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ABBRLV1A 1 IO NS

BAP benzyl am m o purine

°C degree eelsius

cm centim eter

CW coconut water

2 4  D 2 4  dichlorophcnoxy aeetie acid

g gram(s)

h hour(s)

HC1 H ydrochloric acid

IAA indole 3 acetic acid

IBA indole 3 butyric acid

2iP 2 isopcntcnyl adenine

mg I 1 milli gram (s) per litre

mm minute(s)

ml m illilitre

mm m illim eter

MS M urashige and Skoog s (1962) medium

N Norm ality

NAA naphthalene acetic acid

NaoH Sodium  hydroxide

PH hydrogen ion concentration

psi pounds per square inch

RH relative hum idity

TD Z N phenyl N 1 2 3 thiadiazol 5 yl urea

v/v volum e m volume

W PM W oody plant m edium  (Lloyd and M cCown 1980)
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IN T R O D U C T IO N

The State o t Kerala is blessed with such a salubnous chm aU which 

makes it possible to grow' most o f the ornamental plants, especially those which arc 

popularly called as tropical exotics’ Still, the floriculture m dustiy is in its in k n .y  

in Kerala The comm ercial production o t ornamental plants has been confined 

largely to orchids and very recently extended to anthurium s Thcie is a need to 

d n e rs ity  into other floricultural crops to sustain the floriculture mdustiy in Keiala

In recent tim es, an increasing demand for all kinds o t foliage p'ants tor 

landscaping institutions and public places, indoor decorations ot offices and h i.ncs 

etc is o b sen ed  Both flowering and foliage plants h a \c  becom e an inug ia l p a 't  ot 

our modern concept ot everyday life adding fresh beauty and h u n g  chaim  \cai 

round M a n s  impulse moves him towaid living with natuie and to lu n sp L n i its 

greenery and allure indoors W ith the growing population laet ot open space ai d 

developm ent of m ultistorcyed housing systems, people h a \c  to depend la r^ Jy  on 

indoor plants to r decorating their surroundings Besides a growing ir tc m il m rkct 

there are considerable possibilities o t export ot l i\c  plants p a itieu la 'l/  toli„^e pLnts 

from rhirusananthapuram  and Kochi (Swai up 1993)

Kerala could very well be regarded as the Mecca of fohat c plants 

considering the vast num ber o f foliage plants abundantly grown heic The demand 

for foliage plants m cities like Bangalore is met by the supply from Kerala There is 

a trem endous scope for export ot schefflera to other cities as well

Schefflera is an important foliage plant of the genus S th c ffk ra  Belong 

mg to the botanical family, Arahaceac, it contains about 40 species of hc^s and



shrubs which arc native to tiopical and subtropical aicas ot ^siu -md S )ut! Sea 

Islands (Joiner 1981) Several species and their cuU'vais aie g u v 1 u  r u e  c u l1/ 

for use as intcriorscapc plants Important ornamental species aiming tl cm aie 

Schefflera arboricola S  actinophylla S  angustifolia S  \e n u b  a S c lh p 'u a  a id  

S insularum  However S  arboricola is the most important and corni lCKialh 

exploited species It has \aricgated  and green types w i'h  common nunes 

Hawaiian Elf and Variegated Elf respectively

Schefflera arboricola  is an cxccllant small to mediun1 siz„ sp^e me 1 *oi 

well lighted end tables, desks, book shehes and used in dish guldens .n d  ak o m 

larger pots for local points in groupings It is also ideal specimen loi p iepaiatu  n ol 

bonsai The attractive shape and colour of the foliage have mad., '■ehcHlei mi 

im poitant gaiden plant Hardiness ease ot cultivation suitibility to mtc h i  m i l l  

tions freedom from serious pests and diseases contribute much to the pc pulai ity ot 

this ornamental shrub in Kerala

Schefflera is propagated from air layeis and cuttings P iopi„ati>n b 

seeds has also been reported (Joiner 1981) Air laycnng is i p io p a ^ iu  n n a> >J n 

which rooting is accomplished while the cutting rein uns d taJ icd  to llie j) m, n [ 1 mt 

kayenng is useful foi piodueing a laige sized plant in i shoit 1m e but i1 is t d ous 

and expensive operation Cuttings aie  the most im poitant memix ol p iopa^ tli l in I 

these are used widely in commercial greenhouse piopagation It is inexpensive lapid 

and simple and docs not require the special techniques necessary in gialtm g budding 

or micropropagation However, developm ent of an ctfcetive in vino  pi op nation  

method will create possibilities for mass multiplication of selected elite gem type 

avoiding variability caused by generative p iopigation



Vegetative propagation ot SU nfJkra arboruola  iia<- not been piopv 1> 

documented Piopagation ot toliage plants, including schefflera m K cala  t'*l date 

has been largely from the guess work of nurserymen T lv re lo ic  theie is a felt -v^d 

tor standardising propagation techniques for foliage plants I 'tx  schcldc1 a The i hie^ 

tn c s  of the present study were

I) to assess the rooting potential of different types ot \cg e te tn c  p1 mlm^

materials

II) to study the effect of different growth rcgulatois on roobng ef s'em eu 't' ^ s

and air layers

III) to standardise a protocol for micropropagation

CO
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2 REVIEW OF LITERA TURF

Since literature available on propagation studies in SthejPera  is n ic -v  c 

similar items of work in other foliage plants and ornam ent-11 p lan 's ha' ~ been 

reviewed in this chapter

2 1 Propagation through cuttings

2 1 1 Season ot collection of cuttings

Season of collection of cuttings has been reported to be on~ of the f 

factors affecting rooting ot cuttings in many plants Cuttings ol |asm in„ plar teJ 

during July recorded maximum rooting compared to Januaiy April n d  O tobei 

(Bryzgalova 1974) Hardwood cuttings of r u u s  nitida tooted b~st deiin ,, M -ich n 

the first year of study while in the n~xt year rooting was maximum dm in^ I e*’ii ly 

(Mohammed ct al 1975) Nambisan et al (1977) observed better looting in sc m 

hardwood cuttings of oleander (Nertum m ditum ) when planted d aung  Ju'y h hust 

During this period the num ber o t roots and length of roots p ioduccJ "  ca. aC ) 1 i„t

Cuttings of Ixora banduca recorded highest looting dunn^ O tto ' e md 

poorest in January regaidless ot the treatments with 1BA 1AA oi N \A  O n Ph

1980) Singh and Motilal (1982) icportcd that in Calk sun  o« k u i o ' t  u 1 P  1 

rooting (95%) of softwood cuttings was observed dur ng July w! ' 'e  t11 l e >i 1 '

wood cuttings rooted best (85% ) during Septem ber In both the 'y{ vs t f a '  u h 

rooting was poor (60%) during February The seasonal influence i n r  ̂ p 'o d 1 J  t i 

m cuttings with IBA and NAA treatm ent was lllustiated by h n 'u b ' ( '9 8 5 ' in 

bougainvillea The number o t loots produced in all the ticatm cnts and \ ineties s u e  

more during ramy season than duiing summei season
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2 1 2 E llcct of growth regulators on rooting ol cuttings 

2 1 2  1 T ieatm cnt with growth legulatois

Use ol giow th piom otm g substances on lohage plants has not been 

investigated thoroughly but such m aterials are used m the industry Mos< loi a^e 

plants root easily and for such p 'ants, addition of auxins gcrci i"y i J a i d  . >'n„ 

So growth regulators should not be used befoie eaiefu! tcstm ^ using n 

concentrations at d ifte ien t seasons The auxins most commonly u sa ! md th l h \e  

proved most successful a ie  indole acetic acid (1AA) indole huty le n d  (m A nd 

naphthalene acetic acid (NAA) Besides these auxins like 2 4 dichoiophcuoxy icctic 

acid (2 ,4  D) and various com m ercial preparations like Rootone H oim odin and 

Seradtx are also used to a lesser extent

According to Shanm ugavelu (1960) NAA was bettei than ii dole

com pounds in producing copious stouter thicker and lon^ci loot m h bnc i 

El Hakim ct al (1962) found that IBA and NAA w eie  m tie  ofL c 'i \~  'b in  1 \A  to 

induce rooting in Phyllanthus

Rooting hoim oncs have been show n to 'm prove loo t t,raJe  o f s i n e  

foliage plants IBA at 3000 mg 1 '  im proved root index of Du.c cn m » i' 

(Stevens 1976) Poole a  al (1980) ieported that m A,)! d a i  d m  c D in

D iejjenbachia  e\ Exotica Ficus bcnjam ina Polyscias b i H o m c i  i 1 n

Syn^onium  podophyllum , application o t eo m m erca l rootm ,, 1 i '  e (l k  '  e  2 ,

containing 0 3 per cent IBA had beneficial effect on looting

In Ficus elasnca  the highest tooting  percentage num bn of prim y u  <<■ 

per cutting the m axim um  length of the largest primaiy root jn d  best suiviv 1 He
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transplanting were obtained with IBA at 4000 mg 1 * (Kumar 1982) Kamel and 

Nada (1986a) reported that in Dieffenbachia p icta  IAA at 500 and '0 0 0  mg 1 ' 

would improve rooting In Dracaena bruan'u, they tour'd that looting was h ijm s t m 

single node euttings treated with either IAA or IBA at 500 mg 1 * (Kamel t.nd N d i 

1986b)

Jayasankar et al (1990) found that in the ease ol F ia .\ m fccton i wh^n 

the euttings were placed under interm ittent mist best rooting " a s  obtained « .th 

NAA at 1000 mg 1  ̂ and in a fibre glasshouse best result was obtained w th  'BA at 

10 mg 1 1 Dracaena fragrans  e\ Massangeana D ckravcnsis eubiv i s A n„<_l i 

and Janet Ciaig D margmata  and Gardenia jasm uw idcs  euttings inmieised n lo  

water (49°C) followed by a basal application of 0 8 pei cent IBA had grcoie ioot 

length and weight In addition to enhancing rooting hot watei I IBA also i u iea '-o l 

the num ber of shoots per cutting in A nthunum  ardraeanum  ev p  m ini 

D m argmata D fragrans P lum ena  and Cordylme term inals  c\ Ti cuttings (Hata 

et al 1994)

2 1 2  2 Method ol application of growth icgul itois

Leafy euttings ot Saintpaulia lonartha  w eie tica 'cd v th 1 'o '000 

mg 1 ' solutions of IBA tor 1 to 24 hours by W oszszynska and Boi\>- (197C' k i  

induction o f rooting and they found that the effect ot IBA mcicased wuh 'he 

concentration and maximum beneficial effect was obtained \ i'll 1000 0 1 1

solution when the euttings were soaked tor 15 to 21 Kouis Kwuvl md ( 1 n „ 

(1980) also obtained similar iesu 'ts in oinam ental p in ts  b L,e io e i id h^i Mi l 

I hey also observed that piolongcd dip loi 24 houis was u o 'e  cllcU ive di e,ui 1 

dip or powdei treatm ent In bougainvillea Aishabi (1985' 1 i 11 !* „i a 1i*, >k



basal ends of the euttings in dilute solutions of IBA and N A ^ (100 300 and 500 

mg 1 1) was more effective in producing more num ber ot root1 than quiet 

dip in concentrated solution W hereas, m hibiscus Verghese (1984) repoited that 

quick dip method was significantly superior to piolonged dip method with le^aid  to 

rooting percentage

2 1 3 En\ ironmental considerations 

2 1 3  1 Propagation media

The propagation medium selected shou'd be easily obtam abL " 'lo rrn 

and available in quantity so that plant propagatois can use tl „ s»me m„Kn I 

repeatedly (Poole 1969)

The rooting media generally recom mended are sand peat n \  ss and 

water (Zim m erm an, 1930, Smith 1944) Peat is a satisfactory medium for puipaga 

tion o f most foliage plants Vermiculitc and sphagnum moss also have been Uiund to 

be successful media m many plant species (Chadwick 1949 C iccch a  a 1 '955) 

Philodendron .scandcns oxytardium  and golden pothos t ,io w n t i i  Geim n pcit 

produced longer vines than cuttings placed in calcined clay (Poole 1969)

According to Higaki (1981) single node cuttings of Drue a n a  got k  i"u 

rooted equally well m peat moss, perlite, black cmdci or v en m eu h c  endei 

intermittent mist condition Kamel and Nada (1986a and 1986b) o h s c  ed tliL 

rooting ot D iefjenbadua p itta  and Dracaena bruanni single node vv ho'e ei 'tii t s v as 

highest m sand Rooting ol bicus tla s lita  cuttings was best in pe t n oss o n i l 1 

mixtuic ( \/v )  ot peat moss and sand (Sultan c  a l 1990) Sir \ 4 li » id Ab ) O h J i 

(1993) reported that the best looting response of S c h if f l tr i  a u u  oph\I'a  ipJ ' i  us
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benjamina was obtained m 50 per eent peat moss I 50 pei cent sand and 75 pei ce t 

peat moss I 25 per eent sand, respeetively

2 1 3  2 Light intensity

Rauch (1981) reported that Schefflera a rb o r  cola roeAd best (% %  

rooting) m 72 per eent shade W hereas increasing the shading trom  0 to 72 pei ce it 

had no effect on rooting in cuttings ot Cordyline ternunahs c \ Nam s Beauty and m 

Epipremnum aureum  cv M arble Queen

2 1 3  3 W ater

Mist systems provide the best method ol m aintaining high \ u ' j  iMon 

ships with in cuttings during rooting Kumsaki and Sagnva (1971) shd icd  the client 

o f intermittent mist on rooting of anthunum  euttings Ih c \ lound that die n o  

percentage and average root length were much highei undei mist A comma mst 

cycle used in the ioliage industry is 15 seconds o f m ist/30 minutes although 12 

seconds/6  minutes has been shown best for Dracaena  spp (Rauch 1976) He later 

on (1981) observed that Schefflera arboricola rooted best (9 6 c{ rooting) w h 24 

seconds m isting/6  minutes

2 1 3  4 fem peiature

Day air tem peratures ot 25 to 35 C and night tompeintuics ot 22 C a e  

withm the best range for propagation o f most foliage plants A soil t c  p c ra a ic  ot 

25 C would enhance rooting in Dicffenbachia p itta  Cordylm e e\ B tb_, Dc H m l 

Peperomia obtwnfolia whereas in Rhaphidophor i ev Pothos a id  P h il) I > h >n 

scandcns oxytardium  that of 30°C aeeelerated rooting (Pi ole and W hci s 19 /1)
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Borowski et a l  (1987) reported that increasing the air tcm p aa tu ie  'rom  

15 to 21 °C accelerated rooting and increased the num ber o t roots per cuttm^ in 

chrysanthemum ev Horim and rose ev Garnette High lem pciatuies in the a  otin^ 

medium had a beneficial effect on the rate of rooting but did not enhance the nuinbci 

ot roots formed

2 1 4 Effect o t type of cuttings on rooting

Singh and Motilal (1979) obtained best rooting and h i^hc^  >-jrvivcd \ith  

softwood euttings of bougainvillea ev ‘Thim m a’ com paicd to scmih udwood cut 

tings

Leaf bud cuttings are particularly useful when p iopagatirg  piaL iial a  

scarce because they will produce at least twice as many rev  p'ants from tlw ame 

amount of stock material as can be started by stem cuttings Fanscn ( 1 ° 86a) ic[ o ted 

that m S  arboricola euttings with two or three fully developed L ave , looted i ich  

better giving more stronger and longei roots than smallci cuttings will ( uc 1c i1 md 

their subsequent growth was more vigorous

2 1 5 Effect o f  cutting position and stem length on rooting of cuttmgs

The positional differences in root form ation in S arborito 'a  (l-Lmcn 

1986b) are m agreement with the genera! statement by Haitinann Ci al (1997) that 

the best rooting ot cuttings is usually found in cuttings fiom  the b isal poitions 1 1 i 

shoot Basal cuttings in Hcdcra helix (Poulsen and Andeison 1980) ind S 

arboricola (Hansen 1986b) develop longer shoots and more roots than apm 1 cut 

tings
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Hansen (1986b) reported that in S  arborico'a  as stem L nbth ot eetti v s  

mereased from 0 5 to 3 0 em percentages of rooting and bud break loot i i nbei 

and plant height were mereased Similar results w cic obscivcd in Pisitm s c n tr u  

(Vcierskov 1978) Hedera helix (Poulsen and A ndcison 1980) and Acer ruhnvn  

(D irr and Henser 1987) where root num ber was dependent on the length of m»er 

node remaining on the cuttings or on the size o f the cuttings In the ease of golden 

pothos the most obvious effect of mternode length of euttings on plant growth was 

on leaf number and stem length Cuttings with a 3 em or longer mternode below the 

node produced leaves faster and had longer axillary shoots than those with shoitci 

stems (W ang and Boogher 1988)

2 2 Propagation through air layering

Layering is the development of roots at the ba^c ot a <■'. ot while it is 

still attached to the parent plant Major benefit ot the technique includes <> „ 1 gc 

plant size cuttings which can be rooted with a minimum ol ieduction in le it tic i

2 2 1 Effect o f  season on air layers

Root form ation during layering is influenced to a gi eat extent by season 

In Cassia ja sa m ca  Tew an  and Pathak (1984) observed that the an layeis r >tcd 

well in luly to August when treated with Seradix B in lanolin paste An l iy e m v  

was done in Butea monosperma during M arch, April May July and A uras ' R it 

initiation was observed altci 30 days in the M ay, July and August treatments on'y 

with most rooting occurring in the May treatm ent (Kum ar 1989)
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Vegetative propagation ot 4 u  tu a w iL u h /o r "  isb y d u  'n ,m n v \  i < i J '  >' 

profoundly affected by season Rooting in the rainy season was m oic than 80 p c  

cent while in the dry season rooting was only 10 per cent (S im sin  1991) S rc Ja th a  

et a l (1991) reported  that in Jasm inum  auriculatum  rooting was m andy confined to 

the layers which was done during the rainy season (June Septem ber)

2 2 2 E tfeet o t grow th rcgulato is on looting  o t layeis

A pplication of root inducing substances m Iaycnng was found to be 

beneficial in various species o t ornam entals although the m ethod ot apphca 

tion was d ifferent (Ching et a l , 1956) They stated that appheation ot the roo 'ipg  

substance to girdled cuts as a pow der in lanolin or as a solution m 50 per ^cnt aleo 

hoi produced successful layers in various species ot ornam entals

In hollyhock (A lthea rosea) IBA and NAA each al i ec i ccntintio 'i o ' 

400 mg 1 * were found better in inducing roots 1,1 a ir liy c rs  a i'iip m cd  h '  er 

higher concentrations of 2000 and 3000 mg 1 * (Lingarai 1960^ R„m n 1 

(1969) reported that am ong the different growth substances tried m a . L y^r ig , t 

crossandra, Rootone was found to be the best tor producing m axim um  num ber nn j 

length of roots A higher concentration of IBA (5000 mg 1 ^) was rep o i'ed  <o be the 

best m rooting of air layers m M tthelta  tham paka  (Venkatarayappa i t  a l 1978 

C hannaveerappa and Gow da, 1984)

A lower concentration o f  IBA or NA A  was reported to be the best m 

rooting of air layers in Gardenia lasm m oides (M itra et a l 1 °80) T>’cy i iv c J  

uniform  vigorous term inal shoots of 1 em m diam eter and tieated with IBA oi NA \  

each at 50 to 150 mg I * in lanolin paste and obt lined 100 pei ecu' it oti ig w here is 

rooting was only 55 per eent in control even after 25th day of layering Mis i n j
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M aiundar (1983) conducted vegetative propagation studies m p ''o p 1 n n 

fcrrugineum B auhw ia  sp and P ointiana rig ia  H it e Ypei m ien' > as eai u 1 it 

evaluate the effective concentrations ol IBA IBA I IAA nd IBA I IAA I \  ' A 

on rooting o t air layers From  the studies they concluded that IBA IAA „ d NA v 

at 6000 mg 1  ̂ proved to be the best for rooting ot P dtophorum  a ir lasers M ixture 

o f  IBA +  IAA at 4000 mg 1 * was the best to r air layers of Poinciana regia

2 2 3 Effect o t wounding m ethod on rooting o t air layers

A nother im portant factor in the laycung pioeess is the type ol eut that is 

m ade on the parent plant Two com m on m ethods are icm oval ol a 2 em wide im g  ol 

bark and cutting one o r m ore upw ard slanting slits into the bark and xylcm Rv )tmg 

was best m double slit Ficus elastica, bu t girdling produced a greater num ber ot 

roots m  F  benjam ina S  arboricola  and D racaena m argm ata  G ird in g  D  

m argm ata  stems induced coarse unbranehed roots while a liner m oic tib ions loot 

system  was produced on double slit plants (Brosehat and Donsclin in 1983)

2 2 4 Effect of propagation m edia on the rooting of layers

The quality of the rooting m edium , especially K xtuic poro’-'K and \ „ tc  

holding capacity greatly influences the extent o t rooting (H a itn an n  a  a l K P T  

The rooting m edium must provide sufficient m oistu ie and aeration and must be 

pathogen tree

V irupaksha (1961) tried the effect o t different rooting medi i i n a '  Lyei

mg in hibiscus He com pared verm ieulitc, leaf mould com post le it m >„!d p 'u

farm  yard m anure and farm  yard m anure with earth and sand as rootm g m edia He 

concluded that the quickest rootm g o t air layers took place in com port as io itm g
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medium Grappelli et al (1985) reported about the rooting experiments on layeis ot 

H tu s  elastica D uffenba th ia  am otna Cord)lint urm inahs  md D ta ia in u  

dtremensis by employing earthworm eastings la y e is  rooted bettei when e ls'ing 

alone was used as rooting medium

2 3 In vitro  propagation

Plant tissue culture is the aseptic culture ot plant tissue such as pioto 

plasts cells meristems shoot lips em biyos, ovules roots or stem and leal sections 

in a vessel containing a microbe lree nutrient medium undei environmental eondi 

tions suitable to r plant developm ent (Joiner, 1981) Culture ot isolated plant cells 

was attempted as early as in 1902 by Haberlandt M icropropagation is a popular and 

expanding area for comm ercial production, because it allows rapid production of 

genetically identical plant material and facilitates the production o f disease tree 

plants (Buddendort Joosten and W oltenng, 1994)

Literature on m ieropropagation aspect ot schefflera has been scanty Sc 

reports on mieropropagation ot other ornamental plants are also reviewed hcic 

under

2 3 1 Routes of in vitro propagation

According to Murashigc (1977) there are thiee possible routes i\ id hie 

for in vitro propagule multiplication, namely

a) Enhanced release of axillary buds

b) Production o f adventitious shoots through (somatic) organogenesis

c) Somatic embryogenesis
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2 3 11  Enhanced release of axillary buds

The enhanced axillary branching m ethod o l shoot m ul'iplic ltion m i\ be 

initially slow er than the o ther two m ethods but with each passage the numbe o' 

shoots increases loganthm icall) and within a )c a r  astronom ical figures c u b e  

arrived at (Bhojwani and Razdan 1983) M orel (1960) reported tfm ap p lu a l -  i ‘ 

shoot apex culture lo r rapid clonal m ultiplication ot plants toi the til'd  time 11m 

greatest success using this technique has been achieved in heibaccous lo iticu ltu i d 

plants The success may be due to the weak apieal dom inance and s tu n ,,  loot 

regenerating eapaeity o t the herbaceous plants (Hu and W ang 1983)

2 3 1 2  Som atic organogenesis

Som atic organogenesis may be direct o r callus m ediated (E \an s ( t  al

1981) In general the m ost desirable m ethod ot m ultiplication would be advem uious 

organogenesis because it enables a substantial!) (aster ln cic isc  m p io p a^ tle s  

(Debcrgh and M aene 1981) There are several draw backs it c J lu s  mediated tr^an 

ogenesis which should be avoided in clonal piopagation  ol a euluvai Tim most 

serious objection against the use ol callus cultures lo r shoot m ultiplication is the 

genetic instability o l their cells (Bhojwani and R azdan 1983) A nother disadvantage 

is that, though callus may be obtained trom  virtually any sp c e cs  onb, m s i a u  

the plants be regenerated lh c  ieason loi this inability m iy  be due It the lii^he 

propoition  ol polyploid o r ancuploid cells in those callus (Smith and Sheet 197-1)

2 3 1 3  Som atic cm biyogenesis

In \ilru  cm biyogencsis liom  som atic eeds piesents seveial advaita^es 

and lim itations Its synehiom zed stages and bipolai struetuies a ie  n u n  amei ab 'e to
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lundam ental slud\ and piaetieal purposes due to low laboui le q ju  ^menl at Ic s' in
to

its eaily  stages Som alie em biyogenesis is most eoinm on e sp ies  ion ol lissi e eulti le

01 m onoeot) ledenous species The lirst ease ol som atic embi> ogenesis \ as i„ | i ited 

by Rcinert (1959) on a dicotyledonous species a lte r initiating cell dw isn  n li n

carrot tissues b) 2 ,4  D giving u se  to callus ^ells which evoK cd n t i  m„tic

em bryos when transferred to a medium Iree ol 2 4 D There aie  l i e  1

somatic em bryogencsis as described by Sharp i t  a l (1980) 1 he I > ' in wl J

em biyos die toi mod dncctly  liom  the explant without the callus lo iin a tu n  ind dw 

second w/heic it requires form ation of callus on which the e m b ijo s  aie  loinied

2 3 2 Callus mediated organogenesis

Callus is an undifferentiated and unoigam scd mass ol parenehym a'ous 

cells form ed from a wound Evidence lo r the m orphogenetic acln  lty in callus 

cultures ol many plant species was reported by scvcial w oikeis (R io  o  a l '976  

Bott 1980 Sutter and Laghans 1981 Kum aii and Saiadhi 1992)

2 3 3 In vitro shoot m ultiplication

Regeneration of shoots can be either directly from  the explant o r tlnough 

callus mediated process As lai as clonal m ultipliealion is the aim the torm„i is '1 „ 

most efficient and rapid m ethod ot in \itro  regeneration (Hussc> 197^)

2 3 4 Factors influencing induction o t m orphogenesis

The successful induction of m orphogenesis in plan ' c J b  a id hss e 

cultures has been found to be influenced by several faetois such a^ explain medic. 

and its com ponents and culture conditions (M urashigc 197^ Hughes >981)
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2 3 4 1 hxplant

An explant is a pieee ol tissue or organ which is excised lie in th pi in' 

lor the purpose ol eultu ie The success in culturing the explant s lntlu^nc ' 1

num ber ol factors inherant to the explant such as souiee ol e Yp! nt ts si t 1

physiological age (Hughes 1981)

1 he plant tissues d ilici in their degree ol detei mi i ition id th 1 

ability to undergo m oiphogenesis Kobza and Vachunova (1 9 °1 ) icpo ite  1 'h i' i 'he 

ease of D racaena concina  stem expiants with a doim ant bud w eie w '-b le  I n  / 1 

w tro  propagation whereas leaf explants w ere ro t  suitable Fiom  the dif lei eut kii’Js 

of explant (stem leat and petiole) tested D ebeigh and Wael (1977) obscivcd that 

the leaf fragm ents containing rib material w ere the best suited explant m a u r  ! <0 i 

mass piopagation ot h c u s  lyrata Kukulczanka cl a l (1977) icpoilcd  tin t in 

regeneration ot Peperomia scandtns  the main regeneration /o n e  eompi ises li e le il

blade basis and the petiole Pindel and Pindei (1992) found that m asparagus lern

the m ost prom ising explant m aterials w ere the shoot apices and sections 1 1 shi et 

w ith a node

As a rule larger the size of explant the m oic rapid the „ io \ th an 1 the 

greater aie  the iates o t survival (H m scy 1983) II the explanl si e is s n '! il e l  

su itacc volum e latio  is lnph and thcic will be d itlicu lty  m t ie  seiwv i1 * the 

explant But in m enstem  culture loi virus elim ination expL iiS  ot leiv'h. 0 1 

0 5 mm are used (Hussey 1978)

In English ivy Banks ct a l (1979) found that em bryos juvenile 1 si ^  

and em bryo organs had a high regenerative eap teity  and they concluded tin t c J iu  c
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ot the youngest and less ditlcicntid tcd  tissues was suc^c slul in i wid i 1 v e  1 

species

2 3 4 11  Surface sterilization

The obieetise ot surtaee sterilization is to ien  ovc ill tl ~ i uei :• i.Him ms 

present on the explant with minimum dam age to the p 'an t tis uc I o chi 1 h <ei 1 

and fungal contam ination antibiotics and fungicides ic s p c c t i \ J \  i i e t s d e i l i e i  

su itaee sterilant oi medium addttisc

The m osf com m only used surtaee ste iiL nt is in a -g c iu s  i lutioi 1 

sodium hypochlorite This being toxic to p lant cells it is iceessiry  to sa h <> 

tieated tissue twice or th iicc  with sterile watei (Hu and W ing  1983) < oi 

tions ranging from  1 0  per eent (M inocha 1980) to 10 0 pei eent (Kuo nd 1 i 

1977) have been repoited toi vanous plant species

Ethanol and m a c u ric  chloride are the o ther popular surface steiilant

A ccording to M aroti and Levi (1977) it was bettei to im se tu s t  with ethanol (45 k )

for th iee m inutes follow ed by a 10 m inutes bleach tieatm ent (5 0 to 10 0 ty ) anJ

finally three rinses with sterile w ater Alcohol alone has also bc~n u so i k sui< i ^
el

sterilization (Bonga 1982) Lakshmi S itj- (1986) used 0 1 pei cent m e ie u  e ehloi iL 

lor 10 to 1? m inutes loi stei ilization ol seed in g  exp lo its  ol D u l lu i^ a  'atiial c 

M ereuue chloride 0 10 to 0 15 per eent gave better sterilization of expl nts th n 

sodium hypochlorite and absolute alcohol Reghunath (1989) and Dw\ ( '9 9 2 ) 

reported the use of m ercuric chloride 0  1 per cent to r b e t tc  su itaee slcii! > itic i 1 1 

cardam om  and D indrobium  respectively
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2 3 4 2 Culture m edium 

2 3 4 2 1 Basal medium

A wide cancty ot plant tissue and cell eu ltu ie  medi i h i \e  been iepi it t 

The earliest and widely used basal media were W hite s (1943) md Hcllci t ' 9 s  

media Since 1960 how cccr m ost reseaiehers base been usinh MS (M u  i ' i

Skoog 1962) G am borg s (G am borg et a l 1968) or SH (Schenk and H Id „ Jt

1972) media But a tter 1980 the most popular m edia a ie  OCR (Gupta md Me /an

1985) and WRM (Lloyd and M eCown 1980) especially to woody peews h M 1-

salt com position is used seiy  widely paitieulaily d the dcsucd objective p' !

regeneration Another m edium designated as Ng (Cliu 1978) was deceit ped I

cereal anther culture and is being reeogm sed as a Hiilablc m edium loi Oss i t  e lm u  

ot cereal crops

2 3 4 2 2 Grow th regulators

The general concept gicen by Skoog and Millci (1957) is th i o i^ u  

ditterentiation  in plants is regulated by an interplay ol two g io tp s  ol lionno les 

auxins and cytokm ins A higher eytokim n to auxin i a t o  piom otcs du ot

torm ation and a higher auxin to eytokim n ratio favours loo t ditfcrcntu,tii 1 Rut 

no universal ratio ot auxin and eytokim n has so tai been dc\e loped  It r loot 11 si ot 

induction The exogenous lequiiem ents to r the hoimoim dej t ' t d i

endogenous levels in t ic  plant system which is \a n a b le  with the tiss cs p' id t p 

and the phase o t plant grow th (Bhopcam  md Razda 1 198*)
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Hcmpcl (1979) opined that in maioiity ol die e iscs  c d h x  g i o s ’h u  is 

best on auxin and cy tokim n containing medium  though some bulbous pi m lik^ 

lilium and hyacinth regenerated in \itro  w ithout the piesenee o t any phytoht intones 

He further noticed that considerable variability existed between taxa and ^cni b  pe u 

the optim um  requirem ent of phytohorm ones for m orphogenesis Hascgawa (I9S0) 

reported that high eoneentration ot auxin may not only inhibit axill i> bud 1 ic 1 m„ 

but also induee callus toim ation  In callus m ediated o i^ano^encsis ol Drat a n  t 

fragrans shoot elongation and rooting were strongly inhibited by BAR ml stun d tod 

by auxins IBA and NAA (V intcrhaltcr 1989)

Foi axillary shoot proliferation eytokim n has been utilised ti o\ i ie 

the apical dom inance ot shoot and to enhance the branching ol 1 tcr * 1 uds h in  h i  

axils (M urashige 1974) Badzian i t  a l (1989) icpo itcd  th 4 ben/y id ui 

am enable eytokim n to Braw aia au inophylla  c \ Am ate me ltipli In n  \ i  ssi 

culture using shoot explants as a start plant m atenal Al Jubooiy i t  al ( l91'11 

leported about the influence ot grow th regulators on root and shoot deselopnm ut ot 

m iciopropagatcd A lgenan Ivy There was a significant naphthalene acetic a id x 

thidiazuron interaction to r shoot count M ultiple shoots did not form without NAA 

and T D Z  in the m edium lh c ic  was also a sigm lieant NAA x 1 DZ intei ictioi to 

the ability to induee ivy rooting in vitro NAA was neeessaiy toi 10 it dcvclopm c n 

w ithout NAA there was no root form ation

2 3 4 2 3 C aibon and energy sources

The m ost commonly used carbon source is sucrose at i eoneentiati i ol 

2 5 per eent Glucose and lructosc are also known to suppoit gi od owili < 1 oi 

tissues (Bhojwani and Razdan 1983) In geneial excised dicotyledon ius oots j i w
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best with sucrose whereas those o f m onocots do best with glucose Sonm otlmr loi ms 

of carbon that p lant tissues are known to utilize include m altose galactose u mm „ 

and lactose (G autheict 1959)

2 3 4 2 4 Vitamins

M ost cultured p lant cells are capable ot sy nthcsizin,, all ^sscntu l 

vitam ins but apparently in sub optim al quantities (C zosnov ski 1952 P in s  1955 

1958) To achieve the best growth ot the tissue it is often essential to supplem ent the 

medium with one or m oic vitam ins O t these tin mime Ins gcneially paw ed  to ' c 

an essential ingredient and usually added in plant tissue eultuie n edi i it lcve's o ' 0  1 

m,, 1 * to 1 0 mg 1 ' O ther vitam ins especially pyudoxinc m cotmie acid edeium  

pantothenate and inositol are also known to im prove the growth ol cultu 'ed  p 1 u t 

materials (Bhojwani and Razdan 1983)

2 3 4 2 5 O ther oigam c com pounds

Num erous com plex nutritive im xtuies o t undefined eom positu n like 

casein hydrolysate coconut milk coin  milk m alt extract tom ato |uicc and yeast 

extract have been used to prom ote the grow th o f certain ealli and organs

In a prelim inary study Al K hayn et a l (1992) has shown that the addt 

tion o f 15 per eent ( \ /v )  coconut water to the culture medium  significantly im pulsed 

callus growth shoot regenerative capacity and shoot grow th in leal disc eultuies ol 

spinach

The addition of activated charcoal to the culture nmdia may h n  e 

beneficial e ttee t M akino et a l (1977) had tound adding ac tu a ted  ch a ic ia l k l e
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beneficial to looting  oi Ficus tienjarmna In the ease ol in Mtro p io p i^ itio n  ol 

Philodendron tuxtlanum  the looting  medium  was supplem ented with acti e carbon 

(Jam bor Benezur and M arta R iffer 1990)

Howes er the use o t these natural extracts 'h o u ld  b~ asoided is lai as 

possible D ittc icn t sam ples ot these substances especially th.. tiu t extiaets 111 

atfeet the icpiodueib ility  ot results because the quality and quantit' ol the gios tli 

prom oting constituents m these extracts olten vaiy with the ..ge o t the tissue i d '! c 

variety o f the donor organism  M oieoser it should be possible to c ttcctiscly  ieplase 

these substances by a single aminoacid For exam ple to r m a z e  endospcin calL s 

Straus (1960) could substitute yeast extract and tom ato ]uicc by 1 sp iii^ m ^  

alone

2 3 4 3 C ultuie conditions

The culture conditions play an im poitant io lc  m the success ol t ssue 

culture The physical toi in o t medium  pH light tem pciaturc mid lc la tn c  buii'd ity  

are im portant in grow th and differentiation

Light icqu iicm cnt loi d ilicicntiation  u n o lv es a com bm ilion  ol scsli il 

com ponents namely intensity quality and duration High light intensity ha ' been 

shown to be inhibitory for shoot bud form ation m tobacco (S h io g  1944 Ino ipc 

and M urashige 1970) O ptim um  light intensity for shoot m ultiplication in Geibei t 

and many other hcibaccous species was reported by M urashige (1974) to be 1000 

lux 300 lux being adequate intensities at 3000 lux oi m oic w eie stioi J  

inhibitory In low light intensities the shoots a ie  gieenci and lallci (Mm isl igu 

1977) Foi some plants high light intensity liorn the beginning ol clon^at on stage
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is not advised On Dracaena spp and Cordyhnc spp lor example n induee 1 uJ 

elumps comparable to apical dominance one bud ol the elu ter elongates and <-up 

presses the development of the other buds This can be avoided by giving i feu 

weeks of low light intensity until the buds start to elongate followed by higlui l i j i t  

intensity (Dcbcrgh and M aene 1981) Callus o f Pelargonium hoitonon  d lleieuti itcs 

shoots only under alternating light and dark penods (15 16 li day piovcd le  t) 

Callus maintained under continuous light lem ains whitish and does not exhibit 

organogenesis (Pillai 1968) The quality o t light also influences organogenic ditlci 

entiation (Weis and Jafte 1969) Blue light piom otcs shoot bud ditlcicntiation 

whereas red light stimulates rooting in tobacco (Lctouzc and B caeJicsne 1969)

Skoog (1944) studied the etleet ol a langc ol tem peiatuie (5 )) C ) on 

tobacco callus growth and ditfeientiation Cnowth of the callus m u c  iscd will i sc in 

tem peiatuie up to 33 C but loi shoot bud dilleientialion 18 C was pn i i i u ul u 

bud formation occurred at 33 C However most tissue eultuies aie gu  wn success 

fully at temperature around 25 1  2 C Sehneidei M oldnekx and H u n  u9 3 4 ) 

reported that in in \itro  propagation ot Kalanchoe b lo w /i1 h nu Me m mmu 

tem peratuie tor shoot icgcncration was 18 C with the optimum at 24 (

Relative humidity is iarely a pioblcm  except in a.id  chm itcs wheie 

rapid drying occurs Hu and W ang (1983) reported that air humidity is m h cq jc  ’>i 

controlled and when it is controlled, 70 per eent has been found to be the most 

frequent setting

2 ) 5  In \ilro  looting

Adventitious and axillary shoots developed m eultuies in the [ i l s j u  ot
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a cytokinin generally lack loots To obtain lull plants lh~ shoots must be 0 i k i n d  

to a looting  medium  which is d itlc icu t Iron1 'h e  shoot m uhiplic d t n n 

especially m its g 'ow th  regulatoi composition

Generally auxin tau iu rs  ihizogcncsis Among the auxins NAA In been 

the most e llee tise  one lo r induction ot looting (A neoia i t  al 1981) Mec (197S) 

o b se n c d  that in C ord)hne terminalis no roots w cic  induced by 2 4 0  w heica1 

addition o t NAA im prosed root grow th Pierik and Spicnkcls (1984) icpoited  that 

in gerbera IAA had little e ttee t on rooting but with NAA 100 pei eent lo o lu v  " a s  

obtained W hereas in som e other eases looting  was influenced by IAA In Iicu s  

benjam tna  the ticqucncics o t rhizogcncsis and root pioduction w eie h 'ghc with 

IAA than with NAA (del Amo M aieo and Picazo 1994) Sometimes i com huution  

ot grow th regulators are used loi rooting in cultures Podw yszynski (1992) icpoited 

that in Aglaonem a  sp the best quality ot roots was tound with IBA m copdm ution 

with IAA Occasionally as in gladiolus (Hussey 1977 H m sain 199s ) and 

Narcissus (Seabrook et al 1976) shoots are readily looted on a horm oiu  Ircc 

medium

A low Mlt m edium is tound salislactory loi loo lin^  ol shoots m i lu g e  

num ber ot plant species O ttcn wheic shoot m ultiplication v as induced m  lull 

strength MS medium the salt conccntiation was reduced to halt (0  " lan d  md St iltz 

1981 Z im m erm an and Broom e 1981) or a quartei (S k iru n  and Chu 1979) loi 

rooting

In C ham aelanuum  u ltim atum  the best rooting occuiicd  on hall stienglh 

MS m edium  (Dam iano et at 1986) and also in M onotagma sm uiagdium  best mot 

mg took place on hall stiength MS m edium  (M o et a l 1990)



2 3 6 Acclim atization and planting out

Acclim atization is one of the im poitant phases of m iciopiop l^atcd 

plants The success in acclim atization depends upon not onl\ post ti mslci i nJ ti u s 

but also the prc transfer culture conditions (Z i\ 1986)

Hu and W ang (1983) suggested a period of hum idi'y acclim al , 'a t 'o n  t r 

the ncw l\ transferred plantlets to make them  adapted to the external environm ent In 

the ease of m icropropagation of rose, Bhat (1992) reported that p la id c ts  *c e 

acclim atized by incubating them  initially at 70 80 per cent RH foi 7 da>s and then at 

50 per cent RH to r 3 days before planting in veim ieulite Del Amo m J Pi i o 

(1992) reported that in Ficus bcnjam ina  the rooted plants vvcic ti m slened  to pots 

covered with plastic bags to r 6  weeks and then m oved to the green hom „



McLtetia.1 an d Methods



3 M ATERIALS A N D  M ETHODS

The present study Standardisation of propagation 'c^hnciucs m 

Schefflera arboricola  was carried out in the Department o f '’omi k „nd 

Floriculture College ol Horticulture Kerala Agrieultuial Umvcisitv Veil mkk u i 

Thrissur during the period 1994 to 1996 The mate’ id s  m cJ " J  i o i di h „ 

adopted tor the study are described in this chapter

Plant material

Schcfflcra is an important foliage plant of th„ gen,.'- S \\t 'i h

was known earlier by the genene name Brassaia This ^emis consists of lboul foit\ 

species of trees and shrubs Among this 5 arboricola has great..! o u u i i ' j i 'd  v i k .  

But it has not obtained populanty and has not been studied well So S arboiuoI 

w as picked up for the present study Both variega'cd and giccn t>p ol s lie* Be 

(Plates la  and lb) were used to r the study

5 arboricola is a subtropical lieely bianchm g pi mt ol dw u! h 1)1 It 

has flexible wiiy stems which become seandent with age ! he r,!oss giee i p ilm-tc 

foliage is arranged in a circle of seven to eight so l1 leatheiv icd'c* It v 

charm ing m appearance and has good decorative value

M acropropagation studies

3 1 Propagation studies through cuttings

3 1 1 effect ol types ol cuttings on looting

Herbaceous single noded cuttings having a L ngth ol 1 0  2 5 cm i 1 

double noded cuttings having a length of 2 0 5 0 cm were used Air th„ s'udv Shot ts



Plate la S ilu / fk r a  arboricola  ( Variegated ) grown in pot





Pla te  l b  S ch e fflera  a rb o rico la  ( G r e e n  ) g r o w n  in p o t





with leases intact were usee! Cuttings w cie prcpaicd in su J i a v ay th i' i I1 u e it i n 

the top and a slanting eut at the base o t the node were in ide

butane acid (IBA) and naphthalene acetic acid (NAA) were tried to stud1 t* e u 'c U  

of growth icgulatots on rooting ot stem euttings Eight cuttm ^s ^ach ( v m 

sariegated and green type of schcffleia were tieatec1 w i'h IAA h ja  >h N A a 

using two methods namely prolonged dip and quick dip method As p u  p ic 'io is  

reports (Hartm ann et a l  1993) lower concentrations were used lor piolongcd dip 

and highi r concentrations to r quick dip method For prolonged dip the basal poition 

o f the euttings were soaked for a period o t six hours and tor quick dip they w e e  

dipped toi five seconds The untreated euttings (contiol) wci^ dippe 1 in distilled 

water lor the respective periods for piolongcd dip and qu<ck dip methods ,'>et its 

of the treatments are given below

Growth regulators and ihcir concentrations tried for looting o t -u 't  ngi 

Method o f application Growth regulators

3 1 2  Effect ot growth legulators on rooting ot euttings

The following different concentrations of mdolc acetic acid (IAA) "  dole

IBA
mg 1

Prolonged dip
50

100
200

50
100
200

' 0
'0 0
200

Quick dip
500

1000
2000

500
1000
2000

500
1000
2000
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Preparation o t growth regulatois

Chemically puic c isstallinc  salts ot 1BA 1AA md NAA w eie u cd lo 

the preparation ( t  ^row th iegulator solutions Ih e  growth legulato is w eie l i t  lis 

solscd in mim m um  quantity o t 0 IN  NaOH solution and then sk m l) -ddm g dis' bed 

water the \o lu m e  was made up to halt litre Treatm ent solutions ot th_ r . H„ ic 1 

concentrations w ere prepared from  the stock so 'ution by proper ddution w ith d"- 

tilled w ater These solutions w ere used w ithin two day1 ot preparation and k„p' ' 

refrigerator w tw nv\cr not m use

Preparation of potting mix

A rooting medium  eonsisting of one pa it ot sod two pads it su 'd  a 1 d 

one part o f well rotten powdered cattle m anure v a s  prepared by thorough mixin^, e t 

the abo\ c ingredients

Planting ot the cuttings

The euttings w ere planted m pots Idled w .'h  the p Hn ^  tu x  

im m ediately after treatm ent w dh the growth regulator^ A layei d  s<n 1 v a s  e a d \  

spread on the urtaee of the potting mix The pots w ere te p t  rnsi L  i i"i t J ’ r 'io  

with a m isting trequcney of 2 m in u 'es/lS  m inutes

Obsers ations reeorded

The tollow ing o b sen a ti ins w eie recoided

1 Numbei ot days taken tc r rootm g

2 N um ber o f roots per cutting



2 8

3 Length ot the longest root

4 A sciagc length o t roots

5 Num ber o f new leases

6  Fresh weight ot roots

7 Drs weight ot roots

8 Pereentage sueeess

The iLsi^n ol the cxpci'm cnt was a two larto  eonl, 'L  J  i„ i  

des’gn There were forty treatm ent combinations invok ing  t> o k trto i'-  n inch 

ot cuttings and growth regulators Eight cuttings were used under c a J i  Im ' t o  

five cuttings W'ere taken to r reeord 'ng obscrsations

3 2 Propagation studies through air layering

The experiment was carried out at the Department (1 'k 1 4 „ 

Floriculture College of Horticulture Vcllamkkara and a 'so 11 th~ ,u  

Research Station Mannuthy

3 2 1 Effect of the methods ot wounding on rooting ol C ' r ts

Air layering was done by removing a rmg ol bait > I1 1 0 

Irom aiound the stem In addition to this slanting slit method w J s o  ti l 1 1 

method a slanting upward eut was made on both Mdcs i 1 'he ste ' J h  il 1 

long keeping the tw o surfaces apart bs a p 'ccc of w ood

3 2 2 Ftleet ol giowth regulatois on i o o ' i „ o 1 11 eis

1 hree giowth regula 'ois \ iz  IBA I A ' 1 i

1 and

a id 

1 > a'

d» 

i t1 

'  e i
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concentration of 50 100 and 200 mg 1 * « u i  tried tor the study The d e e d s  1 1 t 'e  

treatments arc gi\ cn below

To Conti ol

T 1 1BA 50 mg 1 1

t 2 IBA 100 mg 1

t 3 1BA 200 mg 1

t 4 NAA 50 mg 1

t 5 NAA 100 mg

T6 NAA 200 mg

T7 IAA 50 mg 1 *

t 8 1AA 100 mg 1

t 9 1AA 200 mg 1

Preparation ot growth legulatois

Tor each treatment the required quantity cl growth i r1 'o \ s 

weighed separately and d issohed  in tew ml ot alcohol and then m xed i < in 

with petroleum |cll>

3 2 3 Effect ot rooting medium on rooting ot la)^rs

L a)crm g was done by using sphagnum moss cocorut lil u  a> d 1 di t 

Rooting medium with sawdust was made by mixing sawdust with s md 11 die pi , r 

tion ot 3 1

Lag crmg operation

S.x to eight months old \ ung potted pLnt ith a n  <’ J o  ss 1 V
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3 5 cm w ere used to r air layering A ir labeling was done either b> using g iidhn^  ( i 

by slanting slit m ethod and the w ound was made at a distance o t 15 20  em  i r 'm  ,hc 

tip o f  the plant The grow th regulators in petroleum  jelly was applied to the upper 

part of the w ounded portions The rooting m edium  was taken in p o l} th c u  d u e t  v 1 

250 guage and was wrapped around the wounded portion and the two ends wei 

carefully tied using a gunny thiead

Obsers ations recorded

The follow ing observations were recorded

1 Num ber of days taken for rooting

2  Num ber of roots

3 Length of the longest root

4 Average length of roots

5 Fresh weight o t roots

6  Dry weight of roots

7 Percentage success

The design of the experim ent was a three laetoi com plete^  i indoi u /cd  

design There were sixty treatm ent com binations involving thicc Ij lU is /

media t>pe of eut and growth regulators Eight lasers were d( nc u n d u  c i J  i e t

mcnt and five layers w ere taken for recording observations

3 3 In v itro  propagation studies

The in \itro  propagation studies w ere earn ed  out in the 1 issue ( u l tu e  

Laboratory o t the All India Co ordm ated Floricultu ic Im piovcn’cnt P io icc1 ( 1 11 c 

of Horticulture Vcllam kkara The mam aspects of the s 'u d \ ev ns sled >1



a) Induction ot callus and regeneration

b) Induction o t multiple shoots

e) Rooting ol in \itrv  icgenerated shoots

The details of the study are presented below

3 3 1 Collection ot explants

The explants were collected trom  young plants maintained in the net 

house attached to Departm ent o t Pom ology and I'lo n eu ltu ie  In o idei to et ntio! the 

microbial contam ination the plants w ere regularly sprayed with a con 'act tung cid~ 

Fytolan at 0 2 per cent concentration at weekly m 'en  als

3 3 2 Source o t explant

In the present study leaves form ed the cxplant souie~ 1 )i "us 

initiation For standardising the age o t the leaf explants im n u tu 'c  J  [) y t iv  1 o) 

and m ature (L j)  leaves were used For induction ot m ultiple shoots shoot tips and 

nodal explants (N j to Ng) w ere used Nodal cxplant N j  was positioned )us* be. eath 

the shoot tip Similarly N-? N j  N j  Ny and N ^ w ere positioned just b c u j ' 1’ 'he  

preceding nodal cvplants

3 3 3 Surface steiihzation  ol explants

The leaf explants were lu st washed thoioughly w .th tap v tei e . in n „

a tew' drops of surfactant extran follow ed by rinsing with distilled sa 'ci

The nodal explants and shoot tips w ere h is t  washed v 'th ta, l a h r  

containing a few drops o t extran and then trca 'cd  with 0  1 pei cent c m r  in Hi
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10 mm Then washed with distilled w ater blotted ind wiped with e )"( 1 dij pe 1 1 

70 per cent alcohol Further stci ili/.ation p ioeeduies w eie e u n e J  out m i 1 i t i c 

perleet aseptic condition maintained in a laminai an How cabinet 1 he exp! nts v cic 

surface sterilized in beakers using different surface stcrilanb at earn  us concent: i 

tions and duration

For leaf cxplants 0  1 per cent m ercuric chloride was tr ia l  fi'r diltcien* 

durations of 5 10 and 15 mm and (or shoot tips an in'tiul dipping in 50 p i cent 

alcohol for 1 mm follow ed b> m ctcuric chloride treatm ent loi d illcrciit dm it > is ( 1 

10 12 and 14 mm w ere tried The different sterilants m cd for nodal cxpl nts ne

g i\en  below

Sterilants used their concentration and duration o t treatm ent toi "I i n o  culti -  (1 
nodal explants of S arboricola

Surface sterilants 

5%  Domcstos

10% Domcstos

0 1 % m ercuric chloride

50% alcohol dipping toi I mm I 
0  1 % m ercuric chloride

D uration ol ^ui(ace t c n ' / i ' n  
( m u u c  )

5

10

5

10

5

10

15

IS

ro
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In ill the tjc itm en ts the expl ints w eie subm ci,, (I 11 t1 l  s' 111 t * !

required period with Irequent agitation Attei su itaee s te n lv  t e n  <h ( ' ti 1 

drained olf and the explants w eie washed loui tunes using sten le  watei

3 3 4  Culture media

MS medium (M uiashigc and Skoog 1962) and Woody Plant Medium 

(W PM ) (Lloyd and M eCown 1980) w eie used loi the study The eom positum  ol 

different basal media tried are g i\c n  in Appendix V

3 3 4 1 M edium  preparation

The various uhumicals used for preparation of medium  o ' muds 1 J  

grade from SISCO Researeh Laboratories (SRI ) British Dr >g H om e (RDH) Meiek 

and Sigma St indard p ioeeduies (G am boig and Shyluk 1981) w eie lollowed loi the 

preparation of the medium Stoek solutions ot maioi ind ra n  i e* m nts \ ie 

p iepared iirst and w ere stored under refrigerated cond 'ion t nbei ol u _J 

bottles The grow th regulators and vitam in stocks w eie  prepaied  l c p a ia tJ  id the 

fresh stocks were prepared at six week interval

An aliquot of different stoek solutions was pipetted ( it nti 1 11 

vessel which was rinsed with distilled w ater Sucrose and inositol w eie dded 1 es> 

and dissolved R cquncd quantities ot growth regulato is w eie also add^d a i t 1 the 

solution was made up to the required volum e The pH of the solution w„s <d|Uded 

between 5 5 and 5 8 using IN NaOH or HC1 Agar was then added U the med 1 11 

and stirred thoroughly
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I he s iletions w eie then in c 'to l b> kc^pin^ i w t~ 1 th >. ! i 1

a tem perature ot 90 95 C until t in  m edium Ivc >me e'e„ A1 i at 1 "> n 1 9 fl

medium was poured hot to o \e n  sterilized culture 'ubes v h 'e h  w ere , i e  h i 1!/ 

rinsed twice with distilled water The containers with the medium  w eie  then Mghd\

plugged with non absorbant cotton wool plugs Borosilieate test tu lus ol s 15 0 \

2 5 cm and 10 0  \  2 5 cm were used as the eont liners

The m edium  was autoclascd by applying 15 psi pre^suie toi 20 nun

A fter sterilization the culture tubes w ere stored m an air conditioned ealtu ie  Him

tor further use

3 3 5 Inoculation process

Inoculation was earned  out undei stiiet aseptic conditu  p in a lan m  .ui

flow cabinet Sterilized forceps petridishes surgical blade1 n n j 1 k t n ^  p pe a c

used

In the ease ot leal explants after the sur*ace sterili a i n 'e i1 J s i 1

about one cm 2 size w eie  separated from  the intact lea ' es and cuh i e 1

Shoot tips fu sin g  the size of 2 5 111111 w eie  used I01 110 1 it t It

prepare the nodal explants to r inoculation 0 5  1 0  cm long 1111111 l 'a ic  hoot p ^  a

containing an mtact axillary bud ssas excised using a stcn lc  knife anJ ' n i l  d 11 to 

the medium

3 3 6 Culture conditions

The eultuies sseie incubated in a eultu ie loom  p iosided  vill If ie c 1
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lamps to give a light intensity o t 3 000 lux toi 16 hours light p u io d  1 lie n iltu 'c s  

tor the initiation ot callus were kept under daik  1 he tempci ttuie w is m i nt in ed it

27 I 2 C

3 3 7 Callus m ediated oiganogcncsis

Callus form ation was studied using im m atuie young md m atuic led  

explants on different m edia supplem ented with auxins (2 4 D and NAA) m d eyto 

kimn (BAP) C oeonut w ater was used as m edium  supplem ent to im piovc the callus 

growth T reatm ents tried are given below

1) Basal MS medium

2) MS with 2 4 D at five levels 0 25 0 5 1 0 2 0 and 4 0 mg 1 '

3) MS with 2 4 D at 1 mgl ' with coconut watei at 3 levels 10 13 and 20 pei
eent

4) MS with NAA at 9 levels 1 2 4 6, 8 10 12 14 and 16 mg 1 *

5) MS with 2 4 D at 1 0  mg 1 * with BAP at 3 levels 0 5 0 7s md 1 0 mg 1 *

1 he leaf pieces w eie giow n on the m edium supplemented with he 

growth regulators for a period of one month and the follow ing obsci 'i ms veie 

recorded

Observations

1 Suivival percentage of explants

2 Num ber of days for initiation of callus

3 N um ber and percentage of cultures exhibiting callus initiation
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3 ^ 7 1  O igano^cncsis

Trial v.as conducted to obtain i exoneration li >m c Hus liss b \ Li

ring them on to

1) MS with BAP at 4 lc\ els m z  3 5 5 0 10 0 <nJ ' 1 0 u „  ' ’

2) MS with BAP it 15 inj, 1 * and adenine su lp h i'c  it 3 >c\c!s ( 0  t!n i 1 100

mg 1 1

3) MS with km ctm  at 3 levels 6 8 and 10 mg 1 '

Callus regeneration was not obtained b \ using the a lo \ e  treatm ent

com binations and hence the follow ing different m edia m anipulations were per

formed

1) MS with s ih e r  nitrate at 5 lev els 2 4 6 8 and 10 mg 1 1 1 h^n incubate the

cultuic for d ille ien t periods like 2 3 and 4 weeks Altei that tu. lsicned  n <o

basal m edium and also to the medium  with BAP at 3 5 m^ 1 1

2) Liquid medium was also tried for the regeneration of callus MS v ith BAp t 2 

lev els 5 and 10 mg 1 ^

3) Another trial was done by m cieasing the nitrogen sourc,. m the MS stock 1 >o I 

1 /4th and 1 1/2 tim es along with BAP at 2 lev els 5 mid 10 i>v, I '

4) A pulsing treatm ent with stock solutions ot BAt> y, ls diso ^ VU1 to the e "us

For this stock solutions of BAP at d ifferent lev els like 12 5 25 0 50 0 anJ 

200 0 mg 1 * were made and the callus placed m it and kept o i  m c i l i t i '  

horizontal shaker to r different periods like half an lioui one h >ui md t i

night After pulsing treatm ent the callus was ti m steiied  to llie medi mi with

BAP at 3 5 mg I 1
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3 3 8 3 In \itro  rooting

The m  u tro  d u e lo p e d  shoots w eie  t ia n s ie n e d  to the m e in  s u j p>e 

m cnted with auxins like NAA and IBA The ticatm cnts tu ed  a 'e  g n c n  beh »

1 MS I IBA al f levels 0  3 0 5 and 0  7 mg 1 '

2 MS I NAA at 1 0 mg 1 1 I IBA at 0  3 mg 1 1

3 M S I NAA at 2 0 m g 1 1 I IBA at 0 3 mg 1 1

4 MS t NAA at 3 0 mg I * i IBA at 0  3 m g 1 1

5 M S 1 NAA at 4 0 mg 1 1 I IBA at 0 3 mg ! 1

O bservations leeorded

1 N um bei ol d a \s  taken for initiation o t root

2 N um ber of roots

3 Root length





4 RESULTS

'I he results of the study on Standardisation ol pi op ig ilion teetn iqu s m 

Schefflera arboricola  are sequentially piesented below

4 1 C uttings ( V ariegated )

Effect ot growth regulators ind the type of cu 'tm ^s o n i bci i f  1 iv 

taken for rooting numbei of loots length of the longest loot t o d  I c g th  1 1 mots 

average length o t roots fresh and dry weight o t roots are given h Jo w

4 1 1 Num ber o t days taken for rooting

M ain effect of growth regulators and type o t cuttings w eie  significant 

The data presented m Table 1 showed that IBA at 1000 and 2000 mg 1 ' weie

significantly superioi to othei tieatm ents except IBA at SO 200 and S00 n g  I ' md

NAA at 50 500 and 2000 mg 1 '  (Fig 1) Double noded cuttings ) i  m m ei g~ 

rooted earlier com pared to single noded cuttings

Interaction effect o t grow th rcgulatois x type ol cutting w o  J s o  

significant From  the interaction effect it was clear that single noded e j t t 'i ihs ited 

with IBA at 200 and 2000 mg 1 ' were significantly '•uperioi to mos' o ' fl i 

treatm ents except IBA at 100 and 1000 mg 1 * and NAA < 10 V)0 n  ' 7 )00  

mg 1 * W hereas m the ease of doubL  noded cuttings NAA „t 100 mf 1 ' \ i 

found to be superioi except IBA at 50 500 anJ 1000 mg 1 * t nd NAA a' s00 n j  '

and IAA at 2000 mg 1  ̂ and control (quick dip)



Table 1 Effect of growth regulators and type of cuttings on nun-bci of da\s tak~n h
rootmg of variegated cuttings

G row th regulators Type o t euttings

Single node Double node Me tr

IBA 50 20 2 0 lnP 17 20 Prs ig  o()i|k

IBA 100 19 20nP4 29 00 d 24 O'" 1

IBA 200 16 204 19 6 0 m nP 17 »0 1

IBA 500 21 0 0 1|n 16 80P1S 18 90 1|k

IBA 1000 18 0 0 nP4 17 40Prs 17 70 k

IBA 2000 16 404 18 80 m nPr 17 60 k

NA A  50 18 80nP4 21 0 0 lmn 19 9()h'|k

NAA 100 26 6 0 c8 15 2 0 s 20 9 0 ^ hl

NAA 200 20 4 0 'n 20 00-1 m nP 20 20 h 1

NAA 500 19 OOnP4 18 6 0 nPrs 18 8 0 1|k

NAA 1000 20 20 lnP 20 OOl|nnP 20 10h |l

NAA 2000 19 0 0 nP4 19 4 0 mnP 19 20 iL

IAA 50 20 801' 23 4 0 h > 23 10u >-

IAA 100 23 20 1-1 22 20 b|II! 22 7 0 't

IAA 200 23 80S' 19 4 0 m nP 21 60*’h

IAA 500 30 0 0 c 25 4 0 11' 27 7()he

IAA 1000 23 0 0 'ik 36 20 b 24 60 ’’

IAA 2000 44 20 d 15 6 0 rs 2<) 9 0 1

Control
(Prolonged dip)

26 6 0 cb 27 40 dl 2 / 00 u

Control 
(Quick dip)

31 60c 18 40"P ,S 25 00lL

Mean 23 0 1 b 21 05J

“T reatm ent means m a colum n w ith  same letter do not d iffer significantly
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4 1 2 Nuinbci ol loots

M ain c llcc ts  w ere statistically sign iliean t The num bei ol loots w eie 

significantly  high (35 9) w ith IBA at 200 m g 1 * (Table 2 Fij, 2 P late 2) On <ai 

axciagc double nodcd cuttings g a \c  significantly  h igher num ber o l ro o 's  co m pai^J 

to single ro d e d  cuttings (F ig  3 Plate 3)

Interaction c llccts w eie  a h o  tound to be s ig n ilicm t hi the c sc ol s u^ 'c  

nodcd cuttings IBA and NAA both at 200 mg I * w e ie  tound to be equally e lle c tise  

w hereas m the case of double noded cuttings, IBA at 200 mg 1 1 g a \c  s ig iu F c i't ly  

h igher num ber o t roots and was superior to all o ther treatm ents

4 1 3 Length of the longest root

M ain e llc e t ol grow th legu lato rs was sig in lie^iu  w h e ie i i 11 o 

type of euttings was not signilieant Interaction e llee ts  ol thcs~ lacu \ u c  

significant

The data presented  m Table 3 show ed that NAA at 500 and 1000 1 1

w ere significantly  superior to o ther treatm ents excep t v ith IBA u J  N A A bi t 1 > 50 

100 200 and 2000 mg 1 1 and IBA at 500 and 1000 mg 1 1 ai d IA A t s() i „ 1  1 

and control (pio longcd dip)

Length of the longest roo t did not \a iy  s ig p ili in tl\ u noi „  ' l e d  „b L

noded and single noded cuttings

Single nodcd cuttings trca 'cd  with NAA at S00 i y  1 ’ s i  nm 1 •

superior to m ost of the o ther tica tm ents except will > B \ l 2 )0  S' n i i



Tabic 2 Effect o t grow th regulators and l>pc o t cuttings on numbci ol loots ol 
variegated cuttings

Grow th regulators Type of cuttings

4

Single node Double node M e in

IBA 50 13 60Sh]l 21 80b td 17 70Ik(J

IBA 100 16 40« 24 00 bc 20 2()Ik

IBA 200 28 20b 43 60 d 45  ° 0 d

IBA 500 16 20*h 14 00 d i^ 15 10Ldd

IBA 1000 11 2 0 8 h l' 20 20b td 15 70tdL

IBA 2000 15 0 0 ^ 1 25 80b 20 40hc

NAA 50 13 SOS11’1 19 40 bcdt 16 60bcd

NAA 100 10 OO^bJ1 26 60b 18 10,Kd

NAA 200 28 0 0 b 16 60 t d l f 22 30b

NAA 500 13 2 0 8 hll 14 40 d l&' 13 80 J u

NAA 1000 12 60ShJl 15 60cdfK 14 10d a

NAA 2000 13 408bjl 14 60 d t« 14 00 d u

IAA 50 6 2a'1 13 80d tS' 10 00u *h

IAA 100 9 80SbJ* 8 2 0 « ‘ 9 0 0 !--b

IAA 200 6 6 0 '1 6 2 0 1 6 40 hh

IAA 500 9 608bj' 10 4 0 t« 1 10 00 J ^ h

IAA 1000 7 0 0 11' 1 7 6 0 ^ ' 7 40^b

IAA 2000 5 2 0 1 19 6 0 lx d l 12 10d^

Control
(Prolonged dip)

5 2 0 1 5 4 0 1 s t()h

Control 
(Quick dip)

7 80Kb|l 5 201 6 S0r'

Mean 12 45 b 16 6 5 d

*Treatment means in a column with same letter do not ditler significantly

C
O
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Growth regulators Type of cuttings

Tabic 3 Effect o f growth regulators and type ot cuttings on length of the l o n ^ t  loot
of variegated euttings

Single node Double node Mean

IBA 50 13 46cd8tu> 20  2 0 dbc 16 83dbt

IBA 100 15 80td gh'J 16 62dbcl 16 2 1 dbc

IBA 200 18 50d td 8h 18 60dbL 18 55db

IBA 500 17 06dtdShl 14 90u k i 5 f;8abe

IBA 1000 14 84LdghlJ 21 12dbt 17 98db

IBA 2000 17 g4 aedghi 20 50dbc 19 17dh

NAA 50 21 12dLd 17 2 0 dbcl 19 16db

N A A -100 9 74hl' 25 60db 17 67dbc

NAA 200 17 6 0 dcd8 hl 16 2 0 btI 16 90dbL

NAA 500 26 0 0 d 15 6 6 u 20 83d

NAA 1000 22  0 0 dc 22 76dbc 22 38d

NAA 2000 16 10t d 8h |1 16 10b u 16 10 dbt

IAA 50 18 30dcdgh 15 90bcl 17 10dbL

IAA 100 8 401-1 14 10u k i j 2otlJc

IAA 200 10 60S111' 5 70kl 8 15dc

IAA 500 11 70d8hlJ 15 60u 11 65btd

IAA 1000 11 oo«hli 8 10lkl 9 75dc

IAA 2000 6 5a ' 20  60dbL 15 5 s b<-d

Control
(Prolonged dip)

19 62d td 8 19 50dbL io 56jb

Control 
(Quick dip)

9 888h ,l 4 121 7 00-

Mean 15 30d 16 45d

*Treatmcnt means m a column with same letter do not differ sigivlieantly
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Plate 2 E ltec t o f  IBA 200 mg I 1 on root production in cuttings 
o l S  arbonco!a("V anegated’)

Plate 1 Effect of type o f  cuttings on root production m S  arboricola





44

2000 mg 1 * and NAA at 50 200 and 1000 mg 1 * and IAA it ''O n v  1 1 a id  

control (prolonged dip) In double noded cuttings NAA and IBA both af 50 100 

200 1000 and 2000 mg 1  ̂ and IAA at 50 and 2000 mg 1 * and control (piolongcd 

dip) appeal to be identical licalm cnts

4 1 4 Total length of roots

Mam effects and interaction effects w ere statistically sigm fman'

IBA at 200 mg 1  ̂ was the most c f lc c tn c  (400 4 cm) and significant^ 

superior treatm ent (Table 4 Tig 4) On an average total length ol roots « >s lu^hci 

in double noded cuttings than in single noded cuttings (1 ig 5 Plate 1)

From  the interaction effect it was found that in Mnglc noded cu"m gs 

NAA at 200 mg 1  ̂ was superior to most of the o ther treatm ents except w lth NAA 

at 50 500 and 1000 mg 1 1 and IBA at 200 500 and 2000 mg 1 1 W hcic s 

double noded cuttings IBA at 200 mg 1 '  was found to be the best treatm ent

4 1 5 Average length ol loots

M am effect of grow th regulators was significant whereas the main c ilcct

of type of cuttings was not significant The data presented m Table 5 diow cd that

NAA at 500 mg 1 * was superior to m ost of the other tieatm cnts cxeep ' w ill NAA 

at 1000 mg 1 * and IBA at 500 1000 and 2000 mg 1 '  and IAA at 50 mg 1 ' - n j  

control (prolonged dip) Double noded and single noded cuttings did m \ i \  

signdicantly  in the average length ol loots piodueed

Interaction effeet ol growth legu lato is x type ol ^uttn „s \ is si^ni* emit 

Single noded euttings treated with IBA at 50 500 1000 and 2000 m 0 1 1 and \  * A
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Tabic 4 Eftect ot growth regulators and type of cuttings on total length o! roots ol
variegated cuttings

Growth regulators Type ol euttings

Single node Double node Me in

IBA 50 102 8Llkl 210 3bcL 156 6 bLd

IBA 100 110 9c 'kl 160 8 bcU «' 135 9 bu]l

IBA 200 2 02  3bcdc 398 3d 300 3d

IBA 500 153 5td c | 131 8c t« lk 142 7bcdt

IBA 1000 113 l c|kl 177 9bcc^ 145

IBA 2000 130 3dc,kl 262 6 b 196 4b

NAA 50 136 4 td c 'k 132 3c*R|k 134 3h d

NAA 100 68 14'kl 2^8 5,)L 1M tl d

NAA 200 230 8 btd p2  j 2 161 5b t

NAA 500 157 2cdc£ 141 0 t c i«lk J49  lbed

NAA 1000 125 l de|kl 164 5bccl<? 144 gbede

NAA 2000 105 2c 'kl 112 6 c!Slkm 108 9"d" f

IAA 50 55 76 |kl 117 pct^ikl 86 31d tb

IAA 100 44 62kl 70 20*lkm V  4 11 ̂

IAA 200 38 90 kl 33 40 kl" 36 1 v

IAA 500 66  74Jkl 85 20«0* 111 71 ‘>7d ~

IAA 1000 48 5 |kl 55 00 lkm 51 7s ̂

IAA 2000 26 101 196 9b u d 1 1 1 -,cdJ

Control
(Prolonged dip)

40 82kl 63 80lk,n 52 3 t ^

Control 
(Quick dip)

53 40 |kl 12 0 0 nl YZ 1 ^

Mean 100 53b 142 8 5 1

*Treatmcnt means m a column with same letter do not dillei M^ndica '11b
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Growth regulators Typt- ol cuttings

Tabic 5 EHu.t ot growth regulators and type ol euttmgs on aseiagc length ol loots of
variegated cuttings

Single node Double node Mean

IBA 50 ’ 8 30M c8 8 9 4 ^beeh 8

IBA 100 7 52dc&l 6  06hkl 6  79dce

IBA 200 6 96dc&' 8 7 gabeeh 7 87b ak d

IBA 500 9 8 8 abdc g g2 abccb 9 15 lxd

IBA 1000 10 38dbd 8 Q^tibeeh 9 C6 k

IBA 2000 9  o4 abdcg 10 08dbcc 9 5 6 J x

NAA 50 10 24abd 6  8 6 cchk 8 55lx d a

NAA 100 6 96dc« 8 8 6 abctb 7 o 1 h^.JG

NAA 200 8 28bdeSI 5 4 6 hki 6 8"7d J -

NAA 500 12 10db 10 70alx i i 40d

NAA 1000 9  40 abdeg 10 44dbc o 9 2 a !1

NAA 2000 8 14 dcftl ' j  ooeebk 7 ^ebeUel

IAA 50 9  94 abdc 8 48b t th 9 o j al tiL

IAA 100 4 58-1 8 80d b tth 6  69

IAA 200 5 9081 4 3Skl 5 !4^h

IAA 500 6  72dcbl 9  00  ibeeh i  % b c d c l

IAA 1000 6  70 dc8l 6 28thk 6 4 9 !b'

IAA 2000 4 72' 9 74 abee 7 21Ldv-'7

Control
(Prolonged dip)

7 98dc8l 12 i4 d 10 ' 6 lb

Control 
(Quick dip)

5 9081 2 481 •t 1° ’

Mean 7 98a 8 Md

*Trcatmcnt means in a column with same lettei do not dillei s'giulic in t i
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4 7

at 50 200 500 and 1000 mg I * and IAA at M) int  1 ' v I t ic  i | d i  i U i

ticatm ents and control W h u c a s  in double nodcd cuttings > B \ < V) "h i'  ̂ <'

1000 and 2000 mg 1 1 and NAA at 100 500 and 1000 mg 1 1 and ' \ \  " 1 Ot' M)0 

and 2000 mg 1 '  and contro l w ere tound to be superior to o ther ticatm cnts

4 1 6 F resh  w eight ol roots

M am  ellee ts  and interaction e llee ts  w ere statistically  signilieant

IBA at 200 mg 1 ' (4 85 g) gave h igher value to r tresh  w eight ot u  ots 

(Table 6) The results in Table 6 suggest that double noded cuttings reeo ided  a 

highci tresh  w eight ot roots on an avciagc  when eom paicd with single nodcd 

cuttings

From  the in tc iaction  effect it was found that m single ikkL  1 eud ings 

NAA at 200 mg 1 * was the best com pared to o ther treatm ents except with \ A ^  at 

50 and 500 mg I * and IBA at 200 mg 1 '  D ouble nodcd cuttings Heated w t'h  >BA 

at 200 mg 1  ̂ 'c co rd cd  h igher fiesh  w eight o f ioo ts

4 1 7  D ty w eight ol roots

Mam effects and in tciaction  effects w eie  significant

Dry w eight of roots was h igher in the case ol c u tt in g  'i c  'ed  will IB 1'

at 200 mg 1 '  (Table 7) D ouble noded euttings had significant influence i n  d '\

w eight o t roots com pared w ith s in g 'c  noded cutting1

From  the interaction effect n was eleai that m s i n j c  n dcd eu 'ti <h,\ 

NAA at 200 mg 1 * was supcno i to othci tiea tm ents except with 'BA i i j  K \  \
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Tabic 6 FTtccl ot t 
variegated

growth regulators a n j  t\p~  
cuttings

ot cuo in^1- on tic s1' » e M1r ( f r( s ( *

Grow th regulators Type o t euttings

Single node Double node Mean

IBA 50 1 546h) 3 238bcc^ ? ^pobede

IBA 100 1 706h ' 3 618bcc 2 662b td

IBA 200 2 832dh 6 866d 4 849a

IBA 500 I 438h| 1 662*hlk 1 550d u - h

IBA 1000 1 0 3 8 h| 3 954bc 2 496b cd t

IBA 2000 1 45481" 3 782b t t 2 618 l:U ~

NAA 50 1 978dSh ' 2 240t c ^ bl 2 loyhede

NAA 100 1 528^h I 4 722b 4 ]25bc

NAA 200 3 836d 2 664cc*h 3 250b

NAA 500 2 0 1 0 d8 h ' 2 294l-t Sbl o [cjobede

NAA 1000 1 770^h ' 1 856c Shlk i sn<-deU

NAA 2000 1 458*h) 2 138cc^ hl 1 79yedeU

IAA 50 0 5841 1 954cr M 1 269L‘^b

IAA 100 0 214 ' 0 942hlk 0 s7 8 -h

IAA 200 0 356 ' 0 120k 0 23 8 h

IAA 500 1 048 hJ 1 560Shlk i 304c t^ h

IAA 1000 0 5821 1 0 0 0 h,k 0 7 9 1

IAA 2000 0 340 ' 3 754b tc 2 047 l x J J

Control
(Prolonged dip)

0  646 ' 0 634lk 0  ̂4 (^h

Control 
(Quiek dip)

1 048!'i 0 Oo4k n

Mean 1 385b 2 438a

*Trcatm cnt means in a colum n with same letter do not d i l iu  M„nd ^an<ly



Table 7 Etfeet ot giowth regulators and t>pe of eut'mgs on dr> v eg h *  o! o x ts
variegated euttings

Grow th regulators Type ot euttings

Single node Double node Mean

IBA 50 0 188cf8 0  536b t 0 362bc

IBA 100 0 276e*8 0  514bcc 0 395bL

IBA 200 0 414cf 1 190a 0 802a

IBA 500 0 272c *8 0  232cc*8 0 252bcd

IBA 1000 0 2 0 2 U 8 0 558bc 0 780b t

IBA 2000 0 279c*8 0  574b t 0 427bc

NAA 50 0 274c *8 0 266c t l8 0 270hcd

NAA 100 0  200c *8 0 694b 0 1 M bt

NAA 200 0 5 16c 0 416bctl 0 466*’

NAA 500 0 284J 8 0 268cU 8 (i 276*)(-d

NAA 1000 0 262c *8 0 306t c l8 0 2S4bcd

NAA 2000 0 200c *8 0 296CL*8 0 248bcd

IAA 50 0 120*8 0 320cc*8 0 220td

IAA 100 0 0428 0 176c *8 0 109d

IAA 200 0 066*8 0 0488 0 057d

IAA 500 0 154*8 0 322c c l8 (i 2 (Sbw*

IAA 1000 0 098*8 0 144*8 0 121d

IAA 2000 0 072*8 0 676b 0 374bc

Control
(Prolonged dip)

0 148*8 0 004*8 0 121d

Control
(Quiek dip)

0  150*8 0 0168 0 083d

Mean 0 21 l b 0 382 1

*Treatment means in a column with same lettei do not dillei si^ml ie in' Is



5 0

both at 50 100 500 1000 and 2000 mg I * and m A  at 2 0 )  m„ 1 * Do h i dm  

cuttings treated with IBA at 200 mg 1 * gave highei value toi di < c i j i 1 1 1 i is

4  2 C uttings ( ‘G reen’)

E tlcct ot growth regulators and the type o t cuttings on num ber (•  Lys 

taken tor too ting  numbei ot roots length ot the longest loo t total length ot io>ts 

average length ol roots tiesh and d iy  weight ot loots in gieen type ol schU llci i 

are given below

4 2 1 Num bei o t days taken to r rooting

M am e ttcct o t grow th regulators was significant whereas mam effect of 

type ot cuttings was not significant

Data which show the e fteet of grow th regulators and type ot cu"! gs on 

num ber of days taken to root arc presented in T ab 'e  8 The cuttings treated w i'h  IBA 

at 1000 mg 1 1 (15 days) and NAA at 200 mg 1  ̂ (15 7 days) looted m shoitcs1 tmm 

and hence equally effective with respect to earlm ess m looting  ( r i„ 1) I | .  o f 

cuttings did not have any significant influence on days tak m  h  i iooti i^

Interaction efleet ot grow th rcgulato is \  type ol e ltlmgs vas ilso 

significant Early rooting was noticed in the ease of double noded cuttinys lieatcd 

with IBA at 1000 mg 1 * and NAA at 50 mg I 1 W hcieas in the earn ( t  1 ingle 

noded cuttings IBA at 2000 mg 1 1 and NAA at 200 and 1000 mg 1 1 w eie iound to 

be superior to most of the other treatm ents except with IBA at 50 100 *00 and 

1000 mg 1 1



Table 8 Effect of growth regulators and t\p c  of euttings on numhc1' ol d a \s tak^
rooting of green cuttings

Grow th regulators Type ot euttm gs

Single node Double node Me m

IBA 50 17 6 0 1 17 6 0 1111 17 60 h

IBA 100 18 2 0 |kl 20 20 ' 19 20 h

IBA 200 24 20 h 27 40 ct 25 8 0 1

IBA 500 17 2 0 1 18 2&'1 17 70 h

IBA 1000 17 00 1 13 00 n 15 00 '

IBA 2000 15 80 1 20 20 ' 18 00 h

NAA 50 27 20c« 11 4 0 n 1<) i()h

NAA 100 20 40 ' 15 6 0 m 18 0 0 h

NAA 200 16 20 1 15 20 m '5  70 '

NAA 500 31 4 0 d 24 0 0 ‘ 27 70^°

NAA 1000 16 20 1 35 20b 25 7 0 1

NAA 2000 25 2 0 ? h 17 2 0 lm 21 20k

IAA 50 29 00° 29 20c {Qtd

IAA 100 25 20<^h 25 2 0 fT' 2 i  20*

IAA 200 36 4 0 b 22 80! 29 60 bc

IAA 500 19 20' 26 0 0 ^ 22 60 k

IAA 1000 19 0 0 ’ 23 801 21 40^

IAA 2000 24 80«h 37 20b 31 0()b

Control
(Prolonged dip)

33 60 c 45 20a 59 10 1

Control 
(Quick dip)

29 4 0 ^ 24 00‘ 26 7()d

Mean 23 16d 23 43d

♦Treatm ent means m a colum n with same letter do not d ille r  significantly
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4 2 2 Numbei of loots

Mam cl feet ol giow th icgulato is ai'd type ol cuttings m l mt i i t > 

effects of these laetors were significant

T lu  data presented in Tabic 9 and depicted in Tig 2 show ed that .NAA at 

200 mg 1 1 (34 5) was found to be superior to m ost of the otfmr treatm ents except 

with NAA at 50 mg 1 1 (29 7) and IBA at 50 (29 2) 100 (28 9) and 200 mg 1 1 

(33 4)

The type of cuttings significantly influenced the n u m b c  ol ’oo's 

produced and on an aveiage double noded cuttings iccoidcd the mam m um  nembm 

ot roots (Fig 3)

From  the interaction effect it is eu d cn ced  that double noded eu'tm gs 

treated with IBA at 200 mg 1 * was the best com paied  to othci ticu 'm culs except 

with IBA at 50 mg 1 * and NAA at 50 100 200 and 1000 n g  1 * Sm gL  11 ded 

cuttings treated w ith IBA at 100 mg 1 '  and NAA at 200 mg 1 ' 'c io  su p c  Oi n  

perform ance

4 2 3 Length of the longest root

M am e tteets and interaction e ilects w eie statistically signilieant

As evidenced from the data lurm shcd in Table 10 NAA at 50 mid 200 

mg 1 * and IAA at 200 mg 1 * w e e  superior treatm ents On an a ' ^ragc di 

noded cuttings recorded significantly higher value foi length of the UmgcA mot 

com pared to single noded cuttings



Grow th regulators Type ol euttings

Table 9 Effect of growth regulators and type of cuttings on number if toots ol g u
cuttings

Single node Double node Me ill

IBA 50 24 20 d t 34 20 bc 2(' 20db

IBA 100 31 80ad 26 00 c t ^ h 28 9 0 llK

IBA 200 28 20 dc 38 60 b 33 40db

IBA 500 10 20 ,n 13 60 lkln 11 90 f8

IBA 1000 12 0O)n 18 4 0 8 hlkl 15 20U

IBA 2000 11 4 0 'n 16 0 0 hlkln 13 7 0 ^

NAA 50 26 00 dc 33 4 0 bc 29 70dbc

NAA 100 24 0 0 dc 30 40 b tc 27 20 btd

NAA 200 39 60 d 29 4 0 bcc 34 50d

NAA 500 13 6 0 |n 17 4 0 8 hlkl 15 50d

NAA 1000 13 60Jn 29 4 0 bcc 21 50d t

NAA 2000 20 60 c ' 26 80c tf’ 21 70Ld

IAA 50 10 80>n 9 80kln 10 301-

IAA 100 6 80n 22 20c £bl 14 5 0 ^

IAA 200 12 80,n 20 00c ^hlk '6  40d

IAA 500 12 4 0 'n 9 0 0 ln 10 7 0 ^

IAA 1000 9 00 n 10 80kln 9 ‘H)1*

IAA 2000 9 4 0 n 5 60 n 7 50k

Control
(Prolonged dip)

6 80 n 12 2 0 lkbl 9 5 0 ^

Control 
(Quick dip)

9 40" 10 GO141" 10 OO1̂

Mean 16 63b 20 69d

*Treatment means in a column with same letter do not differ sigmfleant1 y



Tabic 10 Effect of growth regulators and type of cuttings on length ot the longest root
of green cuttings

G row th regulators Type of cuttings

Single node Double node Me in

IBA 50 16 2 6 tb 23 9 8 bdc 20 i2 u '~

IBA 100 21 2 6 cd* 15 06c * '8  ' 6 ^  ^

IBA 200 18 50dfh 20 60dc* 19 35LdU

IBA 500 16 70 f t 23 38bdc 20 04cdc

IBA 1000 19 70cdf 20 7 0 dc« 20 20cdc

IBA 2000 23 60 Ld* 19 54dc£ 21 57cd

NAA 50 29 20L 27 7 0 bd 28 45db

NAA 100 16 02 *h 19 4 8 d t « p  7 5<-le!̂ ,

NAA 200 20 00 cdt 41 50 d 30 75d

NAA 500 16 00 th 18 60 dc^ 17 30<Jclfr

NAA 1000 21 96 cdt 20 58 dc*

NAA 2000 27 50cd 17 70 dcS 22 60 bcd

IAA 50 13 80 th 14 62c b 14 2 ! t *<’

IAA 100 14 88 ih 20 34 dc^ 17 61d t *k

IAA 200 18 50dfh 31 40 b 24 ttydbe

IAA 500 16 4 0 th 17 4 0 dcS 16 90d u *

IAA 1000 22 26cd* 24 62 bdL 23 44*’cd

IAA 2000 17 50 ddl 16 00 c£ 16 75d t *^

Control
(Prolonged dip)

13 7 0 111 10 54^ 12 12h

Control 
(Quick dip)

8 50*' 16 6 0 ^ 12 s 5 ^

Mean 18 61b 21 02 d

^Treatm ent means m a colum n with sam e letter do not differ sigmtie.-nt!\



Fiom  the intciaction effect it can he seen '!. it the don iL  dee! <t ^ 

treated with NAA at 200 mg 1 * produced the Ion ics ' r )0ts (P L tc  4 ! v 'e

nodcd euttings IBA at 100 1000 and 2000 mg 1 * and NAA „t ^0 200 a id

2000 mg 1 * and IAA at 1000 mg 1 '  were equally effective tica t'ue 'it

4 2 4 1 otal length >1 loots

Mam e tlee t ol giow th rcgulatois and t \p c  ol eu 'u 'Y s we >, sii* i i a J 1

signilieant

NAA at 50 (295 5 cm) and 200 mg 1 1 (288 8 cm) and IBA at 200 

mg 1 1 (278 4 cm) w ere significantly superior to othci treatm ents (Falde II  Tig 4

Plate 5) On an average total length o t roots was highei in the ease ot double noded

cutting ' than m the single noded euttings (Fig 5)

The interaction e lfeet of g iow th regulators x type ol cu tting ' wa aho 

significant Double noded euttings treated with NAA at 50 and 200 mg ! 1 <aid IBA 

at 200 mg 1  ̂ w ere significantly superior to other t 'ta tm e n ls  a rd  rccoidcd h>„fM 

value to r total length of ioots W hereas in single noded a U 'tn v  IBA at 100 n v  1 1 

was superioi to most of the treatm ents except with IBA it °00 m^ i * md ,\ \A  at 

50 100 200 and 2000 mg 1 1

4 2 5 A \c rag e  length of tools

M ain effect o t growth regulators and t \p c  of euttings and then U „ c  

tion effect were significant

5 O
l
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Grow th regulators Type of cuttings

Tabic 11 Effect of growth regulators and type of cuttings on to'al length of u x ts  ol
green cuttings

Single node Double node Med l

IBA 50 H i  5 lm nP 284 4 bd 203 ()Ld

IBA 100 253 2t 8 200 0 dlbkl 226 6 tK

IBA 200 232 0 C8> 324 8db 278 4 db

IBA 500 77 94nP 163 l hkno 120 -)J - h

IBA 1000 116 6 mnP 197 5dfhk 1 ~)7 l d d

IBA 2000 127 9 mnP 131 6 kn°P 129 s c l<-'b

NAA 50 251 4 C« 339 7db 29 s 5 1

NAA 100 181 3S,mn 247 0 bdtb 214 D d

NAA 200 189 6S lm 388 0 d 288 8db

NAA 500 106 5 mnP 150 2 hknoP 128 4 c lb'i

NAA 1000 131 l im nP 294 2 bd 212 6 td

NAA 2000 227 6CS‘ 179 9 ,bkn 20 ) 8()u l

IAA 50 73 56P 85 60 noP 79 58^h

IAA 100 61 60P 207 l dthk 1)4 4c i^

IAA 200 98 88mnP 267 9 bdt 133 4 udt

IAA 500 115 4 mnP 84 75 noP 100 l fkh

IAA 1000 88 5 0 mnP 120 l kn°P 104 ) ‘*h

IAA 2000 85 20nP 56 80P 71 0 '> h

Control
(Prolonged dip)

53 6 6 P 67 76°P 60 7 1 h

Control 
(Quick dip)

51 12P 84 32n°P 67 72S1’

Mean 132 73b 193 74a

*Trcatmcnt means in a column with same letter do not dittcr sigm inantly



Plate 4 Double noded cuttings treated with NAA 200 mg 1 * showing 
longest roots in S  arboricola  ( G reen )

Plate 5 Effeet o f  NAA 50 mg 1 1 on root length in cuttings o f 
S arboricola  ( ‘Green )
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From  Table 12 it is clear that IBA at 500 1000 and 2000 m„ 1 1 m l 

NAA at 50 200 1000 and 2000 mg 1 1 and IAA at 100 200 500 1000 and

2000 mg 1 * were equally e lteelive  and su pcnor treatm ents A scragc length ol loots

was m ore in the ease o t double noded cuttings than in single noded „uttm,,s

From  the interaction effect it can be seen that doable noded eu 'tm ^s

treated with IBA at 500 mg I ! and NAA at 200 mg I 1 n 1 ' \  \  i' 2 " )  i 1 1

1000 mg 1 * were the superioi ticatm ents In single noded e it tn  hs 'BA n 1 ()( ) md

2000 mg 1 1 and NAA at 50 1000 and 2000 mg 1 1 md IAA at '0 0  500 1000 u 1

2000  mg 1 * were of sim ilar in perform ance

4 2 6  Fresh weight ol roots

Main effects and interaction of the growth regulato is and type ol cuttings 

were sigm lieant

A critical seaning of Table 13 showed that IBA at 200 mg 1 * (4 19 „)

and NAA at 50 mg 1 1 (5 41 g) 100 (4 50 g) and 200 mg 1 1 (4 61 g) w eie equally

effective and superior to the rest of the treatm ents

Com pared to single noded cuttings, double noded cuttings piodueed 

higher fresh weight of roots

From  the interaction effect it was observed that double noded c i't '.n„s 

treated with NAA at 50 and 200 mg 1 * were significantly superioi to m is t t 1 the 

treatm ents except with IBA at 200 and 1000 mg 1 1 and NAA at 1000 m „ ! 1 'n  

single noded cuttings IBA at 100 200, 500 and 2000 mg 1 1 and s-AA g •>() 100 

and 20 0 0  mg 1 * w ere the superior treatm ents
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Tabic 12 Etlcct ol growth regulators and t\pc of cuttings on a\erag~ length oi roots o'
green cuttings

Grow th regulators

IBA 50 

IBA 100 

IBA 200 

IBA 500 

IBA 1000 

IBA 2000 

NAA 50 

NAA 100 

NAA 200 

NAA 500 

NAA 1000 

NAA 2000 

IAA 50 

IAA 100 

IAA 200 

IAA 500 

IAA 1000 

IAA 2000 

Control
(Iholongcd dip)

Control 
(Quick dip)

Mean

Type of cuttings

Single node 

5 26 m

7 76

8 26

hkm

ehkm

7 76 hkm

9 6 8 cdch

11 62cdc

9 80cdch

7 5 8 hkm

5 0 4 111 

<hkm7 54 I! 

9 16cdehk

11 94'cd

7 18 hkm

8 84 dchk

8 20 hkm

cdeh9 62 

9 96

9 p c d e h k

cdeh

7 20 hkm

5 92

8 37r

km

Double node 

8 10f 8,k

7 4 2 ^ lk

8 5 0 !8lk 

12 38a b t 

10 76 bc1^

8 3 8 ^ lk 

10 54 Lf«

8 0 6 ^ lk

ib

9 |2 c *Sll; 

10 08 c l« !

6  9 6 lk

8 9 8 ^ lk

9 26d ^  

14 0 2 a

9 78c tK‘

11 16’ 

10 2 6

a b e t

c fg i

5 8 4 k 

7 6 ()b,k 

9 55a

Mean

C 6 8 1

7 59L

8 38 

10 07

IOc<

a h a 1

abed10 22 

10 0Oa'Kd

10 17 be

d el7 82

o -p a b e d e

8 3 I1

9 62“h td ~ 

o

8 08t d a  

9 05 lbcd<~

11 l l a

9 70 

10 56

abede

ab

9  5 9 ubcJ~ 

6 52*

6 76

■Treatment means in a column with same letter do not dittci Mendicant!',



Table 13 Effect of g ra n th  regulators and t>pc o t cubing--on K s h  n c g h t  o* > ( '  
green cuttings

Growth regulators TyPc of cuttings

Single node Double node Me m

IBA 50 2  4 5 0 hi)mn 3 504dllk 2 077 1̂̂ 1̂

IBA 100 4 !3 0 c*h 4 346bdt 4 238bL

IBA 200 3 724Cghi| 5 0 5 6 dbd 4 390dbc

IBA 500 3 838c *hl 3 0 4 4 MO 3 8 9 1bcd

IBA 1000 2 460hl|m n 5 482ab 5 <j7ib^d

IBA 2000 3 786c^ h" o 9-141 ik 1 3 355U cl

NAA 50 4 314c8 6  50Sd 5 4! I 1

NAA 100 4 656e 4 242btb 4  4 9 0  ihc

NAA 200 2 6488h» m 6 572d 4 6 10jh

NAA 500 2  5 , 6 hnm 4  244b(b 3 380

NAA 1000 2  128,inn0  ̂ ->19 lb 1 6 7 sb '-l-lL

NAA 2000 4 794c 2 4 6 5 lklm 1 C 3()b tk

IAA 50 j 44-1111110 1 844kln’ ! 64 3h l

IAA 100 2 002 mno 3 2 1 4 |,k 2 (QeeQl

IAA 200 2 6668h" m 3 128llkl 2 89nd<dh

IAA 500 2 3701|mn 1 836klm 2 103bh

IAA 1000 2 4 6 6 hl' mn 2 5 4 8 ,klm 2 507*kb

IAA 2000 2 4 2 8 hllmn 1 4 9 4 1,11 1 9 6 lb hl

Control
(Prolonged dip)

0 804no 1 191m 0 998'1

Control 
(Quick dip)

0 542° 1 076m 0 809'

Mean 2 808b 3 542d

*Trcatm cnt means in a colum n with same letter do not d illc r sig m lican 'h
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4 2 7 Dry vvcight of roots

Vlain c llccts o t grow th regulate is  ant' type ol cuttings and 'lu n  n A 

tion c ttc c ts  w ere sign iliean t

Dry w eight ot roots was h igher in the ease of treatm ents lit IBA '0 0

200 500 and 1000 m g 1 1 and NAA at 50 100 200 1000 and 2000 r  „  1 ' ! ah ' 

14)

On an average double noded euttings w eie  sigm fic u tly saj ei oi 

single noded euttings in term s of dry w eight o t roots produced

From  the in teraction  effect it was c lear that double nodcJ end ings t ie a 'a l  

w ith NAA at 50 and 200 mg 1 * w ere superior to o ther treatm ents except IBA at 

100 200 500 and 1000 mg 1  ̂ and N A A  at 1000 m g 1 '  W hereas m single

noded cuttings NA A  at 2000 mg 1  ̂ was found to be upenoi to othei tiea t lien 's

except with IBA at 100 and 500 mg 1 * and NAA at 100 mh 1 *

4 2 8 Percentage success in cuttings

Percentage success in rooting  of cuttings (Table 15 P late 6) depended op 

the grow th  icg u la to r em ployed In double noded variegated cuttings IBA NAA 

and IAA treatm ents recorded a percentage success of 91 6 85 4 and 68 7 eS[ ee 

tively and in double noded g ieen  cuttings these tieutm cnts leco idcd  cspeelise 

percentage success of 91 6 95 8 and 68 7 Foi single noaed vanegated  euttings 

the values w eie  81 2 77 1 and 62 5 loi IBA NA A  and IAA ic->pa.li\cly u id 'o i 

green  cuttings the respective values w ere 87 0 89 5 and 64 5 W ith ui l ^a 'ed
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Growth regulators Type ot cuttings

Tabic 14 Ettcct ot growth regulators and type ol cuttings on diy weight ot ioo's ol
green cuttings

Single node Double node Mean

IBA 50 0  246Sklm 0 362dct8'J1 0 304cdlJ

IBA 100 0  510MS 0 530al' d a 0 520"b

IBA 200 0 3 4 ] tgklm 0  671dt 0 M)6 lh

IBA 500 0 521bt 0  51 i dcdc K̂ 0 5 17db

IBA 1000 0 0 554awk- 0  446a,Kd

IBA 2000 0 350fSki 0 298ct8,|Im 0  324(”dcf

NAA 50 0 388f8k 0 738a 0 563d

NAA 100 0 486bfS 0  434ct!cl8‘ 0 460abcd

NAA 200 0 254^k*m 0 758a 0  H)0 ib

NAA 500 0 278t? klm 0 404dcf8M 0 341bedti

NAA 1000 0  202k*m 0  605abcd 0 403abu!t

NAA 2000 0  706b 0 25281|lm 0 479dbc

IAA 50 0 164klm 0  2 10 l->lm 0 187f8h

IAA 100 0 2498klm 0 372dckS!lI 0 310'-'dcf

IAA 200 0 274*Sklm 0  344(Jt-llt1ll 0 !09u l J

IAA 500 0 2466klm 0 219 'llm 0 233cl8h

IAA 1000 0  3 0 3 ^ " * 0 274t8lJlm 0  288dL‘8

IAA 2000 0  268tSklm 0 152Jlm 0  210 f8h

Control
(Prolonged dip)

0 108lm 0 129lm 0 11981’

Control 
(Quick dip)

0 074m 0 136l,m

t n 
OO

Mean 0 315b 0 398d

♦Treatment means in a column with same letter do not ditter sigmticantly
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Tabic 15 Effect of growth regulators and type of cuttings on the peicentagc success
in cuttings

G row th regulators M ethod Type of cuttings Percentage success

V ariegated Green

1 2 3 4 c:

IBA 50 PD DN 100 0 100 0
SN 75 0 100 0

IBA 100 PD DN 100 0 100 0
SN 87 5 100 0

IBA 200 PD DN 100 0 100 0
SN 100 0 100 0

IBA 500 QD DN 75 0 75 0
SN 87 5 75 0

IBA 1000 Q D DN 87 5 87 5
SN 62 s TS 0

IBA 2000 QD DN 87 8 87 5
SN 7 s 0 75 0

NAA 50 PD DN 87 5 100 0
SN 75 0 100 0

NAA 100 PD DN 100 0 100 0
SN 62 5 100 0

NAA 200 PD DN 100 0 100 0
SN 100 0 100 0

NAA 500 QD DN 75 0 87 5
SN 75 0 75 0

NAA 1000 QD DN 75 0 100 0
SN 75 0 75 0

NAA 2000 QD DN 75 0 87 5
SN 75 0 87 5

IAA 50 PD DN 75 0 62 5
SN 62 5 62 5

IAA 100 PD DN 62 5 75 0
SN 62 5 62 5

Contd

C
M
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Tabic 15 Continued

1 2 3 4 5

IAA 200 PD DN 62 5 87 5
SN 62 5 75 0

IAA 500 QD DN 62 5 62 5
SN 62 5 62 5

IAA 1000 QD DN 62 3 62 5
SN 62 5 62 3

IAA 2000 QD DN 87 5 62 5
SN 62 5 62 5

Control PD DN 62 5 62 5
SN 62 5 62 5

Control QD DN 62 5 62 5
SN 62 5 62 5

PD Prolonged dip QD Quick dip DN Double node SN Single node



Plate 6 Well established cuttings growing m polybags
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cuttings (control) the pciccn lagc success obtained in hoth double node I and i n j c  

nodcd variegated and green cuttings was only 62 5

4  3 L a y e r in g  ( ‘V a r ie g a te d ’)

E ffect of grow th regulators m edia and type o t eut on num be 1 du >s 

taken to r rooting  num ber ol roots !onbth o t the longest ic o t  U tal length ol 100L 

average length o t too ts tresh  and dry w eight of loots ol layeis tie  piesented  be'ow

4 3 1 N um ber of days taken toi looting

M am  d te c t  of grow th regulators and m edia w is s ig n ify  l i t  who c„> is 

that of type of cut was not significant Interaction e ttee t (1 „ row th  ie„u 'u t is v 

m edia was s.g n ih ean t w hcieas in tciaction  e flee t ol g ow th legu la to is  \  type o ' eu 

and m edia x type o t eut was not signilieant

U ntreated (no grow th  regulator) laye is recorded m inim um  num ber ol 

days (34 6) fo r rooting  (Table 16) A m ong the g iow th  regulator treatm ents NAA at 

50 mg 1 1 show ed curliness (44 43 days) m rooting

C om paring the effect ol d ifferen t m edia on an u \e ia „ c  e ily itinH 

was noticed with sphagnum  m oss and sawdust (1 ig 6)

From  the interaction effect early  rooting  was noticed in u n d a te d  layeis 

with sphagnum  m oss and saw dust as m edia w hereas with coconut fibre early i c un„  

was noticed with NAA at 50 mg 1 * m d  IBA at 100 m g 1 * and untreated luyci

Type o t eut used toi layeim g did not have any sig n ilicm t m tlueiK >' 

the num ber of days taken toi io o u n b



6 5

Table 16 Effect o f  grow th icgulators media and type o t cut on numbci o t days t<.kcn 
to r rooting o t variegated’ layers

G row th regulators

Sphagnum  moss

Media

Sawdust C oconut fibre Mean

IBA 50 52 90chl 41 70k 55 60d 50 07b

IBA 100 49 20 hlk 64 00 cd 45 30 k 52

IBA 200 58 10c 62 20cd 63 70bd 61

NAA 50 44 60 lk 47 30Jk 41 40 k 44 4 <iL

NAA 100 52 10chl 45 3 0 'k 63 10bd 53 50b

NAA 200 59 20c 50 701 73 60d 61 17d

IAA 50 53 4 0 ch 64 40 c 72 90 d 63 47d

IAA 100 47 30hlk 47 9 0 'k 68 10ab 54 - i lb

IAA 200 52 90chl 41 40 k 57 20 d 50 50b

Control 28 30 1 32 101 43 4 0 k 14 60d

Mean 49 80b 49 70b 58 43d

Type of cut M ean

Girdling 

Slanting slit

51 95a 

53 33d

“'T reatm ent means in a colum n with same letter do not differ significantly



(HI V a riega ted  S i  G reen

M ed ia

Fig 6 Number of days taken for rooting in layers as influenced by different media
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4 3 2 Numbei of roots

M ain effect of growth regulatoi media and type of cu> was sign d u ap l 

whereas interaction effect of grow th regulators x media growth icgu lato is x L p c  o' 

eut and media x type ot eut was not significant

The data presented in Table 17 and depicted in 1 ig 7 shovfctti at n huIk i 

of roots produced was higher (Plate 7) in layers which w eie tieated with N A \  t *30 

mg 1 1 (22 83)

Or the different media u sa l sawdust and spha^nu 11 moss pioduvcd 

significantly higher num ber of roots (Pig 8 Plate 8)

The method of wounding used for layenng  had signilieant influence on 

num ber of roots produced On the average g irdling p iodueed hi^hei numbci ol 

roots com pared to slanting slit m ethod (F ig  9, Plate 9)

4 3 3 Length o f  the longest root

Mam elfeet o t growth legulators and m edia w al sing.illeant whc e is  m ini 

effect of type o t eut was not significant Intciaction e lfeet ol „row th icg u lito is  x 

media was significant

IBA at 50 mg 1  ̂ and NAA at 50 and 100 mg 1 * and IAA at 100 m,, 1 * 

were equally effective and produced longest roots (Table 18)

On an aveiage the ioots piodueed w eie lon„ci when sph i„iium moss 

was used as the medium
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Table 17 Effect o t grow th regulators, m edia and type of eut on num ber ol roots ol 
variegated layers

Grow th rcgulato is M edia

Sphagnum  moss Sawdust C oeonut fibre Mean

G row th regulator

IBA 50 16 10ct 13 80cch 8 9 h ' 12 93 bc

IBA 100 13 50cfgh 16 80cc 10 30 th ' 13 53bc

IBA 200 15 30c tS 11 70 ehJ 6 9 1 11 30td

NAA 50 23 80b 26 60 d 18 10d 22 83 1

NAA 100 10 o o fgh 10 50 ch| 10 8 0 n 'l 10 43td

NAA 200 8 808h 9 0 0 h| 5 80' 7 87d

IAA 50 10 2 0 f8h 5 60 ' 7 70h ' -J oc ~C
-

IAA 100 7 40 h 11 4 chJ 6 80' 8 53d

IAA 200 19 90bc 18 90c 8 00 h > 1 5 60b

Control 13 00c ,8h 15 80LC 11 4 0 lb| 13 67 |K

Mean 13 88d 14 01d 9 47b

Type o t eut Mean

Girdling 

Slanting slit 

* Treatment means

13 33d 

11 58b

in a colum n with same lettei do not dillci significantly
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Tabic 18 Effect of grow th regulators m edia and type of cut on length o t the longest 
root ot variegated layers

Grow th regulators Media

Sphagnum  moss Sawdust Coconut libie Me n

IBA 50 14 2 4 d 11 78 c 5 38Sh >0 47 d

IBA 100 8 64* 8 88dct 7 748 8 42b t

IBA 200 8 92* 8 55ct 7 638 8 S'7110

NAA 50 13 47 ab 11 27cd 6 43 8b 10 39d

NAA 100 8 86* 8 75dct 10 78° 9 4o lb

NAA 200 8 81 1 8 58cl 6 7 l 8 b 8 0 f bc

IAA 50 12 80ab 4 86h 7 738 8 46 b-

IAA 100 11 50 b 8 47c * 7 37 8h 9 l l ab

IAA 200 6 80* 10 48cde 7 688 8 32bc

Control 7 35* 7 63* 7 628 7 5 4 c

Mean 10 14d 8 93b 7 5 1L

Type ol cut M ein

G irdling 9 l l d

Slanting slit 8 61“

^Treatm ent means in a colum n with same letter do not d itlc i signiiicantly
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Plate 7 L licet ol dillcrcnt concentrations o f NAA on root production of
an layers o f S arboricola ( Variegated’)

Plate 8 Elfeet ol d illcrcnt media on rooting o f air layers o f  S  arboricola 
( Variegated )
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Fig 9 Number of roots in 'variegated' layers as influenced by type of wounding method



P la te  7

P la te  8

Llleet ol different concentrations o f  NAA on root production ol
an layers o f S arboricola ( Variegated’)

Eflect ol different m edia on rooting o f  air layers o f  S  arboricola  
( Variegated )





Plate 9 r t tc c t  ot wounding method on rooting 01 n r  layers of 
S arboricola  ( Variegated )
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From  the interaction c ttc c t it was clcai that longest l oo t s  w ere pit d u c a l  

with 50  mg 1  ̂ concentra tion  ot IBA NA A  and IAA w ith sphagnum  i loss as 

m edium  W hen saw dust was used as the m edium  IBA and NA A  at 50 mg 1 1 and 

IAA at 200 mg 1  ̂ w ere tound to be  bcncticial W hereas w ith coconut tib ic  NAA at 

100 mg 1 * was found to  be the superior treatm ent

Type o t eut used toi layering did not h a \e  any sign iliean t m tluei cu on 

length of the Iongcsf roo t produced

4 3 4 Total length o l roots

M am  effect of grow th regulators and m edia was sigm fie int w ncic  is m up 

e lfeet ot type o t eut was not sign iliean t Interaction effect of g iow th  ic^u la to is \  

m edia was significant

NA A  at 50 mg 1  ̂ g a \e  h igher \a lu e  (146 2 em ) loi t ital length ol i Hits 

(Table 19 F ig  10)

On an average total length of roots ieeo rdcd  b \ sphagnum  m oss and 

saw dust treatm ent did not d iffer significantly  but these m edia w ere supe iu i' to 

coconut fibre (F ig  11)

NAA at 50 mg 1 * both w ith sphagnum  m oss and saw dust as m edia g a \e  

h igher value for total length o t roots w hereas w ith coconut lib ic  no signilieant 

d ifierence w as seen am ong the treatm ents

The w ounding m ethod used to r  layc im g did not h a \e  any s ig i i l ie in ' 

influence in total length ol loots
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Tabic 19 E ltect ot grow th regulators 
variegated layeis

media and type ot eut on total length ot i ools ot

Grow th regulators M edia

Sphagnum  moss Sawdust C oeonut fibre Mean

IBA 50 99 01c 85 64bdc 37 57fS 74 07b

IBA 100 78 46 cc 93 57bd 50 94 d l« 71 12b

IBA 200 86  82cc 64 I 8 bdch 37 3 3 Ik 62 7 3bt

NAA 50 183 8 a 180 8 a 74 17dt 146 2 a

NAA 100 54 8 6 ceh 59 45deh 60 2 2 d tS 58 18bc

NAA 200 47 62 eh 49 87dch 25 37« 40 95c

IAA 50 67 47 cc 20  0 7 h 41 14*S 42 8C>C

IAA 100 46 85ch 58 61d th 33 21 46 22l

IAA 200 84 47 l' c 108 3b 35 0 5 ‘b 75 93b

Control 65 16cch 77 84b d t 51 97 d l« 64 99 I,L

Mean 81 45a 79 83a 44 70b

Type o t eut Mean

Girdling 74 07 1

Slanting slit 63 25a

*Trcatm cnt means in a colum n with same letter do not d itle r  signdieantly
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Main c tlec t o f grow th regulators and media was stahsticaU', significant 

w hereas main effect o t type of cut was not significant IBA and NAA at 30 100 ard  

200 mg 1 ' and IAA at 100 mg I '  appear to be sim ilar in peilo im anee  (I lbL  20)

On an average sphagnum  moss and sawdust tic itm cn t d d  not dill i 

sigm ficanti) but w eie  supcnor to coconut fibic

Interaction effect of grow th regulators x m edia was signilieant 1 iom  the 

interaction effect it was tound that with sphagnum  moss as media IBA and NAA a1 

50 100 and 200 mg 1 * and IAA at 50 and 100 mg I ' and with sawdust IB \  ai d 

NAA at 50 100 and 200 mg I ' and IAA at 200 mh 1 ' ippeu  to be s ip .n

treatm ents W hcicas with coconut lib ie  IBA at 200 mg 1 * and N a/> J  |/\ s n i()d 

mg 1 ' appear to be bcnciicial treatm ents

The method ol wounding used for layering did ru 1 influence th . „ \c  a„v. 

lcngtli of roots

4 3 6  Fiesh weight ol toots

M ain elfeet ot grow th lcgu lato is and m edia was signilieant w hcic„s ma n 

effect of type o t eut was not significant Interaction c tlec t ol giow th 'cgu la to is and 

m edia was statistically significant

NAA at 50 mg I  ̂ (3 04 g) was found to be the supenoi ticatm cH  u th  

regard to fresh weight of loots (Table 21)

4 3 5 Average length ol roots
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Table 20 Effect o t grow th regulators, media and type of cut on a \ cragc length o t i oots
of variegated layers

G row th regulators M edia

Sphagnum  moss Sawdust C oconut libie Me in

IBA 50 6  24ac 6 29dc 3 76° 5 43 b

IBA 100 5 57acd 5 25ac 4 79dc 5 20db

IBA 200 5 30acd 5 55dc 5 l l b d t 5 32 lb

NAA 50 6  62a 5 87ac 4 24 dc 5 5Sdb

NAA 100 5 40 acd 5 48 ac 6  28b 5 7 2 '

NAA 200 5 45 acd 6  73d 4 51d t 5 56db

IAA 50 6  51d 3 54 f 4 38dc 4 81b

IAA 100 6  27ac 4 93ct 4  9 ^bde 5 38“b

IAA 200 4 2 8 d 5 49 dc 4 34dc 4 70b

Control 4 67cd 4 85ct 4 5 5 dc 4 69b

Mean 5 630d 5 398d 4 689b

Type of cut Mean

Girdling 5 26a

Slanting slit 5 22d

^Treatm ent means in a colum n w ith same letter do not differ signiheantly
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Table 21 E lleet ol grow th regulators 
o t variegated layeis

media and type ol eut on liesh weight ol m ots

Grow th regulators M edia
*

Sphagnum  moss Sawdust C oconut tibre Mean

IBA 50 1 554dc 3 356d 1 539d- 2 l s 0 b

IBA 100 2 030bdc 3 128dc 1 573d8 2 2 G b

IBA 200 2 172bd 1 419dc8 1 087d8 1 y s ) 8 e

NAA 50 4  395d 3 763d 0 964d8 ^ 040d

NAA 100 0  921de 0 534eS 0 647d8 0  7 0 id

NAA 200 0 723 do 0 4108 0 2258 0  4 '’2C

IAA 50 0 889dc 0 4118 0 764d8 0  6 S8dL

IAA 100 0 550° 0 529c 8 0 4428 0 507d t

IAA 200 1 665dc 1 874td c 0 4148 1 3 1 8^d

Control 1 022dc 1 574dcb 1 051d 8 1 2 !6cdc

Mean

Type o t cut

G irdling 

Slanting slit

592d 700* 0  8 7 l b 

Mean

1 549J 

1 22 6a

*Trcatm cnt means in a colum n with sam e letter do not d 't le r  sigrnt.can 'ly
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On an a sc rag c  saw dust and spnagnum  moss w eie  eq ia l'y  d L  to e  

treatm ents w ith respect to  trcsh  w eigh t o t roots

The in teraction  effect show ed that NAA at 50 mg 1 * ' ith sp' agnam  

moss as m edium  gave h igher \a lu e  for fresh w eight ol ioo ts and with s is dust I B \  

at 50 and 100 mg 1 * and NA A  at 50 mg 1 '  w eie  supenoi tiea tm ents W le ic is  s i t1 

coconut fibre no significant d ifference was seen am ong the tica tm ent eon’bm atio is

No significant influence of the m ethod of w ounding used toi faycung  on 

the fresh w eight o t roo ts w as noticed

4 3 7 D r\ w eight o t roots

M ain c llcc t of g iow th  icgu la to is and m edia w is significant b i t  m u  

effect o t type o t eut was not significant In teiaction  effect ol g io > th  ic„  I u s  \  

m edia was significant

NAA at 50 mg 1  ̂ (0 45 g) was the supeno i tica tm en t in tcim s o ' J  

w eight o t roots (Table 2 2 )

On an average saw dust and sphagnum  m oss w eie  equally c lk c t iw

media

From  the in teraction  effect it w as noticed that dry w eight of roots was 

h igher w ith NAA at 50  m g 1  ̂ w ith sphagnum  m oss as m edium  w hcicas with 

sawdust IBA at 50 and 100 mg 1  ̂ and NAA at 50 mg 1 '  appe lr to he cqu illy 

effective tieatm ents In the ease ot coconut fibre thcic  was no significant d ille i^ncc 

am ong the d iffe ien t tica tm en t com b.nations
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G row th regulators M edia

Tabic 22 Effect of growth regulators media and type o l eut on dry weight ol ioot> i l
variegated layers

Sphagnum  moss Sawdust C oconut fibre Mean

IBA 50 0 183c 0 471ab 0 163c 0 272b

IBA 100 0 269c 0 466db 0  182c 0 306b

IBA 200 0 255c 0 153c 0  1 12c 0  17 fbc

NAA 50 0 604J 0  659d 0 099L 0 ^ 54 1

NAA 100 0  104c 0  054c 0 091c 0  0 8 IL

NAA 200 0  065c 0  061c 0  0 -G c 0  0 i 6 c

IAA 50 0  062c 0  018c 0  154 c 0 0781-

IAA 100 0  019c 0 048c 0  01 l c 0  026c

IAA 200 0  218c 0 225bc 0 035c 0 15 °bc

Control 0  115C 0 298bc 0 094L 0 169b t

Mean 0 189a 0 245d

OOCNO

Type of cut Mean

Girdling 0 204d

Slanting slit 0 15 l d

-T reatm ent means in a colum n with same lettei do not d ille i sigm heaiuly
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The wounding m ethods used to r Iaycnng did not hu \c  „ny in F a c  „ m 

dry w eight o t roots

4 4  Layering ( ‘G reen’)

E lleet ot growth legulators media and type o! cut  on nuinbci  ol d i y s  

taken to r rooting num ber o t roots length o t the longest ioot total length ol loots 

ascragc length o t roots, tresh and dry weight o t roots in g ieen  type o t s c h J t i e r a  

are presented below

4 4 1 N um ber of days taken to r rooting

Elfeet o t giow th regulatois media and thi type ol cut  (m tu e l e c t s '  u is 

sigm fieart Interaction e lfeet of growth legulators x media  WuS ilso sigm bc nt 

whereas mtei action effect ot grow th regulators x ty pc ol eut  and media  x ty pe ( I ce* 

was not significant

The data presented in tab le  23 show&hat untieated layeis u x k  mm i mi 

period (23 8 days) tor roo 'ing

On an ase iag e  sphagnum  moss and sawdust w eie e g e i l l y  e l l e e t i  e  i 

c tfceting earhness in rooting ot layers (Fig 6 )

From  the interaction effect it was noticed that untieated layers with 

coconut fibre sphagnum  moss and sawdust as m edia showed earliness in looting

The type o t eut used for layering significantly influenced the d i y s  liken 

for rooting and on an average rooting was earliei in the e ise o t girdling method 

com pared to slanting slit ettt m ethod (Fig 12)
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Table 23 Eftcct o t growth regulators, media and type o t cut on num ber o t days taken 
to r rooting o f ‘green’ layers

Growth regulators Media

Sphagnum moss Sawdust Coeonut tibre M~an

IBA 50 52 10 th ' 50 10hl 56 60c 52 9 5td

IBA 100 52 50 thl 48 60hl 56 30c 52 47cd

IBA 200 65 20dd 53 40 hl 68 2 0bc 62 27db

NAA 50 45 60hl 56 00h 60 80b tc 54 13c

NAA 100 44 101 69 10a 59 70b tc 57 63bt

NAA 200
Oo

42 60! 51 50c 48 07d

IAA 50 56 70dlb 47 00 hl 69 00 b 57 87bc

IAA 100 48 80 th1 53 70hl 58 10u - 53 53u l

IAA 200 74 10d 52 70hl 68  50 bc 65 10 l

Control 26 0 0 ) 24 40) 26 90' 25 77c

Mean 51 52b 49 76b 57 56d

Type ot eut Mean

Girdling 51 7 ld

Slanting slit 54 18b

T rea tm e n t means m a column with same letter do not d ittc r sigm fitantly
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Fig 12 Number of days taken for rooting in 'green layers as influenced by type of wounding method
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M ain effect ot g 'o w th  rcgulatois and media was signilleant w hcicas in n  

e ttect o t type o t cut was not s 'gniticant Interaction c ttcct o t growth rcgu 'at i \  

media was significant

Fiom  the data picsented m Table 24 and depicted m Fig 7 NAA and 

IBA at 100 and 200 mg 1 ' and IAa\  at 100 mg 1 ' and untreated I y c is  < ppc i to b 

sim ilar in perform ance

Of the d ifferent media used on an average sphagnum  moss and saw oust 

differed in their effect while perform ance o t a ico n u t fibre did not d iifc is ho rn  these 

two media like sawdust and coconut fibre Sawdust Was found to be the bcs' medium 

with respect to num ber of roots (Table 2^  Fig 8 Plate ’0)

From  the com binations ol d iffeient growlh icgulutois will media NAA 

ai 100 and 200 mg 1 * and unticatcd layer with sphagnum moss as medium and IBA 

and IAA at 50 and 100 mg 1 * and NAA at 50 100 and 200 mg 1 ' and untie tied 

layer with coconut fibre as m edium  appeared to be sunilai in pci torm anee W hereas 

with sawdust as m edium IBA and NAA at 200 mg 1 * pioduced significantly higher 

num ber of roots com pared with undented layeis

The num ber ol roots produced was not influenced by the type ol wound 

mg m ethod used toi layering

4 4 3 Length or the longest root

4 4 2 Numbei ot roots

Length of the longest root was significantly influenced by the growth
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Table 24 E tfeet ot growth regulators, media and type ol eut on numbei 
green layei s

ol loots ol

G row th regulators M edia

Sphagnum  moss Sawdust C oconut fibre Mean

IBA 50 11 60 fl1 14 80cdh 14 10cch 13 50bcd

IBA 100 13 60d h 17 10cd 21 60c 17 4 4 ^

IBA 200 12 80d b 28 30d 11 10th 17 40db

NAA 50 7 10h 11 90 dh 14 90cch 11 10Ld

NAA 100 26 70 b 15 50cdh 14 2 0 cch 18 80a

NAA 200 18 80b t d 21 2 0 acd 20  10cc 20 03d

IAA 50 13 10cfh 13 40 cdh 14 30cd l 13 60bLd

IAA 100 9 6 0 th 17 80bcd 21 9 0 c 16 4 3 Jb

IAA 200 7 50 h 14 2 0 cdh 7 20 b 9 6 ! d

Control 17 80b c d 14 80Ldb 12 9 0 Lch 1 -> 1 7 'be

M ean 13 86b 16 902 15 23db

Type o f cut Mean

Girdling 

Slanting slit

16 09d 

14 57d

“Treatment means in a column with same letter do not differ sigmlieantly
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regulators and m edia The interaction effect o t these lacto is w is also sigm ticant 

W hereas mam effect o t type o t cut was not sigm ticant

On the whole N \ A  at 200 mg 1  ̂ and IAA at 50 and 100 n g  1 *

highci value tor length of the longest root (Table 25)

On an average, sawdust and coconut fibre were equally clfcctivc as 

m edia m influencing the length of the longest root

Trom  the interaction effect it was clear *hat with sphagnum  moss as 

m edium IBA at 50 and 100 mg 1 * and NAA at 100 and 200 m^ 1 * md IAA it SO 

mg 1 '  and untreated layer w ere superior treatm ents Using sawdust as medium IBA 

and NAA at 200 mg 1 * and IAA at 100 and 200 mg 1 ' w ere c ltcc tisc  trea lm eits 

W hereas with coconut fibre NAA at 200 mg 1'* and IAA at 50 and 100 mg 1 1 weie

beneficial

The w ounding method used lo r layering did i ot h c sig die m 

influence on length of the longest loot

4 4 4 Total length o t roots

M am effect of grow th regulators and m edia and th c r  m tcract,o r eHi c ' '  

were sigm ticant How ever, the mam effect of type o t cut yvas not significant

Total length ot roots was significantly high (167 1 cm) with NAA it 200 

mg 1 1 (Table 26 Fig 10 Plate 11)

O t the different m edia tried on an ascragc sawdust was lound to be the 

best m edium  (Fig 11)
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Tabic 25 E llect ol giow th legulators 
root ol green layeis

Grow th regulators

Sphagnum  moss

media and type ol eut on length ol 

M edia

IBA 50 

IBA 100 

IBA 200 

NAA 50 

NAA 100 

NAA-200 
IAA-50 

IAA 100 

IAA 200 

Control

Mean

Type o f  cut

9 6 0 tb 

9 4 4 th 

8 870h

8 79h 

10 2 6 f t

12 34th 

14 49 bt

7 49 h

9 0 7 b

13 45 bt

10 38b

Sawdust

10 85dh 

8 6 0 h 

14 27bd 

10 l l dh

10 77dh 

17 82b

11 64dh 

14 63d 

14 66bd

12 65 d

12 603

Coconut libre

11 30cdh

10 9 0 cdh

11 26 td h

10 35dh

11 00 cdh

14 pa <ied

15 78dc 

18 4 8 d 

10 l / db

9 52h

12 38d 

Mean

the longest

M ian

10 58d 

9 65d

| j ^j-ybed

9 75d 

10 6 8 d 

15 05 d 

13 97db

I C ^ubc

11 10cd

I i tp b u J

G irdling 11 92d

Slanting slit 11 65d

♦Treatm ent means in a colum n with same lcttci do not d ille r  s ig n if ic a n t
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Table 26 E ttect o t grow th regulators media and type ot eut on total length ol >oois of 
green layers

Grow th regulators Media

Sphagnum  moss Sawdust C oconut tib ie Mean

IBA 50 61 67e 8 93 85b 86  09cc 80 54cd

IBA 100 83 2 9 cc8 96 33b 101 7bcc 93 77 bcd

IBA 200 73 64ce8 243 8a 70 50 cc 129 3 b

NAA 50 44 39? 89 75b 136 6 bcc 90 26 bcd

NAA 100 142 9 C 93 79b 96 65 bcc 111 l bcd

NAA 200 110  l cc 8 250 4 d 140 7bc 167 1J

IAA 50 101 3 ce 8 114 2b 118 4bcc H I  3 I cd

IAA 100 55 068 133 7b 168 l b 119 0 bc

IAA 200 47 858 119 0 b 57 00° 74 63d

Control 136 7CC 124 l b 80 77Ct 113 9 bcd

Mean 85 7b 135 9a 105 7b

Type o f cut Mean

Girdling 116 30a

Slanting slit 101 86d

*Trcatm cnt means in a colum n w ith sam e letter do not ditlei sigm tieantly



Plate 11 Effect of different concentrations of NAA on root length
of air layers o f S arboricola (‘Green’)

Plate 12 Effect o f wounding method on rooting o f air layers of 
S arboricola (‘Green’)
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The interaction e ttee ts  show ed that wit! sphagnum  moss a^ m edian 1B A 

and NAA at 100 and 200 m g 1 * and IAA at ;>0 mg I * and u n tic a 'a l  la>~i eie 

superior treatm ents W ith saw dust IBA and NAA both a f 200 m h > 1 n u  

beneficial W hereas w ith coconut fibre IBA at 100 mg I '  NA A  „t bO 100 „ id  2n0 

mg 1 * and IAA at 50 and 100 mg 1 '  appear to be superio r in p c  foi m ancc

Data on the influence ol the m ethod of w ounding ua_d loi I ty en  v  di I 

not d iffer significantly  ( Table 26 Plate 12)

4 4 5 A verage length o f roots

M ain effect o t g iow th  regulators and m edia and in teraction  cl L e t of 

these factors w ere significant w hereas m am  elfeet ol t',pc  o t cut was n ' t  sig m fit "

On the w hole NA A  at 200 mg 1 1 and 1A \  A  50 and 200 mg I 1 weie 

c tfc c tn c  treatm ents (T able 27)

O f the d ifferen t m edia tried saw dust was found to be lxs> mcdrnm

From  the interaction effect it was evidenced 'h a t w th  c o b n u t  M u  is 

m edium  NAA at 50 and 200 mg 1 ! ind IAA at 50 100 ind 200 n g  1 * n I \ nh 

saw dust as m edium  NA A  at 200 mg 1 ! appeared U> be c llccti e f t  tmeiits \ \  'h  

sphagnum  m oss as m edium  IBa  at 100 mg 1 ! and IAA at 50 md 200 mh I nd 

untreated layer appeared  to be beneficial treatm ents

T ype of cu t used to r  layering d id  not influence the a se ia g c  length ot 

roots of layers
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Table 27 Effect of grow th regulators 
o t green layers

media and t>pe of eut on average length ol u  ots

Grow th regulators Media

Sphagnum  moss Sawdust C oconut tib ie Mean

IBA 50 5 3 4 1 6 30th 5 93S1 5 86c

IBA 100 6 30ctl 5 45 h 5 4 4 1 5 73c

IBA 200 5 84* 7 87b 6 37c8 6 69d

NAA 70 6 12h 7 54bc 7 57 tc 7 08cd

NAA 100 5 141 5 64 h 6 26°S> 5 68c

NAA 200 5 8 9 1 11 4 3 a 7 4 0 tc « 8 24a

IAA 50 7 63 bU 8 4 5 b 8 24c 8 l l ab

IAA 100 5 92 1 7 24bc 6 76 Lt« 6 64d

IAA 200 6 48 ctl 8 41 b 8 19c 7 69abc

Control 7 76 bc 8 28b 6 23 CS' 1

Mean 6 24c 7 66J 6 841

Type oi cut

Girdling 

Slanting slit

Mean

7 07 a 

6 /6a

*Trcatm cnt means in a colum n w ith sam e letter do not d iife r sigm lieantlv
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4 4 6 Fresh weight of loots

M am effect o t grow th regulators and media and then interaction J O c t  

were significant w hereas main e lfeet o t type of eut was not sigm tic mt

As evidenced from  the data presented in Table 28 NAA at 200 n h 1 '

recorded the maximum (5 97 g) tresh w eight o t roots

C om paring the d ifferent m edia on an asc iagc  <■ aw Just " a s  found to be 

as the best medium

From  the interaction effect it was eleai that fiesh weight ol n o t  

produced was higher in layers w hich were treated with IBA at 100 mg 1 * and NA*4. 

at 200 mg 1  ̂ and IAA at 50 and 100 mg 1  ̂ with coconut fibre as medium and i i 

the case o t sawdust NAA at 200 mg 1 * was found to be superioi treatm ent With 

sphagnum moss as medium  there was not m uch difference among the b ^ a m cm s

Th~ w ounding m ethod used for layeung did not h a \e  s i jm f ie .i t  

influence on lresh weight of roots

4 4 7 Dry weight o t roots

M am effect of giow th regulators and media ..n I m 'a a  tu i el* et 1 

these factors w eie significant How csci main effect of t p„ of ea ' w i ol 

significant NAA at 200 mg 1 * (0 75 g) was found to iv  is supeiioi be i t 

(Iab le  29)

O t the different m edia tiicd on an a sc iag c  sawdust and coc >rut 1 b 'c

w ere found to be better than sphagnum  moss
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Table 28 Effect of growth regulators, media and t\p c  ol eut on fresh weight i 1 u  ots
of green layers

Grow th regulators Media

Sphagnum moss Sawdust Coconut libie M in

IBA 50 1 0 1 0 8 h 2 395h 1 929 *b 1 773hc

IBA 100 1 m & h 2 061h 2 487u h 1 8 9 i b~

IBA 200 1 I73Sh 7 372b 1 383h 3 309b

NAA 50 0 8 0 l8 h 1 444h 1 985f t 1 4 I0 C

NAA 100 3 6238 2 135h 1 601tb 2 453hc

NAA 200 2 2898h 11 22d 4 412cl 5 o?4J

IAA 50 1 9008h 2 014h 4 998c o 9"? i b

IAA 100 0 8388h 3 241cb 5 109c 3 06 3b

IAA 200 0 531h 5 218bc 1 147h 2 299bc

Control 3 2498h 2 493ch 1 144h 2 295bv

Mean 1 654L 3 959a 2 619b

Type of eut Mean

Girdling 2 999d

Slanting alit 2 490J

*Treatment means m a column with same lettci do not differ sigmfieantly
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Tabic 29 C tlect ol g iow th  iemulators m edia and type ol a i t  on d iy  weight ol 10 >! ( I
green la y u s

G row th regulators M edia

Sphagnum  moss Saw dust C oconut 1 'hi e Me m

IBA 50 0 0838 0 331d8 0 22 2 8 0 2 '2 b

IBA 100 0 113*8 0 2798 0 2918 P THjb

IBA 200 0  125*8 0  9 7 7 db 0 161 * 0 12 l b

NAA 50 0  103*8 0  1588 0 4 9 6 l 8 0 2 5 2 h

NAA 100 0  568* 0 2868 0 2248 0 359b

N A A  200 0  292*8 1 289a 0 6 0 6 c 0  729d

IAA 50 0  221*8 0 2388 0  7 5 8 c o 4*. O Cs

IAA 100 0  0818 0 4 7 0 d8 0 834c 0 462b

IAA 200 0 0478 0 753bd 0 2068 0 G 6 b

Control 0  429*8 0 3 19d8 0  1318 0 293 b

M ean 0 206b 0 510** 0 3 °3 “

Type o l eut M ean

G irdling 0 4 0 3 d

Slanting slit 0 3 3 7 '

* Treatm ent m eans in a eolum n with sam e letter do not d ilte i significantly
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Dry weight o t roots was higher with NAA at 50 and 200 m „ 1 1 u I IA \  

at 50 a rd  100 mg 1 * with coeonut tib rc  as medium whci~as w h  sawdust is 

m edium IBA and NAA at 200 mg 1 * w ere found to be beneficial trcatm ~nts W ith 

sphagnum  moss as m edium  there was not m uch d ittcrenec am ong the ’rcahncnls

1'ype ol tu t  used tor layering did not h a s t  sigm ticant m llucncc on J i \  

weight of roots

4 4 8 Percentage success in la’y crs

Pciccntage success in rooting o t lay ex s (Table 30 Pla’c 13) depended in 

the growth regulator media and type of wounding m ethod em ployed In unheated 

layers ( variegated and green ) the percentage success obtained was only 75 

whereas in both variegated and green type the peieentage success o b tau u J  in 

rooting of layers with NAA ticatm ent was 87 5

4 5 In  v itro  p ro p a g a tio n

The results of various experim ents carried out to s 'a rd a id ise  th~ * w"c  

propagation technique in 6 arboricola  are presented m this section

4 5 1 Surface sterihzat on ot explants

The results of the trial 0 n surface steribzation ot cxp 'ants u c  p „s~' ted 

in Table 31 and 32 O t the different surface sterilants tiled p’crcurw  J 'k n  d^ 0 1 

per cent was lound to be e ffe c tn e  for all the cxplants In the e a ^  o 1 nc d J  „ 'p l„  

and shoot tips contam ination was lound to be a senous pioblcn So n in u l 

meatmen’ was g i\e n  with em isan 0 1 per cent tor 10 m inutes and then wiped \ith  

cotton dipped m 70 per cent alcohol An initial dq ping ol nodal cxplants and shoot
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Table 30 E tfeU  ot growth regulators, media and type ot cut on the percentage SUeCCSS
in layers

Growth regulators Media Type ot eut Pciccntagc success

Vai legated G klii

1 2 3 4 3

IBA 50 SM G 75 0 73 0
SS 75 0 75 0

IBA 100 SM G S'7 5 n
SS 62 3 62 5

IBA 200 SM G 75 0 73 0
SS 75 0 73 0

IBA 50 SD G 75 0 73 0
SS 75 0 7 5 0

IBA 100 SD G 87 5 87 5
SS 75 0 75 0

IBA 200 SD G 62 5 100 0
SS 75 0 75 0

IBA 50 CF G 75 0 75 0
SS 62 5 75 0

IBA 100 CF G 75 0 75 0
SS 62 3 62 5

IBA 200 CF G 62 5 75 0
SS 62 5 62 5

NAA 50 SM G 100 0 62 3
SS 75 0 62 5

NAA 100 SM G 75 0 100 0
SS 75 0 73 0

NAA 200 SM G 75 0 87 5
SS 67 5 75 0

NAA 50 SD G 100 0 87 5
SS 75 0 75 0

NAA 100 SD G 87 5 S'" 3
SS 62 5 75 0

Ci  ntd
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Table 30 Continued

1 2

NAA 200 SD

NAA 50 CF

NAA 100 CF

NAA 200 CF

IAA 50 SM

IAA 100 SM

IAA 200 SM

IAA 50 SD

IAA 100 SD

IAA 200 SD

IAA 50 CF

IAA 100 CF

IAA 200 CF

Control SM

Control SD

Control CF

SM - Sphagnum moss SD Sawdust Ci 
G - Girdling, SS Slanting slit

3 4 .1

G 75 0 87 1
SS 75 0 70 0

G 87 5 87 5
SS 75 0 '2  5

G 75 0 70 0
SS 62 5 (2  5

G 62 5 70 0
SS 62 5 62 5

G 62 5 75 G
SS 62 5 7 '  0

G 62 5 7o 0
SS 62 5 62 5

G 87 5 62 5
SS 75 0 62 5

G 62 5 75 0
SS 62 5 75 0

G "75 0 87 5
SS 62 5 62 5

G 87 5 7.0 0
SS 75 0 75 0

G 75 0 75 0
SS 62 5 62 5

G 62 5 75 0
SS 62 5 75 0

G 75 0 62 5
SS 62 5 62 5

G 75 0 62 5
SS 62 5 62 5

G 75 0 70 0
SS 62 5 62 5

G 62 5 62 5
SS 62 5 62 0

Coconut librc
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Tabic 31 Effect o t different surface sterilants and duration of surface sterilization 
on survival rate of nodal explants o f  S  arboricola

Surface sterilants Duration o t su ifacc % suiw val a l ta  2
sterilization weeks

(minutes)

5% Domcstos “1 Nil

10 Nil

10% Dom estos 5 Nil

10 Nil

0 1% M ercuric ehlo iide 5 16 6

10 1 U

*50% Alcohol dipping to r 1 min 12 37 5
I

0 1 % M ercuric chloride

* 15 50 0

* 18 75 0

* An initial treatm ent with cm isan (0 1 %) and then w iping with cotton dipped <n 
alcohol (70% ) w ere given
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Table 32 Standardisation o t surtaee sterilization treaflnent lo r L i t  exp 'ants 
ot S arboricola

Surtaee sterilant Duration ot su itaee  % su isiva l aitei 5
sterilization (min ) weeks

0 1 % M ercuric chloride 5 40 0

10 93 3

15 Nil



Well established air layers growing m polybags





9 3

tips m SO per cent alcohol to r 1 m inufc follow ed by m cicm ic ehloiide trc„tm ont ioi 

a period o t 18 m inutes tor nodal explants and 12 m inutes Ioi shoot t ps ic  ulted in 

the leasi ia te  ot contam ination W heieas in the ease o t leal cxpLnts mercuric ch' > 

ride treatm ent to r a period of 10 m inutes was found to be cffccto e

4 5 1 1  C ontam ination rate and culture establishm ent as influenced by sec to r ot 
collection of explants

The rate ot contam ination and establishm ent ol eultuies \a n c d  with die 

season of eollcchon o t explants (Table TT) Bcttei suivival ol eultuies anti le s1 

contam ination was noticed with explants collected d uung  the peiiod l io n  Januaiy to 

April W hereas May to D ecem ber was found to be conducive season Ioi the 

grow th of micro organism s and the consequent m icrobial load on the „ \p lan ts 

which resulted in poor establishm ent of cultures

4 5 2 Culture media

Two different basal media via MS and W PM w eie tiled lo> .J I u s  

m ediated organogenesis MS was tound to be good ioi tin growth ol eultuies u d 

callus induction (Tabic 34) Thus it was used as the basal medium tor direct o ^ a n o  

genesis

4 5 3 Callus mediated organogenesis

4 5 3 1 Callus induction

Im m atuic (L j)  and young (L 2 ) leaves w eie loimd to be good ti 1 '1 e 

initiation of callus (Table 35)
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Tabic 33 Seasonal \a ria tio n s in the rate of contam ination and culture 
establishm ent in S  arboricola

M onth C ontam inated (% ) U ncontam inatcd Culture
(% ) establishm ent (% )

L eaf Nodal L eaf Nodal Leaf Nodal
explants explants explants explants explants explant-

January 15 0 40 0 85 0 60 0 40 0 JO 0

February 10 0 30 0 90 0 70 0 50 0 35 0

March 7 0 25 0 93 0 75 0 60 0 40 0

April 8 0 28 0 92 0 72 0 55 0 38 0

May 80 0 95 0 20 0 5 0 5 0 1 0

June 90 0 100 0 10 0 Nil Nil Nil

July 90 0 100 0 10 0 Nil Nil Nil

August 80 6 90 5 19 4 9 5 2 0 Nil

Septem ber 80 2 90 0 19 8 10 0 2 0 Nil

October 75 0 85 0 25 0 15 0 4 0 2 0

Nos em ber 65 0 80 0 35 0 20 0 8 0 3 0

Decem ber 60 0 80 0 40 0 20 0 10 0 J 0

Nodal cxplants An initial treatm ent with em isan (0 1 %) follow ed by w iping with 
alcohol (70% ) w ere g isen  A fter that g a \e  a 1 mm dip in alcohol 

(50% ) and then treated w ith HgCl2 (0 1%) for 18 mm

Leaf explants Treated with m ercuric chloride (0 1%) for 10 mm
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Table 34 Effect o f  different basal m edia on callus grow th in S arb( ricola 

Basal media Callus growth Colour o t ^allus

MS I I C icam

W PM  I W hitt

The basal media was supplem ented w ith 2 4 D 1 mg 4 
f t  0 6 cm diam eter 
t 0 25 em diam eter

Table 35 Effect of leaf position on callus form ation in S arbor'cole.

Leaf position N um ber of days % of cultures Callus growth 
taken for callus callused after 3 v e e f s

initiation

L 13 15 75 I I

L 2 15 18 75 I I

L5 N 'l

L Im m ature leaf 
L2 Young leaf 
Lj M ature leaf

t +  0 6 cm diam eter 
No growth
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The positioning o t the leaves on the medium was lound to have in llueiee  

on eallus initiation W hen the leat explants w eie  plaeed with th^ adaxial su iliee  

touching the m edium the culture dried with in 5 7 days and when the orientation 

was abaxial surface touching the m edium , it resulted in eallus form ation (Table 36)

The callus initiation was observed m about 13 15 days of culturing and 

the eallus showed rapid grow th rate upto 7 10 days T hereafter the giow th slo ' cd 

down The eallus was eieam  triable and watery nam re (Plate 11) and the ^uin tum  

of callus produced was com paratively less in this c iop  The culture medium x is 

supplemented with coconut w ater to enhance the production of eallus But theic was 

no further im provem ent in the production of callus (Table 37) O t the d ifle ient 

levels o t grow th regulators tried , 2 ,4  D at 1-2 mg 1 * and NAA at 10 12 mg 1 ' 

w ere found to be good to r callus production (Table 38)

4 5 3 2 Organogenesis

The eallus was transferred to medium  containing d iife ien t level1 of BAP 

and Kinetm E \en  in the cytokinm  rich medium  also there was no shoot initiation 

and only rhizogencsis was noticed (Table 39) Incorporat'on o t adenine su lph ite  inti 

the medium  was also tried along with a high level (15 mg 1 *) o t cytokinm  to n Ju te  

shoot regeneration But ihizogenesis continued in all the tieatinents tn cd  (1 ibic 

40)

The eallus was euhured on to a medium  ineoiporated with silver m tiate 

Silver nitrate was given at different lc v J s  (2 4 6 8 a n j  10 ng, 1 1' and 'h^ c u 'T ic s  

were incubated m this m edium  for different pctiods (2 ) ai 2 4 w c J s )  B t ' only
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Tabic 36 Eflcct ot positioning o t the leaves on callus tormation m S urbont ola

Positioning ot the leases on the Response
medium

Abaxial surface Callus tounation

Adaxial surface Leaves ducd
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Table 37

MS 1 : 

MS I :

m s  i :

m s  3 :

Effect o f  coconut water on callus growth of S arboncola

Media Response

. 4 D 1 mg 1 Cream eolouied triable and walciy
callus ol 0 6 cm diamclci

: 4 D 1 mg 1 t CW 10% No improvem ent in callus giowth
than ah ive

: 4 D 1 mg 1 I CW  15%

: 4 D 1 mg 1 I CW 20%
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Table 38 Effect o f  growth regulators on callus initiation in leal cxplants ol 
S  arboricola

Growth rcgulatois Days taken lor Callus giowlh altei 5 
eallus initiation weeks

2 4  D 0 25 mg 1‘ 16 18 No further growth

2,4 D 0 5 mg 1 16-18 No further grow th

2 4 D 1 mg 1 13 15 I I

2 4 D 2 mg 1 14 16 1 1

2 4 D 4 mg 1 14 18 I

NAA 1 mg 1

NAA 2 mg 1

NAA 4 mg 1 17 No lur ther giowth

NAA 6 mg 1 16 17 No lu rth u  growth

NAA 8 mg 1 16 17 No iurthei growth

NAA 10 mg 1 li  12 I

NAA 12 mg 1 13 15 I I

NAA 14 mg 1 14-15 1

NAA 16 mg 1 14 15 I

2 4 D 1 mg 1 1 
BAP 0  5 mg 1'

2,4  D 1 mg 1 1 
BAP 0 75 mg 1

-

2 4 D 1 mg 1 t 
BAP 1 mg 1'

Basal MS medium

I I 0 6 em diameter t 0  25 em diam eter Leal explants di





Table 39 Effect ot grow th regulators on organogenesis liom  callus ot 
S arboncola

G rowth regulatois 

BAP 3 5 mg 1 

BAP 5 mg 1 

BAP 10 mg 1 

BAP 15 mg 1 

Kinctm 6 mg 1 

Kmctm 8 mg 1 

Kinctm 10 mg I 

Basal MS medium

M orphogem e response 

Rhizogenesis

Rhizogenesis

Rhizogenesis

Rhi/ogcncsis

Rhi/ogcncsis

Rhizogenesis

Rhizogenesis

Rhizogenesis



Table 40 Effect of adenine sulphate on organogenesis tiom  callus of S arboucoKi

Media Moi phoneme
1 espouse

MS t- BAP 15 mg l 1 I Adenine sulphate 60 mg l 1 Rhizogenesis

MS + BAP 15 mg l 1 +  Adenme sulphate 80 mg l 1 Rhizogenesis

MS + BAP 15 mg l 1 +  Adenme sulphate 100 mg 1 Rhizogenesis

Table 41 Effect ot nodal position on axillary bud break and growth ot eu 'tuies 
o f  S  arboncola

Nodal position Axillary bud break G ro" th rcspons-

N

n 2

N, ) Po )i ^row th

n 4 I Good growth

n 5 1 Best growth

n 6 J Best giowth

f Presence N, Node ju st below the shoot tip
Absence N 2 to N 0 Nodal explants taken from tip to base ot stem



Plate 14 Callus grow th from  leaf explants in M S m edium  supplem ented w ith 2 4 D 1 mg 11
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Table 42 Effect o f  different le\e ls o f  cytokm m s on culture establishment of nodal 
explants o f S arboricola

Growth regulators Response

Axillary bud 
break

Shoot
elongation

T01 mat on 1 1 
leases

BAP 0 5 mg 1 

BAP 1 5 mg 1 

BAP 2 5 mg 1 

BAP 3 5 mg I 

BAP 5 mg 1 

BAP i O mg 1 

Kinetin 5 mg 1 

Kinetm 10 mg 1

4 18-10 days) 

+  (8-12 days) 

+ (8 1 2  days)

I (9 12 days)

I (10 16 days) 

f (10 15 days) 

f (12 17 days) 

I (12 14 days)

+ (0 5 cm) t (4 leaves) 

4 (I leaf)

I (1 l e a f )

I (2 le isesj 

I (2 leaves) 

I (4 leases)

(2 small
leaves)

I Presenee 
Absence

Basal medium Full strength MS



Plate 15a Effect o f  2 4 6 8 and 10 mg 11 o f  silver nitrate (from left to nght) on morphogenesis from callus





Plate 15b M o rphogenesis  from  callus in M S m edium  supplem ented  w ith silver n itra te  6  m g 1 1 
(N o te  only  rh izogenesis  noticed)



Plate 15c M orphogenesis from  callus m M S medium supplem ented with silver nitrate 8 mg 11 
(N ote only rhizogenesis noticed)





Plate 16 Rhizogenesis from  callus even after the transfer o f  culture from  m edium  supplem ented with silver nitrate to medium 
contaimng BAP 3 5 mg 11 (left) and basal m edium  (right)





Plate 17 Effect o f  nodal positions (N, N 4 and N from left to  right) on bud break m S  arboncola





Plate 18a Bud sprout from  nodal explant m M S m edjufli >upplemented with BAP 0 5 mg 11
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seas obtained ilso in medium w ith  kmctm but u j e e il it t ' - l i e  

axilldiy bud bieak tnd only 2 small leivcs wt io ioimo 1 (1 11 ■„ ! b;

4 5 4 2 Shoot multtplic ition

I lit est ibhshcd tul tui ts  slowed best kh th in lb i i

with BAP at 5 nij, 1 * (1 tble 12) 1 lie i,iowth ol slit it m o it  n i !> i

Plate 19a and within two m mb s tinm the new'■ho it it ' tine 1 i n 1

new letses wore a'so loimed (Plite 19b) In ill th mod i tiled tl ie \ i

shoot multipl e itu n

15 4 i In \ i l r o  lootm^

In i ro d sol ped s1 m s  w e n  i I i n 

\ A \  tnd 1B\  and the tpt imam eoneentiatu ns we e 1 t 

me, 1  ̂ tespeUisels 1 he shoots looted (1 tble 11) \ it hi ! 1

hall months 20 5 loots hasm^ total length ol Kb 1 en 1

Pie l immuy studies on hardening ol the in  \ m o  ier,e ei ited | 

sueeesslul Soilntc was loui d to be as the best mahum I >i < t t o  e t il 1 

the pi mtlets 1 he pi mtlets weie eoveied with jiolyth ne md m e

hardening However luithei studies tie ietpnied loi s tmdudi s  j. t1 ie

it state IV ol mieiopiop it ated sehelileia plantlels
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Tabic 43 Effect o f growth regulators on growth of established cultures of 
S arboriLola

Growth regulators Growth response

BAP 1 5 mg 1 

BAP 2 5 mg 1 

BAP 3 5 mg I 

BAP 5 mg 1

BAP 3 5 mg 1 I NAA 0 1 mg 1 

BAP 5 mg 1 I NAA 0 1 mg 1

Good growth 

Good growth 

Better grow th 

Best growth 

Good growth 

Good growth

Basal medium Full strength MS
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Table 44 E ttce t of grow th regulators on m \itro  rooting of 5 arboncola

G ro u th  regulators Response Days to 
root

No of 
roots

Total
loot

length
(cm)

1BA 0 3 mg 1 No rooting

1BA 0 5 mg 1 No rooting

IBA 0 7 mg 1 No rooting

NAA 1 mg 1 + 
IBA 0 3 mg 1

N o rooting

NAA 2 mg 1 + 
IBA 0 3 mg 1

Rooting 16 3 10 6 46 2

NAA 3 mg 1 1 
IBA 0 3 mg 1

Rooting 14 1 20 5 105 4

NAA 4 mg 1 + 
IBA 0 3 mg 1

Rooting 15 7 14 2 72 5

Basal medium Full strength MS



sprout from nodal explant m MS medium supplemented with kinetin 10





Plate 19a Shoot grow th m MS medium supplemented with BAP < mg 11 after one m onth o f  culture period





Plate 19b Shoot g row th  m M S m edium  supplemented with B A P 5 mg 11 after tw o m onths o f  culture period



A
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P la te  20  In  vitro  ro o tin g  in  M S  m ed ium  su p p lem en te d  w ith  N A A  3 m g 1 1 and  IB A  0 3 m g  1 1
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5 DISCUSSIO N

The icsults ot the present investigations carried out to standardise the 

propagation techniques in S arboncola  are discussed in this chapter

5 1 Cuttings

The results showed that in the ease of sariegated and giccn type ol 

schcfflcra the cuttings treated with IBA and NAA, rooted in the shortest time

The roc any efficiency of growth regulators are generally assessed by the 

number of roots piodueed by the cuttings and their length and weight Mncc these 

parameters ultimately decide the final percentage of establishment ol the rooted 

cuttings in the main field (Hartmann a  at 1993) The icsults ol the piesent stidy 

revealed that auxin treatm ent had a pronounced effect on num ber len^'h md weight 

ot roots produced by cuttings In Ficus elastica rooting percentage nu nbci md 

length ot roots was improved with IBA treatm ent (Kum ar 1982) Read and Hoysler 

(1968) al n reported increased root weight due to growth regulator application ir 

dahlia, chrysanthemum and geranium  cuttings

Girouard (1967) stated that IBA and NAA was sjp en o i because ot the i 

chemical stability and their low mobility in the plant In the ease ol w  legated 'ypc 

ot S arboncola  quantity and quality ot rooU was best with the treatm ent ot IBA at 

200 mg 1 '  (Tables 2 4 and 6 Plate 2) The bcncticial etieet of dipping the s'em 

cuttings m IBA solution was also observed by K achtcheba (1975) m fh h is tu  rosa  

sinensis



In green type of schefflera with respcet to num ber length md weight 

ol toots NAA at 50 and 200 mg 1 1 and IBA at 200 mg 1 ' w eie simil u m 

pcrtorm ancc (Tables 9 11 and 15) However IBA 200 mg 1 * teeoided m oie

num ber ot days lo r rooting The lower concentration of NAA at 50 mg 1 * could be 

fixed as the optim um  level o t grow th regulator in green type o t sehettlera 

(Plate 5) From  the studies, it was elear that NAA treated euttings piodueed more 

num ber of thicker and stouter roots This is in conformity with the f ird 'n ^ s  in 

hibiscus (Shanm ugavclu 1960)

Percentage success in rooting of cuttings depended on the giow lh 

regulator em ployed In variegated type of sc lu fllc iu  the p cu en tag c  success 

obtained in rooting ef doable nodcd and single noded cuttings could be n n p io w d  

with an IBA treatm ent and in green type NAA ticatm cnt was kiund to 1c 

beneficial

So in sehctffera growth regulators had a m aiked influence on im p io \in „  

the rooting ctfic.cncy in cuttings The beneficial e tleets 1 giow th ic„u lato is on 

rooting of euttings have been reported in different ornam ental plants D r a m a  a 

marginata  (Stevens, 1976) Aphelandra D ieffenbachia h c u s  beniannna Poly u as  

balfounana  and Syngomurn podophyllum  (Poole a  a l 1980) Ficus d a sti a 

(Kum ar 1982) Ficus in fec tona  (Jayasankar et a l 1990) D ru ia in a  fre grans 

D deremensis D marginata  and Gardenia ja sm in o u h s  (Hata cl id  1991) Not 

much inform ation on the effect ol growth regulators on root ng ol cuttings o! tbc 

genus Schefflera o r m em ber c o t botanical family A ialiaceac is available m the 

literature till date The external application of grow th 'cgu la io rs would h a \c  peih ips 

increased die m eristcm atic activity and root differentiation as has been icportcd by
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Pontikis el a! (1979) The grow th regulators also help m the m obili/idion ol ieseisc  

food m aterials and passing the m etabolised sugars to the site ot root mm ition 

(Nanda 1970)

In both variegated’ and green type o t schcttlcra  double noded cuttings 

proved to be superior to the single noded euttings (Plate 3) This is in agieem ent 

with Hansen (1986a) who leported  that in S arboncola  euttings with two oi thiee 

tully developed leaves rooted m ueh better giving strongei and longci loots th in  

sm aller cuttings w ith one leaf

The m ethod o t treatm ent o t cuttings with grow th regulato is has been 

tound to be a deciding taetor in rooting o t euttings in many species (W o v s /y n sk j 

and Borys 1976 Kwaek and C hung 1980) In the p iesen t study it was lound tli it 

prolonged dip was m ore etfective m ethod o t tieatm ent in both h iccn a r J  

variegated type ot euttings than quick dip The ultim ate c licct ol a giow th 

regulator treatm ent is decided by the am ount o t substance absorbed by tnc cuttings 

and not by the concentration alone (Goreeka 1979) In a p iolonged d 'p  treatm ent 

the higher am ount ot growth regulators absorbed perhaps directly e tteeted  i bcttei 

rooting than in quick dip tieatm ent

5 2 L ay e rin g

The present investigation showed that in the case o t sariegatcd  t>p~ ot 

schettlcra with regard to num ber length trcsh  and dry weight o t io o fs the 

treatm ent with grow th regulators was tound to be superior to untreated liycix 

Am ong the d itte ren t grow th regulators tried NAA at 50 m„ 1 * produced maximum 

rooting (Tables 17 19 and 21 Plate 7)
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The present study also showed that in gicen t\p c  o t schcU Lia ' ith

regard to quality o t roots produced the growth regulator treatm ent was found to be

superior to untreated layers Those treated with NAA „t 200 mg 1 1 tended to 

produce longer and stouter roots (Tables 26 and 28 Plate 11)

Percentage success in rooting of layers depended on the giowth 

regulator m edium  and type o t w ounding m ethod em ployed The percentage success 

obtained in rooting o t layers could be im proved with an NAA treatm ent using 

sawdust as the medium and girdling as the w ounding method

Increased rooting o t air layers treated with g iow th icgalatoi has been 

reported in hollyhock (Lingaraj 1960), crossandra (Ram an ei al 1969) C w k r i u  

jasm inoides  (M itra el a l 1980) and Peltophorum ferrugineurn Bauhm ia  sp and 

Poinciana regia (M isra and M aiundar 1983) No report o t use (it g iow th  icgulaU is 

in layering in schettlera was seen in the literature T he b en elieu l e llee t ol hu n  th 

regulators in rooting may be attributed to the horm onal e llee t and accum ulation ol 

other internal rooting substances at the layered portion Rooting is also go ' c rm d  by 

physiological factors inhcrant m the layered shoot (A rglcs 1969)

In both green and variegated type o t schettlera  the nuinbci ol days

taken for rooting of layers was less m the case of untieated lay ei s Ho\ c \c i

considering the num ber and length ot roots produced giow th  icgulatoi tie  itmeiii w is 

found to be beneficial in layers

The present investigation revealed that the media used loi laycnng also 

have influence on the num ber and quality o t roots produced In variegated type ot 

schefflera sphagnum  moss and saw dust w ere the best media (Tables 17 19 and 21)

UO
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whereas in green t>pc sawdust was round to be the best medium foi la \e iin t  

(Tables 24 26 and 28) Sufficient moisture content at the layered poition w iuld  

enhanee rooting Sphagnum moss and sawdust possess good moisture holding 

capacity and this m ight have enhanced the rooting process

Another im poitant (aetoi in the la)cring  process is the type ol cut tin t is 

made on the parent plant The present investigation showed that in vailegated Ape 

o t schcfflcra the number of roots produced and in green type days taken tor 

rooting were influenced by the type of cut used for layering In both the ea'-cs 

girdling was found to be superior to slanting slit method (Plates 9 and 12) Broschat 

and Donsclman (1983) reported that girdling produced greater number of m ots in S 

arboncola

5 3 In v itro  propagation

5 3 1 Surface sterilization

Microbial interference was the maior problem  in establishing i no  

culture ot S  arboncola  Results of the present study have indicated 0  1 pei e_ n t 

mercuric chlondc as effective surface steiilization agent and the duiation of beat 

ment varied with the type o t explant The duration of tieatm ent for leaf explains was 

10 m inutes, for shoot tips 12 minutes and tor nodal explants it was 18 minutes 

Effective use of mercuric chloride as a surface sterilant at 0 1 per cent !c\ el has been 

reported in Dalbergia latifolia  (Lakshmi Sita«trfl986) E le 'tana  tardamom um  

(Rcghunath 1989) and in Dendrobium  tDevi 1992)

Miciobial infection is a scuous pioblcui in nod ll explants and shoot t ip s  

as well So an initial treatm ent with emisan followed by wiping with alcohol and



then surlaec sterilization with d combindtion of alcohol (50% ) I m u c u tic  ch lon  h  

(0  1%) w ere given to r nodal cxpldnts and shoot tips

Seasonal san a tio n  was obscrsed to r the m icrobial contam ination ot in 

u tro  cultures The cultures showed 'cast contam ination during the m onths ol Ja tu tr 

to April whereas M a\ to D ecem ber was found to be favourable season foi me 

growth o t m icrobes (Table 33) In general during rainy season the eont imuuMon 

rate was high and in relatively dry periods m ieiobial population was less m cultiu^s

5 3 2 Culture initiation

MS medium  was found to be a good basal m edium  to r the initiation ot 

cultures tn schettlera  The basal MS m edium  has proved satisfactory to r many 

ornamental plants In Peperomia stolonifera \ariegata  (D iaz 1983) syngon urn 

(Searam uzzi and Im bo 1984) Ficus elu\tica  (Battle and Mele 1984) Brawaui 

acunophylla  (Badzian et a l  , 1989) and Ficus benjam ina  (Kristiansen 1992) MS was 

used as the basal m edium

5 3 3 Callus m ediated organogenesis

Callus mediated organogenesis is an alternate m ethod of m ic io p io p tg i 

tion W herever applicable this is often the fastest method o t shoot multiplication 

and has been suggested as a potential m ethod o t cloning p lant species (M uiasluge 

1974 1977) The most serious objection against the use of callus culture is the 

possible genetic instability of their cells H ow ever callus mediated oiganogcncsis as 

a m ethod ot clonal propagation has been reported in several ornam ental speeds 

Propagation through callus culture has been reported in Cordyhni tenm nuhs  (M ee 

1978) Kalanchoe b low feld iana  (Schneider M oldrickx and Horn 1984) I i c u s l , i u a
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(Jond and G ribaudo 1988) and S a n se u in a  ir ifa su a ia  (Abou Mandoui md ( / \ g m  

1991)

Im mature and young leaves w ere found to be good cxplants to r the mitia 

tion o t callus (Table 35) Y oung cxplants consisting of m eristem atie and mitobcally 

active cells arc highly favourable for callus initiation and subscuucnt rcgeneiation 

and the m orphogem e com petence ol any tissue decrease with matuiity (P ic n t < i 1 

1974) The positioning of the leases on the medium was found to hase  an million e 

on callus initiation and when the abavial surface of the leaves touched the medium 

the callus was form ed (Table 36) This may be due to the better absoiption )! mod a 

through the m idrib portion 2 4 D at low concentration (1 2 mg 1 ')  and NA ^ at 

high concentration (10  12 mg 1 ' )  were tound to be good to r the callus pioduction 

(Table 38)

G enerally cytokinins will favour differentiation ol idsentitious shoots 

from callus but in the ease of scheftlcra, even with cytokim n rich medium 

rhizogencsis was noticed (Table 39) Auxins, w hich are essential for callus indue 

tion play a negative role m plant regeneration and arc generally reduced or excluded 

from  culture m edium used for shoot regeneration A uxins can strongly prom ote the 

endogenous production o t ethylene and ethylene inhibited the shoot piim oidm m  

form ation in callus cultures Purnhauscr et a l (1987) suggested that in non 

regenerating callus cultures auxm  induced ethylene production m ight be responsible 

for the suppression of shoot regeneration and by the use of ethylene inhibitors like 

silver nitrate they w ere able to induce shoot regeneration in wheat In the light ol 

this report silver nitrate was added in the m edium at \a rio u s  coneentiations and the 

cultures were incubated lo r different pciiods But only ih i/ogenesis was obsci od
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(Plates 15d 15b and 15c) A pulsing treatm ent with stock solutions o t B ‘\P  was also 

given None ot the media com binations tried in the present study could induced 

shoot regeneration in sehcttlera  Some o t the researchers have repotted reea 'eitian t 

nature o t sehcttlera  under in vitro conditions (D Souza 1997 Personal com m u n e  i 

tion)

The increased rhizogcncsis observed in the piesent study might h i v e  

been due to the high level o t endogenous auxins H ow ever turthci biochcm ie il 

studies to tm d out the level ot endogenous auxins and ot cytokuuns in the p 1 nt 

system and the judicious incorporation o t growth regulators into in \n ro  syu ~ms 

may perhaps yield fruitful results

5 1 4  D ueet organogenesis

Nodal explants w ere found to be good tor m ultiple shoot form ation nd 

those taken from  m ature portions o t stem showed best response (Table 41)

The results o t the present study clearly indicated that BAP at 0 5 mh 1 1 

was the best level to r axillary bud break (Table 42) The established cultures had i 

better growth in the medium  m eorpoiated with BAP at 5 mg 1 * (Plates 19 i md 

19b) A w ider survey o t the existing literature hovvevei suggested tin t BAP was 

the most useful and reliable eytokm in and should be tested lu s t loi a new sys'em  

(Hussey 1980) In the case o t Brasscaa actinophylla , Badzian el al (1989) icportcd 

that BAP is an am enable eytokm in for m ultiplication of shoot explants H ow ever in 

the present study shoot m ultiplication was not obtained with B 'kP 1 u 'th c r smdics 

have to be eondueted to find out the io le  o t d itle ren t t>pes ot eytot n m s  a id 

com binations o t eytokim ns and auxms in shoot m ultiplication m scheHLi i
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In \itro  developed shoots were transferred to the medium  c mumm y, 

NAA and IBA and the shoots w ere rooted (Plate 20) Bhojwam and R a/dan ( i ‘>83) 

pointed out that am ong tne auxins, IBA and NAA are widely used loi in u 'ro  

rooting

The low success reeoided toi in \itro  p rop igation  ol S a rh o n io la  i the 

present study could be attributed to various taeto is Am ong them  tiw im a t h  il 

interference dunng  the culture establishm ent stage was the mam constraint m studs 

ing the response of cultures to various m edia com binations Previous attem pts md 

successful reports on in \itro  propagation of this eom m cieially m ipoitant U'hagc 

plant are lacking and the study was taken up to r the tir-t tim e without know n „ its 

bchas lour under in \itro  conditions

Further research w oik has to be earn ed  out to studs aspects 'i1 e 

caulogcncsis from callus in \itro  shoot m ultiplication and haidenm g o! the tissue 

culture derived plantlcts





SUMMARY

The investigations w ere earn ed  out at the D epartm ent ot Pom ok t ,' „n 1 

Floriculture College o t H orticulture V ellanikkara and A giicultu ial Re catch 

Station M annuthy trom  M arch 1994 to February 1996 to stan d u d  e 'he 

propagation techniques in sehetflera (5 arboncola) I he ’■nlicot tm dm b ol 'he 

investigations arc sum m arised below

1 In both ‘g reen’ and ‘variegated’ type o f  sehefflera double noded euttings pei 

form ed better than single noded cuttings

2 Effective concentration of growth regulator m vailegated type i '  eutt nhs m

term s ot num ber and quality o t roots produced was IBA „t 200 n H I ' W !v -

as in green type ot sehcttlera NAA at 50 mg 1 * was tound to ' ^ „n c I C a  ve

treatm ent

3 Prolonged dip was the m ost effective m ethod o t grow th icg u la tu  tK atm cnt m 

both green and variegated’ type o t euttings

4 In variegated type o t sehetfleia  the percentage success o b tuncd  in looting ol 

double noded and single noded cuttings could be im proved widi IBA tieatm ent 

and m green type, NAA treatm ent was found to be beneficial

5 Am ong the different grow th regulators tried NA A  at 50 mg 1 * pioduced

maxim um  looting  in layers of variegated type o f  sehelllera  In ^iccn ty p e o t

sehcttlera  layers treated w ith NAA at 200 mg 1 * tended to p iodu-c  k n^ci and 

stouter roots
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6  In sariegated  type of schefflera, sphagnum  moss and sawdust w u c  the best 

m edia w hereas m  ‘green’ type, sawdust was found to be best m edium to r la\~ r 

mg

7 In variegated type o f schefflera, girdling i e the t> pc ot cut w hich a as made 

on the parent plant produced m ore num ber o t loots In gieen Ape ot 

schefflera the days taken for rooting was less m  the cas^ o t girdlm^, method

8 The percentage success obtained in rooting o t layers ( \  ariegated and g> c c i  > 

could be im proved with an NAA treatm ent, using sawdust as the medium and 

girdling as the w ounding method

9 For nueropropgation the explants were effectively su ilace  s te n h 'c d  with 0 1 pci 

cent m ercuric chloride The optim um  duration o t ^uifacc steiiliza'ion was 10 

m inutes 12 m inutes and 18 m inutes to r leaf explants shoot tips and nodal 

explants respcctisely  An initial treatm ent with em isan followed b \ w p i r b w th 

alcohol and then surface sterilization with a com bination o t ale ihol (50% ) 1 

m ercuric chloride (0  1%) w ere g isen  to r nodal explants and shoot tips

10 Seasonal variation was observed to r the m icrobial contam ination ot in \itro  

cultures The cultures show ed least contam ination during the months tiom  

Januar) to A pril, whereas M ay to Decem ber was found to be lasou iab le  seas in 

for the grow th o t m icrobes

11 MS medium was found to be a good basal medium  for the initiation and growth 

o t cultures m schcfflcia
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12 For callus mediated organogenesis im m ature me! youn^ Caves v c iv  tounJ U F t 

good to r the induction o t callus

13 Ih c  positioning o t the leaves on the m edium vas lound to h iv e  m lluneee on 

callus initiation and only when the abaxial surtaee o t the leaves touched the 

m edium  the callus w as torm ed

14 2 4 D at low concentration ( 1 2  mg 1 ^) and NAA at high conccntiali m (10 '2  

mg 1 *) were found to be good lo r the callus pioduetion

15 C allus produebon was com paratively less in this e io p  and supplem en1 nh the 

medium  with coconut w ater did not im prove the grow th ol callus

16 C )tok inm  rich medium  was used to induce shoot regeneration Irom  call 1 B t 

only ihizogenesis was noticed The use o t adenine sulphate as a syncrg si i! i 

resulted only m tonnation  ot loots

17 S ilver nitrate (2 4 6 8 and 10 mg 1 ' )  was used to induce  shoot iegc  i i i 'u  i

A pulsing treatm ent with stock solutions oi B AP  (12 5 2~> n 50 0 and 200 n

mg 1 1) was also given But none of the m edia com bm ations tried m the p ' c s ^ i t  

study could induce shoot regeneration in schettlera

18 In d n cc t organogenesis the explants taken fiom  the 5th md 6 th node showed 

best response

19 BAP at 0 5 mg 1 * was found to be the optim um  level for axillary bud breal and

the tim e taken for this was 8 10 days The established cultures shoved  1c t

grow th in the m edium  incorporated with BAP at 5 mg 1 * In all the m cdii 

tried no shoot m ultiplication could be obtained
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20  In \ i tr o  dev elo p ed  sh o o ts  w e re  lo o te d  w ith in  14 1 vL \ s  t i n t  in the m edium  

su p p lem en ted  w ith  N A A  a t 3 m g  1  ̂ \ IBA at 0  4 m g 1 * and 20  5 to t ts ! i \n  M 

a to ta l length  o t 105 4  cm  w ere  to im e d  w ith in  1 /  m on ths u n i t
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A B S T R A C 1

The study was carried out at the Dcp utm cnl ul Point I tJ 

Floriculture College ot Horticulture V ellam kl it a and Ahiu u l 'u  J  Re eaie 

Station M annuthy trom  M arch 1994 to February 1996 to standard se 'he p pn„ 

tion techniques m schettlera (Schefflera arboricola)

Schettlera a m em ber o t the botanical famdv A rahaecae is valued 'o i if- 

ornam ental foliage Not m uch inform ation is available in the h t c i t u ic  on a^ro 

techniques to r the com m ercialization o t this im poitant lohagc plant Fcnc*. 'h 

present study Standardisation o t propagation techniques in sehelllei h is  g ie ' 

relev anee

In both green and variegated t \p e  ot sehetfleia  Js uhlc nodu t eutt n*s 

pcrtorm ed better than single nodcd euttings The num ber u J  q e d <  )' 's 

produced were im piovcd with giow th icgulatoi tie a tm eits  uul (Ik [ >lon( e 1 Ip  

method was found to be the best in both grc~n and v m egaied t \ | c o !  ehellle  i 

I he best growth regulatoi and its optim um  concentration toi ioon ol cutti ir  it 

variegated type was IBA at 200 mg I  ̂ whereas in ^reen tsp e  \ A A i0  p „ 1 1 

was found to be an effective treatm ent Percentage success n loctin^  >' 1 1 i l s

depended on the growth regulator employed In variegated type o ' schcttlcia  '1 .  

peieentage success obtained in rooting ot double nodcd ind single no Ld cuttin s 

could be improved with IBA ticatm cnt and in g iccn tvpe N \A  tie itm enl w is 

found to be beneficial



In layering also growth regulator treatm ent w is tound to b_ 1 cnchm  b 'n 

\aricga tcd  type NAA at 50 mg 1 ' produced m axim um  ioo tinh '.h c 'c r-  in h ie e i  

type NAA at 200 mg 1 * produced longer and stouter roots The mcJiu used ai J  !hc 

m ethod ot wounding adopted in layering were tound to haxc sih i ltieant mBum n 

rooting behaviour G irdling was tound to be m ore effective e 'm pared to si tn tn v  s' t 

m ethod The best media w ere sphagnum  moss a rd  sawdust in \an eg a ted  type 

v/hereas in green type sawdust was the best medium Percent ige success m loot 

mg ot layers depended on the growth regulator media and type ot >u undinh m e'hod 

employed The percentage sueeess obtained m rooting of layers ( \aP cg a tcd  and 

green ) could be im proved with an NAA treatm ent using sawdust <.s the medi m 

and girdling as the w ounding method

A com parison ot the methods of piopagation levealed tin t in s he 11lei i 

euttings could be adopted as reliable and sueeesslul p io p a^ itu  i method to pii d ice 

large num ber ot plants in a short tim e from limited am ount ol pi inting in au n a ls

In m icropropagation callus was form ed lroin lm nm tuie and ' )un„ lc - ' e 

and the callus production was good with 2 4 D at 1 2 m „ 1 ' t 1 N \  '  t < >7 

mg 1 * but the cadi did n )t lespond to eaulogenesis In diieG  o iK>no„cuxi i 1' n y 

bud break tiom  nodal explants was noticed in MS medium v ith BAP at 0 5 i 1

and the shoot giow th was the best with BAP at 5 m^ 1 * 1 lie i> w to  dec |

shoots were rooted m the medium  supplem ented with NAA i' 3 1 1 I IB 7 i'

0 3 m g 1 ' Further studies are needed to standaidisc a com plete piotocol toi 

m icropropagation o t S arboncola
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APPENDIX I
Analysis of variance table for Variegated euttings

Source Degrees
of 

freedoi

Growth
regulator 19
Type of
cutting 1
Growth 
regulator x 
Type of 19
cutting
Error 160

Days to No of
root loots

** **
15/ 17 504 78

192 08 882 00

a  a
185 24 123 19

5 30 35 91

Mean squares
Length of Total
longest length

root of roots

** **
174 07 40308 56

66 24 89549 12

** **
100 66 16489 96

39 30 4835 94

Averaoe Fresh
length weight

of roots of roots

** a
31 15 12 r7

1 4 55 50

a
15 80 5 57

6 20 1 63

Dr/ 
eiqH 

of roots

0 30

0 05
* Significant at 5% level
** Significant at U  level



APPENDIX II
Analysis ot variance table tor Green euttings

Source Degrees
of

freedou

Mean squares

Da/s to 
root

No of 
roots

Length of 
longest 

root

Total 
length 

of roots

A erage 
length 

of roots

Fresh 
u»ight 

of roots
Dry
xoigs*" 

of roots

Growth it it it n it t T

regulator 19 382 30 800 27 224 45 56462 15 18 50 15 35 0 0

Type of ** tt it ** ix XT

cuttings 1 3 65 824 18 289 .0 186107 95 6* 80
Growth
regulator i a ** tt it it it *
Type of 19 180 83 110 25 119 92 14527 31 21 37 5 V 11
cutting

Error 160 3 03 49 01 45 83 4529 08 4 71 x 22 0 J j

* Significant at 51 level
** Significant at U  level



A PPENDIX III
Analysis o l variance table tor ‘Variegated layers

Source Degrees Mean squares
of ..............................................................................................................

freedoi Days to No of Length of Total A/erage Fresh Drv
root roots longest

root
length 

of roots
length 

of roots
6°iqht 

of roots
eiqht 

of roots
Growth
regulator 9

kk

2252 19

kk

612 25

**
28 93

kk

27421 40

k

4 29

i t

J l  40

kk

0 c3

Media 2

kk

2511 66

kk

667 94

**
173 53

kk

43127 32

**
24 07

kk

20 33

kk

(  c 5

Growth 
regulator x 
Media

18

kk

551 63 63 o3

kk

49 36

k

4655 9«

kk

6 97

kk

4 0

X

f  \

Type of cut 1 142 83

*
228 81 18 40 8782 59 0 16 7 85 0

Growth 
regulator x 
Type of cut

9 63 58 30 71 3 28 1660 26 0 78 1 34 0  65

Media x 
Type of cut

2 9 99 6 32 0 08 307 37 0 10 0 12 0 1

Growth 
regulator x 
Media x 
Type of cut

18 57 91 20 34 8 94 1971 96 1 64 87 0 07

Error 240 6 7 39 39 27 8 44 2766 25 2 27 2 07 0  08

* Significant at 51 level
** Significant at 15 level



APPENDIX IV
A n a l y s i s  ol v a r i a n c e  tabic loi O i c c n laycis

Source Degrees
of

freedou

Mean squares

Days to 
root

No Of 

roots
Length of 
longest 

root
Total 
length 

of roots

Average 
length 

of roots

Fresh 
-eight 

of roots

Dry
-eight 

of root:
Growth
regulator 9

**
34'M 75

**
330 50

**
100 74

**
21635 26

**
27 47

** 
40 43 0

Media 2
**

1673 65
*

231 79
**

149 32
a

63875 67 50 76
**

r>i o?
x i

3C

Growth 
regulator y 
Medi.,

18

**
478 28

**
234 55

**
57 28

**
19936 26

**
9 55

**
1- 76

*x

0 84

Type of cut 1 456 33 171 76 5 20 15626 97 6 93 IQ 4 0

Growth 
regulator x 
Type of cut

9 ^  07 33 61 5 78 1861 14 i  2 ' 2 0 0 lo

Media i 
Type of cut

2 90 81 12  22 35 99 1088 64 1  Jo 0 61 0 O

Growth 
regulator x 
Media x 
Type of cut

18 41 68 28 98 8 04 1430 87 0 % 2 01 c oc

Error 240 112 61 78 02 21 85 5363 61 2 16 7 04 0 l3
* Significant at 51 level
** Significant at 11 level



A PPEN D IX  V
Com position ol d ille ren t basal m edia tried lo r in vitro eultu ie o t S th e ftk r u  arbor  t ok

M acronutricnts mg I 1 M icronutricnts m g 1 1 Organic constituents mg

(a) MS m edium (M urashige and Skoog, 1962)

k n o 3 1900 M n S 0 4  4H 2 0 22 30 M yo inositol 100

n h 4 n o 3 >650 Z n S 0 4  7H 20 8  60 Thiam ine HC! 0  '

CaCl2 2H20 440 h 3 b o 3 6  20 Nicotinic acid 0 5

M g S 0 4  7H 20 370 KI 0 83 Pyridoxinc HC1 0 5

k h 2 p o 4 170 C u S 0 4 5H 20 0 025 Glycine 2  0

N A 2 M o 0 4 2H 20  0 25 

C oC l2  6 H20  0  025

F e S 0 4  7 H 20  27 80

N a? EDTA 2H 20  37 10

(b) W oody Plant m edium  (Lloyd and M eCown 1980)

n h 4n o 3 400 M n S 0 4  H 20 22 30

C a (N 0 3)2  4 H 20 556 Z n S 0 4  7 H 20 8 60

C aC l2 2H 20 22 h 3b o 3 6  20

M g S 0 4  7H 20 1850 C u S 0 4  5H 20 0 25

k h 2 p o 4 340 N A 2 M o 0 4  2 H 20 0 25

F c S 0 4  7 H 20 27 80

Na2EDTA 2H 20  37 30



A PPEN D IX  V
C om position o t d ittercn t basal m edia tried to r in vitro  culture ot itheffleru u rb o n to lu  

M acronatricnts mg 1 * M ieronutricnts mg 1 * Organic constituents . 1, ' ' 

(a) MS medium (M urashige and Skoog 1962)

k n o 3 1900 M nS 04  4H2 0 22 30 M yo inositol 100

n h 4 n o 3 1650 Z n S 0 4  7H 2 0 8 60 Thiam ine HC1 0  !

CaCl2  2H2 0 440 H3 BO3 6  20 N icotinic acid 0 5

M g S 0 4  7H 20 370 KI 0 83 Pyndoxinc H U 0 5

k h 2 p o 4 170 C u S 0 4  5H 20 0 025 G h c in c 2 0

N A 2M o 0 4  2H 20 0 25 Sueiose 50 000

C oC l2 6 H 20 0 025

F c S 0 4 7 H 20 27 80

N a2EDTA 2H 20 37 30

(b) Woody Plant medium (Lloyd and M cCown, 1980)

n h 4 n o 3 400 M n S 0 4  4 H 20 22 30 M yo inositol 100

C a (N 0 3)2 4 H 20 556 Z n S 0 4  7 H 20 8 60 Thiam ine HC1 1 0

C aC l2  2H 20 96 h 3B 0 3 6 20 N icotinic acid 0 5

M g S 0 4  7H 20 370 C u S 0 4  5H 2Q 0 25 Pyndoxinc HC1 0 5

k h 2 p o 4 170 N A 2M o 0 4 2 H 20  0  25 Glycine 2 0

FeSQ 4  7 H 20 27 80 Sucrose 50 0a 0

N a2EDTA 2H 20  37 30


