variety * Percent shoots regeneration No. of shoot/cotyledon
0-72 35.08b 6.80b
CVE-3 - 5295a ~ 857a
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Table 11: Combined effect of variety and pH level on percent shoot regeneration

and number of shoot/cotyledon

Variely pH level Percent shool regencration ki
shoot/cotyledon
4.0 36.60 ef 5.80fp
45 41.80 def 8.20 de
5.0 48.60 cd 9.00 cd
— 5.5 ' 67.00 ab 980 ¢ |
6.0 37.60 ef 8.20 de
6.5 24.00 g 5.80 fg.
7.0 17.60 g T 480
75 740 h ~280h
CVE-3 4.0 35.00 f 540 g
45 41.00 def 720 ¢
5.0 45.00 cde 980 ¢
55 5000ecd | 11.00b
6.0 52.00 ¢ 13.00a
6.5 62.00 b 9.00 cd
7.0 " 67.00 ab h 720e
75 71.00a 6.00 f

“Figures followed by same letter in a column do not differ significantly by DMRT.
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Plate 10, Shoot regeneration of var. 0-72  Plate 11. Shoot regeneration of var. 0-72

Shoot regeneration of var. CVE-

Plate12. Shoot regeneration of var. CVE-3  Plate 13,
3atpH4.0
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4 1.5 Experiment-v. InfMuence of different concentration of sucrose on plant
regencration from cotyledons of C capsularis and C
olitorius

4.1.5.1 Callus induction
In vitro callus induction depends on a number of factors including proper

concentration of sucrose.

4.1,5.2 Effect of variety

There was no significant effect of varieties in percent shoot regeneration. But

different variety showed significant difference in shoot/cotyledon (Table-12),

4.1.5.3 Effect of Sucrose conceniration

The significant mean square due to different concentration of sucrose reverted the

presence of adequate differences among the concentration for all the characters under
study (Appendix-1X). It was noted from the present result that 3% (30gm/l) sucrose

concentration was found the best for all the characters. (Table-12)
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Table 12: Main effect of varieties and Sucrose concentration on no, of explants
showing shoot, percent of shoot regeneration and number of shoot per

colyledon
Trealmesk stas h:;ﬂf;gmls Percent sh:wl Number of
Shovt CpERGeati regeneration shoot/cotyledon

CVE-3 13.17 54 86 6.08

0-72 12.16 5069 575
Sucrose (gm)

0 (Control) 0.00d 0.00d 0.00d

10 12.66 ¢ 52.77¢ 733 b

20 17.00 b Ll 70.83 b 7.50b

30 21.00 a 87.49a RE3a
Ccv {%j i 11.16 13.68 4.88

Figures followed by same letter in a column do not differ significantly by DMRT,
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4.1.5.4 Number of shoot/cotyledon
The highest number of shoot per cotyledon was recorded in variety CVE-3 (6.083)

than that of 0-72 (5.75) (Table-12) At 3% (30gm/l) sucrose concentration, number of
shoot per cotyledon was found the highest (9.00) in var. CVE-3. Number of shoot per
cotyledon was found 8.66 in var, O-72 at the same sucrose concentration (Table-13),

It was observed that the number of shoot per cotyledon increased as the sucrose

concentration increased.

4.1.5.5 Combined effect of variety and sucrose

The combined effect of variety and sucrose (Table-13) showed that highest shoot
regeneration percentage in var. CVE-3 (91.66%) was recorded in MS media
supplemented with 3% (30gm/l) sucrose followed by MS+2% (20gm/l) sucrose
concentration. The highest shoot regeneration percentage (83.33%) was recorded in
var, 0-72 in MS media supplemented with 3% (30gm/1) sucrose followed by MS§+ 2%
(20gm/l) sucrose concentration (69.44%). The finding is similar to the findings to
Khatun (2001) who found the best performance in shoot regeneration on the
combination of MS medium with 3% sucrose concentration. No shoot regeneration
ability was found without sucrose. It might be concluded that MS media with 3%

sucrose combination was favourable for higher percentage of shoot regeneration; on
the other hand lower combination of sucrose inhibited shoot regeneration. (Appendix-

1X)
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Table 13: Combined effect of different conceniration sucrose on number of

number of shoot produced per cotyledon

explants showing shoot regeneration, percent shoots regeneration and

Number of
Sucrose Percent
Variely concentration ln:: x]_}lan:ls : shoot o Nl::,:hfm
( showiag shoo repEe oot/coly a
E ] __r_l.-gml.'l"lllml re e - g3-
0 (Control) 0.00d 0.00 e 0.00 d
10 13.33 ¢ 5555d 7.00c¢
CVE-3
20 1733 b 7222be 7.00c¢
30 2200a | .53 a G.00a
0 (Control) (.000 d 00¢ (.00d =
10 Iﬁ,ﬂﬂ o 4999 d | _?.{:rﬁ b
0-72 _ =
20 16.66b 69.44 ¢ 8.00b
30 20.00 a 83.30ab 8.66a
CV (%) 11.16 i3.68 4.88

Figures followed by same letter in a column do not differ significantly by DMRT,
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Plate 14. Shoot regeneration in jute var. CVE-3 on 3 % (30gmv/1) sucrose

concentration

Plate 15. Shoot regeneration in jute var. 0-72 on 3 % (30gm/l) sucrose concentration
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4.1.6 Experiment-vi. Influence of different concentration of vitamins on
plant regeneration from cotyledons of C. capsularis and C.
olitorius

4.1.6.1 Shoot regeneration

In the present investigation, contyledon as explants of the test varieties (CVE-3,0-72)
were cultured on MS medium supplemented with Zmg/l BAP and 0.5mg/l [AA
Using different concentration of vitamins, CVE-3 produced more shoot (44.44%) than

0-72. (Table-14).

4.1.6.2 Effect of variety

There was significant effect of varieties in shoot regeneration, percent shoot
regeneration and number of shoot per cotyledon. CVE-3 showed superiority — over
0-72 for all the characters (Table-14). This result has conformity with the findings of

Khatun et al., (1992).

70



Table 14: Main effect of varieties and vitamin concentration on number of explants

showing shoot, percent shoot regeneration and number of shoot

produced per cotyledon

Number of explanis
. Percent shoot Number of
Treatment showing .
regeneration shoot/cotyledon
shoot regeneration
CVE-3 533 44 .44 G.00
0-72 4.93 41.10 5.40
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No. of explants showing shoot regeneration

0 {Control} Xltmes (15  X2tmes (34) Xitmes (45  Xdtmes (68)
Vitamin (mg/1}
Figure-2: Main effect of different concentration of Vitamin on number of explants

showing shoot regeneration
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4.1.6.3 ElTect of dilferent concentration of vitamins

Mean value due to different concentration of vitamins for number of explants showing
shoot, percent shoot regeneration and number of shoot produce per cotyledon were
significant, indicating the presence of variation among the vitamin concentration used

for the study, x 2 times {3.0mg/l) concentration was found to be the best. Maximum
numbers of explants showing shoot was 1933 and the highest percent of shoot
regeneration was 80.85% found at this concentration, The variety CVE-3 perform

better than the other variety and number of shoot produced per cotyledon was 9,00,

Number of explants showing shoot and percent shoot regeneration gradually increased
with the increase of vitamin level up to x 2 times. Further increase of vitamin level
did not show any improvement of shoot regeneration and percent shoot regeneration
~ (Table- 15)

4.1.6.4 Number of shoot/cotyledon

The highest number of shoot per cotyledon was recorded in variety CVE-3 (6.00) than
that of O-72 (5.4) (Table-15). At x2 times vitamin concentration number of shoot per
cotyledon was found the highest (9.00) in var. CVE-3. The highest number of shoot
per cotyledon was (7.66) found var. O-72 at same concentration (Table-15). It was
observed that the number of shoot per cotyledon decreased as the wvitamin
concentration increased. The combined effect of variety and vitamins for number of
shoot per cotyledon was the highest in CVE-3 (9.00) at x2 times vilamin
concentration and the lowest in O-72 (7.00) both at x3 & x4 times vitamin

concentration.
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4.1.6.5 Combined efTect of variety and vitamin

The combined effect of variety and vitamins (Table -15) showed that the highest
shoot regeneration percentage (80.55%) was recorded in MS media supplemented
with x2 times vitamin concentration followed by MS media with x3times vitamin
concentration (58.33%). The highest shoot regeneration percentage (75.00%) was
recorded var. 0-72 in MS media supplemented with x2 times vitamin concentration
followed by MS media with x3 times vitamin concentration (52.77%). This finding is
similar to the findings of Khatun (2001) who found the best performance in shoot
regeneration on the combination of MS media with x2 times vitamin concentration.
No shoot regeneration ability was found without vitamin. It might be concluded that
MS media with x2 times vitamins combination was favorable for higher percentage of
shoot regeneration (Plate 16 & 17). On the other hand extreme lower and higher

combination of vitamin inhibited shoot regeneration. The result have been given in

Table-15,
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Table 15: Combined effect of different concentration of vitamins on number of
explants showing shoot, percent shoot regeneration and number of
shoot produce per cotyledon

Number of

Varisty cﬂncﬂx:’zti';ir:l[mgﬂ} explants ]:'i::;;ril:?ut: shuNt:lt?;uhf;-I:;un
showing shoot
0 (Control) 0.00f 0.00f 0.000 e
X1 times(1.5) | 12.00 cd 49.99 cd 700c
CVE-3 X2 times (3.0) 1933a | 8055a |  900a
X3 times (4.5) |  14.00 be 58.33 be e
X4 times (6.0) 8.00 df 33.33 de 600d
0 (Control) 000f | o000f 0.00 ¢
Xltimes(15) | 1133cde | 47.22cde 700c |
0-72 X2 times (3.0) | 18,00 ab 74.99 ab 7.66 b
X3 times (4.5) 12.66 ¢ 5277 ¢ 7.00 ¢
X4 times (6.0) 733 ¢ 3055¢ | 700¢
oV 2332 | 2333 | 453

Figures followed by same letter in a column do not differ significantly by DMRT.
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Plate 16. Shoot regeneration in jute var. CVE-3 on x 2 times (3.0mg/l) vitamin

concentration

Plate 17. Shoot regeneration in jute var. 0-72 on x 2 times (3.0mg/l) vitamin

concentration
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4.1.7 Experiment-vii. Influence of surfactants (Pluronic F-68) on plant
regeneration from cotyledons of C. capsularis and C
alitorius

4.1.7.1 Effect of variety

There was significant effect of varieties in shoot regeneration and percent shoot
regeneration. But there was no significant effect of number of shoot produced per

cotyledon. The variety CVE-3 produced more cotyledon than other variety (Table-16)

4.1.7.2 Effect of surfactant concentration:

Mean value due to different concentration of surfactant for number of explants
showing shoot, percent shoot regeneration and number of shoot, produced per
cotyledon were significant (Appendix-viii), indicating the presence of variation
among the surfactant concentration used for the study, 0.1 % was found to be the best.
Maximum number of explants showing shoot regeneration was (23.33) and percent

shoot regeneration was (97.22) (Table-16). Shoot growth was increased in lower
concentration (0.1%) of surfactant and further growth was inhibited as the

concentration was increased at (0.5%). This result was conformity with the findings of

Khatun et al., (1992).
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Percent shoot induction

100
1

0 (Control) 0,001 001 0l 05

Surfactant (%)

Figure-3: Main effect of different concentration of surfactant on percent shoot
regeneration
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4.1.7.3 Number of shoot per cotyledon

The combined effect of variety and surfactant for number of shoot per colyledon was
highest in CVE-3 (8.66) at 0.1% surfactant and lowest in 0-72 (6.88) at 0.001%
surfactant. A lower shoot per cotyledon was noticed both at lower or higher surfactant

concentration (Table -16).

4.1.7.4 Combined effect of variety x surfactant

The combined effect of variety and surfactant (Table-16) showed that highest shoot
regeneration percentage in var. CVE-3 (97.22%) was recorded in MS media
supplemented with 0.1% surfactant followed by MS media with 0.5% surfactant
(91.66%). Highest shoot regeneration percentage (86.10%) was recorded (var. 0-72)
in M5 media supplemented with 0.1% surfactant followed by M5 media with 0.5%
surfactant (83.33%) (Plate 18 & 19) .This findings is similar to the findings of Khatun
(1992) who found best performance in shoot regeneration on the combination of MS
media with 0.1% surfactant, It might be concluded that MS media with 0.1%
surfactant combination is favourable for higher percentage of shoot regeneration; on
the other hand both lower and higher combination of surfactant reduced shoot

regeneration, The result have been given in Table-16.
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Table 16: Combined effect of different concentration of surfactant (F-68) on

number of explants showing shoot, percent shoot regeneration and
number of shoot produced per cotyledon

Figures followed by same letter in a column do not di'['f.“é;_si.gniﬁﬂanll},r by DMRT.

a0

Varidty Surl’act‘ant N::::]:r;:[ Percent sh:]ul Number of
Concentration (%) - regeneration | shoot/cotyledon
0 (Control) 7.334 ¢ 3055 ¢ 7006 |
0.001 1400d 5833 d 7.00b
CVE-3 0.01 1800bc | 7499bc |  733ab
0.1 23332 97222 8.66 a
05 22.00 a 91.66 a 7.00 b
0 (Control)  600e 2499¢ |  7.00b
0.01 14004 5833d |  6.88ab
0-72 0.01 1600cd | 66.66cd 7006
0.1 20,66 ab 86.10ab |  855a
0.5 20,00 ab 83.33 ab 7.00b
CV (%) 12.40 1240 9.26




=

Plate 18. Shoot regeneration in jute var. CVE-3 on 0.1% surfactant

Plate 19. Shoot regeneration in jute var. O-72 on 0.1% surfactant
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4.1.8 Experiment-viii. Influence of NaCl on plant regeneration from cotyledons
of C. capsularis  and C. olitorius

In vitro callus induction and regeneration depends on a number of factors including

proper concentration of NaClL

4.1.8.1 Effect of variety:
There was no significant effect of varieties in shoot regeneration and percent shoot
regeneration. But a significant effect of number of shoot produced per each cotyledon

was observed (Appendix-v).

4.1.8.2 Effect of NaCl concentration:

Mean value due to different concentration of NaCl for number of explants showing
shoot, percent shoot regeneration and number of shoot produce per each cotyledon
were significant, (Appendix-v) indications the effect of vanation among the NaCl
concentration 0,125 mg/l was found to be the best. Number of explants showing shoot
and percent shoot regeneration gradually increased with the increase of NaCl level up
to 0.5 mg/l. Further increase of NaCl level did not show any improvement ol shoot
regeneration and percent shoot regeneration (Table-17, Figure-4). This result has

conformity with the findings of Khatun and Naher (2005).
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4.1.8.3 Number of shoot per cotyledon

The combined effect of variety and NaCl for number of shoot per cotyledon was
highest in CVE-3 (8.33) at 0.5%.NaCl and lowest in O-72 (6.00) at 1.0% NaCl. It was
observed that the number of shoot per cotyledon decreased as the NaCl concentration

increased (Table-17).

4.1.8.4 Combined effect of variety and NaCl

The combined effect of variety and NaCl (Table-17) showed that highest shoot
regeneration percentage in var. CVE-3 (97.22%) and Tricap-2 (94.44%) was recorded
in MS media supplemented with 0.5% NaCl followed by MS media with 0.25% NaCl
(91.66%) in variety CVE-3. In variety Tricap -2 highest shoot regeneration percentage
was 94.440% at 0.5% NaCl followed by MS media with 0.25% NaCl (86.12%) And
variety O-72, highest shoot regeneration percentage (74.99%) at 0. 5% NaCl [ollowed
by Ms media with 0.25% NaCl (72.22%).This findings is similar to the findings of
Khatun (2005) who found best performance in shool regeneration on the combination
of MS media with 0.5% NaCl. 1t might be concluded that MS media with 0.5% NaCl
combination was {avourable for higher percentage of shoot regeneration (Plate 20 &
21). On the other hand extreme lower and higher combination of NaCl inhibited shoot

regeneration (Table-17).
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Table 17: Combined effect of different concentration of NaCl (%) on number of

explants showing shoot, percent shoot regeneration and number of

shoot produced per cotyledon

NaCl Number of
. ; Percent shoot Number of
Variety | concentration explants :
; regeneration | shoot/cotyledon
= (%) showing shoot B )
0 (Control) 12.00 g 56.30 h 5.00d
0.0625 14.00d 58.33 cf 633 cd
0.125 12.66 d 74.99 be 6,667 cd
CVE-3 -
0.250 22,00 ab 91.66 a 7.000 be
0.500 2333 a 97.22a 833a
1.0 6.66 el 2777 g 6.606 cd
0 {Control) 1200 g 56.30h 5004d
0.0625 14.00 d 58.33 def 6,33 cd
. 0.125 18,00 abed 74.99 be 6.66 cd
Trncap-2 - P
0.250 20.66 abe 86.12 ab 7.00 be
0.500 22.66 ab 094.44 a 8.33a
1.0 6.66f 2777 ¢ 6.66 cd
0 (Control) 10,04 g 48.00 h 6.00d
0.0625 12.000 de 49.997 f 6.33 cd
0.125 16.00 cd 66.66 cde 6.66 cd
0-72
0.250 17.33 bed 72.220 7.667 ab
(.500 18.00 abed 74.99 bed #.333a
1.0 14.00d 5833 ef 6.00d
CV (%) 23.74 13.51 7.71

Figures followed by same letter in a column do not differ significantly by DMRT.

85



Plate 20. Shoot regeneration in jute var. CVE-3 on 0.5% (0.5 mi/l) NaCl oncentration

Plate 21. Shoot regeneration in jute var.0-72 on 0.5% (0.5ml/1) NaCl concentration
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4.1.9 Experiment-ix. Influence of FeS(, on plant regeneration from cotyledons
of Corchorus capsularis and C. olitorius

In vitro shoot regeneration depends on a number of factors including proper

concentration of FeSQ, .

4.1.9.1 Effect of variety

There was no sigmficant effect of varieties in shoot regeneration and percent shoot
regeneration. But there was significant effect of number of shoot produce per each

cotyledon (Appendix-VI),

4.1.9.2 Effect of FeS0O, concentration:

Mean value due to different concentration of FeSQO, for number of explants showings
shoot, percent shoot regeneration and number of shoot produced per cotyledon were
significant, (Appendix-vi) indicating the effect in variation among the FeSO,
concentration used for the study, FeSO4 concentration x 2 times (3.0mg/l) was found
to be the best. Number of explants showing shoot and percent shoot regeneration
gradually increase with the increase of FeSO, level up to x 2 times. Further increase
of FeSO, level did not show any improvement of shoot regeneration and percent shoot
regeneration (Table-18). The results have conformity with the finding of Khatun

(1996) who reported that x2 times (3.0ml/l) FeSO; showed the best performance in

shoot regencration.

4.1.9.3 Number of shoot per cotyledon:

The combined effect of variety and FeSO4 for number of shoot per cotyledon was
highest in CVE-3 (8.00) at x2 times (3.0ml/I} FeSO,4 and lowest in 0-72 (7.00) at

x4times (6.0ml/l) FeSO4. It was observed that the number of shoot per cotyledon

decreased as the FeS0, concentration increased (Table-18).
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Table 18: Main effect of varieties and FeSO4 concentration on number of

explants showing shoot, percent shoot regeneration and number of

shoot produced per cotyledon

o Number of explants Percent shoot Number of
showing shoot regeneralion shoot/cotyledon

CVE-3 10.66 4444 6.00
0-72 1066 4444 5.40
FeSO4 (mg/l)

0 (Control) 0.00d 0.00 d 0.00 ¢
X1 Times (1,5) 13.00b 5416b |  683b
X2 Times (3.0) 18002 749a |  7.50a
X3 Times (4.5) 14.33 b 59.72 b 7.00b
X4 Times (6.0) 8.00¢ 3333¢ 7.00b
CV (%) 18.75 18.75 3.22

Figures followed by same letter in a column do not differ significantly by DMRT,
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4.1.9.4 Combined efTect varicties x FeS0y
The combined effect of variety and FeSO, (Table -19) showed that the highest shoot

regeneration percentage (80.55%) was recorded in MS media supplemented with x2
times FeSO, concentration followed by MS media with x3 times FeSO, concentration
(61.11%). Highest shoot regeneration percentage (69.44%) was recorded (var. 0-72)
in MS media supplemented with x2 times FeSO4 concentration followed by MS media
with x3 times FeSOy4 concentration (58.33%). This finding was similar to the findings
of Khatun (1996) who found best performance in shoot regeneration on the
combination of MS media with x2 times FeSO,concentration. No shoot regeneration
ability was found without FeSOy. It might be concluded that MS media with x2times
FeSO,4 combination was lavourable for higher percentage of shool regeneration (Plate
22 & 23). On the other hand extreme lower and higher combination of FeSQy

inhibited shoot regeneration. The result have been given in Table-19.
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Table 19: Combined effect of different concentration of FeSO,; on number of

shoot produced per cotyledon

explants showing shoot, percent shoot regeneration and number of

FeSO, Numlh eEok Percent f
Variet concentration CXRARLs shoot NEmEgen D
Y i shoo
showing . shoot/cotyledon
(mg/1) shoot regeneration
0 (Control) 0.00e 0.00e 0.00e
X1 times (1.5) 14.00 be 58.33 be 6.00d
CVE-3 X2 times (3.0) 1933 a 80.55a 8.00a
X3 times (4.5) 14.66 be 61.11 be 7.66b
X4 times (6.0) 8.00 d 3333 d 7.00 ¢
0 (Control) 0.00e 0.00 c_ i 0.00 ¢
X1 times (1.5) 12.00 ¢ 49.99 ¢ 7.00¢
0-72 X2 times (3.0) 16.66 ab 69.44 ab 7.66b
X3 times (4.5) 14.00 be 58.33 be  7.00¢
X4 times (6.0) 8.00 d 33.33 d  700c
CV (%) 18.75 18.75 3.22

Figures followed by same letter in a column do not differ significantly by DMRT.
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Plate 22. Shoot regeneration in jute var. CVE-3 on x 2 times (3.0 mg/l) FeSO,

concentration

Plate 23. Shoot regeneration in jute var. 0-72 on x 2 times (3.0 mg/l) FeSO,

concentration
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Chapter 5
Summary and conclusion




SUMMARY AND CONCLUSION

Experiments were carried out in the Genetic Engineering Laboratory,
Cytogenetic Department, Bangladesh Jute Research Institute (BJRI), Dhaka during

the period from August 2005 to may 2006,

In the first experiment, a detailed investigation was carried out to study the seed
germination. A significant variation among the test varieties was found for percent
seed germination. The variety CVE-3 showed the highest germination percentage
(92.72%) and the lowest was found in 0-9897 (67.22%). In cotton-based media, the
germination percentage was found higher (95.10%) compared to agar solidified media
(69.81%). From the results of the present study it was found that cotton-based media

was better than agar-solidified media for seed germination.

In the second experiment, a detailed investigation was carried out to study callus
induction ability and subsequent plant regeneration of five Corchorus genotypes using

cotyledons (with attach petioles) as explants.

Cotyledons (with attached petiole) of five Corchorus varieties were cultured on MS
medium supplemented with 2 mg/l BAP and 0.5 mg/l IAA to observe their callus
induction and shoot regeneration capacity. A wide range of variation in callus
induction was exhibited by the varieties. The range of callus induction varied from
68% to 94%. The highest callusing was found in CVE-3 (94%) followed by Tricap-2
(88%). The highest percentage of shoot regeneration was found in CVE-3 (67.99%)
and the lowest in 0-9897 (45.57%). MSO (MS medium without hormone) was used
to observe the rooting responses of regenerated shoots by the varieties. CVE-3
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showed the highest percent of root initiation (95%) followed by Tricap-2 (85%).

Regenerated plantlets of all the varicties were rooted on MSO medium within 7 days.

Different combinations and concentrations of BAP and IAA were used to observe
callus induction and shoot regeneration. The highest percentage ol callus induction
(96%) and shoot regeneration (60.66%) was found in the combination of MS+2 mg/l
BAP + 0.5 mg/l 1AA, Mo callus induction and shoot regeneration was found without
BAP and IAA. It was worth noting that percent shoot regeneration gradually

increased with the increasing level of BAP up to 2 mg/l. Further increase of BAP

level did not show any improvement to shooting.

In varietal experiment, it was found that the germination percentage ol CVE-3 was
highest and . olitorins (0-72) response batler. So, select these 1wo varicty for next

experiment. So, for the next experiment these two varieties were selected.

Two varieties of C. capsularis and C.olitorius (vars. CVE-3 and 0-70) were cultured
in the presence of a range of pH level (e.g. 4.0, 45, 5.5, 6.0, 6.5, 7.0, 7.5} in
association with MS plant regeneration medium, Two varieties responded difTerently

on various levels of pH. It was observed that CVE-3 showed relatively better shool

regeneration (52.95%) than that of O-72 (35.07%),

Two varieties of C. capsularis C. ofitorius (vars. CVE-3 and 0-70) were cultured in
different concentration of sucrose (0, 1%, 2%, 3%) in association with MS plant
regeneration medium. Two varieties responded difTerently on different concentration
of sucrose. It was observed that CVE-3 showed relatively better response shool

regeneration (91.66%) than that of O-72 (83.33%). And number of shoot/cotyledon

was the highest in CVE-3 (9.00).
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In dilferent concentration of sucrose, significant mean square for different characters
indicated the presence of sufficient variation among the sucrose concentration Tor
shoot regeneration and other character, 3% (30 gm/l.) sucrose concentration was
found best. The result indicates that 3% sucrose concentration was suilable lor shoot

regeneration.

Two varieties of C. capsulariy and C. ofitorins (vars. CVE-3 and 0-72) were cullured
in different concentration of vitamins (0,1.5ml/l, 3.0mli/l, 4.5ml/l, 6.0ml/l) in
association with MS plant regeneration medium. Two varieties responded differently
on different concentration of vitamins. It was observed that CVE-3 showed relatively
better response (80.55%) towards shoot regeneration than that of 0-72 (74.99%).
Vitamin x2 times concentration showed best performance. Maximum number of

explants showed shoot regeneration in this concentration and number of shoot per

cotyledon was 6.00.

Two varieties of C. capsularis and C. oiltorius (vars, CVE-3 and O-72) were cultured
in different concentration of surfactants (0, 0.001, 0.01, 0.1, 0.5%) in association with
MS plant regeneration medium. The varieties responded differently on difTerent
concentration of surfactant. It was observed that CVE-3 showed relatively better
shoot regeneration (97.22%) than that of 0-72 (86.107%). Surfactant concentration at
0.1% was found to be best. Maximum number of explants showed shoot regeneration
in this concentration and in the combined effect of variety and surfactant, maximum

number of shoot per cotyledon was 8.67.

The hormone combinations IAA 0.5 mg/l and BAP 2.0 mg/l were used in association

with pluronic F-68 with different concentrations. In most of the levels of pluronic F-

68 gave higher percentage of shoot regeneration than the control. Shoot growth was
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increased in the lower concentration of pluronic F-68 and the growth was inhibited as

the concentration was further increased.

Cotyledon with attached petioles of (. Capsularis and C. olitorins (CVE-3, Tncap-2
and O-72) were excised from those seedlings and placed on a agar solidified MS
medium containing 0.5mg/l1 AA and 2.0 mg/l BAP in association with different
concentrations of NaCl(0, 0.0625, 0.125, ¢.250, 0.50, 1.0)%. It was lound that
initially callus was formed in presence of NaCl irrespective of all concentration.
Shoot regeneration was also obtained in presence of all concentrations of NaCl,
Regeneration percentage decreased with the increasing concentration of NaCl and
also regeneration plantlets were found to be more elongated when it was grown in
lower concentration of NaCl containing medium at 0.5 mg/l concentration. In the
combined effect of variety and NaCl, maximum number ol shoot per cotyledon was
8.333 in var. CVE-3.

Two varieties of C. capsularis and C. ofitorins (vars. CVE-3 and 0-72) were cultured
in different concentration of FeSO4 (0, xItimes, x 2 times, x 3 times, X 4 limes) in
association with MS plant regeneration medium. Two varieties responded differently
on different concentration of FeS50,4. It was observed that CVLE-3 showed relatively
better shool regeneration (80.55%) compared Lo O-72 (69.447%). FeS(y x 2 times
concentration (3.0mg/l) showed best performance and maximum number of explants
showed shoot regeneration in this concentration, The number of shoot per cotyledon

was highest in var. CVE-3 (6.00)
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In the first experiment, seed germination percentage was found highest in CVE-
3 in cotton-based medium (98.88%) than agar-based medium (87.17%). Among the
phytochormone combination, M8+ 2 mg/l BAP + 0.5 mg/l 1AA showed the highest
shool regeneration (60.66%). Among the varicties, CVE-3 was highly responsive Lo
shoot regeneration (67.99%). MS media without hormone (MSO) was used for root
formation. The variety CVE-3 response better than O-72 towards shoot regeneration
at different pH level. Among the sucrose concentration 3% (30mg/l) showed the
highest shoot regeneration (87.49%). Among the different concentration of vitamins,
x 2 limes (3.0mg/l) showed the highest shoot regeneration. Using different
concentration of surfactant 0.1% surfactant showed the highest shoot regeneration
(91.66%). In the NaCl experiment, among the three varieties CVE-3 was found highly
response to shoot regeneration (97.22%) and 0,125, 0.25 and 0.50 (%) shows the
better responsive to shoot regeneration. Using different concentration of FeSOy x2
times (3.0mg/l) showed the highest shoot regeneration. The variety CVE-3 response

better than O-72 towards shoot regeneration at different concentration of FeSOy,
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If any one want to develop the regeneration protocol of jute species he should take the
following research programme
- He should used cotton-based medium compared to agar-based medium for
seed germination.
- Among the varieties, CVE-3 was highly responsive to shoot regeneration.
- Among the phytohormone combination, MS+ 2 mg/l BAP + 0.5 mg/l 1AA
showed the highest shoot regeneration.
- Among the sucrose concentration 3% (30mg/l) showed the highest shoot
regeneration.
- Among the different concentration of vitamins, x2 times (3.0mg/l) showed the
highest shoot regeneration.
- Using different concentration of surfactant, 0.1% surfactant showed the
highest shoot regeneration.
= Among the different concentration of NaCl, 0.125%, 0.25% and 0.5% shows
the better responsive to shoot regeneration.
= Using difTerent concentration of FeSO,, x2 times (3 0mg/1) showed the hi ghest

shool regeneration.
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Appendix I: Mean square of number of seed germination and percentage of

seed germination

Mean square of
Degrees of Percentage
Source Number of seed
freedom of seed
germination
germination
Factor A (Vanety) A 227.706** 922 186*%*
Factor B (Media) 1 1206.502** 4796.122*%*
‘actor A * Factor
B 4 229.094%* 900.231**
(Variety * Media)
Error 20 0.251 0.935
hd = 1% significant level of probability

Appendix II: Mean square of number of cotyledon producing shoot, percentage

of cotyledon producing shoot and number of shoot produced by

each cotyledon

Mean square of
Number of Percentage of Number of
Degrees of
Source cotyledon cotyledon shoot/cotyledon
freedom
producing producing shoot
shoot
Varieties 4 410,933** 642.083** 410,933**
Error B 0.783 1.224 0.783
* = 1% significant level of probability
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Appendix I11: Mean square of number of explants growing shoot, percentage

shoot regeneration number of shoot produced per cotyledon

Mean square of

Degrees A
Number of Percentage shoot Number of
Source of
explants regeneration shoot/cotyledon
freedom
growing shoot

Variclies 4 25.733%* 198.514** | 1.067**
Error 8 0.733 5.654 0.517

o =

1% significant level of probability

Appendix IV: Mean square of number of explants showing shoot regeneration,
percent shoot regeneration and number of shoot produced per

cotyledon
] Mean square of
Degrees Number of Percent of Number of
Source of explants shoot shoot/cotyledon
freedom showing shoot regencration
regeneration I |
Varieties 4 3.100* 203.652ZNS 3.733%*
Error 8 0.600 54.416 0.133
e = 1% significant level of probability
* = 5% significant level of probability
NS = Non-significant A 'Tﬁv%
*®
r
o
.
- T
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Appendix V: Mean square of NaCl effect on number of explants showing shoot,

percent of shoot regeneration and number of shoot produced per

cotyledon
Mean square of
g Degrees Number of Percent of Number of
ey, of howi hoot hoot/cotyled
Fee i explants showing shoot shoot/cotyledon
= shoot regeneration o
Factor A
) 2 0.722N8 10]1.580NS 2. 167**
(Variety
Factor B (NaCl) 5 139.011%* | 9994 487** |  80.622**
Factor A =
Factor B 10 5.967* 342 345%* (. 7R0**
(Variety = NaCl)
Error 30 2.463 57.873 0, 185

¥

*

NS

= 1% significant level of probability

= 5% significant level of probability

= Non-significant

Appendix VI: Mean square of FeSOy effect on number of explants showing

shoot, percent shoot regeneration and number of shoot produced

per cotyledon
ST Mean square of - ||
5 umber o ercent umber o
Source E_.f Number of P Numl f
® Ficiidiiiii explants of shoot shoot/cotyledon
i showing shoot | regeneration
Factor A (Variety) 1 0.000NS 0.000NS 2.133%%
Factor B (FeSOy) 4 72.583** | 5039.963** |  60.583%*
Factor A * Factor B e
4 1.083* 75.227TNS 0.883**
(Vanety » FeSOy)
Error 20 1.000 69431 | 0033
*% = 1% significant level of probability
* = 5% significant level of probability
NS = Non-significant
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Appendix VII: Mean square of vitamin effect on number of explants showing

shoot, percent

shoot regeneration and number of shoot

produced per cotyledon

Dicaraai Mean square of
¢ & Number of Percent Number of
Source of
feiadin cxplants of shoot shoot/cotyledon
showing shoot | regeneration )
Factor A (Variety) 1 1.200NS 83.300NS 2.700%*
Factor B (Vitamin) 4 T2.783** 5053.824** 63.033**
Factor A x Factor
B
. < O.117NS 8.10INS 1.533%*
(Vanety
Vitamin)
Error 20 1.433 99.546 0.067
*n B B

= 1% significant level of probability
NS = Non-significant

Appendix VIII: Mean square of surfactant effect on number of explants showing
shool, percent shoot regeneration and number of shoot produced

per cotyledon

B Mean square of
SoiiTie Dei‘;m Number Percent Number of
Fidadii explants shoot shoot/cotyledon
| showing shoot | regeneration
Factor A (Variety) 1 4.800* 333.333* 0.033NS
Factor B (Surfactant) |4 57.383%* 3985.085%* | |.700*
Factor A = Factor B _
(Varicty = ) 0.383NS 26.630NS 0.533NS
Surfactant)
Error 20 1.000 69.442 | 0500
*

*

NS

= Non-significant

= 1% significant level of probability

= 5% significant level of probability
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Appendix IX: Mean square of sucrose effect on number of explants showing

shoot, percent shoot regeneration and number of shoot produced

per cotyledon
Disiicen Mean square of
£ Number of Percent of
Source of 3 oot Number of
freedom i Fike bkl shoot/cotyledon
showing shoot | regeneration
Factor A (Vanety) 1 1.500NS 104 208NS 0.6GT**
Factor B (Sucrose) | 3 | 124333** | 8633.550** |  90.050**
Factor A = Factor
B
) 3 0.278NS 19.289NS 0.556**
(Variety =
Sucrose)
I Error 16 0.500 52.087 0.083
= 1% significant level of probability
NS = Non-significant
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Appendix-X: Combined effect of BAP and IAA on number of explants

producing shoot, percent regeneration and days required for

shoot regeneration

Treatment Number of Percent shoot _I}hys required
BAP TAA explants regeneration for shoot
(mg/L) (mg/L) producing shoot regeneration

00 0.0 - R =
0.5 i = | = |
1.0 - a - .
1.5 - - -
2.0 = - =
1.0 0.0 1.40 hi 14.28 i 25.00 b
0.5 2.40 def 26.77 delgh 23 80 be
1.0 2.60 del ©25.11 efgh 22 80 cd
1.5 2.00fgh |  23.88 fgh 2440de
2.0 2.00 fgh 24.15 efgh 2480 b
2.0 0.0 2.00e fgh 28.09 defiz 26.20 a
0.5 5.80 a 60.66 a 1920 g
1.0 4.40 b 4727b 21.20ef
1.5 3.60¢ ~ 3838¢ | 2180de
2.0 300cd 33.83 cd 2020y
3.0 0.0 2.00 fgh 27.38 defgh 23.80 be
0.5 2.80 de 33.23 od 20.00 fg
1.0 2.60 def 33.18 cd 24.00 be
1.5 260 def 30.88 cdef © 2280cd |
2.0 200fgh | 2457c¢fgh |  2460b |
4.0 0.0 1.60ghi 22,68 gh 26.60 a
05 2.40def 31.95 cde 24.00 be
1.0 2.20efg 29.04 defg 22.00 de
1.5 1.40 19.75 hi 2040fg |
2.0 1.00i 12.93i 19.60 g
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Appendix-XI: Main effect of different variety on percent shoots regeneration and

number of shoot/cotyledon

Variety Percent shoots regeneration Number of
shoot/cotyledon
0-72 35075b 6.800 b
CVE-3 52950 a 8.575 a

Appendix XII: Main effect of different pH level on percent shoots regeneration

and number of shoot/cotyledon

pH level Percent shoots regeneration Number of
shoot/cotyledon

4.0 3 3580 c 5.60 d

45 41.40 be 770¢
5.0 46.80 b 9.40 b

55 5850 a 10.40 ab

6.0 44.80 bc 10.60 a

6.5 43.00 be = 7.40 cd

7.0 - 4230 be T 600d

Appendix XIII: Analysis of variance (mean squares) for number of shoot to

which root induced and percent shoot regeneration

Source of variation | Degrees of Characters
freedom Number of | Percent rootl Days of
shoot to initiated root
which root initiation
induced
Faclor A (BAP) 4 47.308*%* 4730.800** I18.668B**
Factor B (1AA) 4 20.068** | 2666.800** 19.708%*
Factor A x B (BAP x 16 6.663** 666,300%* 14.398%* |
IAA)
Error 100 0.880 £8.000 0.650

** = 1% significant level of probability
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Appendix XIV:  Analysis of variance (mean squares) for number of explants
showing shoot, percent shoot regeneration and days required
for shoot regeneration

Source of Degrees of __ Characters
variation freedom Number of Percent shool Days required
explants regeneration for shoot
showing regeneration
shoot

Factor A (BAP) 4 45.888* 5765.633** 2599.348*%*

Factor B (TAA) | 4 6.988** 665.829** 13.388**

Factor A x B 16 1693** | 155.841** | 22.728%*

(BAP x 1AA)

Error 80 28.549 0.895

0.282

** = % significant level of probability

Appendix XV: Analysis of variance (mean squares) for percent shoots

regeneration and number of shoot/cotyledon

Source of variation Degrees of Characters
freedom

Percent shoot Number of

regeneration shoot/cotyledon
Factor A (Variety) | 6390.313*%* 63012
Factor B (pH) 7 452.670%* 52.670**
Factor A x B (Variety x pH) 7 2129.427** 0. 755%*
' Error 64 42250 0.644

** = 1% significant level of probability
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Appendix XVI:  Analysis of variance (mean squares) for number of explants
growing shoot, percent of shoot regeneration and days to shoot
regeneration

Source of Degrees of Characlers -
variation freedom Number of Percent of Number of
explants shoot shoot/cotyledon
showing regeneration
shoot

Factor A 4 4.453%* 445333** 6.673*%*

(Variety)

Error 8 0.537 53,667 0895

** = 1% significant level of probability

Appendix XVII: Analysis of variance (mean squares) for number of explants

showing shoot and percent shoot regeneration

Source of variation Degrees of Characters
L Number of shoot | Percent of shool
Factor A (Variety) 4 8.133** C401.214%%
Error 8 0.983 59.094

** = 19 significant level of probability

Appendix XVIII: Analysis of variance (mean squares) for number of shoots to

which root induced, percent root initiation and days of root

initiation
Source of Degrees of Characters N
variation freedom Number of Percent of Days of root
shoot io initiated initiation
which root
induced
Factor A 32.253** B31.333%* 3.653**
(Variety)
Error 0.637 15.017 0320

*¥ = 1% significant level of probability
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