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INTRODUCTION

Sar talum albu 1 1. belong ng to the faruly santalaceae s a przed g ft of the
plant kingdom woven into the cultu e a1 d heritage of India (Kumat ef a/ 2012) It s
one of the most valuable trees 1n the wo 1d (Fox 2000) and a n edium s zed eveigreen
hemi root paras: e attairing 10 15 m height and 1 2 m girth at full natur ty when t
reaches the age of 60 80 yea s (Ghosh ef a/ 1985 Snin vasan ef al 1992 Janet al
1999) Flowern g generally occurs twice a year from Maich to May nd September to
December Sandal 1s a | ghly polymorph ¢ species (Kulkarn 1995) Sandalwood
plants exh bit significant variability for many trats like bark leaf (Kulkarn and
Srmath1 1982) seeds (Annapurna ef al 2005) colour of the heartwood and oil
content (Kushalappa 1983 Bagchi and Veerendra 1985) Srmati et al (1983)
tecorded three plant phenotypes n sandal Thindlu Chikkaballapur and Robust

The tree flour shes well from sea level up to 1200 m altitud n regions w th
d fferent soil type varying climat c cond t ons and an annual piecipitation of 600
1600 mm The gen s Santalum s d str buted 1n tropics extend ng between 30°N and
40°S and 1s indigenous o penimnsular India witn a natural d stribut on of 9600 km?
(Srimvasan et al 1992 Radomljac 1998) extending from Kerala n the So th to
Uttar Pradesh m the North n reg ons with varying ecoclimat ¢ cond t ons and
edaph ¢ factors (Jamn ef o/ 1998) More than 90 per cent of sandal 1s distributed in
Karnataka (5245 kmz) and n Kerala Sandal 1s spread over 15 km’ ma nly m Marayur
m Idukk d strict Wayanad district and Tt enmalar in Kollam district (Sr math er al
1995)

Sandal 1s the second most expensive wood m tl e world next to the African
Blackwood (Dalberg a melanoxylon) which 1s highly valued for its fragrant
heartwood which yields ol preferred for perfumeres cosmetcs and med cines
(Sanjaya er al  1998) The qual ty of o1l and wood of Santalum albun L 1s super or
to those of other species n this genus which on steam distillat on v elds average 57%
ol (Mc K nnell 1990 Srimivasan ef a/ 1992) The heartwood and o 1 content vary

with locality and from tree to tree and ncrease w th g rth and age of the tree



Global derrand for sandalwood 1s about 5000 6000 tons/year and that of o1l 1s
100 tons/year (Josh: and Kumar 2007) Out of this 80% 90% 1n the international
market has been fu filled by Indian sandalwooa for decades There 15 a decline 1n
production from 5176 tons/year durmng 1960 65 to 1500 tons/year 1n 1997 98 and to
500 tons/year m 2007 Ma ket trend inaicates that saidal heartwood prices have
incieased fromr Rs 36> ton i 1900 to Rs 6 5 lakhs/ton m 1999 2000 and to Rs 37
lakhs/ton 1 2007 (Jain et a/ 2003 Garirola et al 2007)

Since the o1l percentage 1s higher in the heartwood of root as compared to
stem the tree 1s invariably harvested by uprooting This removals spike disease and
widespread smuggling have left India s sandalwood stands dangerously depleted
Sandal has now been enlisted as a vulnerable species by IUCN (IUCN 2013) Since
much of the sandal wealth and natural sandal bear ng areas have been lost the
remaimng sandal trees ate to be protected effectively and natural sandal bearing areas
are to be preserved Efforts are now needed to increase the rea of cultivation and to
improve productivity with the aim of sustainable supply (Srimvasan er a/ 1997

Swaminathan et al  1998)

The world requirement for sandalwood o1l 1s 600 tonnes of which only 100
tonnes 1s met by natural resources Unlike the situation with major commercial timber
tree species sandalwood stands out as one species for which no orgamzed plantations
have been established The policy of the Governments of Karnataka and Tanul Nadu
to abolish their monopoly on sandalwood has generated interest 1n public and private
sectors to raise sandalwood plantations Hence there 1s a need of mass distribution of

seedings to these sectors (Kumar et al 2012)

Natural regeneration mn sandal occurs mainly by the dispersal of seeds by birds
and normally takes 4 to 8 weeks to germinate and under normal conditions they retain
their viability up to six months and then gradually dimimush However fresh seeds
extubit dormancy for 2 months and seedlings are extremely heterozygous due to
outcrossing (Snmivasan ef al 1992 Venkatesan 1995) In spite of good percentage
of fruit initiation lower percentage of mature fruits were observed due to the presence

of genotypic barriers for embryo development (Sindhuveerendra et al  1999)



On the other L and vegetat ve piopagation s achieved through rooting of ste
cuttings grafting and w1 layeu g or through root suckers However ooting of stem
cuttings root ng has been aclieved only n 1520 per cent of cutt ngs (Rao and
Srmath 1976 Unyal ¢/ al 1985 Balasundaian 1998 Sanjayaeral 1998) Inone
of the seed stands 1n Marayw that had establ shed in Nachivayal Reserve Il during
1980 1981 1t has been reported that expected quantity of seeds are unavailable from
these seed stands Root sucker mnduction had been adopted as a method of sandal
regenerat on for the last few decades 1n Marayur trees are grown 1n clusters and are
confined to an nrea around the mother tree Though the uees flowered little or no

fruit production occurred within these small populations (Ramya 2010)

The conven onal breeding of sandalwood for new genet ¢ nformation can be
an expensive and d fficult task because of ther long ge eration time sexual
11compatibil ty and heterozygous nature (Rugkhla 1997) In v r) 1egenerat on
techniques can be used to encounter diff culties of trad t onal propagation methods by
m croclon ng of super or lines In v tro regeneration techniques can be used to clone
supertor lines In order to develop mass propagation methods for desirable qualities
s ch as disease res stince and good heart wood conta ning plants t ssue culture
methods were employed In 1f o propagat on of sandalwood was attempted as by
using various explants like embryo (Rangaswamy and Rao 1963) hypocotyls (Bapat
and Rao 1979 Lakshmi Sita ef @l 1979) endosperm (Lakshmi Sita er al 1979
Bapat a1d Rao 1979 Rao and Bapat 1992) shoot tip (Lakshmu Sita and Raghava
Ram 1995) nodal segment (Bapat and Rao 1979 Lakshmi Sita er a/ 1979 Rao and
Bapat 1992 Rugkhla and Jones 1998 Sarangi et a/ 2000 Sangham tra and
Chandn 2010) leaf disc (Mupib 2005) and cell suspension cultures (Dey 2001)
w th varying degree of success Santalim album s recalcitrant to n vevo and n vitr
propagation for which only lin ted success has been achieved so far (Sanjaya er al
2003) A systemat c study on the effects of combinat ons of plant growth regulators

on morphogenesis 18 still insufficient

So there s an urgent need to develop clonal techmiques to produce disease
res stant and h gh o1l yielding clones of super or trees Thus the present study titled

In witro propagation of sandal (Santalum album L) has been undertaken to develop



a potent al system of 7 o regencrat on of plus trees of S a/b 7 through ax llary

shoot proliferation and somatic embryogenesis
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REVIEW OI' LITERATURE

P ant tissue culture s def'ned as the procedure of cult vating cells tss es or
organs of plants on art f'c al med a under asept ¢ cond t ons Pla t t ssue culture
begins w th the selectio of a genotype on the bas s of hav n,, a problem 1n ts
regenerat on to be solved and by determ ning appropr ate type of protocol to deal
with t (Garc a Gonzales et al 2010) Tissue culture techn que s based upon two
propert es of plant cells cell tot potency (Vasil and H ldebra dt 1965) and cell
plastierty (1Tho pe 2007) Cell tot potency s the genet cally reta ned capac ty that
all Iv g cells posses to origt ate a new genet cally dentcal cell a d to form
tss es orga s systems aid complete ind v duals after cell lar d v son and
d ffere t iton process s (Takebe ef al 1971) Cellular plasticty 1s the
character suic which marks the d fference between plait and an mal cells ntler
capacity of mult plicaton dvsion d fferent ation and fo mato of a new

ndividual Hussaaef al 2012)

Tssue culture techniques for plant micropropagation rest on two
fundamental morphogenesis processes organogenesis a d somat ¢ e 1bryogenes s
Organogenes s s the formation of plant organs from a selected t ssue n order to
form complete plan s In th s process only one aerial organ or root s formed and
fom ths a new conplete plant s regenerated (V jaya and Gr 2003) Somatc
enbryogenes s s the product on of embryos from somatc cells to obtan a
complete plant by undergong following stages embryo formation and
p oliferat on enb yo maturat on and embryo germinat on At the sane t me the
embryos may pass througl four stages n the r development tle globular form
the heart form tl e torpedo and the cotyledonary forms Unl ke organogenesis the
aer al structures and roots of the plants are obtained from the somat ¢ embryo
itself (Ammurato 1983) Both the processes may be d rect 1t or ginates directly
from the it al explants or ind rect f 1t occurs from prev ously formed callus n

the n tial explants



2 1 PLANT TISSUE CULTURE HISTORY

P oneer ng expernents on wo nd heal ng n plants |ave demonstrated
spontar eous callus format on on the de ort cated region of el m plt ts Accord ng
to Gautheret (1955) these stud es could be cons dered as forward for tle
development of =lant t ssue cilture as a scence The scence of plant t ssue
cultuie | as ts foundatior on the discove y of cell followed by the propounding ot
ccll theo y wh cn states that cell < the basic structural 1tofall v 1g organ sms
They visual zed t at cell s capable of autoiromy and the efore t stould be
poss ble tor each cell f'g ven an env ror ment to regel erate nto whole plant The
frst repots ega d ngt ssue culture date back to the beg ning of the 20th centuy
when Haberlandt (1902) developed exper ments to ma 1tain mesophyll cells 1
f1st t me attempted to culture solated s ngle pal sade cells from leaves 1knop s
salt solut on enr ched wth sucrose based on postulates which established the

tot potent al ty ot plant cells The cells rema ned al ve for up to one mor th
ncreased n sze accunulated starch but faled to dvde Though he was
unsuccessful but this led to the development of tsste culture technology for
wh ch he 1s regarded as the father of plant tissue culture (Hussa n er al  2012)
After that some of ti e landmark discover es took place in t ssue cultu e whch s

sum nar zed below

e 1904 Hann g cultured embryos from several cruc fers

e 1922 Knudson d d asymbiot ¢ germ nation of orch d seeds

e 1972 Kolte and Robb ns cultured root tips # v iro separately

e 1925 La bacl appl ed embryo culture in nterspec fic crosses of L num

* 1934 Whte ntroduced vitam n B as growth supplement n t ssue culture
med a for tomato root t p

e 1934 Kogl dentif'ed the frst known plant growth regulator IAA

* 1939 Gautheret Wh te and Nobecourt established cont nuous prol ferat 01 of

callus cultures



1941 Van Overbeek fo the f t1me added coconut mill {o the cultute of
Dati ra embryos

1944 Sho g sed » v o cultured tobacco to study adventtous sl oot
format on

1946 Bali raised wl ole pla ts of Lup mesa1d T opacolt  fiom shoot t ps

1948  Skcog and Tsu formed adverttous shoots and roots of tobacco
detertn 1ed by the rat o of aux 1 adenin

1950 Bal egeaerated organs from callus tissue of Seqz 0 a scnpe v cns

1952 Morel and Martin cultured v us free dahl as tl rough meristem culture

1953  Tulecke produced haplo d plants of G o b loba

1954 Muir vas first to break callus t ssues nto s ngle cells

1955 Skoog and Miller d scovered kinetin as cell div s on hormone

1957 Skoog and M ller gave concept of hormonal control to egulate (aux n

cytok 1)

1959 Re net 11d Steward regenerated embryos from callus clumps and cell
suspens on of carrot (Daucus carota)

1960 Cock 1g as frst to 1solate protoplast by enzymat ¢ degradat on of cell
wall

1960 Berg nann filtered cell suspension and solated s ngle cells by plating

1960 Kanta and Maheshwar developed testt be fertil zat on techn que

1962  Mu ash ge and Skoog developed MS med um wth h gher salt
concentrat on

1964 Guha and Mal eshwar produced frst haploid pla ts fron pollen grains

of Datura (anther culture)
1966 Stewa d demonstrated tot potency by regenerat ng ca rot plants from
s ngle cells of tomato

1970 Powei et al successfully achieved protoplast fus on

1971 Takebe et al regenerated frst plants from protoplasts

1972 Carlson produced frst nterspec ¢ hybnd of N cot ana tabacui1 by

protoplast fus on



o 1978 Melchus e al ca ried out somatic hy brid zation of tomato and potato
resu g npomato

» 981 Larkin ana Scowcroft ntroduced the term somaclonal var at on

e 1953 Pell tet e al conducted nte gene ¢ cytoplasnc hybrdizaton n

Rad sh and G ape

22 CONTROLLING FACTORS IN MICROPROPAGATION

The contrelled cond t ons prov de the culture an e1 v ro ment conducive for
the r growth ard mult plicat on These condit ons 1clude proper supply of
nutr ents pH of med un adequate temperature and proper gaseous and | qud
envronm 1t (Hussan ¢f al 2012) From a practical pont of vew the
mechan sms wh ch trigger the development of a plant from a cell 0 a tissue
sect on depe1d 0 facto s which vary accord ng to the spec es the type and the
age of the tissue the env onmental condit ons and the composit on of the culture
media +h ch are generally managed emp r cally on a case bas s (Garc a Gonzales
etal 2010)

2 2 1 Nuttient Mediwum for in vitro Cultures

Growth of plants under » v¢ o condtons s largely determ ned by the
compos t on of the culture med um The mportance of utr tion n plant t ssue
culture has beet reported by Gautl eret (1955) The man con pone ts of plant
t ssue cultu e med um a e mineral salts sugar as carbon source a1d water Otl er
components may nclude organ ¢ supplements growth regulators and gelling

agent (Gan borg ef a/ 1968 and Gamborg and Ph Il ps [995)

Successful culture establ shment has been acheved by standa dzng
different nutr ent comb nat ons MS med um (Murash ge and Skoog 1962)
Whte s medun (Whte 1963) Bs medium (Gamborg et al 1976) L nsmaer
and Skoog s med um (L ns naier and Skoog 1965) Woody Plant Med um (Llyod



and MrCowr 1950) and Nitsch medium (N tsch 1951) are so ne co nmonly used
m dia plait tss e cult ¢ Among these iwtrient meda thee wll be a

part cular o e su ted fora give spec es and also for a spec f ¢ purpose

Differcntial Response on Media Types and its Stiength

Each species respond d fferentially in a particular ned u n and also response
ot a particular spec es vary accord ng to the med a used Apart fron that sol d or
1 qu d nature of med a affect ts respo se Accord ngto Moia (2012) fo the nass
p oduct 01 of Sw clena nac op hylla thougl n vio techique tle evplants
cultured on MS ful stre gth induced the highest umbet of shootlets/explant and
the longest shootlet avo g the fou types of culture medium (MS QL Bs and
WPM) In the case of Acac a n lot ca WPM med a wh ch produced obust plants
w th good nternodes was the best media con pared to B n wh ch nternodes were
stunted (Sa nake ef a/ 2011) Multipl cat on of ax llary shoots n Acac a mea ns
under Bs MS SP and WPM MS promoted the best n ult pl cation of axillary
shoots (3 7 buds explants) on the th rt eth day of culture (D sarz and Corder
2009) Me et al (2008) reported that in the m cropropagat on of Popuius alba %
P be ol neiss MS med un exh b ted a h gh efficiency for shoot regenerat o
followed by WPM med um whle Bs med um inh bited shoot regenerat o
H ghest shoot 1 It pl cat on rates n Eucalyptus ¢t odo a were obta ned when
cultured on MS medium supplemented w th 0 5 mg1 BA compared to WPM and
SH supple neited wth BA (Kor esh ef @ 2003) Brum et al (2003) cultu ed
Feiscarca n MS B Knudson or WPM  The number of shoots w th a d ameter
of more tlan 1 cn and fresh we ght of aer al parts were h ghest 1tle WPM

med um

The strength of the macro or micro elements 1n the med a also affects the
culture response The best root ng was observed on treatments wth 4 MS
medium In Sw efen a nac ophylla out of full and half strength norgamec salts

med a MS full strength nduced the | 1ighest number of shootlets explant and the
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longest shootlet (Mona 2012) In Ternunalia arjuna best shoot multiplication
from nodal expal 1ts and furthe: root induction was achieved on /4 MS medium by
Pandey et al (2006) Khan et al (1999) investigated the effect of MS basal
medwum (0 /4 4 / or full) strength on »n vitro rooting of Syzyg 1 m altern fol 1 n
The best rooting was observed on 4 MS + I mg| IBA + 2 pe cent sucrose + 10

uM spermine + 0 §% agar

In some species for each stage of n vitro propagation d fferent media were
suited Bhargava et a/ (2003) observed that in Phoenix dactylifera globular
proembryonic mass of callus was formed on MS media and when that callus were
transferred to Bs medium fragile snowy callus was formed According to Sharada
et al (2003) MS medium was sutted for shoot development and Bs or WPM
med um for root nducton n Celastrus pamiculatus Axillary bud n itiation n
Dalberg a latifol a was better on the MS medium while for the mult ple sl oot

induction WPM media was the best (Swamy et al  1992)

In Azadirachta indica for the generation of embrvogenic callus cultures and
nduction of somatic embryos MS media was used but maturation and germination
of somatic embryos was achieved on 42 MS media (Rout 2005) Rathore ef al
(2008) used full MS for culture in tiation and multiple shoot induction 1n

Terminaha bellerica However root induction was found to be better n /4 MS

Plant Growth Regulators

Growth regulators are organ ¢ compounds which 1n small amounts promote
nhibit or qualitatively mod fy growth and development (Moore 1979) There are
five known major classes of compounds with plant growth regulatory activity
These are auxins cytokinins gibberellins abscisic ac d and ethylene Among
them auxins (NAA IAA IBA and 2 4 D) and cytokin ns (BA Kinetin and
Zeatin) are commonly used Different plant growth regulators have different

effects and they vary with the type and quantity to be appled As stated by



Kr korian et af (1931) prope selecto and add ton of growth egulator at a

opt mun leve s one of tl e important factors for successf | pla t tissue calture
Bl ojwan and Razdan (1985) eported tl at t s generall necessa y to add 01e or
more ot tlese plant g owth regulators to support good growtl of tissues and

organs

Auxins have an essential role n shoot induction and plant regenerat on 1
most plant species Aux ns are ma nly used to nduce callus 1n var ous explants as
well as for root ng of shoots 2 4 D (34 mg | ) induced callus n Te  nal
a jtna (Arumugam and Gop natt 2011) and O oxp/ n ndci n leaf ndrb
explant (Rajurkar 2011) Roots were induced bv NAA 1n Syzygu ¢t n
(Randr amamp onoza et al 2008) axd IBA n Swefen a nacroylyila (Mona
2012) Sa aca asoca (Subbu ef al 2008) and C nne norun camplo a (Sha 1a
and Vas stla 7010)1 the concentratons 1 to4 mgl IBA sthe n ost su table
root nduc 1gaux 1 A X nsalso ndice somat ¢ embryogenesis from the callus of

C trus s nensis (Kochba and Sp eyel 1973)

Among the various cytokinins BA 1s found to be best for aux llary bud
prol ferat on n Te m nal a catappa (Phulwania er al 2012) G el a a bo ca
(M shraand Sh n 2009) Hola hena ant dysenter ca (Kumar ef al 7005) when
used n concentrations [0 IS uM | It was also most effective for shoot
mult phicaton n O oxylim nd ¢ n (Rajurkar 2011) Cnramo 1 n canpho a
(Sharma and Vash stha 2010) Syzygim ct 2 n (Randr amanpionona ef al
2008) Term nal a belle ca (Rathore ef al 2008) Tern nala arjin (Tho nas !
al 2003) and Ste cul a  cns (Puroh t and Dave 1996) n the coiceatrato s 1 2
mg | TDZ 1s a cytokin n suited for regenerat on fron leaf explants (Jat opha
¢ cas Kumar ef al 2012) However higher concentrat ons of BA resulted n

hyperhydr ¢ and malformed shoots in Sa aca asoca (Subbu et al  2008)

Spec fic comb nat on of growth regulators s found to be effect ve for

development of certan organs In Term nal a arjri a callus cultures showed the



shootanlroot 1 ato nMSbasalm durisuiple 1e tedw th5 nel 2 4 D
+00 mgl Kietnand 10 mgl GA (Arumugam and Cop nath 2011)
Gad dasu et al (20 1) reported that tl e combiiat o of Xiunet n (4 60 uM) v th
BA (4 44 pM) evo ed an opti nu n response towards shoot prol ferat on whe eas
mredum contant g K netn (4 60 pM) TDZ (4 54 uM) 1duced mult ple shoot
formatior n St eblrs asper Nodal segnents of Term ral a ¢ tappa developed
opt mal number of skoots and shoot length on MS + 025 mg 1 BA+ 025 mg |
of Kimetin (Phulwar a ef a/ 2012) Mona (2012) reported that n Sw efen a
mac ophylla the h ghest number of shootlets shootlet length nu=ber of eaves as
well as fresl a d dry ve ghts were obta ed by apply ng40mg! BA+04 ngl
20

Mo eover th natu e of organogenet ¢ different at on 1s detern ined by the
elat ve concen rat o of aux ns and cytok n ns Highet cytok ins to aux n1ato
p omote shoot formaton whle | gher auxins to cytohinins ratio favours root
d fferent at on Therefore an aux n/cytokin n rat o plays a cr tical ole in the
nduction of roots and shoots (Skoog and Miller 1957) Kumar et al (2011)
transferred the regenerated shoot buds of Jatropha cu cas to MS +10 pM Kinet n
+45 uM BA + 55 uM NAA for shoot proliferat on The prol fe ated sl oots were
elongated on MS + 225 uM BA + 8 5 uM IAA Mahaiana ef al (2012) reported
that MS + 8 pM BA -+ 2 uM IBA was most su table for both call s nediated
organogenes s ard elongat on of shoots of Jatropha cu cas The best shoot
nult pl cat on espose from nodal explants of Ter n nal a a j n1was obta ned 01
444 uM BA and 0 53 pM NAA (Pandey et al 2006) 11 U e case of root ng of
Nyctant es arbo | sts maximun response was obta ned on the med un hav ng

025 mgdm *IBA and 0 1 mg dm > IAA (Rout ez al 2008)
Carbon Energy Soui ce

During culture carbohydrates play an important role and act as an energy

source requ red for growth ma ntenance and for synthesis of cell co stituents
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The most commonly used ca bohydrate source 1s suciose but other sugar like
glucose fructose dextrose ma nitol and soibitol are also occasionally used
Meanwh le sucrose also has an important role as it serves as a source of carbon
and energy Suciose 1s also required for differentiation of xylem and phloem
elements in the cultured cells (Alont 1980) Glucose and fructose are alse known
to support good growth of some tissues and are occasionally used Sucrose
represents the major osmotic component of the medium and 1s necessary for

various metabolic activities

Lopes et al (2012) found that 11 Jatiopha curcas sucrose influenced tl e
development of embryos such that the range of 15 to 50 g 1 of exogenous
supplementation with sucrose promotes the best shoot elongat on of plants
however rhizogenesis 1s nore vigorous in the range from 30t0 60 g I 1n whch
a significant 1 crease of the number of roots occurs The best sucrose
concentration for plant v gor and speed in obtaining explants 1830 g1 Khan ¢t
al (1999) found that in Syzygium alternifolium sucrose concentrat on (2%) was
posttively correlated with rooting percentage root number per shoot and root
length For Eucalyptus g andis sucrose at 30 g | gave superior growth compared
with the other three carbon sources tested such as maltose glucose and fructose
(Wachira 1997) Among the various saccharides tested the best calogenic
response was afforded by sucrose both 1n terms of explant response and shoot
develop ng potential of ep cotyl in Syzygium cuminn Sucrose at concentration 4
per cent proved to be the best in developing 4 2 shoots per explant (Jain and
Babbar 2004) Fructose (20 mg [ ) was found to be more su table addit ve n

controlling the neciosis in Lagersti oemia indica (Niranjan ef al  2008)
Additives in the Meduum
There are some complex substances like coconut mlk (CM) casen

hydrolysate (CH) adenine sulphate (AdS) activated charcoal (AC) which are

sometimes required 1n addit on to growth hormenes for callus induction and
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tegeneration Fo nstance the coconut mulk of green 1wt s vey effectve n
prov d ng an undef ned mixture of organ ¢ nutr et ts and growth factors (Gamborg

and Phillips 1995)

Maharana et al (2012) used 45 UM AdS 15 pM glutanine and 10 uM
prol ne to enlance the wmber of mult ple shoot prol fe at on pc explant axd
elongat o1 in Jat opia ¢t cas Lavaiya et al (2006) found that n Fcus
bempan @ max nd 1 nu 1ber of multiple shoots was de cloped ov tl ¢ add t on of
AdS (50 g 1) Jain a d Babbar (2004) observed that n Syzygi:n ¢ n
elongat on of the shoot buds was fac | tated when supplemented wth casein
hydrolysate (1 5 g | ) or glutam 1e (00 mg 1 ) The comb nation of polyan nes
+ IBA 1creased rooting percer tage co 1pared with the med a coita n ng only
IBA 1n Syzygim ate nfolr (Khan 1999) Swamy er al (1992) reported that
the growth adjuvants like coconut m lk casein hydrolysate and AdS were also
supplemented to the med a for direct organogenes s and somatic embryogenes s in

Dalberg a lattfolia

Fr dberg et al (1978) reported that charcoal had an nportait role dui ng
culture by absorbing tox ¢ compounds released by noculated explaits Perk
(1987) showed that tl e add t on of AC often has a promot ng effect on growth
and organogeness n plant spec es Charcoal has been used n regenerat on
medum for trees 1 ke Dalberg a s ssoo (Gulat and Jaiwal 1996) and A ecu
catechu (Mathew and Pl | p 2000) to prevent brown ng of cultu e due to phenol ¢
eaudatio released by tle explants The benef'c al effects of act vated charcoal
were also found on mult ple shoot induct on f om nodal explats of Watrakaka
voli bil s (Chakradhar and Pullaiah 2006)

Vitamns

V tanins have catalyt ¢ functions in enzyme systems and are requred n

trace amounts Thiamiie may be the only essential v tam n for nea ly all plant
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tissue cultures  here as miac n ai d pyridoxine may stinu late g owth (Gamborg ef
al 1976 apd Oh raci al  1976) Some other v tam ns that nave been used in plaat
tssue cufture med a nclude ascorbic acid tocopherol b otin cyaiocobalam n
fol ¢ acid and r boflavin (Huang and Murashige 1977 and Ga nborg and Shyluk
1981)

222 Explant
Genotype

Bn et al (2009) reported the regeneration of adventitious buds and the
rooting of shoots from the leaves of hybr d 717 from Populus ¢ emula x Populus
alba and 353 fio11 Populus b cmula x Populi s t emulo des 20ng  kanamycim
could mhib the bud regenerat on of the hybrid 717 and 35> 40 mg |
kanamycim could mhibit the root regeneration of the hyb 1d 717 and 353 from the
shoots Prabhakaran er al (2003) stud ed the performance of m vitro cultured
tamarind genotypes (PKM 1 Urigam Pollachi 2 Asanoor H | and Salem 144)
Among tl e genotypes Ur gam gave the highest survival per entage (90 50%)
bud break percentage (93 63) mean length of multiple shoots (1 40 cm) and mean
number of shoots per bud (3 34) Urigam also gave the earliest days taken for bud
break (29 94) Axillary shoot elongation formation of multiple shoots and rooting
of shoots were compared 1n nodal segment cultures of Gmelina a1 borea Roxb
from seedl ngs obtamned from sx provenances over seve al subcultures
Provenance dependent variat on was observed with respect to these parameters
(Natk et al  2003)

Explant Type
According to the type of explant used type of regenerahon varies Also

different explants have vary ng regeneration capacity Rajurkar et a/ (2011)

carried out 11 vitro shoot induction and callus induction of Oroxplum imdicum by



us g apical and axilay bud and leaf mdrb expl nts Axlilwv b d showed
s grificaitlv t gh skoot awlt pl cat o whereas leaf m dr b explaat vas found to
be more etfect ve for callus nduct o1 Subbu ef af (2008) attemptcd he clonal
p opagat on of Sa aca asoca through shoot tip nodal a d nernodal explants
Regeneration vas observed on all types of explants but shoot regeneration was
most pronounced for nodal and nternodal explants Nodal expla ts produced
more shoots than term 1al apex n Te : #nal a a juna (Thomas et a/ 2003) When
tte germ nat on f D ospy os kak do mant buds sprout buds and sl oot t ps are
conpared dorna it bud showed the h ghest response and ts prol ferat on ab Iity s
stronger (Kun et al 2010) Cotyledonary node expla ts of Pcliopho tm
pte oca pim gave best shoot mult pl ca on compared to shoot tp a d nodal
segnent (Udd n ef af 2005) In Pte oca pus sa tal nus also cotyledo ary nodes
showed s gn ficantly h ¢l er shoot mult pl cation rate aj d shoot lc gt than feaf
nodes (Rajeswar1 and Pal wal 2008) Cavusoglu ¢f @l (2012) 1epo ted that when
node nterncde and leaf explants of t ssue culture reger erated Populi s delto des
plantlets were used for drect and nd rect somatc embryogenesis The best
somat ¢ embryogenes s observed 1n inter nodes and also gave the best result for
embryogen ¢ call formation Accord ng to Lu ef al (2007) n Ercdypiiss th

the ability to form call s followed the order cotyledons and leaves young stems

axd hypocotyls stems from old trees seeds and roots

Size of Eaplant

Vyas and Ba sal (2004) reported n Bo ibax ce ba that the 2 5 nm s zed
zygot ¢ embryo exhibited optimum response wth respect to frequencies of
explant swell ng callusing enbryogenes s and green ng 11 Artocarpis alt [ s
explants less than 10 n m rooted in | 2 months compared to explants greater than
10 mm where roots developed after 3 4 months 1n culture (Tua et ¢/ 2007) In
C n amomim campho a when the performance of small shoot tips was compared

wth that of 20 cn nodal segments during subculture cytok nns nduced



hyperhydrcty nsmn ll shoo ps Hype hvdr ¢ ty was avoided s ibeultures by
us g larger nodal segment (Chuieral 1998)

Influence of Fnp tnt 1 the Mother Plant

B et al (2009) fourd that the best eaf explait for advent t ous buds
regenerat 01 cre 01 the tip | 39 leat of stems poplar nybrd /17 and 35
Maximum bud break (78 6 81%) was obtaned i Azid wlta nic wlea
m ddie order nodes (3¢ or 4" node from aper) were taken (A ora e al  2010)
Leaf d scs from the th rd expand ng leaf exl b ted h ghe regenerat on potent al
than those from the fourth leat n Jatrop ha ¢i cas (St tha and Mukta 1996) In
Lage st oe 1a pa v flo a ¢ Htures der ved f om explants of seedl ngs term nal
tw gs and basal sprouts of 50 year old trees showed s gi ificant varaton n
responses at establ sl ment shoot proliferation and root g stages Cultures
det ved from seedling and basal sprout explants were successfully nainta ned for
up to 6 success ve trai sfers whereas those der ved from t ee explants died after 3

transfers (Qura sh efal 1997)
Age of Explant

Mazundar et al (2010) observed that in Jaf opha ci cas the callus
induction and shoot regenerat on capac ty of cotyledona y leaf segments were
found related to the age of the explants and their or entation 1 culture med m
Accord ng to Pasha and Irfan (2011) soft explants had faster shoot nitiat on than
hard ones n Eucalyptisct oda a Inthe micropropagat on of 4 ad achta d ca
usng nodal segnents fom mature trees a d green house gtowt juvenile
seedlings the cultures establ shed from the explants collected from the juven le
seedl ngs were supe 10r to those from mature trees (Srn dh ef a/ 2008) Nar and
Seen (2003) cultured young shoots such as red (1 2 weeks) pnksh ed (35
weeks) pale green (6 8 weeks) and dark green (9 10 weeks) collected fron

mature trees of Calophyllu  apetalrm All the shoot tip and s ngle node expla ts



of the voungest | 2 week old shoots were lost due to excessive browning and
necros s nodes of the 6 8 week old shoots responded tl e 1 ost (68% of explants)
w th tl e format 0 of 3 2 shoots per explant n 7 weeks Nine month old seedlings
were observed to be the best source of explants of Lagc stroe n a reg nae and the
egenerat on response declined with an mcrease n age of the plants (Sumana and

kaver appa 2000)

According to Goodger et al (?008) n Eicalypius polyb actea tl e age of
the explant source also d d not influenced the success of m cropropagation a d as
a result older plants (for wh ch key o1l traits are known) can be selected as el te

plants for multiply ng selected genotypes v a m cropropagat on

Season of Explant Collection

Kesar et al (2012) reported that percentage response from feld grown
mature nodal segme ts of Pongam a pinnata were h ghly dependant or the season
w th greater than 68 per cent of culture develop ng adventit ous shoots dur ng
spring Nodal sector explants of Gmelina a borea showed seasonal va aton n
the sprouting of axillary buds # v¢ o (Thakar and Bhargava 1999) Garc a
Ramirez et al (2010) stated that the season nfluenced on the n vtro
establ shment of B vulga is var vulgars such that h ghest wumbers of buds
sprouted and explants free of microbial contaminants was ach eved between
January to April and November to December Accord ng to Saha ¢f al (2013) the
seasonal nfluence on bud emergence heavy microb al contam nat ons and
phenolic exudat ons are the 1nportant factors that | mt the establish 1ent of
ax llary bud cultures in Schle che a oleosa Nodal stem segments collected dur g
the month of Apr | gave best response Azad rachta ind ca (Arora et al 2010) In
the summer months of March to May 83 19 per cent ster le cultures were
obta ned out of which 4565 per cent st owed ax llary bud spioutng n v¢ o

establishment of Cst a na eqi setifol a (Seth et al 2007)



Swifuce Stadr  t1 n of Laplant

Tl e fungal contamnat o 1 Santal n alb:  was el ninated by the use of
Bav stin (a systemc fung cide) n the sterlzat o1 procedure (Reddy and
Subraman an 1998) Chandra e al (2004) reported that mango s! oot bud
explants taken d rectly from feld grown mature tree face major problems of
phenol ¢ exudat on and deep seated contam nat on n the establ sl ment of asept ¢
cultures and th s was overcome by us ng var ous sequent al pretreatment and
d fferent ster1l z 1, agents In the Eucalypti s m cropropagation Watt et al (2003)
observed that addton of [ g " calc um hypochlorite to the frst culture med um
for bud break nh b ted endoge 10us conta n nation In the fig tree the addition of
ait b ot c ampic Il n to the med um after autoclaving was effect ve to co1trol of

exdogenous baute a (Palueral 2011)

According to Palu et al (2011) the f'g tree ap cal bids explants when
immersed 1n 70 per cent ethyl alcohol and sod tm hypochlorite 2 5 per cent 1t
was s fficient to control fungal contam nat on S ngle nodal segments collected
from newly sprouted shoots of Schle che a oleosa from Ap il to May were
sterilized by dipping n a HgCl, solution (0 1%) for 3 5 7 and 10 m nutes or in
an NaOCI solution (3% v/v) for 5 10 and 15 minutes Among the sterilizat on
treat nents only the appl cat on of O 1 per cent HgCl, for 7 m nutes produced non

contam nated al ve explants of Schle che a oleosa (Sinha and Akhtar 2008)

The studies done by El Zaher (2008) n jackfruit revealed that treating 70
per cent ethai ol for 2 m nutes + 0 2 per cent HgCl, for 5 ninutes +15 per cent
Clorox for 15 n ttes w th the ar ioxidants was the mnost effect ve ste 1l zat on
treatment as 1t recorded a good percentages of the surv val and aseptic explants at
all studied dates and for all explants types D sinfect on of 1ode expla ts wtl 3
per cent propiconazole CE 25 for 3 minutes resulted in 100 per cent explant
dis nfect on and 60 per cent morphogenic response on those establ shed explants

(Garcia gonzales et al 2011)
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2 2 3 Culture Environment

Light 1s an important factor for the success of a t ssue cultu e experiment
The ntensity quality and extent of daily exposure of Light are the determin ng
factors n the plant tissue culture Cultures are usually maintained at 1 constant
temperatute of 2>+2°C and a photoperiod of 16 hours of Jight (?0 umol m s

photosynthetic ploton flux mtensity) and 8 houts of darkness

We brouck ef al (2012) reported that monochromatic blue red 1 d far red
and then combinations are suitable to manipulate the number of shoots shoot
length shoot/callus we ght ratio and leaf length/width ratio 11 Ficus be yemina In
Dalberg « op imum tesults were obta ned at 26£1°C at 16/8 hour (I ght/darl)
photoper od (Al ef a/ 2012) Rodngues ef al (2012) observed that n
Azadn achta indica n vitro propagation culture flasks sealed with two PTFE
membranes prodi ced the highest number of shoots In contrast explants cultured
in flasks without membranes showed leaf chlorosis and senescence In Rubber
type of culture tube closure influenced significantly the survival of explants where
the number of survived explants in culture tubes covered with cotton was higher

than that of with parafilm (Nurhaim: Haris ef al  2009)

2 3 ROOTING OF /V VITRO PRODUCED SHOOTS

2 3 1 In vitro Rooting

In vitro rooting can be achieved either by transferr ng the elongated shoots
d rectly to med a containing auxins or by pulse treating the cut ends of excised
shoots n high concentrated auxin solution before transferrmg to the med a either
hav ng auxins or no growth regulator Addition of act vated charcoal and dark
incubation also promote rooting n some species In some others | quid medium 1s

more efficient than solid medium



21

Puroh t and Kukda (2004) successfully ooted A ghtat ( a shoots by
dppng the lower ends  pre autoclavel IBA soluton (100 ng 1) for 10
n nutes followed by the r mplwntato on mod fed MS medum contan g
200 mg | activated chacoal Hussa ¢« al (2008) mduced rootng n
Pte oca pus 1warsupt n croshoots exc sed fron prol ferated hoot cu tires o
sen solid | o-mo ¢ free / MS medium after a pulse (d p) treatmert for / days n
/2 MS | qu d med um contan ng 100 } M IBA and 15 84 n [ phlo og uc 1l (PG)
InTe n 1wl abelli ca ~VMSned m supplemented w th 74 60 uM IBA and 100
mg |l AC was most effect ve for rootu g of the shoots (Phulwar a et al 2012) A
MS med um with IBA sl owed root ne n St eblis aspe (Gadidasu et al  2011)
Sa aca asoca (Subbu ct al 2008) Te n nalia ary na (Fandey cf af 2006) and
O oglum nd cur (Gokl ale and Bansal 2009) Syzyg m ¢t nn rooted nvi
01 /2 MS + 0 1% act vated charcoal supplemented w th IBA (10 | M) or NAA
(15 0 pM) (Rathore et al  2004) In Nyctanthes a bo 1 st s max mum percentage
of oot ng was obta ned on med um hav ng 025 mg dn’ IBA and 0 | mg dn?
IAA (Rout ef al 2008) Selvan ef al (2003) found that for Acac a carecht best

rooting med um was / MS med um supplement d w thIAA (20 ng )

Kumar et al (2011) reported that Jafropha ci cas root ng was ach eved
when the basal cut end of elongated shoots were dipped n / MS hqu d medium
conta n ng different cor centrat ons and combur a 1ons of IBA IAA and NAA for
four days followed by transfer to growth regulators free half stre gth MS ned t n
supplemented 025 mg | act vated charcoal Nar and Seeni (2003) rooted
Calophyllum apetali m m croshoots by cultur ng n 4 MS mednm supplemented
with 9 8 uM IBA for 4 weeks followed by transfer to / MS b s1l ned tm for 4

weeks

Hegde and D Souza (1995) reported that M llington a ho tens s m croshoots
observed that / MS med um resulted n enhanced root ng and a reducton n
callus format on Holairhena ant dysente ca excised shoots we e ooted on MS

basal med um w thout growth regulators (Mall karjuna and Rajendrudu 2009)
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Accord ng to Borthaki ¢/ @/ (2011) h ghest pe ceitage of diect sioot
egenerat on of Al @ odo at ss 1a was obsetved n g owtl regulato free MS
medium In A a It occ dentale pretreatment of shoots v tl [BA followed
bv a 10 day dar t eatment resulted i 50% tooting after 10 days i the | ght

res lted nrootng (L evenseral 1989)

High f eque1cy oot 1g was obtained n Anoge ss15 se ceava numnila a
by pulse treat ng the solated shoots w th 98 0 uM IBA for s x hours + / lIqud
MS med um a1d then tra1sferr ng these shoo s onto /4 hormone {ree sem sol d MS
medium (Yusuf 2005) Accord ngto Slirnef al (2005) v o raised st oots of
Tectona grad s could be successfully rooted on | quid MS med um suppleme 1ted
w th 15 uM NAA

2 32 Ex witro rooting

Certa n spec es respond to root ng unde ex vit7o coxd t ons compared to #
vio 1 [Tem ialc catappa shoots treated wth 200 mg 1 of [BA prod ced ex
v i o roots (Phulwar a ¢/ al 2012) Accord ng to Rathore er al (?004) ex vt o
root ng by pulse treatnent with 2 50 mM IBA of cloned shoots of Sy -ygrm
ct min was highly effect ve and saved t me and resources Mall karjuna and
Rajendrudu (2009) d pped the # vt o formed shoots of Hola na ant dysent ca
n 2 mg dm? of IBA solution for 2 minutes before transferr ng then onto tle
hardenmng med um Shekhawat (2000) developed a m ¢ opropagat on process for
Anoge ssus lai fol @ ¢x ¢ o by pulse treat ng wth a combiiat on (100 mg |
each) of IBA and NAA 1n so Ir te in culture bottles Tle ca ¢ o root nduct on

method was h ghly efficient
2 4 HARDENING AND PLANTING OUT

Afier rooting harden ng of regenerants pr or to tra sfer n the so | ncreases

the survival rate of transferred plants So t1s a step wh ch g adually accl mat zes
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the pla t to the larsl natural ¢ vironment Sp ay ng m st 1g and covering w tl
the thn polv nete may serne o f Ifll tHe above object ve Various types ol
substrates have been used durng acc matizaton sich as sol verm culites
muxture ster | zed sand and so 1 (Goyal and Arya 1981 Gulat axd Ja wal 1996
Ph lom na and Rao 1999 Thakur et a/ 200! and Sunaina and Goyal 2000)
Siwach and G 11 (2011) potted and accl matized n v o ra sed plantlet of F cus
rel g osa under culture room cond tions for 25 30 days before transfer to so |
condit ons Rooted plantlets of G nel na arborea were successtully acclimatized
in high humidity condit ons (80 90% RH) for two weeks prior to s ccessful
tra sfer to a shadchouse (M shra axd Shim 2009) 1 Feis beyan a
transferr ng the plantlets f'rst to dist [led wate1 for 6 hou then to so Ii te and then
keeping under mist was found to enhance ther surv val (Lavanya et af 2006)
Pandey et al (2010) ransplanted the rooted plantlets of Artoca prs ! eterophvil s
to earthen pots conta n 1g ster le sand soil and verm compost (1 2 1) and cove ed

by transparent plastic bags

The rooted plantlets of Calophyllum apetalum were transferred to clay pots
flled with so | said and farmyard manure (I 1 1) ma nta ned in a m st chamber
at a relat ve hum d ty of 80 90 per cent (Nair and Seen 2003) /7 v ¢ o hardening
of Tectona grand s was carr ed out 1n sand soaked with half stre 1igth MS med um
(organ c free) The plantlets were accl mat zed f'rst in a m st chambe and then n
polybags in a m xlure of so | sand and farmyard manure (1 I 1 v/v) a shade
house (Shrn et a/ 2005) Mature rooted shoots of Mil ngton a ho tens s were
transferred to plastic pots containing vermiculite mo stened with quarte strength
basal medium and mamtamed n a humd chamber for accl nat zat on and

hardening for two weeks (Deshpande er al 1999)
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25 MICROPROPAGATION THRQUGH TISSUE CULTULRE IN TREE
SPECIES

Plant t ssue culture technology s be ng w dely used fo large scale plant
multipl cat on  Small pieces of tssue the explants can be sed to produce
huxdreds a d thousands of plants n a co tinuous process A s ngle explant can be
wlt pl ed into several thousand plants mn relat vely short tin ¢ pe od and space
unde controlled conditions rrespect ve of the season and weather on a year
round bas s (Ak n Idowu 2009) Apart from their use as a tool of esearch plant
tssue culture tecin ques have n recent years become of major ndustr al
nportance 1 tle area of plant p opagation dsease elm naton plaat
n prove nent and product on of seco dary metabolites Endangered threatened
and rare speces have successfully been grown a d conserved by
m cropropagat on because of h gh coeffic ent of mult pl cation and small dema1ds
on number of ntalpla tsand space (Hussa n efal 2012) The m cropropagat on
tecl nology has a vast potential to produce plants of superior quality 1solat on of
useful variants n well adapted h gh yelding genotypes witl better d sease

es stance and stress tolerance capac t es (Brown and Thorpe 1995)

Due to tle 1creas 1g threats to forests n partcular a d bod veisty n
general there s a geat need to conserve tree ecosystems for both their
env ronmental and aesthetic values To ma ntan and sustan forest vegetat o
conventional app oaches have been explo ted for propagat on and improvement
but these methods are ve y slow and are restricted to the most valuable and fast
grow 1g species Moreover these methods are limited due to the slow grow ng

long | ved sexually self ncompatible and h ghly hete ozygous nature of plants
(Gir etal 2004)

In this situation plant t ssue culture methods offer an important option for
effective mult pl cat on and mprovement of trees wth n a Iim ted time frame

Dur ng the last few years m cropropagat on techn ques I ave been used fo the
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rapid and large scale propagat o of forest trees It s cowsdeed t at ee are
fowr plases of g owth of a tree the emb yogenetic phase the seedl ng phase
(equ vale t to juvenile | hase) the tra1 it on plase {acquston of eproduct ve
competence) and tl e aged or mature phase ( » h ghest reproduct ve compete 1ce
and lo vest growth con peteice) In general usage of mature explants from adult
trees g ves I mted success due to ts diff culty to egelerate u de n vio

conditions But v/ ocultute s 1gjuven le expaits g ve prom s ngies lts

Development of m cropropagation protocols of voody speces through
t ssue culture was slow due to the difficult es exper enced at pr mary culture
establishment root nduction and part ally due to the ex stence of phenol ¢
compounds n tissues Slow grow ng habt of trees and long dormancy pnse
difficult problems for t ssue culturists They have also not ced that call of trees
are hard to diffeie t ate Over the past three decades considerable advancement
has been ach eved on micropropagat on methods of forest trees A vey b ef
account of some of tl e # v fro propagation works carr ed out m Sa talun albu

and other mportant broad leaved tree species are rev ewed he ¢
2 51 Santalum album

A study on efficent Santalim albim plant regeneraton va ndirect
organogenes s from callus cultures der ved from leaf t ssues was do1e by Singh et
al (2013) The tighest callus frequency (100%) was obta ned when leaf t ssi.e
was cultured i tl e medium w th 0 4 mg | ' TDZ The WPM +2 5 ngl BA+04
mgl NAA was the most effect ve in produc ng th highest nu nber of shoot buds
(24 6) per callus The highest number of shoots per explant (20 67) and shoot
length (5 17 em) were observed in med a supplemented wth 50 mg 1 BA and
30 mgl Knetn espectively The highest root ng percentage (91 67) and
survival were ach eved us ng WPM media with 15 mg 1 IBA All plantlets

survived accl mat zat on pioduc ng healthy plants n the greenhouse
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Bele ef al (2017) attempted 1 cropropagation of sandal [ o ct ltured leaf
d scs Among vario 1s mediua exper mented MS+10mgl 24 D+05mgl
TDZ supported max mu 1 drect somatc enbryogeness (11 M%) ndiect
soma ¢ embryc_eies s (54 23%) and ncan t ambers of soratc 1 byo(s per
explart (160 08) wle eas culture medum (MS+20 ngl 24 D-+05 ngl
TDZ) promoted d ¢t organogenesis (20 38%) It oculatior 1ediun MS +20
ngl TDZ+ 05 mg!l NAA proved super or for direct organoge ess (9 48%)
and regenerat on of plantlets va drect organogenes s (36 69%) MS med 1m
fortitf ed wth 20 mg [ TDZ and 10 mg | GA; proved super or for plant
regenerat on vig somat ¢ embryogenesis (163 63%) wh le regenerat on ned um
MS+10mgl TDZ+05mgl GA3+05mgl NAA regenerated pla tlets a
nd rect organogenes s (141 25%)

Sanjaya et al (2003) induced multiple shoots fron nodal shoot seg nents
der ved from a 50 to 60 year old cand date plus tree (CPT) on MS+0 53mM
NAA+11 09mM BA In vtro dfferentiated shoots were nultpled on MS
med um with 053mM NAA 444mM BA and addt es 283 93nM ascorb ¢
actd 118 10mM ¢t c acd 104 04mM cystine 342 24mM glutam ne and 10%
(vv) coconut mlk New shoots were harvested repeatedly for up to three
subculture passages on fresh med um at four week mntervals M croshoots treated
w th 98 4mM IBA for 48 hour produced roots on growth regulator f ee /4 MS
basal salts medium w th v tam n Bs and 2% sucrose Ex v fro root nauction was
ach eved from m croshoots pulsed w th 1230mM IBA for 30 minutes n so Ir te
root ng med um The percentage of rooting n soilr te was h gher tl an that for agar

med um

Induction of adventit ous shoot buds on sandal leaves s eported by Muyb
(2005) De ro o shoots were nduced directly on leaves without any callus ng
stage Leaves wth 05135 cm length only showed bud nducing potent al
Although bud format on occurred on bott MS and WPM basal meda 1qud

med a were more respons ve A mong the plant growth regulators BA at low
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concentrat ons (0 44 and 2 22 pV) was effect e n th s organogenet c p ocess but
exogeno s aux n applcaton faled o llct a sm lar morpl ogenet ¢ response
Leaf lam na vas showed max mum response n wh ch tl e dorsal a1d ventral leaf
surfaces we e equally h ghlv regenerat ve however response vared n d ffete t

parts of the leaf

Rar and McComb (2002) regene ated Sartalt m albin fron mat re zvgotc
embryos thiough d rect somat ¢ embryoge1esis on MS ned un conta 1ng TDZ
o BA Indy dua somatc embryos were then isolated and r1ansfer ed to MS
nediun v thout cytok n n on which they formed secondary embryos n repetit ve
cycles wtl or wthout the addton of IAA to the nedium Somat ¢ embryo
gern nation was achieved by solating somat ¢ embryos w th d stinct cotyledons
and reculturing them onto A MS nedium w th GA; (1 4 uM) Recovered plantlets

were acclimatized ar d grown n the greenhouse

252 Acacia species

By us ng seedl ng denived explants like leaf node cotyledona y node and
shoot tip a protocol for n vt o clo al propagat on of Acac a mang um was
developed by Shah nozzaman er a/ (2012) Cotyledonarv rodes sho ved best
response a1d MS +4 0 | M BA gave n ax mum number of shoots and best root ng

was observed n the med um | av ng 8 0 puM IBA

Dhabha and Batra (2010) developed a protocol for nd ect organogenes s
n Acac a n lotica L through cotyledonary node explant exc sed fron 20 day old
n vt o grown plants Explants were cultured on MS medium supple nented w th
var ous concentrations of 2 4 D alone and n comb nation w th BA for callus
nduction After the 25 days of inoculatonon MS +2 4 D (20 mg ! ) alone or
ncombnationwthof 2 4 D (040 mg! )and BA (020 mg! ) ncombu aton
gave maximum and rap d growth of green callus The same med a prod ced shoot

nduction after subculturing tw ce at the t ne nterval of 21 days Tle h ghest
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number of advet titious shoots and their elongation was achievedonMS +2 4 D
(040 mgl )+ BA (02 mg ! ) when activated charcoal (200 mg | ) was added
The elongated adventitious shoots produced roots on 42 MS + IBA (05 mg | )
after 20 days

Plant regeneration f om phyllode explants excised fiom 60 day old i v fro
seedlings of Acacia ciassicarpa was done by Jia et al (2006) through
organogenesis MS + 05 mg1 TDZ + 05 mg ' NAA induced green compa t
nodules and adver titious shoots n 10 and 40 days respectively The clusters of
advenutious shoots were transferred to medium contaiung 0 1 mg1 TDZ wthn
two months which gave efficient shoot elongatton With in one month these
adventitious shoots were rooted at a rate of 96 5 per cent on 2 MS + 05 mg |
IBA

An n vitio propagat on of Acac a mang um has been established through
the mnduction of bud sprout from mature nodal explants of 10 years old tree
H ghest rate of shoot multipl cation was obtained on MS + 15 mgl BA + 005
mg | ' 1AA + 100 mgl AdS) Exc sed shoots were rooted on 4 MS + 05 mg |
IBA or IAA and 20 g1 (w/v) sucrose after 13 14 days of culture (Nanda et af
2004)

Selvan ef al (2003) developed an 1 vits 0 propagation technique for Acac a
catechu using nodal explants Maximum number of shoots was obta ned in MS +
BA (4 0 mg ")+ NAA (05 mg ! ) + adenme sulfate (25 mg | ) + ascorbic ac d
(20 mg 1 )+ glutamine (150 mg | ) Best rooting medium was / MS + IAA (20

mgl )+ 15 per cent sucrose

2 53 Adanthus triphysa



Natesha and V jayakuna (2004) reported 7 ¢ o propagaton of the
trop cal tree <pec es A4 lahts &1 physa using ax llary and term al b d explants
from three to four year old sapl ngs MS basal n ed um was the best ned um for
culture estab] shment and shoot growth Among tle varous cytok 1ns
supplemented to tl e basal med un sngly or 11 comb 1ato v thIAA BA at30
mg | was better for [eaf and mult ple shoot production Comb 1ations of two
cytok n ns namely BA (30 mg | ) and Kinetn (1 0 mg | ) produced mult ple
shoots with h ghest mean number of shoots (4 3) However shoot elongat on was
very Liited n all giowth regulator comb nat ons tested for sl oot product on
Root ng of m ¢ oshoots was successfully accomplsted 1 / MS medi n
supplemented witt both 4 0 mg | 1AAand04mg!l IBA

2 5 4 Albizta speaes

Complete plantlets of Alb z a amara were developed throt gh nduct on of
mult ple shoots on MS med um from cotyledonary nodes of 12 15 day old aseptic
seedlings Effective mult ple shoot nduction was obta ned on MS supplemented
wthBA(Img!l )+Knetn (2mg! )or BA(I mgl )+NAA (1 mg!l ) Sloot
elongat on was prominent at K netin 025 mg | concent at on In v fro root ng

was successful on 2 MS + NAA 1 mg | (Indravathi and Pullaiah 2013)

Accord ng to Borthakur ef al (2011) highest percentage of d rect shoot
regeneration of Alb zz @ odoiat ss na was obtaned on MS + 075 mg 1' BA
Ap cal buds from 7 days old i v tro seedl ngs of 4 odo at ss a vere used for n
viro culturng In vt o rootng of the m croshoots was observed in growth
regulator free as well as IAA or IBA supplemented half strength MS medium But
the best root ng response (53 33%) was observed n growth regulator free MS
med um The h ghest response (40%) for acchmatizat on and pot establ shment of

the rooted plantlets was obtained n so Ir te
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An n viro shoot regerer o1 systen v s developed fo Albr a lebbeck

s 1g root explants from 15 day old asupt ¢ secdl ngs oy Pe veer ¢ [ (2011)

Explan  were cultired on MS mnedu  supplemented wth different
conce ta ons of BA Knetn and 2 P singly as well as n co1b aton wth
NAA The h ghest ate of shoot n ult pl cation vas ach eved on MS + 7 5 pM BA
+ 05 uM NAA Root ng of microshoots was ach eved us ng / MS +2 0 uM IBA
after four weeks of cultu e Healthy rooted plantlets were successfully established
n earthe1 pots co tain g garden so | and grown 1n greer house with >80 per cent

survi al rate

The 1solated leaflets of Alb a p oce a cultured on MS mednm wth
various concen rat 01s of BA and NAA showed shoot bia egeneratior (Kuma et
al 1998) Thel gh st wumbers of advent t ous buds were obtat d on MS 10
uM BA + 1 | M NAA Enhanced adventit ous bud regenerat on was observed
when 7 g1 D tco bacto agar was replaced wth 26 g1 Phytagell n the med u
Also the add t on of 15 UM s Iver n trate promoted callus free shoot regenerat o
from leaf explants MS + 001 uM BA + | pM NAA elongated the regenerated
shoot buds Root ng was obta ned on MS + 2 uM IBA

2 55 Anacardium occidentale

Kamshananthi and Seran (2012) dd the nducton of somatc
embryogenes s from cotyledon explants of cashew Nodule 1duction was
observed n all treatments and higher per cent (80%) was noted n MS + 2 mg |
BA The root forrato1 was | gher (47%) n MS+2mgl K etn+ 2 mg!
NAA where longest roots (120 nm) were recorded Further t was noted that the
medium contamed 2 mg | BA showed higher per cent of somatc embryoid
formation d rectly from cotyledon explant Subsequently somatic embryos were

noted 2 3 weeks after culture n MS basal medium w thout growth regulators
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In vt o clonal propagatioy of cashew was tr ed by Kes! avacl andian ¢t al
(2007) from shoot explants of ? 3 year old grafted pla ts which were 1egularly
sprayed vth Bavsti 01 per cent at weekly ntervals Best sl oot proliferat on
and shoot elongatio 1 was found MS + Kinetn (>bmg )+ NAA (Imgl )+
Brassinol de (0 1 mg 1 ) M ¢ o sl oots were rooted 1n ¢ o at a frequency of 70
80 per cent when cultured for 4 8 days nhqud / MS +IBA (1 ng!l ) after th
pulse t eatment w th [BA (100 ng [ ) for two m nutes The average numbe of

roots ranged from 5> 5 v th an average lengtl of 1 63 cm

2 5 6 Anogerissus latifolia

Shekhawat (2000) developed a micropropagat on techn que for Anog ssis
lat folia n which mult ple shoots we e regenerated from cotyledonary ode ad
ep cotyl explantson MS +0 1 ngl TAA+15 ngl BA +addtves 25 mgl
each of aden ne sulfate L arginine ascorbc acd ¢t cacdand 10 nM L
asparagne) and 200 pM Fe EDTA In vfio different ated shoots were
subcultured aid repeatedly transferred onto fresh med m of the same
compos ton except for the BA (10 mg 1) for shoot multiplicat on The
m croshoots were rooted nvfoon/ MS+10mgl etherof IBA or NAA Ex
v ! o rooting was tr ed by pulse treating w th a comb nat on (100 mg 1 each) of
IBA and NAA n solrte n cilture bottles Tte ex v o root nduct on method

was h ghly eff cient (w th 80% rooting)

2 57 Artocarpus heterophylius

Pandey ef al (2010) found that MS +3 0 mg! BA was best suited for the
mitiation of explants But addton of 30 mg | Kinetn to ths meda nduced
maximum number of multple shoots The ncrease or decrease of the
concentrat ons of BA and K netin in the med um restlted 1n decl ne of shoots
number The highest s gn fcant shoots length (7 50 cm) was ach eved n MS +3 0

mgl BA+01mgl NAA Regenerated shoots rooted n the mediun containing
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MS salts supplerented wth 0 Il mgl IBA+01 ngl TJAA+011 g1 NAA
ard 35 mg L suciose Rooted plaitlets we e transplanted to ea then pots
conta n ne ster le sanl sola d ver 1compost (12 1)a dcove ed by t a sparent
plas 1c bags After accl mat zat 01 the potted plants we e traispla ted 1tle open

feld where 40 pe cer t n aats surv ved
258 Acadira hta indica

Rapid clonal p opagat on of 4 ad achta nd ca employ ng nodal stem
segments vas developed by Arora e 4! (2010) M ddle order nodes (3 dor 4l
1ode from apex) showed max mum bud break (78 6 81%) BA (1 |1 uM) was
found most effective n nducing mult ple shoots whereas no ganic and orgn ¢
constituents cf the medium nfluenced growth and ge ¢ al cond tion of
pro! ferat ng shoo s An average of 3 | shoots per explant was regenerated n MS
+ 111 uM BA + 145> uM TAA + 81 43 | M aden ne hen sulfate Root nduct on
took place n & 10 days w th 100 per cent 100t ng 1n pre<er ce of 2 46 uM IBA

2 59 Bamboos

Banbusa balcooa was propagated n f o from nodal explants After
surface steril zat o1 wth 01 per cent mercur ¢ chloride for 10 m nutes nodal
segments were cultured on MS + 44 uM BA + 232 pM K net n + 0 2 per cent
w/v gelr te In v tro formed shoots were successfilly mult pledinlqud MS +66
uM BA + 7 32 pM Kinetn + 2 5 per cent v/v coconut water + 100 mg | nyo
inositol Shoot cl sters conta ning 5 to 8 sl oots were rooted w th n 3 week w th
875 per cent success n / MS + 571 uM [AA + 49 uM IBA + 537 uM NAA
(Neg and Saxena 2011)

Deogirkar er al (2007) developed a protocol for the » v 10 propagat on of
Dendrocalamt s st ctis through somatic embryogenes s The seeds cultured on

MS +3 mgl 2 4 D prodiced embryogen ¢ callus wth globular shaped
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embryos Better ge m nation of somatic emb yos witl dark gee colour was
observed 1 MS + > ng | BA There we e 15 to 25 shoots that developed 4

weeks after 1t cubat on of he sa d treat ent

Meshran et al (2006) de nonstrated a piotocol for n ¢ o piopagation of
Bambisa a wr d na ea Embryogenic callus w th globular shape embryos were
produced when seeds cultured on soldfed MS +2 4 D 2 ngl For
germ nat on somatic embiyos were transferred to MS + BA 2 mg 1 The dark

green e nbryos veveloped nto healthy plantlets w th well developed root syste n

A m c1o propagat on techn que for Bambt sa vulga s var Gieen from nodal
segments w th s ngle ax llary buds collected from f'eld grown clumps (7 year old)
was developed by Shir n ef al (2005) Among the different aux ns and cytokini1s
tred ind v dua ly or ncomb nat ons MS + 15 uM BA + 15 1 M K net n resulted
in max mum shoot mult pl cation rate of 7 5 fold Max mum root ng (91%) was
acheved on MS + 25 uM NAA After n v#o hardenng 1 sodrte and
subsequent acciimat zation n m st chamber and shade house the plantlets were

transferred to field

2 510 Bauhnra acuninata

Akhter et al (°012) stud ed the effect of growth regulators concentrations
on morphogenet ¢ development us ng sceds of Bauhm a acu n nata Satisfactory
ger ninat on was observed at MS + 1 0 mg 1 GA; Subsequent propagat 01 from
plantlet was perfo med on MS med um supplemented with va ous concetrations
of BA and NAA or IBA Reasonable shoot formation was observed at 0 50 mg |
BA +010mgl NAA For root ng IBA (020 060 and 0 80 mg 1 ) and NAA
(020 060 and 080 mg [ ) were used The h ghest numbers of roots were
observed at NAA 0 60 mg |
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2 511 Bombax malabaiicum

When shoot t ps and node segments of B nalaba ¢ n were cultured n MS
med um supplemented with d fferent concentrat ens of BA in combination w tl
NAA the rode seg nents produced more shoots compared to the shoot t ps (Atta
Allaeral 2003) 2mg! BAand I mgl NAA produced the | ghest number of
p oliferated shoots The number of shoots decrcased wth 1creas ng
coicentrat ons of BA and NAA Evei though root ng of prol ferated shoots was
observed on MS 1edun conta1ng 0 05 1 2or3 ngIBAor NAA 1 low
concentrat ons of IBA a1d NAA resulted n the h ghest number of developed roots

as wel] as root length

2 512 Buchanan:a lanzan

Sharma er al (2005) developed a protocol for somatic embryogenes s and
plantlet regenerat on of Buchanania lanzan Spreng fom mmature zygotc
embryos The h ghest frequency (60%) of somatic embryo nduction was obta ned
n cultures giown on MS med um fort fed wth 453 uM? 4 D 532 pM NAA
and 448 uyM BA The med um supplemented with 15 |M ABA was most

effective for maturat on and germ nation of somat ¢ embryos

2 513 Caesalpuua pulcherrima

M c opropagatior of Caesalpin a pulche r ma was done by us g 1odal
explants with a s ngle ax llary bud from trunk sprouts excised fron a 20 year old
tree (Rahman ef al 1993) MS med um conta n 1g d ffereit comb nat o1 s of
aux ns (IAA NAA 2 4 D and IBA) and cytokimns (BA and K netin) was used
for culturing Calogenes s was seen on medium conta ning NAA alone and 2 4
D n any comb nat on except with BA All other growth regulator comb nat ons
resulted n multiple shoot format on shooting was best on med um conta n ng

NAA and cytok 1n and the greatest number of roots produced at this stage was
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seen on medium conta nng IAA and cytokinin For elongat on 6 weeks old
regenerated shoots were subct ltured in the same basal medium supple nented w th
BA and NAA Shoots nduced roots in 42 MS + 55 pM JAA for advent tious root

induction Almost 95 per cent of 1egenerated plaits surv ved acc! matizal o
2 5 14 Cawamus species

Valsala ef al (1999) reported in vitro regeneration in three species of rattan
(Calamus andamanicus C thwaitesii and C pseudotemus) v a multple shoot
induction direct organogenes s and regeneration through callus Embryos and
explants of the collar region of seedlings of all these species produced mnultiple
shoots on a med um consisting of the minerals and vitam ns of MS + 20 g | Vof
sucrose +with 01 1 mg!l of2 4 Dand 110 mgl BA or Knetin Direct
organogenesis from the base of leaf explants of C andamanic is obtut ed on MS
+ 310 mg 1 Knetin after 4 5 weeks of culture Callus was produced from
embryo explants of all these spec es when culturedon MS +3 8§ mgl of2 4 D
or NAA n 20 30 days These callus developed shoot buds when transferred to a
medium contamning 3 5 mg | of the auxin along with [ 8 mg | BA or Kinetin
The regenerated shoots rooted in MS + 052 mg | of IBA Plantlets were

transferred to so | after hardening in a vermicul te soil mediun for three months
2 515 Calophyllum imophyllum

A protocol for m vitro micropropagation of C  nophyllum was developed
through multiple shoot formation from seed explants (Theigane et al 2006)
Standardization of 2 v tro germination of the seeds was done on WPM hormone
free or supplemented with BA 2 22 uM and on half or full strength MS med um
Multiple shoot formation was achieved on WPM + BA (222 44 00 pM) + TDZ
(091 454 pM) from the decapitated seedling explants The maximum mult ple
shoots were obtamed on TDZ (0 91 uM) after two subcultures Elongated shoots

of size >4 0 cm were obtained on all media combinations Stunted shoots induced
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on BA and TDZ v ere elongated on / WPM without any g owth hor1ones The
elongated sl oots nduced 52 pe cent root ng wth 1 5 oots per rooted plant 01 /
WPM and/or full stre1gth W PM supplemented w th IBA (2 46 24 60 puM) alone
or in combn ton wth BA (222 pM) The n cropropagated plants we e

acchmat ed successfully with 77 per cent strv val rate after fve weeks

2 516 Casuaitna equusetifolia

Seth er a/ (2007) acl eved #n v o clonal propagat ot of Casua na
cqt set fol a from matu ¢ tree der ved explants Fresh green healthy twigs were
collected from 30 year old flower g trees After culture establ shment period of
30 days the ster le explai ts were transferied to Gupta and Durzan (DCR) med um
supplemeted wth d ffere t concentiations of BA for ax llary bud sprout ng
Sprouted explants vere tra sferred to 4~ DCR medium contain ng act vated
charcoal sucrose and agar for elongaton of axllary bud sprouts Furtler
mult pl cat on was obta ned on DCR medium conta n ng BA stcrose and agar
Max n m axillary bud sprouting was ev dent n the presence of 4 44 pM BA w th
3 81 sprouts witl explant after 45 days of culture Max mum root ng was obta ned
when tl e basal ends of the shoots were dipped n 19 70 | M IBA solut on for 48 h
and transferred to growth regulator free A~ DCR medium conta n 1g act vated
charcoal After 4 6 weeks when the roots became sturdy and showed lateral
branch ng the rooted shoots were transferred to polybags and kept under

polyhouse condit ons

In order to induce callogenes s and organogenes s n Casua na equiset fol a
sten t ps (3 5 cn long) collected from two year old trees were cultured on /4 MS
and MS med a w th or w thout supplementary auxins (NAA 2 4 D and IBA)
cytoknns (Knetn axd BA) and another supplement (act vated charcoal) n
d fferent dual and tr ple comb nat ons Full strength MS medium was superior to
/MS 1 callus it ation which was also ncreased by add t on of NAA (1 mg| )

or2 4 D (2 mg!l) All these treatments gave max mum callus format on
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(91 6 %) Presence of IBA or act vated charcoal in the medun resulted m the
reduction of calius for nat on than that in / MS alone Shoot regenerat on from
callus was obta ned by the add t on of BA at the h ghest concentrat on of 10 ngl

and addition of both cytokin ns at 4 or 5 mg [ gave the | ghest shoot format on

(50%) Rooting was bestw th 3 ng[ [BA (Parthiban ef a/ 1997)

2 517 Cedrela odoi ata

In v tro propagat on protocol of C d ela odorata was developed from nodal
explants of juven le shoots taken f om feld trees (Garcia gonzales et al 2011)
D s nfect on of node explants with 5 per cent propiconazole CE 25 fo 3 m nutes
resulted 1n 100 per cent explant d sinfecton and 60 per cent morphogen c
response on those establ sl ed explants MS+2mgl BA +3 ngl NAA showed
optumized shoot development This med um resulted n 100 per cent shoot
developmnent fon tle » viro node explants with a 593 ¢1 nean lengt
Ind v dual zation of the egenerated plants on the same medium s imulated root ng

(a mean of 3 9 roots / plai t) after s x week

2 5 18 Cinnamomum c imphoia

Shoot t p explants have been employed to develop » v #ro culture techn que
of C nnamo num canpho a MS med um and WPM supplemented w th vary ng
concentrat ons of cytok nns (BA and Kinetn) weie used for multple shoot
nductior Max mum number of shoots was developed n WPM +2 mg | BA and
the maximum shoot length was observed at I mg [ BA /4 WPM supple nented
wth 1 mgl IBA nduced rooting n elongated shoots The rooted shoots were
successfully transferred to f'eld with 50 per cent surv val (Sharma a1d Vash stha
2010)
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2 519 Dalbeigia spevies

Suitable cultural co d t ons for m cropropagat on of Dalbe g a s ssoo from
nodal mer sten was evaluated by Al ef a/ (2012) The best sl oot ng respo se
(88%) was obta ned 01 MS med um contaning 1 0mg! BA +025mgl NAA
MSmed um+15 ngl BA+025mgl Kinetin exh b ted maximum  mber of
shoot Best root ng med awas MS+10mgl IBA

Plant regenerat on tl rough so nat ¢ embryogenes s was ach eved f on callus
cultures der ved fron semi matu e cotyledon expla ts of Dalbe ga s ssoo
Somat ¢ embryos were developed over the surrace of embryoge ¢ callus and
occas 01ally from cotyledon explants w thout intervening callus phase Max num
(89%) response fo callus format on from cotyledon p eces was o MS ned um
supplemented wth 904 yumol! 2 4 D and 046 pnol | kinetn Somatc
embryogenesis was ach eved after transfer of embryogen ¢ callus clunps to 4 MS
med um without plant growtl regulators Average numbers of somatic embryos
per callus clump was 265 on 4 MS medum after 15 weeks of culture
Cnhancement of somat ¢ embryogenesis frequency from 55 per cent to 66 per cent
and the number of somatic embryos per callus clun p from 26 5 to 31 1 were
ach eved by the add tion of 0 68 mmol 1 L glutam ne to / MS med un After 20
days of culture about 50 per cent of somat ¢ e nbryos converted nto plantlets on

MS medium conta n ng 2 per cent sucrose Transfer of somat ¢ embryos to /4
MS medium co ta nng 10 per cent sucrose for 1> days pr or to transfer o1 / MS
med um with 2 pe cent sucrose enl anced the conversion of somat ¢ e nbryos nto
plantlets from 50 to 75 per cent The plantlets wth shoots and roots were
transferred to  and / liqu d MS med um for 10 days each and then to plastic

pots contain ng autoclaved peat moss and compost m xture (1 1) (S ngh er al
2003)

Swamy et al (1992) stud ed tl e induct on of s ngle and multiple shoots
from nodal explants of 60 80 year old Dalberg a lat fol a el te trees on MS + 1
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ngl BAand00Smg! NAA+05mgl IAA Mult ple shoots was obta ned on
MS (reduced majo elements) or WPM + 1 mg 1 BA + 051 mgl Knetn
Excised shoots were rooted on MS +2 mg | IBA to obta n complete plantlets
The regenerated plantlets were accl nat zed and successfully transfe ed to the

soil

2520 Delonix regia

So natic embryogenes s was duced n usng nmature zygotic embryos
(IZEs) and entire imna ure seeds (IES) explants of Delonx eg (Abd and
Hedayat 2011) The explants were cultured on sem sol d MS bas | med um w th
different concentrat 01 of BA and 2 4 D and incubated 1 datk Among the
explants used the IZE showed better response than EIS D rect so nat ¢ embryos
were induced d rectly after 4 5 weeks from the radical t p of IZEs 0 mned um
wth2 4 D@2mgl )+ BA (025 mgl ) with a frequency 15 per cent Th s was
only 9 per cent when 2 mg1 2 4 D was used alone or wth BA (05 ng! ) For
further maturat on the somat ¢ e nbryos were transferred to med um with ABA
(025 mg ! ) axd maltose (3 %) and stud es are being car1 ed out for convers on of

somat ¢ embryos 1to plantlets

2521 Emblica officinalrs

M cropropagat on stud es were carr ed out to develop a protocol for mass
mult pl cat on of true to type plantlets by us ng nodal segnents of En bica
offcnals (Patdar 2010) Explants were cultued on twenty d ffereit
fort ficat ons of MS med um Analys s of variance exh b ted 11glly s gn fcant
d fferences among d fferent culture med a comb nations The basal MS + 4 0 mg
I BA+05mgl NAA was found to be more respons ve for shoot prol feration
(47 65%) number of shoot(s) per explant (3 20) and average shoot length (1 43)
InvtorootngwashghoiMS+20mgl IBA+05mgi BA (17 20%)
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2 5 22 Eucalypfus species

G yashakar (2012) acheved 1 vio plat rege ¢ aton fro 1 nodal
seg neits of 18 months old super or genotypes of Ercalyptis caraldilc s st ees
through direct organogeres s (DO) and drect somatc emoryogeiess (DSE)
pathways Iritial bud break (BB) stage occurred va DO whle shoot
mult plicat on phase follo ved both DO and DSE patl ways Botl BB a1d shoot
mult plicat on stages were ach eved on shoot nduct o1aid ultpl cat on (SIM)
media composed of MS+2mg| BA +01 mgl NAA Best shoot elongat on
wason 2MS+05ngl BA whleroot nduction and elongation vas super or
in 2MS+1mg!l IBA Full strength MS fort fied w th cytok nins (BA) and
weak auxin (NAA) n tle rat o of 20 [ favored d rect regenerat 01 pathways
Further =~ MS s ppoited shoot and root development For mass mnilt pl cation
tortn ghtly subcultur ng of s ngle nodal explants for eight passages on SIM
med um resulted n 60 148 shoot nitials Repeated subcultur ng n SIM med um

nduced the format on of d rect somatic embryos

For clonal propagat on of super or genotypes of Ezcalyptts g a1d s ap cal
and ax llary buds were collected from adult el te trees n forests of nortl e n Iran n
different seasons The best shoot multip] cation was obta 1ed us ng a mod fed
MS med um conta n ng half strength Nitrate contanng BA IBA Knetn and
GA; with concentrat o1 0f 01 001 02and 01 mgl respect vely Shoots from
the mult pl cat on med um were transferred in MS med um (half strength n trate)
supplenented wth | mgl Zeatnand 02 ngl IAA fo shoot elongat on Shoots
were rooted in MS w th / strength of macroelements + 05 mg1 [BA +05mgl
NAA The plantlets were successfully established in greenhouse and feld
cond t ons (Emam ef a/ 2010)

In a study to test the appl cat on of growth regulators n the culture media
and to test aux n concentrations and types of substrates in the 7 v o roott g of

Juvenle Eucalyptrs globilis subsp globulus explants BA and TDZ n
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concentrat ons fon 02to 10 ngl were added to MS agar sol d fed med um
(Ponte et @l 2001) BA provided the b st esults in the mea1 number and the
lengtl of the shoots whecl te ded to dec case wth an ncease  cytoh 1n
concent aton n tle medum In the rooting stage two subst ates (agar and
vermiculite) w th different concentrat 01s of IBA (02 to 06 mg | ) were added
to MS ned um reduced to one th rd of its salt concentratio1s Root ng percentage
was approximately 50 per cent and better qual ty root was obtaned n the
vernculte medun wth hgher IBA concentrat on However n the agar
substrate with an nc eased IBA concentration larger callis foimation on the
basal port on of the explant and lengthy roots were observed but witl reduced

root ng percentage

2523 Ficus species

An n v fro propagat on protocol has been developed from nodal segments
obta ned from a 4> 50 year old tree of Fcus e/ gosa WPM+10ng!l BA+
05 mg | IAA gave the highest bud break frequency (100%) followed by
nax nun number of multiple shoots (13 9) as well as length (247 ¢n) Two
mod fications n th s medium resulted n enhanced shoot regenerat on w th 200
mg | glutam ne + 150 mg | ADS (called as MM 1) g v ng 32 5 shoots per nodal
explant wh le another 110d ficat on with 200 mg 1 glutam e+ 150 mg1 ADS
+ 100 ng I phlorogluc nol (called as MM 2) giving 35 65 shoots per explant
Best rooting was on sem solid as well as hqud WPM +20 gl IBA+05mg
1 IAA The n vt o raised plantlets were potted and acclimat zed inder culture
room condit ons for 25 30 days before transfer to so1l condit 01s (S wach and G 1!
2011)

Nodal segments contaming ax llary buds of Fcus bcnghalens s were
nduced to produce a large number of mult ple shoots by cultur ng on MS + 10

BA + 01 NAA (mg | } + 20 per cent (v/v) coconut m lk (Munsh ef 1 2004)
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Excised shoots fon ths culture rooted best on 4~ MS + 05 mg | IBA The

co nplete plantleis thus obta ned vere successfully transferred to so |

2 524 Gmelina arboiea

M shra and Shirn (2009) ach eved m 1 fio axillary bud prol feraton n
nodal segment explants from tle sde branches of 15 18 years old trees of
G dnaaboeao MS+ 10 uMBA MS+ 101 MBA+01 M Kinetn
nduced max 1 11 sloot nult plcaton Tle addit on of 25 | M AgNO; n the
ctlture fac [itated callts free shoot for nation Root ng vas obt1 ned on / MS +
100 pM IBA and rooted plantlets were successfully accl natized n h gh
hum dity cond t ons (80 90% RH) for two weeks pr or to successful t ansfer to a
sl ade house The e ght months old potted plants were show ng excellent growth

ad development

2 525 Hardwickia binata

Anuradha et a/ (2000) developed an opt mal » v ¢ o propagatio procedure
using mesocotyls shoot t ps and ax llary bitds as source of explants A total
number of 112 shoots per seedl ng can be obta ned w thn 3 cycles of 30 days
durat on each The proliferated shoots read lv rooted n v fro on MS medium

supplemented w th4 mg 1 IBA

2 526 Hevea brasthensis

Hui et al (2009) carried out m cropropagation of Hevea b as [ enss by
us ng mature stems of Reyan 7 33 97 an excellent cult var of Brazil rubber in
d fferent growth stage as expla ts The results show that the sten segments in
d fferent growth stages have d fferent contaminat on levels under normal
cond t ons Moreover stems at bronze stage and light green stage ma 1tained on

medium supplemented wth 4050 mgl BA 05 mg! GAjz can well nduce
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multiple adventitious buds T[obust shoots were obtaned from mult ple
advenut ous buds cultured on 1 ed um supplemented wth2 0 mg! BA 05mgl

NAA 10mgl BA 10 ngl Kinetnand 05> mg! NAA or supplemented
with05mgl BA 15mgl Knetinand05mg! NAA Roots were duced on
the medium supplemented with 0 5mgl IBAand 0 Smgl JAA

Kala ef al (?007) developed a protocol for the induction maturation and
germunation o somatic embryos from leaf explants of Hevea brasiliensis (clone
RRII 105) Leaf explants were cultured w th their adaxial sides 01 MS medium
supplemented w th d fferent combinat ons of phytohormones suchas 2 4 D and
BA NAA and BA as well as 2 4 D BA and NAA Compact call could be
developed from the ctt ends of the explantson MS +2 4 D (15 ngl )+ BA
(1 0 mg 1 ) whereas pale yellow friable calli was obtained MS + NAA (02 mg! )
+2 4 D(12mgl)+BA (10mg!l ) These calli were subcultured for
prohferation n medium contamning reduced auxmn (0 4 mg1'2 4 D) ad shightly
increased level of sucrose (40 g1 ) Embryo induction was achieved in MS + BA
R0mgl )+ GA; (10mgl )+ NAA (02 mg | ) and maturation occurred 1n
WPM+BA (03 mgl )+ TDZ (05 mg!l )+ GA;(15 mg! ) On transfer to
hormone free 4 MS medium the cotyledonary stage embryos developed nto

plantlets
2 5 27 Holarrhena antidysenterica

Usng nodal explants obtained from about 20 year old Holairhena
antidysenterica mature trees growmg in the field an economic and efficient
procedure has been outlined for its micropropagation Shoot development was
maximum (90%) on MS + NAA (20 mgl )+IAA(10mg )+ K netin(10mg
1 ) The role of auxins were instrumental as rooting of the differentiated shoots
was best m MS + IBA (1 5mg! )+ IAA (1 5mgl ) Regenerated plantlets were

successfully acclinated n the green house and after a hardening per od of 4
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weeks 90 per cent transplant tion success was achieved under the natural

co1det on (hanungo ef al 2012)

2528 Hydnocarpus kuizt

When explants of apical and axillarv buds of young sprouts f om naturally
grown Hydnocarpus ki 1zt were cultured mMS+25mgl BA+05mgl NAA
about 85 per cent of the cultures regenerated showed four shoots per culture
(S nha ef al 2005) Repeated subcultures in the same med um gave tapid shoot
multiplicat on with eight shoots per culture The number of shoot(s) was increased
up to 15 per culture by the addition of 15 per cent (v/v) coconut water /n vitio
raised shoots rooted on AMS+10mg| IBA+10mgl NAA Toraccl naton
and traisplantation the plants in the rooting culture vessels we e kept n no n al
room temperature fo seven days before transplanting in pots wi ere the plantlets
were reared for three weeks The survival rate of mature regenelants was found to

be 75 80 per cent

2 529 Jatropha curcas

A protocol for high frequency regenerants of Jafropha curcas has been
developed by the process of direct and indirect organogenesis from nodes and
leaves as explants (Shukla et al 2013) Both the explants were 1nitially inoculated
on MS basal med un Quick callus nit ation was supported by MS +3 0 or 50
pM IBA +27 0 pM BA wh le increas ng the concentration of IBA 10 7 5 uM led
to delay 1n callus ng Emergence of shoot bud was first observed on MS + 270
pM BA + 3 0 uM IBA The growth regulator combinations 3 0 pM IBA with 4 5
MM and 27 0 uM BA was found to be the best suitable med um for promoting
multiple shoot regenerat on with offshoot measuring 1520 cm Root ng was

observed on MS basal medium
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2530 Lagcrstroenua spee osa

Hig eff'ce cysloot egeneratior of Luge st oem a spec osa v as achieved
through leaf de ved callus on modified MS (MMS  half strength maciorlements
full strength m croeleme ts and vtanns of MS medium) The leaf derived
calluses on MMS + 40 uM 2 4 D + |0 uM BA + 568 uM ABA were
regenerated to g ve maximum shoots 01 MMS + 50 UM BA+3 01 M NAA + 10
per cent coconut water + 568 M ABA Shoot regeneration ab [ ty of tl e callus
was nvest gated up to e ght passages The nu nber of shoots per culture inc eased
gradually up to 6" subculture and more than 110 shoots were produced per leaf
seg 1ent der ved callus clump but no ren arkable cha ges were obse-ved 1 the
percentage of callus form ng shoot and length ot shoot througl out the subcultu es
The root ng on MMS + 1 0 uM IBA was proved to be the best an ong th ee aux ns
stud ed (Rahman er al 2010)

2 531 Mallotus philippensis

Triplo d plantlets were nduced from the mature endospern of Mallos s
phil ppens s by Sehgal and Abbas (1996) A continuously grow 1g callus was
obtanedon MS 2 ngl 24 D+05 ngl Knetn Subculture of callus on
MS +3mgl BA + 1000 mg ! casen hydrolysate resulted n the product on of
four types of morpholog cally d st 1ct cell [ nes Of these only the green co npact
cell line was respons ve result ng in d fferent at on and this cell | ne produced
shootson MS +3mg! BA+02mgl NAA only after chill g Excised shoots
produced roots on transfer to MS supplemented w th 2 mg 1 pt lo ogluc 10l + 1
mgl 1IBA

2 5 32 Mangifera indica

Somat ¢ embryos were formed from the nucellar t ssue solated from 30 45

day old fruits of mono embryon ¢ mango var ety Neelum and poly en bryon ¢
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var ety Vellar Manga (Raymohan et al 2007) AMS+2 4 D50 ngl + GA3
50mg | + glutam e 400 mg | + coconut water 200 ml 1 + act vated charcoal
500 mg I + sicrose 60 g 1 wec found to be the best 1 ndicton of
embryogen c callus The treatment2 4 D40mgl +BA10mgl +GA3;50
mgl m 4 MS basal med un supple nented with glutamre 400 mg | case n
hydrolysate 500 mg | sucrose 60 0 g1 caconut water 200 ml [ and agar 60 g
| was the best in mit 1t ng somat ¢ embryos trom the nduced nucellus of tl e
three va eties I tie vi ety Neelum BA (80 and 16 0 mg 1 ) and K net 1 (8 0 to
320 mg 1 ) were as effective as 2 4 D in nduc ng somat ¢ enb yogenes s
Polyembryonic var ety showed better tesponse to nduction t eatments tha1 tie
mono embryo1c variet es B major salts wth MS minor salts n combinat on
wth40gl sucrose 10g! PVP 200 mll coconutwater 50mgl ABA 100
ng | case 1hydrolysatea1d 6 0 g1 agar werc the best suited fo the maturat 01
of the somatic embryos A basal med um cons st ng of Bs major salts and MS
m nor salts supported the h ghest percentage of germ nat on of so nat ¢ embryo ds
n both variet es However abnormal t es n germinat on were observed in most of
the cases Excellent germinat on of somat ¢ embryos was observed n a [ qud
ned um cons st ng of /2 Bs macro salts + full strength MS m cro salts + GA; 1 0

mgl + glutamine 400 mg] + sucrose 30 g !

2 5 3> Melia azedarach

Husa n and An's (2009) acheved arapd »n v ¢ o mult pl cat on of Mel a
a eda ach th ough ax llary bud sprout ng and mult ple shoot fo nato1 fron
nodal segments der ed fron 20 year old candidate plus t ee on MS + 5 1 M BA
The h ghest shoot regenerat on v as nduced from nodal explants 01 MS + 5 0 uM
BA +05 uM IAA +30 uM AdS Add ton of 250 mg | (NH;),SO4 and 100 mg
I K280, prevented defol at on a1d t p burn ng w thout a fect ng the unber of
shoots The explant harvest per od also influenced the bud break and shoot
sprout 1g from nodal segments Repeated subcultur ng of nodal explants on fresh

MS +BA (2 5 uM) + [AA (0 5 pM) + AdS (50 M) and add t ves was found most
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su table growth regulator regime for achieving 12 fold inctease m shoot
nultiplication rate The percentage of shoot m 1 tiplicat on as well as the number
of shoots per node renamed the sai e during first three subcultu ¢ passages
afterwards a decline was recorded About 90 per cent ot the # v trc 1egenerated
shoots were successfully rooted ex vitro by giving 4 pulse treatment of 250 uM
IBA for [> minutes followed by their transfer to thermocol cups containing
so lrite The ra sed plantlets were successfully acclimatized frst under culture

room cond tions then to green house with 85 per cent survival rate

Inv tro regeneration of M a eda ach was studied by V la et al (2004) with
the regeneration of shoots from calluses mitiated from leaflets of i» vitro growing
plants MS + 444 yM BA + 046 pM Kinetin + 1629 uM AdS was the best
medium for establishment of cultures Regenerated shoots were multipl ed in MS
+ 044 uM BA + 0 37 pM Kinet n + 3 26 pM ADE Maximu n root ng (89%) was
achieved by culturing in MS -+ 12 26 pM IBA for 3 days and subsequent transfer
to MS lacking growth regulators for 27 days

2 536 Michelha champaca

Michelia champaca plants were regenerated through somatic embryos
derived from immature seeds (Armiyanti et al 2010) Highest (43%)
embryogenic callus formation was observed on MS +2 mg [ NAA After four to
six months of culture n the same medium the embryogemc cells proliferated and
formed somatic embryos (30%) Wh le the germination of somatic embryos in
hormone free MS med um produced highest percentage (45%) of normal plantlets
compared to other germination medium containing different GA; concentrations

which gave only 1 8 per cent germinated somatic embryos
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2 5 57 Mullir gtora norteises

Callus wa oo aned fro 1 the n dal reg on of the cxplaits collected f om
M ! ngton a hortens s nature trees when cultured on MS + 50 m_ | BA+05
mgl IBA As mnany as 10 shoots per | 0 cm callus p ece formed on 1educ ng the
aux n level nthe nedium to 0 2 mg 1 These shoots were allowed to elongate up
to 23 cm hgh o the same med um and were then excised and trasferred for
further elongat on to a medium containng BA 2 mgl ) NAA (05 mgl )axd
act vated chaicoal (AC 03% w/v) Regenerated shoots (7 8 ¢ hgl) were
transferred to MS 4 IBA (2 mg [ ) + NAA (0 L mg 1 ) for root ng Rooted shoots
were transferred to plast ¢ pots co taining vermicul te moistencd v th quatter
strength basal med un aid ma ntaned n a humid chanber for accl mat zat on

and hardening for t vo wveeks (Deshpande ef al  1999)

The potential of » v ¢ o culture for large scale comn ¢ ¢ al product on of
M Il ngton a ho tens s was nvestigated by Hegde and D Souza (1995) Kinet n
alone at 15 mg 1 and BA + TDZ at 5 or 2 mg | gave max mum mult ple st oot
buds Only 7 6 per cent root ng was obta ned on medium wth 01 ng! I[BA or
NAA w th roots ar sing from interven ng callus When shoots were cultured on
aux n free quarter strength MS medium enhanced root ng (45%) and a reduct on
n callus format on vas obta ned The rooted shoots were potted na 1 1 m xture

of sand and so |

2 5 38 Mimusops elengt

A study was conducted by Bhore and Preveena (2011) to f'nd out a suitable
expla tand a su table ned um among MS N, and Bs med a for m cropropagation
of Mt 1usops eleng MS + 5 ppm BA was used to in tiate n v tro cultures MS + 8
ppm 2 4 D + 2 ppm BA was used for callus nduct on MS Ng and Bs med a
supplemented wth 5 ppm BA were used to compare the esponse of IZEs

Immature zygot ¢ embryos (IZE) were the most su table explant for »n witro
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culture nit ato1 anong ax lary a d apical buds and immature 7ygotic embryos
(IZEs) Response of [ZEs on three meda a d comparat ve analyss clearly
nd cated that Bs was the most su table nedwn for IZE germ nat on rooting and
roots growth and develop neit Ng medium 1s the most suitable for g owtl and

development of germiated 1ZEs

2 539 Myctanthes aiboi tristis

In vtio yropaga on of Nyctanthes a bor tr st s L. las beer s ccessfully
established from ax llary bud explants on MS (Bansal ef a/ 2012) Max mum
number of mult ple shoots was obta ned on MS + BA (222 uM) /4 MS (2%

sucrose) + NAA (10 74 uM) provided the 1 axi num frequency of oot nt atio

2540 Oroxylum mdieum

In v iro propagation of O oxylin ndicum was developed by Dwived and
Boro (2012) us ng nodal segments n WPM BA 30 mg! was more effect ve n
bud break and induced multiple shoots 7 6 shoots/explant w tl s g1 f'cait number
of leaves (20 4) after 60 days of culture H ghest shoot length (1 6 cm) was
observed in med um conta n ng BA (05 mg ! ) The best 1v! o rooting response
(6 0 roots/shoot 1 8 ¢ root length) was observed n / WPM +NAA 05 mgl
The well rooted plants were sequentially hardened and accl mat zed w ti 70 per

cent surv val rate n the pott ng m xture having so | perl te and conpost (1 | 1)

2 5 41 Peltophor um pterocarpum

Udd n er al (?005) stud ed the mult plicat on of shoots from d fferent
viro grown explants vz shoot t p nodal segment and cotyledona y node of
Pcltophorum pte ocarpum All the explants were cultured on MS meda
containing d fferent concentrat ons and combinat ons of BA Kinet n and NAA

The highest numbe of mult ple shoots was observed from cotyledonary nodes in
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MS +20mgl K e + 05 ngl NAA The egenerated sloots were

t ansferred o1 MS ned alav g IBA foradvent 1ousrootintaton

2 5 42 Pongamia punata

Ir v tro clonal | rovagat on of Pongas a p nnata was done bv Kesari et al
(2012) WPM and MS supplemented with different concent atons and
comb nat ons ot plait growth regulators were used for nodal segnent culture a d
axen cally grown seedl gs of el te ge otype of Ponga a p nnata WPM + BA
(50 mg ! )+ Kimetin (05 mg | ) oave the greatest response to nt at on and
multipl cation Even though mult plied shoots started to prod ce roots n the
multipl cation medium conta n 1g BA and NAA the s bsequent establ shment
was poo Root ng was enhanced n / MS +IBA (05 mg | ) Rooted plaits were

hardened successfully  glass house with 70 per cent surv vabil ty

2 5 43 Populus species

In order to enhance the frequency of plant rege erat 01 n Populus ¢l ala
the effect of TDZ alone and n comb nation with aden ne and NAA weie stud ed
on the regenerat on potent al of leaf explants (Aggarwal ef al 2012) Efficient
shoot regenerat on was observed n leaf (80 00%) explants on MS + 0 024 mg |
TDZ +797mg! adeine Elongation and mult pl cat on of shoots were obta ned
onMS+05mgl BA+02mgl IAA+03mgl GA MS+010mg!l IBA

was effect ve n shoot nduct on

Thakur et al (2012) developed a rap d and eff'c eat protocol for # vutro
plantlet regenerat on of Populus delto des clone G48 using petiole explants The
h ghest frequency of shoot 1egeneration (74 75°¢) fron pet ole was obta ned on
MS+050mgl BA+020mgl IAA Shoot mult pl cat on and elongation also
took place on the same nedium To overcome the brown ng problem wh ch was

observed n 10 15 days of culture the explants along w th tl e develop ng sl oot
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buds were transferied to modifed MS + 050 mgl BA+020 mgl [AA+ 15
mg | AdS + 01 per cent PVP + 100 mg | casemn hvdrolysate + 50 mg | L
glutamine + 250 mg | (NH4),504 + 0 5 per cent agar [BAat 010 gl vas

most effective for root rege 1eration

Plant regeneration v a direct and indirect organogenesis of four clones of
Populus deltoides were nvestigated by Cavusoglu et al (2011) The 89 M 011
clone gave the highest percentage (100%) of direct organogeies s on WPM + |
mg | zeatine from nteriode explants The nodes part of the 89 M 066 clone gave
the highest rate of generative callus (100%) on WPM +2mgl 2 4 D Indirect
shoots were obtained from the node callus on WPM with cytokinins Roots were
formed directlv from 1egenerat ve shoots which were cultuied on WPM or MS
contaiming diffe ent rat os of IBA Rooted seedlings n 10 weie stceessfully

acclimatized

2 5 44 Pterocarpus species

Pterocarpus santalinus was regenerated m vitio using shoot t p explants
derived from 20 days old in vivo germinated seedlings on 1 1 ratio of sand and
soil after treating w th GA; (Balaraju et a/ 2011) After 45 days of culture the
highest frequency sl oot regeneration (83 3%) with maximum number of shoot
buds (11) per explant was obtained on MS + 1 0 mg | BA+01mgl TDZ
Sixty percent of the shoots produced roots n the mediun conta ning MS +0 | mg
1 IBA after 30 days About 73 33 per cent of the m v 70 raised plaitlets were

established successfully n earthen pots

Somatic embryogenes s (SE) has been achieved from hypocotyl derived
callus culture in Pterocarpus marsuprum (Husain ef al 2010) Ninety percent of
hypocoty! explants (excised from 12 day old i vitro germinated axenic seedlings)
produced callus on MS + 5 uM 2 4 D + | pM BA SEs were nduced after
transfer of callus clumps to MS + BA at 20 uM  Subculturing of these embryos
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o MS +05uMBA + 01 pM NAA + 10 uM ABA g1 ficantlv enhanced the
maturat on of somat ¢ embryos to early cotyledonary stage Of 30 well developed
somatic embryos 166 = 033 germ nated and subsequenty converted nto
plantiets on 4 MS + 1 0 pM BA The morpholog cally normal plantlets with well
developed roots were frst transferred to / liqu d MS medium for 48 h a1d then to
pots coniaining autoclaved so Ir te and acclimatized n a culture room Thereafter

they vere transfer ed to a greenhouse where 60 per cent of thu n sury ved

An »n v o propagaton protocol for Pteroca pus ma s p un has been
developed from nodal explants obta ned from # vino raised 18 dav old axer 1c
seedl ngs The h ghest shoot regenerat on frequency (85%) max mun nunber of
multiple shoots (8 6) as well as length (4 8 cm) were induced from nodal explai ts
on MS +40 pM BA + 05 uM [AA +20 ptM AdS Root ng was best nduced n
m croshoots exc sed from prol ferated shoot cultures 01 sem solid hormone free
/2 MS med um after a pulse (d p) treatment for 7 days n / MS | qu d mediun +
100 uM IBA + 15 84 uM phloroglucinol (PG) The i v ¢ o raised plantlets were
potted and accl mat zed under culture room cond t ons for 4 weeks before their
transfer to a greenhouse where the establ shed plants showed 75 pe cent survival
(Husain et al  2008)

2545 Saraca asoca

An eff ¢ et and reproduc ble method of n v #7o clonal p opagat on through
shoot tip nodal and inter nodal explants of Saraca asoca was carred out by
Subbu and Prabha (2012) BA (05 mg | ) induced a mean of 1171 + 0353
advent t ous shoots from the nodal explants The m cro shoots rooted well on MS
med un supplemented wth 40 mg [ of IBA 40 per cent of the hardened

regenerants were accl mat zed to the so |
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2 5 46 Schleichera oleosa

Sal a (2013) attempted n v fro multipl cat on of axilla y buds n MS + 10
mgl BA+10mgl slver ntrate showed best shoo mtiation Sub cultur ng
and elongation of the prol ferated m croshoots were poss ble o1 flter paper
br dge soaked n 1qud MS +05 1 0mgl BA 11stead of aga gelled MS 1ed a
Root ng of he ax llary bud der ved shoots coitinued o be the najo hude to

achieve success 1develop ng m cropropagat on protocol 1S oleosa

25 47 Semecarpus anacardium

M cropropagation protocol s standardized for Semcca pus anaca d um by
Panda and Hazra (2012) f om sl oot culture der ved nodal explants n WPM w th
TDZ Shoot d fferent at on fron mer stem was | mited Mer stems swelled to form
mer stematic mass in h gher concentrat ons of TDZ Harvesting the pr mary shoot
leads to appeara1ce of add t onal sl oot buds wh ch elongated on repeated transfer
of explants 1n a n ed um devo d of growth regulator every fo. weeks Opt mum
(17) number of shoots obta ned from each mer stem n explants pre cultured n
TDZ 227 pM and re cult red n growth regulator free med um for seven cycles
(28 weeks) All shoots rooted n the medium wth IBA 246 pM Plantlets

surv ved on transfe to sand so 1 (1 1) m xture and accl mat zed

2 5 48 Sunarouba glauca

Shukla and Padmaja (2013) developed an effcient m cropropagation
protocol from shoot t p and nodal explants of S ma ouba glauca Nodal explants
appeared to have better regenerat on capac ty than shoot t p explants (40%) 1n the
tested med a The higl est regenerat on frequency and shoot number were obta ned
n nodal explants n MS + BA 4 43 uM + NAA 5 36 uM Induced shoot buds were
mult pl ed and elongated on the MS + BA (4 44 uM) + NAA (5 36 uM) + TDZ
227 uM us ng nodal segments and shoot t p explants respectively ~ WPM +
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2 46uM IBA produced tle 1 ax w1 wmber of roots The rooted plantlets were
hardened on M$ basal | qu d med um and st bsequently n polycups contar ing

ster [e so | and ver n cul te (1 1) aad successfully establ sted 1 pots

2 549 Spondias mangifera

Aneffcent nvi o propagat on sdescr bed by T path and Ku a1 (2010)
for Spond as nang fe a us ng nodal explants obta ned t om 4 week old seedlings
MS +10mgi BA was opt mal for shoot nult p cat on and higl est number of
shoots (about 10 6) per explants was obta ned after fourth subculture ot mother
explants n the sa 1¢ mediun MS 1AA (10 mg | ) was nost effect ve for
root ng of shoots Regenerated plantlets were successfully accl matized and

tiansferred nto so | w th 80 90 per cent survival 1ate

2 550 Steiculia urens

Hussa n ef af (2007) descr bed a protocol for la ge scale mult pl cat on of
Stercil a urens by m v fro culture of cotyledona y nodes fion 15 days old
seedl ngs Of the four different cytokinns (TDZ 2 P Zeatn and AdS)
supplemented n MS medium TDZ at 2 27 pM was most effect ve 1 induc ng
bud break (83 0%) E hanced frequency of shoot regeneraton (93 3%) and
number of shoots per explant (19 0) were observed by the add t on of ascorb ¢
acd (01%) Shoot prol feration was ach eved by repeated sub cultur ng the
or g nal cotyledonary node on shoot m lt pl cat on medium (0 45 uM TDZ) after
the second harvest of newly formed shoots Root ng was best induced (80 0%) on
/ MS + IBA (9 80 pM)

2 5 51 Streblus asper

A m cropropagatien protocol for Streblus asper 1s g ven by Gad dasu et af

(2011) using matire nodal segments Ind v dual levels of cytoknns dd not
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support 1 vitro st oot regenerat on n S aspe The combinat on of Kiet n (4 60
uM) with BA (4 44 | M) evoked an opt mum response towards sl oot proliferat on
whereas mned um contain ng K netn (4 60 uM) plus TDZ (4 54 pM) nduced
multiple shoo format on I v tro developed m croshoots we e rooted on / MS +
246 uM IBA The plantlets established m v¢ o were tansferred to pots
conta n ng ster lized so | axd verm cul te (1 1) m xture and were 1 ardened 1n the

greenhouse v tl 70 75 per cent surv val rate
2 5 52 Swietenia macs ophylla

Mass product 01 of plantlets from Juven le of Sw efer a n ac ophylla was
ach eved through » v ¢ o techn que (Mona 2012) The explants cultured on MS
full strength nduced the h ghest number of shootlets explant and the longest
shootlet (cm) The h ghest number of shootlets shootlet length number of leaves
as well as fresh a1d dry we ghts were obta ned by applyng 40 mg! BA + 04
mg 1' 2 P The highest root number and root length were ach eved n /4 MS +
(20 mg | ) IBA Among d fferent of so | m xture used for accl mat zation

(peat+sand-+clay) was effective

Ind rect somatc embryogenesis of Swefena mac ophylla by usng
mmature cotyledons as nitial expant v as done by Collado ef @l (2010) The use
of a sem sol d culture med um composed of MS +2 4 D (40 mgl favoured
the formation of callus n the explants The highest percentage of h gh frequency
somat ¢ embryogenes s (59 01%) was obtamed addng 10 mg | BA n the
culture medium Maturat on of so nat ¢ embryos was 1creased 1 s ng 6 0 per cent
sucrose The greater percentage of somatic embryos germmation (76 17%) was

reached n the culture med um w thout growth regulator
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2 553 Sy.vgium species

Raidramaiponoia cf al (2008) establ sled a simple procedu e for ts

n v tro clonal propagatiot of Syzyg: n ¢t m n using nodal stem segn ents fiom
vt orased 10 week old seedl gs cultured n 4 MS suppleme ited with var ous
cytok nins at aiffe ent concentiations a d n comb naton v itl NAA Effect ve
mu tiple shoot format on was 014 4 uM BA provid ng an average of 7 5 shoots
per node after s x we ks of ¢ lture The best root ng vas obtaned n med um
supplumented with 05 pM NAA witl almost 90 per cent of tle plantlets
developing an average of 5 9 advent t ous roots per shoot More than 70 per cent

of the rooted plantlets were successfully establ shed in soil

Mult ple shoot nduction from shoot explants of 1 to 2 year old seedl ngs of
w ld trees of S travancor c1 was observed on MS basal med un supplemented
with WPM m cronutreats 17 7 uM BA and | 3 uM NAA (Anand et al 1999) A
h gh number of mult ple shoots (25 shoots/nodal explant) was observed by the
th rd subculture on mult pl catior medium H gh frequency regeneration of dark
brown nodular callus obta ned from » v 10 grown shoots through ax llary buds
was obta ned whe transferred to half st ength basal medium Shoots rooted on
half strength basal med un supplemented with [ 1 uM IAA and ere transferred
to the feld with 40% surv val

2 5 54 Tamarindus indica

M cropropagat on stud es 1 Tama ndus ndica L was caried out using
cotyledonary nodes of 1 5 cm s ze exc sed from # v o seedlings (Sh nde and
Karale 2007) MS +BA 02 mg| +NAA 01 mgl was the best treat nent for
shoot mult plication w th 98 75 per cent shoot induct on and 3 25 shoots/explant
Earl est respo 1se to root ng with h ghest rooting and maximum length of root was

observed wth IBA 20 mg | and NAA at 20 mg | resulted in max mum
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number of roots shoot Pla tlets obta ed through th s study were s bjected to

hardening n gree house

2 555 Tectona grandis

A protocol for duect shoot regenerat on for teas was developed 1y shoot t p
culture on MS med um (Prasad er @/ 2012) AtBA3mgl IAA2ngl aud
Knetn2 ng!l corcentration the rate of mult pl cation sl gh vell grown eas ly
separable and healthy plantlets The root induct on was observed n NA A 2 mg |
and complete plantlets were harde ed and transferred to green house for

establ shed w th a surv val rate of 72 percent

2 556 Ternunalia species

Arumugam and Gop nath (2011) descr bed an efficient protocol for nv ¢t o
p opagat on of Te » nal a a juna by callus regeneration MS med um was found
to be the most favorable for callus nduction compared w th LS ard Bs media
Max mum number of callus regenerat on was obtanedonMS +2 4 D3 0mgl
Shoot and root 1t at on from callus was favoured n MS +5mg!t 2 4 D+
00l mg!l Kinetin+10mg!l GAjz; The rooted shoot plantlet was t ansfetred in
to small plastic cups conta 1 ng ster le verm culate said and red sol n the rato
of 1 2 2 and were kept n a m st house The regenerated plantlets we ¢ hardened n

the greenhouse and successfully transferred n soil w th 87 per cent surv val rate

Phulwar a et al (2012b) reported an eff c ent n v o propagation method
for Term nal a catappa us ng nodal segments of a 15 year old mature tree About
85 per cent of the explant responded with n 15 days of noculaton n MS + 20
mg | BA Optimal number of shoots and shoot length were recorded on MS +
025mgl BA+025mg!l Knetn About 80 per cent of the shoots treated w th

200 mg 1 of IBA p oduced ex v fro roots w th an average of 2 8 roots per shoot
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Nearly 75 per cert of these p a tlets could oe accl mitzed wtlin 5 weeks and

succes fully establ shed n the feld

Phulwar a e/ al/ (2012a) developed a »  propagato method for
Te m nal a bell ca from nodal explants of 10 year old mature tree MS med um
contain ng 222 pM BA was found to be the best for shoot mult pl cation 1n a
single step Further enhancement n morphogenet ¢ response occurred when
exc sed snoot clumps (2 3 shoots) were subcultured on MS +222 yM BA + 1 16
puM Kinetin + 0 57 pM 1AA 42 MS + 24 60 uM IBA + 100 mg | AC was most
effect ve for root ng of the shoots To educe labour cost and t me an exper ment
on ex v tro root ng was also carried out and t was observed that highest percent
shoots rooted ex v tro when treated wtl 2 460 uM IBA for 5 n nutes Plantlets
rooted n  fro as well as ex v 1 o were accl mat zed successful y unde the greea
house cond tons [n compar son to plantlets developed from ¢ v{ o rooted

percent surv val of plants those rooted ex v 1o was s gn fcatly h gher

Somat ¢ embryogenes s was obta ned from cotyledon and mature zygot ¢
embryo callus cultures of Te m nal a chebrla (Anjaneyulu ef ¢f 2004) Callus
cultures of cotyledon and mature zygot ¢ embryo were ntiated on nduct on
med um conta ning MS+ 10 ngl 24 D+00lor01 ngl Knetn+30gl
sucrose Embryogenic cotyledon callus with globular somat ¢ embryos was
obtamed on MS + 50 g [ sucrose Globular somat ¢ embryos were observed from
nature zygot c embryo callus on nduct on medium D fferent stages of somat ¢
embryo development from cotyledon and mature zygot ¢ embryo calluses were
observed on MS + 50 g | sucrose after 4 weeks of culture H gl est frequency of
ge 'm nation of somatic embryos was obta ned on MS +BA (0 5mg! )+ 30 g

sucrose
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2557 Icona chat ¢

Callus tormat on and plant regeneraton n Toona clata from »n vho
propagat on by sing rach s taken from young branches of tree They were
d sinfected m 02> per cent (wv) mercuric chloride soluto for 10 m nutes
followed by three r nses n autoclaved d st lled water Tl ey were tl en establ shed
nMS+01mgl TDZ culture medium Nodular calluses were obta ned hav ng
good morphoge ¢ character stics Shoots sprouted from s x month old calluses 1n
the dark and plant egeneration was done n the { gh St oots were rooted MS +
1mgl IB\ (Daqunnetal 2005)

2 558 Vaterr 1 indica

Ax llary buds collected from seedl ngs of Vate a nd ca were cultured
under m vitro conditions (Devatar and V jayakumar 1997) A few meda
comb nat ons cons st ng of full and half strength MS m neral salts as well as
WPM with var ous organc and growth regulator additives were dent fled as
su table for culture establ shment and bud development A nong these 42 MS + 2
ppm 2 1P + 01 ppn IBA and var ous growth regulators supported bud break
shoot elongation and cont nued growth of shoots Shoots reached 1 2 cm n he ght
with 2 3 leaves in 8 weeks under controlled cond t ons w th a 16 hour photoper od

and at a temperature of 27°C

2 559 Wughtia tinctoi 1a

Puroh t and Kukda (2004) nduced mult ple shoots # v 7o on nodal shoot
segments of a 30 year old plus tree hav ng enhanced ax lla y branch ng Nodal
segments (91%) from young lateral branches produced an average of 5 shoots per
node 1n 3 weeks on agar solid fed MS +20 mg 1 BA After establ shment of
cultures and n t at on of shoot buds a cluster of shoots nclud ng mother explant

was transferred to med um co1ta n ng a lower concentrat on of BA (1 0 mg!l ) A
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three fold rate of shoot mult pl cat 01 dur ng every subculture of 3 weeks was
achieved Noaal segments fro 1 # vt o ra sed shoots were also sed to ntate a
new culture cycle The shoots could be nult pl ed fo at least 24 nonths w ti out
loss of v gour Tl e shoots (71%) were successfully rooted when the r lower et ds
were d pped in pre autoclaved IBA soluton (100 ng1 ) for 10 m utes followed
by the mplaitator on mod fed MS med um (major sats reduced to

strer gth) conta ming 200 mg | act vated charcoal
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MATERIALS AND METHODS

Tle pese tstudy ttled Inv( o popagatorof sandal (S nt [ nalbe 1
L) was undet ken durng the year 2011 2013 n the plant tssue culture
laboratory College of Torestry Vellanikkara Thrssur Dstret Keiala Tle
deta Is of the mat rals used axd the tecl niques / methodology e nployed 1tle

exper ment dur ng the course of nvest gat on are d scussed 1n th s | apte

31 MATERIALS

311 Explants

The exp arts used  the study a e nodal segments conta 1 g ax llary buds
for drect organogeiess and nter 1odal segments and leaves for nd rect
organoge ess Fo tle prel n ary studies to fid out the sutable surface
ster | zation metl od effect ve basal media as well as tl e best growth regulator
conb nat on explants collected from the 15 20 year old sandal t ees ava lable n
the experimental plot of College of Forestry was used This nformat on was used
for the » vtro propagaton of ident fed plus trees n the Marayoor Sa dal
Reserve Root suckers were collected from the 1dentif'ed plus trees and ra sed n

tree nursery of College of Forestry

311 Culture Media

In order to f d out tl e best basal med a for m ciopropagat o of sandal
explants were cultured 1 MS med um (Murash ge and Skoog 1962) / MS and
Woody Plant Med um (Lloyd and McCown 1980) The compos tions of diffe e t
media used are presented n Table 1 The best respond ng med a was selected for
further study In order to find out the effect of growth regulators 1 the growth of
cultures growth regulators such as auxins (IAA IBA and NAA) and cytok n ns

(BA and K net n) were added to the ned a a1d compared w th a control media
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witl out growtl regulators Cytok n ns BA a1d K net n alone at concent at ons 0 §
1 2and 3 mg! and ncombiia on was used to nduce bud break r sandal The
coribination was 05 and I mgl of BAwth035 land2mg] of kiretn Tle
combinat on of cytok n n w th auxin in WPM was also tred for pud break and
shoot development from nodal explants BA and Kinetinat05and 1 ng 1 along
wth IAA IBA and NAA at01and 0 5mgl wasused D fferent comb nato of
auxns n /4 MS and / WPM media was used for root ndicton For somatic
embryo nduct on BA and K netin n concentiatonsof 05 10 20and 3 0 mg1l

were used

32 METHODS

32 1 Preparation of Stock Solution

Stock solutions of mac o and micro nutrients as well as v ta uns were
prepared n order to reduce the number of repet t ve operations nvolved n media
preparat on and the cl ances of experimental error Concentrated solut ons of each
stock were prepared separately by following standard procedures as g ven by
Gamborg and Shyluk (1981) For th s required quant t es of tl e chemicals were
we ghed accurately and by the addton of distlled water chen cals were
d ssolved w th constant st rr ng Care was taken wh le the preparat on of on
stock srce tprec pitates readily To avoid th s Na,EDTA and FeSO, 7H,0 we e
dissolved n separate beakers Both beakers were placed on hot plates and brought
to the po nt of almost bo I ng Then FeSO4 7H,0 solut on was added slowly to
Na;EDTA over a 15 mnute per od wth constant str ng The m Xture was
allowed to cool to oom te nperature and then the volume was made up to required
quant ty n a volumetr ¢ flask by add ng d st lled water The stock solut ons were
labeled ndicating the stock number and the date of preparat on They are stored n
amber coloured bottles under refr gerated cond t on The compos t on of stock

solutions of MS and WPM are g ven n Table 2 and 3
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322 Preparanon of Culture Media

In order to p epare 500 ml nedia requ red quant ty of stock solut ons
(Table 4) wete p petted out n 500 nl beaker Then moc tol (50 mg) a1 d sucrose
15 gm were added and d ssolved by constant st rrng Different pla t growth
regulators were dded to the basal medium as per the requ rement Tne stock
soltt ons of growtl regulators at 100 mg/100 ml we ¢ prepa ed and stored n
refr gerator and al quots were taken from stock solut on for use Afte making up
of solution to 500 ml the pH was adjusted to 5 8 with the help of d gital pH meter
by adding IN NaOH or IN HC! Totlismed um 75 g1 agar was added Bo ! ng
of the solut on t 1] the froth subs des was necessarv of d ssolving a_ar Tle ned a
(approx mately 15 20 ml per tube) was poured nto the well cleaned oven dr ed
culture tubes of 150 nm x 25 mm size The culture tubes were pl gged t ghtly

w th non absorbant cotton
3 2 3 Sterilization of Culture Media

The med a was steril zed by autoclav ng at pressure 1 06 kg cm ” for 20 30

minutes at 121° C After ster { zation med a was stored  culture room
3 2 4 Sterilization of Equipment

All steel and glass mstruments and other accessor es were wrapped n
aluminium fo | and autoctaved at 1 06 kg cm 2 pressure for 20 30 minutes at 121°
C Forceps sc ssors etc were flamed at the t me of use
325 Collection and Preparation of Explants

For the ax llary bud culture young shoots wth 3 4 nodes were taken

from the sandal trees us ng secateurs and brought to the laboratory soon to avo d

des ccation The leaves were removed close to the stem w thout caus ng any



Table 1 Chemtcal composition (mg1 ) of v 110us culture media used fo1 i
vitso propagation of Santalum album L

MS Medwm WPM
Components ,
(mg 1)

Ma onit cits
NH4NO; 1650 400
KNO3 1900
KHyPOy4 170 00 170 00
MgS0,4 2H,0 37000 370 00
K §O04 990
CaCl; 2H,0 440 00 96 00
Ca(NO ) 4H,0 556
Na EDTA 3730 3750
FeSO 7H;0 27 80 27 80
Mcuont eus
MnSQ4 4H;0 2230 22 30
ZnSQO4 TH0O 860 860
H3;BO 620 620
Kl 0383
Na;MoO, 2H,0 025 025
CoCl; 6H,0 0025
CuS04 5H,0 0025 025
Vian ns
Nicotin ¢ acid 050 050
Pyr dox ne HCI 050 050
Th amine HCl 010 010
Glycine 200 200
Others
Myo Inos tol 100 100
Sucrose 30000 30000
Agar 8000 8000




Table 2 Composition of stock solutions for MS medium

Stock Cone of Weight required for 1 hiter of

Chemicals stock

No stock (mg1h)
NHNOs 8250¢g

1 KNO; 50x 9500 g
KH,PO4 850g

MgS80,4 2H,0 1850 g

11 CaCl; 2H,0 50x 2200g
11 Na,EDTA 100 x 373¢g
FeSO4 7TH,O 278¢g

MnSO4 4H,0 223g

ZnS04 7TH,0 860 mg

v H3BO3 100 x 620 mg
KI 83 mg
Na,MoO, 2H,0 25 mg

CoCl; 6H;0 25mg
CuSO45H O 25mg

Nicot mc ac d 50 mg

\Y Pyridoxine HCI 100 x 50 mg
Thiamme HCI 10 mg

Glyc ne 200 mg




Table 3 Composition of stock solutions for WPM medium

Weight required
for 1 hiter of
Stock No Chemicals Cone of stoen

stock
(mg1)
NH,NO; 4950 ¢
K,S0, 2000 g

\ 50x
MgS0O, 2H,0 1850 g
11 Ca(NO3)4H O 50 x 2780g
111 CaCl, 2H,0 50 x 480g
Na EDTA 373g

v 100 x
FeSO4 7H,0 278¢g
M1S0; 4H,0 223g
ZI’ISO4 7H20 860 mg
v H;BO; 100 x 620 mg
CuSO4 5H,0 25mg
NazMOO4 2H20 25 mg
Necotncacd 50 mg
Pyr doxie HCl 50 mg

VI 100 x
Thiam ne HCI 10 mg
Glycine 200 mg

Table 4 Quantity of stock solution required for 1 it media

Stock No Quantity of stock (ml)
MS A MS WPM

I 20 10 20
1 20 10 20
111 10 5 20
v 10 5 10
v 10 10 10
VI NI Nil 10




64

damage to the buds These ste 1 segments were washed several t mes under
run ng tap wate to re nove the dust follo ved by 1mme s 1g n froth ng solution
of [ quid deterge 1t (Teepol) for 10 minutes and washed with tap water In order to
find out the seasonal var aton n fungal cotaminat on explaits ‘e e cultured
w thout f ng¢ de treatment Fo controll ng the cortam nat on explants were
d pped n ung ¢ de solutions of contact fungic de Indof’1 M 45 (Mancozeb 75 %
WP) and systen ¢ ‘uno cide Bav stin (Carbendazim 50 % WP) e ther s ngly or n
conbnaton a co cerat ons 0 | per cent and 0 2 per cent for d tfereat durat on
(15 30 45 60 or 95 mnutes) Thereafter explants were rinsed w th d st lled
water and transferied to lam nar flow hood for surface ster lizat on For somat ¢
embryogene s nter nodal segnents (1 15 cn) and leaves of exv o and # v fro
shoots were taken For the ex v! o explants above mentio ed preparat on
procedures we e followed and for # v fro no surface ster | zation was needed

These were cultured n the med a horizontally

3 2 6 Surface Sterilization of Explants

Surface ster1l zat on was done under perfect aseptic cond tion n a lam nar
ar flow chamber by dipp ng n HgCl, (005 01 015 or 02 %) solut on for 10
minutes Following su face steril zat on they were washed three times with ster le
vater to remove the traces of mercur ¢ chloride There after botl exposed ends of
the explants were trinned and the rema 1 ng segment was noculated vert cally

on the culture medium

32 7 Inoculation and Incubation of Explants

Inoculat on 1s done under laminar & r flow cab net Before noculat on petr
plates forceps and scalpel were flamed thoroughly Explants were cut nto one
nodded segments by plac ng on the sterile tissue paper For moculat on cotton
plug of the test tube conta n ng mnedia was removed by plac ng nea tl e flame and

ts mouth was flamed By us ng the forceps one explant each was transferred mto
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the med um After flam ng once agan co ton plug was eplaced mmediately
Cultures erc 1c bated under 16 Iouts [ glt perod at 25+ 7° C wth a [ ght

ntens ty ot 2000 | x w th proper label

3 2 8 Rooting of Shoots

In v tro regenerated shoots were cultured n / MS and / WPM (w th or
without the addition of act vated charcoal) supplemented w th combinations of
auxn[BA (05 1 15and2mg! Y)witl NAAorIAA(01 05 land15mgl )
In vt o shoots were also pulse treated n higher concentrations of IBA and [AA
(300 ppm 600 ppm 250 ppm and 2500 ppm) and kept for root ng n growth
regulator free / MS and 4 WPM All the cultu es were mamta ned under
darkness for f'rst o e week and then transferred to the ordinary 1 ght co d tion n

culture room

3 3 OBSERVATIONS

Observat ons were taken da ly till leaf in t ation and tl en weekly for a
per od of four weeks The data collected are presented on the bas s of cultures that
remained uncontamnated The follow ng observations were recorded for each

treatment

3 3 1 Number of Cultures Contaminated

Number of cultures contam nated were counted and expressed as a

percentage of total w nber of cultures
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3 3 2 Number of Cultures Showmg Bud Break

A culture was sa d to have bu d break when the dormant aux [ ary bud has
Just emerged Number of cultures showng bud  ntaton was expressed as
percentages of total nu nber of sirviv ng cultures

3 33 Time Taken tor Bud Initiation

Number of days taken for bud n tation was expressed as t me taken for

bud n tiation

3 3 4 Number of Explarts Showing Leaf Initiation

Numbers of cultures that produced leaves were expressed as percentage of

total surv v ng cultures that produced bud

3 3 5 Time Taken for Leaf Inmitiation

It s the number of days taken for leaf initiat on

33 6 Average Number of Leaves

1t 1s the average of the total number of leaves produced from the number

of cultures showing leaf product on

3 3 7 Maximum Number of Leaves

It 15 the max mum number of leaves produced per explant n a particular

treatment
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3 3 8 Average Number of Shoots per Culture

Th s 15 the average of total number of shoots produced nd fferent cultures

of a part cular treat nent

339 Average Shoot Length

The average length of shoots expressed in cm from the nunber of ultures

show ng shoot development n a spec f'c treatment g ves the average shoot length

3 3 10 Maximum Shoot Length

It s the max mun length of shoots produced per explant  a particula

treatment

3 3 11 Number of Cultures Rooted In Vifro

Number of cultures rooted # vfro was counted and exp essed as

percentage of total cultures in a part cular treatment

3 4 ESTABLISHMENT OF CULTURES THROUGH SUBCULTURE

For mainta ning the cultures for longer t me and improving its growth
character stics m croshoots were subcultured nto basal med um WPM along w th
growth regulator BA or Knetnat 05and I mg | Shoots were also subcultured

nto med a WPM w th growth regulator comb naton 05 mg | BA+] mg |
Knetn 1 mgl BA+05mgl Knetun | mgl BA+05mgl JAAand I mgl
Knetint0 5 mgl IAA After 20 days of ma n culture # v fro explants produced
shoots were taken out carefully w thout any damage For subculture explants were
prepared either by exc s ng the shoots s ngly or by trimm ng the basal portion of

mother explant tself Subculture was also attempted by cutt ng the elongated
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shoots nto segment conta 1 ng m mmum of one axillary bud Medid used was
e ther the ntal media tself or meda co tanng difere1t growth regulator

conb nations
3 5STATISTICAI ANALYSIS
The data recorded were transformed wherever necessary and statist cally

analysed us ng the stat st cal package SPSS The means were compared us ng

Duncan s Mult ple Raige Test (Duncan 1955)



Results



RESULTS

The present study on micropropagation of Sa talt  album L was
conducted 1 at the ssue culture laboratory of College of Forestry Vellanikkara

dur ng 2011 2013 The sal ent { 1dings of the study are presented in th s chapte

41 SEASONAL INFLUENCE ON CONTAMINATION OF ASEPTIC
CULTURES

I order o f d the nfluence of seaso on tle contam 1aton of nvto
cultures of sandal explants were cultured w thout trea 1g w th fung ¢ des The
rate of contam nat on obta ned n eact month 1s gven n Table 5 There was
sign f'cant dife ence between contam nat ons at variou months Cultures dur ng
November to Ap il showed no dftference n rate of contaminaton and
contam nat on ranged between 0 11 per cent May and September showed
ntermed ate contam nat on of 19 and 40 33 per cent respectively Dur ng October
47 44 per cent contam nat on was seen However during Jui e to July more than

90 per cent contam nat on was recorded

42 SURFACE STERILIZATION OF EXPLANTS

Explants were subjected to d fferent surface ster | sat on t eat nents us ng
fuagicides and HgCl, to prevent culture contaminat on by fungus a1d bactera 11
order to control the fingal contam nation systemc and contact fungc de
Carbendaz m 50% WP (Bav stin) and Indofl M 45 (Mancozeb 75% WP)
respect vely were used While test ng the effect of fung cides the concentration of

HgCl; kept constant and v ce versa

Fungicide concentration and treatment tme vared accordig to the
contam nation rate n the months During the months wth low contaminat on

(November  Apnl) treat ng w th e ther 0 1 per cent Carbendazim 50% WP or



jeasonal influence on fungal contamination 1n axillary bud culture of Santalum album

Moenth Fungal contanmunation
January 655
(37 10)
February 000
(0 00}
March 200
(1132)
Aprl 767
(43 45)
May 1900 °
(108 70)
June 98 00°
(822 97)
July 95 93¢
(773 05)
August 65 33
(408 39)
September 4033°
(238 69)
October 47 44
(288 05)
November 1100
(6261)
December 1017
(5779
SEm+ 9521 47
F 26 55*

ficant at 5%
s with same superscript do not differ significantly



Table 6 Effect of concentration of systemic and contact fungieides Bavistin (Carbendazim 50% WP) and Indofil M 45
(Mancozeb 75% WP) on controlling fungal contamination on months with low contamiation (November Apnl)

Fungal contaminat on Cultures dead

Treatments (%) (%)
1133 400°

NO (3 32) (1 63b)
019 Indof1 15 m nutes fzofs) Z;; o
] 1]

01 % Indof'130 n nutes (620‘:)5) l(; :Z;i:(;))
01°%Indof145 mnues (% %%) zg SZ)
17 1)

0 1°¢Bavstn 15 m nutes 226179) 1(; g?))
200° 400°

Q,

0 1% Bav st n 30 m nutes (0 82) (1 63)
0 1 °o Bav st n 45 m nutes (%%%) (20%02)
SEm+ 100 116
F 520* 346*

*Sigmificant at 5%
Figures 1n parenthesis are square root transformed values
Figures with same superscript do not differ sign ficantly
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Mancozeb 75% WP for 4> m nutes completely control ed coitan 1at on (Taole
6) wh le exp ants wh ch were not treated w th fung cides showed 11 33 per cent
fungal contan naton Treating witl 01 pe cent Mancozeb 75% WP fo 45
m nutes showed h ghest percentage of dead cultures (16 67) Treatment nvolv ng
0 1 per cent Carbendazim 50% WP for 45 m n tes showed less percentage of dead
cultures (2%)

In the moiths with medium contaminat on rate (May August and
September) treating witl 0 1 per cent Carbendaz m 50% WP for 45 minutes was
not effective (Table 7) n controll ng contam nation (27 33 %) In ths s tua ion
var ous comb iatons of fungic des were tiled Obseivatons ndcated a
s gn fcant difference in contaminat on rate 1owever there was no difference n
percentage of dead cultures Among them 02% Carbendazin 50% WP + 0 1%
Mancozeb 75% WP for 45 minutes completely suppressed contam nat on
compared to control (27 33) and was followed by 0 1 % Carbendazin 50% WP +
(0 1) Mancozeb 75% WP for 45 m nutes (5 67 %) But when treatment 01 %
Carbendaz m 50% WP + 02 % Mancozeb 75% WP for 45 m nutes was done

contam nation rate was high (16 67 %)

Dur ng June July treat ng v th (0 2%) Carbendaz m 50% WP + (0 %)
Mancozeb 75% WP for 45 mnutes was not at all effect ve to control
coitam nat on (Table 8) Dur ng this period treatments v th higher concentrat on
of fungcdes and more treatment time was effect ve Observat ons showed
s gn fcant d fference n contam nat on rate and 0 2% Carbendazim 50% WP + 0 2
% Mancozeb 75% WP fo 95 m nutes was effective in controll ng contam nat on
up to 27 33 per cent Th s was followed by treat ng for 60 m nutes w th 55 33 per
cent contam nat on Fuaig cide treatment for 95 minutes showed a s gn fcant
variation 1n percentage cultures dead and was recorded w th a higher (73 67 %)
percentage culture death Other treatments did not show signif'cant var ation n

culture death



Table 7 Lffect of concentration of systemic and contact fungicides Bavist n (Carbend 121m 50% WP) and Indofil M 45
(Mancozeb 75% WP) on controlling fungal contammation in months with -nedium contamination {August and Septeniber)

Treatments Fungal contamination Cultures dead
(%) (%)
2733 200
0
01 % Bav st n 45 m nutes (156 80) (11 32)
567 16 67
0, 0,
01 % Bav st n+0 | % Indof'1 45 n nutes (3221) (95 52)
16 67° 200
0, [+)
01 % Bav stint0 2 % I1dofil 45 m n tes (94 98) (11 52)
000 1300
0, + 0,
02 % Bav st +0 1% Indof’l 45 m nutes (0 00) (73 78)
SEn+ 1739 32 2023 12
F 8 33% 241

*Significant at 5%
Figures n parenthes s are arc s ne transformed values
F gures w th sa ne supersctipt do not d ffer sign f cantly



Table 8 Effect of concentration of systemic and contact fungicides Bavistin (Carbendazim 50% WP) and Indofil VI 45
(Mancozeb 75% WP) in controlling fungal contamination on months with high contammation (June July)

Fungal contammation Cultures dead
Treatments (%) (%)

d a

02 % Bav st n+0 1 % Indof'| 45 m nutes (18(:3% %g) (31022)
7167 400

02 % Bavistin +0 2 % Indofil 30 m nutes (453 2%) 02 64)
02 % Bav stin +0 2 % Indofil 60 n nutes (3535 6332) (17;07%

a b
02 % Bav stn +02 % Indof | 95 m nutes (‘12576322) (1;2673)
SEm+ 3228 17 4157 45
F 90 18* 34 83*

*Sign fcant at 5%
Figures 1 parenthesis ate arc s ne transformed values
Figures with same superscr pt do not d ffer s gn ficantly
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[ orde to control the bacter al contam natio1r su face ste ilisatior of
explanis was done using HgCl; for 10 n nutes at d ffe e t concentrat ons (0 05
01 015a1d 0?7 %) (Table 9) Sgn “ca t diference the contam at on rate
was obse-ved a1id tl e lowest rate (2 67 %) wa fou d wlen 02 pe cent HgCl
was used Th s was followed by 9 33 per cent 10 15% HgCl, H gl est percentage
(39 00 %) of onta 1 nat on was recorded wl en expla ts were ticated w th 0 | per
ceit HgCly for 10 11 utes There was sigmificant difference n peicentage of dead
cultures a d 102 per cent for 10 m nutes 20 33 per cent cultures were dead It
was followed by 0 15 per cent w th co tam nat on 9 33 pe1 cent and culture deatl
7 16 per cert Hence the 0 15% of HgCl, t eatnent fo 10 minutes was taken as

super or surface ster 1 zat on method for further exper ments

43 EFFECT OF DIFFERENT BASAL MEDIA ON CULTURE
ESTABLISHMENT AND GROWTH OF AXILLARY BUDS OF
SANDAL

In the present study three basal media nanely MS /4 MS and WPM were
used for culture establishment n axillary buds of Sanfalun album The results
obta ned are presented n Table 10 There was a s gn fica t d fference among the
meda wth respect to max mum number of shoots average sloot length

max mu n shoot length a d average number of [eaves

Med a did not nfluence bud break a1d leaf in t at on n sandal Bud break
percentage obta ned in WPM was 100 per cent and 98 pet cent n MS and / MS
All the three media showed 100 per cent shoot and leaf n t at on Number of days
taken for bud break and leaf ntaton also were not nfluenced by med a
Explants cultured n WPM med um induced bud break in 5 38 days wh le 1t was
590 591 days respect vely n MS and / MS Cultures n MS med um showed
leaf' nitiat on in 8 81 days followed by WPM n 8 92 days and /4 MS 1n 9 95 days



Table 9 Effect of concentration of HgCl; on controlling bacterial contamination

Treatments Bacterial contamination Cultures dead
(%) (%)
29 33° 200
0,
005% 10m n (169 57) 082
3900 567°
0,
01% 10mn (229 02) 3o
9 3_‘) b 7 66ab
0,
015% 10m n (53 15) o)
267 2033°
0
02% 10mm (15 10) 4 30
SEmt 4836 95 133
F 6 16* 5 44*

*Signif cant at 5%
Figures n parenthesis are arc sine transformed values
F gures w th same s perscript do not d ffer s gn f cantly



Table 10. Effect of different basal media on culture establishment and growth in axillary bud culture of Santalum album

Basay | Bud break Shoot | No of shoots S"O‘(’L:f)“gth Leaf initiation | No. of leaves
Media initiation
% Days (%) Avg | Max | Avg | Max Yo Days | Avg | Max
98.00 b a 2 a
MS 9.90) 5.90 | 100.00 | 222 |3.33"| 085" | 1.20°| 100.00 | 8.82 ! 6.11 8.67
v, MS (998'9000) 591 | 100.00 | 1.83 | 2.00° | 1.06° | 1.77" | 100.00 | 9.95 | 7.39° | 10.00
WPM (11%0600(; 5.38 100.00 197 267 1.20° | 1.77° | 100.00 | 892 | 7.52° { 10.00 -
SEm+ | 0.02 | 037 - 0.03 | 022 | 0.01 | 0.05 - 1.70 | 029 | 044
F 0.50™ | 0.74N8 - 3.79% | 6.00* | 19.92*% | 6.15* . 0.70™ | 6.28* | 4.00™

*Significant at 5%
Figures in parenthesis are transformed values
Figures with same superscript do not differ significantly



Plate I. Difference in sandal culture response to MS, Vi MS and WPM basal
media

Plate 2. Difference in response of sandal cultures in 1 mg 1 1BA and 1 mg I 1Kinetin
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Average number of shoots recorded in MS was 2.22 followed by 2.03 in
WPM and 1.83 in Vz MS. Maximum numbers of shoot production as well as
average and maximum shoot length was significantly different among the media
(Fig. la and Ib). Highest number of shoots was produced in MS (3.33) followed
by WPM (2.67) and minimum number of shoots were produced in VZ MS medium.
There was a significant difference in average of shoot lengths produced in the
three media. The highest average shoot length was in WPM (1.20 cm) and
followed by 1.06 cm in Vz MS. The lowest average shoot length was obtained in
MS medium (0.85 cm). Highest shoot length observed in WPM and Vz MS was on

par (1.77 cm). But MS showed least maximum shoot length (1.20 cm).

Average number of leaves produced in MS medium was significantly
different from Vz MS and WPM with 6.11 leaves. WPM produced highest number
of average leaves (7.52) and was on par with Vz MS (7.39). Maximum number of
leaves produced was 10 each in WPM and Vz MS; lowest in MS (8.67). However,

these differences were not statistically significant.

Cultures in MS medium were found to be stunted, while both the Vi MS
and WPM showed elongated shoots. However, leaf fall was heavy in Vi MS
medium and cultures in WPM were noted as healthy compared to that in Vz MS.
By considering these facts and comparing the growth of cultures in the three
media. WPM was taken as superior to MS and Vz MS media for the in vitro

propagation of Santalum album.

44 EFFECT OF PLANT GROWTH REGULATORS ON CULTURE
ESTABLISHMENT AND GROWTH

The basal media WPM was supplemented with different cytokinins and

auxins at various concentrations either singly or in combination to evaluate the
\

best growth regulator combination for maximum culture establishment and

growth in Santalum album.



- OMax no of shoots

8 4 _
m Avg no of leaves
t o 1 J
MS AMS WPM
Basal media

Fig. la. Effect of basal media on maximum number of shoots and average number of

leaves produced in sandal cultures.

01

S

- 0O Avg shoot length
mMax shoot length

£

MS H2MS WPM

Basal media

Fig. Ib. Effect of basal media on average and maximum shoot length in sandal

cultures.

Fig. 2a. Effect of BA on maximum number of shoots produced in sandal cultures
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4 4 1 Effect of BA on Culture Establishment and Growth in WPM Medium

In ths study WPM medium was supplemented wth four d fferent
concentrat ons of BA(05 1 2and 3 mg ! 'Y The effect of var ot s concen rat ons
of BA on growth parameters of sandal are presented n Table 11 The 1 eatments
d d not influeice ct aracters | ke bud break shoot ntaton ave age wmbe of
shoots leaf ntato and number of leaves It had nflueice only maximum

numbe of shoots a1 d shoot length

P esence of BA dd no influeiwce bud break shoot 1 ato and leaf
ntato 1nsandal Bud break was 100 per cent in all the treatments except n |
mg [ BA (98 %) Nu nber of cultures with shoot n t ation was 100 per cent n 2
mgl BA In0S5Smgl BA leaf nitat on was 98 per cent in I mg1 BA 96 per
cent ind 94 per cent 13 mg ! BA In all the treatments leaf n tiat on was 100

per cent

Treatments did not nfluence days taken for bud break as well as for leaf
mt at on Among the treatments cultures n 1 mg 1 BA slowed bud break in
575 days while in control t vas 6 11 days Number of days taken for bud break
was as follows n otl er treatments 6 [9 days (0 5 mgl BA) 662 days (" mg |
BA) and 7 13 days (3 mg | BA) Days taken for leaf 1tato ranged f om 899
days 11 mg] BAto1029days n3mgl BA

Average number of shoots produced was not nfluenced by tle media
while the maximum number of shoots produced sho ved a s gn f'cant d fference
among treatments (Fig 2a) All the treatments were super or to control with 2 00
shoots Shoot productionin 1 mg1 BA (533) 05mgl BA (433)and 2 mg|
BA (4 67) were on par with each other Least number of shoots (3 33) was
recorded 1t 3mgl BA



Table 11 Effect of BA on bud break and shoot development n axillary bud cultures of Santalum album m WPM media

Cone Bud break Shoot
of BA mihatio No of shoots Shoot length Leaf No of leaves
(mgl ) {cm) intiiation
Yo Days o
(o) Avg Max Avg Max % Days Avg Max
Control | 10000 | 6 11 76 3 177 200 077" 137° 100 | 1257 457 8 67
(10 00 (562 60)
05 10000 [ 619 9800 [317 433° 1058® [093*® [100 [913 4 86 6 67
(10 00 (822 97)
1 9800 |575 96 00 | 327 533° [044® 083 100 | 899 297 4 00
(9 90) (757 31)
2 10000 | 6 62 10000 | 298 467° 038 060° 100 | 910 282 400
(1000 (888 62)
3 10000713 9400 |[256 333% [0,55° 057° 100 | 1029 213 4 67
(1000 (729 64)
SEn+ | 001 247 26054 3 | 037 1 47 002 007 400 578 1120
F 1007 [0.,4™ [ 170 [30,™ [346* [429% [455*% 169 107> [1117

*Sigt fcant at 5%
Figures n pare thes s are square transformed values
F gires w th same superscr pt do not d ffer signif cantly
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There was sien 1cant d ftereice betwewn tle treatments w h respect to
average 2 d mantrum length of <hoots (Fig 2b) All the treatmer t< v ere inferior
to comrol Tael gie t average shoot length was obtaned n 05 ngl BA (058
cr) Whle a erage sho ts length wa on parw heachother nl ngl BA (044
cm) ? mg  BA (O 8cm)aid 3 rg BA 03>cm) Y vl rd was
ohsernved 2 1 em shoot leng 1 s Higwst sioe I 1ng te
ft..  ents vsov wimO05Smg! 8a( 9 n) ndlovetient n  ngl
B ( ecmywh } v4 onpuwthla_.t oA 03oun; 2me BA Q0
&m)

Average ard mamum number of Jeaves p1od iced i tl e t catments was

not n tenced by t ca meat wth BA Average number of leaves ranged from 4 86

105mg!'BAaxd 13 leavesin3ng! BA Max n m numoerof lea es was
bewee 60(7(0 m | BA)and400( my,! Byand2mgl BA)

I was oo, \ed that increasing tl e cor c#nt at on of BA beyond 1 mg |

res ted thestunt d , owth of ultu e 11d poor leaf develop nent

=42 E¥ee of manetn on Cuaitute Lota *chacnt and Giow | n WPM

Med ur

In oid r to 1nd out tle e fect ¢ kinetin on culture estab <imert and
giow b of saidal WPM medium  as supplemented with fou  d frereat
conce itrations of Kinet11 (05 1 2 and 3 mo The effect of K net1 on va 10us
growth parametets 1s given in Table 12 The arious treatments based on kinetin
d d not influence the parameters under study except for average number of shoot
product on All the treatments showed 100 per cent bud break and leaf mitiation
where as only 2 mg | K netin showed 100 per cent shoot initiation Percentage
shoot in tiation 1n 1 mg 1 Kinetin and 3 mg I Xinetn was 98 and 05 mg |

K net n showed 95 67 per cent



Table 12 Effect of Kinetin on bud break and shoot development in axillary bud cultures of Santalum album m WPM media

Cone Bud break Shoot No of shoots Shoot length Leaf mitiation No of leaves
of BA1 mitiation (cm)
o, 0,
(mgl) % Days (%) Avg Max Avg Max % Days Avg Max
Control 100 611 76 33 1772 200 077 157 100 1252 | 457 8 67
(562 60)
05 100 692 95 67 199%™ 300 075 143 100 1022 600 10 00
(721 47
1 100 644 98 00 212%™ 367 072 140 100 10 09 559 1000
(775 29)
2 100 567 100 00 234P 400 064 137 100 909 504 800
(888 62)
3 100 592 98 00 241° 367 051 127 100 996 402 8 00
(775 29)
SEm+ 051 24751 07 006 073 007 007 420 363 187
E 1417 | 91N 349% | 259 [ 052 [ 018™ 117 [0s1™ | 164"

*Signif cant at 5%
Figures in parenthesis are transformed values
Figures with same superscript do not d ffer signif cantly
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Fig 3 Effect of KIN on average number of shoot in sandal cultures
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Fig 4a. [k ffect of combination of BA and KIN on average and maximum shoc t
length in sandal cultures
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T me taken for bud ntato vas567days(2 ngl K et )to 692 days
n05mgi'Knetn 2 mg ! K netin sl owed leaf ntaton n 909 days and t
was 1022 days n05ngl Kaetn

All the trea ments were effect ve to nduce mult ple shoots conpared to
control (1 77) Ave age 1 umber of shoots was highest n 3 mg | Knetn (241)
and wasonparwth3ng! Kuetn (Fg 3) Least number (1 99) of shoots was
observed 105 ngl Kinetn and was on par wth 1 mg | K netn Maximum
nu nber of shoot nduced were ranged from 4 (2 mg 1 Knetin) to 2 (05 mg |
K net n) The average and max mum shoot length was 0 75 ecmand 143 e¢m n05
ngl Kiretinand 050 cnand 127 cm 113 ngl K netn repet vely Average
and max num number of leaves produced was 6 and 10 n 05 ngl K netin and
402and § n3mgl K netin

443 Combmed effect of BA and Kinetin on Culture Establishment and
Growth in WPM Medium

In order to fnd out the effect of comb nation of cytok nns (BA and
K net n) on growth BA at two levels (05 and 1 0 mg | ) wth K net n at three
levels (05 10and 20 mg1 ) n all poss ble combinat ons were supplemented to
WPM media Results obta ned were presented n Table 13 F netn had no
nfluence on growth parameters except for shoot length and maximu n number of

leaves

All comb nat ons wth 1 mg 1 BA induced bud break n all the cultures
(100 %) It was followed by 0 5mgl BA+05mgl Knetnand 05mgl BA
+2mgl Kinetin (98 %) Bud break percentage in 05 mgl BA + 1 mgl
K net n was 96 33 However only 1 ngl BA+1mg!l Kinetn showed 100 per
cent shoot ntatonand twas reduced to 97 67 percentand 96 00 n 1 mgl BA

+2 ngl Kmetnand05mgl BA +2mgl Knetin respect vely In the case



Table 13 Effect of BA+ Kinetin on bud break and shoot development n axillary bud cultures of Santalum album in WPV

media
Conc of Bud break Shoot
BA+KIN mitiation No of shoots Shoot length Leaf mitintion No of icaves
(mg1?) (cm)
(%)
% Days Avg Max Avg |Max | % Days | Avg Max
Control 10000 | 538 100 00 197 267 [120°] 177° | 10000 | 892 752 | 1000
(10 00) (10 00) (10 00)
0 5BA+0 5KIN 9800 | 600 94 33 251 367 [042 | 080° | 10000 | 959 348 467
(9 90) (9 70) (10 00)
0 5 BA+IKIN 96 33 504 94 00 308 467 | 0481070 | 10000 | 941 347 533
(9 81) (9 69) (10 00)
0 5BA+2KIN 98 00 576 96 00 190 233 [07? 055> | 9600 10 31 200 400
(9 90) (979) (979)
1BA+0 5KIN 10000 | 595 95 67 385 533 [036 [ 057°| 9800 1076 | 316 535
(10 00) (9 78) (9 90)
IBA+IKIN 10000 | 534 100 00 196 367 [035 ]0574] 10000 | 997 42 500
(10 00) (10 00) (10 00)
IBA+2KIN 10000 | 544 97 67 356 467 (02053 10000 | 954 547 53
(10 00) (9 88) (10 00)
SEmz+ 002 095 013 275 305 | 004 | 006 002 499 574 405
F 071N | 04™ 0 40™ 070™ [ 1208 [592% [ 9356= | 087" [ 023" | 240™ | 288

*S gnificant at 5%
F gures n parenthes s are square transformed values
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of leaf n t ation all tieatments except 05 ngl BA +2mg! Kinetn (96 00 %)
and | ngl BA+05mgl K netu (98 %) showed 100 per cent leaf n tiat on

Bud bieak was prolonged between 504 days (05 mg1 BA + 1 mg |l
Kneti1 Yand 6 days (05 ngl BA+0>mgl Knetn) WI leleal n aton was
observed n9 H days (0> mgl BA+1 ngl Knetn)and lasted till 10 76 days
nlmgl BA 05mgl Kine n Average wmb 1 of shoot production was
recorded n1mgl BA+0> ngl Knetin (383)and itwas 190 n05mgl
BA +2mgl Knetn Max mum number of shoots produced ranged from 533 n

Imgl BA+05mgl Knetnto233mm05mgl BA+7?mgl Knetn

In the case of shoot length there was s gnificant d fference between the
treatments a 1d control bu not among themselves (F g 4a) For botl average and
maximum shoot length control showed h ghest leigth (120 and 177
respect vely) WPM fort fed with 0 5 mg! BA + 1 mg] KIN exh b ted a shoot
length of 0 48 cm followed by 0 5 mgl mgl BAP+ 05 mg 1 KIN (042 cm)
While n05mgl BA+2mgl Kinetn the average shoot length was 021 cm
In the med a containing 0 5 mg |l BA +05mgl K netin maximum shoot length
was 0 80 cm which was followed by 0 S mgl BA+ [ mgl Kinetnwtt 070
cm However n 05 mgl BA +2mgl Kmetinand 1 mgl BA +2 ngl

Kineun twas 053 cm

Average leaf production ranged between 200 (05 mg1 BA +2 mgl
Knetin) to 348 (05 mg!l BA +05mgl Knetn) (Fig 4b) Tie maximum
number of leaves was 533 n05mgl BA+1mgl Kinetn 1mgl BA+05
mgl Knetinand I mg! BA+2mg! Kinetn Whle n05mgl BA+2mg

1 K netin max mum number of leaves was 4 00



Fig. 4b. Effect of combination of BA and KIN on maximum number of leaves in
sandal cultures.

Days for bud break

iDays for leaf initiation

Concentration of KIN and IAA (mg I1)

Fig. 5a. Effect of combination of KIN and 1AA on days taken for bud break and
leaf initiation in sandal cultures.



1.0+1.0

Plate 3. Difference in response of sandal cultures in WPM containing combination
of BA and Kinetin at various concentrations

Plate 4. Effect of increasing the concentration of auxins in WPM containing 0.5 mg T
1BA in the growth of sandal cultures
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4 4 4 Effect ol combmation of Kinetin and IAA on Culturc Cstablishment
and Growth in WPM Medtum

All poss ble combinat ons of two conce trat ons of Knetn (05 and 1 mg
I ) with two concentrations of IAA (0 1 mg ] and 05 mgl ) were tred to t nd
the r effect on culture growth Results are presented on Table 14 Tlere was
significant difference 1 days taken for bud break average and maximum number
of shoots max nun sloot length days taket for leaf ntato a d average

nunber of leaves

Combinat ons of K netin and IAA had no effect on percentage bud b eak
shoot it at or and leaf ntat on Percentage bud break was 100 per cent n 1 ng
I Kinetn+ 01 mgl IAA (100 %) and was followed by l mg! Knetn+035
mgl [AA(98%) 05 mgl Kinetn+01mg! JAA (95 %) All the treatments
showed 100 per cent st oot mtiation Leaf taton was 100 per ce t in med a

contanng0Smgl lAA

Days taken fo bud break and leaf ntaton was s gn [caitly d fferent
among treatments (Fig 5a) All the treatments sl owed delayed bud bieak and leaf
nitiation than the control where bud break and leaf nit at on was occurred n 5 38
and 8 92 days respectively Among the treatments 0 5 mg 1 K net n+0 5 mg |
1AA showed bud break n m 1mum days (7 ?5) fello ved by 1 mg 1 Kineti1 +
01mgl IAA (809 days)and 05 mg! Kinetn+05 ngl IAA (965 days)
Delayed bud break was observed n 05 mg ! Knetin—~01 mgl 1AA (933
days) In 1 mg! K etn+ 01 mgl IAA early leaf ntation was observed n
10 65 days followed by 1 mg1 Knetm+035mg! IAA (1096 days) and 0 5 mg
I Kinetn+ 01 mg! 1AA (1277 days) Maximum number of days for leaf
mtationwas n05mgl Kinet 1+05 1g! IAA (13 80 days)

There was sign f'cant d fference n the number of shoots produced (F g

5b) 1 mgl Kinetn+01mg! IAA showed h ghest average number of shoots



Table 14 Effect of Kinetin + IAA on bud break and shoot development 1n axillary bud cultures of Sentalum aibum m WPM

media
Conc of Bud break Shoot Shoot | h
KIN+IAA mitiation No of shoots oot’eng Lef initiation No of leaves
(mg1") %) (cm)
%o Days Avg Max Avg Max % Days Avg Max
Control 10000 | 5,8 100 1972 [ 267" 120 177° | 10000 8 92° 752° 10 00
(10 00) (10 00)
0 5KIN+0 11AA 9500 | 933°¢ 100 192° 233 084 11 9600 | 12779 | 581° 8 00
(9 75) (979)
0 5KIN+0 5IAA 9600 | 965° 100 207° 233° 087 097 10000 | 1380% | 597° 667
(679 (10 00) ]
1KIN+0 1IAA 10000 [ 725° 100 265 3 66 077 1237 9800 | 1065 | 76 867
(10 00) (9 90)
TKIN+D S5IAA 9800 | 809° 100 254° 333% 080 1772 | 10000 | 1096° | 793° 955
(9 90) (10 00)
SEm+ 004 052 610 033 001 005 003 106 044 16
F 098™ [ 1707* 344 | 330% | 292%™ | 525% | 080™ | 1028* | 692*% | 308"

*S gn fcant at 5%

F gures n parentl es s are squa e transformed values

F gures with same superscr pt do not d ffer s gmt cantly
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Concentration of KIN and IAA (mg 11)  1Avg no shoots
Max no of shoots

Avg no of leaves

Fig. 5b. Effect of combination of KIN and IAA on maximum and average number of
shoots and average number of leaves in sandal cultures.

Concentration of KIN and IAA (mg 1)

Fig. 5c. Effect of combination of KIN and IAA on maximum shoot length in sandal
cultures.
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(2 65) which was follow dby 1 ngl Knetn+035mgl IAA (254)and 05 mg
| Kmetin + 05 mg 1 JAA (207) These treatments were superior to control
(197) The least average number of shoots was produced by 0 5 mg | Kinetin +
01mgl'IAA(192) 1 ng! Knetin+01mg! JAA prodiced h ghest number
of shoot (3 66) This was followed by | mg ' Kinetin + 05 mg 1 1AA (3 33)
wl 1ch 1s on pa1 w th control (2 67) The least number of shoots were produced by

05mg!'Kinetn+01mgl IAAand05mgl Kmetin+05mgl IAA (233)

Average shoot length was not sign ficantly d fferent among the various
treatments Average shoot length noted n05mg| Knetin+01mg! lAA was
084 cm followed by 05 mg ! Knetin + 05 mg [ IAA (082) But average
shoot length became 077 cm in 1 mg I Kinetin + 0 1 mg | [AA Max mum
shoot length showed sign ficant d fference between control and treatments where
the treatments showed lesser maximum shoot length than control (1 77 cm) (Fig
5¢) But there was no s gn ficant difference between the treatments Maximum
shoot length in 1 mg 1" Kinetin + 05 mg | IAA was 127 cm and was on par
with other treatments 1 mg | Kinetin + 01 mg 1" IAA (123 ¢cm) 05 mg |
Ketn+01mg!l IAA (11 cm)and 05 mg!' Kinetin + 05 mg 1 1AA (097

cm)

Treatments showed significant difference in the product on of average
number of leaves (Fig 5b) The highest average number of leaves (7 93) was
recorded in I mgl Kinetin+0 5 mg| I[AA and was on par with I mg1 Kinetn
+ 05 mgl IAA (76) and contiol (7 52) The lowest average number of leaves
was found on 0 S mg | Kinetin+01mg! IAA (581) and was on par wth 05
mg! Kmetin+035mgl IAA (597) Effect of treatments was not significant on
the max mum number of leaves produced Number of maximum leaves was 9 33
m [ mgl Kinetin+05mgl [AA and 6 67 leaves were observed n 0 5 mg |
Knetn+05mgl IAA
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4 4 5 Effect of Comomation of Kinetin and IBA on Culture Lstablishment
and Growth in WPM Medium

Eftect of d ffere t comb natons fKnetnatt olevels (0 Sand 1 mgl )
wtl two levels of JAA (01 and 05 mg | ) 01 grow h of saidal cuiture vas
estinated The result obtained s prese ted in Table 15 S g 1fca t d fference n
the effect of treatments on days taken for bud break average number of shoots

and max num shoot legth was observed

Treatments do not d ffer sign ficantly n percentage of b d break shoot
n t ation and leaf imit at on All treatments other than [ mg] Knetn+ 0> mgl
IBA (96 %) resulted in 100 per cent bud break Shoot nt at on was 100 per cent
n all treatments Except 0 5 mg! Knetn+ 05 mg !l IBA (98 67 %) showed

00 per cent leaf 1tat on

There was s gmf'cant d fference n days taken for bud break and all the
treatments showed delayed bud break than control (5 58 days) Early bud break
among the treatmets was noted in | mg | Knetn~+ 01 mgl IBA (718 days
F g 6a) Thswas followed by | mg| Kinetn+05mgl IBA (779 days) 05
mg | Knetin + 01 ng | IBA (866 days) Howe er bud ntaton was
prolonged up to 951 days n 0 5 mg] Kinetin + 05 mg1 IBA The days taken
for leaf ntation was not s gn ficant and leaf nitiat on occurred between 10 24
daysand 11 90 days n I mg! Knetn+01l mgl [BAand0> ngl Knetn+
05mgl IBA respect vely

Treatments showed a s gn fcant d fference in the production of average
number of shoots (Fig 6b) H ghest average number of shoots was obtained n |
mg | Knetin+ 01 mgl IBA (266) and was found to be on par witt 1 mg |
Knetn+05mg! IBA (259) Both these treatments were superior to the control
(1 97) wh ch was stat st cally same as 0 5 mg ] Kinetn+ 01 mg! IBA (I 86)

Least average 1w nber (1 40) of shoots was observed n 05 mgl Knetn+05



Table 15 Effect of Kinetmn + IBA on bud break and shoot development 1 axillary bud cultures of Santalum album in WPM

media
Conc of
KIN+IBA Bud break Shoot No of shoots Shoot length (em) Leaf imtiation No of leaves
(mgl l) mitiation
(%)
% Days Avg Max Avg Max % Days Avg Max
Control 100 5,8 100 197° 267 120 177° 100 892 752 10 00
(10 00) (10 00)
0 SKIN+0 11BA 100 86617 100 186° | 233 084 103 100 1137 | 603 8 67
(10 00) (1000)
0 5KIN-+0 5IBA 100 951° 100 1 40° 253 084 123¢ 98 67 1190 58> 933
(10 00) (9 93)
1KIN+0 1IBA 100 718° 100 2 66° 333 093 137° 100 10 24 673 10 00
(10 00) (10 00)
1KIN-+0 SIBA 96 00 779° 100 259 300 081 133 100 1140 629 10 00
979 (10 00)
SEm+ 003 036 006 027 001 004 000 1 60 073 053
F 1 00™ 20 58 1412 [ 2150 [ 221 | 499* 100 | 271™ [ 187 | 200™

*Significant at 5%
Figures 1n parenthesis are square root transformed vali es
Figures with same superscript do not differ significantly
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Fig. 6a. Effect of combination of KIN and IBA on days taken for bud break in
sandal cultures.
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Fig. 6b. Effect of combination of KIN and IBA on average number of shoot
prodaction in sandal cultures.
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mg | IBA Hov=ver in the case of max rim number of shoot induction

treatments wete not sig fear tly d fferent

Average shoot length observed n the treatments were not significantly
different and all tne treatments resulted in smaller shoots than coitrol (1 20 cm)
Maximum shoot length was significantly different among the treatments and
compared to control (1 77 cm) all the treatments showed lesser shoot length (Fig

6¢) All the treatments were on par with each other

Average and nax mum number of leaves produced was not s gnif cantly
different In all the treatments the aveiage numbcr of leaves was lower than
control (752) 1 mg! Kmetn+ 01 mgl IBAand 1 mgl Kinetn+05mg!
IBA produced 10 leaves which was same as control While the naximun nuiiber

of leaves 1ecorded were 8 67 n 05 mg ! Kinetin+ 01 mg! IBA (8 67)

4 4 6 Effect of Kinetin and NAA on Culture Estabhshment and Growth m
WPM Medium

The data recorded on the effect of the combination of d fferent
concentrattons of Kinetin (0 5 and 1 mg | Y with NAA (01 and 0 5 mg | I) on the
g owth of sandal tissue culture 1s shown in the Table 16 Effect of treatments
produced significant difference in days taken for bud break average number of
sl oots average and maximum shoot length days taken fo leaf imt ation and

average number of leaves (Fig 7a 7b and 7¢)

Bud break leaf inttiation and shoot titiation were not influenced by the
Kinetin and NAA combinations Hundred percentage of bud break was observed
in I mgl Kmetin+05mgl NAA and 1s same as control Bud break percentage
was 94 percentin 0 S mg | Kinetin+05 mgl NAA All the t eatments showed
100 per cent leaf and shoot imitiation Even though there was a significant

difference n days taken for bud break and leaf initiation All the treatments were



Table 16 Effect of Kinetin + NAA on bud break and shoot development in axillary bud cultures of San alum album in WPM

media
Conc of Bud break Shoot No of shoots Shoot length {cmn) ELeaf initiation No of leaves
KIN+NAA inttiation
(mg1') (%)
% Days Avg Max Avg Max % Days Avg Max
Coto 100 538 100 197° 267 20 1779 00 8 )2 752 10
{ 000)
0 5KIN 0 INAA 98 67 99] 00 63 73 089" 133° 00 12 65° 634° 10
(9 93)
0 SKIN+0 5NAA 94 00 1039 00 73 233 068 03 00 45 57 0
(9 69)
IKIN 0 INAA 98 00 g§5° 100 274° 333 090° 40 00 12 05° 679° 10
(9 90)
KIN 05NAA 100 00 996 100 258° 333 079° 10° 100 125° 561 0
( 000)
SEm 0069 037 015 033 00 002 25 030
F 073" 4 70* 515* 23%° 535% 47* 944 6 19*

*Sign ficant 1t 5%

F gures n parentl es s are square transformed values

Figures with same superscr pt do not differ sign f cantly




Fig. 6¢. Effect of combination of KIN and IBA on maximum shoot length in in
sandal cultures.

Days for bud break

m Days for leaf initiation

Concentration of KIN and NAA (mg 1)

Fig. 7a. Effect of combination of KIN and NAA on days taken for bud break and
leaf initiation
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Fig. 7b. Effect of combination of KIN and NAA on average number of leaf and shoot
production in sandal cultures.

Fig. 7c. Effect of combination of KIN and NAA on average and maximum shoot
length in sandal cultures.
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not effect ve co rpared to control wh ch took 5 38 days for b d break and 8 92
days for leaf ntaton Fig 7a) Intle case of bud break 1 mg | Kinetn +01
mg 1 NAA took 8 51 days for leaf nit at on All the other treatmet ts were on par
with each other as follows ¢ 5 mg | Kinetn+01mgl NAA (991 days) 1 mgl
Knetn+05mgl NAA (996 days)and 05 mg | Knetn 05mgl NAA
(10 39 days) Early leaf tiat on (12 05 days) was observed 11 mgl Kinetn +
01 mgl NAA Ths vas followed by | mgl Knetn+05mgl NAA (1252
days)andwaso pa wvtl 05 ngl Knetn+01mgl NAA (1265 days) Leaf
nta onwasdelayedupto 1435daysin05mg! Knet +05mgl NAA

Treal nents showed a s gnit cait effect on average number of shoots (F ,
7b) Average nun ber of sl oots was highest in L mg1 Knetn+01mgl NAA
(274) and was o1 par wth 1 mg| Knetin+05mg! NAA (? 58) Both these
treatments were super ot to control w th 1 97 shoots Least average nunber of
shoots was show by 05 ngl Kinetn+01 mgl NAA (1 63) and was on par
wth05mgl'Knetn+05 mgl NAA Effect of treatments on tl ¢ average and
nax mum shoot length was signif cant however all the treatn ents were not
effect ve compared to control show ng 120 cm average length and 177 c¢m
maximum shoot length (Fig 7¢) Among the treatments h ghest average shoot
length wasrecoded n 1 ngl Knetn+ 05 mgl NAA (090 cm) and was on
par wth05mgl Kinetn+01mg! NAA (089 cm) This was followed by 1
ngl knetn+01mgl NAA (079 cm) and the least average shoot length (0 68
cm) was found n05 mg] Kinetn+05mgl NAA Similar trend was observed

with respect to maximu n shoot length

The average number of leaf producton was sgnfcant while the
maximum number of leaves were not s gn ficant It was noted that average
number of leaves produced 1n the treatments were less compared to control (7 52)
The h ghest average number of leaves wason 1 mg | Kinetn+ 01 mgl NAA
(6 79) and the least number of shoots was observed on 1 ngl Knetn+05mgl

NAA (5 61)whchwasonparwtl 05mg! Kinetn+05mgl NAA (573)
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447 Effect of Combination BA and IAA on Culture Establishment and
Growth in WPM Medium

The result of ti e evaluat on of effect of the comb nat o of BA (0> and 1
ngl ywthIAA (0l and 05 ng | ) on the growth s giver 1 the Table 17
S gn ficant d ference in percentage leaf ntaton days taken fo bud break ard
leafin at on average shoot le1gth ad number of leaves and nax mum number

of leaves was obse ved

In the case of bud break and shoot mitiation 05 mgi BA +05 mg |
IAA exh b ted 100 per cent bud break and s sane as control Perceitage bud
break noted on 05 mg | BA + 01 mg1' IAA wvas 73 67 per cent All the
treatments except 1 mg! BA +01 mg!l IAA (90 33) showed 100 per cent leaf
n t ation as control (F g 8c) Effect of treatments on days taken for bud break
(F g 8a) was signif cant however all the treatments took more days than control
(5 38 and 8§ 92 days respectively) In the case of bud break except 0 S mgl BA +
01 mgl IAA (1133) all the other treatments were on pa w th coatrol The
same trewd was observed v th respect to the number of days taken for leaf

ntaton

Nunber of sl oots p oduced 1n the treat nents was not sign f'cant All the
treatments produced average numnber of shoots than control (1 97) The same
trend was obser ed v th reference to the maximum number of shoot product on
vhere | mg1 BA + 05 mg | lAA induced 3 53 shoots S gn ficant difference
was noted n ave age leagth of shoots produced (Fig 8b) I the case of both the
average and maximum shoot length treatments did not perform as control (1 20
cm and 1 77 cm respect vely) W th growth regulator treatments of 0 5 mg1 BA
+05 mg 1 JAA showed sl cot length of 047 cm and was on par w th all other
treatments Thus among the treatments there was no d fference Maximum shoot

length production was not s gn f cant



Table 17 Effect of BA+ IAA on bud break and shoot development in axillary bud cultures of Santalum album m WPM media

Cone Of
BA+IAA Bud break Shoot No of shoots Shoot length (cm) Leaf mtiation M o of leaves
(mgl hy nttiation
(%)
% Days Avg Max Avg ‘Max %o Days Avg Max
Contro 100 00 538 100 00 97 267 120° 177 00 00° 897 75%° 10 00°
(888 62) (888 62) (10 00)
05BA+0 IAA 75 67 1135° 87 67 20 267 042 053 00 00> 46 20 400
(543 82) (659 00) ( 000)
0 5BA+0 SIAA 100 00 714 100 00 204 267 047 070 100 00° 17 357 407
(888 62) (888 62) (10 00)
IBA+0 1IAA 9733 675 8667 244 300 037 040 90 33 98 318 400
(812 68) (713 76) (9 50)
1BA+0 S5SIAA 88 00 6 66 94 33 248 333 042 057 100 00° 10 32 363 467
(663 06) (777 05) (10 00)
SEm+ 3105122 384 4554 37 011 087 002 004 1 87 270 i0 6 05
F 222 4 02* 092 58 031 15 99* 20 96 0015* 4 86* 25 00* 36 75*

*Significant at 5%

Figures in parenthesis are arc sine and square transformed values

F gures with same superscr pt do not d ffer sign ficantly
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Fig. 8a. Effect of combination of BA and IAA on days taken for bud break and leaf
initiation in sandal cultures.
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Fig. 8b. Effect of combination of BA and IAA on average shoot length in sandal
cultures.
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Average mt nber of lea prod ction v as signif cant ard the control (7 52)
was sapet or to t e reatnents (F g 8d) All the treatments vere on pa with each
otherand " 1mg BA-+05n_1 lAA an average of 63 leaves was found
Least numbe of leaves was found n 1 mgl BA +01 ng | [AA The sane

trend vas observed with 1efere ce to maximum umber of leat product on

4 4 8 Effect of Combmation of BA and IBA on Culture Establishment and
Growth in WPM Medium

Effect of differe1t comb nato s of BA (05 and | mg 1 ) with IBA (0 |
and 0 5 mg | ) on growth was estimated The result obta ned 1s piesented in Table
18 There was significait d fference n days taken for bud b eak and leaf
ntaton average and max mum shoot length and the average number of leaves

taken

Treatments had no nfluence on percentage of cultures show ng bud break
leaf ntaton and shoot mitiation All the treatments produced less bud break
percentage tf an control (100 %) Among them 1t was 9533 per cent n |1 mg |
BA+05mgl IBA and 8967 % percent 05 mgl BA+05mgl IBA Shoot
ntation was 100 percent n 1 mgl BA + 05 mg | IBA and was same as
control Shoot n tiation percentage of 93 33 was exhibted by 0 5mgl BA+ 01
ngl [BAand 05mgl BA+05mgl IBA W threspect to the leaf ntation
all treatments except 0 5 mgl BA +01 mgl [ BA (91 67) showed 100 per cent

leaf in t at on

Days taken for bud break showed sign ficant d fference between control
and treatments wh le t me taken for leaf ntaton was sign fcant among the
treatments also Con pared to control treatments took more number of days for
bud and leaf init at on (F g 9a) Number of days taken for bud int at on was on
par with each other anong all treatments and 1 mg 1 BA + 01 mg ! IBA

n t ated buds 1n 6 92 days But n the case of leaf nt at on the treatments 1 mg |



Table 18 Effect of BA+ IBA on bud break and shoot development m axillary bud cultures of Santalum alburn: .n WPM medin

Cone of
BA+IBA Bud break Shoot No of shoots Shoot length (em) Leaf mnitiation MNo of leaves
(mgl 1) mitiation
(%)
% Days Avg Max Avg Max % Days Avg Max
Control 100 00 538 100 00 197 767 120° 177 100 00 892 75° 10 00
(10 00} (10 00) (10 00)
0 5BA+0 1IBA 9267 717 9 33 200 200 049° 057 9167 10,53° 457 46
(961) (9 65) (955)
0 5BA+0 5IBA 8967 77%° 9 33 182 200 066 093° 100 00 1209 42 6 00°
(947 (9 65) ( 000)
1BA+0 1IBA 9500 692° 97 00 218 300 056° 077° 100 00 988" 474 6 00°
(9 74) (9 85) (10 00)
1BA 0 5IBA 9553 766° 100 00 221 267 041 050 100 00 11 26° 329 400
(9 76) (10 00) (10 00)
SEm+ 018 048 016 056 033 001 0025 012 0 81 07 077
F 0 66™ 5 78* 0 57™ 1.,0™ 18™ 425% 3165* 100™ 561* 10 79* 61 00*
*Significant at 5%

Figures in parenthesis are square s ne transformed values
Figures w th same superscript do not differ signif cantly




Fig. 8c. Effect of combination of BA and IAA on leaf initiation (%) in sandal
cultures.

Avg no of leaves

Concentration of BA and IAA®mg 1% Max no of leaves

Fig. 8d. Effect of combination of BA and IAA on average and maximum number of
leaves in sandal cultures.

<P <P Days for bud break
Concentration of BA and IBA (mg 11) = Days for leaf initiation

Fig. 9a. Effect of combination of BA and IBA on days taken for bud break and leaf
initiation in sandal cultures.
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BA+01mg!l IB# (1053 days)and05mgl BA+01mg!l IBA (1176 days)
were on pa w th each other The delayed leaf 1 tiat on vas observed in 0 5 ng |

BA+05ngl [BA (1209 days)

Average and max mum number of shoot product on was not s gnif cant
Effect of treatments produced s gn f'cant d fference n average and max mun
length of shoots (F g 9b) But the response of treatments was lower than control
(120cnand I 77 cm) A nong the treatments 0 5mg! BA +035 ngl IBA was
noted w th highest average (0 66 ¢cm) and maximum (09> cm) shoot length
Lowest average shoot leigth (0 41 ¢n) was ecorded n I mg| BA +05 ng|
IBA wh le the lowest maximum shoot length was also found n 1 ngl BA +05
mgl IBA(050cm)and sonparwth(G5mg! BA+0Imgl IBA (057 cn)

Treatments p oduced sign f'cant d fference 1 the ave age and nax mun
number of leaves but the number of leaves was lesser than control (F g 9¢)
Average wn ber of leaves produced among the treatments was 10t statist cally
d fferentand on 1 mg1 BA +0 1 ngl IBA average number of leaves was 4 74
The max n um number of leaf product on was on par w th each other n 05 mg |
BA+05mgl IBAand I mgl BA +01 mgl IBA (600) vhch were the
h gl est among the treatn ents Maximum number of leaves was lowest n 1 n gl
BA +05 mg 1 IBA (4 00) and was on par with 0 5 mg 1 BA +01 mg | IBA
(4 67)

4 49 Effect of combmnation of BA and NAA on Culture Establishment and
Growth in WPM Medium

Effect of d fferent comb nat ons of BA at two concentrat ons such as 0 5
and | mg1 with NAA (01 and 0 5 mg [ ) on growth was recorded The result
obtained s g ven n Table 19 S gn fcant d fference n number of days taken for
bud break and leaf mn t at on average number of shoots average and maximun

shoot length as well as number of leaves was observed



Table 19 Effect of BA+ NAA on bud break and shoot development m axillary bud cultures of Santalum album ir WPM
media

Conc of Bud break Shoot No of shoots Shoof length (cm) I eaf mtiation No of leaves
BA+NAA mitiation
(mgl') (%)
% Days Avg Max Avg Max % Days Avg Max
Control 100 00 538 100 Q0 197° 267 1209 1777 1 10000 892 752 10 00
( 000) (10 00) (10 00)
0 5BA+0 INAA 96 33 914° 9267 192 267 0359° 0387° 973 1153° 452° 533°
(9 81) (9 62) (9 86)
0 5BA+0 5NAA 95 67 9340 8567 155 2400 058" 073° 94 3 13 70 5 00° 600°
(% 67) (9 23) 9 70)
IBA+0 INAA 92 00 7 86° 76 00 154 200 044 050 100 00 10 96° 337 400
(% 58) (857) (10 00)
IBA 0 SNAA 88 67 923" 100 00 192° 300 073 105 100 00 1129° 467° 6 00°
(937) (10 00) (10 00)
SEm+ 032 10 093 003 053 000 003 006 026 028 027
F 051 323+ 117 562* 1127 5538* 28 5% 081 3370% | 2545*% 56 5*
*Significant at 5%

Figures 1n parenthesis are square transformed values
Figures with same superscript do not differ significantly
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Fig. 9b. Effect of combination of BA and IBA on average and maximum shoot length
in sandal cultures.
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Fig. 9c. Effect of combination of BA and IBA on average and maximum number of
leaf production in sandal cultures.
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Treatments did not show any influence on percentage of bud break, leaf
and shoot initiation. None of the treatments were effective as control (100 %) in
induction of bud break. Bud break observed among the treatments was 96 per cent
(0.5 mg I'IBAP + 0.1 mg f'NAA) to 88.67 per cent in 1mg I'L1BA + 0.5 mg 1
NAA. Shoot induction percentage observed in 1 mg f 1BA + 0.5 mg | INAA was
100 per cent and is same as control while in 1mg 1 1BA + 0.1 mg 1 NAA it was
76 per cent. The treatments 1mg | BA + 0.1 mg f INAA and 1mg P1BA + 0.5
mg | NAA induced leaf initiation percentage same as control (100 %). However

in 0.5 mg I'LBA + 0.5 mg | INAA it was 94.33 per cent.

Days taken for both the bud break and leaf initiation was significant but
the treatments took more number of days than control which took 5.38 and 8.92
days respectively (Fig. 10a). In the case of days taken for bud break there was no
statistical difference among the treatments. Leaf initiation was delayed up to
13.70 days in 0.5 mg f 1BA + 0.5 mg I’INAA and all other treatments were on par

with each other.

Average number of shoots produced (Fig. 10b) was significant and the
treatments with 1.92 shoots (1 mg | 1BA + 0.5 mg FINAA and 0.5 mg I'LBA +
0.1 mg I"LNAA) were on par with control (1.97). Least number of shoots was
observed in 1 mg F1BA + 0.1 mg I'INAA (1.54) and was on par with 0.5 mg F1
BA + 0.5 mg FINAA (1.55). Treatments had no significant influence on
maximum number of shoot production. Average and maximum shoot length (Fig.
10c) was significantly different but treatments were not effective compared to
control (1.20 cm and 1.77 cm). The highest average shoot length was in 1 mg |
BA +0.5 mg FINAA (0.73 cm) and was followed by 0.5 mg F1BA +0.1 mg F1
NAA (0.59 cm) which is on par with 0.5 mg F1BA +0.5 mg FINAA (0.58 cm).
The least shoot length w'as recorded in I mg F1BA +0.1 mg FINAA (0.44 cm).
Highest maximum shoot length was 1.03 (1 mg F1BA +0.5 mg FINAA) and
lowest was 0.50 cm (1 mg F1BA +0.1 mg FINAA).
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Fig. 10a. Effect of combination of BA and NAA on days taken for bud break and
leaf initiation in sandal cultures.
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Fig. 10b. Effect of combination of BA and NAA on average number of shoots,
average number of leaves and maximum number of leaves in sandal cultures.
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Fig. 10c. Effect of combination of BA and NAA on average and maximum shoot
length in sandal cultures.



Plate 5. Effect of NAA, IAA and IBA (0.5 mg I']) in WPM containing 0.5 mg Y
1BA in the growth of sandal cultures

Plate 6. Shoot elongation in sandal cultures in WPM basal medium
supplemented with Kinetin (1 mg fJ)
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Treatn ents showed s gn f'cant differcaice n nu ber of leaf product on Tt
was lover tha co t ol wtl respec to average (7 52) a d nax mum (10) number
of leaves (F'g 10b) H glest a erage numbe of leaves obse ved n t eatmets
was  03mgl BA+0> ngl NAA)and waso parwitl 1 ngl BA +05 mg
I NAA (467)ad 01l mg! BA+01 mgl NAA (457 Lowest nun ber of
leaves was noted n | mgl BA +01 mg | NAA (337) Sane trend was
observed n tne case of max mum numper of leaves wvhere 6 was tle h ghest

number and the lowest was 4

45 ESTABLISHMENT OF CULTURES OF SANDAL THROUGH
SUBCULTURING

Explants ve e sub cultured n to differe t media for furtl er g owth and to
ma nta n the n (Table 20) Excised shoots from the nother explants whe ¢ ltured
singly nthe med un fa led to develop Transferiing of nothe explant tselftotle

ew med a showed prom sing results

4 6 ROOTING O IN ¥ITRO PRODUCED SHOOTS

All the treatme ts failed to induce roots

47 SOMATIC EMBRYOGENESIS

In order to nd ce sonatc embryos ex v 7o nternodes and leaves were
used as explants and was cultured horizontally n the media These were cultured
in four levels of BA(05 1 2and3mgl )and Knet (05 | 2and3mg! ) n

WPM Results obtained n th s experiment are presented n Table 21 and Table
22

Ex v1 o leaf explants fa led to respond But nter nodal explants cultu ed

n05and I mg! Ki etin induced shoot buds (17 %) and developed n to



Table 20 Effect of ¢ 1ffercnt media on est tl [ shment of cultures

Max
M4y shoot | number of Moy
Ved 1 length nult ple nun ber of Leaf fall
(cm) shoots leaves

Knetn(05mg and mg 5 3 6 NO
BAM@S5mg andIm.! ) 0 0 0 NO
05mel 'BA 05mg 'Kne n
and05Smg BA Img 17 18 2 NO
Kne n
mgl BA+ mgl [AA 1 8 YES
Imgl 'K netn+ mgl 'IAA 4 0 8 NO




Table 21 Effect of kinetin on somatic embryo mduction mm mter nodal

explants collected fror ex vit1o and in vitro shoots

Ex vitro Invir
Conc of cytokinm (% response) (% response)

m WPVl (mg1 ) Somatic Shoot bud Somatic Shoot bud
embryos formation embryos formation

05 K netin 0 17 0 0

1K netn 0 17 0 0

2 K netin 0 0 0 0

3 K netin 0 0 0 0

05BA 0 0 80 90

1 BA 0 0 80 90

2BA 0 0 0 60

3BA 0 0 0 0

Table 22 Effect of kinetin on somatic embrye mduction in leaf explants

collected from ex viti 0 and in vitro shoots

Ex vitro In vitro
Conc of cytokinm (% response) (% response)
in WPM (mg1') | Somatic Shoot bud Somatic Shoot bud
embryos formation embryos formation
0 5 Kmetin 0 0 0 0
1 Kmet n 0 0 0 0
7 Kinet n 0 0 0 0
3 Kinetin 0 0 0 0
0 5BA 0 0 40 70
1 BA 0 0 20 60
2BA 0 0 0 0
3BA 0 0 0 0
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complete shoot Wl =n the same experiment was tried using explants of m vitro
grown shoots med a containing BA 05 and | mg | induced somat ¢ embryos
directly 1n both leaf (80 % and 60 %) a1d inter 1 odal segments (100 %) However
here shoot bud induction was observed on inter nodal segments 1oculated in BA

05mgl (70%)and [ mgl (60 %) Meanwhile Kinetin failed to respond

In the leaf explants somatic embryo formation was concentrated on the
cut ends On intet nodal explants globular shaped somatic embryos were formed
on 1ts surface and these were then developed to the torpedo stage Further

development of somat ¢ embryos failed



1

Plate 7. Effect of subculture of sandal shoots to the media containing
combination of cytokinins and auxins

itk M .

I-/-- "1 ng/\’ ,I\/)//
m/tiffin

Plate 8. Subculture of single nodal segments of sandal excised from in vitro
developed shoots in 1 mg | 1LBA+WPM



Plate 9. Increase in number of multiple shoots of sandal when subcultured to
the same media (0.5 mg I'1BA + 0.5 mg I"LKinetin)

Plate 10. In vitro developed sandal shoots kept for rooting



Plate 11. Somatic embryo formation in the in vitro leaf segments of sandal in
WPM basal medium supplemented with 1 mg I'LBA

Plate 12. Shoot bud formation from intermodal segments of sandal shoots
cultured in 1 mg I'L BA+WPM
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DISCUSSION

Natural regenerat 01 of Sant fum alb:  one of the most valuable t mbers
of the world s poor due to the | m ted product on of mat re fru ts attubuted to the
presence of genotyp ¢ barr ers n embryo development (S ndhuveerendra et af
1999 and Ramya 2010) In this ¢ rcumsta ce tissue culture 1s an effect ve
vegetat ve propagat on method to produce large nun ber of quality planting
nater al through the » o propagatio of selected genotypes Accord ng to
Sanjaya ef al (2003) sa dal srecalcitrant to #n  f10 and #n v vo propagat on such
that lim ted success has been ach eved so far It was also found tl at a systematic
study on the effects of plant growth regulators on morphogenes s s insufficient
Thus the present study was conducted to develop v £ o propagat on protocol by
evaluat ng the effects of basal media and different plant growth regulators on
ax llary bud proliferat on and somat c embryo nducton I[mportant fnd ngs

obta ned dur ng the course of the present nvest gation are d scussed below

51 CULTURE CONTAMINATION

Culture cortan aton s a major problem assocated wtl » varo
p opagaton Man coit -1 nants assoc ated n tssue cultume are f gus and
bactera Contam nat on may occur from several sources such as explants
med um used for culturng culture vessels equipmeits used or the culture
eiwvronment Among them explant s a major noculum for contaminat on
espec ally regard ng the cultur ng of woody spec es us ng the explants from feld
grown trees Surface ster lizat on of explants us ng fungicides and HgCly 1s

observed as an effective method to control contam nat on

51 1 Fungal Contamination

In the present study 1t was found that the season of collect on of explants

had a direct nfluence on fungal contaminat on rate Dur ng rainy season fungal
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contam nation was mote than 90 per cent Contamination rate as low as ¢ 11 per
cent was noted i the montl s November April Thus winter and summer months
were suitable for establish ng aseptic cultures This can be related to the find ngs
of Sanki1 (2009) w th reference to mahogany EI Zahet (2008) n jackfrut and
Cardoza et al (1999) in cashew The reason for th s observation 1s because the
humid condition generated by the heavy ramnfall favours he growth of fungus

during June July

In order to prevent the fungal contan mat on explants were treated w th
systemic and contact fungicides Carbendazim 50% WP (Bavistin) and Indofil M
45 (Mancozeb 75% WP) singly or in combinations During the months with
contamination rate below 20 per cent 1mmers ng the explants i Carbendazim
50% WP (0 I %) for 45 m nutes or n Mancozeb 75% WP (0 1 %) for 45 minutes
were found to be effective to el mimate the fungal contamimat on However one
notable observat on was found when the treatment time of Mancozeb 75% WP
increased culture death also increased but 1n the case of Carbendazim 50% WP
there was an inverse relationship (Table 5) Thus least culture death (2 %) was
observed with the treatment of 0 1 per cent Carbendazim 50% WP for 45 minutes
There was no such relationsh p when the concentration of fungicides was
increased (Table 6) With respect to the months with contamination 40 70 per
cent (02 %) Carbendazim 50% WP + (0 1%) Mancozeb 75% WP for 45 minutes
was efficient to prevent the contamination Since rainy season 1s the most
favourable cond t on for fungal growth even the applicat on of fungicides did not
prevent the occurrence contamination But treating with (0 2%) Carbendazim 50%
WP + (0 2%) Mancozeb 75% WP for 95 minutes reduced the contammation to
27 33 per cent However 1t was observed that increasing the time of treatment of
fungicides resulted in culture death (Table 7) Thus keeping 1n fungic de for 95
minutes resulted in 70 per cent culture death Cons dering this factor the treatment
of fungicides Carbendazim 50% WP + Mancozeb 75% WP 02 per cent for 60

m nutes was selected as suitable fung cide combination for rainy season in which
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the contar: nation and dead cultures we « 5533 per cent and 13 per cent

respectnely

31 2 Bactenal Contamination

Use of HgCl; at various concentrations was found as an effective method
to cor trol bacterial contaminat on tn many species | ke Citrullus colocynth s
(Satyavani ef al 2011) Eucalyptus citriodora by Pasha and Irfan (2011)
D ospyios kak (Kun et al 2010) It was observed in the present study that
increasing the concentration of HgCl, reduced the contamination but higher
concentrations increased culture death By constdering both factors dipping the
explants n 015 per cent HgCl for 10 minutes was consideted suitable for
controlling bacterial contaminat on But the treatment with HgCl; alone cannot
ensure the p eveation of contamination Proper steril zation of culture vessels and
equipments as well as the laminar flow chamber were necessary for prevent ng

bactertal contamination

52 EFFECT OF BASAL MEDIA ON CULTURE ESTABLISHMENT AND
GROWTH

Most commonly used media for culturing of tree species are MS /2 MS and
WPM In the present study an evaluation of effect of these three media on culture
establishment and growth of axillary bud culture of sandal was done All the basal
medra were effective for inducing bud break leaf initiation and shoot formation
But WPM was found o be super or among them with respect to other growth
factors except for the number of shoots produced It induced early bud break n
5 38 days and leaf mitiation 1n 8 92 days Average shoot length of 1 20 cm was
recorded with an average of 7 52 leaves Moreover cultures in MS medium were
found to be stunted while in /4~ MS and WPM elongated shoots were formed
However leaf fall was heavy in 4 MS medium and cultures in WPM were noted

as healthy compared to /2 MS (Plate 1) By considering these facts and comparing



91

the growth of cultures 1n the three media WPWM was taken as superior to MS and
AMS mediatortie mm 1 propagat on of Santalum album Superior ty of WPM
over othet basal media was reported in following species also I” cus carica (Brun
et al 2003) Acacia nlotica (Samake et al 2011) olive cultivars (Al1 et al

2012) Hence WPM was selected for conducting further studies to find the effect

of plant growth regulators on the growth parameters of sandal

53 EFFECT OF PLANT GROWTH REGULATORS ON CULTURE
ESTABLISHMENT AND GROWTH

Growth regulators are organic compounds which 1n smal! amounts promote
inhibit or qualitatively modify growth and development Dufferent plant growth
regulators have different effects and they vary with the type and quantity to be
applied Among them auxins (NAA IAA and IBA) and cytokimins (BA and
Kinetin) are commonly used to regulate cell divison cell elongaton cell
differentiation and organ format on As stated by Krokorian et al (1981) proper
selection and addition of growth regulator at an optimum level is one of the
miportant factors for successful plant tissue culture Bhojwani and Razdan (1983)
reported that 1t 1s generally necessary to add one or more of these plant growth
regulators to support good growth of tissues and organs Thus in the present study
axillary buds were cultured in WPM media containing cytokinins (BA or Kinetin)
singly or m combination w th auxins (IAA IBA and NAA) or the combination of
both cytokinin

531 Cytokinins

The results showed that both the cytokinins were effective for the
production of multiple shoots compared to control Among them BA was better
than Kietin for formation of multiple shoots and induced up to 533 (1 mg |
BA) shoots per culture besides | mg1 BA+05 mg | Kinetin was also observed

with same results Thus superiority of BA over Kinetin was n agreement with the
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repor s of Satyanarayan ef af (?008) n Micina priy ens Anothe observation in
the study s highe1 co centrat ons of BA (3 ng | ) reduced the numbe of nultiple
shoots (333) wt le  Knetn hghe coice tations increased the nu aber of

shoots per explant

Except or the nultple sl oot producto1r all otler g owtl parameters
observed 1 cvtokin ns were inferior to control There was also a cons derable
decrease n shoot le1gth with the 1crease in cor centrat o of BA above 05 ng |

Th s f'nd ng 1s on agreement w th Puhan and Rath (2012) that the pe centages
of bud break numbers of shoots and mean shoot length decreased with ncrease of
concentrat ons of different growth regulators n Aegle na i elos In the
micropropagat on of F axnis ¢ antha also h gher concentrations (>5 ng/l) of

growth I ormones proved less effect ve (Bistt ¢ al 2011)

Generally shoots of cultures n BA were stunted These esults support the
f'nd ngs of Sanjaya er al (2006) n Sastalt n albun that h gher co centiations of
BA y elded more shoots however these shoots were dwarfed and retarded n
growth In the present study t was also noted that ¢ Itures 11 BA vere assoc ated
w th heavy leaf fall ind rud mentary leaves Meanwhle n media contain ng
K net n elongated shoots weie observed compared to BA and cultures are devoid

of defects associated witl BA (Plate 2)

It was observed that wi en BA was used n comb nat on w 1l Kinetin culture
abnormal ties assoc ated wth BA was reduced (Plate 3) The reason for this
improved perfor nance 1s because kinet n prevents senescence or defol at on by
prevent on of format on of hydrolases e g nucleases and proteases and causing
mmobilization of nutr ents or their transport to cytok n n treated areas (Pul an and
Rath 2012)

Thus the combnaton 05 mg | BA+1 mg 1 Kinetn s found to be

effect ve for multiple shoot induct on by cons der ng all the growtl factors Such
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that t induced a masiwum witer of 4 67 sloots witlh 070 ¢ length and 533
lea es H ghest nui ber of shoot buds per cultu € n Acgfe na nclo was obta ned
onthe medwm wtl | ppn BA + Ippm Knetn nMS and 2 5 pp1 BA 25 ppm
Kinetin in WPM whete st oot t p explants produced > 4 awllary shoot buds
(Warrer et al 20!0) In red sandal shoot tps> cultured in sngle cytoknn
produced only 2 3 shoots but in 1 mg | ' Ba+] mg | Knetn up to 8 shoots
measur ng3 5cm ras obtaned (Staefal 1992)

53 2 Cytokimins and Auxins

When the aux ns were added along with cytokinins to the med a 1t resulted
n delayed bud bieaks as well as leaf ntaton Turther delay was observed w th
the increase n concentratior of aux ns But t was observed that wlen the
concentrat on of cytok n ns n the media was ncreased th s delay was reduced
Bud break of 93> days 1 05 mgl Kinetn+01ungl IAA was nproved to
725daysinl mgl Kinetin+0 1 mgl IAA For mult ple shoot product on also
aux ns were noted to be reduc ng the effect of cytok n ns and th s was h gh wth
respect to NAA A1 average of 3 27 shoots obtaned n 1 mg | BA was reduced
tol54m1mgl BA+01 mgl NAA (Plate 4) However n contrast aux ns
promoted shoot elongat on and leaf product on in comb nation with cytok n ns
compared to cytok n ns alone Among the aux ns [AA was more effect ve for
promoting growth followed by NAA and IBA (Plate 5) Th s observat on supports
the f'nd ngs of Sanjaya ¢ al (2006) n sandal that add t on of a low concentrat on
of NAA promoted sl oot growth by counteract 1g the nh b tory effect of BA on

shoot elongation

54 ESTABLISHMENT OF CULTURES OF SANDAL THROUGH
SUBCULTURING

Explants were sub cultured 1n to d fferent med a for further growth and to

na nta n them (Table 23) When the shoots formed 1n pr mary culture was exc sed
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and cultuted 1n to the new med  tiey fa ~d to develop Transfe ring of mother
explant tsclf to tie ne med a showed p onus ng results For reduc ng the leaf
fall ncreasing leaf area and to get t! e shoots elongated subcult 1ng nto WPM +
05mgl orlmgl Knetinwas effect ve (Plate 6) Cultur ng ot s ngle nodal
segments excised from elongated 11 v ¢ 0 shoots m WPM supplemented with 0 5
mg | or]0mg!l BA induced axillary bud develop nent and K net n was found

to be not effect ve for th s development (Plate 8)

It vas also 10ted tf at subculturing n to the sameneda duced shoot buds
up to [8 and shoots ve ecelongatea n0S5mgl BA+ 05mgl Kuetnand05
mgl BA+1mg!l Knetn Shoot length was also inc eased up to 1 7 cm (Plate
9) Similar observa ons were found in some studies [ ke when the leaf segmets
of Berila utils was subcu tured n to tl e same shoot induction nedia Kitet 1
(2 Omg ) + NAA (1 Omg I) produced an ncreased number of shoots (Zaki ef al
2011) Rekha ef al (2010) reported t! at transfer of degle mai nelos shoots buds
formed in 1 ppm BA + Ippn K netin n MS and 2 5 ppm BA + 2 5 ppm Kinet n

n WPM to fresh med um proved most effect ve n increas ng shoot growth 1ate

Subcultur gto 1 mgl BA+05mgl IAA ncreased shoot length up to 3
cm number of leaves was 16 38 But th s cultures were noted w th h gh leaf fall
reduced inter nodal length and leaves became rud mentary towards the t p But n
I mgl Kmetin+05mgl IAA shoot length was 4 cm ntermodal length  was
ncreased and number of leaves ranged 12 18 with no leaf fall (Plate 7) More
over new shoot formation was | mited n these cultures Only o1e new shoot was
formed n BA wh e 1n K netin no new shoots were formed These observat ons
support the earl er ment oned find ngs that eventhough a xins nh bit new shoot
formation t s effective for better g owth wth increased lenf area and shoot

length
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All the treatments fatled to induce roots (Plate 10) v ore over tl e already
reported protocols for root ng also was 1ot eftect ve 1o nducc root g n ths

study

55 SOMATIC EMBRYOGENESIS

In order to nduce somatic embryos ¢x v o nternodes a d leaves we e
used as explants a d was cul u ed hor zontally in the media Tl ese we e cultured
n four levels of BA(05 | 2and3mgl )ardKnet 1(05 1 2and3 mg!l ) n
WPM (Table 24 and Table 25) Explants fa led to respoid for somatic embrvo
induction Brt nter odal explants cultured in 05 and 1 mg 1 Knet mduced
shoot buds (17 %) and developed n to complete shoot Bslter al (2011) was
also observed wth same results in Fraxims n crantha when expla ts from
mature trees were noculated n culture med um but they d d not show early and
good response to m crop opagat on The reaso1 for this may be due to the absence
of lag per od between explant ng and adaptation of explants to i# v 1 0 conditions

as suggested by A nin and Ja swal (1987)

When the same experiment was tred using explants of » v o grown
shoots media con ain ng BA 05 and | mgl nduced somat ¢ embryos (Plate 11)
d rectly nboth lea (80 % ard 60 %) and nter nodal segments (100 %) However
sloot bid nducton (Plate 12) also was observed on nter nodal segments
noculated n BA 0> mg | (70 %) and | mg | (60 %) Explants n mnedia

conta n ng Kinet n failed to respond to somatic embryogenesis

In the leaf explants somat ¢ embryo formation was concentrated on the cut
ends Smlarly n Befiic 1t lis Zak et al (2011) reported callus formation from

cut end of the explants

On nter nodal explants globular shaped somatic embryos were formed on

ts surface and these were then developed to the torpedo stage Further
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development of somatic embryos was fa led One of the major constraint faced n
sonatc enbryo nducton as ter 1odal le oth of 7 v o shoots were small
When these were Lsed for son at ¢ enbryo nduct o1 bud break v s olse ved n
the cut ends Mo e ove the tender leaves vo1 t produce somat ¢ e nb yos Th ck
leaves w th large surface areca were necessary for tle product on of sonatc

embryos
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SUMMARY

The research work ttled /n ¢ o p opagatio of Sandal (Santalum album L)
vas carr ed out n t ssue culture lab of College of Forestry du g 2011 2013 The

sal ent fi dings of tl e study are summar sed below

1 Vanaton n fungal contaminat on associated w tl the tne of collect on of
explants was found Explants collected dur ng Noven ber Aprl showed
contam nat on less than 11 per cent and collecton n ainy season was

observed with h gh contam nat on rate (>90 %)

2 Treatments w tl system ¢ fung ¢ des a1d contact fung cides Carbendaz n 50
% WP (Bav st n) and Mai cozeb 75 % WP (Indof 1 M 45) respectively were

effect ve to control fungal contaminat on

3 Wlen the treatment t me wth Mancozeb 75 % WP was ncreased culture
death also ncreased but n the case of Carbendaz n 50 % WP there was an

nverse relat onsh p

4 In order to control bacterial contam nat on surface ste 1l zat on wth 0 15 per

cent HgCl for 10 m nutes was effective

5 WPM ned um was found to be super or over MS 21d /4 MS w tI espect to
the average shoot length and average number of leaves Moreover cultures n
WPM were found to be healthy w th less leaf fall

6 Additon of BA or Knetn sngly or n combinat on was effect ve fo the
product on of mult ple shoots than control BA was better than K net n and
nduced up to 533 (I mg ! BA) shoots per culture besdes 1 mgl BAP+05

mg | Kinet n was also observed to produce results
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Higher concet trat ons of BA (3 mg | ) reduced the number of m  t le st oots
(333)whle nk 1etn highe co centrat ons ncreased the umber of shoots
per explants There was also a considerable decrease n sl oot leagth w th the

increase 1n concentrat on of BA above 0 5 mg |

Except for the multiple shoot product on all other growth paran cters observed

n cytok n ns were 1ferior to control

Shoots of cultures in BA were stunted and were associated w th heavy leaf fall

and rud met tary leaves K et n cultures are devo d of these defects

The combinatior 05 mg1 BA+1 mg | Kinetin s found to be effective for
multiple st oot nduct on by cons der ng all the growth factors Such that t
induced a max mim number of (4 67) shoots with 0 70 ¢m length and 533
leaves An ncrease n the number of shoot bud formed and elongat on of
multple shoots were observed when the explants cultured n 0 5 mg |l BA+1

mg | K net n was transferred to the same med a

When the auxins were added with cytokinins delayed bud break as well as
leaf ntation was recorded Ths delay was increased w th the ncrease n

conce 1trat on of auxins

Mult ple shoot nduction capacity of cytok n ns was reduced w th add t on of
auxins and this was maximum w th respect to NAA That s an average of 3 27
shoots obtained n [ mg| BA wasreducedto 154 nl1mgl BA+0 1 mgl
NAA

Auxins promoted shoot elongat on and leaf product on n comb nat on w th
cytokinins compared to cytok nins alone Among the aux ns NAA was
effective such that addton of 05 mg ! NAA to 1 mgl BA ncreased the

average and max n um shoot lengtl from 044 and 083 cm to 073 cm and
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103 cm In the same way addition of 05 ngl NAA to 1 mgl Kinetin

1creased the average sl oot le 1gth fron 0 72 cm to 0 90 cm

For furtl er g o vth and development subcultur ng of ax llary shoots produced
nvi o wasdone Cultur ng of single shoots exc sed fiom ti e n other explants
failed to develop Heice tle ew sloots foimed were transfe ed to the ne v

n ed a a ong w th n other explant

Subculture n to WPM+05 mg 1 or I mg ] Knetn was effect ve for

reducing the leaf fall ncreas ng leaf area and to get the shoots elongated

Whel med a conta n ng combination of auxins and cytokimns was used for
subculture increase n shoot length and number of leaf product on was
observed However cultures n BA conta n ng med a were noted witl h gt
leaf fall reduced nter nodal length and rudimetary leaves to vards the tp of
shoot Wh le n med a with K net n shoot length was increased and no leaf fall

vas observed
Aux ns n the media d d 10t promote new shoot format ot

None of the treatments were effect ve for root induct on

For the induct on of somatic embryos ex vt o explants faled to respond
When the same experiment was tr ed using explants of » v{ o grown shoots
med a containing BA 05 and 1 mg | 1induced somat ¢ embryos d rectly in
leaf as well as nter nodes These explants were also noted w th shoot bud

production

In the leaf explants somat ¢ embryo format on was concentrated on the cut
ends On nter nodal explants globular shaped somatic embryos were formed
on 1ts surface and these were then developed to the torpedo stage Furtl er

development of somat ¢ en bryos was fa led
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ABSTRACT

The study titled In w0 propagation of sandal (Sa #talun albun L) was
carried out n tssue culture lab of College of Forestry during 2011 2015 The
object ve of the programme was to standardize a protocol for n 110 propagation

of sandal thiough ax ila-y bud culture and somatic embryogenesis

\ ar ation 1n fuigal cor tam nation associated with the t me of collect on of
explants was fourd DIxplants collected dur ng November April showed less
contanmunation (<11%) compared to rainy season (>90 %) Treatng with
combinat 01 of Mancozeb 75 % WP (Indofil M 45) and Ca bendazim 50 % WP
(Bavist n) fung c des was effective to control fungal contaminat on However
different combinations were effective depending on tle time of collection of
explants In order to control bacterial contaminat on surface sterilizat on w th 0 1>

per cent HgCl, for 10 minutes was effective

WPM medium was found to be superior over MS and A MS with respect
to the average shoot length and average number of leaves Moreover cultuies in
WPM were found to be healthy with less leaf fall Add tion of BA or kinetn
s ngly or in comb nat on was effect ve for the production of muluple shoots than
contro]l Higher concent at ons of BA (3 mg [ ) reduced the number of multiple
shoots while 1n kinet n at higher concentrations increased the number of shoots
per explants There was also a considerable decrease n shoot length with the
increase 1n concentration of BA above 05 mg 1 Except for the multiple shoot
production all other growth paramete s observed m cytokinins were infer or to
control Moreover shoots of cultures in BA were stunted and were assoc ated
with heavy leaf fall and rudimentary leaves But n kinet n cultures are devo d of
these defects Thus the comb nat on 0 5 mg 1 'BA+1 mg | kinet n was found to
be effective for mult ple shoot induction by considering all the growth factors
Auxins n combination with cytokimns resulted 1 delayed bud break leaf

mtiation and reduction of multiple shoot induction compared to cytokinins alone



However auxms promoted shoot longation and leaf production 1n combination

with cytokinmns compared to cytokinins alone

Subculture 1 sing single shoots excised from the mother explants failed to
develop while transferring of new shoots formed along with primary explants
was effective Subculture to media containming hinetin incieased the shoot length
leaf area and red ced leaf fall When media contaiming combination of auxins and
cytokinins was used for subculture increase in shoot lungth and number of leaf
production was observed However cultures m BA conta ming media were noted
with high leaf fall reduced inter nodal length and rudimentary leaves towards the
tip of shoot While 1n med a with kinetin shoot length was increased and no leaf
fall was observed Auxms i the media did not promote new shoot formation
Root induction through incorporation of different auxins in the media and pulse

treatments failed to mnduce rooting 1n the cultures

Somatic embryos failed to develop from ex vitro explants But from these
ex vitro mter nodal explants m 05 and 1 mg 1! kinetin shoot development was
observed Direct embryogenesis could be mduced from i» wiro explants cultured
in media contaimning BA 05 and 1 mg1 On inter nodal explants glob ilar shaped
somatic embryos were formed on 1ts surface and these were then developed to the

to pedo stage Further development of somatic embryos was arrested



