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INTRODUCTION




Dianthus is one of the world’s most popular, economic amghartant cut flowers due to its
excellent keeping quality, wide range of forms,ligbto withstand long distance transportation
and remarkable ability to rehydrate after contiraishipping, perpetual flowering and presence

of new single- and multi-colour cultivars and igivwa of the Mediterranean region.

It belongs to family Caryophyllaceae. The Caryofdodae, commonly called the pink family or
carnation family, is a family of flowering plants.is a large family, with 88 genera and some
2,000 species. This cosmopolitan family consistsmafstly herbaceous plants and is best
represented in temperate climates, with a few sgegiowing on tropical mountains. Some of
the more commonly known members include pinks ardations Dianthus), and Firepink and

Campions ILychnis andSlene). Many speciesre grown as ornamental planasid some species

are widespread weedmlost species grow in the Mediterranesard bordering regions of Europe

and Asia

CLASSIFICATION

Kingdom : Vegetabile
Sub-Kingdom : Angiospermae
Division : Dicotyledonae
Class : Polypetalae
Order : Caryophyllinae
Family : Caryophyllaceae

Genus : Dianthus




The genusDianthus consists of more than 300 species including theamentals such as
Carnations D. caryophyllus L.), Pinks D. chinensis) and Sweet Williams[{. barbatus). D.
caryophyllus is a top-selling ornamental crop worldwid®. chinensis is short-lived, perennial
garden plants, native to China and northern pdrtadia, blooming in several colours. Certain
varieties of pinks have a strong clove scent, whiab made them popular in perfumes for more
than 2,000 years. It has a wide range of mediaisas as welD. barbatus (biennial carnation)

is native to the mountains of southern Europe ftbenPyrenees east to the Carpathians and the
Balkans, with a variety disjunct in north-eastetmr@, Korea, and south-easternmost Russia. It
is traditional used in landscaping and cut flowésnthus is also used for culinary purpose.
Crystallized petals are used for decorating cakéde fresh petals can be used in salads, pies,
and sandwiches. Petal bases are removed beforg iidor culinary purposes because of the

better taste.

Dianthus is an herbaceous perennial plant growing upto r80tall. The leaves are glaucous
greyish green to blue-green, slender and up tani®ng. The flowers are produced singly or in
group of five together in a cyme, and sweetly seeénffhe leaves are linear, lance-shaped and
blue-grey or grey-green in colour, with a waxy tert Thefruit is non-fleshy. It is usually a
capsule, less frequently a small nut. The origmatlural flower colour is bright pinkish-purple,
but cultivars of other colours, including red, vehityellow and green have been developed

through breeding and planted in well-drained soaisunny location.

Dianthus cultivation is associated with various problem&eTseeds show the high level of
heterogeneity in the seed population which acts @snstraint to propagation of agronomic traits
and for commercial seed production. Carnation lFeedonstantly seek new varieties with
improved horticultural traits such as disease aedt pesistance and long vase-life. The
traditional breeding programs for selection of sigeclones are tedious and utilizing huge
amount of seed results in wastage of the seedsdisantly. In vitro technology has often been

used as a promising avenue to plant improvementefeearch and practical applications. Plant
tissue culture, is of great value, particularly as alternative to conventional breeding and

propagation procedures.



PLANT TISSUE CULTURE MEDIUM
Growth and morphogenesis of plant tissue umdertro conditions are largely governed by the

composition of the culture medium. Various culturedia formulation proposed consist of
several basal components which include mineralients8, vitamins, amino acids, growth
regulators, sugars, agar and water in various carat@®ns. Mineral nutrients are the building
blocks for the synthesis of organic molecules aed act as catalysts in enzyme reactions. The
ions of the dissolved salts also play importane ra$ counter-ion in the transport of ionized
molecules by the plant, in the osmotic regulatiomd an maintaining the electrochemical
potential of the plant. The mineral salts in medan be broadly classified into two groups:
microelements and macroelements. Microelementadiay Fe, Cu, Zn, Co, Mo, B, Cland | are
required in relatively low concentration but thdeficiency can have catastrophic effects. Mg,
Ca, S, P, Kand N are considered as macroelemeantstbhey are required in high concentration.
Vitamins, amino acids, growth regulators and sugatsas organic supplements in the medium.
Agar and Phytagel are added as gelling agentsthae components fulfill the one or more
requirements of plant undar vitro conditions.

The formulation of the mineral components of theliadnas been an empirical process since the
beginning of tissue culture. Knop (1865) proposesht solution which formed the basis for
culture medium. Kotte (1922) cultured small ropstof pea and maize which could not survive
indefinitely on medium proposed by him. White (193&autheret (1939) , Hildebranedt al
(1946) did remarkable work and provided the necgssapetus on developing plant cell and

tissue culture medium.

A landmark in media formulation was put forward Byrashige and Skoog (1962) by the
development of MS medium. They were able to achgxeral fold increase in yield of tobacco
callus cultures by addition of leaf extract to thedified White’s medium. The concentration of
all ingredients in MS medium was increased as coeapto the White’s medium. Scanning of
the plant tissue culture literature leads to thectgsion that MS is the most frequently used
medium. Many different media are basically MS witlmor changes.

The MS basal medium proposed by Murashige and Skb®g2) was originally developed for
the culture of tobacco pith callus. It may not Ipgimum for the culture of other plant species, as

different plant species have different nutrientuisgment during successive stages of growth and



development. Nutrient at particular level has tbéeptial to partially substitute the requirement
of plant growth regulators in the medium (Pree®95). An understanding of optimal nutrient
concentration could lead to increased growth angldcevoke morphogenesis vitro more
efficiently.

Several heavy metals also play important role m tégeneration of plant as microelements.
Sliver as silver nitrate and cobalt as cobalt ad®ract as ethylene inhibitor. Nickel as nickel
chloride proved to be effective in stimulating mioogenesis, shoot regeneration and callus
induction. Sliver nitrate (AgNg) has proved to be a very potent inhibitor of et action and
widely used in plant tissue culture. Aghlas been employed in plant tissue culture studies f
inhibiting ethylene action because of its watemuboity and lack of phytotoxicity at effective
concentration (Beyer, 1976).

Considering these facts, the present work has tag@m up with the following objectives:

» Standardization of reproducible regeneration praitémr Dianthus.
* To study the effects of heavy metals (sliaad nickel) on shoots morphogenesis.

» Acclimatization and hardening of regeneration gétat



REVIEW OF
LITERATURE




Carnation is one of the most important cut floweps grown worldwide on a commercial scale,
and ranks the top among cut flowers (Duheksd, 2009). High commercial value and consumer
demand for new varieties act as the driving formedarnation breeding (Moyal-Ben Zvi and
Vainstein, 2007). This review present a consolidaecount of micropropagation and effect of
heavy metals on shoot morphogenesis.

Plant tissue culture is the science of growing plalls, tissues or organs isolated from the
mother plant on artificial media. One of the mastigng and important aspects iof vitro cell
and tissue culture is the capability to regeneeait@ propagate plants from cultured cells and
tissues. A wide range of plants has now been regtstethrough this tissue culture technique
has been found particularly useful for propagatdmlant species whose production is less as
compared to its rate of consumption, so that denfanthe same could be meet.

The development of a reliable and efficiemvitro regeneration system for a particular species
becomes essential to facilitate genetic transfaomaand a future aim of genetic modification
(Hansen and Wright, 1999; Tawfik and Noga, 2001 @2). Although it is now possible to
dispense with micropropagation for genetic transation, such methods are currently limited to
a small number of plant species. However, microggagpion which tends to introduce certain
random genetic changes resulting from somaclonaatian is still sought after. Somaclonal
variation tends to negatively affect transgene esgion (Birch, 1997; Matzke and Matzke,
1998) minimize the organogenetic potential of thanp and is often accompanied by
hyperhydricity (Cassells and Curry, 2001).

Moreover, a suboptimal in vitro environment may @edate the occurrence of somaclonal
variants and consequently, hamper further micrapldevelopment, such as rooting and
acclimatization (Cassells and Curry, 2001).Subsetlyje omission of a callus stage as a
precursor for organogenesis is the preferred glyaie the avoidance of somaclonal variation
(Skirvin et al., 1994; Cassells and Curry, 2001; Sueedl., 2002).

Explant selection is a very important factor afiegtthe morphogenic potential of plant system.
Adventitious shoot regeneration in carnation hasnbeeported from various explants such as
shoot tips (Baker and Philips, 1962; Earle and bang, 1975; Jethwaai al., 1994) hypocotyls
(Petru and Landa, 1974), leaf (Van Altvoeital., 1992, Kantia and Kothari, 2002), stem
segments (Van Altvorst and Koehorst, 1995), axillauds (Van Altvorst and Koehorst, 1995;



Ghosh, 1987), petals (Lesheehal., 1988; Nugentet al., 1991; Van Altvorstet al., 1992;
Messegueet al., 1993; Fisher et al., 1993; Sankletaal., 1994; Nakanet al., 1994), anthers
(Villalobos, 1981), cotyledons (Nontaswatsri andk&iy 2005) and ovules (Demmirdt al.,
1987).

Messegueret al., (1992) reportatecadventitious shoot regeneration in carnati@agthus
caryophyllus L.) using leaves, basal segments of flower and petals froeerdrouse grown
Dianthus as explant .Explants were cultured on MS mediomtaining various concentrations
of 6-benzylaminopurine (BA) ang-naphthalene acetic acid (NAA). Petals and floegjrsents
exhibited a high morphogenetic potential when celluon various growth regulator. Basal
segments were the only part of the leaf that géedrshoots when cultured on medium
supplemented with 0.01 mg/ | NAA and | mg/ | BA. iRaonditions and an agar concentration
of 5.5 g/ | significantly improved the percentageepenerating leaves and the number of shoots
per leaf explant. These shoots were normal, withiegetative shape and could easily be
transferred to greenhouse conditions.

Van Altvorstet al., (1992) reported adventitious shoot formation fronvitro leaf explants of
Dianthus caryophyllus. Leaves were cultured on MS medium with 0.3 mg/l 8Ad 0.3 mg/I
NAA. After 2 weeks, adventitious shoots developedha bases of the explants. Both BA and
NAA in the range 0.1-0.9 mg/l affected the averagmbers of shoots per regenerating explant,
but not the regeneration percentage. The highesbauof adventitious shoots was obtained on
medium containing 0.9 mg/l BA and 0.3 mg/l NAA. Ashtitious shoot regeneration was
compared among leaf, stem and petal explan@.cdryophyllus L. cv. Scania on MS medium
containing different concentrations of 6-BA and NAj Nakanoet al., (1993).

High frequency regeneration was obtained only fpatal explants on the media containing 5 to
10 M BA with or without 5 M NAA. Among the cytoking tested, N-2-chloro-4-pyridyl-N'-
phenylurea and N-1, 2, 3-thiadiazol-5-yl-N'-N'-pllemea were more effective than BA, kinetin,
N6-2-isopentenyl adenine and zeatin on regenerdtmn petal explants.Milleet al., (1991)
reported shoot regeneration in Carnatibn ¢aryophyllus) from axillary bud explants (excised
from leaf axils of the young shoots), leaf and stdine explants cultured on a MS medium
supplemented with 15uM BA and 0-5 pM NAA and sdietl with Gelrite.The best response in
terms of shoot induction was obtained from thelailbud explants. Shoots were transfer onto a
medium solidified with agar to minimize visible s of vitrification. Miller et al., (1992)



studied the shoot morphogenesis from fragmentedefiduds, petals explants were cultured on
MS medium supplemented with 4-8 uMAA and 4-8 uM BAP. The yield of shoots from a
single flower bud was high, ranging between 70 2rf, for thell different cultivars tested.

Salehi (2005) reported the shoot regeneration wfat®n Q. caryophyllus L.) using shoot tip as
explant when cultured on MS fortified with 3 mgfhetin and 0.5 mg/| NAA or 1 mg/l BA and
1 mg/l NAA. Pareeket al., (2009) reported the micropropogation Df caryophyllus, D.
barbatus and D. chinensis using shoot tip and nodes as explant. They werkirea on MS
medium supplemented with NAA and BAP. The bestaasp in terms of shoot multiplication
was obtained on MS medium supplemented with NAAr{@/l) and BAP (1mg/l).

Danialet al., (2009) reportedn vitro propagation of carnatiord( caryophllus L) by using shoot
apicalmeristems as explant cultured on MS medium suppieméh BAP and kinetin (0.0-2.0
mg/l).The results revealed that maximum multiplmatof shoot tips occurred in the presence of
1.0 mg/l of either BAP or Kinetin. Duholgt al., (2008) reportedhatin vitro micropropagation

of carnation, Shoot tip and single node explantsewabtained from actively growing healthy
shoots of two cultivars of carnatidh. caryophyllus L.: early growth cultivar (E-cultivar) and
late growth (L-cultivar) cultured on MS media sugpented with different concentrations of
cytokinins and auxins. The highest response pesgentvas (71.84%) noticed by culturing the
explants of E-cultivar. The best results in inibatstage were occurred when the explants of E-
cultivar cultured on MS medium supplemented witthigh concentration of BA and low
concentration of IAA. The highest multiplicationteéa(2.563 shoots/explant) were obtained by
culturing the explants of L-cultivar on MS mediunpglemented with 2.0 mg/ | BA+ 0.1 mg/ |
IAA, but the highest growth rate were occurredhoats of L cultivar which was cultured on MS
medium contained low concentration of BA or witha@u&and low concentration of IAA. All the
plantlets were rooted easily in multiplication nmedi

Silver ions in the form of nitrate, such as Aghl@lay a major role in influencing somatic
embryogenesis, shoot formation and efficient raniration which are the prerequisites for
successful genetic transformation (Betigl., 1999; Baiset al., 2000a; Baist al., 2000b; Baist

al., 2001a; Baist al., 2001b; Baiset al., 2001c). Silver ions are also employed in the fofm o



silver thiosulphate in several tissue culture stad{Eapen and George, 1997).Ethylene is
recognized as a ubiquitous plant hormone (Lieberm&a9; Yang, 1985), which influences
growth and development of plants (Abeles, 1973;grand Hoffman, 1984; Mattoo and Suttle,
1991).In vitro studies have indicated that ethylene can affedisgrowth, shoot regeneration
and somatic embryogenesisvitro (Purnhauseet al., 1987; Songstaet al., 1988; Roustaret

al.,, 1989; Roustasmt al., 1990; Biddington, 1992; Pua and Chi, 1993). Thystdgulating the
production or action of ethylene, the growth andedtgpment of some tissue cultures can be
controlled to a certain extent (Beyer, 1976¢; DayviE987; Purnhauset al., 1987; Songstaet

al., 1988; Chi and Pua, 1989; Baisal., 2000a; Giridhaet al., 2003).

AgNO3 has been known to inhibit ethylene actiony@e 1976a) and cobaltous ions are known
to inhibit ethylene synthesis (Lau and Yang, 19n6)eased shoot and root induction using high
AgNO; concentrations were reported ranthus (Gutiérrez-Miceliet al., 2010), Triticum and
Nicotiana (Purnhauseet al., 1987) andBrassica napus (De Blocket al., 1989). Gutiérrez-Miceli

et al., (2010) reported effect of AQN{N stimulating morphogenesis in callus redifferatibin in

D. caryophyllus by using meristems as explant. Callus clusters walired on MS medium
containing kinetin (0, 33, and 6V), NAA (0, 7.95, and 15.@M) and AgNOs (0, 23.54 and
47.08uM) for shoot and root induction.

A maximum of 78% calluses with shoots was obtainadmedium supplemented with NAA
(15.9uM) and AgNOs; (47.08uM). The influence of silver nitrate (AgN{and cobalt chloride
(CoCb) on shoot multiplication anth vitro flowering in Capsicum frutescens was investigated
by Sharmaet al., (2008). Both AgN®@ and Co( at a concentration of 30M resulted in the
maximum tissue response in terms of shoot lengthnammber of shoots after 45 days culturing
on MS medium. The morphogenetic responseBrdssica campestris genotype R500 was
reported by Palmer (1992) medium containing NAA,BAnd AgNQ significantly enhanced
both percentage shoot regeneration and numbeiootsiper cotyledon explant.

The impact of Ni toxicity on the physiology of ptandepends on the type of plant species,
growth stage, cultivation conditions, Ni concentmatand exposure time (Krupa al., 1993;
Xylander and Braune 1994; Marschner 1995; Kabataigs and Pendias 2001; Assuncao et al.
2003) in the soil. The toxic effects of higher centration of Ni are observed at multiple levels,



these include inhibition of mitotic activities (Ramd Sresty 2000), reduction in plant growth
(Molas 2002), plant water relation and photosynthg€henet al.,, 2009), inhibition of
enzymatic activities as well as nitrogen metaboli§ajewskeet al., 2009), interference with the
uptake of other essential metal ions (Chkeal., 2009), induction of oxidative stress (Chatral .,
2009). All of these alter physiological processenmnating ultimately in reduced fruit yield and
quality (Gajewskaet al., 2006). Germination of seeds and seedling growtBragsica juncea
were significantly reduced by Ni (25, 50, 100 mg-8jrtreatment (Sharma et al. 2008).

Moreover, the roots of Nicotiartabacum became dark brown within 7-10 days of exposure to
Ni (0.43 mM) and the growth of plants was seveirhjibited (Boominathan and Doran 2002)
by Ni and other heavy metals results from generthbolic disorders and immediate inhibition
of cell division. However, it is not clear whethHer enters cell nuclei at high concentrations and
if it does, how important is immediate interferermdeNi with DNA and nuclear proteins. (Yusuf
etal., 2011)

Hyperhydricity which is of common occurrence inngléissue culture is much more severe in
Caryophyllaceae (Miiet al., 1990). In Dianthus caryophyllus it has been reported that the
hyperhydric shoots showed reduced apical dominahgpertrophy and defective cell walls
(Werker and Leshem, 1987). Hyperhydricity duringmopropagation of carnation was reduced
to 0% by media modification. Increased concentrated iron and/or magnesium reduced
hyperhydricity with 0.7-0.8% agar and increased oshonultiplication (Yadavet al.,
2003.Vitrified shoots regenerateftom carnation petal®. caryophyllus were recovered by
culturing them in a medium containing 3.0 g/l ba&ptone reported by Sagbal., (1993).

Jainet al., (2001) reported regeneration of de novo shoots fieaf derived callus of carnation
using induction medium contained 2, 4-D and BAPo@&Ibuds were formed when the callus
was further subculture on 2, 4-D- and BAP-contajnmedium, or MS medium without any
growth regulators. The shoots so formed were hyukrt, bushy in appearance with reduced
stem length and watery leaves. The normal confoomatf shoots was restored by culturing the
hyperhydric shoots onto medium supplemented with3G#d bactopeptone. The recovered
shoots were rooted on MS medium added with NAA ¢Inor IBA (2 mg/l).



MATERIALS
AND METHODS




PLANT MATERIAL
Dianthus, an important horticultural plant has been takerfarghe present study. The seeds of

Dianthus (L.) were procured from Namdhari Seed Agency, Bdung (India).

SEED VIABILITY TEST

Dormancy of seeds is a major factor affecting gsngnation. Hence the seeds obtained were
subjected to a seed viability test to check thegmiage of viable seed in the provided seed-lot.
10 seeds were placed on a wet filter paper which pleced over a thin wet layer of cotton in a
Petri plate. This set up was kept in a dark chanfdred8 hours. The seed viability percentage
was calculated by the formula:

Seed Viability PercentageNo. of seeds germinated / Total no. of seeds kept ffermination x 100

EXPLANTS TAKEN FROM ASEPTICALLY GROWN SEEDLINGS

Various explants from aseptically germinated seeei® taken for the present study.
Explants to be taken from aseptically grown seedligs
1. Hypocotyl (0.5-0.7 cm)

2. Cotyledon (whole expanded lamina along with petic2 mm)
3. Cotyledonary node with shoot tip and part of hygglso(1-2 mm) after separating both
the cotyledons

Explants to be taken from aseptically grown maturglants:

Leaf
Nodes

Internodes

w0 NP

Shoot tips




EQUIPMENTS AND APPARATUS

The following equipments and apparatus were usedgithe study.
1. Glassware (Borosil)

)] Erlenmeyer conical flasks : 100-25Ccapacity
1000 ml capacity

i) Test tubes : 25 % 150 mm

i) Beakers : 100-1000 ml capacity

iv) Measuring Cylinders : 10-160@apacity

V) Pipettes : 0.1-10 ml capacity

Vi) Petri plates : 100 x 50 mm diameter

Vii) Reagent bottles : 0-1B0 ml capacity
2. Electronic balance : Shimadzu, 0.001-310 g weighing capacity
3. Autoclave : Life, India
4. Laminar Air Flow cabinet . Deepak Meditech Pvt. Ltd., India
5. pH meter X Elico, India
6. Refrigerator : Samsung
7. Miscellaneous . Forceps(different sizes), scalpels, spatula,

spirit lamp and aluminium foil.

STERILIZATION AND PREPARATION OF EXPLANTS
The seeds were washed with 20% (v/v) Extran folbuwg four rinses in distilled water. Seeds

were surface sterilized in 0.1% (w/v) mercuric clide (HgC}h) agueous solution for 3 minutes
with continuous stirring and washed thoroughly vilthee changes of sterile distilled water to
remove any traces of Hg{h the Laminar Air Flow cabinet. The seeds weentgerminated on
half strength MS media with 3% (w/v) sucrose anktiged with 0.8% (w/v) agar, pH adjusted
to 5.8. Explants as stated above were excised fespective donor plants. These explants were
inoculated on MS medium supplemented with varyiogoentrations of cytokinins added singly
or in combination with different auxins to standaed the protocol for Dianthus
micropropagation.



BASAL MEDIUM PREPARATION
Basal medium used in this study was MS (Murashigd &koog, 1962) medium. The

constituents and composition of this medium is giwe Table 1. Stock solutions of various
organic and inorganic nutrients were prepared abbws concentrations by dissolving their
weighed amounts in distilled water. Each componeas added according to the list of
ingredients. Each ingredient was completely disstlbefore adding the next.

The stock solutions of growth regulators were glsgpared. For preparing the stock solutions of
the growth regulators; auxin was first dissolvedaw drops of absolute alcohol and the final
volume was made up by adding distilled water (20gmayvth substance was dissolved in 100 ml
distilled water).These stock solutions were staredifferent reagent bottles and placed in the
refrigerator. They were used within a week of tipgeparation.

The medium was prepared in 1000 ml measuring ogtimdntaining distilled water and all the
mineral nutrients and sugar (dissolved in smaluww of distilled water) was added. The final
volume was made up by adding distilled water. Tleeliom was poured in different beakers and
growth regulators added and solidified with aga8¥0). Similarly medium were prepared which
contain induction medium with the different coneatibpn of AgNQ and NiC} were added
exogenously into separate beakers .The pH of tlhliumewas adjusted to 5.8 by adding 0.1N
HCl and 1N NaOH. The medium was finally dispensed Erlenmeyer 100 ml flasks or culture
tubes. Each flask contained approximately 30 mheflium and the culture tubes contained 20
ml medium. They were marked for their medium conjmos The mouth of the culture vessels
was plugged with non-absorbent cotton and autodlate12fC and 1.06-kg/cm (105 kPa)

pressure for 20 minutes.

ASEPTIC MANIPULATION

All precautions were taken for aseptic operatiolhtlfe culture vessels, measuring cylinders and
bottles etc. were cleaned and rinsed with distikester prior to use. The Petri plates and
accessories were wrapped and autoclaved along théthmedium. The measured volume of

distilled water required for seed sterilization vedso autoclaved in plugged conical flasks.



Table 1:Composition of MS (Murashige and Skoog, 1962) bamsalium

Weight of | Total Concentration of Volume of | Final Final
Nutrient nutrient in| volume of | nutrient in stock stock concentration concentrati

stock stock solution as| solution in|in  medium| on in

solution | solution | compared to the 1 | of final | (mg/ ) medium

(mg) (ml) final medium medium (mM)

(ml)
NH4NO; 33000 400 50 X 20 1650 20.6
B KNO; 38000 400 50 X 20 1900 18.8

KH,PQO, 6800 200 200 X 5 170 1.25
KI 33.2 0.83 5x10°
H3BOs 248 6.2 0.1
Na,MoO,., H,O | 50 200 1000 X 1 0.25 1.03x10°
CoCh.6H,0 5 0.025 0.11x10°
CaCh.2H,0 17600 200 200 X 5 440 2.99
MgSO,.7H,0O 14800 200 200 X 5 370 15
MnSQ,.H,0 676 16.9 0.1
ZnSQ,.7H,0 344 8.6 29.9x10°
CuSQ.5H,0 5 200 1000 X 1 0.025 0.1x10°
Fe(SQy)s.7H.0 1114 200 200 X 5 27.8 0.1
Na,EDTA 1490 37.3 0.1
Thiamine HCI 10 100 1000 X 1 0.1 0.3x10°
Pyridoxine HCI | 50 0.5 2.43x10°
Nicotinic Acid | 50 0.5 4.06x10°
Glycine 200 2 26.64x10°
Myo-inositol 2000 200 100 X 10 100 0.56

Sucrose : 3% (w/v)
Agar : 0.8-1% (w/v)
pH : 5.




The transfer chamber and culture room were alsa &ejpn.In vitro transfer of explant was
carried out in the Laminar Air Flow cabinet. Thebiceet platform was swabbed with absolute
alcohol along with the autoclaved flasks contairing medium and distilled water. Autoclaved
and wrapped Petri plates, scalpels and forceps plaed in the cabinet. Spirit lamp, spirit
column and cotton were also arranged inside theeablhe cabinet was then irradiated by UV
rays for 35-40 minutes by UV tubes. After irradiati the cabinet door was opened and in a
continuous airflow from the Laminar HEPA filtersetlransfer process was carried out. Hands
were properly wiped with spirit and the accessoviese heated in the spirit lamp flame until
red-hot. Special care was taken to avoid the tiémieg touched by hot forceps/scalpels as it
reduces viability of the tissue. All the glasswarel instruments wiped with spirit were kept
away from the burning spirit lamp. The rim of thet# plates was also heated properly in the

flame before inoculation.

INDUCTION OF SHOOT BUDS
Desired explants were cultured on MS medium supelenof various levels of plant growth

regulators.

SUB-CULTURING PROCEDURE

The primary cultures were transferred to fresh mnedafter 4-5 weeks of culture incubation
.The shoot bud induced from the explant were sedtamto groups each having 3-4 of them.
These clusters were then transferred on elongatimedium cytokinins with various

concentration of auxin.

ROOTING OF EXPLANTS
The elongated shoots were transferred on mediurtaitomg various concentrations of auxins
for proper root system.



EFFECT OF HEAVY METALS

The explants (shoot tip and node) were excised 2025 days old aseptically grown seedling.
The explants inoculated on MS medium supplementéd warious concentrations of BAP and
in combination with NAA. Effect of heavy metals (R@s; and NiC}) was examined on shoot
morphogenesis. The explants were cultured intodifferent types of media:

i) The induction medium (0.5mg/l BAP and 0.5mg/l NAA)

i) Induction medium with various concentration of heawtals (AgNQ and NiC})

INCUBATION

The culture flask was incubated in a growth chamibée growth chamber was equipped with
air-conditioner and temperature controller to nmaimtthe temperature of the culture room at
26x1°C. A photoperiod of 16 hours light and 8 hodesk was maintained with the help of a
timer and the light intensity was facilitated withorescent tubes.

OBSERVATION

The cultures were observed weekly for the formatbshoot or shoot initials. The origin of the
shoot and the general state of the node and simeixplants was recorded. The numbers of
shoot formed on each the node and shoot tip wasteduAdditional records on the appearance
of the shoot (colour and size) were taken.

STATISTICAL ANALYSIS

The observations recorded for the various experisnarere subjected to following statistical

analysis:



Average: The average (mean) was calculated by dividingstha values of observations for a
particular treatment by the total number of obseows for that treatment:

AVERAGE = Yn/N

Where
>'n = summation of values of observations for a inesut

N = total number of observations for that treatment

Standard Deviation: This is a measure of dispersion which was caledldity squaring the
deviation of each observation from the mean, addnegsquares, dividing by the number of
observation and extracting the square root accgtain

o =+V (3 d*/ N)

Where
o = standard deviation

Y & = summation of squares of deviation of each olagEmn from the mean

N = number of observations



OBSERVATIONS
AND RESULTS




SEED VIABILITY TEST
The viability percentage d@. caryophyllus, D. barbatus andD. chinensis was found to be 90%,
70% and 0% respectively (Fig. 2a). Hence seed3. céryophyllus were considered for further

studies.

SEED GERMINATION

Seeds oD.caryophyllus were procured from Namdhari Seed Agency, Bengal@fier proper
sterilization, the seeds were inoculated asepyicall half strength MS media (Fig.2b). The first
visible germination of seeds was observed afteays df inoculation. Seedling explants were
taken from 12 days old seedlings and mature plaptaats were taken from 25 days old

seedlings.

EXPLANT CULTURE

Explants taken from aseptically grown seedlings

Effect of various concentrations of cytokinins (Bpdtone or in combination with auxins (NAA)

was studied imypocotyl, cotyledon and cotyledonary node.

EFFECTS OF CYTOKININ

Hypocotyl

Swelling was induced in hypocotyl when cultured\d® medium supplemented with BAP (0.2 -
5 mg/l) after 2 week of the culture. The explamhéd Yellowish on MS medium supplemented
with BAP (0.2mg/l).Even higher levels of BAP in thmedium could not evoke shoot
regeneration. Hence they were discarded and wenesed for further studies.



Cotyledon

Cotyledons were inoculated with adaxial surfacecomtact with medium. The explants were
cultured on various concentration of BAP (0.2, @52, 3 and 5 mg/l). After incubation of 4
weeks cotyledon explants did not show any morphcgessponse on medium supplemented
with various concentration of BAP. Hence they weliscarded and were not used as explant for

further studies.
Cotyledonary node
Shoot regeneration was not achieved from Cotyledommdal explants when cultured on

medium with various concentration of BAP. Henoeytlvere not taken for further studies.

Explants taken from aseptically grown mature plamns

Effect of various concentrations of cytokinins (BAP) alone or in combination with auxins (NAA) was

studied in leaf, nodes and shoot tips.

EFFECTS OF CYTOKININS

Leaf

Leaf explants were inoculated with adaxial surfateontact with medium. Swelling of the
explants was observed after 1week of culture on M&lium supplemented with various
concentrations of BAP (0.2-5 mg/l).But the explantsned yellowish after incubation of 4

weeks and did not show any sign of shoot regegrati

Nodes

Nodal explants were inoculated on MS medium supefged with various concentration of
BAP (0.2-5 mg/l). Formation of 2-3 shoots accompdnwith little browing at the base of the
explants was observed on BAP (0.2 mg/l).On increpghe level of BAP upto 0.5mg/l,
increasing in the number of shoot buds was obseA@daximum of 4-5 shoot buds regenerated
from the explant. On further raising the levelsB#&P (1-5mg/l), shoots were formed but they

were highly vitrified. The nodal explants showedt&eresponse than other explants in terms of



quality and number of shoot bud induced per expldmaximum number of shoots was
regenerated on MS medium supplemented with 0.5 B (Fig. 3).

Shoot tip

Shoot tip explants were cultured on MS medium fiedi with various concentration of BAP.
Shoots with brownish margins was observed on meguwpplemented with (0.2 mg/l) BAP. The
explants were cultured on MS medium supplementéd BAP (0.5mg/l) formation of 3-4 shoot
budswith slight vitrification (Fig4). On raising the \dels of BAP (1-3mg/l), highly vitrified
abnormal shoots were formed. On further increadimg concentration of BAP to 5mg/I

abnormal shoots with enlarged leaves were formed.

EFFECTS OF CYTOKININ AND AUXIN (Table 2 )

Nodes

Nodal explants were culture on the medium suppléedenvith BAP (0.2, 0.5, 1mg/l) in
combination of various concentration of NAA (0.12,00.5 and1lmg/l). Lower level of BAP
(0.2mg/l) in combination with NAA (0.5mg/l) forme@t7 vitrified shoot buds after 4 week of
incubation. BAP (0.5mg/l) in combination with NAA.&6mg/l) induced a maximum of 11-12
shoot buds formation per explant. On further raisthe concentration of BAP (1mg/l) in
combination of NAA (0.2mg/l), highly vitrified muttle shoots were formed. No profound effect
of BAP (1mg/l) in combination of NAA (0.5-1mg/l) waobserved. Best response was observed
on medium supplemented with of BAP (0.5mg/l) in ¢comation with NAA (0.5mg/l) on which
11-12 shoots were formed (Fig 5b).

Shoot tip

Shoot tip explants were cultured on the MS mediuppemented with BAP (0.2, 0.5, 1mg/l)
and various concentration of NAA (0.1, 0.2, 0.5,gllin Higher level of NAA (0.5 mg/l) in
combination with BAP regenerated shoots, but onelovevels of NAA (0.1- 0.2), highly
vitrified, shoots were formed. Best response wasenked on MS supplemented with 0.5 mg/I
BAP and 0.5 mg/l NAA (Fig. 5e)



SUBCULTURE

The primary shoots obtained from the culture oflaxts on MS medium augmented with
cytokinins and auxins were further subcultured glemp of 1-3 shoots on proliferation medium
which consisted medium supplemented with 0.5 mg\PBand 0.5 mg/l NAA resulted in
sprouting of new shoot buds from the axil. Subaury of the shoots was done after every 3-4

weeks.



Table 1. Formation of shoot buds from mature seettlg explant of Dianthus

caryophyllus cultured on MS supplemented with BAP

Mean no.of shoot +S.D.
BAP(me/I) Node Shoot tip
0.2 2.810.6 3.2+0.9
0.5 4.911.5 3.9+1.1
1 4.3+0.9 3.510.8
2 3.8%1.2 2.7%1.2
3 3.5%0.9 2.5%1.1
5 2.9+1.1 2.3%0.9




Figure 2

Seed germination in aseptic conditions to test fats viability and in

aseptic conditions to initiate explant culturein vitro conditions

(@) Seed Viability Test

(b) Seed Germination






Figure 3

Morphogenic response of nodal explants oDianthus caryophyllus
cultured on MS medium supplemented with

(@) 0.2 mg/l BAP

(b) 0.5 mg/l BAP

(c) 1 mg/l BAP

(d) 2 mg/l BAP

(e) 3 mg/l BAP

() 5 mg/l BAP






Figure 4

Morphogenic response of shoot tip explants ddianthus caryophyllus
cultured on MS medium supplemented with

(@) 0.2 mg/l BAP

(b) 0.5 mg/l BAP

(c) 1 mg/l BAP

(d) 2 mg/l BAP

(e) 3 mg/l BAP

() 5 mg/l BAP






Table 2. Formation of shoot buds from mature seedling explant of Dianthus

caryophyllus cultured on MS supplemented with BAP in combination with NAA

Mean no. of shoot £S.D.
PGR (mg/l)
BAP NAA Node Shoot tip
2.9+ 0.6 3.3+%0.8
0
0.2 0.1 6.3+0.8 5.5+0.9
0.2 7.2+0.7 6.9%1.1
0.1 6.5+0.9 5.3+0.9
0.5 0.2 8.510.7 7.240.8
0.5 11.5+0.6 9.210.7
0.1 4.810.8 3.9+0.8
1 0.2 3.510.7 3.310.9
0.5 3.2+0.8 2.9+0.7




Figure 5

(a-c) Morphogenic response of nodal explants on M#edium
supplemented with BAP in combination with NAA

(@) MS+ BAP (0.2 mg/l ) +NAA (0.2 mg/l)

(b) MS+ BAP (0.5 mg/l ) +NAA (0.5 mg/l)

(c)MS+ BAP (1 mg/l ) +NAA (0.5 mg/l)

(d-f) Morphogenic response of shoot tip explanten MS medium
supplemented with BAP in combination with NAA

(d) MS+ BAP (0.2 mg/l ) +NAA (0.2 mg/l)

(e)MS+ BAP (0.5 mg/l ) +NAA (0.5 mg/l)

() MS+ BAP (1 mg/l ) +NAA (0.5 mg/l)






EFFECT OF HEAVY METALS (AgNO 3 &NiCl )

The effect of heavy metals (which are not constitwd MS media) was also investigated on the
induction of shoot bud from nodes and shoot tipBiahthus and the subsequent proliferation of
primary shoots to form multiple shoots per explant.

B.1 Silver as Silver Nitrate (AgNQ) (Table 3)

Node and shoot tip explants were cultured on MSimmedupplemented with BAP (0.5 mg/l),
NAA (0.5 mg/l) and different concentrations of Aghl@0, 0.1, 0.5, 1 and 1.5 mg/l).
Incorporation of AgNQ@ in to the medium induced positive response. Thelagkp showed

swelling during the first week of culture. The iatton of shoot bud induction occurred at the
end of the second week of the culture. It was ofeskthat the number of shoots increased with
the increase in the concentration of AgNfiom 0.1 to 1mg/l. Beyond this level the shoots
showed no significant increase in length but turmexate hyperhydric. Best response in terms of
total number of shoots as well as hyperhydricity gpglant was achieved on medium containing
1 mg/l AgNG; (Fig.6, 7).Results achieved from AgNGupplemented medium were better in
terms of shoot regeneration and elongation of tleots per explant than on control, lacking
AgNO:;,

B.2 Nickel as Nickel Chloride (NiC}) (Table 4)

Node and shoot tip explants were cultured on MSimmedsupplemented with 0.5 mg/l BAP,
NAA (0.5 mg/l) and different concentrations of NiG0, 0.1, 0.5, 1 and 1.5 mg/l). The explants

showed swelling during the first week of culturdeTinitiation of shoot bud induction occurred
at the end of the second week of the culture. & @@served that the number of shoots decreased
with the increase in the concentration of NiGlhe shoots that even developed up to 0.5 mg/l of
NICl, were hyperhydric and had abnormally large lea¥s. @, 9). When the concentration of
nickel chloride was raised to 1 and 1.5 mg/l MjG@he abnormal condition of the shoots also

increased.



Table3. Effect of silver nitrate on shoot bud form&on from nodal and shoot
tips of Dianthus caryophyllus cultured on MS supplemented with BAP
(0.5mg/l) and NAA (0.5mg/l)

Mean no. of shoot bud £S.D.
Agno(mg/) Node Shoot tip
0 4.8+0.¢ 3.8+1.1
0.1 5.2+1.¢ 4.1+0.7
0. 5.5+1.¢ 4.4+0.¢
1 5.9+1. 4.9+0.¢
1t 4.4%0.¢ 3.520.¢




Table4. Effect of nickel chloride on shoot bud formation from nodal and shoot
tips of Dianthus caryophyllus cultured on MS supplemented with BAP
(0.5mg/l) and NAA (0.5mg/l)

Mean no. of shoot bud £S.C
NiCl, (mg/l) Node Shoot tip
0 4.8+0.¢ 3.8+1.]
0.1 3.4+0.¢ 3.1+0.¢
0.t 3.0+0.7 2.810.7
1 2.7+0.7 2.510.¢
1.t 2.510.¢ 2.2+0.¢




Figure 6

Effect of silver nitrate on shoot bud formation from node of
Dianthus caryophyllus cultured on MS supplemented with BAP (0.5
mg/l) + NAA (0.5 mg/I)

(@) Without AgNO;
(b) 0.1 mg/l AgNG;
(c) 0.5 mg/l AgNQ
(d) 1 mg/l AgNGs

(e) 1.5 mg/l AgNQ






Figure 7

Effect of silver nitrate on shoot bud formation from shoot tip of
Dianthus caryophyllus cultured on MS supplemented with BAP (0.5
mg/l) + NAA (0.5 mg/I)

(@) Without AgNO;
(b) 0.1 mg/l AgNG;
(c) 0.5 mg/l AgNQ
(d) 1 mg/l AgNGs

(e) 1.5 mg/l AgNQ
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Figure 8

Effect of nickel chloride on shoot bud formation fom node of
Dianthus caryophyllus cultured on MS supplemented with BAP (0.5
mg/l) + NAA (0.5 mg/I)

(@) Without NiCl ,
(b) 0.1 mg/l NiCl,
(c) 0.5 mg/l NiC}
(d) 1 mg/l NiCl,

(e) 1.5 mg/l NiC}






Figure 9

Effect of nickel chloride on shoot bud formation fom shoot tip of
Dianthus caryophyllus cultured on MS supplemented with BAP (0.5
mg/l) + NAA (0.5 mg/I)

(@) Without NiCl ,
(b) 0.1 mg/l NiCl,
(c) 0.5 mg/l NiC}
(d) 1 mg/l NiCl,

(e) 1.5 mg/l NiCh






ROOTING OF IN VITRO REGENERATED SHOOTS

In vitro regenerated shoots (longer than shoots 2 cm) merised and transferred into tubes
containing solidified MS medium supplemented witltious concentrations of auxins viz., IAA,
IBA and NAA (0.5 and 1mg/ l) and half strength M&dium. 2-3thin, stout and slender roots
induced from cut end of shoot on MS medium fortifieith IBA (0.5 mg/l) (Fig. 10a).The
addition of NAA (0.5 mg/l) to the MS medium promdteooting, which was accompanied by
callus (Fig. 10b).The MS medium supplemented walA 1(0.5mg/l) did not show any sign
morphogenic response. On the other hand, the traligth MS medium showed excellent root

formation where roots were long, unbranched arahgt(Fig. 10c).



Figure 10

Rooting response ofin vitro regenerated shoots ofDianthus
caryophyllus cultured on MS medium supplemented with

(@) IBA (0.5 mg/l)
(b) NAA (0.5 mg/l)

(c) Half strength MS






DISCUSSION




D. caryophyllus is a valuable plant and has a high potential fqyoet and improvement of
floriculture industry. Plant cell and tissue cuéurave been developed in recent years to such a
level that any plant species either endangeredgbryhrecalcitrant can be regeneratediitro.

This area of plant biotechnology is mainly concdragth manipulation and subsequent growth
of cells, tissues, organs and plant cell. In tissuéiure, the use of growth regulator play
important role in influencing different plant preses comprising mostly of growth,
differentiation and development such as culturasthment, shoot initiation, callogenesis,
embryogenesis and rooting (Hobbie, 1998).

To facilitate the yield enhancement and quality noyement ofD. caryophyllus, a range ofin
vitro tissue culture technique have been developed ssclefficient systems have been
established for the regeneration of plant from legblants and stem segments(Jethwani and
Kothari,1996; Watadt al.,1996: Kantia and Kothari, 2002).

In present study, the shoot buds induced from blo@tstip and nodes explants were selected for
further studies as it proved to be the best resmpgnexplants for shoot regeneration. Nodal and
apical segments have been used widely for shoopmgenesis reported by Baker and Philips
(1962).Similar results were reported by Earle aatighans, 1975; Jethwasti al., 1994; Van
Altvorest et al.,1995; Van Altvorst and Koehorst, 1995; Kalletkal.,1997; Pareekt. al, 2004;

H. Saehi, 2006; Dania al.,2008; Duhokyet al., 2008; Ali et al.,2008.

Shoot tip and nodal explants were cultured on MXiore supplemented with various
concentration of BAP (0.2, 0.5, 1, 2, 3 and 5 mfgt)shoot regeneration. A maximum number
of shoot buds formed per explant was obtained onrwslium supplemented with 0.5 mg/I
BAP. This is in agreement with the studies of Luk&inand Jerry (1989) who reported the best
shoot formation response of carnation on MS medupplemented with BAP. Kovac (1995)
also reported highest shoot multiplication in céiorain MS medium containing 1.0 mg/| BAP.
However, Siddiqui (1993) and Duholey al., (2008) reported best shoot induction response in
MS medium containing 5.0 mg/I kinetin.In the prdsgwvestigation BAP in combination with
NAA stimulated shoot buds induction and elongatiesponse. It was found that MS medium
supplemented with 0.5 mg/l BAP and 0.5mg/l NAA skeowmaximum shoot elongation and
proliferation.



Van (1992) and Yantchewt al., (1998) reported highest numbers of shoots pelaakpn MS
medium containing 0.9 mg/l BA and 0.3 mg/l NAA. Mghet al., (2002) and Onamet al.,
(2003) used MS medium supplemented with combinabdnNAA and kinetin for shoot
induction from meristem explant.

Elongated shoots of 2 cm or more in length weresexicand placed onto rooting medium which
consisted of half strength MS medium and MS medisapplemented with various
concentrations auxins (IAA, IBA and NAA).Out of gemedium the best response was obtained
on half strength MS medium. However Anetral (2009) reported best rooting response on MS
medium containing 1.0 mg/l NAA. On the other hamgtlbrooting of shoots was achieved when
NAA was included in the culture medium at 0.5 mgghcentration reported by Danigl al.,
(2009).

The composition of MS medium is critical for optamg the regeneration of plamtvitro. Some
heavy metals act as microelements play importal@sron the regeneration of plant at low
concentration but at higher concentration they mayse reduction in growth for the most of
plant species (Fernandes and Henrique, 1991; Gdaale, 1991). In our own results, For shoot
regeneration explants cultured on induction medsupplemented with various concentration of
heavy metals (AgN®and NiC}), we found that shoot regeneration from nodal andot tip
explants ofD. caryophyllus on MS medium with AgN®@ (1mg/l) appeared to be the most
advantageous in terms of total number of shootsedisas hyperhydricity per explants but with
NiCl, it is not beneficial for shoot regeneration.

Addition of sliver nitrate has been found to besetive in overcoming the recalcitrant behavior.
Sliver nitrate act as ethylene inhibitor and used ghoot elongation iCapsicum reported by
Phillips 1996).It acts as inhibitor of l-aminocygtopane -1-carboxylic acid which is a
precursor of ethylene in biosynthetic pathway (FRarh992). However Mohiuddiet al., (1997)
achieved increased number of shoot in cucumbendyrporation of sliver nitrate. MS medium
supplemented with sliver nitrate enhanced the feeqy of shoot regeneration Brassica
species (Eapan and George, 1997). Gutiérrez-Métadi., (2010) reported additive effect of



heavy metals in stimulating morphogenesis in calkdifferentiation has been reported using
kinetin and AgNQin D. caryophyllus. There has been many reports of the inhibitoryct$fef

Ni on germination and growth in plants. Madhastaal., (2000) reported the germination of
pigeon pea was decreased by addition of 1.5 mMoNitien. Similar results were reported by
Gajewskeet al., (2006), who observed the inhibitory effect d@ @M nickel on shoot growth of
wheat. The roots dflicotiana tabacum became dark brown within 7 to 10 days of exposare
0.43 mM Ni and growth of the plants was severehjibited (Boominathamt al., 2002). In the
present study lower concentration of nickel chlerlthd deleterious effect on shoot induction

and still higher concentrations of nickel chlorgl®ved toxic.

Plant tissue culture is one of the most commongdusethods for induction of shoot buds. We
have demonstrated here that providing optimal cemnagon of BAP (0.5mg/l) and NAA
(0.5mg/l) in MS medium which is induced shoot budidan the explants obD. caryophyllus.
Addition of silver nitrate in the medium is applota to improve the quality and quantity of the
regenerated shoots while on the other hand addakglrto the medium proved detrimental.



SUMMARY




The present work deals with interactive effect dfedent plant growth regulator and heavy
metals on shoot morphogenesisDeénthus caryophyllus. This plant is a member of the family
caryophyllaceae and is the most common cultivapediss of this family which is characterized
by their excellent keeping quality, wide range ofnfis, ability to withstand long distance
transportation and remarkable ability to rehyditer continuous shipping. It shows high level
of heterogeneity in seed population which act asstaint to propagation of agronomic traits
and for commercial seed production. Considering liéeefits of this plant and to fulfill the
world’s demand for carnation, the technique of mpropagantion has been widely used. Tissue
culture offers an opportunity to access clean plgntnaterial and provides a start in production
of good quality carnation cut flowers that can adggly compete in the international markets.

The seeds oD. caryophyllus were obtained from Namdhari Seed Agency, BengaAdter
proper sterilization seeds were germinated on $t@éngth MS medium solidified with 0.8%
(w/v) agar. Various explants were taken for thed&ts; shoot tip and nodal explants showed
better response in term of shoot regeneration. €kplants cultured on MS medium
supplemented with various concentration of BAP &nh&y/l). The maximum number of shoot
buds was obtained on MS medium supplemented witR BASmgl/) and NAA (0.5mg/l). The
shoot buds induced and proliferated on medium supphted with BAP (0.5mg/l) and NAA
(0.5mg/l) were selected for further studies asrd@vpd to be the best concentration for shoot
induction. The shoots were elongated on MS suppksdewith BAP (0.5mg/l) and NAA
(0.5mg/l), prior to rooting on half strength MS med. Various auxins (IBA, IAA and NAA)

were tried for rooting. The best response was shoymalf strength MS medium.

Effect of heavy metals (AgN$and NiCh) was investigated on shoot morphogenesiPin
caryophyllus. Node and shoot tip explants were cultured ondtidna medium (0.5 mg/l BAP +
0.5 mg/l NAA) supplemented with various concentmasi of AGNQ (0, 0.1, 0.5, 1 and 1.5 mg/l).

It was observed that the number of shoots increasddthe increase in the concentration of
AgNO; from 0.1 to 1mg/l. Beyond this level the shootswged no significant increase in length
but turned more hyperhydricity. Effect of NjGhas found to be not advantageous for shoot
morphogenesis iDianthus.
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