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am&EVcrxQN

Bread fru it <i\rtocarcus m i l t ?  <pQrk) Fosborg)

As jki inportonfc tree  fru it  vegetable gro%» in  heceeteads 

o£ nerala* The ©rep is  a native o f Polynesia *ft©rq i t  

forme an important e t ^ e  food* I t  is  now qsvm  through* 

cut tho humid fcrqpical regions under wall drained so21q,;

In  India i t s  cu ltivation  is  now confined mainly to  -tho 

southern states* cheifly on the nest Coast* St ct&  

flou rish  in  the drier parts o f South India m  w ell i f  wc&l 

supplied with « t a r  and planted in fa ir ly  sheltered spate 

©draiot th ick vegetation (Hails, 1949)*

She tree possesses great ecoooric value, Skc'fruito 

are considered as a substitute for ‘bread* and many tasty 

diehas ST* prepared cut of It. The frulta of seedless brood 
fruit contain as high aa 27.96 ,sC per cent carbohydrate oBd 

la also a good source of calcium vitanta a end vitamin B,

ThQ * &,ra £rora ahQ bEEit and la tex  fin d  use in  indttotrloo.

She tree is very tiaidsooa aid can be growj as an omooaafaal 
tr#Q the garden Csingh ^  ^ 1953) .

Broad fru it  has both seeded and seedless typos* fct& 

tbe la t te r  fonts the eosnotnicaUy viab le ones. Hence bread 

fru it  can be propagated cnly by vegetative means, Sfcio is



issually achieved thscu^ toot suckers* suckers o r sfcootd 

arises from the callus at the injured portions oz tho sKspt.. 

These are separated and planted (Thomas# 1969)* Cutting© 

taken from the soote are also used fo r the purpose* Out 

the length and thickness of roots that give massimim CuosoaQ 

&& cot standardised under Kerala conditions,. The influc^iqe 

of growth regulators on th© performance of root cuttings 

is  also yet to fee Investigated*, Hence these aspects wore 

taken up in the present Investigation.

unlimited removal ©£ roots is  harcful to  the Dottier 

plant* I t  lim its the wide usie o f th is method in  the psx^aga** 

tion  o f bread £sult*: other cathode o f propagation shleb 

ere less hareful to  the mother plant include the use ©S 

stem cutting and layering* Propagation with stem cutting 

is  easier and economical and may provide a large cwiEfcqr o f 

plants when cospsrod to  ether vegetative methods* Broad 

fru it  Is  generally considered as a d ifificu lt-to -reo t plaat* 

Tho use o f growth regulators 4® reported to  enhance root* 

ing in  dififlcaat^o^roofe plants; Henoe tho fe a s ib ility  

o f th is method with tin© us© o f growth regulators was also 

taken up fo r  investigation* .



Layering is another important mathoci of vegcfcotivo 

propagation now feeing adopted in fruit plants* The prinei* 
pal advantage of layering over et«a cutting is  the suoqgsd© 

with which atess w ill develop roots* ftony clones i&cae 

cuttings will not root can fee propagated easily fey layer* 
lag* Use of growth regulators Is found to aid rootle in 

layers* Application of growth regulators# particularly 

auxins la practised in many fruit plants lor the florae*. ■<fao 

rooting potentiality is found to increase in ycung ploatD*. 
Influence of season in the success of layering is clGo 

r e p o r t e d *

There are reports of success of these vegetative 

methods of propagation in many other fru it plants* ttocsspcs1 

the w^c done in broad fru it on these aspects is  scarce*,

A suitable mthoa eg propagation of this crqp is  not yet 

standardised £ or Kerala conditions where this crop finds? a 
greet acceptance and is widely used*

Hence this investigation was undertaken with tho 
following objectives*.

1* To standardise suitable methods for rapid fiuXtiplico”* 

tion c£ bread fru it by vegetative mean*

2. To find out tho cptiimm length and thickness of roots 

and shoots fo r propagation*



To find cut the eptlsura concentration o£ growth 

regulators £cr better rooting and establishment 

o£ the plants*.

To study the eS£oct ©S season on layering*

s&uty the rote c£ eetafelish»snt of a ir layers in 

the nursery.
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REVIEW OF LITERATURE

Tho review of literature relating to this study &a

given under the following titles* Gin go the references
* , ' *

relating to bread fru it was not adequate studies on other 

related crops iw c  been revised ,

1* Propagation with root cuttings 

2m propagation with eteni cuttings 

3m Propagation through layering

In bread fruit# propagation through root cuttings mO 

a ir  layering is cciffiierelally practised# even though inarm

ing* shield budding and the use of suckers is possible* 

(HohaitHttd* 1904) *

1. Propagation Kith root cuttings

Plants that naturally produce suckers freely con be 

.propagated easily by root cuttings* Certain species ©£ 

plants that root rarely or not at a ll from stem cutting© dm 

he reproduced by this methods# .

Vegetative propagation of clonal material frop soot 

cuttings is  receiving increased attention* stoutonycr (1060) 

reported that over 250 species were Known to have been



suoceeefully propagated In this way even by the raide&o 02 

19th century* Subs&pantly has been recognised oe a 

rcpld, trethod to produce genetically Identical material* 

Fleeter (1901) reported thefc the d ifficu lties In oeeurins 

cuttings from tho ground end the damage inflicted on stock 

plant make this method less frequently used* An inpcrtait 

characteristic often associated with the use of soot aj&tlag 

is  the restoration of more Juvenile condition which has lo»g  

been known to aid rooting*

1*1. Propagation techniques with soot cutting

Root cuttings of about 2*5 cm diameter and 22 cm long, 

planted horizontally Is generally reoornnsnded for bread fru it 

(Singh, 1930)*

Aillen (1945) described the method of propagating 

bread fru it trees* Cuttings from freshly dug roots, 0 inch 

long, and 3/10 to Ik Inch In diameter were dipped in SSW®#

(to  coagulate the latex) and placed horizontally cn cmd 

bed and covered with a thin layer of oand k inch docn*
i

After 45 days a large nunber of cuttings had developed tiny 

ga ll like protuberances, from tfilch adventitious shoots 

ware formed* a weak after a ll cuttings bearing theoo ctm*» 

cfcurea have been grouped together and la id  fla t  in the propa

gating bed with protuberances facing upward, covered with 

sand to a depth of *j inch*

6



©tones and Rule <19363 reported the reailfcs of t-riolo 

with root cuttings o£ bread fru it*. Root cuttings IB an long 

from hastivx&d materials <3*5 to  4*75 cue diameter) oemi 

hardwood materials <1*75 to  2*45 am In diameter) gave 52 per 

cent# tsnd 26 per eessfe eucceao respectively* than planted at 

the beginning o£ rainy oeasiora- la  the open in 10-15 on gd 

r iv e r  sand over lying <asg so il*  Planting during tho dsy 

season and the use o f soft wed and terminal root cuttings 

gave less o&tisfectosy results*

Report o f Lopotz; aid Rodriguez < 1975) showed that soot 

cuttings o£ bread fru it#  12 inch in  length produced eed&er 

a fte r  several viedte under Interm ittent mist*

Soma other fru it species propagated through root 

cuttings are torus £©** Actin ld la chlnenols, Fleas c^rlca ., 

Bains sp,, etc* <Hiartman and Keotar* 1978)*

Regenerative a b ility  o f root cuttings abends cn tho 

age o£ the source p la it . Gamer and Hatcher <1950) oonoludod 

that 3«4 years period was the optimum age fo r  Gufficicnt 

number o f vigorous root cuttinga* . in cherry plum, SO pcsr 

cent o f root cuttings from 3 year o ld  trees pro diced now 

roots compared to 2 per cent from 20 year old trees*

7



ftuzotffikaya (1973) reported that toot cuttings £som 1 year 

old apple seedlings rooted better than those f  s©» 2*4 year 

old seedlings*
t

Research. uosftess have utilised a wide range of <Sia- 

raoter and length categories for the scot cutting e^oriteits* 

Jn 193# stouten^er <gt a l. repotted that soot cutting* 0 iadi 

long and h to 1 Inch in thickness# of apple var. Virginia 

Crab p to diced abimdance of feuds and shoots end attained a 

length of 6 Inch in two months time* Comparative studies 

IW Way al» <1295) with apples £hov©d that the ostE&lish*

Rent of Independent plants fsom individual root segment 

dropped from 90 per cent with soots 18 cm long to 32 per cent 

with 5 cm long roots* a corresponding reduction In the 

vigour end shoot growth was recorded from shorter trots*.

studies with soot cuttings of 3*5 year old plants of 

plum showed that cutting of 10*12 cm long and 3-15 jam d£a*
7 .

roster rooted toecfc (Khraskav and Koeanova# i960), stoilcw  

<1930) who cotipared diameter differences with roots fssoD 30 

year old trees of wild ^>ple ( Malug ovlvestrlg), found good 

regeneration on soots upto 1 cm, tut a decreasing cogencea* 

five  capacity with soots of larger diameter*



In a tria l with root cuttings o£ cpsfea sanenftpga. 

UGutiixi a l» (1902) found that 10 cm long cuttings. £eoo 

5 year o ld  trees# s p lit  and la id  heriaofitally gave tho 

highest nun&er ©£ stioofeo ©©cpared with S cm and 7*5 03 

long cuttings* Studies %?ith pecan root cuttings as ro*» 

ported by Bolt <1932) showed that root cutting® o£ losgth 

100# 150 ms2 200 mm with an average diameter o£ 10-15 on 

t^ken from 2 year old seedlings gave do# @0 and 100 per ccsih 

rooting and ISO# 2Q0 and 290 mm stem length respectively 

after one year’ s growth*

Two year studies with 5# 10 and 15 &n long root cutt

ing of Pvrtis pacfiA^ showed that the beat rooting (71**77 per 

cent was obtained with IS cm long cuttings (Ran&iawa 

JKishore# 1363)»

Obs ervat lens mad© from preliminary experiments on plant

ing material and root dianeter (ranging from less then Q»5 cm 

t© n»ro than 1 cm) in qppio ev. Lsrcboume roots (Rcfoinse© 

and Schwahe# 1977) showed that soots in the else rang©

0*5 -  1*5 cm gave reliable shoot p r o c b c & l d n  then plontoSI 

horizontally. Shoot nusber and their lengths increased 

significantly with increased diameter* The percentage of. 

roots producing one ©r more shoots In the three dtectcf
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Classes (leas than 0.5 era, o,5-l*o cm, sore then 1*0 end 

were 64 percent* 87 per cent and 70 per cent respectively* 

flh® longest root pieces used (16 cm) wore more prodUghivo 

than shorter roots aid only these could sustain the vigotms 

shoot growth*

The influence of depth of planting in tho percentage 

of sprouting is reported by sever el authors* stoutenycr ^  q,!» 

(1935) were uneblG to propagate Virginia Crab apple spots 

in the soil of a .ground bad tut achieved $ high degree o£ 

success <ki the surface of racist sand. Light and/or aarefcien
•t ,

enhance the capacity fo r regeneration*' Upshall (1936) end 

Way (&• (1955) reported an increase in root production 

from the distal end of the exposed root cutting and cul>- 

sequently a better survival rate. Turovahaya (1965) found 

that although fewer choots emerged from the exposed ends of 

root cuttings from one year old apple seedlings# their 

height was double that of shoots from covered roots* tho 

leaf formation was more rapid* Rew root product .Ion on the 

original root cutting was also better* and survival wad 

100 per cent compeared with 75 per cent for plants derived 

from covered roqfec* Heydec&er end Marstcn (1967) used 

shallow horizontal planting (1*25 cm) with raspberry roots 

and fcRind that deeper plaiting (4*0 cm) suppressed choot growth*



1.2* Effect of growth regulators on root cuttings

Tuo purpose of treating cuttings with duxinG is  

to clnoEoooo tho percentage sooting# to hasten root in itia 

tion, to increase the number and quality of roots produced 

per cutting end to increase uniformity In rooting* The 

synthetic root promoting substances that have been found 

most re lia b le  in stimulating adventitious root promotion 

in cuttings ore in-dole butyric add and naphthalene acetic 

acid (Hartman aid Roster# 1976)*

iTorft dona by Plant# (1940) on the role of growth 

substances In tho regeneration of coot cutting show that 

roots wero produced from a ll points of tho root cutting of 

seakale vfooa treated with a solution of 0*02 per cent Naa* 

Ha concluded that differentiation end behaviour of raeriste- 

attic tiomo is  determined in part# by specif io concentra

tion of growth dubetanoas# a relatively high and low 

eonceutration of growth substance influences root and bud 

production respectively*

Thero ore reports that roots generally have high 2aa 

oxidase levels end correspondingly low levels of endogenous 

IAA. Avory et ol« (1937) detected increasing levels of 

growth harnpno in swelling fcud3 with a peak Just prior to 

the period of root rapid shoot extension*

I I



According to Hitra and Alleqpp (1959) 0*1 rug per 

lit re  RPA applied to protoneraata of Pohlla nutang. woe 

sufficient to Inhibit laud fora&lon* sterret end Chapped. 

(1967) suggested that the Initiation of buda on rcoto -was 

m re easily inhibited by auxin than the release of doraonfc 

stump buds* Root shoot formation was suppressed by X&v 

in lanolin paste applied on the cut surface of the m a:cra*

Experimental results on the effect of growth regulators 

. ca apple coot cutting reported by TurovShaya (1977) choked 

that root gufctingstreutod with solution of X9A at 50 pg 

per litre# xba and a heroro auxin# HRV (petroleum based 

growth substance) at 0.02 per cent or 0*04 per cent had a 

beneficial effect on root development especially in cutting 

with previously induced shoot growth*

^Robinson and Schwab© (1977) reported that ccudn 

(150 mg per lit re ) coupletely inhibited hud initiation  

along the thole length of cutting* Evidence that auxin 

caused a gradient by a mechanism of active acrcpctal £iOv; 

was shown when proximal application of XBA suppressed a ll 

buds where as distal application did not Interfere with bud 

format ion at the proximal end*

12
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In a t r ia l with root cuttingg of Coffea cancnborq,

10 cm long, sp lit or entire cuttings. were soaked « - 0  b) 

in ia a  or 8 aa at o#ol per cent or 0*015 percent* A lter*  

natively, some sp lit cuttings had one aid dipped in 3B& 

<4-6h) at 0,025 per cent* “Ihe results showed that tho 

mortality of treated cuttings was 19-27 per cent ccqpseea 

with 8*6 per cent for water treated control* The percent ago 

of cuttings that produced leafy  shoots were 23*2 per cent 

for treated cuttings and S2*9 per cent for controls and 

the corresponding percentage fo r cuttings with etioots and 

roots were 1G*4 per cont and 9*7 per cent Naa gave better 

rooting than I aa* zba treatment for Gh caused high nofcta- 
lity  (Nsmdbu ,gfc jjfc. 1982).

Ve& of growth substances other than "“xin is  aloo 

reported* Pieniaads and aaniewoki (1970) applied m oui-sin 

and cytckinln separately and in oonfeinatlon to entire* cgyplo 

root cuttings* 20 mg per lit re  Naa produced only roots 

and, 70 mg per lit re  6- bap caused only buds to fonrv whore 

as 20 mg per lit re  and 10 mg per lit re  respectively produced 

only new roots, warnke and Warnfce (1950) found thdt treat

ment of Taraxacum and clehorium root cuttings with vcpouro 

of the auxin inhibitor ethylene chlorhydrln caused fcudo to 

form at both ends*



1*3* Carbohydrates and regeneration from roots

In apple the in^ortaaoa o£ root bark for corio-
- i r

.hydrate storage was shown fcy ?>riGstly <1970)* In such
i

tissue 60 per cent of dryraatter ooitprlsed extracttible 

carbohydrate whereas in the tree ao a whole 30 per cant 

of the drymatter oorrprlaod eatractable carbohydrates* In 

the case o£ root cutting which bave.no source of carbo

hydrate replenishment, their detachment should obviously 

coincide with noidLrmra cecuiiuletion of reserves.

Research workers have established relationship 

between carbohydrate content of root cuttings end their 

ability  to prodace suckers and survive* Early work by 

TJpshall (1931) daeenatratod that total carbohydrates in 

Gppis root cuttings decreased fcy SO per cant after tt-jo 

weeks of regeneration* while reducing sugar and sucrose 

decreased upto 70 per cent* ttackensi (1957) found a aorsola- 

tion between starch content in roots and their survival ability. 

The greatest osaccntrdtion of starch occurred in Hovcaijbea? 

when r©separation was 100 per ccnit and.cutting survived 

fo r several weeks. From May to Septcirtoer, starch content

was very low and cuttings dried within a few dayo. Sterrofcfc
\

j£& a i* (1968) related the poor regeneration vigor of black 

locust root cutting In tJhn© to th© low level of earbchydrates 

at that time*

14
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pieniasefc and Saniet&Ki (1908) postulated that q/to- 

JsAnims from root a stimulated starch hydrolysis and bud 

activation in spring* Developing i*id3 would thGn■ps&ataecr 

auxin i-iiidi could continue the starch hydrolysis* increase 

respiration and reactivate vascular wM&ztlum*

EXaicscn {1971} proposed that good regeneration 

from Pooulu3 root cutting in atittnm was ©a a result cd a 

eof&jlnafcicn os bi$i carbefcydrste end. low auxin level a at 

that tii»e*

Soire relationship between seasonal regencrdtim 

capacity and carbohydrate,content of roots was indicated in 

the case of M*26 and Larfcoucne varieties of apple* but 

ability  to survive seemed to be more directly influenced 

by carfcchydratQ content than regenerative capacity* Cold 

storage treatment given to lord Derby root cuttings accele

rated regenerative responses without increasing total ix>
2

generative capacity (Robinson .and Schwabe*- 1977).

3* Erggaqaticn. jifch stera cutting

In propagation fcy stem cuttings* sagnran.to of 

eSiocta containing a lateral or terminal fcud are obtained 

with the espec&afcioh that under the proper conditicsio adven

titious coots w ill develop. and thus produce independent plant*
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Use type of wood, the stage o£ growth uses in making aittlng, 

the time of year in which the cuttings are taken and several 

other factors con be very important in securing oafciofcstosy

rooting of come plants* {Hartman and Kestor 1978)».
/ , ■

2*1 Effect of length end thickness of cutting on rccftisg

' Branch cutting of tropical breadfruit of length 

12-15 ca and 3-4 nodes and about 3/Q inch in diameter ijoro 

found to root well <80 per cent success ) when dipped in 

1 per cent indole butyric acid solution < HUseik, 1D40)>

From tho results of four years tria ls  pu the psopega?* 

tlon by cuttings of 8 fig  varieties, ib^jragimav (1939) 

recommended that the best length was 25-30 cm, prepared 

in autism from one year old shoots and stored for coring 

planting* Anno, (1972) reported from the studies ijSth 3 

-Fig cultivare that rooting end subsequent plant develop— 

ir-oit were better using cutting 30-40 cm* long and 1.1 to 

1*5 cm in diameter than with cuttings 20 era long and 0,0

1*0 cm in diameter, out of the different: lengths tried  

in — ig cuttings* Pinheiro and oilvera (1973) reported that 

cuttings of length 20 era and above gave more than 97 per 

cent success, The bo^, root and leaf development t?op 

obtained with 35 era and 30 cm. & minimum of 20 cm length 

is  recontTianded*
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s&qpalo (1932) reported that soft wood cuttings of f ig  

10*15 cm long and with 3*4 leaves sooted under intermittent mist#

2*2 Effect o£ growth regulators on rooting of aifcfcingo

Investigation as early in 1934 by went, found that ssaxins 

such as 1AA, were of real value in stimulating the production o£ 

adventitious root a in atera and leaf cuttings* This is an 

inport ant information in vegetative propagation of plant eu. G£ 

a ll the synthetic rocfc promoting chemicals, QX and HAA aro the 

nost widely used in stimulating adventitious root fonm&ico in  

cuttings*

Branch cuttings of the tropical bread fru it were found 

to root well when dipped in a 1% IBA solution (ttiaib# 1948)*
L

Hamilton j^ * (1963) reported that woody# leafless cuttings 

of the eve Ha Qpu and Maafula of bread fru it, when treated 

wlth°5tt cap tan and 2500 ppm each of IBA and XAA andkcpt roder 

intermittent mist effected in rooting of 95% of the cutting 

after 10 we^c«*

In Jackfrult, results on the tria ls  with leafy end 

leafless cuttings dipped in IBA at 5000 and lOQOO ppm solutions 

for 30 seconds showed that rooting percentage after 45 dqyo 

was n il fo r a ll leafless cuttings, leafy cutting controla, taid 

90 and 60 per cant respectively for the 5000 and 10GQQ ppm



IBA treatment (cftafctorjee and Makherjee, 1980)* The oocjo 

authors hi 1982 reported that the best rooting (1QG&) In jat2:- 

fru it was obtained with forced etiolated shoots treated t&th 

IBa at 5000 ppm by quick dip method*.

Success Aiish' cuttings after ringing and etiolation of 

cheats for 30 days coinbined with IBA 3000 ppm + £erulic 

acid at 2000 ppn is  reported in jack fru it by Ehua j§£, (1933)*

singh jji* (1978) working on f  ig concluded that £% 

can b « successfully propagated by the cuttings made from tho 

pruned wood of January month with the aid of growth substance* 

Dipping of cutting in mescaline 0*2 per cent was found itsct p ffi-
i

cacious fo r the purpose* Highest percentage of rooting zx& 

obtained by Nunes (1982) with aemihsrd wood leafy cutting

of fig  when dipped in GOO and 1000 ppm XBA (90 and 79*4 per 

oest respectively vs. 55 per cant in control) and in non leafy 

cutting dipped in 400 pp© IDA (99*7 per cent vs* 77*2 per pent 

in control)* Percentage of sprouting was highest in  loa^f 

cuttings dipped in ioooo ppm XBA (73*6 per cent vs* 61*3 per 

coot in control) and in non leafy cuttings dipped in 400 

IBA* (33*8;;pef cent on 65*15 per cent in control)*

In fJsg* ^iaatiieo highest rooting percentage, witxm  

of primary soots per cutting, the greatest length of tho

18



largest prin&ry soot and beet survival after transplanting

were obtained with ISA at 4000 ppm (Kumar# 1982)» .
' I -

Choog ££ nd* (1983) reported the use of IBA in ii^rov-

ing the rooting of d ifficu lt to soot species* Among the species 

Sadcharuia gave 45 per cent rooting with IBA at 5000 ppm# 

Cbtoneaator acutlfolium# T3331& oaspldafca and T* medlca cv.

Hicks 11 gavo 3 ;• 88# 71 and 68 per cent rooting with IBA at 

20000 ppm respectively# and Maluscv* Hopa gave 71 per cent at 

4000 ppm* £10 rooting was obtained with Malus curaila ov*

Harspur# l-’C Xntesh, Philadelphua vircinalls cv* Weigel a cv* 

Bristo Ruby*

3* Propagation through layering '

Root formtion during layering is stimulated by various 

stem treatment thich cause an interruption in tho downward trans

location of organic materials such ao carbohydrates# auxin and 

other growth factored* Xnmany clones where cutting w ill not

root easily con fee-propagated by layering, enabling the plant1
to fee established cn its  own recta.

3*1 JUvmility no a factor in layering

Jack fru it is  found to show elear signs of juvenility 

in seedlings*. Results of study in a ir layering of jack fru it
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as reported by Sriniv&san (1961) showed that young jack fru it  

ptoit which are s t il l in the juvenile stage# give bettor root

ing response compared to grown up plants* Die tria l gcvo 130 

per cent success on two year, plants with hard wood* inter* 

mediate wood gave 96 per cent success as green .i&oa uoa

found completely unsuitable showing no initiation of rooting*

3*2 Effect of growth regulators in layering

The effect of 1000# 5000 and 10#000 ppm of lAA# IDA# 17&& 

end Jti in lanolin applied at the time of ringing wa3 ctudiod 

in jade fru it* A significant increase was found In the percentage 

of layers rooting and the number of roots formed using the i.three 

growth regulators# SBA gave optisua results with 5000 ppm 

and iaa  and Nxx with lo#QQO ppm* Hi had an inhibiting off cot 

on rooting* Layering in Ame was better than Hay* (Sen ond 

Bose, 1959)* Llngarajappa (1982) from his studies on a ir layer* 

ihg in jade fru it reported that the percentage of lay era ehldh 

rooted successfully* the number of roots per layer# the length 

the weight of root and survival of the layer* in the fie ld  

wore greater where atoms were progirdled# etiolated end treat

ed with IBA 4- etaa than thcra any of those treatment \aa3 applied 

individually. Juvenile shoots formed roots 30 days earlier 

than mature sheeto*
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Xn mango, 2BA at $000 pp® was acre effective then liVk 

in pronofcing the rooting and establishment of the jsarcofeG 

(Otfiartkasf and singft# 1972). Ch&tterjee <1962) obtained 79 , 

per cent sooting end £5 per cent plant survival In aanoo with 

ISA at 10009 ppm applied in lanolin paste, Applying IBA 

(2000 ppm) and HAA (5000 ppm) together, Patel and singjb (1902) 

obtained $6 per cent rooting in 25 year old trees of Lcssora 

var* of mango*, Good rooting was obtained in the d ifficu lt*  

to-root cv, Langra by applying 2BA at 15000 ppm to a ir Layers. 

(Rajan and Ram# 1903),.

Zn cashew# Rajan g& (1901) reposted that good roct* 

Ing and best fie ld  establishment (SO per cent) were chained 

from layers treated with 390 ppm IBA + 200 ppm Haa + lo ppn 

2,4 *  D*

3*3* Propagation through stocling

stooling was investigated using 10 clones of ano yosr 

old Jacfc fru it plante,; zba Sboo ppm was applied in looalin 

after removing a ring of bark. this method gave 75 pea: cxxft 

rooted shoots of which 71 per cent survived after m o yon:

( Chatterje© and Jfcknorjae# 1930),
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Sfcooling md trench ley#rI»gweE§ ooapared in  

by ife&her jee and Ha$ija3er (1963) • They found that in etoaS# 

ing mortality of tho sprouts was negligible* The ai&ft&fr o£ 

rooted shoots were signif icantly higher in stooling then logos*- 

lo g , The rooting was sore profuse in atooling than isyoriag, 

Th© percentage of survival of rooted shoots was 93.8 per o-ecfc . 

in  stooling# whereas in layering it  was 65 per cent*,



MATERIALS AND METHODS



HtfEftZA&S MEIH0D6

The exp erinjent- was carried out at the nursery 02 the 

Dgpartiaeht of Horticulture# College of Agriculture, Vqi$qy$ii
■ r ' i 1 L ’ "

during tho period from sqpfcesibar 1934 to Decanber 1935*;

The stu<^ oonsisted of three paste*.

l.«i Propagation with root cuttings of bread fru it

2® Psoptgatipn with atom cuttings of bread fru it

2* Propagation through layering in bread fru it

The investigation envisaged tho study of the e ff ect 0  ̂

thickness and length of roots, thiekness end length of shoots#

the effect of growth regulator and also the nutritional status

of the propagating material in relation to rooting cUho©* 

qU«nfc growth.

1*1« Preparation of cuttings

Cuttings were made into three groups# based on 

thickness *



Thin cuttings -  1*1*9 am

Medium thick cuttings -  2*2*9 cm

Thick cutting© *  3*4 am

Th© cuttings sjor© further made into foiat ytuuiKJ 

oa<3i thickness based on the length*
' 1 ■ i . .

3 cm long# IQ cm long# 15 cm long and 3D cm long#

1*3*. Growth regulators end their preparation
t  t ‘ -  '

ThO two growth regulators 3BA (Indole 3 »  butyric ocS.0 

and HAA (Haphthalio© acetic acid) ware used at different 

GoRccntratione *

Treatment with d istilled  water was taken as the control*;

a stock solution of looo ppm iba was prepared fcyj , 

dissolving I  g of tho chemical in a small quantity of 50 pee 

cent ethanol and made up the volume to looo ml with distilled 

water* The stock solution was further diluted to the required 

concentrations and used for the otudyy

The same procedure was followed fo r the preparation .©£ 

different concentrations of haa*
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1*3* Preparation a£ the nursery bed for rooting

The rooting medium consisted of sand and red earth 

at tho proportion o£ 2*1* Wooden boxes 8* detjp wero rrvado 

and were f ille d  with the prepared soil mixture. Drainage ‘ 

fa c ilitie s  were provided at the bottom of the box. a this 

layer (1") of sand was spread over the so il mixture after 

planting*

1*4  ̂Treatments

25

Thl&ness
(cm)

length
(era)

Growth Regulators 
(ppm)

IBA . Baa

I  -  1*9 5 100 100

2 «• 2*9 10 300 300

3 * 4 IS soo 500
23

X#S* ExgsrXrmfoQl l^eslgn

The ©aperfesit was la id  out In obepleteiy rendqmisQd 

design* The treatments oonprleed of the various po'scibl© 

cosoblnablons of tho three levels of thickness* four laigtho 

of cuttings and twa growth regulators* 3BA and haa each at 

three ooncoft rat ions*. The oontrol was kept oonmon fo r both 

IBA and Haa treatments. Altogether there were 04 fcreotnants*



Under each trsatmait a total of 10 cuttings were tested tftlch 

was divided into 2 replications eadi consisted of & cuttingo^
> s ■ » *

1.6* treating the cuttings with growth regulators

planting

Cuttings of the eaaa thitfcness and length were tjeewpod 

together and made into bundles* Each such bundle conolotod of 
10 cuttings* The latex at the ait ends were wiped cut with

i ■ .
cotton* The growth regulators were takm in a small pan end

'  '  V

the bundles of mot cuttings were dipped in it* The du&tlttggi 

'were treated tor a period of 12 hours* The control ma given 

treatment with distilled water alone*

.The cuttings were planted in the prepared mdism trifch 
a portion of the sect ©lightly eaposed to aun* The fcroa&srpta 

were distributed at random* The cuttings were irrigated £*? 

sprinkling water over it  with a fine rose can. Watering vz& 

don® vary carefully act to over water and drench the seii*; 

Continued Irrigation resulted in the displacement of send f|m  

above the root cuttings and the couplet© ©spoaure of ructa 

to sun* Such cuttings ware again covered with sand*

• The traps were arranged inside the greenhouse* whcro tho 

entry of direct siei light is partially prevented*.
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1«7. Cfcaenrgtionsrooord ed

(1) Hunter of days fo r the appearance of f ir s t  vegefcotivo 

bud* ,

The ixipber o£ dsys taken for the appearance of firs t  

green buds in the soot cutting from the date of planting ussG 

counted.

( i i )  Percentage of aproutingi

The nurtber of cutting® sprouted under each tro&hm>h 

Xfos counted and the percentage calculated*

( i l l )  Kucher of Gprouta produced*

The nunfeer of vegetative buds produced in each of the 

root cutting ware counted*

(iv ) HUBfcor of days for leaf emergence*

timber o f day® taken fo r the emergence of leaves 'vcso 

recarded from the date of planting t i l l  to days after the a$po» 
arcnce o£ the firs t  vegetative bud.

(v ) Plant height*

Height qf plant® were measured 0 months after plashing.
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(v i) Nunfcer ©£ soots produced 60 days after sprouting!

Sixty days after sprouting# the plants were carefully 

lifte d  from the nursery bad# the roots were washed and the 

nustoer of primacy and secondary roots were recorded*.

(v l i ) Length of roots*

The length of both primary and sscondasy roots ucro 

1 measured soperafcely*

They were then immediately planted in individual pots 

f ille d  with potting mixture containing Sana, so il and farmyard 

manure in the ratio 1*1*1*

(v i i i )  Carhohydrite content in roots of different thittencoat

Carbohydrate reserves of the roots were analysed uolng 

the anthrone method (xxtbels et e l. 1991)*

Anthrone method

Root Samples were digested with 30 per cent hydro** 

chloric add#

Ptoek solution of glucose

stoefc solution of glucose was prepared by dissolving 
1 g glucose In one lit re  of d istilled  water*
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, . . 29
standard glucose solution

standard glucose solution of concentrations# 2» 4# 0#

0# 10 and 12 ppm were prepared by dissolving 2# 4# 6# 3#; 10 

end 12 ml o f stock solution in  100 sa each o f d is t ille d  water* 

Fresh enthrone reagent was prepared by dinoolviiig 2 g o f 

oathrone in  one l i t r e  o f concentrated sulphuric add*:

F&iqucts o£ l  e& q£ the es&ract was taken in  q toot tube* 

To each of it  4 ral of the anthrone reagent was added*. qiLowfaag 

the reagent of run dawa the oidaa of the test tube*. Afte?; keep

ing a glass marble on the top of each tube to prevent less od 

water ry evaporation# the tubes were placed in boiling water 

bath for 10 raSnuteo*. St was then relieved and ©soled to ©oom 

tenperefcuro# & reogo^t blank was also treated simultcncoudy*
t  . . .

The absorbance o f the solution at 625 nra was measured*; s&g 

amount of sugar presort in  the extract was calculated froni a 

standard curve prepared from glucose*

i*8 statistical analysis , ,

The data were analysed as fa c to ria l ckd* ' Tho aura o§ 

stpares due to  tha pertinent ocurca o f variations were woikod 

cut and the analysis o f variance tables prepared aP per the 

method suggested by snedscor and Cochran (1967). c r it ic a l 

d ifference was calculated in  a ll cases where the e ffec ts  wore 

found to  be sta tistica lly  elgnificaBt*., . .



PropaaafcloB studlat «tet> branch cutting 30

Cuttings war© tafcem with a thldcnesa o£ 2 to 2.9 efts 

and 3 to 4 oi« Under each thicicneas, cuttings of three length 

warO made#

. ih© cuttings wore then treated with Xba at varylpg 

concentrations hy quick dip method* A il the cuttings «cr© 

collected f  com the trees which were over 30 years old*]

2*1* Preparation of the cuttingai

Terminal branch cuttings were used fo r the ©Kpcriireot*,
■ > ^

AH the leaves exoqpfc the terminal unopened ones were rar-vc-^ 

one week prior to collection of guttings* The latex at the 

cut ends were wiped out at the time of making cuttings*]
i

2*2 Preparation Of the 3BA solution

Weight of the chemical Dilution Concentration of fcfco
. . . .  f a t . . .  -  <sa) ooluttcrt ttsati

0*5 100 3000

r«P loo loooo
1*5 100 1SQ00
9

The required accent of iba  was fir s t  dissolved $a a 

em u cjiantity of SO per cent ethanol and then raado up the* 

voXum to 100 ml with d istilled  water*;



%3* Treatments 31

Thickness 
_ (q a > -----------

m  .

2 -  2*9

3 « 4

i£
25
35

5000
iOOOQ
15000

The treatments ooispcieed c£ the various pesG&l&e

conciliation ot the icwels of thickness, length and the 

different ocmceotrcfclcnG of JBA. There were 24 CrwafcBa&o 

in total*.

3*4* Eaperiraantai design

the eaqperiraent «aa la id  cut in crd with three tx& lica * 

tiooa under oadh treat flvsnt. Ten cuttings were usad In &2Ch 

replication. ,

Trenches 60 c*a wide* 45 cm deep and 3 m long were izedo 

end fille d  with sand snd red doll mis&ura* These trcictcs 

*<iOSQ covered with thick transparent polythene sheet end cprcyod 

water to the cuttings* frequently* .

3t,€>*, Treating with growth regulators and planting

Cuttings with uniform thitfmoe© and length wore grot%>«3 

info bundles of 30 each* The hasal portion of the cuttingo

2.*$* Preparation of rooting media
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were dipped in the prepared xba solution fo r a period o£ B 

seconds* treatment with d istilled  water for the eamo dare-* 

tion  was taken as the control*

She cuttings wore then planted in the trenches e&locafr* 

log the different treatments at random. Planting mo <&no 

during the firs t  week of September 1535*

2*7, Observation ceoorded*

observations wore made on the nui&ar of cuttings that 

fa iled  to establish at lo and TO day® intervale and the 

centaga of success worked out*

through layering

Layering was done in the selected shoots of both 

(over TO years) and in young Juvenile plant® (lees then ono 

year)*

3*1* Layering in mature plants

Air layering was tried in two seasons (HayJhna and 

ficpfcentoer-Oefcober)* Layers wore made on branches with different 

thickness# 2 to 2*9 on and 3 to 4 cue.



3*1* (a ) Preparation of growth regulator*
33

She growth regulators ouch *a 2BA ana Nxa were maQ*

ksnoiin past© waa used as the base for the use of growth 

re^lator*

h stods of 10000 gpa was prepared by missing SO -rg o£ 

the chemical in 5 g of lanolin paste* Prom the oto<Ss* £uc&! 

concent rat Iona wore prepared* She concentration of ISOCo^m 

of Sba and Hbh were prepared £y mining 60 rag of the shoaled 

in 4 g-of lanolin# «he lanolin was ©lightly ©sited and tKOs 

eheaical added# after which it  ie throu^ily mixed.

3*1# (b ) Oancentration of the Dilution Cbncont sot fenmom mlntian (von)

ioooo

lOOQQ

loom
10000

10000

10000

aoorag made upto 4g s£o$

4Q0rag made upto 4g leoo

&00rag made upto 4g 3Q60

I200iag made tiptoe4g aooo

l&OQiag made upto 4g ■ 400©

S&OOrag made upto 4g £G0Q
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3*1* (e ) Treatments

ISA ' BflSr
(ppm) (ppn#
SOO $00 .

lOQO tWO

2000 3000

3000 3QGO

4000 4000

5000 S8Q0

loooo loom-

15000 ISOOo

different thicfcness - and concentrations oS the tx& 

growth regulators wore given in the various possible cjen&i&cs- 

tions* Control was given with application of lanolin pasta 

alone. iftor© were 34 treatments altogether*.

.3*1* (a ) Experimental Design

'ihe experiment was- la id  out in ccnpletely rontfcsaisod 

dooi^a* . Three replications were assigned fe© each trcf$tE03t
r  ’

and in each. replications 10 sheets were layered* "
• ’  *

3*1# (#> Preparation os rooting r&aiura

tooting laediun was prepared fey mixing sand ea<$ oommt 

f pith- at the ratio of 1*1  * it  was made wet fey adding adocjuqte 

asnuot of water*, -

&2SM82&

2 to 2+9 m

3 to 4 OSS
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3*1*(£) kayoring

h ring ot baSk with 2 cm width was removed at. a die&enoo 

of' 10-15 cm away iron the tip  of the stats* Tho growth srogulo*' 

tore in lanolin was applied to the upper part of tho girdled 

portions* The rooting medium was taken in polythene sheet of 

250 guege and was wrspped arg^pd the girdled portion*.

First layering was done in middle o£ Ocfcc&er, *@4 end the 

second in middle of Auta 19S5.

3*1* <g) observations record

Observations were recorded on the ranrber of layers

rooted 4 -months a fte r layering*

3*2*. . Propagation through layering of young plants

One year old plants grown in pots were used fo r Icy os** 

ing* The plants were of uniform size at the time of levering* 

Twenty plants were ts&en for the etudjr.

’ The pcooea&ZQ of layering was the same as done in the 

case of mature shoots* Ho growth regulator treufeiaent w£ro 

given*



Observations recorded
?■ W ‘

1* ftuaber of layers rooted

2. Days for the dovi&qpsssnt ©£ visual roots
3* Percentage of establishment of layers In the rrirsosy

o.3*_ Propagation through stool layering

Five plants# three year old were takan for tho GKpar&» 

mant» Th^ wore headed bade to a height of 20 cm from tfco 

ground. The cut end vae treated with, fungicide end covered 

with, a.cap. sprouts, wore allowed to develop* then tfto tfioofcd 

were about 30 era long and brown at the base# layering t:oo ttooe* 

Three shoot a were selected from each plant, a ring of bar!: was 

renoved 15 era away from the tip . XBA at 1000 ppm. was applied 

at the upper end of fcba girdled portion. Soil was hegjod at 

tho base* Frequent irrigation was given to keep the ooU aLuaya

in moist condition* so il washed sway during irrigation vcp
 ̂ , 1 

frequently replaced*

Observations recorded*

After 45 days of layering the coil wag renovod ~nd tho 

KUEbor of rooted dioots were recorded.
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RESULTS



Tho observations etude in the present study were 

f£3bi$&lcaUy analysed and the results Obtained or© presented 

under the following title s*

1 * Propagation with root cuttings 

2* P££$?Dgotlon with at on cuttings 

3* Prqpagafcioo thsc&gb layering

hoot cuttings: with a length of 5 cm and 10 cm and 

those treated with xb& 500 ppm and M v̂ 5oo ppm did: not give 

any satisfactory results*. Hence the data from these treat- 

rsQRts were-opt used, for s tfo.fr s&ical analysis* The data from
i ' !

the remitting thirty treatments were statistically analysed 

and tho result s ■ interpreted®
-  ■• * i  •.

1* 1  Effect o£ treatments on tho days taken for sprouting

*. 13)0 effect of -treafcEKmta on the nuxrbar of days fcaksi 

fo r sprouting was statistically significant* (appendix -  S>* 

UnferGGfcod thin roots o£ 15 cm length showed the: earliest 

Sprouting (43 days) which was followed by thin roots of 20 css

length treated with N&A at 100 ppa* (43*5 days)* The difference
• \

bettjocri theeo two trcatmants was net statistically significant.



£2ae&UKi thick root cuttingc of length 15 era treated with 

SPA 33o r&m recorded the massiciim delay in sprouting <138**

5 days) (Table D *  ■

Thin root cuttings in general recorded lesser number 

cS days fo r  sprouting* linger cuttings were earlier in aproufc** 

iss®*’.- Average nusfcer o£ daya token fo r  sprouting was s ign ifi* 

costly lesser in water, treated controls (zx&zpt that in H&A 

l€D ppm treated cuttings* The lower concentration‘of xba and 

3a& wore found to h® superior to  their higher concentratloos 

with regard to the character studied (Fig* 1)*."

Significant interaction effects were also observed 

anmz? the different combination of factors. Untreated thin 

cKXttiiips was found to produce earlier sprouting which was 

folXovKsd by thin cuttings treated with naa loo ppm* Treat** 

east is with water and Kaa at both concentrations resulted in
i ■

earlier sprouting in thin root cuttings# vhercas S3A at 

both escdent^afcions recorded earlier sprouting when treated 

to  thick root cuttings* tcnger roots recorded significantly 

leaser ouafcer of 6qys for sprouting visen treated with growth 

regulators# but in control*- shorter roots were, found promising* 

longer roots treated' with SI*A loo ppm and untreated shorter 

r&cto were earlier in sprouting* long cuttings recorded ' 

e&E&ier fepsoating with thin end thick roots visile the ehoster
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Table 1*. Effect of treatment cor*>instions on the mukor 
of daya tafcen for eprouting

S^icJtness length ,
Growth regulators (ppm)

<cm) (cm) IBA ' 
100

ISA
100

HAA
100

NAA
300

control

i  to  1*9

15 118*5 120 .66 74 43

20 114.5 1X1 43.5 52 40.I3

2 to  2*9

15 71.5 136.5 61.5 70.5 64

20 92 124*5 63.5 75 7S.5

3 to  4

15 79*5 90.5 85. 5 103.5 70

2D 62.5 64 68.5 02.5 71.5

s .e . -  1,62
'  T t V  •

C* Da •» 4*63
(0.05)
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TgftLtt 2* Main e££c*ofcs end interaction effects on the 
nuKtoer of days taken for sprouting

Thickness
(ca>)

Growth regulators (pro)

TBS mh
100 300

( ■ W M f lW s M M i e a n w

DM MAA 
100 300 Control

1 to 1.9 116.5 119.5 54.0 6 3 45.8

itean
(Thlc$31030)

79i9‘

a to 2*9 e i.,8 131.5 65 72*8 71.3

3 to 4

2Q

71 87*3 77 93 74*0

length (on)
IS 89*3 119 71 32*7 61*7

80*6

(Length)
84*0

09*7 106*5 60*2 69*8 66*2 7D*5

Msan
.(Growth regular . -

tora) 89*9 112*3 65*6 76.3 63*9

Length (an)

15

1 to 1.9
w L »M m T m \ i w j p n n r m

55,9

Thickness (em)
2 to 2.9 . 3 to 4

31*2

20 73.9 87*7

87.4

73.8

Thickness -  i.S # Length -  1.2. Growth regulators 
Thicknaas k  Gro;jtb regulator -  3.34 ■
Length x  Growth regulator -  2.70
Thickness x Length — 2 .1

1.9
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cuttiogs produced earlier sprouting In roots of medium thids-* 

nooo* Uouovor thin and thick roots cS higher length reoorckxi

ccn&orifcirely lesser nunfeor of days for sprouting (Table 2)*.

X«2 Effect of treatments on the percentage of sprouting

Significant d iff erenco was noticed between the effect a 

of trccfciaonfcs can the percentage of ouccoss in sprouting 

<^pena3cs -  X I). ' ' * -
t

Tho percentage c£ sprewting recorded was maximum for  

the following four treatments confeinatione.

3&&&Qessi 3 to 4 era, Length* 20 cm end no growth regulator
treatment

ThidEcaosa* z to 2*9 env Length* ̂ 2Q can and no growth
■ regulator treatment .

ftil&Beoet 2 to 2.9 cm, Length* 20 cat Growth regulator* 
t , Mhh loo ppm

Sickness* 2 to 2*9 cm# Lengths 15 cm,, Growth regulator*
maa 100 ppm

i  *

fAhe percentage of sprouting recorded was minimum for 

tho following three treatment corblnatlons.
» ,

Th-ids'icso* 1 to 1*9 cm* Length* 15 cav Growth regulator*
20 A 300 ppm

Thlclfenisjo* I  to 1*9 on* Length* 20 cm* Growth regulator*
' haa loo ppm

ThicScaeaa# 2 to 2.9 era# Length* 15 cm* Grcuth regulator*
ISA 100 ppm (Table 3}
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Data showed an overall increase in the percentage of. 

sprouting with an Increase In the thickness and length of 

cuttings* Thin cuttings were found to be inferior to the 

cuttings with medium thickness end thick cuttings* The 

difference between medium thick and thick cuttings was not 

statistically significant* Higher concentrations of growth 

regulators reduced the percentage of success in sprouting* 

Percentage of sprouting* was significantly higher in water 

treated control When conpared to that in different growth 

regulator treatments except in NAA 100 ppm treatment (Table 4) 
(F ig. 3).,

NAA loo ppm applied to medium thick cuttings was found 

to bo significantly superior to most of the treatments*

However it  was on par with thick cuttings treated with IBA 

100 ppm end HAA loo ppm and untreated thick cuttings. Further, 

the effect of growth regulators was not the same for different 

thickness of the cuttings* XBA at both concent rat ions produced 

better results with thick cuttings, whereas Haa produced 

higher success in sprouting with medium thidc cuttings.

longer cuttings recorded irore success in sprouting 

tiien treated with growth regulators.
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Tal&e 3. SEfecfc of treatment coctoinafcic«s on the pero^ago
, of sprout ing

Thickness
(cm)

Length
( c a w

15

control

Growth regulator® (ppm)
"iDA  ̂ USA 11AA n a a
100 300 100 300

39.22 26.55' 32.89 32.89 39*,22
*  WJ

3 0 4 4 . 9 8 3 2 . 8 9 ' 2 6 . 5 5 4 4 . 9 8

Z  t o  2 . 9

I S 2 6 . 5 5 3 9 . 2 2 5 7 . 0 8  3 9 . 2 2

2 0 3 9 . 2 2 3 9 . 2 2 5 7 * 0 8  5 0 . 7 3

3  t o  4

“ 1 5  ' - 5 0 . 7 5 4 4 . 9 8 5 0 . 7 5 3 9 * 2 2

2 0 5 0 . 7 5 3 9 . 2 2 5 0 . 7 5 3 9 . 2 2

t 3.71 '

C« D* (O.C5) « 10.72

Data *given are the transformed values.
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Tdbie 4* Main e££eot3 and Interact ion effects on the 
percentage of sprouting

'ihieknees
lea)

1 to 1.9

Z to 2*9

3 to 4

S3A
loo

Growth regulators (ppm)
^ i * * ^ w l w ^ t e w > * e w a f c a ^ M * a w w i ^ w w w i M i i n i r t r i i  m  r j j  ip Y J r a r fa m u t

XBA HM NAA. «*„,*_-* t'fe®
300 100 300 ^  (Th ic&ncss)

42*10 29*72 29*72 38*93 42*10 30*51

32*89 39*22 $7*08 44*93 43*13 44.40

50*75 42*10 50.75 39*22 53*91 47*34

fcagth («a> 
15

20

Length
<cci)

15

20

neon
- * • • (bGogtb}

38*84 36.92 46*90 37.11 43.00 40*37

44.98 37*11 44.79 44*93 53.05 44*5Vo

’.■ Mean ' ' ■ *■ * . •
(Growth
regulators) 41*91 37.01 45.85 41.04 48.05

Tnlcfinesa (caO

% to  1.9 2 to 2.9 3- to  4

34*15 40.26 47.29

■ss.oa 43*67 17.4

Thldkneas -  3..S9* Length -  2*77
Growth regulators -  4.33# Thicfeness ;c Growth regulator
Lentgfa n Growth regulators »  6.19#
cata given ere tho trentjferraea values.

7*58



I'to'.Taver u ntreated  long cu ttin gs recorded higher 

p ercent off a  o f sprouting catf&arod to  o th er treatm ents* The 

in teractio n  effacfc between thic&nsae and Xsngth o f cuttingo  

Kao not o ign ifican t (Tatol© 4)*

1*3 £SU2©ct  of treatm ents can th e  nunbor of sprouts per 
cu ttin g

Tho a ffe c t o£ treatm ents was s ig n ifica n t with regard  

to  th e  rnctoer of sprouts produced per cu ttin g  (Appendix -  x z i)*

fthxisum nunaher c£ sprouts p er cu ttin g  was recorded  

in  untreated  thicH  ro o ts o£ length 20 cm* s t a t i s t i c a l ly  th in

troefcmant was on p ar with th e  following treatm ent combination^*
■ , * ’

ThXcfcnocos 3 to  4 crv Length* . 2D ca*/ Growth regulators*
ISA 100 ppm

Thickness* 3 to  4 cm* Lengths 20 cw» Growth regulators*
If AA 100 ppm

Tfcicfcneses 3 to  4 aa^ Lengths 20 css# Growth regulators*
- flAA 300 pp«

Thicl^QDos 3 to  4 env Lengths 15 cm* Growth regulators*
tlAA 300 ppm

i '  . ■

Thi^&ncass 2 to 2*9 cm. Lengths IS cm* Growth regulators?
BAA loo ppm (Table 5 ) .



Thick roots in  general produced s ign ifican tly  higher

TSit& o t o f sprouts than madiura thick and thin root cuttings*. 

Lessor cutting3 ware hotter than, flo a te r  cuttings in  the 

nunfoor o2 aproutg per cutting* Growth regulators did not 

ohow ony sign ifican t influence in  the character studied*; 

However the interaction betwetfi the e ffe c t o f thickness and 

growth regulators was s ign if leants*

Increased thickness o f cutting had a ben efic ia l e ffe c t 

on tho nusber o f sprouts per cutting except in  the cace o f . 

trofiCcent with ISA 300 ppm fo r  >hich the differences was not 

significant*. Untreated thick cuttings and thick cuttings 

trcotod with haa 300 pps recorded higher nuaber o f sprouts 

par cutting* There wee positive  interaction between the 

c ffoc to  o f length and thickness o f cuttings* Long and thick 

cuttings were found to  be s ign ifican tly  superior to  a ll others* 

Length o f cuttings had a sign ifican t positive  e ffe c t only with 

regard to  thick cuttings* In the other two type o f cuttings* 

length Sailed to  show an/ S ign ificant e ffe c t on the nuntoer 

o£ sprouts produced* The interaction between the e ffe c t o f 

length and growth regulators was not sign ifican t (Table 6)*.

46



Table 5®. Effect of treatment ranbiaatlcns on tho rainSxr 
of sprouto per cutting

47

ThieHnesa
( gei)

1 to 1*9

Length
(din)

15

20

IBA
100

Growth regulator (ppm)

ControlIBA
300

N&A HAA
ICO 300

1«57 1*41 1,41 1*41 1,41

1,41 1,57 1,41 1,57 1*41

2 to  2*9

IS 1,41 1.41 1*73 1.41 1*41

30 1,41 1,41 1*41 1,41 1*57

3 to 4

15

20

1.41 1.41 1.41 1.73 1.57

l.=73 1.41 1.73 1*73 1.87

S.ê  -  0.07

C.D , -  0.2D
(0.05)

Data given are the transformed valuer,
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EiMe 6* Main effects end interaction effect a on the amabGr

of aprouta per cutting

Growth regulator (ppm)
‘AnicKnees

(era) mh iba 
100 300

MAA
loo

>JAA 1 
300 00068:31 <5̂ r a j

1 to 1*9 1*49 1*49
b

1.41 1*49 1*41 1*46

2 to 2*9 1*41 1*41 1*57 1.41 1..49 1*46

3 to 4 1.57 1.41 1*57 1*73 1.72 L.£

Length (eza) M&ae
(Length)

is 1*47 1*41 1.52 1*52 1.47 1*43

20 1.52 1.47 1.52 1*57 1*62 1*54

Mean
(Growth
regulator) 1.49 1,44 1*52 1*55 1.54

Length (cm) <■

Thidmeca (<an)

Js h .  1 tQ 1*9 2 to 2*9 3 to 4

15 1.45 1 . 43 M l

20 1*48 1 *45 1.70

'ThicJsness *  0*06;
Length -  0.05
Tteidcneac x Growth regulators -  0*14
ThicSaaese «  Length •  Q.09

Data glvesi are the transformed-values*



i*,4 J f̂ocfc o£ treatments on the days taken for leaf 
oasrgsnca

Tho mean values o£ the ahaorvationa are presented 

In fcho tables from 7 to 12*.

‘IhG effect of treatments on the nueber of days taken 

fo r lea f smsrgcnc© v?aa significant# (appendix -  IV ), The 

time taken for the emergence of a ll the six leaves was noticed 

to bq earlier from thin soots of length 39 cm treated with 

H&& 10© gpa* Medium thick mots of length 15 cm treated 

with 28A 30p ppm recorded the fsasEisaira nurfcar of d ^ s  for
. 3

loaf omaĵ ene®* ,

The main effects oS. treatments whai coirpared# gave 

the following results#

Kadiura thick roots recorded mice nunfeer of days for 
\ ■ - 

leaf cnc-rgence than the thin and thick coots* The longer

roots were earlier in leaf emergence than the abort er roots*

ilicjhojr concentrations of 2B& and Naa delayed leaf emergenoa

then thqir respective lower concentrations* Earlier emergence

p£ tho fir s t  loaf was noticed from water treated controls*

it  was on par with Naa loo 35pm treatment foe th© emergence
■©£ subsequent leaves*

i -

The interaction e ffec ts  &aan& thickness* length and 

growth regulator application was sign ifican t* Increase in



Tc&Iq  7 . E ffec t  o f  treatment contoinafcions on tho days f o r  f i r s t  and second
le a f  eisergeucD . .

1 to" 1*9

2; to 2*9

3 to <1

Tti&cfEnoso ’Length 
<cn) . (era)

15

20

IS

20

20

Growth regulators (ppm)
. IBA 100 IBA 300 HA* ICO BAA 300 coiTtrol

1 st 2nd 1st 2nd let 2nd lot 2nd 1st 2nd

124.5 132.5' 139.5 147.5 74 62 83 ; Dl*5 53 59.5

.116*5 125*5 122 130*5 52 55*5 71 83 54 64.5

75.5 88.5 147 155 58 75.5 77*5 85*5 73.5 65

F irs t Leaf 
S.E*ffi -  1.5

e *D(0.05T 4*2 c’ tfo*cs7  4*g

102*5 111.5 135 142 77 34 ,03 83,3 82*5 88*5

15 , 85 91*5 lOl 108.5 93 99 113 119 86 93.5

67.5 73 91 105 77 84.5 87*5 37*5 70.5 86.5

cn
o



Taifolo 0. Effect of treatment corrfciraations on the Cs$s for third and fourth
l e a f  ©mesgaoe© -

IhldfeQaocr

1 to. 1*9

Z .-to- 2*9

Growth regulators (ppm)
Length  .
(cm) 2Ba 100 mh 3oo BAA 100 tim 30®' control

3rd 4th 3rd 4th 3rd 4th 3rd 4th 3rd 4th

15 141.5 149 1S9.5 16? 94 1D1 107.5 119*5 70*5 86

20 134 143 141 145*5 70*5 73 93*5 104*5 75.5 83

13 109 120 172.5 181 89.5 104 99*5 115*5 102 113

20 117.5 124*5 139.5 168 95*5 103 1GX.S 103*5 99.9107.5

3 to 4
IS 103*5 110*5 118*5 126 111*5 110*5 133 141*5 106 113*5

20 96.5 102*5 121*5 134*5 98 106 109 127 99 106

C • E*irt t 1 *7
C.D.(O.Q5) s 5*0

Fourth &oag

S . E . jjj

C.D.CO.
« i*;e 
i 4*7 cn



Table 9* E ffect o£ treatment combinations on the days t^fcan f o r  f i f t h
sk&ft l e a f  <sa2rgence

Thick- Length
Xl̂ sstcm) (cmj

I to -1*9

2 to 2*9

3 to 4

Growth regulators (ppes)

SO A 100 isa 390 BAA IGO HAA 300 control

3#G,

5th 6th 5th 6th 5th 6th 5th 6th 5 th Gfch

IS 162,5 176*5 182*5 190*5 114 122*5 131 139 105 112

20 156.S 164 158 168 82 92*5 111 122*5 94 104

15 133*5 139*5 196 201*5 12D.5 127*5 124 135 125 136

20 136.5 144 181 190*5 117 124*5 122 132*5 119*5 226*5

15 123*3 131 138*5 147 133 142*5 154*5 161 223 236

20 221 130*5 139.5 231 117.5 123.5 139.5 152 217 224

m t 1.7

C*B* (Q.CG) t .4.8

Sixth hcif£

S-®*™ .

C* D* Co.oS )

t 2*9 

» 8*60' cn
co



Table 10. Main cSf.ocho and in te rac tio n  egfee&s on th e  days taKen 2gdr ELxsttcand second
le a f  eourgoaoo

■Ahlckness
(cm)

Growth regulators (ppm)

XBh. 100

M i
3B& 300 fi9&% lo o BAA 300 Centre! leimes s)

■ 2nd
r e r prfSTM^ n iw iif r itfiT E ftm p *

1st 2nd 1 st ana 1 st

1 to 1*9

2 to 2*9

121*5 12SK5- 130.8 139 .^ 63 i© 68*8 77-£0 87.3 S3.5

2nd 1 st 2nd

62 89.2 97*3

89*5 100*© 141<5> 149.0 7a*S 79*8 00.3 83 Wp IQ'Jp 86.3 92*3 100*5

3 to 4 76*3 ; 02*3 96 wp 106*8 8Bvo 91.8 100*3 100*3 82*3 90 *0 95.3 -

Length (cm) 
15 95*3 104*2 129*2 137.3 7S.3

“ ■ iacohCx-ejnftfeh)
05*5 91*2 98.7 70.8 73.3 93.0 lo l

20 96*2 103*7 116® 135*8 6S*7 74.7 80*5 39.7 71.7 79*8 36.0 94.7

'Kean ” ' •• !
(Growth ’ . „
regulators) ©3*8 103*9 122.6 131*6 73*5 80*1 05.8 94*2 71.3 79.0

Length
(era)

15

lot"
1 to 1.9 2 to 2.9 3 to  4

2nd
94.8 102*6

20 83.5 92

Ifcic&ness * 1.3* Length t 1.1# Growth regulators* 1.7 Thlcfeness* 1.5# Length* 1*2, 
Sfcickness x Growth regulators * 3.0. Growth regulators* 1*9 . .
Length x Growth regulators * 2.5 Tiiicfcsieco x  Growth regulators* 3*3
3hl«ftnes3 x  Length * 2*1 Length x  Growth regulators s 2*7

thicHneso x Length 3 2*1
Ci
C O



Tsfcl© 11* Main effects end interaction effects <x% the tcfcen fo r third sod 
fourth icsS ars r̂rjocce

‘Xhicfcneoa
(cm)

Growth regulator (ppm)
3B& M X & Q . jsaauaa, 9WSEQL

sasai

1 to 1,9 1 3 # . 246 150,3 156*3 82*3 S3 100,5 212 76 04,5 ■209,4 117*4

2 to 2*9 113*3 222,3 146 174*5 92,5 103*5 100,5 112 100.8 220,3 214,6 124*5

3 to 4 100 lGG,5 130 130,3 104*75 112*3 12 1 134*3 102.5 109,8 109,7 118.6

Length (c&) 
15 115 126,£ 150.2 159 98,3 107,3 113*3 125*5 94.3 104*2 w i s c y
20 110 223,3 140.7 249*3 88 94.7 102,3 113*3 91,3 9B.S 107,5 115.9

Wsan
(Growth
regulators) 117 224,9 145,4 153*7 @3,2 101,3 107*3 119.4 93.1 102*5

Length
(cm)

15

'ZfoicScncso (esn)
1 to 1*9 2* to 2*9

3rd, 4th 3rd 4th
3 to 4 

3rd 4fch

H 5*s 124.5 114*5 126*7 114*5 132
29 102,9 110*2 114.7 122*3 104.5 115*2

'Zhlcknoos a 2,0, Length* 1,3, Growth regulators* 2*1
ShicSGiess sc Growth t 3*5
Length x Gsotfth regulators » 2*9 
SMc&cess x Length s 2*3

cJp.
Thickness* 1*5, Length*.!, 2,
Growth regulators* 1*9 
lhic3®ess sc Growth regulators a 3,3 
Length s  Growth regulators* t 2*7 
Thic&Jiess ?c Length a 2*1

cn



Table 12, Main effect a ana interaction e ffects on the flays taken fo r  fifth ’ and sixth,
le a f  emergs'ice . .

Thickness
(cm)

Growth regulators (ppm)

IBA 100 ' IBA 300 . NAA lOO NAA 300 Control Mean ■ 
(Thickness)—

. 5th . 6th. 5th .. ..6th.. .,5 th 6th. 5th , 6th. 5th ■ 6th 5th 6th ■

1 to 1*9 159.5 170.3 170.3 179.3 98.0 107.5 121 .0 130*8 99.5 ioao 129.7 139*2

2 to 2*9 135 141.8, 188*5 196 .0 118*8 ( 126.0 123 .0 133*8 122.3 l3l*,3 137*5. 145*8

3 to 4 122*3 130*8 139.0 149 .0 125.3 133.0 147 .0 156*5 122*5 130 .o'. 131.2 139.9
Mean.

(Length)
146.5Length (cm) 

15 139.8 149..0 * 172*3 - iso.*o

• . 

122.5 130.8 . 126.5 145 *0 119.3 123..0 138.1

20 133 146.2 159.5 169.3 105.5 113.5 124.2 135.7 110.2 118.2 127.5 136.7

Mean , 
(Growth 
regulators) 138*9 147*6 165.9 174.3

h - ' ' «
114.0 122.2

' it
130.3 140.3 114,8 123.1

. . Thidkness (cm)

Tt-i i cVn Rfi S . 1 to 1.9 2 to 2*9 3 to 4
-

- (cm) - ■ 5th 6th . 5th 6th. 5th , 6th

15 139 148.1 139*8 147.9 135.*5 143.5

20 
/■* n i r\ \ i V  Hr

120*3 
Hv T, }

130.2 135.2 143.6 126*9 136. 
C.D* (0*05) (Sixth Leaf).

Thickness* 1*5/ Length* 1*2/ Growth regulators* 2*0 
Thickness x Growth regulators* j3.4 
Length x Growth regulators* !2*8 
Thickness x  DLength * 2*1

Thickness* 1*6* Length* 1*5 .
Growth regulators* 2*3 
Thickness x  Growth regulators* 4*0 
Length x  Growth regulators* 3*2 
Thickness x  Length * 2*5

cn
cn
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thid-sncao increased the time tdcen for leaf emergence in the 
go£jQ of roots treated with NA& and in water trea ts  controls* 

Beaotfog in treatments with 3©a# thick roots recorded lesser

imnSxsr of dgys for leaf essergence*.
> . ‘ " '

’ Increasing the length ox cuttings reduced the tine ■ 

tdtss for lea£ emsrgence «ben treated' with growth regulators 

I'Jctcr treated thin cuttings'oad longer cuttings tressed with 

t$m at & » ppm recorded leaser nui&»er>Q£ dsefo far leaf emer* 
genos then other treatments* First and second leaf emergence 

'tras earlier from thiefe and leng azfctings# leufc the emergence
t  ■ 1

o£ csilsts îent leaves was curlier from thin and long oittingo#, 

$n a ll the three levels os tfclcSSnese tried* increasing the 

length of cutting was found to ro&ica the number of days for 

ioc£ c&srgeace*, . .

l'mp sffqefc of treafcwant© on the height of plants
* a

‘The mean values o f height o f the plants are presented 

in  ta&Le 13 and 14*

'  i  •

significant differences wore observed between the 

different treatraeiifcs on fcha character studied (Appendix -  V) *; 
{3gxiEuia height of 42*S era was recorded from thin root cuttings 

of' length 30 era treated with H&& 100 ppia vSiich uaa on par with 
ttz&rcjgfQfi thin cuttings of length 15 can (41 end* Thin
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cuttings o f length IS era treated with 10A at a ooncentEs* 

tlcxi c3 300 ppm recorded the minimum height (9*75 cm).

St was observed from the data that th in  cuttings 

produced ta lle r  pleats# “SSse differences asong cuttings 

belonging to  the three thickness groups were s ta tis tic a lly  

a&gnlflcsnti Increasing tho length oS cuttings resulted 

in  tho increased height o f plcnts (P la t o l )*  Growth regtc* 

labors at higher concentrations reduced the height o f plants 

£$1 c&q«2># Plants from untreated cuttings were s ign ifican tly  

fc&Sler mti. they were followed £y those treated with Haa loo 

ppin# Cuttings treated with 2B& 300 ppm proauoad the shortest 

plm za  <J?£g* 2 ),

interaction e ffec ts  orong the d ifferen t coirfoinatico o f 

factors wore sign ifican t* thin sect cuttings produced ta lle r  

plants when treated with water and with HAh. at loo and 300

ttoexeao thick soots produced ta ilo r plants when treated 

with 3Ba at both conq^itraticjis* Ha waver thin rooto treated 

with vat or were found to produce plants recording the msaCU 

isuia height* increasing th® length of cuttings had a bene* 

fiio is l effect in cutting a treated with water arid KA&* But 

no G.ifjpiflcmt difference was noticed between gutting a of
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Qfabl© 13. Efeect of th«tr©afcraanfc conizations oo the 

height o£ plant (cm)

Thickness Length
(ora) (cs$

Growth regulators (ppra)

JBh xba *?a* N&&
100 300 loo 300 oaoteDl

1 to 1*9

15

20

12*75 9*75 28.55 21*75 $L

12 11.75 42*5 31*25 39*25

Z to 2*9

15

30

16*5 10.75 31.9 19.5 21*08

15*25 10*95 20*8 21*65 31*8

15

3 to 4

20

22 20*5 22*6 18 27*3

23*5 19*25 35*45 23*7 33*6

C.Fo.os)*  1*71



Table 14* Main effects and Interaction effects co tho 
height of plants (enO 59

Thickness
(cm)

Growth regulators (ppm)
IBA
lOD

ISA
300

HAA
IOO Control ,300 o»ntroi ^ &tSsEi0t

1 to  1.9 12.38 10.75 35.83 26.5 40.13 25*06
i m m  n iii i  .u e M m a

Z to  2.9 15.63 10.88 26*35 20.5S 21.23 1Q.D9

3 to  4

Length
(cm)
IS

20

22.75 19.88 24.53 20.85 30.45

Mean ' 
(Growth
regulators) 17

Length
(cm)

15

20

C'D*

17.03 13.67 27.63 19.75 29.75

13.83 28.8 22.64 30.62

Thickness £ca)

1 to 1.9 2 to  2.9

22.76

27.35

19.94

18.03

(0.05)
Thickness «  0.54# ‘ Length ** 0.44 
Growth regulators -  0.70.
(Thickness $s Growth regulators) — 1.21 
(Length K Growth regulators) -  0*99 
(Thickness sc Length) -  q.77

23*09
it & n ii r iK t f u t t w u s s

Motm
Ctaagtfe
21.59

16.92 13.93 29.92 25.53 31*45 33*50

3 to  4

22.03

35.3



Piece 1* E ffect o f length o f root cuttings on plant height 

1* 15 csn 

2« 20 cm

P la te  2«, E ffect c£ growth regulators on plant height 

1 * IBa loo ppm 

2. £hA 300 ppm 

3* Kaa 100 ppm 

4* haa goo ppm



Plate-1 (xO.15)

Plate-2  (x 0*1)



tho'tuO different lengths viien treated with IBA at both 

conccpsi-r at ions. Untreated long cuttings produced the tallest

plan&ot<.

Cuttings of the two different lengths under the 

Gama thickness varied significantly on the character studied 

esseqTfc with medium thick cuttings# In thin and thick cuttingcr 

if&seoalng the length of cuttingo resulted In increased 

hqlcjhfc of plants# Taller plant's were produced from thin ■ 

did long cuttings (Table 14)*.

. * *■ T

J3S£oefc of treatments csi the mean number of Primary 
recto produced

The effect of treatrrxits on the m^ber of primary 

roefco pro&iced was significant ( Appendix -  V i).

Maximum .number of primary soots watfe obeerved In thick 

root eu&tlngo of length 15 can treated with fi/A 300 ppm. '

This was followed by medium thick roots of length 2 0  .cm 

treated with Naa 300 ppm. Untreated cuttings of medium thick* 

oeoc and 15 cm length recorded the mininun number of primary 

sootc*, statistically this woo on par with the following treat- 
meat GCirbin at ions •

60



%&€&30a3S 3 to 4 cm# Length* 20 cro# Growth regulators*
IBJ\ 3.00 ppm

^idaiGOG? 3 to 4 cm# Lengtfca 2D on# and no growth regulator
treatment (Table 15)

Msdium thick roots In general produced greater number 

of sao%Q than thin and thick cuttings* Increasing the length 

o2 rocfc cuttings resulted in the production of higher cunber 

of primary roote* Growth regulators recorded an overall 

InoreaOQ in the soot nunber then compared with the control* 

atsong the different growth regulators# N&A, 300 ppm was superior 

to othoro with regard to fcho production of primary roots 

(.t&iq  ae).

significant interaction effects were also observed 

o$neng the different eoxifclnafcien of factors* Growth regulators 

feoroaGOd the primary root number in medium thick roots than 

tho thin and thick roots*, Dot in untreated cuttings# thin 

root a were superior* ‘2hii& roots treated with soo ppm 

recorded the ciassicum number of primary roots followed fcy 

oodinn thick roots treated with HJA 300 ppm# the difference 

between the two treatment g was not however statistically  

gignid icont» increasing tho soot cutting length had a ben©* 

f&C&al effect in primary root number when treated with growth
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regulators except In »aa 300 ppm treatment. The difference 

between the two lengths in HAh 300 ppm treatment was not 

significant. Treatment with Haa soo ppm recorded higher 

primary root nunber In cufcting3 of both lengths than the 

retraining treat m ite, ffedtes thick and long cuttings was 

superior in the m ntoer of roots produced th en remaining ©anbl~ 

not ions of •thickness and length. ■

1,̂ 7 Effect of treatments on the cumber of secondary roots
produced “

Treatments were, found to d iffe r significantly with 

regard t© the production of secondary roots (Appendix -'VX)«

2t was found that significantly higher nuntoer of 

. secondary roots were proaueea in untreated thin cuttings of 

.length ’15 cm than others (Table 15).

Tho overall effect of thickness e&cwed sn increased 

Soot faimber with thin roots followed ley thick roots, the 

dlfferenoo between these two were however not statistically  

Significant* Shorter root cuttings produced conparltively 

EDre mzbasc of secondary roots than long root cuttings. 

Increasing the concentration of growth regulators increased 

• the secondary root number* She ramfoer of roots recorded'was
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Table IS * E ffect o f  treatEissot eoRbinatiGns on- the msfcesr o f  ro o ts  produce.!

Thick** 7 
nsas . length

"*V
. Growth regulators (ppra)

(cm) (era) jBK 300 . HAS 1QG Mas 300

i  .to. 1*9

_PzZ* -hoem- Py l- Seoon- pe&* ' Gqooo- PrJt- 'Seoon-*
...: ■mxg c3aay .. ■ nary' ' fl^ry roary.' dasy- . r&ry " dary
..-JSSSSEgL^gafea.—JSPflfca-. XOfitfl—rsatg -^.roota------roots - -goofcp,

15”''V'6*1 „ ,2*4. . S*3 3,0
* * * * * * *  • ***

20 ' .7*8

iS 7*4

4*3 5*6

2 to 2*9

20

3 fco-4
15 4

20 3*7
r . n » . . .  I  ■■ , ■  a . I H > l ' T l “ T  V T - ' T . - I

,0*4

s-a

6*5

5*0

a

: S-S*ia 9 0* 34'

C.0, (O.OD3 a, 0*97

5*4

ao

2.4 0*0 3*5

4*2

5*1

4*4 9*6

5.7 4*3

3*5 3*5 4*6 5*1

5.7 6*B 3*3

4.7

5*5

6*6

7*7

2*9

9.5

5.7 10*8 4.6

6*: 11*9

*T <3 ,•»*<» 7*4

7*2

9*3

T£2?*

5*6

2*0

4*4

J? CT *£#**»

3*4

seaafr*
. clary

14*1

7*9

4*8

3*6

rr

6*5

S.E. ‘ St
C„U. (0.05)

s 0*39 

* 1 * 1 1

00
CO



Table 16* Hair* e ffe c ts  end In teraction  a f fe c t  a cn the mrdoer o f  ro o ts  produced

Thickness
(cm)

2BPi 200
. . Growth regulators (ppm) 

ISA 300 NA& 200 N.VX 200 Control
ftaan

(tblctaiGse)

Pr.l—
raoiry
roots

9eo3n» Pri— 
dory . nvary 
roots roots

Secon- P rl*  
dary mery 
roots roots

seooa* P ri“ Secon
dary mary dary 
soots roots roots

1 Pri.** Seeoti— 
raary dasy 
roots roots

P r i- Scccn—
, rrary dory 
roots roots

1 to 1*9 6.9 5.4 4.0 6.3 5.7 6.7 5.6 5.1 21*0 6*2 6.0
2 to 2*9 4*9 6.7 4.0 7.3 6.2 9*2 7.0 3.6 4.2 6*8 5*2
3 to 4 3*2 4.3 5.2 5.1 4*7 9*7 9.6 8.3 3.9 5*0 S *  5*9 •
Length (an) 

15 5*P 3 # 9*7 4.0 5.3 6*2 0.6 8.3 3*9 7*4

Hean 
(Length) 
5*£ 5.9

20 6 ,i 4.9 5.0 4.7 6*9 9*2 8.3 6.6 4.4 6.0 6.3 5*5

Mesa
(Growth reyulat o r s) 0 • 0 4*2 5.8 4.4 9*1 6*2, 0.5 8*9 4.2 6.7

'Jitlaknes s( cci)

Lcncsth (cn# 1 to 1.9 2 to 2.9 3 to 4
Primary
roots

Secondary
roots

Primary Secondary Ps’lGery G'occndary 
roots roots • rcofec roots

15 5.6 6.9 - 6.0 5. 3 5.9 5.5
20 6.3 5.0 7.6 5.1 5.0 6.2

C. D-
ThicSoaess i 0.32,, Length* 0*25 
Growth regulator* 0.4 '
‘Xhickness x Grawih ragnlabors* 0.68 
Length x Groxj&h rogulatorss 0*56 
Thickness x Length . < 0.43

&£££&
Thickness * 0.35. Length? 0*29 
Growth regulator* 0*45 J 
Thickness x Growth rogulatoro* 0*79 
Length x Growth rorpAatosci 0*64 
Thickness x  Length * 0.50
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n&sdmni from has 300 ppm treatment:.: and control# the ; 65

difference between thee© two treatments being not significant 

(Table 163^

Increasing the root thickness had a beneficial effect 

op fcfto secondary root derc&cpment vtim treated with growth 

regulators* In untreated cuttings thin roots were superior 

to  ntjdiijm thick end fchiek roots#, The secondary coot nuirber 

vsp ncsssiiiuia from water treated thin root cuttings*
[ . . . e  . . ,

< 'to g e r  roots were better viion treated with IB a. at both 

conceicit rations and Haa at 10D ppm* Treatment with water as 

cm troi and Haa at 300 ppm produced sore nusber of secondary 

roots from short root cuttings* Shorter cuttings treated 

with ft&V at 300 ppm recorded the majsimra number of secondary 

roots# Th© length of cuttings had a significant positive 

effect with thick cuttings* However# thin ansi short root
i- .

Cssttings recorded the maximim nisnber o f secondary roots 
(Tcklo 16)* '  .  '

1*0 Effect o f treatments css the mean length of primary roots

■’ . The mean length of primary soots under different 

treatments are presented in tables 17 and 18* The effect o fr
troatmsstG on the primary root length was significant* .The 

rGcorood root length was observed to  be the ma&istum from thin



roots q2 length 15 ora trested  with HA& 100 ppm* This was on 

par with medium thick root cuttings o f length 20 cm treated 

with t'l AA 300 ppm*'

Untreated thick soote o f length IS era recorded the 

sShlrausi root length* This treatment was s ta tis tic a lly  on ■ 

par with the follow ing treatment contoinations*

‘TMdmGSo* 1 to  1*9 cm* Lengths 20' era# Growth regulator*
IDA 300 ppm

Thickness*' 2 to  2*9 on* Length* 20 cm end no growth
regul afcor treatments

Tfciefcnoss* 2 to  2*9 era# Lengths IS cm and no growth ,
regu lator; treatments

There was no sign ifican t d ifferssce in primary root 

.length between thin and' irediuai thick roots* However they ro» 

corded s ign ifican tly  higher length o f roots than thick root 

cuttings*, Shorter root cuttings, produced longer primary roots., 

Growth regulators had a ben efic ia l e ffe c t on root length when 

co lo re d  to  control* uaa at 100 ppm recorded the maxiraara 

value# fchlth was followed by Haa 300 ppm*. The difference 

befci-JOGfi these two treatments were not s ta tis tic a lly  s ig n ifi

cant < Table 10)* '
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Tho response for the growth regulators was not tho 

amass with the different levels of thickness of cuttings*

Thin roots treated with Hajv at a concentration of 100 ppa 

recorded tho raaximm root length which was followed by 

bodium thick roots treated with M&A at 330 ppm* & s ignis A«* 

cast reduction in soot length was noticed in a ll the three 

different- types of cuttings when tb<^ were used without 

cny growth regulator treatment. Shorter root cuttings ware 

' SDy© cSfoctiTa with growth regulator tresfcraant in . increasing 

the length of primary roots* In untreated cuttings# longer 

cuttings were better than short root cuttings* Short and 

leng root cuttings* both treated with., sm  at loo and 300 

T&ft were fsaand to be better fchsa the remaining treatments

i? m o  is )*

The interaction betwoen the effect of thickness and 

length was not significant (Appendix -  V iz).

1 *9 Effect of treatments on the mean length of secondary 
roots* ;

significant difference was noticed between the 

effect of treatments on tho length of secondary roots that 

wore proceed from the cuttings (appendix -  VIZ)* Medium 

tfcicfe roots of length IS cm treated with Haft 300 ppm recorded



the ryaginmm coot length* Untreated thick roots of length 

15 ora reoardad the minlnum secondary root length (Table 17)*,

la  general medium thi<k cuttings were found to be

superior to thin and thick cuttings# tfilch were on par* Shorter
. *

root cuttings performed better than longer cuttings in the 

<pb carved character* The application of growth regulators had 

a beneficial effect on root length when compared t© control*, 

Treatment with KM 300 ppm recorded the maximum value

ivtim,® «*)■*, , ,

Significant interaction effects v;cre also observed 

among the different ooRhina&ion of factors* The effect of 

growth regulators was different with different levels of 

thitknese* The maximra length of secondary roots was noticed 

from medium thick roots treated with KM afc 200 ppm. cuttings 

of both lengths responded better when treated with KM at 100 

and 330 ppm than when treated with XB& and also when planted 

without treatment with growth regulators*, shorter cuttings 

treated with HM 300 ppm was found to be bettor than other 

oonMoat icn of length of cuttings and growth regulators* The 

interaction between effect of thickness and length was found 

oignif leant* Medium thick and short root cuttings were found 

to be superior ttt<n other treatments.*.



Tab le  17* E ffec t o f  treatments comb in at ions ron^te eoleogthnQf iro g t  ,g &crr£00tc (eras)

Ibiekr Length 
ness (cm) 
,(cm)

Growth regulators (ppm)

1 to 1.9

2 to 2.9

3 to 4

73h 100 IBA 300 KAA 100 NAA 300 Oori'CKOl
Prlf- Seaon- P rI- seoon- Prl— Seoon- Pr±-» aecon— Pri*» Secors—

*■ maxy, dory , mary clary ,, mary,, dary mary Oary . rossy dary
-jsaafcs .-roots... E22S2 -oaofcs— jasafcia roots ebs£.9 — EBSifea

3.0

20 6.9 ’ 3*3

15 9.3

20 6.0

2 .o

2.3

15 4'*S 1*4

20 5.7 3*4

Primary roots

7.4 2.0 12.3 4.3 6.4 3*4 4*7' 1.5

3.3

9.6

1*3

3.4

11.4 2.4 10.7 . 2.6 5.3 2.4

8.4 2.4 lO. 2

5.1 1.4 10.5 3.4 11.8

6.6

4.1

3.7

4.0

4.5

1.5

5.3 2 .2 7*8 1.3 10.3 4.1 , 3.0 1 . 2

6.5 3.6 6.2 3 .0 5.8 2 .8 6.0 3.4

Secondary.. recta.

s .s .
E l

8 0.35

Cm D. (0.05) * 1.0-

S.E* „lit
C.D.(0.05)

s 0.23 

s 0.67
CD
CD



TaOIa 10* Main e f fe c ta  cud in te rac tion  e ffe c ts  on th e  1 ength<froot s (ccfc)

Thick.*.., ISA loo 
ness

SDA SCO haa loo
im *iT liT f

Growth regulators (ppcd-
• ■ waa '200 Control

iioon 
( ;̂ i;lc5:nQsie)

(dUiS) P r i"  Secco*'^ci" - ’ ocvhi— Pri-*
mary dory, .mnry. dory . nsasy
roots roots-JX'Cto1 roots . soots

SeccHi- Pri— . seocn- Pri— Secon
dary . nsry.'. cissy ■ rary ‘ dbsy 
roots . roots roots roots rootc

■?si- 
r.'jcry .
-roots roots

i m m ' . r i f  h  i ^ —

Feccn-dary.

li.Hic.H9 S »0 3*1 5*4
— O ' J W

1*6- 12*1

2i'-bo220 7*6 2*2 7,3 2*4

3>t© 4 S*1 2.4 5*9 2*9

9*4
7.0

3.4

'2*9

.2*4

8*5 3*0

i i* o 5*4

5 .-o

3*0

1*9

3 op

7.3 2*6

°-2

0.3 «5-*/ 4*5 2*3

*̂9
I ■ ■M l.ll '

6*1 2.7

Length ( cja) 
15 7.6

20 6.2

o-*?
w f  —

3,0

7*4

.5 ^

2.5 9*6

2*1 9*3

2.8

2*9
9.1 4*7 3*3 2*4

Mean (isngfcfc) 
7.5 2.9

B i t e c i 4 r *  * " a r o ^ M u w a ^ M » f

9*4 2*2
Moan 

(Growth 
regulator a) 

6*8

5.1 -2*4 7.p
i i M i i ^ i i  i m i u  ■  i —  i-------------------- '   ------------------------------ -

2.7

2*5 0 *2 9.5 2.9 9*2 3*9 4*4 2.4
Thickness (cm)

Length
(cm)

1 tC 1*9
secondary 
roocs

2m to  2*9 3 bo 6
Primary Secondaryroots roots px-'XBi.y 

11 roots ’
frccandary
roots

• £s£z&Qd&}Jt££Sga£ZJSB&Sl 
Thickness# GiSH# Length# 0*26 
Growth reguictesc# 0*41 

Thickness n Growth regulators# 0*71 
Length x G south rognlator # 0*58

Growth regulsfcorct 0*27 <1
Thickness & Growth re^iloto^ra 0*5 0
Length 2S Growth regulators# 0*4
Thickness x Length * 0*30
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1*1© Carbohydrate contest 4a roots, '■*-

Thick soot cuttings recorded the maxiraim carbohydrsfce 

ccmtent of 9*9 per ©ant followed toy medium thidc roots 

with 79,2 per cent and thin coots with s*8 per cent*

2*. Preparation with stem cutting

Observations recorded 10 days after planting showed- 

that irrespective of the treatments# the ct&tingo started 

wilting end after 20 days of planting a ll the cuttings dried*
I’ ! "

\ '  ,

Honoe tho study could not proceed further*.

3* Propagation through layering

3*1 layering in mature plants

Four months after layering# the nurfcer of layers 

that sooted was observed*, There were no signs of rooting 

in e ll'th e  treatment# At random there was callus formations 

in coma layers, since this did not conform to .the statist!* 

col design# no analysis could bo made* The percentage of 

rooting was very few in both the seasons*

3*2 honoring in youig juvenile plants

v Aiasng the 20 plants layered 10 layers rooted* The 

.sftssresga mtaper of days fce&eo for rooting was 32*, The rooted 

layers were planted in the nursery of t-hich 14 survived#



3*3 Prcioagstion through stool layering ■

From the 15 shoots layered# 12 rooted satisfactorily*

The euoo&ss in rooting was observed to be 80 par cent* Tho 

iaycro have been separated ond planted in pots* The growth 

of plants were satisfactory {Plate 3 -and &)•, .



Plato 3* footed stool lay ere of: ’oread fruit*

Plata 4* Pi separated layer showing roots



Plate-3 (x 0.1)

<► **
•  ̂ , 

Plate-4 (x 0*12)



DISCUSSION



D33OS5SS0N

Ttio present investigation was carried m t as an

dhfcqqpt to standardise a suitable method of propagation 

of broad fru it through vegetative means* The results 

Obtained in the present investigation are discussed in
i

fcfoia Copter*,

P$gga$sfc&Qto with root cuttings

The root cuttings t^ken for the esqpariEasnt were 

grouped feared on the thickness and length. They were treated 

with growth regulators at different concent rations *

' Irrespective of the thickness and growth regulator 

hrectiaont# cuttings of 5 cm and 10 aa long Sailed to sprout* 

Ostueato 15 cm and 20 cm long cuttings# the cuttings of 20 an 

 ̂length gave higher percentage of sprouting. Increase in the 

length of cutting enhanced the sprouting percentage* similar 

results are reported fey Bolt <1982) in pecan root cuttingo# 

fcfiaro a success of 60# 60 and 1©0 per cent were obtained 

f  rom 10 ep, 15 cm and 20 «as long cuttings* respectively* 

Rahdhawa and Klshore {1983} got higher success with longer 

xpofc cutting la  •Kainth* variety of Pvrus t>ashla. In apple,



Robinson and shwabe (1977) showed that longer root pieces 

were proactive than several shorter roots, similar 

etudleo by way ^  (1955) in ^pl©  showed that establish**

ra&it of Independent plants dropped from 90 per cent with 

roots 18 cm long to 32 per cent with roots 5 cm long.

The subsequent growth of sprcuto as observed b y  the 

time tcken fo r leaf eimrgmce was faster in 20 cm long cuttings. 

The rnnfecr of eprouto pcodicad per cutting was core from 

3D cn long <aittings* The plants pro diced from 20 cm. long 

root cufctingo attained nor© height than 15 cm long cutting^ 

Shio again Is. in agreemant with the fin  dingo of Bolt (1932) 

in peeon root cuttings# where he obtained increased shoot 

length with increase in length of root cutting, similar 

results ore reported in coffee by Nsuntou &  (I9e2).

The increased vigour exhibited by the longer cuttings can be 

attributed to the higher total carbohydrate reserves. .

Turovdiaya (19695 fcund that secondary sheets produced from 

diort soots were weak# thin with small leaves. She reasoned
■j

it  out that in short roots total reserves must have been lower*

rrom the present investigation it  was found that thick** 

neon had a significant influence on the e? routing aid subsequent 

growth of tprcuts. Percentage of sprouting showed an Increasing
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trend with increasing thickness# sim ilar results ware 

d ra in ed  in  bread fru it  fey ©tanas and Buis (1956)* The

liuntDGr of: cprouts produced per cutting were found more in
! ' .

th ick roots*. The carbohydrate reserves were found morq in 

■tihlkS; roots*.' The higher epsouting- percentage obtained may 

3bo attributed to the Jg)crg$@ad carbohydrate reserves in  

thic&dz roota#

The thin roots;were found to sprout on earlier then

Others*: T&s time fcakoi fo r  le a f production and height 

attained fey the plants aloe followed a sim ilar trend# The 

eadiincss in  sprouting in thin cutting may possibly: be 

<$ao to  the age o f the root cutting's and ju ven ility  may 

prc&obly play a great ro le  la  induction o f d a rlin gs  in 

such cuttings# The ro le  o f ju ven ility  In the sprouting o f 

root cuttings is  ro o s ted  by Gam®: and Hatcher (1958) 

plum and Tueovskcya (1973) in  apple# ■

The interaction befcwem length and thickness was 

o i^ is lea n t*  In general fo r  sprouting md cubaequent growth 

e eoEblhGtion o f higher leve ls  o f thickness aid length

wcro found superior*,

Tho e ffe c t o f growth regulators cn,. induction o f 

sprouting from root cuttings was found to  bo negative#



vjh$n the chemicals were used at different concentrations,. 

Indole 3 butyric acid and naphthalene acetic acid at a

cOheanbratlcn o£ 500 ppm inhibited sprouting in the treated
! ,Ld 

(Cuttings* ■ The lower concentrations of, these <3>etclcals pro&i**

cqQ sprouting but the maximum sprouting, was obtained when

t&ezo woo no growth regulator treatment* The leaf emergences
i

vop Sound to be earlier in the absence of cny growth regulator 

brcatnicnW Conaecjiently the attained by the plants

6 sscathu after'planting also shoved the similar tvend. XBa 

at 300 pp® produced the raininum sprouting and the raoat delayed 

loaf emergence* These £ in dings are In fu ll agreement' with 

the results obtained toy Turovska/a 1977. Ho response was 

obtained in appl© root cuttings to any growth regulators* 

Similarly In Coffee Hsunfou <g£ (1962) reported that

mortality was no re in growth regulator treated., t root cuttings* 

oof^arod to untreated soot cuttings* The percentage of 

cuttings producing leafy shoots were also less in treated 

cuttings oospared to wateer»tseated ocntsDl*

Auxin suppress root sucker formation. This is reported 

by Eliasesn (1971)£cr root a o f hertocacoous cpecios vas well go 

ia  caUuo cultures. 1 Robinson and schwabe in 1977 found that 

in c^plo root cuttings application of IDA at 150 rg/l 

coqplctoly inhibited the bud initiation. Hartman and
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HSQto# (2-97Q) has explained thsfc application of rooting 

aubstanoes to root cuttings raay inhibit tho development 

of chepfco frcra such root pieces* lb© situation ±0 esqplalrad 

lb shoot oufctingo also where aixin application. at higher' 

cousrcntration cm  inhibit feud developniant# even though 
£?cot _ formation is adequate* In the present investigation
eabd© at higher concentration has suppressed shoot growth

! J  1 1 * >  1 - ■ ■ • ■ "

but pro&iced better root development*

Auadaa produced In shoots is translocated into the 

roots tliere it  prevents sucker formation# Mien aerial 

pgsfcd of the plant ore rcaroved or injured# root sucker is

rdeased as a response to lowered susdn con cent rat ion •
» . ■ .

Blis^ocm {1971} Srom hie work on gohlia tremula concluded 

that lowering of auxin content is the decisive factor in 

the release :o£ sucker from the roots* Hormonal regulations 

Of Sbud initiation in roots was suggested by the absence of
: a I,

buds cn attached roots but e rapid formation after detach

ment* In the attacked roots auxin from the aerial part of 

the tree would normally prevent bud initiation. The same
1 i

c£toct -is seen in the present .investigation with the external 
p lica tion  of auxin which suppressed bud initiation at 

Mgher ©encenfcrafcion and magnum sprouting being obtained 
In tester treated ecntrolo,
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khldzacso .and length. Higher level a of thicJcnoo3 and length
1

t;&th no growth regulator treatment, showed the maximum success* 

itiio mcy Isa due to a oonfoin^lon of higher carbohydrate reserve 

obtained end lower auxin content that aided in better sprout-*
■ i i

ing. ’'EUbioson and schwabo (1977) suggested that accufmlaticn 

of eerbefcydrstea and depletion of ISA la suitable for rapid 

and long term regeneration from soot cuttings in apple*

'Sha rooting of cutting wan influenced by the treat** 

Ku'iici, She number and length of primazy roots produced were 

{Store from medium thicfc end thin roots* The root prediction 

hop oloo mar© from 15 an long cutting g conpared to 20 cm long 

cuttingc* The increased rooting obtained from medium thick 

and'thin cuttings may be due to the younger age of those
t

cutting^. . -

Siio influence of growth regulator in rooting was found 

to lie? significant* NA& 300 ppra recorded the maximum value 

fo r sect number and root length (Plate 5)* Absence of any 

growth regulator treatment resulted in poor root development* 

5to>voI«$ya (1977) reported similar results in apple root 

cuttingg* there application of growth regulators like auxin, 

had a beneficial effect en root development although it

Growth regulator!* had a  s ign ific an t in teraction  with



Floto D» R££ect of NJW SOD ppm on number and length 

of newly formed root a#



p late -5  (x0.36)
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mpnzQ$GO& shoot development*. Plant (1940) ale© reported 

(potS root development from root oufctinga of sea^aie, 

treated with 0.02 par cent KWW, ritie results are In agree- 

P33t with the explanation put forth by Hartman and Kester 

(1978),,

18h though considered as a rooting hormone did not

s&Ovi cny beneficial effect on the root cuttings#

dbticii Is  effective in both shoots and roots produced irore

root In itials than X8*v in the present stuetjr#

»  ' 

PropooetiBn with stem, cuttings

■ Propagation with atom cuttings is  generally attempted 

in fruit* crops as this method 1b inexpensive snd easy#

The uso q£ growth regulator is also now in practice for 

enhancing the rooting capacity#, In the present investiga

tion attesrpts to propagate bread fru it plants with stem 

outtingo f  ailed even though the cuttings ware treated with 

growth regulator© at B*^a»:i^concentratic©0# maik <1948) 

and Kaa&ltcn, et al# (1983) has reported success with stem 

cuttings ia  bread fru it* However such a result could not 

ho reproduced in the present study#.
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Sho age of the tree, from «hic*\ cuttings were taken 

txjuld have grossly influenced ■the ext&t of soot. Ins and 

tho failure may be probably due to tho old eg© of tho 

ix&frer trees* cuttings for tho present' stti^ ware token 

£rorr. trees over 20 years old* Reports of rooting of 

d ifficu lt feo root species are there from juvenile cuttings* 

Raj an and Ram <1983) reported that in mango* juvenile 

.cuttings rooted well where as con juvenile ones (from 30 

year old trees) did not* She reciprocal effect of age on 

rooting io reported by welly <£& al* <1981) in guava/ Vosques 

end ©oato (1902) in Caatsnea active and Davies (1984) in 

Plcsan pumila* in jack* Chatter Jee and Mukher jea In 1900 

reported that non leafy cuttings fa iled  feo root even with 

growth regulator treatments* Gamer (1929). generalised 

from hlo study v;ith different species that higher and . 

curlier rooting is obtained in cutting from one year old 

seedling then from older trees* Bonner and Gals ton (1952) 

rcpo-tGd that although many d ifficu lt to root species
j i

remand wOU to externally upplied auxin* s t il l other species
> .

dp not reqpond at a ll* In these latter plants* some 

factor other than auxins oust have limited root Initiation*



Propagation through layeringi
■ I. .

\ 2n the present investigation layering done In mature 

plant failed to produce any rooting In both Hay-JUne and 

Sqotcdber -  October# .'Zhe nynptoms of callus formation was 

, also very little#  The application of growth regulators had 

no Influence on rooting of layers#, ,

' High success in rooting was obtained through layering 

of one year old plants even without the application of growth 

regulators#, similar ro suite aro reported in sever el d ifficu lt 

to root plants#, Srinivasas (1901) got 100 per cent success 

with layering in 2 years old jack, tree seedlings# He rported  

that young jack fru it planto which are s t i l l  in juvenile cteso 

gi-vc hotter rooting response oonpared to grown up plants* 

biYsfjorujappa (1982) found that in jack layers# juvenile shooto 

forrriCid roots 30 days earlier than mature shoots# absence of
'  • t  i

juvenility may he the possible reason fo r the fa ilu re  of root

ing -in a ir  layers of mature plants# 'The regeneration capacity

is  loss in old plants than in young plants#

Prom the present Investigation# stool layering is  found

highly successful with young p la its  of bread fru it ,  investigo-

tdcn on stoollng in one year o ld  jack fru it  plants has been

successful ,os reported by ChatterJee end Mother joe (1D80)*

Success with stool layering in  mango is  also reported#
(Singh end Sri.va3tava,,l932) *



SUMMARY



SUKK\RV

The investigation was carried out at1 the Department 

o£ Horticulture* College of agriculture* Vellavoni airing 

19GC-65 to standardise the roost suitable tret hod of vagota-
' ' , ' . i'

tivc propagation of bread fruit*. Trials were con&sctoci on
r'

pEop&t&iett with different vegetative parts. iho effect of 

growth rogulutora on the success or different methods were 

clQQ studied. The salient findings of ths investigation

asro Qunrm'leed below*

1* Dotst cuttings with a length of 5 cri end.'10 cm and thooa 

treated with iba 500 ppm and 8AA 500 ppm did not giva 

any satisfactory results#

2*. She thickness of cootc* length of cuttings and growth 

rooulators had a significant influence cn the tims token 

fo r sprewting. Thin soots and longer cuttings ware 

Ccoad earlier in sprouting* Sroyfeh regulators at 

Slimier co’-iosntrat ions delayed sprouting end earlier 

q?rcati«g was recorded from water treated control and 

treatment with Haa 100 ppm* Tfo© earliest sprouting was 

obtained from untreated thin cuttings q£ length 15 era*

3* Sh© percentage of sprout.Ing increased with increasing 

Doot thickness and cutting length. Growth regulators
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had a Eogsfciv® effoet on cprcuting* list©r treated controls 

and treatment with KM loo ppm gave oonp orifcively higher 

poeosnbage of sprouting*

4* Sfco rmSa&s of sprouts proOioed per cutting was core in 

thic& sjooto ( 3 to 4 cm thicScnees) and long cuttings 

(20 co length) • Growth regulators did not liavo on  ̂ effect 

oa the auThor of sprouts produced*

S* 2n general root cuttings of X to 1.9 es* thldsness gave 

earlier leaf emergence*, filn&larly 20 cm long cutting gave 

. oesiicr eiraraenco of leaves than IS cm long cutting©* Among 

tho growth regulators tried# water treated control end 

ICO ppn gave earlier leaf emargGnca*. Mang the different 

treatment oOBhinations tried# thin toots of 20 cm length 

treated with mh 100 ppm gave the earliest leaf omergcnos*

6*; The height of plants attained after aix months was nor© 

from thin root cuttings and cuttings of 20 an length*

Growth regulators had a negative Influence on the height 

on the plants and height attained was more tften there was 

no growth regulator treatment* ‘Ih© raajeiraua height of 

42#S €53 wao given by a treafcnent oon&inafcioa of 1 to 1*9 an 

thldsneea# 20 cm length and growth regulator haa 100 ppm*.



t

?*. Aiacng the treatments compared the primary roots produced
. . '  ̂ ‘ . . s  . .

from sprouted coot cuttings were more from neaium thick
. ^ .  i !> ' ' '  ' ■* 1 ' . . i  ’

m& thin roots* 30 cm long cutting ana from cuttings 

treated with HAA 3Q0 ppn. a treatment eonfoinatlon of 

3 to 4 cm thickness* 15 cm length and tibh 3GO ppm

rocordod the raaximnn raiRfoer of primary roots,
. i  ' .

8*. The secondary root number was more from 1 to 1.9 cm
* ■ t

i .
thick roots* 15 cm long cuttings and, £ ram-t h gs e "treated 

With ilAA 300 ppm*

9*j She primary root length wao core from mediant thick and 

thin roots. The secondary root length recorded was more 

from medium thick roots, is cm long roots recorded the■ ■ ’ - ■ t , ,
cktsIsub length of both primary end secondary roots,

Amsng the growth regulsiora tried* HA& ICO end SOQ ppm 

proceed increased primary soot length over the remaining 

trGqtJfisnfcs, The *eoondasy root length was more from a 

treatment with naa sod ppm.

10*; The carbohydrate content was found to increase with 

iacreasc in the root tftlcfkneuQ#

II* ,' le e rin g  done in mature plant© was not successful in 

both the seasons*

84
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i2*; <2tsne in young juvenile plants was found to

he highly oucoessful ©s 1G layers rooted out of the,

20 ehoots layered#.

13V; Stool layering jof yoting plants gave SO percent success 

in rooting#

14«. - Propagation with stern cattinga was net found successful.
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APPENDIX •  X

Analysis o f  Variance t a b le  f o r  days f o r  sprouting

Source 6£ Maan oquare V ra tio

Treat ms*tQ 29 1259.45 239.89**

Thicknesc 2 120*05 22.87**

Length 1 608.03 115.82**

Growth rogulcfcora 4 4903.77 934.05**

Thickness x  Growth
regulators e 1648.03 317.72**

Length x  Growth
regulator a 4 191.93 36.56**

Thickness x  Length 2 624.02 110.86**

Thickneao % Length x  
Growth regulators 8 87.62 16.69**

Error 30 5..J25

Total 59

* Significant, at 5 per cent level

** Significant at I per cent lovel



APPHIJDXX *  XX

Analysisof'.variance t  a&ie for percentage of sproutinep

Soiree <3f Mean squares f ra tio

Treatment 29 1,19 6*3**

Thickness 2 4,31 23.55**
Length 1 2.02 10,99**

Growth regulators 4 1.56 a*s**

Thickness ss Growth
regulators a 216,12 7*01**

Length x  Grooth
regulators 4 79,85 2,9*

Thickneaa x  Length 2 86,45 3.14

Thickness x  Length x  
Growth regulators e 24,23 0.80

Error 30 37,57
Total 5S)

© AToSin trsRsformtion ws uGod. fo r data traicfcrraaticn 

# .Signi£icaf& at 51 g&roent levei 

** sigaidlccrit at □. percent level



APPENDIX <- 2XX

Ahclyaie of variance table fo r nurrber of sprouts per cutting*,0

Source <3£ ho an square F ratio

Trout cxait o . 29 0*039 4.07**
s&lc&nqoG 2 0.132 13.69**
Ifcngtb

■ % 0.058 S.98**
Growth regulators 4 0.023 2.36
•tiicJsnoss at Growth

regulators 8 0.036 3.73**
toigfch as Growth regulators 4 0.009 0.93
SfcAcfcRG33 x Length 2 0.063 6.5**
Shicftnesa k Length x 
Growth regulators a 0.034 3.53**
Error 30 0.0096
Total 59

• 0  W M  U D e d  i o r  flafca

 ̂ Significant et 5 percent level 

** i f  leant at 1 percent level



ZiPPETJDlX 2V

mti&gQ&s variance table for the days for leaf emergence

£"3ean Scxxazo
Scurce d£

1st 2nd 3rd 4th 5th 6th

Treatmaito

Thickness

Length

Growth
regulators

Thickness iz 
Growth regu
lators

Length :■: Growtti 
regulators

Thickness x 
Length

t »

Thickness & 
Length x Growth
regulators

!

Error

29 1280.30 1298.38 1240.4? 1235.77 1291.72 1284*04

2 98.47/ 115*28 173.08 291*66 345*75 262.94
 ̂ * ‘ »: '

1 600.03 589*06 ©36.31 1083.75 1696.00 1450.38 

4 5207.02 5512*91 5610.36 5554*99 5458.38 5570.56

B 1593.93 1543.97 1355.49 1349.65 14S4.94 1460.16 

4 134.43 101.06 53.69 55.3 95.91 79.13

2 741.06 466.47 233*19 133.38 264.00- 255.25

8 90.52 136.59 95.23 83.13 55.95 58.80

30 4.31 5.13 6.07 5.35 5.43 7.52

Total 59



F -  ratio
lot 2nd 3rd 4th 5th 6th

296.6©**

22.81**

140.66**

252.93** 204.47** 230.98** 235.57** 170.03**

22-46** 23.66** 54.52** 63.06** 34.90*”

114.75** 137,85** 202.57** 309.3** 192.95**

1206*26** 1073.95** 926.1*" '1038.32** 995.45** 741.1**

369,25** 300.77** 223.6*-* 252.27** 270.81**. 104, as**

31*25** 19.60** 9.71** 10.34** -17.49** 10.S3ft»

272,68** 90.37** 38.44** ' 24.93** 49.15** 33.9G**

33.97** 26.61** 15.71** 15.54** 10,20** 7,G2*n

significant at 1% level.



APPENDIX ~ V

ftRalyois o f  variance tab ic  f o r  the height o f p lan ts

Source as Haan square F ratio

'ffsoafeEDhti? ' 29 157.47 224.58**

Ifaidmoss - a 902.62 289.26**

length i 58.02 82.74**

Gcputb regulators 4 633#,2 903.06**

Sliicfciesc x Growth
regulators 3 139*4 190.01**

Length x  Growth regulators 4 26.51 23.53**

Shlcfsnoss 36 Length - 2 59.70 83.72**

•Sfrldffiiosa st Length x 
Growth regulators 8 33.94 48.4 **

Error 35 0.7

T o t  a l  T c u  a  I 59

** Significant at 1 percent level



XPPEHDIX *  VI

Anslysio c£ variance tafele fo r nur&ec of soots produced

Soiree
Msec square F ratio

an Primary
roots

soocnOary
soots

Prirrery
soots

Soxhf3asy
roots

TreatHErats 29 8*5 12.04 37.07** 40.72**
Thickness a 0*8 3*06 39*21* * 10*35**
Length - 1 2.56 3.08 11.42** 10.43**
Growth regulators 4 29«P 20.02 129.26** 67.J? **
Tfiicknose a  Growth regulators 8 6.74 15.94 30*05** 83*91**
Length 55 Growth regulators 4 1.91 7.79 8.51** 26*33**
Thlekneao ,s Length 2 8*28 8.01 36.9 ** 27*0*5**
Thickneco n Length x  
Growth regulators 8 4 .01 10.65 17.68** 36.01**
Error 30 0.22 0.3

Total 59

** Significant at 1 percent love!



appendix -  V II 
Analysis of variance table for moan length c£ roots

Mean square F rafcio
S©?l£GD d£ Primary

roots
Secondary

roots
Primary 

- roots
CoaonCasy 
■. spots

•«. . 

Treatraeatc 29 15.16 2.86 63.63** 25.68**
• *. r .

Thicasneos 2 18.94 1.83 79.4S** 17.05**

Length 1 3.65 0.54 16.16** S.pB*

Growth regulators 4 ' 54.36 £.24 228.14** 48.86**

Thickness x  Growth-'
re s is to rs 8 7.99 2.32 33.54** 21.61**

Length x  Growth
regulators 4 6^42 2*33 26.95** 21.71**

ThlcJtneGS x  Length 2 0..35 7.02 1*46 65.51**

Thickness x  Laogth x  
Growth regulators ' 8 Xl.,27 1.99 47.31*" . 18.6 **

ETrer 30 0.24 0.11

Total 59
* Oigiiif leant at 5 percent level 

** Significant at 1 percarsfc level
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a b s t r a c t  

Investigations were carried oat; at the Depart meant;' ’ ■ ' j ! i
og Horticulture* College of Agriculture, Velleyani during

1S3G<W35 to standardise the most suitable mathod of vegetative
■ ,

prqpegation of bread fru it. The experiment was concXieted in
u '

ccsEplotely randomised design with root and stem cuttings and 

le e rin g  in order to find out the optimum thidoiess and. 

length of root® and shoot a end also the influence of growth

regulators in enhancing the success with eadi of these methods*

iTrom the investigations it  was found that root sittings 

were the mast; reliable end successful propagulea oonparod 

to stem cuttings and layers* Thick roots were found to give 

eonporitively more success In percentage of sprouting and 

the mnher of sprout® per cutting* Earlier sprouting and 

Easier growth of the sprouts were recorded from thin roots*!

The root development from the root cuttings was more from 

medium thidc and thin cuttings* Longer root cuttings were more 

cuited fo r propagation since they performed better in a ll 

characters except in secondary root development* Growth 

regulators had a negative effect on sprouting of root cuttings* 

Higher aiccaaa in sprouting* earlier sprouting and cubcocjiient 

growth was obtained from untreated cuttings and also from 

those treated with N/va at lower concent ration*- However root



<fovo!c£>iaaafc £rom the cuttings was fcaind to  be enhanced by 

growth regul a tor treatment compared to con trol. Ajrong the 

growth regulators tried# Nat* 300 ppm gave better results in 

tho development o f tx>th primary and secondary roots*

Propagation with stcsa cuttings end layering on mature 

oTitg wet found to be unsuccessful# tut layering in young 

juvenile plants was found highly successful* s too l layering 

in breed fru it  is  also found to giva higher percent ago of

SUCCOOe;*;




