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INFLUENCE OF DIFFERENT FACTORS ON PLIANT 

REGENERATION SYSTEM OF JUTE SPECI ES 

A BSTRACT 

Experiments were conducted during the period from August 2005 to May 2006 in the 

Genetic Engineering Laboratory. Depailment of Cytogenctics, Bangladesh Jute Research 

Institute (IIJRI), i)haka. In the first experiment, five varieties of ( 'orc/wntc sp were used 

to investigate their in ti/ru germination percentage. And in the second experiment, five 

varieties of ('urc/wnts sp. were used to investigate their in ri/tv regeneration 

performance. In the third experiment, varieties of ('vivijoris's sp were used to investigate 

their in ri/ru shoot regeneration from the explants (cotyledons) of C. capsularis and C. 

ui/forks's with different hormonal concentrations. Fourth to ninth experiments were 

conducted to show the different factors on plant regeneration from cotyledons of C. 

capsularis and C. v/i/onus. 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, MSi 2 rug/I BAt' I 0.5 mg/I 

IAA showed the highest shoot regeneration (60.66%). Among the varieties, CVE-3 was 

highly responsive to shoot regeneration (67.99%). MS media without honnonc (MSO) 

was used for root formation. The variety CVE-3 response better than 0-72 towards shoot 

regeneration at different pt-I level. Among the sucrose concentration 3% (30mg/I) showed 

the highest shoot regeneration (87.49%). Among the different concentration of vitamins 

x2 times (3.0mg/I) showed the highest shoot regeneration. Using ditThrent 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 highly responsive to shoot 

regeneration (97.22%) and 0.125, 0.25 and 0.50 (%) shows the better responsive to shoot 

regeneration. Using different concentration of FeSO4, x2 times (3.0mg/I) showed the 

highest shoot regeneration. The variety CVE-3 response better than 0-72 towards shoot 

regeneration at different concentration of FcSO4, 
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Chapter 1 

Intfoduction 



INTRODUCTION 

Jute is a fibre yielding crop obtained from the bast of two cultivated species of 

genus (Jorc/wrns namely (..orchorus capsulciris and ('roc/zorns 0/itorE j.'s of the 

Tiliaccae family. The genus ('oivhorns has around 50-60 species, but over 170 

Gore/zonis names are given in index kewensis( Bhajwani 1988). These species are 

found throughout the tropics and subtropics. ('orchons ca/)suIczris is called "Deshi 

pat". "Tita pat" or "White pat" whereas Croc/wr,ts olitorizis is called Tosa pat, 

produce better quality fibres, i.e. finer, softer, stronger and lustrous than those of 

Core/irons capsu/aris (Islam, 1981). The fibres of Core/torus capsularis are ordinarily 

whitish and in Gore/torus cl/tori us the fibres are either yellowish 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 lIi  position aftcr rice, pulses, oil seeds and wheat in 

respect of cultivated area (BBS. 2003). Bangladesh is second largest producer 01 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 industrial products. Jute is mainly used for manufacturing products for the 

packaging of grains, sugar, cocoa, coffee and other Ihod crops as well as packaging 

for cement, fertilizer, salt, cotton ctc, which currently account (hr the collsulnption 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, yams, cordage, felts and padding decorative fabrics and other 

items of industrial use, 

Despite high socio-cconornic 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 efThct on yield (about 5 lakh bales 

damaged by diseases). Abiotic stresses like drought, flood, low temperature etc. are 

detrimental to this crop. With the lauching of global compaign for environmental 

awareness international opinion is being created on jute fhr its expanded production 

and use, as it is biodegradable and friendly to the environment. Jute is a plaiit, 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 diseases, poor 
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soil fertility, water stress, fiber quality, photo-insensivity etc. is a SCEiOLIS issue that 

needs to be addressed (Aggarwal, 2000), One of the major constraints to increase jute 

productivity is the non-availability of inodeini Varieties with i1fl1)IOVCd plant types. 

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 l3angladesh Jute Research Institute (I531tl) 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 ban-icr 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 inlormations, it is evident that all the tissue culture techniques play a vital 

role in the enrichment of genetic variability, this panicular technique contributed a 

little in the production of disease and pest resistant plants as well as plants of hctter 

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 it is very 

important to explore the science for varietal improvement ofjute. 
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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. capsular/s 

(Khatun c/aL, 1992) and from shoot apices ofC obtorius (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 laboratories of Bangladesh and India using tissue culture techniques. 

Bioteehnological approaches for crop improvement is a new research thwst in 

Bangladesh. 

The history of plant tissue culture begins from 1902, when ilaberlandt 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 (or long period of time. During the last few 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 olpiant from tissue or explants is an important anti essential 

genetic manipulation of plants. The totipotency of cell or tissue 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. 
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Cultures are conducted in aseptic environment with the assurance of the production of 

disease-free materials and without risk ol' reinfection. Uigh frequency regeneration of 

plants from in vi/ro cultured tissues is a pre requisite for successful applicaiion of 

tissue culture technique. Cell and tissue culture provides the engineering of this crop 

to supplement conventional breeding. Thus any umproventent 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 

(C.'orchorus capsular/s and C'. olitoriwi) 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 ('orc/iorns species. 

The specific objectives of the present research work were therefore: 

lv optimize I/ic in t'itro regeneration pe,fin,naiice q[fn'e  varieties of 

('orchorns capasniarix and C. v/i/orE us. 

To see the efl'ect of difFerent levels ci pl I on plant regeneration of'  

capsularis and C. oluorins. 

To standardize a protocol for shoot regeneration with different 

concentration of sucrose. 
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The present study has been divided into nine separate experiments. these are 

Experiment-i In vairo regeneration of Corclwrux spp. 

Experiment-li In vilro regeneration perfornrnncc of live varieties of ('ore/wrus 

species 

Experiment-ill Optimization of shoot regeneration from the explants of C. cczpsularis 

vi th di lierent hormonal concentrations. 

Experiment-is' Efket of di fkrcnt levels of p11 on plant regeneration from cotyledons 

of Corchoruv 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. capsuluris and C. olthinuv 

Experimerit-vii 11)11 UCFICC of surllictants (p1 uron Ic F-68 ) on rlaifl regeneration Irom 

cotyledons of C'. capsularis and C. olitorius 

Experinient-vili Influence of NaCl on plant regeneration from cotyledons of of C. 

capsulartc and C olitorius 

Experiment- ix Influence of FeSO4  on plant regeneration from cotyledons of C.  

CUf)S1I/U?IS and C. olitorius 
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Chapter 2 
Review of litefatufe 



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 ScowerolI, 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 
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cells arise wh i cli then developed into whole p Ia his iroin this ii tali llët en tinted en tIns, 

this process is known as regeneration. 

Nowadays, plant tissue culture techniques have been emerged as a world wide 

accepted concept (Haque, 2001) and opened tip several new avenues for manipulation 

of crop plants to induce genetic changes and selection of desirable traits (Nath, 2001). 

Besides, plant regeneration from in vitro cultures 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 CII', IARI, ICRISAT, USDA, where programmes of crop 

improvement are in progress (hr development (if diflereni C1Oj)S 

2.1.2 Tissue culture of jute 

In v/Iro regeneration has been quite difficult among the species Goreliorns 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 cal Ins, I here arc usually 1)011 ions 

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 genetic engineering of this 

crop to supplement conventional breeding. In 1925, Laibach conducted 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 

earliest success in plant tissue culture. 
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Tissue culture research in jute was started in 1964, when Islam culture(] interspecific 

hybrid en'ibryo (('nrc/auras caf)snIaris X ('urcluir,is ()Iift)flltS) and hybi id platits were 

obtained. In vitro regeneration is quite difhcull among the species of ( ore/tunis 

through tissue culture technique (Khatun, 1993). 

Plant regeneration of jute from meristcm (Rahnian ci al.. 1985), cotyledon (Rahman 

ci al.. 1985; Khatun ef at, 1992; All, 1992), leaf (Islam, 1981), 1)ltI;IWle (Das of (it. 

1986), hypocotylc (Khatun ci at, 1992; (.ihosh and ('haneijee, 1990; Scraj. 1992), 

apical meristems (Rahman, 1985) and anther culture [(IBFCAAS). 1974; Islam, 1981] 

have been reported. 

Islam (1981) obtained callus initiation and root formation front explants oI'( ore/aunts 

oliwrius and claimed to have obtained a few shoots directly from leaf' explants of' 

(orchorns olitonzts on MS medium. 

To overcome the problems of the viral infection, virus-free plantlet have been 

produced through shoot tip culture of Core/auras capsulans (Das. 1983). 

Experiment —i: In vllro seed germination of('nrc/aoriis .cpp. on agar-based and clinical 

cotton supported medium 

2.1.4 In ;'itra seed germination 

Healthy seedling production was one of the major criteria Ibr plant regeneration. But 

very few little and attention has been paid so far on in vitro seed germination oljute. 

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 (orehorus species namely 0-9897, 0-72, CVL-I, CVE-3, and 

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

variety Tricap-2 (98.66%) on cotton based medium and the lowest germination 

percentage was found in the variety 0-4 (38.66%) on agar solidified medium. 

Experiment-li. In vitro regeneration Performance of live varieties of Corc/:orus 

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 (Corc/iorus co,;sulcsris) varieties in 

the combinations of growth regulators were reported by several workers. The tiiost 

relevant literatures related to callus induction have been reviewed here: 

2.1.6 Varietal difference 

Murashige and Skoog (1962) reported that nutritional requirements for Optimum 

growth of tissue in may vary with varieties. Even tissue culture of difFerent parts of 

plant may show different requirements for satisfactory growth. 

Khatun (2001) conducted an experiment on six varieties of jute (CVL-1, CVIi-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 lricap-2 showed t)eSt 

performance in shoot regeneration. 

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

observed that plant regeneration from the explants of (.'orc/:orus oIi(ornm was very 
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different in culture condition than ('orc/,orus ca/)x!iIaris. Several attempts were made 

by using various hormone concentration and media combinations in vitro to obtain 

plant regeneration from various explants of ('urciwnis olitornis. 

Saha ci at (1999) reported that JRC-3 12 showed the best shoot regeneration ability 

followed by JItC-2 12 and I)- 154. 

Tewari ci at (1999) conducted an experiment using three cultivars JRC-2 12. JRC-32 I 

and JRC-7447 for plant regeneration 

2.1.7 Effect of explants 

Khatun (2001) reported that plant regeneration frorii the explants (Cotyledon 

segments, hypocotyl segments and root segments) of Corcitorus olliorins (Var. 0-

9898, CM-I, 0-72 and 0-4) was difficult, but the explants of cotyledonary petiole of 

all these varieties produce shoots from the cut ends 

Tewari ci at (1999) reported that 2, 4-I) induced callusing in 100% of explants when 

cotyledons, segments of hypocotyl and roots of white Jute (( ore/torus eapsillaris) 

were cultured on MS niediuni supplemented with 16 adjuvant individually and/or in 

combination. 

Rahman ci at (1985) showed that callus initiated from both apical meristems and 

cotyledon of var. D- 154 of Corc/torus ca/Au/arts, when culture on HAl' and tyrosine 

ibrtitied MS media forms shoot. 

Khatun ci al. (1992) reported plant regeneration from cotyledon derived callus in D- 

154. They used phytohorinones SAP and IAA supplenicnitcd with MS medium to set 



multiple shoots from cotyledon derived calli. Mi (1992) also reported similar 

observation. 

Seraj c/ cii. (1992) reported that callus initiation from hypocotyls of D- 154 and C\'L- I 

of (:urchori,.c cci;suIarix when cultured on RAP and tyrosine Ibrlilied MS medium. 

They also used antioxidant NDGA (nordihydroguaiaretic acid). 

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

callus on MS medium in Cost/torus capsukiris. 

Islam (1981) reported that callus initiation from explants of both ('orclwnis 

capsularis and C.orchon,s oh/onus and claimed that have obtained a few shoots from 

leaf explants of Gorcitorus v/dorms, 

2.1.8 Maintenance of callus 

Very little work and attention has been paid so 11ff on inaijiteilance of callus oljute. 

However some of theni 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 135 medium 

supplemented with 4.51LM 2, 4-D and maintained on the same basal medium with 4.7 

jiM piclorum and 0.41M 2ip (isopentenyladeninc). Regeneration potential of callus 

after 5, 12 and 16 months on niaintenance medium was measured using several plant 

growth regulator treatment. 

The organogenic callus of Corchorus capsularis (Var. D- 154 and CVL- I) when rich 

in large starch granules, was transferred to MS basal medium and differentiated into 

single or multiple shoots (Scraj dcl., 1992). 
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2.1.9 Somatic ernbryogenesis 

Somatic embryogenesis has a tremendous potential lix large scale production of plant 

material (Amirato and Slyer, 1985) and is considered as an etlbctive aid to genetic 

transformation study. It represents an alternative For massive clonal propagation and 

appears to be a potential solution to the problem of field puopagatioli, especially iii 

areas with frequent disease transmission and maintenance oJ'cultivars that have been 

selected for their important genetic characteristics (DC Garcia and Martinez, 1995). 

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

Somatic cnibryogencsis was induced from cotyledon and protoplast derived callus of 

('orc/wrux cap.va/aris in the presence o12, 4-I) and UAI' (Khatun viaL, 1993). 

Wang ci at (1992) reported that basic MS medium with 85 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 lie also reported that aller removal of 2. 

4-I) embryogenic callus and embryoids were formed. 

2.1.10 Organogenesis 

The totipoteney of somatic cells has been explained in vegetative propagation of plant 

species. In vitro studies have revealed that most plants would (Iliferenhiale shoot ends 

and roots fioiii somatic as well as reproductive tissues. Whole plant regeneration hunt 

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 vA/ru 

regeneration ofjute are cited below: 

13 



Khatun (2000) reported that the cotyledonary explants of C. oliwnus pwduced 

multiple shoot when cultured in MS medium with 0.5 nig IAA/11 and 3.0 tug IIAPIL. 

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

from 0-9897. 

Khatun (2001) observed multiple shoots from cotyledons with atlached petioles 

explants of C. capsularix on MS medium supplemented with 2 mg RAP and 0.5 mg 

IAAJL. 

Das ef cii. (1986) showed that when plumules of var. D- 154 of ('ore/torus capsularix 

were cultured on RAP and tyrosine fortified MS media, the tissue developed into 

multiple shoots. 

2.1.11 Induction of root 

Iii vuni Toot induction of jute was reported by several reseau citcu s. the inlor Walton, 

which are closely related information are reviewed here: 

Saha ci at (1999) reported that the best root formation induced in the MS medium 

with 2.5pM IRA and 1.5% sucrose. 
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Ahnied ci al. (1989) reported that the in vitro regenerated shoots of C. olilonus (var. 

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

nirdiliydrogniaretic acid + 0.3 mg WAIL. 

l3igaria (1998) conducted a field experiment to study the influence of I BA. 

environmental factors and planting position on the regeneration of stem cutting and 

leaves of Hibiscus cannabinzgs. Stem cutting and leaves were treated with IRA at 10, 

25, 50 100, ISO 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 of' C. cn,suIaris 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/I either of NAA, IRA and IAA. Among 

the three types of auxin, NAA was found to be most effective at different 

concentrations tested for producing roots On the cut margin of the shoot and U. I mg/I 

NAA found to be the best concentration of auxin for proper rooting in which 100% 

shoots showed rooting within six weeks olculture. 

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

cusuIuris with dafl'erent Iiormoiial coraceitrahions 

2.3.1 Callus induction 

Callus induction from different explants of jute (Gordionis 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 Effecls of growth regulators 

Tewari ci at (1999) reported that MS medium supplemented with 2. 4-1) induced 

callusing in 100% explants oijute. 

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

capsular/s in agar solidified MS medium supplemented with 0.5 mg/I. IAA and 

different concentration 0!' E3M (2. 3. 4 or 5 mg/L) and noted least perlbrmance in 

callus induction and shoot regeneration on the combination of MS + 0.5 mg/I. IAA 

and 2 mg/L BAP. 

Li ci at (1989) conducted an experiment of Ga.ssypiwn hirsutun, and reported that 

hypocotyls and cotyledons of 15 upland cultivars (Gcixsy,nii:i: lurstiliun) were cultured 

in MS medium supplemented with various phytohomones at JO hours light and 8 hrs 

dark with fluorescent illumination at 1500-2000 lux. Calli were formed at 6-10 days, 

with hypocotyls forming calli 34 days earlier than cotyledons. Morphological traits 

of the calli depended on the cultivar and the honnones added to the medium. Grey or 

yellowish-grey friable calli cultured for 50-60 days produced embryos, while grcen, 

white or green and white dense calli did not. Calluses of cv. ASJ2 on medium 

supplemented with 0.1 tug 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 vllro grown cotyledons (with attached petioles) of C. 

capsular/s in agar solidified MS medium supplemented with 0.5 mg/L IAA and 
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different concentration of BA# (2, 3. 4 or 5 mg/L) and noted best performance in 

shoot regeneration on the combination elMS ± 0.5 mg/F. IAA and 2 mg/L I3AP. 

The highest frequency of callus induction (99.2) was observed on MS medium 

containing (2.0mg/I) of NAA and (0.5mg/I) of Kn. This kind of auxin alone or in 

combination with callus induction has been reported in the past. (Rae ci al., 1973) 

(Groenwald cial., 1977) and (Lupi ci cil., 1985). 

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

effective for callus formation (Rao, ci cii, 1973). 

Nidhi Prabhakar (1998) reported that the effect of thidiazuron on a comparative study 

of the effect of BAP and thidiazuron (IDZ) on shoot bud differentiation (loin excised 

cotyledons of lircLswica junceci 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 I0' mM) TDZ induced 100% regeneration with 7.4 

shoots per cotyledon. 

Khalekuzzaman ci cii. (2000) reported that an efficient tissue culture method for a 

high rate of shoot regeneration was developed lbr (orchorus capsular/s L. var. D- 154 

(jute). Cotyledonary explants with and without petiole were cultured in MS medium 

supplemented with auxin and cytokinin. Explants with the peliole showed a better 

response than those without it in respect of shoot initiation. The best shoot 

proliferation was observed when cotyledon-derived calli was subcuttured in MS 

medium fortified with a combination of 2.0 mg/I BA and 0.5 mg/I IAA. In vflro 

elongated shoots were rooted with 100% success by treating them with a 0.3 mg/I 
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IBA. Rooted plantlets were successfully established into soil more than 80% plants 

survived. The regencrants matured as normal and produced fertile seeds 

2.4 Ezperiments-iv: Effect of different levels of 1)11 on plant regeneration from 

cotyledons of Corclwrus species 

Naher and Khatun (2004) reported that two varieties of C. capsularis (Vars, CVL- I 

and D-154) and U. o/iwrius (0-72) 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 will, MS 

plant regeneration nicdiu in they lou;id that 0-72 responded lou niaxi urn in shoot 

regeneration at pH 5.0 (65.00%) and CVL-1 at pIt 7.0. CVI1-3 at p11 7.0 (63.33 %). 

They also reported that shoot regeneration perecntage of 0-72 gradually decreased as 

pH levels were increased and shoot regeneration of CVL-1 and CVIi-3 gradually 

increased as the p1-1 levels were increased. 

Modarrcs Sanavy and Janti Mocini(2003) conducted an experinleni and repoited lint 

solid MS medium with 0.25 mg/I GA3, 0.01 mg/I NAA 2.0 ing/I calcium 

pantothenate, 30 WI sucrose and 7g./I showed significant differences between diflerent 

pH levels in respect of its ability to induction of rooting and shooting in plantlets 

produced from the single tiodes of two cultivated potato (Su/aimni inbemsuin Ij.) 

varieties after subjecting them with thermotherapy. Overall p11 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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Picrick (1997) reported that there is insufficient I ntbrmation about I lie etlect of p11 on 

explants growth in vitro. It SCCIUS that p11 in the range ol 5-6.5 supports growth, 

because lower pit (less than 4.5) and higher p1-i (more than 7.0) generally stop growth 

and development of plantlets. 

Gulsen and Domanoglu (1991) studied the eliect of different levels of sucrose, agar 

and ph-I on multiplication rate and shoot quality of Quince Tice on modified MS 

medium with 3.0 mg/I BA. 0.1 mg/I fAA and 0. I mg/I GA3. They obtained best shoot 

multiplication and development in the medium containing 30 gIl sucrose and 5 g/l 

agar at pH 5.5. 

2.5 	Experiiitcnt-v: Influence of difTeren I vu ilcetit Eat ion of SIICEOSC on platit 

regeneration from cotyledons of C. capsularis and C oh/onus 

Akhond ci at (1997) reported that plantlets of taro (('u/c(isia escu!cnla var. 

cinhiquonini cv. Ri lashi) were regenerated troni shoot-tip-derived call i cultured on MS 

medium su pplcniented with 1.0 mg/I z-iiapt lialcuicacetic acid (NA A) and 5.0 mg/I 6-

benzyladenine (BA). /n vitro storage at low temperature was tested by transferring 

well developed plantlets to growth regulator free MS media containing difibrent 

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. Alter IS 

months of storage without subeu It we at S°C in the dark, the plain let survival rate was 

92% for cultures containing 30 g'I 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 I)lants ol the population raised from 

in viiro long-term cultures. 

Westcott ci at (1977) reported that high levels of sucrose may help to prolong the 

interval between subcultures or materials in an in ri/ru repository. 

Staritsky ci at (1986). Pathirana (1991) reported that USC oldifferent sucrose levels in 

the storage medium for colocasia has bee;: raising the osmolarity of the storage 

medium in combination with reduced temperature might help prolong storage periods 

(Staritsky (!ial., 1986). 

Bessembi nder ci al. (1993) reported that although all the shoots of* t hc plantlets tinder 

normal conditions died within eight months, small cornis remained. After 12 months, 

regrowth of the auxiliary shoot was observed from these cornis in 67% of cultures. 

Regrowth of plantlets from 40% of the cultures from this treatment survived and 

remained healthy for 16 months. Deal Ii of I a ro 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 gIl sucrose after IS months of storage at 8°C.The highest 

number of plantlets was obtained from the 40 g/I sucrose treatment following the 

resumption of regrowth. Without any growth regulators, sufficient shoot 

multiplication was achieved alter regrowth in the treatments with 40 and 45 gIl 

sucrose in the media. The survival percentage of the cultures with 40 g/l sucrose was 

sufficient considering the number of plantlets obtained after resumption of growth. 
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2.6 Experiment-vii Influence of surfactants (pluronic F-OS) on J)t2nt regeneration 

from cotyledons of C cupsularis and C diturius 

Khatun et at (1992) conducted an experiment of stimulation of differentiation in jute 

cotyledon cultured with pluronic F-OS. 'l'hey reporled that the addition to MS-based 

medium of' 0.1 or 0,5% (w/v) of either commercial grade l'luronic F-OS or a purified 

fraction obtained by passage through silica gel, stimulated shoot production (loin the 

petiole or cotyledon of (Jorc/zarus capsularis vars. D154 and Cl34. This effect was 

pronounced with C 134, because of the failure of control cotyledon to differentiate into 

shoots in MS medium without PIUTOnIC. The implications of these results are 

discussed in relation to the potential value of non-ionic stir thu atits as additives to 

plant culture media for stimulating growth and difierentiation. 

Lowe ci aL(1993) showed that a novel approach to the growth of cultured plant cells, 

tissues and organs by supplementation of culture media with low concentrations 

(<1 .0% w/v) of surfactants is discussed. Studies using Arahidopsis thu/lana. .\n/unwn 

dulcamara and Corc/iorus capsu/ans deinojistuated the considerable growth-

stimulating effects of pluronic (Poloxanier) co-polymers iii 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 ci ul. ( 1991 ) reported that the non-ionic, cujolyniicu surtinclanul. I'lw oniic F-OS 

(Poloxamer 188), is a valuable growth-pronnoti rig supplement in plant culture 

systems. For example, addition of low concentrations or Pluronic F-OS to culture 

media stimulated growth of callus, isolated protoplants and Agrohack'rium r/zizogens- 

transformed roots of So/anna: dn/canzczra 
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King ci al. (1991)   reported that related studies with animal cells have shown that 

Pluroruic F-OS 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, but also in promoting dillërentiation 

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

C capsulans and C aIitari:s 

Chaudhuri and Choudhuri( 1993) reported that 30-day-old seedlings of (wo jute 

species (Corcizorus capsular/s cv. JRC 212 and C uliwrius 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 I and 2 d). Relative water content, leaf 

water potential, water uptake, transpiration rate, water retention, stoinatal 

conductance, not photosynthetic rate and water use elliciency of' both jute species 

decreased due to salinity stress. The decrease was greater in C. o/ik'rius than in C. 

capsularts and as stress increased. Greater accumulation of Na' and Cl and a lower 

ratio of K':Na in the root and in the shoot of C w'iWnzis compared with C 

ecipsularts were also recorded. Pretreatment of seedlings with kinetin (0.09 mM), 

glulaiiiic acid (4 mM) and calcium nitrate (5 mM) fiw 2'1 Ii signilic;mmttly improved net  

photosynthesis, transpiration and water use efficiency of salinity stressed plants, the 

effect being more marked in C al/br/us. Among the pretreatment chemicals, calcium 

nitrate was most affective. 
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Chapter 3 

Materials and Methods 



MATERIALS AND NWTHODS 

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 (Gorchonis capsulciris and ('orc/wrus 

oh/onus) were used in the present investigation: 

Corchorus cczpsularis L. var C\'E-3 

Corcizorus capsularas L. var CVL- I 

Corchorus capsu/aris L. var Tricap-2 

Coreluiss olilorius L. var 0-9897 

Coivhrus oh/onus 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 (BJRQ. 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, FeSO4. 
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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 nutrient 

medium consists of organic and inorganic salts, irons, a carbon source, some vilainhris 

and growth regulators were used. Based on the types olexplants 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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a) Macronutrients 
Constituents  

Concentration (mgfI) - 

1900.00 

Concentration (gil) lox 

19.00 

-- 	16.50 NR4NO3 1650.00 

KH2PO4  170.00 

440.00 

	

1.7 	-- 

4.4 

- 	3.7 

IOOX 	- 
2.23 

0.62 

0.86 

CaCl2. 2H20 

MgSO4.71 120 

MDctriats 	
. 

Mn 4 410 

370.00 

. 
22.30 

 - 	6.20 	- - H3803   

ZnSO4 .7H20 8.60 

KI 0.83 0.083 

Na2Mo612I120 

CuSO4. 51126 	- 	- 

- 0.25 

- 	0.025 

0.025 

0.025 

00025 	- 
 0.0025 

- lOX 

- 0.278 
C) iron sources - - 

- 	27.80 PeSO4. 71-120 

Na2EDTA 37.30 

- 

0373 

- 	(mg/I) ICOx d) Organic nutrients 

Glycinc 

Nicotinic acid 

Pyridoxin-lICI 

- 	0.50 

0.50 

0,10 

- 	100.00 

2.00  

50 

50 

10 

0.10 	- Myo-inositol 

Agar 8000.00 8.00 gIl 

- 	30.00W! Sugar 	- - 	30000.00 

constituents of stock solution for MS 'MurasIiige and S/ioog, 1962) nwdiunz 
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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 (br macronutrients, micronutrients, iron, 

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

3.4.5.1 Stock solution A (macronutrients) 

The stock solution of macronutrients was made up to 10 folds (lOx) 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 TOO folds (box) the final strength of the medium in 1000 ml 

distilled water (DW). The stock solution was Illtcied labeled and stored in a 

refrigerator 4°C for later use. 

3.4.5.3 Stock solution C (Iron sotirce) 

FeSO4 (0.028gm) added directly into solution. This was prepared at 10 folds (lOx) 

the final strength of FeSO4  and Na2-EDTA in 100 ml distilled water and chelated by 

heating on at heater cu in magnetic st rrcr. 1'lieii the volume was iiiade tip to 1000 in I 
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by further addition of distilled water. Finally, the stock solution was filtered, labeled 

and stored in a refrigerator at (C for later use. 

3.4.5.4 Stock solution I) (Vitamins) 

Each of the desired ingredients except myn-inositol were taken at IOU luLls (1 OOx) 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 (phytohormonc supplements) were used in the present 

investigation 

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

Cytokinins: 6-benzyl amino purine (BAt') was disolved in 0.1 NaOH. 

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

flAP in 0.IN Na011. 

For the preparation of stock solution of any of these hormones, 0.02g of each of the 

hormone powder was taken on a clean beaker and dissolved in I ml of' the particular 

solvent. The mixture was then collected in a 50 ml measuring cylinder and volume 

was made up to 20 nil by the further addition of distilled water. The solution was then 

poured into a clean glass container and stored at -4°C and used lbr ntaxinluni 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 lollowed for 

preparation of different culture media. 

3.4.5.7 Preparation of MS medium 

To prepare one liter (1000 ml) ofMS medium, the tollowing steps were lollowed: 

tOO ml of macro-nutrients, JO ml of micro-nutrients. 100 ml of iron and JO 

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 rng 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. 

Ditlèrent 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 tip to 500 ml with further addition of 

distilled water. 

p11 of the medium was adjusted to 5.8 with a digital p1-I meter with help of 

0.1 N NaOH or 0.1 N lICL, whichever was necessary. 

Seven grain 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 vcsscls or 

conical flasks. Afler dispensing the medium the culture vessels were 

plugged with cork and/or non-absorbent cotton and marked with different 

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

combinations 

3.4.6 Sterilization 

To ensure aseptic condition in vitro, all instruments, glassware and culture media 

were sterilized property by autoclaving. 

3.4.6.1 Sterilization of culture media 

The conical flasks containing prepared media were autoclaved at I lO kg cnf2  

pressure and 121°C temperature for 20 minutes. For bacteria culture, YMB medium 

was then poured into sterile petri dishes in a laminar air now cabinet and were 

allowed to cool before use. 

3.4.6.2 Sterilization oiglasswares 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 

then sterilized in an autoclave at a temperature 121°C for 20 minutes at 1.16 kg cni2  

pressure. 

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 or 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 to ensure aseptic condition 

Aseptic manipulations were carried out in a laminar airflow cabinet. The cabinet was 

switched OTI for at least half an hour befbre use and cleaned with 70% ethyl alcohol to 

overcome the surface contaminants. During the entire l)eriod  of inoculation the 

autoclaved scalpels, fbrceps 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 Experirnent-i. In vitro regeneration of Core/wrus species 

a) Axenic culture 

Seeds of C. capsu/aris (vars. Tri cap-2, CVE-3, CVL-l) and C. 0/ilorius (vars. 0-

9897, 0-72) were surface sterilized by immersing in absolute alcohol for I 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-solidilied (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 Wrn 2  oldayligh( fluorescent tubes with 12 hour photoperiod. Twenty seeds were 

inoculated in each flask. Seven days old seedlings were used for further research work 

and data collection. 

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 ('wv/writs spp. were taken ('rout 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 nil conical flasks containing 50 nil of 

agar-solidified MS medium supplemented by IAA (0.5 mg/I) and HAP (2.0 mg/I). 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 Wnf2  of daylight fluorescent tubes 

with a 12 h photoperiod. The cultured flasks were checked daily to note the 

development ofcontaminai ion. Data were recorded 6 weeks aller culture. 

Transfer of regenerated shoot-buds for root induction 

When the shoots were 2-3 cm in length, they were rescued aseptically front 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 

were incubated at 28°C under 1.0 Wm 2  of daylight fluorescent tubes with 12 h 

photoperiod. Observations were carried out to note the responses. 

-a 
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3.4.7.2 Exeriancnt-ii. in vitro regeneration performance of five varieties of 

Core/writs eapsularis (111(1 Cordwrus ohlorius 

The following culture methods were employed in the present investigation: 

a) 	Axenic culture 

Explants culture 

Subculture 

Axenic culture 

Sterilized seeds were placed into sterilized seed germination medium in culture 

vessels. Twenty live seeds were placed in each flask. The culture was then inctilnued 

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. 

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. capsular/s were taken from in vitro 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 

optinrn in explants source, cotyledons with their attached petioles were excised from 

7-10 days old seedlings and were cultured in 250m1 conical flasks containing 501111 of 

agar-solidified MS medium with IAA (0.5 mg Il) and BAI (2.Omg/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 I ,OWnc2  of daylight 

fluorescent tubes with a 12 If 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. 

c) Subculture or transfer 

Subculture of the callus for shoot regeneration 

Two weeks after 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 dsseaudcd. 

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 

250m1 conical flask with freshly 11eIa:cd M SO (horinotie lice MS iiicd iii in) medium 

for root production. The conical flasks containing plantlets were incubated at 280  C 

under a 1.0 Wm 2  of daylight fluorescent tubes with a 12 Ii photoperiod. Day to day 

observations was carried out to note the responses. 

14.7.3 Experiment-ui. Optimization of shoot regeneration from the explants of 

C. capsularis under different hormone concentration 

Seeds were germinated on cotton suppoued 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 culture flask containing different 

treatments of SAP (0 mg/I. I mg/I, 2 mg/I, 3 mg/I and 4 mg/I) and IAA (0.0 mg/I. 0.5 

mg/I, 1.0 mg/I, 1.5 mg/I and 2 mg/I). 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 p1t on shoot regeneration in 
Core/torus eapsulortv and C. u/darius 

The following culture techniques were employed in the present study: 

Axenic culture 

Explant culture 

Axenic culture 

Discussed in axenic culture above 

Explants culture 

The seedling raised in axenic culture were used as the source of explains. Here 

cotyledon(with attached petioles) were used as explants. Ten explants were placed in 

each culture flask containing different levels of p!1 (4.0. 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 

7.5) supplemented with 2mg/I BAt' and 0.5mg/I IAk lhe 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 cupsularis and C 

olitorius 

The following culture techniques were employed in the present study: 

Axenic culture 

Explants culture 
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Axenic culture 

Discussed in axenic culture above. 

Explants culture 

The seedlings raised in axenic culture and explants culture were used as the source of 

explants. Fwcnty thur explants were placed in three I epi icat tolls of containing 

different concentration of Sucrose (0, 1%, 2%, 3%,) supplemented with 2 mg/I BAt' 

and 0.5 mg/I IAA. in three replication containing explants were placed tinder 

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: 

Axenic culture 

Explants culture 

a) Axenic culture 

Discussed in axenic culture above. 

Ii) 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 of containing 

different concentration of vitamin (0, x 1 times, x 2 times, x 3 times, x 4 times) 

supplemented with 2 mg/I BAt' and 0.5 mg/I IAA. [O(control), x 1 times (1.5 mg/I) x 
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2 times (3.0 mg/I), x 3 times(4.5 mg/I) x 4 tinies(0.0nig/I)j. In three replication 

containing explants were placed tinder fluorescent light in a growth room with 

controlled temperature (280C). The flasks were checked daily to note the appearance 

of callus and shoot regeneration. 

3.4.7.7 Experiment-vii Influence of surfactants (pluronic l68) on plant 

regeneration from colyledon of C eapsularis and C 

nI:torws 

The following culture techniques were employed in the present study: 

Axenic culture 

Explants culture 

Axenic culture 

I)iscussed in axenic culture above. 

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 surlactant %( 0, 0.001, 0.01, 0.1, 0.5) supplemented with 

2.0 mg/I I3AP and 0.5 mg/I IAA. In three replication containing explants were placed 

under fluorescent light in a growth room with controlled temperature (280C). The 

flasks were checked daily to note the appearance olcaltus and shoot regeneration. 
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3.4.7.8 Experinzent-viii 	Influence of NaCl on plant regeneration from 
cotyledons of (-'. c•ap.s,nIuris and C. nlitoriu.s 

The following culture techniques were employed in the present study: 

Axenic culture 

Explants culture 

Axenic culture 

Discussed in axenic culture above. 

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 NaCI %( 0, 0.0625, 0.125, 0.250, 0.5, 1.0) supplemented with 2 mg/I 

BAP and 0.5 mg/I IAA. In three replication containing explants were placed under 

fluorescent light in a growth room with controlled lemperatuic (2 °('). 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 olitoris,s 

The following culture tcchniques were employed in the present study: 

Axenic culture 

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 Ibur explants were placed in thice replications containing different 

concentration of FeSO4 (0, x I times, x 2 times, x 3 times, x 4 times) supplemented 

with 2 mg/I BA? and 0.5 mg/I IAA. 0(control), x I times(I.5 mg/i) x 2 times(3.0 

mg/i), x 3 times(4.5 mg/I) 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 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 	 100 
Germination percentage = No. of seeds placed in the medium 

Experiment —ii-ix 

To investigate the effect of different treatments of the experiment, data were collected 

from the different 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. 

Percent callus induction = 
	No. of explants induced calli 	X IOU 

No. of -explants placed 
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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. 

Percent plant regeneration: No. of calli producted shoot 
100 

No. of explants cultured 

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 vitro. 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. capsuk:ris and C 

oluornis 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 NaCI 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. capsu/aris and C olitorius varieties (Tricap-2 CVE-3, 

CVL- I, 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. 



4.1.1.1. Percent seed germination 

4.1.1.1.1. Effect of variety 

A significant variation in percent seed germination 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 0-9897 (67.22%) (Table. I). 

4.1.1.1.2. Effect of media 

Percent seed germination from C. capsulciris and C. oh/or/us 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'juie seed and 

seedling growth in cotton-based liquid medium was found to he comparatively higher 

than agar solidified medium (Plate I & 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 effect 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 inagar-based medium 0-9897(4310%). 
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Table I: 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 

Vaneties 
Number of seed 

germinated 
Percentage of 

seed germination 

Varieties 

CVL-1 46.00 a 92.00 a 

CVE-3 76.44 a 92.72 a 

Tricap-2 44.77 b 89.55 b 

0-9897 33.79 d 67.22 d 

0-72 35.39 c 70.79 c 

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

Table 2: Main effect of seed germination from the cultivars oft: ca'spsulaHs and C 

olitorius on agar-based and clinical cotton supported medium 

Number of seed 
Number of seed 

germination 

Percentage of 

seed germination 

Agar-50 34.94b 69.81 b  

Cotton- 50 47.62 a 95. tO 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 seed germination from the cultivars of 

C capsularis and C oiitorius on agar-based and clinical cotton supported 

medium 

Varieties 
Number of 

seed used 

Number of seed 

germinated 

Seed germination 

(%) 

Agar 
CVL-1 

44.55d 89.11d 

Cotton 47.44 b 94.88 b 

Agar 
CVE-3 

43.58 e 87.17 e 

Cotton 49.44 a 98.88 a 

Tiieap-2 
Agar 43.44 e 86.55 e 

Cotton 45.96 c 91.92 c 

Agar 
0-9897  

21.56f 43.121 

Cotton 46.033 c 91.333 e 

0-72 
Agar 21.5531 43.1071 

Cotton 49.23 a 98.43 a 

Figures followed by same letter in a column do not differ signilicantly by DMRT. 
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Plate I. 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. 
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4.I.2.Experiment-ii. Ii: vitro regeneration performance of five varieties of C. 

capsularis and C olitorius 

Plant regeneration through callus induction oilers unique facilities of reproducible 

protocol as well as recovery of soniaclonal 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. T lie 

varieties viz. Tricap-2, CVE-3, CVL-1, 0-9897, 0-72 were used to see their 

regeneration performance. 

4.1.2.1 Callus induction 

Cotyledons (with attached petiole) of five varieties of C. capsular/s and C v//tar/us 

were cultured on MS medium supplemented with 2 mg/I [3M' and 0.5 mg/I IAA. 

Callus induction performances of all the varieties were evaluated and results are 

presented in Table 4. 

The test varieties differed 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 sinail 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(67.991/o) followed by Tricap-2 

(55.66%) and CVL- I (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 

Variety 
Explants showing 

callus 

Callus 

induction (%) 

Days to callus 

initiation 

CVE-3 9.40 a 94.00 a 6.00 b 

Tricap-2 8.80 ab 88.00 ab 5.60 b 

CVL-1 8.00 be 80.00 be 6.201, 

WOO a 	- 0-72 7.40 cd 74.00 ccl 

0-9897 6.80 d 68.00 d 8.20 a 

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 n.rennt chnnt reopneratinn 

Variety 
Explants showing shoot 

regeneration (%) 
Shoot regeneration (%) 

CVE- 3 6.40 a 67.99 a 

65.06 a 

5940ab 

Tricap- 2 5.SOab 

CVL- I 4.80 be 

0-72 3.80cd 50.71 be 

0-9897 3.00d 45.57c 

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/I RAP ±0.5 mg/I IAA 

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

40  

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

-"--'S 

:_ •i_ 

Plate 7. Shoot regeneration of CVE-3 on MS +2 mg/I BAP +0.5 mgi IA 

- 
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4.1.2.4 Regeneration of root 

Shoots regeneration from cultured cotyledons were transkrred to MSO (MS medium 

without hormone) medium in order to induce root from the difThrentiated 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 Trieap-2 (85%) (Plate 8 and 9). 

Days required for root initiation was minimum in 0-72 (5.60) and maximum in CVE-

3 (7.60). CVE3 showed superiority in rooting relative to other varieties 

I 
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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 

Variety 

CVI- 3 

No. 	of 	shoot 	to 

svhich root induced 

19.00 a 

Pcrcent root 

initiation 

Days 	to 	root 

initiation 

95.00 a 	- 7.60 a 

Tricap- 2 17.00 b H5.00b 7.20 a 

CVL-1 15.20c 76.00c 	- 5.80 be 

0-72 13.20 d 66.00 d 5.60 c 

0-9897 12.00 e 60.00 e 7.40 a 

Figures ibllowed by same letter in a column do not diflèr significantly by DMRT. 
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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 RAP and IAA. 

In Lb is cx pen ineffi (ii lkrcnt combiiiaiioti of I A I' and IA A were used fiw callus 

induction and shoot regeneration using cotyledonary ielioles 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 Effect of phytohornione (IMP) 

Diflërcnt concentration of hAP levels sliowcd significant variation for number of 

explants showing callus, percent callus induction and days required for callus 

induction, indicating significant differences among the concentrations of the IMP on 

these characters. flAP at 2 mg/I 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 rcquircd for callus induction were 

significant, indicating the presence of variation among the concentrations used for this 

study. IAA at 0.5 mg/I concentration was found to be the best. Maximum number of 

explants showing callus (8.44) with the highest percentage of callus induction 

(34.40%) was found at this concentration. It was also ohservcd that the above 

concentration requires shorter days to initiate callus (Table-7). 
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4.1.3.1.3 Combined effect of IMP and IAA 

Combined effect of BAP and IAA on number of explants showing callus, percent 

callus induction and days required for callus induction arc presented in lable K. 

The highest percentage of callus induction was found in thc combination of MSt2 

mg/I I3AP+0.5 mg/I IAA (96%) followed by MS+ 2mg)! !3AP+ 1.5 mg/I IAA (94%). 

Minimum days (6.0) required for callus induction was observed in the combination of 

MS+ 0.0 mg/I BAP+ 1.0 mg/I IAA. 
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Table 7: Main effect of different hormone concentration of HAP and IAA on 

number of explants showing callus and percent callus induction and 	 I 
days required for callus induction in C. caps:laris var. CVE-3 

Trcatmcnt 
No. of explants 

showing callus 

Percent callus 

Ipiductinia 

Days re(luircd for 

callus induction 

BAP (mgIL) 

0.0 5.36e 53.60c 

83.20 ab 

7.16a 

1.0 8.32 ab 8.00 a 

2.0 8.96 a 89.60 a 5.72b 

3.0 8.04 ab 80.40 ab 7.44 a 

4.0 7.56 b 75.60 b 7.52 a 

IAA (mgfL)  

6.72 be 

6.12c 

0.0 

0.5 

5.841) 58.40 h 

84.40a 8.44a 

IA) 8.12a T1.20T 6.88be 

7.76 ab 1.5 7.92 a 79.20 a 

79.20 a 7.92 a - 8.36 a 

Figures followed by same letter in a column do not (tiller signilicantly by l)Mt( I. 
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Table 8: Combined effect of HAP 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 
explants 
showing 

- callus 
- 

Percent 
callus 

induction 

- 

68.00gb 

Days required 
ti)r callus 
and tic latin 

- 

6.20 f 

BAP (mg/I) IAA (mgIl4) 

0.0 

0.5 6.80 gh 

0.0 1.0 7.00 fgh 70.00 fgh 

64.00 h 

6.00 £ 

7.80 bed 1.5 6.40 h 

2.0 6.60gb 66,00 gli 8.60 ab 

1.0 

0.0 7.00 igh 70.00 fgh 9.20 a 

6.40 eF 

7.00 cdef 

0.5 9.00 abed 

8.80 ahede 

90.00 abcd 

88.00 ahede 1.0 

1.5 8.40 abedef 84.00 abedef 8.20 abc 

2.0 8.40 abcdef 84.00 abedef 9.20 a 

0.0 7.80 edcfg 78.00 cdefgh 6.60 def 

2.0 

0.5 9.60 a 96.00 a 6.80 def 

6.40 r 

7.80 bed 

8.20 abc 

1.0 9.20 abc 92.00 abc 

94.00 ab 

88.00 ahcdc 

1.5 9.40 al, 

2.0 8.80 abcdc 

0.0 7.40 cfgli 74.00 cl'gh 

84.00 abcdcf 

6.00 l• 

6.60 def 0.5 8.40 abcdcf 

3.0 1.0 8.00 bcdefg 80.00 bcdelg 8.20 abc 

1.5 8.40 abedel 

8.00 hcdcfg 

84.00 ahcdef 

80.00 l'cdigh 

70.00 fgh 

7.80 bed 

8.60 ;,h 

8.80 ab 

2.0 

0.0 7.00 fgh 

0.5 8.40 abcdcef 84.00 abedef' 7.60 bede 

4.0 1.0 7.60 defgh 76.00 deigh 6.80 def 

1.5 7.00 fgh 70.00 fgh 7.20 edef 

2.0 7.80 cdefgh 78.00 cdefgh 7.20 edel 

Figures followed by same letter in a column do not differ significantly byDMRf. 
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4.1.3.2 Shoot regeneration 

4.1.3.2.1 Effect ofphytohormonc(lAP) 

Dilibrent concentration of RAP levels showed significant variations for number of 

explants showing shoot, percent shoot regeneration and days required for shoot 

regeneration. The responses of calli to ditThrent concentrations of flAl' towards shoot 

regeneration are presented in •fable 9. Shoot regeneration was lound highest at 2 mg/I 

RAP (42.23%) Ibllowed by 3 mg/I RAP (30.12%). Days required lbr shoot 

regeneration was also minimum (18.72) at 2mg/I RAP concentration. 

Number of explants showing shoot and percent shoot regeneration gradually increased 

with the increasing level of'BAP up to 2 mg/I. Further increasing of I A I' level did not 

show any improvement of number of explants showing shoot and percent shoot 

regeneration. The minimum regeneration (14.85%) was observed 0 RAP treatment 

level. 

4.1.3.2.2 Effect of phytohormonc (IAA) 

The highest percentage of shoot regeneration was found at 0.5 mg/I IAA (35.94%) 

than the other concentrations. Days required lbr shoot regeneration was also Ibund 

minimum (19.74) at this concentration. Shoot regeneration was minimum (19.75%) at 

control level. 

4.1.3.2.3 Combined effect of RAP and IetA 

The combined effect of RAP and IAA showed that highest shoot regeneration 

percentage (60.66%) was recorded in MS medium supplemented with 2 mg/I RAP 

and 0.5 mg/I IAA followed by MS+2mg/l RAP+ 1.0 mg/I !AA (47.28%). This finding 
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is similar to the !inding of Khatun (2001) who found best performance in shoot 

regeneration on the combination of MS+2 rug/I BAP10.5 mg/I IAA. No shoot 

regeneration ability was found without MA and RAP (Table 8 & Appcndix-x). Days 

required of shoot regeneration was also found minimum in the combination of MS+2 

mg/I flAP + 0.5 mg/I IAA. It might be concluded that MS+2mgIl I3API 0.5 mg/I IAA 

combination was favorable for higher percentage of shoot regeneration: on the other 

hand extreme lower and higher combinations of IAA and I3AP did not favoured shoot 

regeneration. The results have been given in Appendix-X 
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'I'able 9:Effect of different hormone concentration on number of exJ)lants 

showing shoot, percent shoot regeneration and days required for shoot 

regeneration 

Treatment 
No. of explants 

showing shoot 

Percent shoot 

regeneration 

Days required for 

shoot regeneration 

RAP (mg/I) 

0.0 l.00c 14.85c 22.64h 

1.0 2.20 b 25.13 be 

42.23 a 

24.12 a 

18.72 c 2.0 3.84 a 

3.0 2.44 h 30.12 ab 22.121, 

4.0 1.76 be 23.36 at, 22.52 b 

IAA (mgfL) 

0.0 1.44e 19.75 h 

35.94a 

19.76b 

19.761, 	- 
22.56a 

22.44a 

0.5 3.16a 

1.0 2.64ab 31.39ah 

23.49ab 1.5 2.16abc 

2.0 1.84 be 25.I2ab 22.88 a 

Figures followed by same letter in a column do not differ signilicantly by I)MRT. 
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Figure-I: Combined effect of different concentrations of BAP and MA on shoot 

regeneration 



4.1.4 Experiment —iv. Effects oldifferent levels of 1)11 on plant regeneration from 

cotyledons of C cajsu1aric and C. tilhfori us 

Two varieties oIC ecipsifictris and C. u/i/or/us (vars. CVF-3 and 0-72) were cultured 

in the presence of a range of pit levels (e.g. 4.0, 4,5,5.5. 6.0, 6.5, 70, 7,5) in 

association with MS plant regeneration medium. Two varieties responded differently 

on various levels of p1-I (Table- I I). 

4.1.4.1 Percent shoot regeneration 

Mean square values of two dilThrent varieties were tbund statistically significant br 

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 0-72 (35.08%) (Table-10). 

The highest percentage of shoot regeneration was found at pit 5.5 (58 50%) and 

lowest at p11 4.0 (35.80%) (Table- 10). It may he concluded that p11 has sigiiiticant 

effect on shoot regeneration 

The results the combincd ciTed of variety and pit level on percent shoot regeneration 

and number of shoot per cotyledon are presented in the lable Ii. In ease of 0-72, 

highest shoot regeneration percentage was found at Pit 5.5 and lowest at p11 7.5 

(Plate. 10 & It). It was observed that percentage of shoot regerlelation tu11' 

decreased at pt-I levels were increased in var. 0-72 (Fable -Il). On the other hand a 

contradictory result was observed front 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. I2&13). Shoot regeneration from culturcd 

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 Ibr shoot productioii of 

both of the varieties might suggest that CVF-3 was more capable to grow at various 

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

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

4.1.4.2 Number of shoot Icotyledon 

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

CVE-3 (8.57) than that of 0-72 (6.8) (Table-JO). The combined elfect of variety and 

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

lowest in 0-72 (2.8) at pH 7.5 (Table-I I). 

Table 10: Main effect of different 141 level on I)CrCCflt shoots regeneration and 

number of shoot/cotyledon 

Variety 	I 	Percent shoots regeneration 
	

No. of shoot/cotyledon 

0-72 	1 	 3 
	

6.80 b 

52.95 a 
	 8.57 a 
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Table ii: Combined effect of variety and p11 level on percent shoot regeneration 

and number of shoot/cotyledon 

Variety pH level Percent shoot regeneration 
No.oI 

shooticotykdoa 

5201g 4.0 36.60 ef 

4,5 

0-72  

41.80 def 

48.60cd 

67.00ab 	- 
37.60 ef 

24.00 g 

17.60g 

8.20dc 

9.00cd 

9,80 c 	- 
8.20 dc 

S26fg 

4.80g 

5.0 

6.0 

6.5 

7.0 

7.5 7.40 It 2.80 h 

CVE-3 4.0 35.00 1 5.40 fg 

43 41.00 del 

45.00 cdc 

7.20e 

9.80 c 

ll.00b 

5.0 

5.5 

6.0 52.00c 13.00a 

6.5 

7.0 

62.00 b 

67.00 ab 

9.00 ed 

7.20 e 

7.5 71.00 a 6.00 r 

Figures followed by same letter in a column do not dillcr signilicantly by L)MKI. 
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Plate ID. Shoot regeneration of var. 0-72 
at p1-I 5.5 

I'Iate 1 I 	Shoot regeneration of var. 0-72 
at pH 7.0 

PlateI2. Shoot regeneration of var. CVE-3 
at pH 7.0 

Plate 13. Shoot regeneration of var. CVE-
3 at pH 4.0 



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

4.1.5.1 c:alltis induct ion 

In vitro callus induction depends on a number of tbctors 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 concentration 

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-IX). It was noted from the present result that 3% (30gm/I) sucrose 

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

I 	Number of explants 
Treatment showing Percent shoot Number of 

regeneration shoot/cotyledon 
shoot rcgcnentwn 

CVE-3 13.17 54.86 

50.69 

- 	- 	6.08 

5.75 0-72 12.16 

Sucrose (gm) 

o (Control) 0.00 ii 0.00 d 0.00 d 

10 12.66 c 	- 

I7.00h 

52.77 c 

70.83 b 

7.33 b 

- 	7.50 b 20 

30 21.00 a 87.49 a 8.83 a 

CV (%) 11.16 13.6$ 4.88 

Figures Followed by same letter in a column do not differ significantly by DMR1. 
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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/I) sucrose concentration, number of 

shoot per cotyledon was round the highest (9.00) in var. CVE-3. Number of shoot per 

cotyledon was found 8.06 in var. 0-72 at the same sucrose concentration (Fable- 13). 

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

concentration increased. 

4.1.5.5 Cwuhined effect of variety and sucrose 

The combined effect of variety and sucrose (Table- 13) showed that highest shoot 

regeneration percentage in var. CVE-3 (91.661/o) was recorded in MS media 

supplemented with 3% (30gm/I) sucrose followed by MS+2% (20gm/I) sucrose 

concentration. The highest shoot regeneration percentage (83.33%) was recorded in 

var. 0-72 in MS media supplemented with 3% (30gm/I) sucrose followed by MS+ 2% 

(20gm/I) sucrose concentration (69.44%). The flnding is similar to the (indings to 

Khatun (2001) who round the best perlbrmance 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-

IX) 
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Table 13: Combined effect of different concentration sucrose on number of 

explants showing shoot regeneration, percent sliools regeneration and 

number of shoot produced per cotyledon 

Variety 
Sucrose 

concentration 

Number of 
explants 

showing shoot 
regeneration 

Percent 
shoot - 

regeneration 

Number of 
shoollcotykdou 

- 

0 (Control) 0.00 d 0.00 e 0.00 d 

13.33 c 55.55 d 7.00c 10 

CVE-3 
20 17.33 b 72.22 be 7.00 c 

30 91.66 a 22.00 a 

0.000 d 

9.00 a 

0.00 d 0 (Control) 0.0 c 

12.00c 49.99d 7.66b 10 

0-72  
20 69.44 c 16.65 b 8.00 b 

30 20.00 a 83.30 ab 

13.68 

8.66 a 

CV(%) 	- 11.16 4.88 

Figures followed by same letter in a column do not diIibr signilicantly by DMKIT 
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Plate 14. Shoot regeneration in jute vat. CVE-3 on 3 % (30gm/I) sucrose 

concentration 

Plate 15. Shoot regeneration in jute var. 0-72 on 3 % (30gm/I) sucrose concentration 



4.1.6 Ezperiinent-vi. Influence of different concentration of vitamins on 
plant regeneration Front cotyledons of C capsularis and C 
v/storms 

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 2mW  I RAP and USing/I IAA. 

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 (Tabic-14). This result has conformity with the findings of 

Khatun etal., (1992). 
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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 explants 
Percent shoot Number of 

Treatment showing 
regeneration shoot/cotyledon 

shoot regeneration 

CVI3-3 5.33 44.44 6.00 

5.40 0-72 4.93 41.10 
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Figure-2: 
	

Main effect of different concentration of Vitamin on number of explants 
showing shoot regeneration 
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4.1.6.3 Effecl of diffcren( 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/I) concentration was found to be the best. Maximum 

numbers of explants showing shoot was 19.33 and the highest percent ol 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 0-72 (5.4) (Table-15). At x2 times vitamin concentration number of shoot per 

cotyledon was found the highest (9.00) in var. CVIi-.l . The highest number of shoot 

per cotyledon was (7.66) found var. 0-72 at same concentration (Table-IS). It was 

observed that the number of shoot per cotyledon decreased as the vitamin 

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 vitamin 

concentration and the lowest in 0-72 (7.00) both at x3 & x4 times vitamin 

concentration. 
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4.1.6.5 Combined effect 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 (75.0(r) was 

recorded var. 0-72 in MS media supplemented with x2 times vitamin concentration 

followed by MS media with 0 times vitamin concentration (5277%). 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-IS. 
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Table IS: Combined effect of different concentration of vitamins on number of 

explants showing shoot, percent shoot regeneration and number of 

shoot produce per cotyledon 

Variety 
Vitamin 

concentration (mg/I) 

- Nwnber of 
explants 

showing shoot 

Percent shoot 
regeneration 

Number of 
shooticotyledon 

-- 
0 (Control) 0.00 1 0.00 1 0.0000 

Xl timcs(l.5) 49.99cc! 7.00c 12.00cd 

X2 times (3.0) 19.33 a 9.00 a CVE-3 80.55 a 

X3 times (4.5) 14,00 be 58.33 be 7.00 c 

Xl times (b.(}) 8.00 dF 3133 de 

0.00 1 

6.00 d 

0 (Control) 0.00 1 0.00 c 

Xl times (1.5) 1 1.33cde 47.22 cde 7.00 c 

0-72 X2timcs (3.0) I8.00ab 74.99ab 7.66b 

X3 times (4.5) 12.66 c 52.77 c 7.00 c 

7.33 c X4 times (6.0) 30.55 c 700 c 

CV (¼) 23.32 23.33 4.53 

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

Concentration 

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

concentration 
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4.1.7 Experiment-vu. Influence of surlactants (Pluronic F-68) on plant 

regeneration from cotyledons of C capsular's and C 

alilorius 

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 (Fahle-lG) 

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. I % was found to be the best. 

Maximum number of explants showing shoot regeneration was (23.33) and percent 

shoot regeneration was (97.22) (Fable- 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 contbrniity with the findings of 

Khatun ci al., (1992). 
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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 cotyledon 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 ('Fable-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 MS media supplemented with 0.1% surfactant followed by MS 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. 

I 
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Table 16: Combined effect of (hiferent concentration of surfactant (F-oS) on 
number of explants showing shoot, percent shoot regeneration and 

number of shoot produced per cotyledon 

Variety ' 
SurIactant 

Concentration (%) 

O (Control) 

Number of 
explants 

showing shoot 

7.334 c 

14.00 d 

18.00 be 	- 

Percent shoot 
regeneration 

30.55 c 

58.33d - 

74.99 be 

Number or 
shoot/cotyledon 

7.00 h 

TOO b 

7.33 ab CVE-3 

0.001 

0.01 

0.1 23.33 a 97.22 a 8.66 a 

0.5 

0 (Control) 

22.00 a 

- 6.00 c 

14.00 d 

16.00 ed 

91.66 a 

24.99 e 

58.33 d 

66.66 cd 

86.10th 

- 	33.33 ab 

12.40 

7.00 b 

- 7.00 b 

6.88 ab 

7.00 b 

8.55a 

7.00 b 

0-72 

0.01 

0.01 

0.1 20.66ab 

0.5 20.00 ab 

CV (%) 12.40 -- 9.26 

Figures followed by same letter in a column do not differ significantly by DMRT. 
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Plate I S. Shoot regeneration in jute var. CVE-3 on 0.1% surfactant 

Plate 19. Shoot regeneration in jute var. 0-72 on 0.1% surfactant 
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4.1.8 Experirnent-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 NaCl. 

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 NaCI 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 variation among the NaCl 

concentration 0.125 mg/I 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/I. Further increase of NaCl level did not show any improvement of 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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NaCl Concentration (%) 

Figure -4: 	Main effect of different concentration of NaCl on number of 

explants showing shoot 
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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 	 r 
highest in CVE-3 (8.33) at 0.5%.NaCI and lowest in 0-72 (6.00) at 1.0% NaCl. It was 

observed that the number of shoot per cotyledon decreased as the NaCl concentration 

increased (Table-Il). 

4.1.8.4 Combined effect of variety and NaCI 

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 025% NaCl (86.12%) Arhd  

variety 0-72, highest shoot regeneration percentage (74.99%) at 0.5% NaCl followed 

by Ms media with 0.25% NaCl (72.22%).This findings is similar to the findings of 

Khatun (2005) who found best performance in shoot regeneration on the combination 

of MS media with 0.5% NaCl. It might be concluded that MS media with 0.5% NaCl 

combination was favourable for higher percentage of shoot regencral ion (I'lae 20 & 

21). On the other hand extreme lower and higher combination of NaCl inhibited shoot 

regeneration (Table- I 7), 
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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 con cent rat ion explants 
regeneration shoot/cotyledon 

(%) showing shoot 

0 (Control) 12.00 g 56.30 It 5.00 d 

0.0625 14.00 d 58.33 ef 6.33 cd 

0.125 12.66 d 74.99 be 6.667 cd 

0.250 22.00 ab 91.66 a 

97.22 a 

7.000 be 

0.500 23.33 a 

6.66cf 

12.00 g 

8.33 a 

1.0 

0(Control) 

27.77g 

56.3011 

58.33 dcl 

74.99 be 

86.12th 

6.66cd 

5.00 d 

6.33 cd 0.0625 14.00 d 

0.125 18.00abcd 

20.66abc 

6.66cc! 

0.250 7.00bc 

0.500 22.66 ab 94.44 a 

27.77g 

48.00k 

49.997 1 

8.33 a 

1.0 

0 (Control) 

6.661 

10.04 g 

12.000 de 

6.66cd 

6.00 d 

6.33 cd 0.0625 

0.125 16.00 cd 66.66 cdc 6.66cd 

0.250 

0.500 

17.33 bcd 72.220 

74.99 bed 

58.33 ef 

13.51 

7667 ab 

8.333 a 

6.00d 

7.71 

18.00 abed 

14.00d 1.0 

23.74 

d by same letter in a column do not differ significantly by DMRT 

CVE-3 

Tricap-2 

0-72 

CY(%) 
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Plate 20. Shoot regeneration in jute var. CVE-3 on 0.5% (0.5 mIll) NaCI oncentration 

I' 

I 

Plate 21. Shoot regeneration in jute var.0-72 on 0.5% (0.5m111) NaCI concentration 
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4.1.9 Experiment-h. Influence of FeSO4  on plant regeneration from cotyledons 

of (Jorchorus capsularis and C a/storms 

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

concentration oIFeSO4 . 

4.1.9.1 Effect of variety 

There was no significant 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 FeSO4  concentration: 

Mean value due to different concentration oIFeSO4  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 FeSO4  

concentration used for the study, FeS0.2  concentration x 2 times (3.0mg/I) was found 

to be the best. Number of explants showing shoot and percent shoot regeneration 

gradually increase with the increase of FeSO4  level tip to x 2 times. Further increase 

of FeSO4  level did not show any improvement of shoot regeneration and percent shoot 

regeneration (i'able-IS). The results have conformity with the finding of Khatun 

(1996) who reported that x2 times (3.0ml/1) FeSO4  showed the best performance in 

shoot regeneration. 

4.1.9.3 Number of shoot per cotyledon: 

The combined eflect of variety and FeSO4  for number of shoot per cotyledon was 

highest in CVE-3 (8.00) at x2 times (3.0ml/1) FeSO4 and lowest in 0-72 (7.00) at 

x4tinies (6.0ml/1) FeSO4. It was observed that the number of shoot per cotyledon 

decreased as the FeSO4 concentration increased (Table- 18). 
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Table IS: Main effect of varieties and FcSO4  concentration on number of 

explants showing shoot, percent shoot regeneration and number of 

shoot produced per cotyledon 

Number of explants 	Percent shoot 	Number of 
Treatment 

showing shoot 	regenerifl ion 	shoot/cotyledon 

CVE-3 	 10.66 	 44.44 	 6.00 

0-72 	-- - 	10.66 	-- 	44.44 	 5.40 

FcSO4  (mg/I) 	 - 

0 (Control) 

Xl Times (1.5) 

X2 Times (3.0) 

0.00 d 

13.00 b 

18.00 a 

0.00 d 

54. I6b 

74.99 a 

0.00 c 

6.83 b 

7.50 a 

X3 Times (4.5) 14.33 b 

8.00 c 

59.72 h 

33.33 c 

7.00 b 

7.00 h 

-- 	3.22 

by DMRT. 

X4 Times (6.0) 

CV (%) 

Figures followed by 

18.75 18.75 

do not differ significantly same letter in a column 
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4.1.9.4 Combined effect varieties x FeSO4  

The combined effect of variety and FeSO4  (Table -19) showed that the highest shoot 

regeneration percentage (80.55%) was recorded in MS media supplemented with x2 

times FeS0.1  concentration followed by MS media with x3 times FeSO4  concentration 

(61.11%). Highest shoot regeneration percentage (69.44%) was recorded (var. 0-72) 

in MS media supplemented with x2 times FeSO 4  concentration followed by MS media 

with x3 times FeSO4  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 FeSO4concentraiion. No shoot regeneration 

ability was found without FeSO4.lt might be concluded that MS media with x2times 

FeSO4  combination was favourable lbr higher percentage of shoot regeneration (Plate 

22 & 23). On the other hand extreme lower and higher combination of FeSO.1  

inhibited shoot regeneration. The result have been given in 'Fable- 19. 
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rable 19: Combined effect of different concentration of FeSO4  on number of 

explants showing shoot, percent shoot regeneration and number of 

shoot produced per cotyledon 

FeSO4  
Number of 

Percent 
Variety concentration 

explants . shoot 
Number of 

showing 
regeneration 

shoot/cotyledon 
shoot 

0.00 e 0.00 e 0.00 e 0 (Control) 

Xl times (1.5) 14.00 be 58.33 be 6.00 d 

CVE-3 X2 times (3.0) 19.33 a 80.55 a 8.00 a 

61.11 be X3 times (4.5) 14.66 be 7.66 b 

X4 times (6.0) 

0 (Control) 

8.00<1 

0.00 c 

33.33 d 

0.00 c 

7.00 c 

0.00 c 

Xl times (1.5) 12.00c 49.99c 7.00c 

0-72 	X2 times (3.0) 16.66 ab 69.44 ab 7.66 b 

X3 times (4.5) 58.33 be 7.00 c 14.00 be 

X4 times (6.0) 8.00 ci 33.33 <1 7.00 c 

CV (%) 18.75 18.75 3.22 

Figures followed by same letter in a column do not differ significantly by l)MRT. 
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Plate 22. Shoot regeneration in jute var. CVE-3 on x 2 times (3.0 mg/I) FeSO4  

concentration 

Plate 23. Shoot regeneration in jute var. 0-72 on x 2 times (3.0 mg/I) FeSO4  

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 (RJRI), Ohaka 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 anrnng the Lest varieties was found lot 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 L'orchonix genotypes using 

cotyledons (with attach petioles) as explants. 

Cotyledons (with attached petiole) of five Corchurwc varieties were cultured on MS 

medium supplemented with 2 mg/I BAP and 0.5 mg/I MA 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 (67.991/0) 

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 •1ricap-2 (85%). 

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

Different conthinations and concentrations of BAP and IAA were used to observe 

callus induction and shoot regeneration. The highest percentage of callus induction 

(96%) and shoot regeneration (óO.GG%) was found in the conthination of MS+2 iiig./I 

BAP 1- 0.5 rug/I IAA. No callus induction and shoot regeneration was found wit hon 

BAP and IAA. It was worth noting that percent shoot regeneration gradually 

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

level did not show any improvement to shooting. 

In varietal experiment, it was found that the germination percentage of' CVE-3 was 

highest and C. v/liar/us (0-72) response baiter. So, select these two variety for next 

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

Two varieties of C. capsularis and C.oli(vrius (vars. CVE-3 and 0-70) were cultured 

in the presence of a range of pH level (e.g. 4.0, 4.5, 5.5, 6.0, 6.5, TO, 7.5) in 

association with MS plant regeneration niedium. Two varieties responded diflèrently 

on various levels of p11. It was observed that CVJi-3 showed relatively better shoot 

regeneration (52.95%) than that of 0-72 (35.07%). 

Two varieties of C. capsular/s C. oliturius (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 differently on different concentration 

of sucrose. It was observed that CVE-3 showed relatively better response shoot 

regeneration (9 1.66%) than that of 0-72 (83.33%). And number of shoot/cotyledon 

was the highest in CVE-3 (9.00). 
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In different concentration of sucrose, significant mean square for ditlerent characters 

indicated the presence of sufficient variation among the sucrose concentration for 

shoot regeneration and other character. 3% (30 gm/I.) sucrose concentration was 

found best. The result indicates that 3% sucrose concentration was suitable for shoot 

regeneration 

Two varieties of C. capxularis and C olitorins (vars. CVIi-3 and 0-72) were cultured 

in 	different concentration of vitamins (0, I .5 in I/I, 3. Unit/I, 4.5m I/I, 6.0in I/I) 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. Maximiun 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. witorms (vars. CVE-3 and 0-72) 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 oil different 

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 elThct of variety and surfactant, maximum 

number oI'shoot per cotyledon was 8.67. 

The hormone combinations IAA 0.5 mg/I and 13A1' 2.0 mg/I were used in association 

with pluronic F-68 with different concentrations. In most of the levels of pluronic 17- 

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

the concentration was further increascd 

Cotyledon with attached petioles oiL ('apsukiris and C. v/norms (C VI -3, 'l'ricap-2 

and 0-72) were excised from those seedlings and placed on a agar solidified MS 

medium containing 0.5mg/I AA and 2.0 mg/I BAR in association with different 

concentrations of NaCI(0, 0.0625, 0.125, 0.250, 0.50. I .0)%. It was Ibund that 

initially callus was formed in presence of NaCI irrespective of' all concentration. 

Shoot regeneration was also ot)tained in presence of all concentiatioiis 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 

tower concentration of NaCl containing medium at 0.5 mg/I concentration. In the 

conibi ned efl'ect of variety and NaCl, wax i liltiTli iitiiiiber Or shoot per WI yledon was 

8.333 in var. CVE-3. 

Two varieties of C. ccipsularis and C. oliwrius (vars. CVE-3 and 0-72) were cultured 

in different concentration of FeSO4  (0, xl times, x 2 times, x 3 times, x 4 times) in 

association with MS plant regeneration medium. Two varieties responded differently 

on different concentration of FeSO4. It was observed that CVE-3 showed relatively 

better shoot regeneration (80.55%) compared to 0-72 (69.447%). leSO.1  x 2 times 

concentration (3.0mg/I) showed best performance and niaxi mu in irn niber 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 Iirst experiment, seed germination percentage was fowid highest in CVIi-

3 in cotkm-based medium (98.88%) than agar-based medium (87.17%). Among the 

phytohoimone combinat ion, MS4- 2 mg/I BAt' 4  0.5 mg/I I AA showed the highest 

shoot regeneration (60.66%). Among the varieties, CVIi-3 was highly responsive to 

shoot regeneration (67.99%). MS media without hormone (MSO) was used for root 

formation. The variety CVE-3 response better than 0-72 towards shoot regeneration 

at different pH level. Among the sucrose concentration 3% (30mg/I) showed the 

highest shoot regeneration (87.49%). Among the dilThrcnt concentration or vitamins, 

x 2 times (3.0mg/I) 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 CVIi-3 was round 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 FeSO4•  x2 

times (3.0mg/I) showed the highest shoot regeneration. The variety CVE-3 response 

better than 0-72 towards shoot regeneration at different concentration of FeSO4. 
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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/I hAP 1- 0.5 mg/I fAA 

showed the highest shoot regeneration. 

- Among the sucrose concentration 3% (30mg/I) showed the highest shoot 

regeneration. 

- 	Among the different concentration of vitamins, x2 times (3.0mg/I) showed the 

highest shoot regeneration. 

- Using different concentration of surIctant, 0.1% surt'actant 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 different concentration oI'FeSO.1, x2 limes (3 0mg/I) showed the highest 

shoot regeneration. 
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APPENDICES 

Appendix I: Mean square of number of seed germination and percentage of 

seed germination 

Mean square of 

Percentage 
Number of seed 	

of seed 
germination 	

germination 

	

227.706** 
	

922.1 86** 

	

1206.502** 
	

4796.122" 

	

229.094k 
	

900.23 

	

0.251 
	

0.935 

Source 

Factor A (Variety) 

Factor B (Media) 

Factor A x  Factor 

B 

(Variety x Media) 

Error 

Degrees of 

freedom 

4 

1 

El 

** 	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 

Source 
Degrees of 

cotyledon cotyledon shoot/cotyledon 
freedom 

producing producing shoot 

shoot 

Varieties 4 410.933** 642.083*t 410.933** 

Error S - 0.783 1.224 0.783 

** 	1% significant level of probability 
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Appendix Ill: Mean square of number of explants growing shoot, percentage 

shoot regeneration number of shoot produced per cotyledon 

l)egrees 
Number of 

Source of 

freedom 
explants 

growing shoot 

Varieties 4 25.733** 

Error 8 0.733 

Mean square of 

Percentage shoot Number of 

regeneration shoot/cotyledon 

198.514** 1.067" 

5.654 0.517 

= 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 

Meanscluare of 
Degrees Number of 	Percent of 	Number of 

Source of explants 	 shoot 	shoot/cotyledon 
freedom showing shoot 	regeneration 

regmeration  
Varieties 4 3.100* 203.652NS 

54416 

3733** 

Error 8 0.600 	-- 0.133 

** 	= 1% significant level of probability 

* 	= 5% significant level of probability 

NS 	= Non-significant 	 'a 
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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 

r 	
ItS 	

Number of 	Percent of 	Number of 
Mean square of  

Source 	 of 

	

freedom 	explants showing 	shoot 	shoot/cotyledon 
shoot - 	-- 

Factor A 
2 0.722NS 101.58ONS 2.167** 

(Variety) 

Factor B (NaCI) 80.022t 5 139.011*$ 

Factor A x 

Factor B tO 5.967* 342.345** 0739** 

(Variety x  NaCI) 

57.873 0.185 Error 30 2.463 

** 	= 1% significant level of probability 

* 	= 5% significant level of probability 

NS 	= Non-significant 

Appendix VI: Mean square of FeSO4  effect on number of explants showing 

shoot, percent shoot regeneration and number of shoot produced 

per cotyledon 

can snare 
Degrees 

of 

_______ 
Number of Percent 

- 

Number of 
Source 

freedom explants of shoot sliooticotyledon 
showing shoot regeneration  

Factor A (Variety) I 6.000NS O.000NS 2.1 33** 

Factor 13 (FeSO4) 4 72583** 5039 

Factor A x  Factor B 
4 	 1.083* 	75.227NS 	0.883** 

(Variety x  FeSO4) 

Error 	 20 	 1.000 	69.431 	0.033 

** 	= 1% significant level of probability 

* 	= 5% significant level of probability 

NS 	= Non-significant 

106 



Appendix i'll: Mean square of vitamin effect on number of explants showing 

shoot, percent 	shoot regeneration and number of shoot 

produced per cotyledon 

Degrees 
_______________ Mean square of  

Source of Number of 	Percent 	Number of 

freedom explants 	of shoot 	shoot/cotyledon 
showg shoot - 	regeneration  

Factor A (Variety) I I.200NS 83.300NS 2.700** 

Factor B (Vitamin) 4 72.783** 5053.824** 63.033** 

Factor A x  Factor -- 

B 
4 0.II7NS 8.I0INS I.533*t 

(Variety 

Vitarn in) 

99.546 0.067 Error 20 1.433 

= 1% significant level oF probability 

NS 	= Non-significant 

Appendix VIII: Mean square of surfactant effect on number of explants showing 

shoot, percent shoot regeneration and number of shoot produced 

per cotyledon 

Degrees ________Meantiareof - 
Number Source of 

Percent Number or 

freedom explants shoot shoot/cotyledon 

- showing shoot 
4.800 

gcc9!.!!L 
333333* 0.033NS Factor A (Variety) 

- 
I 

Factor 13 (Surfactant) 4 57.383** 3985.085** I .700 

Factor A x  Factor 13 

(Variety Y 4 0.383NS 26.63ONS 0.533NS 

Surlactzi itt) 

1.000 69.442 0.500 Error 20 

** 	= 1% significant level of probability 

* 	= 5% significant level of probability 

MS 	= Non-sigitificant 
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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 

Degrees 
___________ Mean square of 

Number of Percent of 
Number of Source of 

freedom explants shoot 
shooticotyledon 

showing shoot 
I .SOONS 

124.333** 

rczellcratio 
104.20RNS 

8633 5S6' 	- 

0 bOl 

96()56 

Factor A (Variety) I 

3 Factor B (Sucrose) 

Factor Ax Factor  

B 
3 0.278NS 19.289NS 0.556** 

(Variety 

- 

Sucrose) 

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 flAP and MA on number of explants 

producing shoot, percent regeneralion and days required for 

shoot regeneration 

Treatment 	Number of Percent shoot 	Days required 
BAP 	fAA 	 explants regeneration 	for shoot 

producing shoot regeneration 
(nigIL) 	(mg/L) 

0.0 	0.0 	 - - 	 - 
0.5 	 - - 	 - 
1.0 - - - 
1.5 - - - 
2.0 - - - 

1.0 0.0 1.40 hi 14.28 i 25.00 b 

240 dcl 

2.60 dcl' 

0.5 26.77 dclgh 

25.11 	cIli 

23.88 Igh 

23.80bc 

22.80 ed 

24.40 de 

1.0 

1.5 2.00 fgh 

2.0 2.00 fgh 24.15 clgh 24.80 b 

2.0 0.0 2.00e fgh 28.09 dcfg 

60.66 a 

26.20 a 

19.208 0.5 5.80 a 

1.0 4.40 U 

3.oOc 

3.00cd 

47.271) 

38.38c 

33.83cd 

21.20cr 

21.30dc 

20,201'9 

1.5 

2.0 

3.0 0.0 2.00 fgh 27.38 dcfgh 23.80 be 

0.5 2.80 de 33.23 ed 20.00 fg 

1.0 2.60 dcl 

2.60 dcl 

2.00 Ih 

33.18 cd 

30.88 edel 

24.57 cfgh 

22.68gb 

24,00 be 

22.80 ed 

24.60 h 

1.5 

2.0 

0.0 4.0 1.60ghi 26.60 a 

- 	0.5 - 2.40dcf 31.95 cdc 24.00 be 

1.0 2.20clg 29.04 delg 22.00de 

20.4018 1.5 1.40 19.75 hi 

2.0 1.00i - 	12.931 190g 
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Appendix-Xl:Main effect of different variety on percent shoots regeneration and 

number of shoot/cotyledon 

Variety 	I Percent shoots regeneration 
	

Number of 

shoot/cotyledon 

0-72 
	

35.075 b 
	

0.800 b 

CVE-3 
	

52.950 a 
	

8. 575a 

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

and number of shoot/cotyledon 

p11 level Percent shoots regeneration Number of 

shoot/cotyledon 

4.0 35.80 c 	- 

41.40bc 

5.60 d 

7.70c 4.5 

5.0 46.80b 

- 	58.50a 

9.40b 

10.40ab 5.5 

6.0 44.80 be 10.60 a 

6.5 43.00 be 

42.30 be 

7.40 ed 

6.00 d 7.0 

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  
Number of Percent root I)ays of freedom 

shoot to initiated root 
which root initiation 

induced  
4730.800** lS.669** Factor A (RAP) 4 47.308 

Factor 13 (IAA) 4 26.008 	- 

6.663** 

2006.800' 

666.300's 

19.708 

14.398** Factor Ax B (BAP x 16 

IAA)  

Error 100 0.880 88.000 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  
Number of Percent shoot Days required variation freedom 
explants regeneration for shoot 
showing regeneration 

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

Factor B (IAA) 4 6.988t* 

I.693** 

665.829** 

155.841 

13.388** 

22.728 FactorAxB 16 

(BAP x IAA) 

28.549  Error 80 0.282 

1* = J%signilicant 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 
slioot/cotyled 

Factor A (Variety) 	 I 
	

6390.3 13** 
	

63 .0 12* * 

Factor B (p11) 	 7 
	

452.670w * 
	

52.670 

Factor A x B (Variety xpl I) -- 	7 
	

21 29.427** 
	975541* 

Error 	 64 
	

42.250 

** = 1% signilicant level of probability 



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

growing shoot, percent of shoot regeneration and (lays to shoot 

regeneration 

Source On 	Degrees of 	Characters 	 - 
variation 	freedom 	Number of 	Percent of 	Number of 

explants 	shoot 	shoot/cotyledon 

showing 	regeneration 

Factor A 	 4 	 4.453fl 	44,;3** 	5573** 

(Variety) 

Error 	 8 	 0.537 	 53667 	 0 895 

** = 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 

freedom   
Number of shoot Percent of shoot 

Factor A(Varicty) 	 - 	4 	 8.133** 	- 	401.214t* 

Error 	 8 	 0.983 	 59.094 

** = 1% 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 	 -- 
variation 	freedom 	Number of flPercent  of IDays of root 

shoot to 
which root 

induced 

Factor A 	 4 	 32.253** 

(Variety) 

Error 	
J 	

8 	1 	0.637 	 15917 	
J 	

0.320 

** = 1% significant level of probability 
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83 1.3 33** 


