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INTROOOCTION 

The genu !Ubi.su. beloog. to the Mal vace.. COIIpr1.1ft9 

Deuly thousand 'Peete. of planta. OUt of these. 105 .peele. 

are colllmOnly founcl in Intia. lwIportant. epee1 •• of l1,\l)J"H\II 

an .u.Sid,ou-. 11 •• 'quJ.tpt.., !:1.IIWV1CC" !!.cAADYimuJ, 

~.a1'1"'1" ~.fchllOQ!taA9M1. U.Iy£1I9M" k.II'lblll. aDd 

ti.;o'"'Dl9.1. of Which !!.;o"'&PlD.l., B.lyr119M!. 

I. ,ehll9p!t.&lgu and !!.pattbDl, have ornamental value. in 

tropical and sub tropical regions. ti.Ei".ig.n,l. L. 

popularly known .. 'China ro •• ' or 'Shoe flover' t. the mo.t 

common orau.ntal species of H1bJ..CVI grown. Its flovers 

are white, red, ".1 low. pia)t.orange, _gneta and terracota. 

Hardin ........ of cultivation and adaptabillty to vide range 

of eoil and cliMatic cond1 tiona aoatribute much to the 

populari ty of th1. o.r:namental. .hrub 1ft Xerala. 

Hibiacua i. one of the _.t widell' grown oraaaental 

plut. 1ft the ..... tead. of Keral.. Th1. i. IID'U,. valued 

for the .ttract! ft flowers. Vi_roue and evergreen nature 

of the pl.nt, year 8%Ound ava1labilitr of flowers and freedom 

from .er10u pe.t. and dl...... lUlce hiblscu. very popular. 

!l.D'Milta':!I, haVing both Ona-elltal and IMldlc1nal 

1Japortance 1s one of the omamental plant .peel.s 1n Xer&1I, 

usually grown vl til 11 ttl. .ttention. A large number of 
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hibi8Cus types 18 gJ:'OWll in Xerua. Most of the t.ypes are 

hardy and tolerant. to a4Yer.. cl1aaaUc eond! tiona compared 

to HawaJ.1an variet.i.s. While most. of t.he Hawaiian varie ties 

are shy bearers. the types in Karela flower profusely 

t.hrouVhout the ,ear. A comprehensive aorpbologlcal de8cr~

ptlon of the variet.ies and studies on flower production 

potent.ial would help to select. de.irable types 1n the breecl

ing provra!"'1Jl'le. COllection and detailed morpholog1 ,~a1 descri

ptions of the local types are the first steps to be UDder

taken in the absenee of any systematic attempt 1n this regard. 

Prop.qatlon through cut,.iDgs is the IIIOst CORmOn and 

widely accepted practice in hibiscus. aut most of t.he types. 

especially hybrids. do not. respond to ordinary meth048 of 

vegetative propagation through cuttings. Therefore, standar

disation of veqetati ve p~at1on techll1que would help to 

propagate the d1fferent type. 1Dclu41ng hybrids. The present 

studies were UDdertake. w1th the following Objectives. 

A. To collect and maintain a minimum ot fifty t.ype. 

or varieties of h1biscua. 

s. To make de'ta1led description of the types of varieti.a. 

c. To study pollen viability in ten types of h1biscua. 

D. To standardise l8e~hod. of vegetet.1ve p.:opagatioll 

technique. in ten types of hibiscus using the following 

three methods. 



1. rooting of cu~tlag. with and without leavea. 

2. ~t1nO of cuttino_ by treating the cutting_ with 

41fferent concentrations of growth regulators 

indoleacetic acid (IAA), indolebutyric acid (I.BA) 

and Daphthale .. ac::eUc acid (NAA). 

3. air layering. 

3 
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UVIEW 01 LXT~ 

Malvaceae, the f..u.y .. which h1b1sCWI bel·-)ngs 

compri.es of 50 genera. 'lb. larger g_Dera are H1!:?1!Cu! 

(over ZOO speci •• ), .side (200 specie.), lWu11top (100 

speci •• ) and ~YI (40 speciea) (Bailey, 1949). SOme of 

the ornamental plants of this family are ahoe flower 
, 

(11-'2.as1"9.")' !i •• t.d1I,Ch1D8se lantern <e9hW, 
~;. 

Mlyayl.gua) aD4 hollyhock (Alha 19",). The genus 

H1b1'SII conta1n. herb., .hrubs and trees native to tropical 

an4 temperate regions of the world. A few genera like 

Abtllo8ChHf and Go'.ypiY' yield f004 and fibre re'p8ctively. 

In the genu. li1!?issu8, twenty speCies were reported to be of 

ornamental value (Bailey, 1949; Anon, 1959, Vaaiahta, 1972, 

8hat, 1976 and 8rivaatava, 1982). Among these ti.(P,"1pega1. 

i. the .o8t common flower1ng plant held with high est ... 

1n garden8. 

A. MOrphological description 

The genua H1bi8cUf was de8cribed by Bailey (1949), Anon 

(1959), Randle (1971), Vaa1.hta (1972), Bhatnagar (1976), 

Sw--r and Reo (1976) and Shukla aDd Misra (1979). Brief 

de8cription8 of U.£9'lfin'Q,ia, 1!_lHttb1lis, h-!Ch1!OR!$tlOUl 

and J;1.lydlCUf were given by Bailey (1949). 'lbouOh Hooker, 
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a. quoted by Sukllla and Mi.ra (1919), had given a specie. 

status for !1.ISb'I9Ht.t19H, Vila.ini .tl.l1. (1966) consi

dered this as a variety of sboe flower because of cloae 

resemblence with ahoe flower. 

Cro ••• a of highly polyaorphic cros. compatible groups 

of hibiscus yielded promising hybrids in Hawaii and Florida 

(Gast, 1971). Me •• dden (1955) described certain hibiscus 

seedling. derived frona the variety -Red Glory-. 

Certain fascinating Hawa1i8D hibiscus varieties like 

'Mumta.·, 'Peace', 'Kalway', 'Enchantress', 'Princess 

Margarete' and 'Ivory Gem' sUited for Indian gardens were nar

rated by Jindal (1951). Sha~ (1962) compiled descriptions 

of sixteen hybrid hibiscus int~uced from hawaii. oescriptions 

of four hybrid s .. dlings of hibiscus from Lal Baugh gardens, 

Bangalore were made by Devalab (1968). Devaiah and Marigowda 

(1910) nat'rated one hiblsc:us variety ·or.S.P.Pal" trom Lal 

Baugh Gardena. Bhat (1919) descrlbed fourteen promising 

hybrids developed at the Indian Institute of Horticultural 

Research, aangalore. They ware 'Arunodaya', 'Baaant', 

·Sena.eer', 'Geetanjali', 'Jogan', 'Nartaki', 'Nazneeo', 

'Pakeeaah', 'priya', 'RedGold', 'Shantl', 'Smt. Indira ~andhi', 

• Smt. Kamala Nehru' and 'Tr1bal Que .. '. The cul t1 vars namely 

'Cromwell', 'Debby Ann', 'Nija11Dgappa', 'Rachlah', 

'Rashtrapathi', 'Ruffle', 'H.S.(red)', 'H.S.123·, 'H.S.182', 

'H.S.203', 'H.S.lSl', 'I.I.H.R-H-l' and ·I.I.H.~-2· were 

used io ditterent parental combinations to evolve the abOve 
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fourteen hybrida. MOrpbol-Vical descriptions of .ix recently 

relea.ed hybrid seedling8 • Ak1 t.a'. • Bbarat sundari', 

tCh1tralekha l , 'Dilruba', 'Ph1a1kui', and 'Queen of Ha.8argbatu t 

were made by Bhat and Ver.a (1980). At Tamil Nadu Agricultural 

University, Coimbatore one hybrid variety, 'Th1lagam' and one 

improved selection • Punnaga1' were released. Description. 

of thirty six types of h1biacua maintained at College of 

Hortieulture, Kerala Agricultural Uft1ver81ty, Trichur were 

made by Markose (1984). 

B. Pollen viability 

Zirkle (1937) deacribed a method of staining the pollen 

graina with acetocarmioe. 8a1 •• ubramealam (1959) 1n guava. 

Nath and Randhawa (1959) 1n pomegranilte, Singh (1961} in manva 
and Vi1aaini et a1. (1966) in hib1sCU8 eollowed this technique 

for teat1nv pollen viabi1lty. Viets (1952) found that the 

u •• of 2, 3, 5 tripheny1 tetruo1ium chlorlc!e provided a 

quick and reliable method for 4ete.ntining the vlabillt.y of 

.. i.e pollen. However, Oberle and Wataoo (1953) found that 

'this technique w.. not effective in peach. apple, pear and 

g-rape pollen. JacoplD1 (1954) recommended aodiwn biselenite 

aa • rapld lndicator of pollen vlability. A viability test 

ba.ed on peroxide reaction on agar medium was described by 

King (1960) for Irish potato. A fluorescence technique 

in whlch the viable grains produced br1gh~ fluor •• caac. 

".a descrlbed by H •• lop-Harrison and Heslop-HarriaoD (1970) 



for aembers of gremioae and co.positae. Stanley and Linskens 

(1974) stated that the use of atains w.s not sufficiently 

accurate when compared to germination testa because of 1mmature 

and aborted pollen graina also contained certain levels of 

chemical constituents Which would yield positive results to 

stain tests. 

l-tarJcoae (1984) used aaetocamdne _thod for tasting 

viability of pollen in hib1sCU8. The pollen viability of 

thirty six types/varieties/species studied varied from '.6 per 

cent to 97.' per cent. 

C. Vegetat1 va propagation 

The function of the leavas on root foxmation 1n HipiscUf 

ros.sigensis cuttings was studied by Van Overbeek ~ ... (19.6). 

TIley concluded that leaves were ordinarily essent1al to the 

rooting of cuttings and contributed sucrose and n1tro9~QOu:; 

substances re'Iuired for rooting. Th~ leavt;.s. hO'.-iever. diu not 

produce the hypotheticCll hormone ·rh1zocallne'. The roots were 

lni tiated in the sec,:::ndat'l' phloem in ray p&renchyaq.. The 

amount of leaf area lEft on a cutt.ing was reported to detenu.ne 

the ext.ent an~j amount of root production in h.:l.bisCWJ 

(DubrovlckaJa. 1949). 

v1rupaksha (1961) tried the effect ot d11:xerent root1D9 

media on air layeriny in hibiscus. He compared vermiculate, 

leaf mould. compost" leaf lBOuld plus farm yard manure and 

fara yare:! manure with earth and aUld as rooting meCU<lll. He 
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concluded that the quickest rooting of air layers took 

place in compost as root1llg medium. Kennedy (1966) reported 

little or DO rooting is soft tip cuttings and basal cuttings 

of thick woody stems which became dessicated in the cultivar 

• Ohio' in hibiscus. but obtained eo to 90 per cent rooting 

within a month using soft tip and basal cuttings from which 

all, but one or two leaves had been removed. 

1. Bffect of growth regulators on rooting of cuttings 

Considerable amount of work has been done on the influ

ence of growth regulators on the rooting of cuttings of dif

ferent ornamental woody perennials including hibiscus. The 

responses to growth regulators vary with the species and 

physiological state of the cuttings. 

Monceu (1758) explained the formation of adventitious 

roots all stems on the basis of the downward· movement of sap. 

In extending this concept. Sachs (1882) postulated the exis

tence of a specific root forming substance manufactured in 

the leaves which moved downward to the base of the stem 

where it promoted root formation. It was shown by Van der 

Lek (1925) that strongly sprouting buds promoted the develop

ment of adventitious roots. The existence of a specific root 

forming factor was first determined by went (1929) when he 

found that if leaf extracts from acalypha plants were applied 

to acalypha tissue. they would induce root formation. 

InOole-3 acetic acid (IAA) was identified by Xcgl ~ ~.(1934) 
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and 1'h1mman (1935) ... aaturally occuring compound havinQ 

considerable auxin activity and was BOOD found to promote 

adventitious root formation. TM activity of lAA. vas~)r1Q1nally 

demonstrated by biological teata uaiDg etiolated pea eplcotyl. 

under a set of standard cOAdit1oa by WeDt (1929, 1934a, 1934b). 

The growth r8QUlator8 ven,rally uaed for rooting of 

cuttings are IAA, IDA and 11M. Varlous authors have compared 

the root forming capacity of these compounds in several orna

mental plant species. (Gal'dl'Mr and Hatcher, 1955). 

a. Influence of growth regulators on the rooting of cuttinos 

of h1blacua 

Van OVerbeek et ~.(19.') found that some factors essen

tial for rootinQ of hibisCU8 cuttings were present in the 

leave. of ted variety Which were either absent or were present 

in much smaller quantitie. in the 1eave8 of white flowered 

varlety. 

Shanmughavel u (1959) studied the anatolR1cal response of 

hibiscus cutting to IBA. He noted increased activation of 

cambial and cortex region consequent to the application of 

IDA. According to Shanmugave1u (1960.), BAA was better than 

Indole coaapouad in producing copious, stouter, thicker and 

10Doer root in hibi8CUS. shanmugavelu (1960b) reported that 

with 80ft wood cuttings of "fhiaSYI 5R,.a19.n'~s, the best 

rooting (75 per cent) waa with 1000 ppm HAA dust treatment. 

He furth er reported that d.1pp1no semi hard wood cuttings for 
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f 1 va .econda 1n a solution containing 6000 ppm of IDA or .RAA 

gave over 90 per cent J:OOUD9 compared '-0 10 per cent 1n 

untre.ted cuttings. 

Shanmuv ... lu (1961 a) obtained 10 per cent rooting In 

soft wood cutUn;. with 2000 ppm IaA. 80th IDA and NAA at 

6000 pj:. produced 100 per cent rooting by quick dip aethoeJ 1n 

semi hard wood cuttings In 44 days. In hard wood cuttings 

NAA proved to be the best a. it gave 85 to 95 per cent rooting. 

Herman and He.s (1963) were able to increase the roota

b1lity of the hard to J:OOt white hibiscu. namely 'wllsons 

White' by etiolation. The IIIOre .ignificant results fro. etio

lation were obtained by the intermediate rooting variety of 

hibiscus namely tRuth Wilcox'. He.s (1963) isolated the dif

ferent rooting cofactor. from easy and difficult to root red 

and white varieties of hibiscus. He found that easy rooting 

forms had larger content of promoters. Stolts and Hess (1966a) 

reported that red varieties of hibiscus accUllRllated approxi

mately three times as much sUrch as in the difficult to root 

white variety. 

SOae n .t1- (1973a) studied the cha.nges in rooting factors 

during the regeneration of roots in easy and difficult to root 

cultivars of hibiscus. They found that in the easy rooting 

.ateridl. P-hydroxy benzoic acid, ferulic acid and P-coumarlc 

acidoccured 1n appreciable amounts but in difficult to root 

ODeS only P-hydroxy benzoic ac1d was present. Bose e,t .11.. 

(1913b) reported that the cultivar8 of hib1scU8 which failed 
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to root froll cutting. or showed low percentage of rooting 

UDder opeD conditiona developed good roots UDder intermltcaot 

miat oondition. The treatm •• t. with l8A aDd NAA further 

increased rooting percentage and number of roots. 

b. Effect of growth regulator, on rooting in other ornamental 

pla.nts 

AS early as 1940. KirJcpatrik observed the favourable 

effect of 1M on rootinlil of roa. cuttings. £1 - Hakim (1954) 

studied the efficiency of 1M in rooting of ~afm1Dum !!Ib!c 

and found that 25 ppm of 1M w.a the moat eftective. Bajpai 

and Parmar (1958) working on !lIeU •• Fbtc reported that 

hard wood cuttings gave the highest percentage of rooting 

with 400 ppm of lAA. Shanmugavelu (1960.) obtained maximum 
t 

percentage of rooting (55 per ceDt) in Allamtnd. glth'~C' 
wi th 1M 100 ppm in soak _thode 

1:1 Hakim .5 .!l.. (1962) found that. IBA and i-uv\ were more 

effective than 1M to induce rooting in fhillagth\ll. Rousseau 

(1967) concluded that in general. IBA at 0.4 per cent was 

most effective to promote rooting in ProteI loggift"._ 
Kirceva (1967) 1n a trial with 12 roa. varieties treated ~ith 

heteroauxin or &aredix at 100 ~litre for 3 hours noted ~ 

proved rooting and increased root lengtt,. aead aDd Hoysler 

(1968) ahoylad that 2500 p~ Of ts-Dine wa. effective to produce 

greater number of roota and weight of root. in dahlia, 

chrysant.healwn and geraniwn cutt.f.DQa. 
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rrets and Davis (1971) atated that lBA at 5000 ppm and 

:a500 pptIl gave maximum response in rooting of cuttings of lAs 

corpetl and J1UlipeEUS borizopta1.j,., Aspect! vely. Read and 

HOy.ler (1971) obtained good re.alta 1n rooting of carnation 

(R!antl!u! qlfX01tbyllM) with 2500 ppm SADH. Misra (1:411) 

observed that out of 64 varietie. of Bougainvillea only five 

showed profuse ~otln9 and gave the maximum aurvlval percenta98 

(90) by Serad1x B-3 treatment. Pap8lldreou (1972) obtained 80 

per cent rooting in !2!! !gaiq, with the use of 1AA (5000 PpnV 

or NAA (:aOOO ppm). Kale and BhubJal (1972) observed that 1M 

(1000 ppm) was the most effective (75 per cent) In the rooting 

of cut:. tiOgB of bOugalnvillea ver. • Merry Palmer'. The bene

tlcial effect of lBA on rooting of cuttings of dahlia and 

chrysanthemum was also stre.sed by Bose and Mondal (1972). 1M 

and lBA at 5000 ppm yave 85 per cent rooting in Bougainvill.a 

var. 'Thinrna l (Nathulal ~.!l. 1972). 

Chibber SS 51- (1974) reported that rootiny efficiency of 

atem cuttings of Ipo!ea f!'$PloeD was enhanced by dipping the 

basal 6 c=- portion of cutting ln IDA 1000 ppm. By comparlng 

the nwnerious com·erclal material. for stimulat1ng rooting of 

poinsettia cuttings, Beck and Sink (1914) concluded that tho .. 

containing IDA and/or NAA gave the beat resul ta. Maurya U .Il. 
(1974) got 70 per oent rooting in Bougainvillea var. 'Marry 

PalllMlr' bf' cUpping the basal end of cuttings ift 1M and NAA at 

4000 ppm for 12 hours While DO rooting was obtained in control. 
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III a trial with 18A by quick dip .. thoc1 in il"""" .MIIMq 

culUvu tMoU,', Sillgh (1919) obtained the higheat. rooUllg 

percent.age with IDA 4000 ppta. a..pon.. to varying CODCen

t.r,tions of aux1ns for rooting of ixora cutting. was studied 

by Singh (1980). He immerae4 the cutt.ings into the solution. 

of IAA, lilA and NAA at 1000 ppm. 2000 ppa, 3000 ppm, 4000 ppm. 

5000 ppm and 6000 PS- for 15 aeeol'lds. He reported that 1M 

upto 4000 ppm. XBA upto 3000 ps- and NAA upto 2000 ppm ioere .. ec1 

percentage of rooting 'igllificantly. 

Misra and HaJundar (19.3) conducted vegetative propagatioD 

studie. in flltoph0£Ym, aagbi"t and fgi9C&'p' £lq1.. The 

experiment was carried out. to evaluat.e the efLective concen

t.rations of I~ IDA + IAA end IDA + 1AA + NAA on root.ing of 

air l,yers. From the st.udies they concl\lded t.hat. I8A. 1AA 

and NAA at. 6000 ppm proved to be the best for rooting of 

f,l\9pborvm air layers. Mixt.ure of 18A + 1M at 4000 Ppil 

was the best for air layers of aaubin!a and lBA alone at 

4000 ppa was the best for air layers of fOipc1tM Bpi,. 



MATERIALS AND METHODS 
--- - - - .. -- -.. " -_.-._- - . -- _. _.-



14 

The present invl:-:sUgation. were carried out 1n the 

Department of Pomology aAd 61oriculture, Colleye of Horticul

ture, Vellanlkkara during 1910-81. The investigations consis

ted of the following main aspects. 

A. survey and collection of hibiscus types or varieties 

B. morphological description of ell types or varieties 

C. pOllen viability studies 

D. standardisation of vegetative propagation methods 

A. survey and collection of hibiscus t.ypes or Veil.' ieties 

Although shoe flower <!t.ao.u1n.g.i,) is grown in several 

home gardens of Kerel., many of the local varieties are not 

named or described. This nece.sitated a detailed survey and 

collection of types or varieties and their morphological des. 

criptions. The districts of Trivandrum and Alleppey represen

ting co.stal bel ta, Malappuram, Pal ghat, Ernakulam and l'richur 

representing midland. and ldukk1 representing high range. were 

.elected for the survey. 

Distinct ~ype8 were only collected based mainly on flower 

characters. The types collected earli€r from one district 

were not collected subsequently as the purpose was ollly to 

collect dlfferent types. 

Twenty five semi hardwood cuttings each were collected 

frca thirty seven types durlDg Auguat, 1980. The types 



collected vere 9iven ecae •• ioD DUMber.. Locality fro. where 

coll.cue! and the detail. of _ther planta were also recorded. 

The cuttings were then planted 1n mud pOts with potting mixture 

oonaatnJ.og sand, 80il and cowdung 1n equal proportions and 

were kept 1n nursery. The rooted cuttings were repotted after 

one month. ~tm the plants were ten l'DOn~ old they wera 

transplanted to the main field during July, 1981. Thirteen 

varieties of B.m,u1-V!1 froaa IDCliu Institute of Horticultural 

R ••• arcb, Bangalore and one variety fram Tamil Hadu Agricultural 

Un! versi ty, C01mbatore were also added to the above collection. 

8. Morphological description of all types or varieti.s 

Morphologi::al characters of IIlOther plant. of different 

types or varieties were studied in detail a8 per the proforma 

suooested by Bhat (1976, 1919) and Bhet and Verma (1980) with 

suitable modifications (Table 1). 

Table 1. MOrphological charaatars recorded 

A. Location 

B. Habit - Vigour of plant - v100rous/lII04erately vigorous/ 
not .,1gorous 

C. Lateral branching - eree~.11g~tly drooping/drooping 

D. Leaves 

a. shape - ovate/oval/luceolate/cordate ovate/ 
cordate.ldeltoi~Oblong 



b. 81 •• 

bt. Length cal to _ 

b2_ Breadth em to _ 

c. Margin - dentat./a.rra~aerrulate/creDa~entlra/ 
uDdulate/parted(p1aaately) 

d. Apex - aa.te/aaum1nate/cuspldate/macronate/ellptic 

E. Flower charaCttere 

a. .ature - single/double 
erect/sli9hUy peDdulou/pen4ulous 

b. Shape - 8aucer/cUP/ball/funDel/tub\1lar 

c. D1ameter 

.11. Pedicel 

a. J01Dte~DOt Jointed 

b. LeDQth 

B2.Epicalyx 

em to 

a. Shape - linear/ovate/lance pointed 

b. Number of lobes 

53. Calyx 

a. Shape - 8hallow cup/li.ev cup!tubular/c:oaapaaulate 

E4.COrolla 

a. Hature - cr1akled/a&e41W1!lIIIOOtb 
entJ.re!cUaaect.e4 

b. Number of whOrls - 8invle/double./multiple 

c. Colour of peta18 

upper aide 
baa. 

Up 
boarder 
lover side 
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B5. St.allefts 

a. Length 

b. Colour 

&6. Pist.il 

a. Colour of .ti9M head 

b. Length of pistil GIll 
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Det.ailed descriptio .. of all the 51 types or varieties 

vere made oneyear aftar planting ln the fleld. For the pur

post of description only healthy plants ware .elected. In 

the cu. of flowers and 1 ........ ample. conslsting of 10 

flowers/leaves were studied. 

C. Pollen viability .tudi •• 

Pollen .iability wa. .t.udied during January, 1981 by 

aoetocarmine staining technique. 

Ten type. Acc.2, Ace.5, Acc.', Ace.e, Ace.19, Acc.22, 

Acc.36, Ace.38, Acc.42 and Ace ••• of persistent flowering 

habit formed the material. for thls inve.tigation. The con

aiderations for aelection of these tyee were malnly the availa

bility of flower •• 

Fresh pOllen graina were collected at 9 a.m. The pollen 

grains .ouJlt.ed in acetocU'IIline were exaad.aed aftar 30 ad.nut.es. 

These which took stain and appeared normal were taken as viable 

one and the unstained and shrivelled ones a. DOn viable. 

Observatlons were made ln flve different microaoopic fields 

and the .. an percentage of viabUity w •• calculated. i'ive such 

observations were made fro. each ~. 



D. Sunda.rdJ. •• tioa of ft9tIutive p.ropagatJ.OD _thod. 

1. Effect of l •• ve. ora I'OOt1l19 of CUtt.1ng8 

18 

The iDvestigatlons were carried out in ten hibisCU8 type8 

mentiOned earlier. The baa1. for selection was the availa. 

bili ty of • large nlaber of cuttings in and aroUDd Trichur. 

Semi hardwood cuttings of 15 C!Ift length were used for the stu4y. 

The treatments consisted of the following. 

a. shoots with 1e ... s intact 

b. shoots in which leaves were r8llOvecl. 

The c:le8ign of the exper1lDent .... aandomJ.8ed Bloc:lc DesigD. 

Fifty cuttings were used in each treatment. The cuttings were 

then planted in pots filled with pottlftg IIl1xture consisting of 

two parts sand, two parts .oil and one part cowclung and watered 

daily to keep it sufficiently .oiat. The observations on 

number and length of roota were taken on 60th day. The per

ceRUge of rooting was al80 worked out. 

2. Effect of growth regulators on percentage of rooting of 

stem cuttio98 

The following 41fferent concentrations of lAA, IRA and 

RAA were tried to study the effect of growth regulators on 

rooting of stem cuttings. The study was dOne dur1ng January 

to March, 1981 1n the types mentioned earlier. 

Semi hardwood cuttings of pencil thickness were selected 

fro.l mother planta, located at 41ffereat regions of 1'richur 

di.vict and cut into UAJ.fora slae of 15 cat length. Twenty 
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cuttings from each type were then treated with 1M, IRA and. 

NAA using two methods prolonged 4ip method aDd quick dip 

.. thod. Details of treatments are given below. 

MethOd of application Growth regulators 
XAA IBA 11M 

o ppa Control 0 ppm Control 0 ppm Control 

I 25 pp8I 25 ppM 25 ppII 

Prolongea I 50 ppm SO ppm 50 P18 
dip I 

75~ 75 PPID 75 ppaa I 
I 100 P.PII 100 ppa 100 ppm ---... -........ -----..... ~ .... ----------.---........... 
I 1000 ppm 1000 p~ 1000 ppn 

Quick I lOOO ~ 3000 pta 3000 ppa I 
dip I 5000 ppaa 5000ppll 5000 ps-

I '7000 ppm 7000 ppm 7000 Ppil X 
I 10000 ppm 10000 ppm 10000 ppm 

The s'~udy was done in Factorial £xperiment in Completely 

Randomised Design with four replications. 

a. Prep~ration of growth regulators 

The growth regulator was fust cUs_Ivea 1D 5 RIl. of 

ethyl alcohol. The stock solution of 10.000 ppm was prepared 

first by making 100 ml solution with .1 9 of growth regula

'tor. This was then diluted wi th water to ohua 7000 ppm. 

SOOO ppm, 3000 ppm, 1000 ppns, 100 ppm, 7S ppm. SO ppm and 

25 ppm of growth regulator solutions. 
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i. prolonged cU.p _tbOd 

The basal end. of cu~t.J.n9. were dipped in aqueou. solu

tiona of 25 ppm. 50 ~ 15 ppIB and 100 ppal of growth regula

tor for 24 hour.. The cu.ttil'lg. were then "ashed wi th tap 

water and then planted in pots. 

ii. qu.icJc dip .. thod 

The ba.al ends of cutting. vere dipped in aqueous concen

trated 8olutioIUJ of 1000 ppa. 3000 p}a. 5000 P{)II\# 7000 ppa and 

10000 ppm of plant growth regulators for ten seconds and then 

planted directly. 

The treated cuttings were planted in mud pots filled with 

potting mixture conaisting of two parts sand, two parts soIl 

and one part cowdung and kept UDder partial shade in nursery. 

watering was done daily to keep them sufficiently moist. 

The effect of plant growth regulators on rooting percen

tage of stan cuttings waa usessed by pulling out twenty cut. 

tings from each treatment on 60th day. 

3. Effect of growth regulators oaroot length, root number 

and root weight during rooting of cuttings 

The experIment wa. coDducte4 from January to April, 1981 

using cuttings from types Acc.2, Ace.5, Ace.1, Ace.S, Ace.19, 

Acc.22, Acc.36, Ace.38, Ace.42 and Acc.44. Semi hardwood 

cuttings of 15 em length of the above types were collected 

from mother plants distributed at different localities 

of Tricmar di8trict. Thea. cutting. were ti len treated wi th 
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1M, lIlA and lIM each a~ 25 PIS" 50 ppm. 75 P18 and 100 ppm 

In prolOllQed dip methOd and 1000 ppm. 3000 ppm. 5000 ppa. 

7000 ppa and 10000 ppm 111 qUick dip method. The stu<1y wa. 

done in factorial exp~r1ment In C.R.U. with four replications 

and the number of cuttings per treatment waa 20. 

The treated cuttings were planted 1n mad pota filled with 

potting mixture. Ten cuttings were planted 1n each pot. The 

pots were then kept under partial shade 1ft nw:aery. hatering 

was done daily to keep it moist. 

Observations on root length, root DuMber and root we1ght 

ware l.aken at 20 day£ interval, from 20th to 100th day Of 

planting by pulling out four cuttinga from each treatment. 

4. StUdies on air layerin.., 

Air layering was done from October to UecaDber. 1980 in 

the mother plants of the above ten types. 

The layering was done in .,ther plant.. cU.8uibuted at 

different localities of Trichur district. Four mother planta 

of each type were selected 1n the field and on each of the 

selected plants five snoots of one year old were tagged for air 

layering. The selected shoot. were of pencil. thickness. Air 

layering was done by removing a ring (.>f bark dt a dist,311ce of 

15 to 20 em fran the tip and t.y11l9 a piece of gunny ti'reed in 

the centre of ti,e ring to prevent the cut ends of the bark 

from Joining together. Wet apha9ftUlll 11088 was placed around the 

ringed portion in the form of a ball to serve as r:;..oting mediwa. 
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It was then tightly wrapped with poly-t.he •• aDd the .nds 

were tied tightly with OUDar thread. Observations on rooting 

percent-age of air layering was recorded OD 60th day. 

The data on diEferent characters were subjected to 

statistical analysis as per the methods described by 

SAe4eeor and Cochran (1967). S1QDifieant re8ults were c0m

pared after f1Ddill4;l ou.t criUau difference •• 



RESULTS 



'the reaul t.s of the pn_t. investigat1oft8 are presented 

\lDder t.he followillg aeaUPRa. 

A. COllecUon _d MinuDaDCe of h1b1sC\UI types or varieUea 

Details re9ar4il19 the regloR, source and form of plant

ing •• wriala of thirty fou qpe. of l!. (Olu1.nlil. one 

~ of iJ •• tab'~'1 and t.vo -..a of 1!.Isb&HptSal0I' collecUd 

are furBished in table 2. Th1~ varlet.i.s of ~.£2al"Q!II1' 

collected fzoa 1.I.H.R. 8eJl9elore ancl one variety fJ:'CD 

T.N.A.U. C01lllbetore baa alfO been added to the above collection. 

B. Morphological <tescr1pUoa 

.Detalled _rphOlogical 4eac:ripUOIl ill ASpect of hut t, 

foliar and floral charac1:eriat.ic:a of fort.y eight types or 

varieties of U.FQ,,,iptpf'l, one ~ of ~.'NStRil11 and two 

t.ypes of !!.ISb1IOpet.t.l0M are presented. ln table 3 •• 

Photographs are presented in platea 1 to 10. 

Th. local types of hibiscua were fOUDd to be very 

vigoroU8, hardy and ckought reai.tant compared to hybrids and 

Hawaiian varieUes. Moat of the Hawaiian varieti.. and 

hybrids bOre flowers of large ai .. , often _asuring 15 to 17 OlD 

aeross and were of the most 8triking and. contraatill9 colours. 

The petals of local type. were generall), of single ahade 

whereu most of the hybrids pos •• sH4 petala of differeDt ahades. 



Table 2. Source and llUa'aber of hibi SCU8 types/varieties collected 
-- _ I ••• _ • _. ___________ ••• ___ .. _________ ... ~ ......... ______ 1 __________ • _ .. ~______ •• ____ _ 

source - - _ ...... __ • fa. __ -. .. ______ _ 

State oJ.atric:t! 
NuDeries 

FO.cm of plan
t.lDg materials 

No.of qp85/ 
var1etlea 
collected 

Remarks 

-.. _--_ ... _ .... --_ ... -._---..... -_ ... _-_ ... _-_._-_ ....... _-...... _-...----_ .. --_ .. --.... -_ .. ----- -_-.-.-... --- -.------_ •.. ----

Jterala 

Tri"~ 

A1leppeJ' 
14uldd. 

Eraakul_ 

l'r1chur 

Palghat. 

Malappar_ 

cu.tt1ngs 

.11 

•• 
•• 
,. 
•• 
1111 

2 

1 

1 

3 
16 

a 
2 

- _____ • ...--___ Lt _a ____ ._. •• ____ a. g_ .. _~ .... _ .. ________ ~ __________ ........ _.-.-. ___ • ___ ~._ ...... ~ ...... .-.-,~ 

T.-.A.U. Co1lllbatore 

COilabatore 

Rooted. eutt.1ng8 

cuttJ.DgB 
1 

4 
... ______ ~ .. -..... ___ .-. __ .. _ .. ___ .. __ ._. __ ........ _ ... _ .. ___ ..... ____ ....... ____ -______ d L ••••• _. ______ ~ _ ••• _ _ _______ _ ______ ••••••• __ _ 

I.I.H.R. Bangalore Rooted cuttings 

U .A. S. Baogalore CUttiD98 

Lal. Baugh. Baagalore ., 
Indo American Hybrid aooted cuttings 
8fHtda, BaDgalore 

XanaataJc.a X~.taka Garden Suppliers, •• 
aaagalore 

13 ShantJ.. NartaJd. 

1 

2 

1 

2 

1iaDeeD, Ch1t.ralekha. 
Tribal. ~a.. &aoazeer. 
smt..lndira Gandhi. 
Plmlkary, .saaant. Bharat 
sundari, 1,r1ya, Akita 
and Arunodaya 

------_____ ... _______ ... __________ •• __ .. _ ••• ______ .. __ ... ~ _____ .. ____ • I I. __ .. ,.._ ........... __ ~ ..... ____ ...... _ •• _ 



Pla.. :x .... X. Typea/vuteU.. of bibJ,scua . 

1 

'late :I ( " 5) 1. Ace. 33 

2. Ace. 2 . 
3. Ace .. ! 

, 

1.. 
Plate II ( x 5) 1.. Ace. 3 

2. Ace:. 5 

3. Ace. t 





i 
Plata lIt ( ~ 5) 

1 
Plate IV ( x 5) 

1 It 2. ACe. • 

3 " 4. Ace. • 

1. Ace. 7 

2. Ace.13 







1 
Pl.~ VII ( x i) 

1 
Pl te VIII ( x 5) 

2. Ace..' 
3 • . Ace. 52 

1. Ace. 22 

2 " 3. Ace. 31 





1 
Plau IX (" S) 

1 
Plata X ( x i) 

I 

2. Ace... 

1. Ace. 42 
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The leaf shape varied widely among types or varieties rangiAg 

from deeply lobbed t:o J:O\Iftd or cordate on.a. Generally the 

local type. had ovate, .errate leavea while the Hawaiian 

varieties and some hybrids had cordate ovate and crinkled 

leaves with alanost entire or serrulate _rolDs. The Auaaericel 

arrangement of floral parts, the Dumber of epical.yx (5 to 9), 

Du.ber of lobea of calyx, padiou length. flower al •• , length 

of stamina! colUJl'Jll and length of style varied among speciE-s, 

varieUes aDd types. DOuble flowers had extremely short styles 

while the singles possessed loog styles. All t:.e siDole types 

had monode1phoUS staminal column whereas in doubles mult1-

delphous condition was obsened. In most of tne double flowers 

petaloidy of stamina! column extended to the ovary. 

A key for identification of hibiscus typ •• was prepared 

based on important characters (table 3b and 3e). According 

to the key, out of fifty ODe h1bisaua tYP8. or varietie. des

cr1bed, 22 types were vigO~us, .. ven IlOn vigorous and the 

~ining 22 moderately vigorous. Regarding the lateral bran

ching of the 22 ViOOrous types, eleven were erect, nine droop-

1ng and the remaining two slightly drooping. In the .aderate1y 

vigorous types, eleven had erect lateral branching, three type. 

drooping and eight types of slightly drooping nature while 1A 

DOD vigorous tJpea, lateral branching of one type vas of 

erect nature, three slightly ~iDg and three of drooping 

nature. Leaf margins of 28 type_ were .errate while 6 trPe. 

had serrulate leaves. Regarding leaf tip it was .&1A1y acute 
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'fable 3b 

Key for the identification of hibiscus types 

I. Plant habit 

1. Vigorous 2. Moderately ViQOrcN8 3. Not vigoroua 

II. Nature of branching 

A. 

1. Erect 2. SliQhtly droopino 3. Dxooping 

Further divisions with leaf characters (A) and floral 

Characters (8) 

Leaf character. 

Aa Leaf shape 

Aal OVate 

Aa2 Oval 

"-3 Lanceolate 

Aa4 COrdate ovate 

Aa5 COrdate 

Aa6 Deltoid 

Aa7 Oblono 

Ab leaf Margin 

Abl Denate 

Ab2 Serrate 

Ab3 serrulate 

Ab4 Crenate 

Abs Entire 

~ Undulate 

Ab? Parted (pinnately) 



AI:: Leaf Up 

Ac1 Acute 

Ac2 AclDa1naa 

M3 C1.1apldate 

Ac .. MUcronate 

Ae5 Bl1ptic 

B. Floral characters 

Ba Erect~enduloaa 

aal Erect 

Ba2 Pendulous 

8b Pedicel jointed/not jointecl 

Bbt Jointed 

8b2 Rot jointed 

Bc Bpicalyx - number of lobes 

Bct 5 lobes 

BC2 6 lobes 

Be3 1 lobes 

Be .. 8 lobes 

Bc5 9 lobes 

N Shape of calyx 

8dl Linear cup 

8d2 Shallow cup 

Bd) TWNlar 

Be Number of petals 

ael 5 petals 

&82 10 petala 

Be3 15 petals 

Se.. 20 peula 
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885 25 petal • 

. -ea 30 petals 

• ., 35 petals 

Sea 40 petal. 

Bf COlour of petal. 

89 Length of atamiaal column 

801 Short 

B92 Medlua 

803 LonO 

8h COlour of at1vaaa head 

34 



Table 3c 

ScheMe of clas.ification of h1biscua 

, 
• 

i • 
1, Vi""", 

• • • 1 
• 2, !!P4fratelx V1SPW\!8 i 

• • • • 

• • 3. NoD vlQOr09! , 
• • • Erect Drooping SliQhtly • Erect Drooping Slightly drooping Erect Orooping SliQhtly droopl~ 

(l,U (1,2) 
4z'00pill9 

(1.3) (2.1) (2,3) (3.1) (3.3) 
i I , 

B 
i 
A 

i 
8 

~I----Pi .,------., , 
A 

i 
a 

~I----~' .'------~i ~i---------ri • • • • • • • 

A A B A B 

I 

f 
__ A~._Le~a~f~Cbtr~~~aY~r&' __ -. ______________ -. 
.- i • 

• • 'M Shape Ab HargiD Ac Apex 
Ml OVate Abt Dlmtate Acl Acute 
"2 Oyal Ab2 Serrate Ac2 Acum.1raat.e 
M3 Lanceolate Ab3 Serrulate Ac3 Cuspidate 
.\at Cordate ovate 1tb4 CreDate Ac:4 M1lCrOIaate 
Aa5 COrdate Ab5 KaUre 
Aaa Deltoid Ab6 UDdulate 
M1 Oblono Ab7 Parted 

(Pinnately) 
• 

• t • • • • • • 
• • • • 

-y 
I 
I 
I 
I 
1 
1 
1 

J 

Ba Erect:,l Bb Pedical Be Eplealyx ad 
Pendulous No.of lobes 

~ Erect Bbl Jointed 
S82 Pendulous Bb2 Not 

BCl 5 10btS 8dl 
Be2 6 lobe. ad2 

jointed Bel 1 lobes Bd1 
Be", 8 lobes 
BeS • lobes 

A B A 8 A .. 

• • • 
• • • 

CMrtct.er • 
• • • • • • • • : 
• • • , 
• • • • • • • • • • • • • • Shape of Be No.of Bf Colour 

calyx 

Linear cup Bel 
Sballow cup Be2 
Tubular Be] 

Be4 
885 

~ 
uee 

Petals of petals 

5 petals 
10 petals 
15 petals 
20 petals 
25 petals 
30 petals 
35 petals 
40 petals 

• t • • • • • • Bg Length 8b Colour 
of sta- ot stlg-). 
minal aa head 1 
column J 

1 
J 
J 
l 
J 

w l 
C,.11 
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While a few types had aci1)lm1aate 1lpeX. The flowers generally 

bad single whorl of peW. "hUe 12 types had mult.1ple whorl 

of pet.als. The length of pedicel varied from 0.8 em to 8.6 em 

and the nuaber of .. ieal", fro. 5 to 9. 

c. POllen vlabllit¥ 

Pollen grai_ appeared u powdery ..... and were found to 

be .ore or le.s of s1ndlar shape. POllen grains were panto

porate. apheroid&1 and apiDo ••• Along with norraal pollen 

grain. abnormal grain8 l1Jce elongated and pollinated bOdie8 

were also ob.erved. 

Data on pollen viability of ten types of hib1~JeU8 are 

pres.nted in table 4. Ace.22 bad aaximum percentage of pollen 

viability (89.8) While Acc.? showed minimum pollen viability 

(4.6). The types Acc.22, Acc.36;aD4 Acc.2 did not record any 

aivnifieant differencea amon9 ~selves with regard to pollen 

viability. similarly there were DO significant differences in 

pollen viability among the type. Ace.a, Aee.5 and Acc.19. 

AInoDQ the ten types, Al::e.22. Ace.l6 and Ace.2 recorded h.1gMr 

percentage of viability whereas AOc.42 and Ace.? recorded poor 

viability. The pollen viability aMOng ~8 varied from 

'.6 per cent in Ace.? to 89.8 per cent in Acc.22. 

D. Standardisation of vegetative propagation methods 

The response of hibiscus types to ordinary methods of 

vegetaUve propagation like .t.a cuttings and air layeriog 

was u.e •• ed and the obaerva't.1ou are given below. 



Table 4. Percentage of pollen viability in 10 types of 
hibiscus 

A c No pollen viability in --=-:~ _______________________________ 2!£E!2!!i! _________ _ 

Ace. 02 85.6 (67.726) 

Ace. 05 64.6 (53.510) 

Ace. 07 4.6 (12.308) 

Ace. 08 81.0 (64.122) 

Ace. 19 60.4 (51.041) 

Ace. 22 89.8 (71.338) 

Ace. 36 87.5 (69.348) 

Ace. 38 81.0 (64.122) 

Ace. 42 20.9 (27.164) 

Ace. 44 52.0 (46.150) 

-~ ............ ---... -..---.... ..... --... ,.... ... -...--,.. ...... ---.. --.. -......... -... ------... ~-----
C.ll. (P. 0.05) 4.747 

Figures in parenthesis indicate the means of 
transformed data 
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1. Effect of leave. OIl J:OOUD9 of cuttinos 

Rooting behaviour of a.d harcblood stem cutting was 

as.essed on 60th day UDder two treatment conditions vis. with 

and withOut leaves. The Raul ts on rooting percentage. root 

IlUIIber and root leftqth are presented in table. 5. , and 7. 

CoIDparing the two methoda i:AataleDt with leaves was 

statistically superior to t£eatment without leaves for rooting 

percentage. AmOng the ten types of hibiscus. Acc.19 (87 per 

cent) and Acc.38 (85.5 per eeat) were on par in rooting per

centage and war: e significantly euperior to all other type •• 

The lowest re.ponse for rootinv percent.age was 8!)OWD by 

Ace.7 and it was statistically inferior to all other type •• 

Reteat10n of leaves showed significant influeoce in 

root number over the treatment without leaves in all the type. 

except. Ace.7 anc:1 Ace. 38. Regarding root. nutDOor also maxi .. 

response was exhibited by Ace.l' (5.90) followed by Ace.3I 

(5.55). Statistically the differences between these treatments 

were not sign1ficant. Minimum n.umber of roots was in Ace.7 

(2.55) which was on par with Acc.22 (2.77) and Aec.42 (2.67). 

MaXimum ~t length was observed in Aoo.19 (8.22) and 

it was statistically superior to all other types. This was 

followed bf Ace.38 (5.76). Aac.S (5.31) and Ace.8 (4.96). 

The differences among the treatment effects of Ace.e, Acc.22 
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Table 5. Effect of retention of leaves on rootin9 of cuttings 

on 60th day 

--~-----~---~~~-~-~-~~-~~~~-~~--~-~~~--~~~-~~~~~~~~~---______________ ~!!S!!!!~!_2!_!20~!ei ________ •••• _ 
Ace. No. With leavea Without leaves MeaD 

~----------------~---.---.-----.--------~----~-~---------~ 
Acc. 2 40.0 (39.23) 32.0 (34.45) 36.0 (36.03) 

Ace. S 54.0 (47.29) 52.0 (46.1S) 53.0 (.6.72) 

Ace. 1 11.0 (19.37) 8.0 (16.43) 9.S (11.95) 

Ace. 8 80.0 (63.44) 78.0 (62.03) 79.0 (52.72) 

Ace. 19 90.0 (71.56) 84.0 (66.42) 87.0 (68.81) 

Ace. ~2 15.0 (60.00> 13.0 (58.69) 74.0 (59.3.) 

Ace. 36 69.0 (56.17) 62.0 (51.94) 65.5 (54.03) 

Ace. 38 87.0 (68.81) 84.0 (66 •• 2) 85.5 (67.62) 

Ace. 42 25.0 (30.00) 11.0 (21.28) 23.0 (28.66) 

Ace. 44 75.0 (60.00) 67.0 (5 •• 94) 11.0 (57 •• 2) 

Mean 45.9 (51.59) 44.1 (48.40) 

-~~~~~~~ .. ------------------... -----~--~~------------~~~--
c.o. (p. 0.05 ) traDaformed data 

i. Types 1.7913 

11. Retention of leaves 1.1320 

~igures in parenthesi8 1Ddicate the transformed data. 



Table 6. Effect of retentioD of leaves on root nUlllber durin~ 
rooting of cuttillg_ on 60th day 

Root n\lllDeJ:' 

40 

N::c. No. --- .. -.--.----~-.... ~--~~~~-----. With leaves witb:>ut leaves Mean 
~~-----~~~~~---.-----------------~---~~-----~~-~~-~~ 

Acc. 2 3.81 3.00 3.43 

Ace. 5 4.91 4.25 4.61 

Ace. 7 2.60 2.50 2.55 

Ace. 8 4.83 4.50 4.66 

Ace. 19 6.30 5.50 5.90 

Ace. 22 3.05 2.50 2.71 

Ace. 36 3." 3.00 3.23 

Aee. 38 5.60 5.50 5.55 

/IJ:c. 42 2.85 2.50 2.67 

Ace. " 5.57 4.50 S.12 

Hean 4.32 3.77 

c.o. (p. 0.05) 

1. Types 0.4106 

11. Retention of leaves 0.25" 
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Table 7. Effect of retention of leavea on root. length 

during rooting of cut.tinga OD 60th day 

Ace. Mo. 

Ace. 2 

Ace. 5 

Ace. 1 

Ace. 8 

Acc. 19 

Ace. 22 

Acc. 36 

Ace. 38 

Ace. 42 

Aee. 44 

4.96 (2.165) 

5.10 (2.381) 

3.39 (1.841) 

5.03 (2.242) 

8.96 (2.993) 

4.90 (2.263) 

4.23 (2.056) 

5.83 (2.41,) 

3.53 (1.818) 

4.96 (2.221) 

5.22 (2.241) 

4.10 (2.024) 

4.95 (2.224) 

3.27 (1.808) 

4.90 (2.213) 

1.53 (2.744) 

4.65 ( 2.156) 

3.15 (1.936) 

5.10 (2.387) 

3.40 (1.843) 

4.35 (2.085) 

4.66 (2.142) 

C.D. (P. O.OS) transformed data 

i. Types 0.0831 

li. Retention of leaves 0.0525 

4.38 (2.094) 

5.31 (2.30S) 

3.32 (1.824) 

4.96 (2.221) 

8.22 (2.868) 

4.77 (2.184) 

3.98 (1.996) 

5.76 (2.401) 

3.46 (1.860) 

4.64 (2.156) 

Figures in parent.h.sis indicate t.he transformed 
data 



(4.11) and Ace." (4.'.) were not statistlcally sivn1fican~. 

The shortest root "as obHl.'ftd In Acc.1 (3.32) and It was 

on par With Acc.42 (3.46). 

Retention of l •• ves had definite .dvaDta~e over c0m

plete removal of le.fts for rooting percentage and I'OOt 

maaber. The type Acc.19 w •• the best for rootlftO percentage, 

root number and I'OOt le~ wh1le Ace.1 had the lowest p~,rfor

manee 1ft rootiQQ percelltave, I'OOt nUlilber and root length. 

2. Effect of growth regulator. on percentage of rooting of 

cuttinos in hibiscus ty.pes 

Data OIl the effect of growth regulators on the percentaye 

of rootlnO of teD types of hibiscus cuttlnga a. observed OIl 

60th day are pre.ented in table ~ 8b and illustrated in 

figures 1. an4 lb. The effect. of gJ:OWth regulators on rootino 

of cuttings are illustrated ill plates 11 to 22. 

•• QUick dip _thod 

The effect of different growth regulators by quick cUp 

.etbod showed that the high.st. percentaoe of rootlnO was 

obtained when the cuttingswere treated with 14M 3000 ppIB 

(78.0 per cent) followed by 11M 5000 ppII (74.1 per cent) and 

IDA 5000 ppa (72.1 per cent). lIM 3000 ppm was Significantly 

superior to all other treatments. There was no SIgnificant 

41fferenee between NAA 5000 ppa and IRA 5000 ppm. The loweat 

rooting percent age was obtained when C1.ltt1n08 were treated 

with 1AA 1000 ppa (60.1 per cent) which waa on par with 
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Table 'a. Effect of Vrowth regul ators OD rooting percenuga 

of hibiscus Oft 60th day of planting 

_ ... ~_~,...,.~---__ .. ______ •• 1 I._ ......... ~ ___ ...... ..,. .......... __ ... _ • ___ ....... ~_ 

TreatmEll t Mean rooting 
...... 1!!!..22!-! ........... _ ...... ___ .. ~ ................. ....2!'mL~i!..-_____ ........... _-..... 

COntrol 56.2 (48.58) 

NM 25 64.5 (53.41) 
50 74.2 (59.47) 
1S 11.2 (57.58) 

100 66.1 (54.37) 
1000 61.2 (55.04) 
3000 78.0 (66.02) 
5000 74.1 (59.43) 
1000 68.1 (55.61) 

10000 61.5 (51.68) 

IBA 25 62.7 (52.39) 
SO 67.2 (55.07) 
15 10.1 (56.88) 

100 66.2 (54.47) 
1000 63.7 (52.93) 
3000 69.0 (56.16) 
5000 72.1 (58.15) 
7000 67.5 (55.27) 

10000 61.3 (51.95) 

IAA 25 60.8 (51.26) 
50 62.0 (51.98) 
7S 65.1 (53.82) 

100 66.2 (54.49) 
1000 60.7 (51.21) 
3000 62.4 (52.17) 
5000 65.4 (53.97) 
7000 68.0 (55.52) 

10000 70.2 (56.91) 

C.D. (P • 0.05) 1.998 ---.......... ---...... --------.. -----.... ---.. -.--..... ~ ..... -..-.-.... -... -......-... ..... .-..... 
Figures 1n parenthe.i. iDd1cate the transformed 
data 



Table Sb. Effect of growth regulators on rooting percentage 

ot different t.ype. of hibiscus OD 60th day of planting 

-......--.--.-........... ~-.. ---..... --..... -.... -_.-_ ... _-_ ... -.... ......-...................... ..-.-
Acc. No. Kean rooting percentage 

..... -.... ~ ...... ~~- .. ----...... -----... -----~.-...-................. -.. ----....... 
Ace. 2 3'.4 (37.33) 

Ace. S 54.5 (41.50) 

Ace. 1 20.7 (21.00) 

Ace. 8 81.3 (64.35) 

Ace. 19 93.2 (74.86) 

Ace. 22 84.3 (64.60) 

Ace. 36 69.8 (56.68) 

Ace. 38 93.1 (7 .... 4) 

Ace. 42 29.1 (33.01) 

Ace. .. 4 80.1 (63.SS) 

~~~---~---------------~-.... ~--------------------------
(P • 0.05) 

__ • aM •• ______ ._ •• ,. ••• _______ - _________ • __ ....... ___________ • ....-.. 

Figures in parenthesis indicate the meaDS of traaaof.red 
data 
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Pla._ XI - XVI. Effect of 91'Owtb regulators on rooting 

of eutt1rlt. of b1blacua (Acc. 19) 

Plate XI. Effect of NAA (prolon984 tip _th04) on rooUDI 

of cutting_ on hibisCU8. 

Plate XII. Effect of I8A (pl'Oloaged cUp nethod) on 
.rooting of cu.ttlDQ8 of hJ.b1ac:naa. 





Plate -XXII. Effect of 1M (prol.onged dip _thod) Oft root1nV 
of cutUng. ! b1bilJCN8. 

Plat. XlV. Sffect of '(quick 4lp method) Oft tooting 





Plate XV. ffect of . (quiCk dip Method) 

f CN"~1n9. of hJ.biac:u.f. 

plate XVI. Sff.at of IAA (qu1cJc 

of eutUtl98 0 bl.b'acua. 





Plates XVII • XXII. ffeet. of growth regul tor. Oil rootiQg 
of cut.Un;. of h1blsc:u (Ace. 21). 

Plate XVII. Iffect: of IAA (prolosaged cS1p Mth04) on I'OOUIl9 
of cutting. of h1bl.~. 

Plat. XVIII. Effect of 1 (prol aged d1 met d) on 

rooting of ~ttinv. of h1blaeua. 





Plate lUX. Ilfect of (pl'OloDged dip method) Oft root1QV 
of outt.lDga o·f b1blawa • 

• 

1 

plate xx. Effect of (quick cUp .. thod) OIl rootlag 





Plate XXI. ffeet A (quick dip thad) on ~t1n 

of cuttings of hibiscua. 

Plate XXIX. Bff ct of .IAA (CJ'lick dip Mtbod) on roo in; 
Of cutt1 of hibi.cus. 





XAA 3000 ppm. IDA 1000 ..... lBA 10000 p.,. and NAA 10000 ppa. 

When co-pared to contl'ol all growth regulator tre.tments 

exhibited significant infl.ence in incre •• ing rooting percentage. 

b. ProloDged cUp method 

In prolonged dip method NAA 50 ppM was the beat (14.2 per 

cent) for rooting percentage followed by NAA 15 Ppm (71.2 per 

cent) and lIlA 15 PpIIl (70.1 per cent). 11M 50 ppm waa sigra1fi

cantIl' superior to all other treatments. The treatments BAA 

7S ppm and I8A 7S ppII were staUatically on par. The lowest 

rooting percenba98 wu fouad with 1M 25 ppm (60.8 per ceD~). 

Ho significant differences vere Observed among IRA 25 ~ 

1M 25 PpDl and 1M 50 ppM. The percentage of rooting in the 

above treatment. varied from 60.8 to 62.7 per cent. 

U\11clt dip _thod waa significantly superior to prolonged 

dip method with regard to rooting percentage. 

c. 'frpes of hibiscus 

COmparison of the types showed that Acc.19 recorded the 

JDaXi8Nlft percentage of rooting (93.2 per cent) followed by 

Acc.38 (9J.l per cent), Acc.22 (84.3 per cent), Acc.8 (81.3 

per cent) and Acc.44 (80.1 per cent) respectively. Acc.l' 

and Acc.38 were significantly superior to all other types 

wiUl respect to .rooting. The percentage of rooting was sipJ.

ficanUy trie lowest in Acc.7 (20.7 per cent) 

Interaction of types aDd growth regulators wa. ftOt 

significant regarding percentage of rooting. 



3. Eftect of growth n9'llators Oft root length, root ...... r 

and root weight 4urill9 root1D9 of cuttill9. 

a. Eff.ct of growth regulators on root leo9tl\ 

Th. effect.s of ~ l8A aDd 1M on root length during 

rooting of cuttino- were ..... Nd at. 20 days interval, from 

20th to 100th day of planting. The data are furnished in 

table fa aDd 'b and 11lutrat.ed ln figure. 2a and 2b. 

i. 20th day of planUllg 

uuick d.t.p _thod 

Ma:x.laum root length of c:uttiag (1.90 em) was recorded 

by JIM 3000 PI8 followed by lAA 10000 ppm (1.64 em) aDd IlIA 

5000 ppm (1.59 em). The effects of these three treatmenta 

were statistically on par. !.'\A 1000 ppIIl exhibitecl the laut 

eff.ct on root length (0.31 em) which waa on par with 1AA 

3000 ppm (0.'78 em). Compared to control, all the growth .reVU

latora 1nflueaoecl root length a1gft1f1cantly. 

proloftged dip aaetb04 

Treating the cutting with DA 75 p~, NAA 50 ppn aDd 

IAA 100 ppII resulted in maxi .. root length, the diUe.reDCe 

between these treatments beug atatistically DOt significant. 

No 8ignificant difference waa obaer98d between NAA 50 ~ 

IRA 50 ppm. IDA 15 ppm, IBA 100 ps- and 1M 100 ppm. The 

root leDcJth in the above types varied from 0.92 em to 1.37 CII. 

1M 25 })pal recorded the lowest root length (0.33 all) whicb 

vas OD par with IAA 50 ppm (0.53 aa) and lAA 75 ppm (0.62 cm). 



2ypea of hibiscua 

Th. reapona.a of d1ff.reDt types to growth regulator 

treatmeDU were alao algDificant (Table 9}). 

Acc.19 retoried the ... 1.-. I:OOt length (1.81 ca) which 

was aigniflcantl7 lUgher t:haD all other t.ypes. NO 81VD1flc&n't 

tUffer_c. was obaerved bet.ween Ace.1 (1.24 em) and Ace." 

(1.08 em). ttle reapons. of AcG.'2 to 9rowth reoulator treat

ment w •• Ja111J..RaR (0.63 ell) wbioh was on par with Acc:.7 (0.6S ca). 

11. 40th day of plantiag 

"''UJ.c:k cU.p _tbod 

The analysia of data on root length on 40th clay .howed 

t:hat NAA 3000 ppm caused the aux1mUJa root length of 5.53 em 

followed by DA 5000 ppM (5.14 CIIl) and 1M 10000 ppm (4.15 an). 

Aa in the case of 20th clay. 011 40th clay also there was no 

sigD1f1cant Mfferenee MOD9 the treatment effect. of BAA 3000 

ppm. 1BA 5000 ppI' and 1M 10000 ppa. Both on 20th and 40th 

day, 1M 1000 PI'" produced the shortest roots. with .respect 

to root length all treatllleDta vere significantly superior to 

control Where the root leD9tb was only 1.11 em. 

prolonged dip method 

COmparison of different growth regulatora by prolonged dip 

.. thod showed that the longest root v.a reeorded in IIAA 50 P'

followed by IAA 100 ppBl and IBA 15 ppa. BAA 50 Ppil vas aig

nificantly auperior to all other treatments for root len~ 



IAA 100 Ppil and DA 15 ppIl were stati.tically .1In1lu ueS 

root length varied f,.. 3.52 am to 3.61 CID. Juat 11k. on 20th 

day. Oft 40th day &1110 the low •• t root length vas found v1 th 

1M 25 ppaa (1.91 CD) whieh wa. on par w1th 1M 50 ppm (2.02 em). 

Typ •• of hlb1acu 

Ace.lt conUmsed to record auaxiarua root length OD 40th 

clay also wh1ch wu stat1stically on par with Ace.5, Ace.3S 

and Acc.12. The J:OOt leavt:b 1n the above types varied frca 

4.34 em to 4.81 -. The shorte.t root was ob •• rved in Ace. '7 

(1.60 em) which w •• statistically sJ.m1lar v1th that ot Ace.42 

(1.61 em). 

iii. 60th day of planUIl9 

O\t1cJc dip method 

The cuttiova treated with 11M 3000 ppa continued to 

exhibit maximum roJt length (9.35 em) which waa .ignificantly 

superior to all other treatments. The next effective treat

ments were leA 5000 ppm (8.26 cm) and NAA 5000 ppm (7.72 em) 

wh1ch vaa statistically s~lar. AMong the treatments. NAA 

10000 pp, IBA 1000 ppIIl. IaA 3000 ppm, IBA 1000 ppa. IDA 10000 

ppm and IAA 5000 ppa. there v.. DO statistical difference and 

their root length varied from 6.36 em to 6.67 em. As OD 20th 

day end 40th day. OD 60th day also 1M 1000 ppm produced the 

shortest roots (4.'. em) wh1ch was on par with 1M 3000 Ppil 

(5.56 em). All the treatments were Significantly superior to 

conuol 1ft wh.1ch cu. root lell9th was 2.65 em. 



'fable 9a. Effect of growth regtllatora Oft root length. of hIbIscus at differeat periods 

Treatment 
(in ppm) 

.-..- • . ____ •. _ .. ___ .. __________ ~~'i!.!!!._£22.~_ ~!2i~ ... 1S::!!-!. __________ ._ ...... ______ _ 
20th day 40th day 60th ~ BOth day 100th day 

----. .... -_ • __ .-___ ~.........._ __ • ____ - ___ ._ •• __ ._ __ ... ••• .__. ...... _ •• ________ •• ___________ • ea •••• _ •• __ • __ ~_,._ , ___ ..........-

CoDtI:'ol 0.115 1.117 2.657 4.160 5.910 

NM 2S 0.635 2.285 5.452 8.200 10.412 
50 1.355 5.140 6.SS0 9.882 11.815 
75 0.770 3.445 6.352 7.151 10.792 

100 0.607 2.602 5.902 7.045 9.917 
1000 1.302 3.602 6.265 8.352 11.012 
lOOO 1.900 5.530 9.352 10.612 14.757 
5000 1.162 4.557 7.720 8.965 12.025 
7000 0.975 3.937 7.702 9.117 12.021 

10000 0.195 3.1'7 6.'70 8.457 10.637 

lBA 2S 0.745 2.517 5.107 7.490 9.690 
50 1.015 2.477 4.912 7.882 9.800 
75 1.371 3.527 6.522 9.285 11.572 

100 0.927 3.077 6.207 7.467 10.242 
1000 0.907 3.797 6.302 .7.820 10.337 
3000 1.150 3.632 6.610 8.402 11.030 
5000 1.590 5.140 8.265 9.225 12.110 
7000 1.152 4.392 6.720 8.772 10.420 

10000 0.805 4.522 6.367 7.937 10.231 

UA 25 0.335 1.917 4.382 6.167 9.150 
SO 0.535 2.025 5.927 7.107 9.950 
75 0.620 3.322 6.50S 7.635 10.347 

100 1.197 3.617 6.555 9.510 11.790 
1000 0.312 1.830 4.745 7.290 9.910 
3000 0.780 2.995 5.565 8.402 9.945 
5000 0.897 4.422 6.422 8.512 10.410 
7000 1.242 3.575 6.702 8.542 11.272 

__ 10000 1.640 4.752 7.080 9.852 12.215 
-~~~~~~~~-~-~~~~~~~~~--~----~~~~~~-~~~--~ ._-_._-_ ........ _--_. . -~--~ .. _ ... -.. 

C.D. (p - O.OS) 0.488 0.841 1.501 1.381 1.775 
~~~--------~-----~--- ---~~-------~--~~~~--~--~~---------------~-------~---~~~~-

~ 

c..a 



Table 9b. Effect of growth regulators on root length during rooting of dlffereDt types of 
hibiscus at var iouu periods 

-~-~---- ------~-------~----.-----~~~~~----------------.-----------------------------------_.----------------.--------Nean root length (em) 

i'llc. 20th day 40th day 60th day 80th day 100th day 
-~--~-~~~~~--------.----.... --.._-- . --- ... --~. _.- __ a •• _ ..... • __ .. ___ ......... ..........-_ •• __ .. _~_ . --.-.-. ... -.-

Acc. 2 0.850 2.830 S.464 7.504 10.254 

Ace. S 1.241 4.526 7.776 10.095 13.422 

Ace. 7 0.659 1.602 4.016 5.633 7.200 

Ace. 8 0.878 3.227 5.833 7.944 9.616 

Ace. 19 1.815 4.816 9.381 11.822 14.285 

Ace. 22 0.900 4.347 6.910 9.039 10.687 

Ace. 36 0.682 2.990 5.720 7.706 10.101 

Ace. 38 0.852 4.492 '7.816 8.622 11.179 

Ace. 42 0.633 1.674 3.962 5.118 7.800 

Ace. 44 1.086 3.972 6.553 8.356 10.792 

C.D. (P = 0.05) 0.292 0.S02 0.628 0.825 1.061 
--------.... -... -... -.......... -.... -.... ~ ...... ....-................... -... -.... ----............ -------.... .-~-............ ~..---......... ~--. _-.-... ---- -------

c .. n 
o 
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Prolonged. dip methad. 

~ 1ft the ea.e of 20th and. 40th 4ay the lODgest root of 

6.58 am leftgth wu obtained OD 60th day when the auttiDgs 

were treated vi th NAA 50 ppa. There was DO .ionificot 41tfe

renee.--nc; the U'eatJnenta NAA 50 ppm. 1M 100 ppm (6.55 em). 

IDA 75 ppBl (6.52 em) and 1M 75 ppaa (6.50 am). 1M 25 p~ 

continued. to produce the shortest root of 4.38 em length which 

waa on par w1 t.b IBA 50 ppII (4. '1 em). 

Types of hibiscus 

eo.pari80D of types OD 60th day for root length showed 

that Ace.19 had maximum root length of 9.31 em followed by Acc.38 

(7.81 em) and Acc.S (7.77 CAl). Ace.19 was sigD1ficantly super

ior to all other typea. Stati.tically the treatment effects 

were same in types Acc.S and Ace.lB. All on 20th day, on 60th 

4ay also the shortest root was ob ...... d in Acc.42 (3.,96 em) 

which was on par with Ace. '7 (4.01 ell). 

iv. 80th day of planting 

\Juick dip method 

on 80th day alao 1iAA 3000 ppIIl aa .. e4 the lOllge.t root of 

10.61 _ followed by 1M 10000 Ps- (9.85 em) and lIlA 5000 ppa 

(9.22 em). statistically there wea DO difference betw .. n the 

tr:eatment NAA 3000 ppm and 1M 10000 ppa. The d1ffereDCe bet.

ween the treatments NAA 5000 PP' (9.11 em) and lBA SOOO PPII wa. 

alao DOt significant. lAA 1000 ppIl coDtiau.ed to show the leut 
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response when the root length wu 7.2 GIft. compared to 

control (4.16 em) all 9ro~ regulator treatments influenced 

root length sigD1ficantlr. 

prolonge4 dip .. tilod 

A8 1n the cue of 20th. 40th and 60th day, tiM 50 ppaa 

caused the longest root 1envtb (t." GIll) followed Dy 1M 100 ppII 

(9.51 caa) aDd I8A 75 ppIII (9.21 oa). No significant difference 

was noted aoftg t.hes. three trea .. nts. 1M 25 ppa produced 

the shortest root of 6.76 cm.181lgtb which was on par with NAA 

100 ppID and IAA 50 ppaa. Root length 1n the above treatments 

varied from 6.76 an to '. 10 aft. 

Types of hibiscus 

ACe.lt ranked first ill producing long roots of 11.82 CIIl 

a8 Clo the 20th, 40th and 60th day and 1 t waa statistically 

superior to all other types. ais wu followed by types Ace. 5 

(10.09 em) and Ace.22 (9.l1 OlD). All tn the previOus observa

tion, Acc.42 shOwed the leut response (5.51 em) whieh va. OIl 

par with Aoe.7 (5.63 em). 

v. l00'-h day of p181'lting 

o.1ck dip .. thod 

HAA 3000 ppm which reS1ll '*' in max1Jftum root 1 ength OD 20th. 

40th, 60th _d 80th day exhibited the best perforlll4llCe (14.75 em) 

on 100th day alao. NAA 3000 pp. was statistically superior 

to all the treatments, followed br XAA 10000 ppm (12.21 em) and 



53 

IBA 5000 ppm (12.11 eaa) .. ill the cue of prev1oU8 observa

tiona. 1M 1000 ppa prodlaae4 the shortest. root wh1ch vu on 

par wi til 1M 3000 ppa. 1BA 1000 p~ lBA 10000 ppII and NAA 

10000 ppa. Rot length 1D the .a.ove treatments varied fro. 

9.9 em to 10.63 CDR. COIIpa.red W control (5.91 em) all treat

ments significantly infl\I8Qced J:OOt length. 

prolonged dip 

A8 in the case of 20th. 40th, 60th &Ad 80th cSaY. on 100th 

day also. the longest root wu observed when the cut.t1ngs were 

treat.ea with NAA 50 ppm followed hy 1M 100 ppm and leA 1S ppa. 

The root length in the above U'eatment8 varied froaa 11.81 am 

to 11.54 em and the differenc::a vu not significant. IAA 2S p~ 

c:ontinuecl to cause the lowest perfontance for root length 

(t.15 em) which was on par with IDA 2S ppm (9.69 em) I8A SO ps

(9.80 em), 1M SO ppI8 (9.95 em) aDd NAA 100 ppm (9.91 em). 

Types Of hibiscus 

Acc.19 which producecl the longest root on 20th, 40th. 60t:h 

and 80th day showed maximum response (14.28 em) OD 100th day 

alao followed by Ace.5. Ace.lI •. ,mad Ace.'4 and their root. 

leDgth varied from 10.19 em to 13.42 em. Types Ace.19 aDd Ace.1 

were DOt statistically differeat. The least performance as 

in the cas. of 40th day was obaerf'8d in Ace.7 (7.20 em) which 

wa. on par with Acc.42 (7.80 em). 



Aaalysu of dab ~ 20th to lOath day rewale4 the 

follow1n 9 details. 

Quick cUp _t.h04 

thara 

coDtrol. HAA 3000 Pr- produced the }jest naul t when ClOIRpan4 

to other treatMnts followed by' IlIA 5000 Ppil and 1M 10000 ppm. 

NAA 3000 ppal wa. staUstically auper10r to all o~r treat

_ts 011 60th and lOath 4ay of planting. mere wu DO signi

ficant difference between I'OOt lel'l9t:h produced by treatlDenta 

IBA 5000 ppm and 1M 10000 ppa on 20th. 40th. 10th and 100th 

day but OD 60th day lAA 10000 ppm was statistically inferior 

to IlIA 5000 Pta. 

~roloDged d.tp method 

In prolonged dip method, NAA 50 ppm was the beat followed 

by lAA 100 ppa and IDA 1S PpID 10 producing long roots. Statis

tically no signiflcarat dlffer8DC8 was noticed amoog treatments 

NAA 50 ppIl, lAA 100 ppI and lBA 15 ppm throughout the period 

of observation except on 40i:h day 1ft which ca.. NAA 50 ppm 

vas 81gnlf1eutly auperlor to IAA 100 ppa and IBA 15 ppm. 

c.parlnv the two metboc1s. quick dip method w.. 81gnifl. 

c8Iltly nper10r to proloDge4 cl1p _th04 to produce loog roots. 

~es of hibiscus 

The t.ype Ace.19 had NXlnNlll zoot length followed by 

Acc.5 and Acc.3S. Acc.42 and Ace.1 had shorter root length 

and the differeace between the t'llJlO types wa. not. statistically 

significant. 
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InteracUoa between types and growth regulators was not 

.i9ftif1c:ant both at one per cent and 5 per cent probability 

levels. 

b. Effect. of growth regulator. OIl J:OOt aWlber 

Raapo .. e ~ gxowtb ngulators for root number w •• observed 

at 20 days interval from 20th to lOOth day. Data are pre.en

ted in Table lOa. lOb and illuatrate4 in figures 3a and 3b. 

1. 20th day of plaDt.1ag 
>JU1ck dip _tbod 

As in the case of reapon.. to growt.h regulators for root. 

length. NAA 3000 ppm 1Ihowe4 it. p~DOe 1n root Ilu.ber also 

which was Oft par with IRA 5000 ppaa and 1M 10000 ppa. Root 

number in the above treatment. varied from 1.09 to 1.42. 

K1n1nua root ImRIber (0.47) was Obae.noed in treatment 1M 1000 ppa. 

All tr(~at:menta produced .caUstically better effeau thaa 

colltJ:ol (0.15). 

Prolonged d1p method 

The higheat root DUBlber "' •• fOUDd when cuttings were treat

ed with IDA 75 ppm (0.97) fol1owecl by BAA 50 ppIII (0.9.) and 

IAA 100 ppm (0.13). There was no significant differeace bet

ween treatlRanta IDA 75 ppa and NAA 50 ppat. The lowest perfor

Il8DCe for root llUlRber was showD by 1M 25 ppa (0.32). 

Types of h1.biaaaa 

Ace.19 Which produced the long •• t. roots ranked first here 

alao with regard to response on root D\.'Imber. Acc.19 (0.96). 

Acc.5 (0.92) aDd Acc.22 (0.90) Showed better performance for 
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root .... 1' aD4 a .. UatJ.oa1ly the •• three qpea were on pu. 

The lowest _ber of roou w ... served in Ace.7 (0.52). There 

was no statistical dlffereD08 emon9 treatment effects in Acc.2 

(0.63), Ace.7 (0.52), ACe.8 (0.61), Acc.42 (0.57) and Ace ••• 

(0.62). 

11. 40th day of plafttiJa9 

O1l1ok dip .. ___ • 

aM 3000 ppat w.a to.. to be the beat followed by IDA 

5000 ppm and lAA 10000 ~ BAA 3000 ppm w.. statistically su

perior to all other traatmeDta. There w.s DO significant dif

ference ..,89 the tzeatmenta 1M 1000 ppm, 1M 10000 ppm Me! 

lIAA 5000 ppiI. IAA 1000 PPII (1.13) wh1ch abowed the lowest 

perforaanoe on 20th day COIld.mte4 to 8.1CbJJ)1 t the same trend • 

.R~9ard1nO root maer all treatlDeDU recorded significantly 

better influence over control 1ft which case the root Q\I1IIber 

vaa 0.65. 

prolonged dip Nthod 

Better response for root ..... 1' wu observed through 

ltAA 50 ppm (2.37), lAA 75 ppaa (2.08) .. 4 l.SA '75 ppm (1.84). 

Statistically the effects of above thr.. treatments were 

aba11ar. 

1M 25 ppa whicb showed the lowest response on 20th day, 

recorded the 181n1_ root m.uaber on .Oth day 8180 which w .. 

on par with NAA 25 ppm. NAA 100 ppm. leA 25 ppm, lBA SO ppI8 

aa4 1M 50 ppm. The root mabel' in tr.e .,:.oft treatments varied 

fro. 0.10 to 1.37 



1'fpes of hibiscus 

A.e 4.Il 20th 4 • ." d.a 40th da., also bet.ter root. nWIIMr 

was ahown by Ace.l' (2.46), Ace.22 (2.41), Ace.38 (2.38) and 

Ace.44 (2.34) and atat.istically DO difference va. noticed 

among the .. four treataaents. Ace.7 (1.12) whieh showed the 

5'7 

l ... t response Oft 20th day proc!uced the loweat root. DuMer Oft 

(Oth day alao. There was no significant difference between 

the types Ace.1 and Ace.4! (1.23) for response Oft root D\IIIber. 

iii. 60th day of plan~o 

QuJ.c:k dip method 

NAA 3000 ppm had the best. perfomance for root ..... r 

(9.41) Oft 60th day also. HAA 3000 ppa was statistically supe

rior to all other treatments followed by IDA 5000 ppm" 1M 

10000 ppm. IDA 1000 ppm and NAA 5000 ppm. The root. aUiber 

among these treatments varied from 6.54 to 7.66 and ~ 41f

ference being statistically DOn significant.. IAA 1000 ppII 

which showed the lowest performance on 20th and 40th dar COD

t.illued to show the leaat perforaance (3.62) OD 60th dayalso. 

AIIIoftO the treatments 1M 1000 ppm. lBA 1000 ppID (4.7.) aDd 

IAA 7000 PPM '4.14) there wae DO staUstically aiva1ficUlt 

difference. All treatments recorded better performaace thaD 

control (2.40). 

Prolonged dip naethod 

As <in20th and 40th day, on 60th day also NAA 50 ~ fol

lowed by 1M 100 pp8l showed better p .. forraance. The root 
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millibar 1ft tr •• taaellta IIAA 10 PPBl# N.AA 75 ppn. IDA 75 ppaa and 

IAA 100 ppm varied fzooa I ••• to 6.30. IDA 50 ppm tnated 

euttln~. resulted in ..... a_ .root D\1IIber (2.58) Which w" on 

par with DA 2S ppaa (2.11) aDd 1M 25 ppa (3.03). 

Types of b.1biaC\l8 

Aa cSn 20th eA4 .Oth day .. on. 60th day a..tao Ace.l' followed 

by Acc.5 .howed better perfOJ:'maftCe regarding root DUmber. 

The 41ff81"8OO •• .-m9 the trea'tlRent .ffeo'ta OD Ace.19 (6.64), 

Ac::e.S (6.09), Aoc.22 (5.'.) ea4 Ace." (5.85) were DOt auUa

tic.lly significant. Ace.? vhich had the lowest performance 

on 20th aDd 40th day, sbowe4 m.nilnum response for root IlUIIber 

(3.00) on 60th day also which was on par with Ace.f2 (3.41). 

lv. 80th day of plan tlag 

Quick dip _tilod 

NAA 3000 ppM Which e .... d maximum effects during the 

previo •• planUllv dat •• noorded the beat performaoce for root 

D\1JDber (12.56) on 80th day al80. IIAA 3000 ppm was statisti

cally superior to all other treatments, followed by the treat

Mnt lBA 5000 PS- aDd IAA 10000 PlD whicb vu staU8tically 

811d.lar. *11. it. w •• 1M 1000 p,,;. that recorCled the lOW8l1t 

performance on the previous observations, it wa. lBA 1000 ppm 

that caused th,~ lowest, "..pon .. on 80th day (4.23). Stat,i. .. 

tic ally there was no difference among the trea~~nt, effecta 

of lBA 1000 ppm. IBA 3000 ppm (4.98) and 1M 1000 ppm (5.65) 

which varied from 4.23 to 5.65. CQ~ed to control (3.19) 

all treatments significantly influenced the root DUmber. 



1'ab1e lOa. Effect. of growth re9U1atora 011 root auaiber of b1biscua at. different. perJ.ocJa 
-_ ._ •• -.MI •••• 1 _____ .11 A __ ._ •• __________ I •••• , ___ a In __ •• _ • ____ ~ ____ .. _ •• A •••• , __ .* • __ 

Tn.tllent. Me_ root INiIbeI: (1 ~ ~~-- •• -----------------.. ._-.,--- _____ F •• __ .... _ ----- a~ ___ --- ._ ......... -

__ -__ ~ .. ____ - . ___ ~2~_gg. ___ ._ .!g~.~1 _ .•. _!2~_daz_. ______ aq~ .. ~I_--_____ !!2~_!!!I __ 
CoDtrol 

11M. 2S 
50 
75 

100 
1000 
3000 
5000 
7000 

10000 

IDA 25 
50 
75 

100 
1000 
3000 
5000 
7000 

10000 

L\A 25 
50 
75 

100 
1000 
3000 
5000 
7000 

10000 

0.156(0.745) 

0.609(1.052) 
0~944(1.200) 
0.588 (1.043) 
0.486(0.993) 
1.097 (1.263) 
1.427(1.388) 
0.965(1.210) 
0.689 (1.090) 
0.748(1.117) 

0.555(1.027) 
0.590(1.044) 
0.974(1.214) 
0.669(1.085) 
0.665(1.075) 
0.710(1.100) 
1.187(1.299) 
0.896(1.181) 
0.669(1.081) 

0.382(0.910) 
0.344(0.919) 
0.495(0.997) 
0.731(1.109) 
0.479(0.971) 
0.538(1.071) 
0.573 (1.036) 
0.815(1.147) 
1.096 (1.263) 

0.651(1.073) 

1.144(1.282) 
2.374(1."5) 
1.832(1.527) 
1.144(1.282! 
1.919(1.155) 
5.470(2.443) 
3.358(1.964) 
2.306(1.675) 
1.816(1.521) 

1.372 (1.363) 
1.238(1.318) 
1.849 (1.532) 
2.020(1.507) 
1.809 (1.519) 
2.144(1.626) 
4.102(2.145) 
2.142(1.686) 
2.307(1.675) 

0.800(1.140) 
1.026 (1. 235) 
2.089(1.609) 
1.697(1.482) 
1.136(1.279) 
1.896(1.548) 
2.924(1.850) 
1.876 (1.541) 
3.682(2.045) 

2.405(1.704) 

2.773(1.809) 
6.305(2.608) 
5.446(2.433) 
4.340(2.200) 
5.204(2.388) 
9.413(3.148) 
6.545(2.65') 
6.184(2.565) 
5.594(2.468) 

4.236(2.176) 
2.581(1.755) 
5.371 (2.423) 
4.954(2.3.) 
4.785 (2.at) 
5.754(2.500) 
7.669(2.858) 
6.556(2.656) 
5.381 (2.425) 

3.034 (1.880) 
4.911(2.326) 
5.254 (2.398) 
5.569 (2.463) 
3.623 (2.030) 
5.092(2.364) 
5.997(2.549) 
4.741(2.289) 
7.291(2.791) 

3.797 (2.037) 

7.079(2.753) 
10.157 (3.264) 
7.340(2.800) 
6.198(2.586) 
6.200(2.500) 

12.566 (3.614) 
8.524(3.004) 
8.195(2.948) 
7.375 (2.805) 

5.795(2.509) 
4.496(2.235) 
7.809(2.882) 
5.902(2.530) 
4.236(2.176) 
1.985(2.322) 
9.115(3.100) 
7.274(2.788) 
6.245(2.597) 

4.633(2.265) 
5.778(2.515) 
5.906(2.531) 
7.293(2.391) 
5.650(2.480) 
6.139 (2.576) 
7.307(2.'794) 
6.963(2.731) 
8.879(3.057) 

5.110(2.368) 

10.126(3.258) 
13.462(3.736) 
12.790(3.680) 
9.84 .. '3.216) 

11.028(3.395) 
19.158( ..... 33) 
12.030(3.539) 
10.709(3.348) 
10.415(3.303) 

9.l16(l.133) 
7.808(2 •• 2) 

10.272 (3.372) 
9.443(3.153) 
7.434'2.816) 

10.586(3.290) 
12.235(3.560) 
9.976(3.236) 
8.089 (2.930) 

8.058(2.924) 
9.859(3.218) 
9.S96 (3. 177) 

10.293(3.285) 
8.271 (2.961) 
9.625(3.182) 
9.926(3.221) 

11.303(3.435) 
11.375(3.4.6) -~-.. ____ ....... .-___________ aa ••• ______ .. _ ... _~_ .. ______________ ~_ .... __ ... __ ~ ________ ~._. ____ •••• ,. 

C.D. (P 1 0.05) 0.170 0.237 0.283 0.308 0.338 
~.. . A _ •• _______ ~ .. ___ ',I.a _________ • ______ ._ •• ___ ~ ___ ._. ______ I ... _._._. ___ I __________ , _______________ _ 

I"igure. in parenth.s1a 1ndicate the _aDS of t.r_formed data 



Table lOb. Effect of growth regulators OIl root lWDlber <htriDg rooting of <l1ffereat type. 

of hibiscus at various periods 

~~~~-----~---~---~---~~-- . ~~~-~~-.---- ---~~ ---------.-~~-~~~----------- .---~~ 
..... root ftUIIber 

Ace. Ito. 
IE •• 1. .. •• _ ....... ...-________ • _______ •• aM •••• ___ ..... _a ••••••• ____ .,._.-._._._ •• d •• 

20th clay .Oth d87 601:h day 80th day 1 '.)Oth cia)----•.• Mi.-___ ••. ____ ... ____ . _. ___ . 1 _____ • •••• • ... ---- ... ---..... -- ... -....... -.... -

Acc.2 

Ace. 5 

Ace. '7 

Ace. 8 

Ace. 19 

Acc.22 

Acc.36 

Ac:e.38 

Acc.42 

Ace.'4 

0.633(1.06.) 

0.923(1.193) 

0.529(1.014) 

0.'11(1.05.) 

0.962(1.209) 

0.901(1.18.) 

0.594(1.046) 

0.723(1.106) 

0.570 (1.034) 

0.625(1.060) 

1.826(1.525) 

1.964(1.569) 

1.121 (1.273) 

2.263(1.662) 

2.460(1.726) 

2.479(1.720) 

1.997(1.580) 

2.389(1.699) 

1.237(1.318) 

2.342 (1.685) 

4.765(2.294) 

6.092(2.567) 

3.007(1.812) 

S. III (2.414) 

6.".(2.678) 

5.940 (2.537) 

5.109(2.368) 

5.887 (2.527) 

3.416(1.978) 

5.856(2.521) 

6.160(2.580) 

8.191(3.048) 

4.443(2.223) 

6.402(2.62'7) 

14.094(3.89.) 

7.558(2.830) 

6.607(2.671) 

7.246 (2.183) 

4.923(2.320) 

7.277(2.788) 

10.314(3.291) 

6.124(2.513) 

10.212(3.282) 

14.405(3.860) 

11.646(3.513) 

10.072(3.251) 

11.137(3.498) 

6.625(2.669) 

10.846(3.368) 
..... ----- _ .---_ ........ ---- ---_ ..... _--_ ..... -----_ ... -.-..-.....-..... _------ .. - .,---.---.. ------.,.,-------_ .... .. 

C.D. (Pt- O.OS) 0.102 0.141 0.169 0.184 0.202 
.,..~ _____ -._._ ---....... __ .. ____ •• ____ ... ________ •• _ L ••• - ________ -____ ~~_ • ________ _ 

Figures La parentbe8iS indicate the means of transformed data 
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Pr:olonged dip JMt.bod 

Treat1ng the cuttJ.D9s with HAA 50 ppII reaul ted 1n the 

highest root DWlbeZ' (10.15) o. 80th day .. obaerved dur1ng 20th. 

40th end 60th ciaI'. followed by IBA 75 ppm (7.80) and NAA 75 pplll 

(7.34). NAA SO pp8l w.s sigaJ.fleantly auperior to all other 

treatments. There was DO statistical difference between ~ 

75 w- and NAA 75~. DA 50 ppaa that cause the mlnilmaa 

root number OD 60th day, sbowed the l.a.t reaponse (4 •• ') 0. 

80th da, alao. Difference. between the treatment effecta of 

lBA SO ppm and IAA 25 p~ (4.63) were not statistically 

significant. 

Types of hibiscus 

Ace.19 had the highut root ftUllber (14.69) and was auUa

tically SU,perior to all other types followed by Acc.5 (8.'9). 

and Acc.22 (7.55). Ace.? produced the minimum root number 

(4.44) on BOth dal which was on par with Aec.,;2 (4.92). 

v. 100th day of planting 

..Nick dip methoe! 

The analysi. of data on lOOth day showed that NM 3000 Pta 

Which caused the highest root number o.20th. 40th, 60th and 

90th day, produced maximum roots (19.15) on lOOth day also. 

Next to NAA 3000 ppm. 18A 5000 ppm (12.23) ~~ 5000 ppm (12.03). 

and lAA 10000 ppm (11.37) caused more number of roots. KAA 3000 

ppm vas statistically superior to all other treatments. 18A 

1000 PPI Which cau.ed the low.at perfomance on 60th dD4 80th 

day produced only minimum aU1Rber of roots (7.43) on 100th day. 
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Il1o staUstical dilference ... noticed among the trea1::nleDt 

effecta of IBA 1000 .,... 1M 10000 ppaa (8.08) aDd 1M 1000 ~ 

(I. rr> • CoIIIpared to CODtrol (S.ll) all treatments aign1f1cutl.y 

influenced root maber. 

prolonged cl1p methOd 

1'M t.reataenta 111M SO PPI and NAA 15 ppm followed by 

IAA 100 ppm and ISA 15 ps- .untuned the same trend Oft 100th 

day. The root nWllber in the &»ova treatments varied from 

10.27 to 13.46. Thera was DO a1gnificant difference between 

treatment8 HAA 50 ~ and NAA ?5 ppm vhich were superior to all 

other treatments. statistically I8A 75 ppn and IAA 100 ppm 

were aJ.m11ar. Aa 1ft the c ... Of 60th and 80th clay, on lOOth day 

al_ IBA 50 ppm tr{-:ated cut.t1ng. exh1bl ted. 1Il1n1mum root DlIIIber 

(7.80) which vas ... par with 1M 25 ppm (8.05). 

Types of h1b1sCWJ 

As in 20th. 40th. 60th and lOth day. Acc.19 recorded 

max1Jllum root Daber (14.40) .a 100th day &lao aDd it wa. statis

tically auperior to .11 othu 'type.. 'Illa w.s followed by Ace.l8 

(11.?3). Acc.22 (11.64) aad Ace ••• (10.82) and statistically 

all the.e three type. were .ane. Ace.1 which .recorded the 

.tnl... root nu.ber 1ft all the previou8 ob8ervations showed the 

loweat. response on lOOth day also (6.12) which wa on par with 

Acc.42 (6.62). 

The 4etaJ.la of effecta of growllb regulators on root 

IIUIIber from 20th to lOOth day could be summariaed a8 follows. 
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OU.lclt dip aaet.bo4 

All growth ft9\llaUM' Ueatment. produCed better resulta 

for root ftUIIber oyer cCDVOl. 'l'be best effect for zoot 

DUmber was p.roduc:ed by the treatment HAA 3000 ppm followed by 

IDA 5000 ppm and 1M 10000 ppm. NAA 3000 ppm was significantly 

superior to all other treatments on 40th. 60th. 80th aDd 100th 

day of planting whereas Oft 20th aav DO significant. difference 

was DOticed between treataents NAA 3000 ~ IBA 5000 p~ 

and lAA 10000 ppm. 

prolonged dip method 

In the proloQ98d dip •• ~ lftU1JmJm root mllllber va. pro

dUced by treatment NAA 50 ~ followed by l8A 15 ppm. 1M 

100 ppm and NAA 1S ppm. NAA 50 ppm vas s1gD1ficaoUy auperior 

to all other treat:meDts in prolooqed dip method OD 80th and 

lOOth day of plant.10'=ie No significant difference was notJ.ceci 

on root number by treatments lilA 75 ppm GAd 1M 100 ppm on 

40th. 60th and lOOth day. 

Statistiea.11y. quieJt dip method was foWld to be sivnifi

cantly superior to prolonged dip mei:b04 1ft producing more 

root n\Bber. 

2IPe8 of hibiscue 

comparison of types revealed that Ace.19 pJ:'OQ1ced tM 

highest root number from 40th day onwards. No significant 

dJ.fference wu noted on root maber in types Acc.19 and Ac:c.5 

durJ.ng 20th. 40th and 60th day Of planting. .Minimum effeci: 

vas prodUced by type Aec.42 and Ace.1 and statistically these 

tJ'P88 were Oil par. 



ID~UOD of tJpea _d growth ngulators w.. not sig

D1f1ceat for root ft'GIDber 4ur1ag the entire peri04 of 

... naUoD. 

c. Effect of growth ngulators on root weight 

The response of growth nVQ1ators on root weight. waa u

seaH4 at 20 days lnt.enal. from 20tl.. 1:0 100thday aDCl the 

result.s are present.ed in t.able l1a, llb and illustrated in 

figure. fa and fb. 

i. 20th day of planting 

Quick dip .ethod 

Treating the cuttings with IDA 5000 Ppal (0.0169) and NAA 

3000 ppIl (0.013 9) resulted 1D maximum root weight. Lowest 

perfonumce for root weight. wu recorded by lAA 1000 p~ 

(0.002 g). However all ~ ngulator treatmeDts showed 

better performance over cODtrol. 

Proloaged dip method 

Comparing the effecta of differeat growth regulllllOl:a 

best performance w.s rec:orde4 OJ' BAA SO ppR\ (0.006g) followed 

by NAA 75 ppm (0.0039) 1M 100 ppat (0.003 9) aDd lilA 75 ppa 

(0.003 g). There wa. DO slgD1f1cant difference emong the 

t.reat.aata liAA 75 w-.. 1M 100 ppDI aDd I8A 1S ppa. lAwe.t 

response was obtatned 1n the treatment 1AA 25 ~ (0.001 9) 

and 1M 50 ppm (0.001 9). 
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Types of hibi.cus 

As ift the ca.e of re.ponse to growth r~gul.tor. for root 

left9th aDd zoot aUlllbe.r, bet.ter performance was recorded. by 

Ace.19 (O.OlV) and Acc.2 (0.01 9) in root weivht. Statist.ically 

there was DO 41fference between the treatment effects of Ace .19 

and Ace.a. Mini .... root weight. w •• exhibited in ,\Cc.8 (0.002 g) 

which was on par with Ace.42, Acc.22 and Ace.7. 

11. 40th day of planUDg 

UUicJc dip method 

As In the c ••• of 20th day, on 40th day also max1mua root 

weight of 0.1)2 9 was obtail'led when the cutting. were treated 

with IBA 5000 ppa and it wa. significantly .uperior to all 

other treatments. Thi. w.. followed by NAA 3000 ppm, NAA 5000 

ppa. and IAA 10000 ppa. The root weight in the above treatments 

varied from 0.060 9 to 0.061 o. The difference. among BAA 3000 

ppIR, SAA 5000 ppIIl and 1M 10000 ppm were not statiaUcally sig

Dlficant. 1M 1000 ppm that produced lowest root weight on 

20th day recorded lO',y'e8t response on 40th day al80 (0.017 g). 

Compared to COfttrol all treatments significantly influenced 

root weight. 

Prolonged clip .athod 

The better influence regarding root weight was recorded 

In treatment IDA 75 PpIR, NAA 50 ppas and IBA 50 ppm and atat.t.a

tically all these treatments were same. IAA 25 ppm recorded 

lowest re8pOnSe Oft 40th day. There vaa no slvn1flcant dif

fereace amonV the treatment effects of 1M 2S ppaI, NAA 25 ppm. 

KAA 100 ppa, IRA 25 ppaa aDd IAA '75 w-. The root we.t.gh t ift 
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'l'J'pe8 of hibiscus 

Better A_poD.. foZ' root weight va. re_rCled in Aae.19, 

Ace.36, Acc.5 dd Ace.2 &D4 statistically DO difference wu 

noticed among the.e treatmenta. Root we1yht in the aboe 

types yarled from 0.050 0 to 0.068 g. Poor respoue was .hown 

by Ace.38 which was on par with Ace.7. Ace.8 and Acc.4". 

iii. 60th day of planting 

uuick 4ip method 

On 60th day, it was foUDd that IDA 5000 ppm which had 

recorded best response on 20th and 40th day showed maxian.m& root 

weight (0.63 g). This was followed by NAA 3000 ppnt and 1M 

10000 ppm and statistically the.. two treatments were not 

different. The root weight 1n the ebove treatments varied from 

0.53 g 'to 0.55 g. As in the ca.e of 20th and 40th day, on 60th 

day also lowest root weight of 0.19 9 was recorded by IAA 1000 

ppa which w •• on par w1th 1M 3000 ppm (0.269). HoweVer, all 

Ueatments were better than control in which the root weight 

was only 0.12 g. 

prolonged dip method 

The same treatments which recorded better influence on 20th 

and 40th day, showed better perfo.rmance on 60th day alao. aettAtr 

performance regarding root weight wa. exhibited by treatments 

NAA 50 ppm (0.30g), IBA 7S ppm (0.21 g), HAA 15 ppm (0.23 9) 

and lAA 100 ppm (0.22 gl. Statistically these treatments 

were similar in their response. M.tnimum root weight of 0.13 9 

wa. exhibited b7 lAA 25 ppm. 
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Types of hib1acua 

Acc.19 which recorded better z:oot weigh~ 1n the prev10u 

observation shOWed .h1ghe •• root weight (0.83 g) Oft 60th day 

followed ~ Aec.2 (O.'S g). Acc.5(O.43 9) and Acc.42 (0.40 gl. 

Acc.19 was statistically super10r to all other types. ~tat1s

tically DO difference was noticed among types Aoc.2, Acc.5, 

and Acc.42. Ace.8 was lowest with regard to response for root 

weight (0.06 q) which was on par with Aec.22 (0.10 gl. 

iv. 80th day of planting 

uuick dip method 

While it was lBA 5000 ppm that recorded maxi."n root weight 

in the previous cases, it waa NAA 3000 ppm that ~d ba •• 

resu1 1:8 for root weight OD 80th day. Better perfoJ.'Ulance for 

root weight was exhibi ted by NAA 3000 ppa. NAA 5000 ppat, 1M 

10000 ppa and IDA SOOO ppm and stat1stically all these tredt

ments were similar. The root weight in the above treat.enta 

ranged from 1.71 9 to 1.94 g. As in the previous ob.ervations, 

least performance wa. recorded by 1M 1000 ppm (1.08 g) which 

was on par vith IBA 1000 ppa (1.39 0) and IAA 3000 ppm (1.22 9). 

The root weight in the above treatments varied from 1.08 9 to 

1.39 g. Compared to control all treatments significantly 

influenced root weight. 

~rolonged dip method 

Superior performance for root w.lght vas produced by the 

.... treatments which recorded better perfoJ:mance in the 

prevloue ca ••• .le. lIAA 50 ppm (1.60g) # NAA 7S ppm (1.37 g) and 



Table l1a. Effect :~: f growth regulators OD root weight of hibiscus at 41ff.rent period. 

____ ••• _ gnn _._ • ____ ...... ......-.-...... ...-.--.-._~ ___ ~ ___ •• ___ ...... ~~ _______ ......._.- ___ .. _______ -. _____ •••• __ _ 

Treatment 
(in ppm) 

------------- . 
COntrol 

NAA 25 
50 
75 

100 
1000 
3000 
5000 
1000 

10000 

IBA 25 
SO 
15 

100 
1000 
3000 
5000 
7000 

10000 

1M 25 
50 
75 

100 
le60 
3000 
5000 
1000 

10000 

Mean root weight (9'1) --- __ -_.--.. -.. --.. ---_ .. -....-...... _-...... _ .. _-_.-------- -.------~--.. ----_ la2~ ~ __ • 

0.001 

0.002 
0.006 
0.003 
0.002 
0.006 
0.013 
0.009 
0.006 
0.005 

0.002 
0.002 
0.003 
0.002 
0.004 
0.003 
0,016 

·0.00. 
0.003 

0.001 
0.001 
0.002 
0.003 
0.002 
0.003 
0.005 
0.006 
0.008 

0.002 0.123 0.419 

0.014 0.144 1.200 
0.024 0.300 1.602 
0.01' 0.231 1.372 
0.014 0.209 1.235 
0.043 0.349 1.104 
0.068 0.556 1.941 
0.064 0.65 1.14' 

0.04. 0.4" 1.695 
0.048 0.4. 1.482 

0.015 0.147 1.040 
0.022 0.185 1.192 
0.024 0.270 1.352 
0.019 0.206 0.835 
0.034 0.382 1.395 
0.OS4 0.533 1.50S 
0.102 0.635 1.710 
0.058 0.512 1.610 
0.059 O.SOl 1.495 

0.013 0.138 0.732 
0.019 0.152 0.184 
0.014 0.186 0.879 
0.018 0.221 0.900 
0.017 0.194 1.080 
0.026 0.268 1.222 
0.035 0.331 1.490 
0.045 0.437 1.513 
0.060 0.539 1.730 

1.090 

1.785 
2.141 
2.015 
1.790 
2.44. 
2.865 
2.550 
2.322 
2.290 

1.460 
1.690 
1.900 
1.730 
2.106 
2.2S0 
2.530 
2.270 
2.120 

1.270 
1.410 
1.520 
1.720 
1.660 
1.140 
2.120 
2.160 
2.350 ....... _ .. _- ....... _ .. _____ • ___ •• a 

______ ~ ____ ~ __ ~ ___ ~~ __ ~ ____ ~ ____ • ______ J d • ----- - ------c • .JoJ. (P. 0.05) 0.002 0.014 0.097 0.333 0.378 



Table llb. Effect of vrowtb regulators OIl root weight during rooting of cUffer.at t.ypes 

of hibiscus at vari01l8 period. 

--_ .. -..---- ________ ... _ .. I. ____ ~_ ... _ .... ______ .. _ ....... -____ ~ ..... _~ ____ ~_. a .••• __ ........... _. ___ • F -- ._--.-.-
_________ ... _ ........... _____ .. _____ "'!!!!_~! .. ~li~~. {e! .. __ _ a ___ E .. -.... 

20th day 40th clay 60th day 80th day 
~--~~~~---------~---------~----~---------.-~~-- .. --~-_--__ I.-__ - ___________ ~ __ 

Acc. 2 0.010 0.050 0.455 1.714 2.242 

Ace. S 0.005 0.052 0.433 1.886 2.532 

Ace. ., 0.003 0.011 0.290 1.425 1.881 

Ace. 8 0.002 0.017 0.064 0.887 1.S39 

Ace.19 0.011 0.068 0.833 2.085 2.884 

Ace. 22 0.003 0.031 0.102 1.009 1.671 

Ace. 36 0.003 0.063 0.215 0.981 1.516 

Acc.38 0.003 0.012 0.279 1.842 1.631 

Acc.42 0.003 0.020 0.406 1.206 1.925 

Ace. 44 0.004 0.016 0.142 0.935 1.614 
~----. -----.-----~---~-----~~--------~-~ .. ---.--.-~~-~--.--~----. .-..... -.---- •• a •• 

C.D. (p &I 0.05) 0.023 0.039 0.058 0.199 0.220 
----- ---._ .. - __ • II ••• ...... ------ _.-------------- . .. ---------.... -------------_ .. ------..... _-
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IBA 15 ppII (1.35 g) ad Che d1ffereoce amoft9 these treatments 

were statistically iaaigD1f1cant. Lowest performance was 

recorded.by lAA 25 ~ (0.73 9) which was 00 par with 1AA SO 

ppm (0.78 9). 

Types of hibiscus 

Acc.19 (2.08 9) and Acc.S (1.88 g) rocorded superior per

formance with regard to root weight. Thedifterence betweeo 

th •• e types were not statistically significant. Minimum root 

weight was exhibited by Acc.8 (0.88 g) which was on par with 

Ace. 36 (0.98 g) and Acc.22 (0.98 9). 

v. lOath day of planting 

Juick dip aethocl 

Max1nrum root weight of 2.86 9 was found with NAA 3000 ppm 

on lOOth day, as in the case of. 80th clay. This was followed by 

NAA 5000 ppm (2.55 gi, lBA 5000 ppm (2.53 g) and IAA 10000 ppa 

(2.35 9). There was DO 8igA1f1cant difference amonO BAA 5000 ~ 

1BA 5000 ppta 8M 1M 10000 ppa. AIJ in the case of 20th, 40th, 

60th and 80th day, on 100th day also 1M 1000 ppm exhibited least 

perfoanance (1.66 9) and it was on par with lAA 3000 ppm (1.74 g). 

COmpared to control all treatments were butter with re'iJard to root 

weight. 

prolon gad dip method 

The treatments which recorded better root weigbt in the 

previous observations maintained the same trend, ie. BAA SO ppm 

(2.14 g), NAA 1S ppm (2.01 0) and ISA 75 ppm (1.90 9) showed 

higher performance and the difference among the treatments were 
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DOt statistically sigDificaat. As in the case of previoua 

observation. lowest ree,ponae was recorded by lAA 25 ppm (1.27 9) 

which was on par with IAA 50 ppm (1.41 g). 

Types of hibiscus 

COIIpari80ft of types showed that Acc.19 (2.88 g) was best 

Agard1ng root weight aa in the previoua cases. This w •• fol

lowed by Acc.5 (2.53 9) and Acc. 2 (2.24 g). Acc.19 was statis

tically superior to all o~ typea. wh1.le it wa. Acc.8 that 

had been recording miDJaum root weight. 1. t was Acc.36 that showed 

lowest reaponse (1.51 9) Oft looth day whieh was on par with 

Acc.e. Ace.44 and Ace.lS. 

'l'he effect of growth l'89'llator on root weight fro!., 20th 

to 100th day CaD be summarised .. follows I 

uulclc: dip aethod 

All growth regulator treatmenta produced better results 

than control for root weight. On the 20th, 40th and 60th day 

of planting IRA 5000 ppM w.a beat while from 80th day onwards, 

NAA 3000 ppm caused maximuM root weight. This was followed by 

IDA 5000 ppm. NAA 5000 ~ aDd 1AA 10000 ppm on 80th day. 

There w.a no significant difference between the treatments NAA 

3000 ppat and IBA 5000 Pp8l on 80th day. 

prolonged dip method 

Regarding prolon<~ed dIp on 20th day of planting, NAA 50 ppm 

vas the beat followed by tiM 7S ppsa. 1M 1000 ppm and IDA 7S Ppal 

While on 40th day of planting ISA 15 ppal showed maximum perfor

lIUlftCe followed by NAA 50 ppm, ~ 50 ppm and .iAA 50 ppaa. Eran 
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60i:h day OlIVera, tIAA 50 W- produced max1lllulD root weight 

followed. by liM 75 ppII aad IaA 75 ppa. their beiDg DO sivai

flaant difference ..on9 treatments. 

As 1n the CaM of root length and root Q\IIIIber in root 

weight also, quick dip _t.ho<! v .. statistically s~rlor to 

prolonged cUp .. tllo4. 

Types of hibiscus 

Ace.lt vas superior to ell other type. on 20th, 40th, 

60th, 80th aDd 100th day of planUng. Lowest root weight wee 

exhibited by Ace.8 OIl 20th, 60th and 80t.h day. 

Interact10n between t.ypes and growth regulators 

The 1ateract.1oo betweeD 1types and growth regulators were 

significant on 2~ 40th and 60th day of planting regarding 

root we19ht. 

UU1ck dip _thod 

lIM 3000 pp&\ produce. higher root weight io type. Acc.19 

and Ace.8 on all the.e three days. NAA lOOO ppa vas the best 

treatment for types Ace.H, Ace.42 aDd Ace.7 on 20th aD4 40th 

day of planting Wherea. leA SOOO ppe was found to be superior 

In type. Ace.44 and Ace.36 on 40th clay. on 60th day of plant

lng, I8A 5000 ppm record" highe.t root weight in types Ace. 36, 

Ace.l8 and Ac.c .42. 1M 10000 PpIR proc.tuced maximum response in 

type. Acc.2 and Acc.22 on .oth day while on 60th day, it was 

best in Acc.22 only. 
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Prolonged dip method 

Regarding prolonged dip, HAA 50 ppm caused maximum root 

weight in Acc.7, Acc.8 and Acc.22 on 20th, 40th and 60th day 

of planting. NAA SO ppm produced highest response for root 

weight in types Acc.5 and Acc.19 on 40th and 60th day while in 

Acc.2 on 60th day only. lAA 100 ppm was beat in Acc.5 on 20th 

day, Acc.2 on 40th day and Acc.44 on 60th day of planting. 

The effect of growth regulators on number, length and weight 

of roots from 20th to 100th day can be summarised as follows. 

It may be seen from the data that all types exhibited 

identical pOsitive response to growth regulator treatments. 

In all the types NAA 3000 ppm followed by IBA 5000 ppm and 

IAA 10000 ppm in quick dip method and NAA SO ppm in prolonged 

dip method recorded maximum root number, root length and root 

weight. ~}Uick dip method was definitely superior to prolonged 

dip method. This response is well comparable with the results 

obtained in section 2 in response of rooting percentage. 

Assessment of root number per cutting, length and weight 

of roots in all ten types as a function of time also recorded 

a pOsitive relationship between time and rooting particulars 

under study. In this respect also NAA 3000 ppa as quick dip 

and NAA 50 ppm as prolonged dip were found superior. 



4. Studies on air layeriag 

It .. y be seen frOll the table 12 that. Ace.31 (89.3 per 

cent). Ace.19 (87.1 per cent), Ace.8 (80.6 per cent.) and 

Ace. 22 (19.9 per C8llt) had recorded higher root1ft9 perC8l'ltave 

during air layering. Stat1stically there were DO significant 

d1fference. aaon~ Ace.lB. Acc.19, Acc.8 and Acc.22 regarding 

~t1D9 1n air layer1D9. The rooting 1ft air layering of 

types Ace.36 (66.0 per cent) and Acc.44 (13.1 per cent) were 

statistically stmilar. Poor re~ns. in air layering vas 

obtained with types Ac~.2 (35.0 per cent) and Acc.42 (24.8 per 

cent) which was statistically similar. Maximum percentage of 

sucoess in a1r layering was recorded 1n Ace.38 (89.3 per cent) 

and minimum in Ace. 7 (13.4 per cent). 

COmpared to cuttJ.aoa with. growth A9\1.lat.oJ:' treatment, 

air layering recorded poor rooting. However, a1r layer1ng 

ahowe4 inereued rooting the root11lO with cut t10ga 61:::.1Oe. 



Table 12. PertaDtave of BUeeess in air la.rer1ng of h1biacga 
'types 

-----~---- .. --------------------.~~--------~~-- .. ----~ 

ACe. 2 

Ace. S 

Ace. 7 

Ace. S 

Ace. 19 

Ace. 22 

Ace. 36 

Acc.38 

Acc.42 

Ace. 44 

pel'eentage of 
success 

35.0 (36.25) 

53.0 (46.73) 

13.4 (21.49) 

80.6 (63.89) 

'7.1 (68.99) 

79.9 (63.38) 

66.0 (54.34) 

89.3 (70.95) 

24.8 (29.88) 

73.1 (sa.73) 

~~~~~~~---~~ ._._ ... __ .-... . ----~----~~----~----.--
C.D. (P. 0.05) 13.02 

PlgUr •• in parenthe.is incUcate the means of 
tranaformed data 

i5 
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DISCUSSIOII 

SbDe flower (JUljpi,S»! rq'u1DtM1, L.) is valued for 

its Orft8lD8lltal an4 mecU.c1aal value,. Reo (1914) .tated 

~t. the l •• ve. of h1b1.cua can be applled externally to 

heal ulcer.. Bud. are uad in _dic1ae for piles and 

chalera. Flowers could be uaed to UIlve liquor. and ~ 

blaclcen shoe.. Kerala can boost on t.he weal tb of h1b1sCU8 

type. groviav profusely UIl4er hum14 tropical climatic con

d1 tions. Bu.t there seem. to be DO sy.t.elaatic work made so 

far in X.rale for the collection, IlOrphol091cal eval_tion 

and selection of .uperior types of hibi.cus. The pre.ent 

studies "ere a1med .. lnly for the collection. morphological 

description .ad standardi.atloD of propagatiOR techa1que. 

in ten selected types of hibi.oua UDder Vellan1kkara con

ditlollS. 'n\ese studies may pave way to evolve I'leW type. 

or selectlons wlth dlfferent shade. and siaes of flower • 

• u1ted to xerala conditlon •• 

A. COllection and maintenance of hibiscus types or varieties 

In the present investigation fift" one t.ypes or 

varieties of hibiscu. were collected from the representat198 

soae. of JCerala, TamJ.lna4u and Kamataka. All the •• types 

wer. given accession DUmber. and the •• were utilised for 

.orphological descriptioD and floral at.udies. 
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8. MorphOl09ical descripUOD 

A large DURlber of hibiscus type. were found to occur 

in Kerala. The morphological descriptioJl of the 51 types 

or varletle. showed that .. ny of thea are differ.Dt from 

the varleti.s already deacrtbed b7 Sailey (1949), ReDdle 

(1971), Sundar (1971), Shat (1976, 1979) and Bhat and 

Verma (1980). 

In the present studies, the growth habita, nature of 

lateral branching, leaf aise, shape and apex, aatura and 

shape of flower, pedicel leavth, 101M JllIIaber in calyx, 

nature and colour of corolla, atem1ael column length, style 

length and st.lgma colow: appeared to be diagnostic characters 

which could be used for clasaiflcation of hibi8CU8 types. 

A key was prepared for the cla.siflcatioD of hibiscus baaed 

OD their distinct vegetative and floral characters. Since 

all the vegetative and floral parametera were accounted for 

the preparation of key, the proposed key maJ' prove satisfa

ctory for the description of new accession and classification 

of hibiaCU8 types. 

Of the fifty ODe trPes or varieties studied, the types 

Ace.3, Ace.S, Ace.13, Acc.29, Ace.32, Ace.33, Acc.42 and 

Ace.52 were found to produce flowers of various attractive 

shades. The types Ace.4' and Ace.47 had large and ShOWY 

flowers wi th yellow shades while Ace.' and ~;.cc. 13 produced 
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flowers of white shade:s and Acc.1' and Acc.38 with red 

shades. Lar98 co_plewa flowers of })lue ahade were 

produced by Acc.42 and Ace.43 and deep roae shaded flowers 

by Ace.50 and Ace.54. 

The study alao clearly revealed that the types Acc.43 

and AcC •• S were vcr, busby in vrowth aDd bence these types 

could be recommellCied for growing in pcb. Schbt1tt (1961) 

baa .ta~d the po.sibil! ty of aelecUDg busbJ' types of 

hibiscus suitable for growing 1n pots. 

The hybrids 'NarteJd.·, tTY'iDa.l G.~en • and 

Bharat SUDdar1' intrOduced freat Bangalore were also found 

very promising under VellaDikkara eondi t.ions. Under the 

humid tropical conditions of Kerala, these hybrids were found 

to prodUce very showy flower a • Th€: present studies showed 

that there i8 much scope for selecting promising typea of 

hibiscus with attractive flowers of various shades and siae 

suitable for Kerala. 

C. Pollen viability stuc:U.e. 

OmalleDtal h1bi8(N8 waa included in highly polYJlOrphic 

and cross COIIIPat1ble 9rcN1> «(last, 1911). These v.neUe 

attributes proviae ample avenues ~r evolving new varieties 

through hybridization. 

CODaia.rable variaUon existed in the floral characters 

of hibiscua types studied. Singh and Khoahoo (1910) 

attributed chrOlaasoaal polJllllPq)h1a ... the reason for this 
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type of wiele cUver8ity iD 1.",u1mm,1.. Thereby it appear 

that an catena1 .. br .. ding programae utilla1Dg the prom18ing 

collections could reaul to in superior hybrids. 

Viable pollen 18 an. iatevral part of any Dr_dinv 

pJ:'Ograane and heACe pollen v18bill ty 8tudi. ea are of paramount 

1..,ortaace 1ft the crop 1aIpJ:Ovement prograarne. Vieb1l! ty of 

pollen collected fro. t.en types of hibisCU8 were studied. 

wide variation in the polleD grain colour was observed. 

Various al:mo.r:aaal twea of polleD grain were also noticed. 

SUch variatloAs were obaerved by Nair and Kapoor (1974) and 

Srivastava (1982). Sloalf1cant variation in pollan viability 

was a1ao observed. Maximum pollen viability was recorded 

in Acc.22 (89.8 per cent) followed by Ace.36 (87.5 per cent) 

aDd Ace.2 (85.6 per cent) while the minimum viability of 

4.6 per cent was obaex"ved in Ace.1. Vilas1ni.H.I1. (1966) 

and l~ko$e (1984) also Ob8erved significant variations in 

the pollen viability ..ong different types of h1biecua. 

Accordingly collections Ace.22. Ace. 36 and Ace.2 hav1Dg 

hiob percentage of pollen viability could be used for 

further breeding programme. 

D. standardisation o[ vegetatl. e propagation IReChoda 

Hiblacwa t.ypes are propagated most aoanoraly th%ougb 

cuttin9S. The inherent inability exhibited by certain types 

for the rooting of cuttiOy8 have been observed. Propagation 
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of hUllsCWI tbnugh cuttings (wlth and without lM .. S) 

and cuttings with ~ regulator treatMeat. VU'e tried. 

1. Effect. of leavea Oft J:'OOtinv of cut.tings 

RooUng beh •• iour of atea cutU nqa of ten typ •• of 

hibisCWI were ........ UDder two treatment conditione wit:b 

and without 1...... RetenaioD of leaves showed significant 

influence on rooting pel'Ceft~je. l'Oot number and root length. 

In Ace.«, tnatnMtot. with leav.a recorded 1S per cent rootiDV 

while the t.rtaatment without leaves produced only 61 per cent 

root.ing. The ~ of roots of Ace.44 by retention of 

lea ... s was 5.15 While io the treatment without le.ves it 

w.a olll, •• 11. &ak .... and Bowers (1956) obae.c"¥8d the 

iacrea .. d root-1Dg of cutting. wit.h leave. intact over defo

liated cuttings in hib1scws. fte .u.pI:~rior1t, of reteDt10a 

ot 1 ...... 10 the notinv of aut,Urags of 'i •• ',a ,ur1p"\,.· 
wu nport.ed by Bo .. .u Al. (1915). Accordlny to w.t (1929). 

COOper (1938) aQd Rappaport (1940) the preeence ot leaves 

OD cuttirlvs exerts • SUOft9 aUmulating lnUuence on root 

lnitlat.1on. iie.rtmaDIl aAd Keater (1;:1"1') stated that the 

root. p~tiag .ti.c,s .1 l.aves w.. due to carbobydrat.es 

Raul t,1ng froIt the pboto.,.t.het.1c act.1 vi ty ot leav ••• 

Ac:ord1ag to Hale.1v (1913) the Oeaet1clal afi.eet ot reten

tioA of l •• ".a might be 4ue to hoDlODal tranalocatJ.on from 

l.av.. to aut portion •• 
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2. Effect of ;rowth regulators on rooting of cutting. 

The be_flal81 effects of growth regulators on rooting 

of cuttings in orn.mental plants was reported by Ailincai 

3!.t.l1. (1964). Misra and .Jauhari (1970). Bose aDd Hondal 

(1972), HeuDg and Me Quire (1973) end Johnson and HaMilton 

(1917). The effect of growth regulators on rooting of cut

tings varies widely with species and the physiological 

status of cuttings (Sadhu, 1980). 1M, lBA and NAA are the 

three growth regulators most COIm1Only used for rO'.;·t1og of 

cuttin(J8 1n ornamentel plant.a. These gro ,~th regulators are 

concerned in the division of meristematic cells, their 

elongation and 1n the subsequf..nt differentiation of cambial 

tissues in the root promordia. The gro'Nth regulators also 

help in the mobilization of reserve food materials and passing 

the metabolized sugars to the site of root initiation 

(Nanda 1910). Growth regulators ~plied as prolonged dip 

and quick dip, were tried with varying degrees of success 

ln different specics and types of cuttings (ShanmUQavelu J 

1961. and Patel and verma 1964). Bos8.!1.1l. (1913b)baaed 

Oft their studies em eleven cultivara of Hlbias;us Ji9,uiDtMl. 

reported that only a low percentage of rootlng was obtained 

wader ordinary propagation pra.ctices while 11ltermittant 

mi8t and tradtments with IDA and NAA lncreased rooting 

percentage and number of roots. me survival of rooted 

CNtt.1nga w.. also very high. 
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1ft the present 1avest1gatioD ten types of hibiscu. 

vere evaluated for their rooting ability by the appllcaUOI1 

of growth regulators. 

The respODse of growth regulators by quick cUp method 

on rootiD9 peroeftt&~ showed that the hlgh.st percentage 

of rooting wa. observed When cutting. were treated with 

NAA 3000 ppIIl (78.0 pea" ceat) tolloveel by NAA 5000 ppm 

(74.1 per cent) and 18.\ 1000 ppa (12.1 pel:' cent). H1aJ.aum 

percentage of rootiAg (60.7 pel:' cent) was obHrved in 1M 

1000 pp. tr.ated cutUll98. Glxouard (1967) stated that 

IBA and IfAA vas superior because of their greater ehea1cal 

stabill ty and their low -.bIll ty in the plant. 

In the prolollge4 4ip method 11M 50 ppm (74.2 per cent) 

followed by NAA 15 PpIR (71.2 per ceat) and ~9A 75 ppIIt 

(70.1 per caat) recorde4 better percentage of rooting. DA 

25 ppm, 1M 25 ppIII aDd 1M 50 ppm treated cuttings produce4 

poor rooting percentage. 'lb. percentage of noting in the 

above treataents varied. froa 60.8 to 62.'7. NAA SO ppBl by 

soak method v •• found to be the best in hibiscus according 

to Shanmugavelu (19611») and the percentage of rooting 

ranged from as to 90. 

The present study alao clearly indicated that the 

effect of growth regulators to different types of hibiscus 

was clifferent. In Ace. 7 # 1CAA 3000 ppm treated. cutt1 ngs 

produced 29.9 per cent not.ing While in contro&, it was 
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only 7.6 per cent. The .... treatment produced oaly 

86.3 per cent rootiD9 1D Ace._ while 1n control, 1 t bad 

already recorded 18. Z per cent root1ng. The types j\cc.19 

and Aec.38 recorded better rooting percentage while the 

rootJ.ng percentag_ 1n ACe.2, Ace.1 8ftd Ace.42 was poor even 

wi th growth regulator treatment. sach vary!Dg response of 

growth nt9Ulator t,) 1'OOt.iIlG of cut;t1n08 "' •• reported by 

Misra (1971). 

The raspona. of 4iff.rent. t.ypes of h1b1scua for rooting 

",a. different. Even w1thout growth regulator treatments, 

Ace.e, Ace.19, Ace.22. ACe.3. and Acc.44 recorded high root-

1ng percentage of 18.2, 14.8, 13.8, 84.1 and 68.5 respect1-

vely aDd hence the.. types oould be propagated through semi 

hardwood cutUn98 without any growth regulator treatment. 

Analysis of data of t.he response of growth regulator 

on the root lenQth from 20th to lOOth day revealed the !cl

long details. In quick dip method, NAA 3000 ppa treated 

cuttings produced max1Jaum lengthy roots followed by IBA 

5000 ppm and 1M 10000 ppm. The root length 1n the above 

treatments on 100th dar var1ed from 12.11 em to 14.15 em. 

Frets and Davls (1971) found that IDA SODO ppIB gave max1alum 

response in 11Ia corMu. 

In prolonged dip method more lengthy roots were recor

ded in cutting. treated with NAA 50 ~ 18i' 7S ppm and 

1M 100 ppm. The root length in the above treatments 011 



100th day rtpl9fd fro. 11.54 aa to 11.81 ca_ &l-HaJdJI 

!1 .!l. (1962) fotIad tila~ HM aDd IDA were more effectlve 

than 1M in inducing root1l'lg 1n PhY1J,.Qtby &r&d aWl-
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1ft aD exper1ateDt wl tb three growth regulator» in h1biacua, 

SAA gave the maximum average root length of 47.1 to 95.8 

em .s a;a1Da~ 19.8 to 6?0 in IRA and 8.5 to 25.6 om ln 

IAA (Shaaaaga..,.lu, 196U,). 

The re.poD" of type. to growth regulator treatment 

revealed that Acc.19 was best (14.28 em OD 100th day) ngu

ding production of maximum lengthy root._ followed bJ' Ace. S. 

Shorteat roots were recorded in Ace.? end Ace.42 and the 

root l8ftqtil on 100th. day wa. 1.2 em and 7.8 (II respectively. 

Thus varietal response to growth regulator treatment wa. 

evldenced. Simtlar r •• ponse had been obtained in rooting 

percentage also. 

Acc:.19 which recorded 1R&X111N18 root length Oft 20th day 

continued to ShOW the _.... t.rend throughout. the period of 

observation. Similarly. Ace.? and Acc.42 Which produced 

shorter roots on 20th day continued the un1£orna rate of elOD

pUon upto 10Clth day. SO tba study revealed. that the 

t.ypes followed a _teq trend in root length thro\lghout 

the period of obaervat1oa. 

As in the cu. of p)C)t lenvt1., 1n root I'lUIDber also, 

lMXiarum number of roota 1n qu1clc dip method w •• recorded in 
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cuttJ.Dgs treatad. v1 t:h lL\A 3000 PI* followed by lBA SOOO ppIl 

and IAA 10000 ppm. The root DUmber in the above t.reatalenu 

OD 100th clay .. 12.23, 12.03 aDd 11.31 resrecUvely. SOse 

~ .t1. (1970) reported marked. increase in number of roota 

per cuttings treated with NAA 3000 ppm. 

In prolonged dip method betLer root IlUmber was observed 

in cuttinga treated with NAA SO ppIIl, lIlA 75 ppm, 1M 100 ppm 

and HAl>. 75 ppm. 'l'he root number in the IIDove "eat.meats 

ranged from 10.27 to 13.46 Oil lOOth day. SbanmDgavelu (1960~) 
t..i. 

a180 obtained similar resulta 111 611JMPSit s;atbKlp'. 

Regarding the response of growth regul"ltor on types, 

it vaa revealed th,:t, higheat m;araber of root. vere recorded 

in Ace.19 (14.4 OD 100th da7) followed by Ace.5 and Acc.22 • 

.M1nimuRl root number was observed in Ace.7 (6.12 OR lOOth day). 

Acc.19 which prodUced Dl8"X1 .. Dumber of roOtS on 20th 
tlv. 

clay recorc1ed;,b1ghest root D\1IIber till. lOOth day. Acc. , 

which showed the lowest. root. nUllber on 20th day continued to 

be minimum c!ur1ng the entire period Oi obsenation. Aa in 

the case of root ltll1gth 11l root mamber also the types 

followed a steady trend fro. 20th to lOOth dar. 

The analys1s of data for root weight revealed that 

bet ter performance in quick cUp aaethocl was ob.erved in cu;ttint 

treated with lBA 5000 p~ end KAA 3000 ppm. On 100th day 

the J:OOt we1gt.t 111 the above treatments were 2.S3 9 and 

2.86 g resl .. eet1vet7. a.ad and. Hoysler (1968) reported 
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increased ~t weight ... to growth regulator application 

in dahlia. chJ:ys .. ~ aDd geraaium cuttings. 

In proloDg.d dip _tbod NAA 50 ppm. NAA 75 ppm, :utA 

75 ppm and lAA 100 ~ treated cuttings recorded better root 

weight. According to Sha,..gavelu (1960a) ~lck.r and stouter 

roots were produced by "'tings treated with NAA. 

Ace.19 was ~er1or to other types with regard to res

pons. on root weight. Poor response was recorded in Ace.l, 

Ace.7 and Ace.31. 

Aoc.19 which showed maxtmu. root weight on 20 th day 

con tinued to show the ._ trend till 100th day. AS in the 

ca •• of root length aDd root mlRber, in root weight al80 the 

types kept a steady tread throughout the period of obs.rvation. 

Quick dip method was significantly superior to prolon

ged dip method during the entire period of study in rooting 

percentag., root length, root DUmber and root weight. 

supremacy of quick tip method over prolonge4 dip .. thod 

haa been reported earlier lay HartInanI'l and Kester (1976). 

Thua from the studies on the re.pon.. of growth 

revulator on rooting percentage, root number, root length 

and root weight it was evident that in general, in quick 

dip methOd NAA 3000 ~ was best followed by lBA 5000 ppa 

and 1M 10000 ppm. S1m1lar nsu1 t. were obtained by 

Shanmugavelu (1960a), SOs • .Il.ll. (1970) aDd i'retz and 

Davi. (1971). 
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Response of growth regulator on rooUng percentage, 

Dumbe~ length and weight ef roots showed that in general, 

in pnlonged dip met-bod MAA 50 ppIl v •• best followed by 

1M 15 ppII end 1AA 100 ppa. SbuIml9&velu (19610) and J'elaa1ng 

(1966) also obtained a1allar results ill H1b1.SV' aad LiSNIHW. 

I'I'OIl t.i)e stadie., it vaa clear that NAA treated cuttinqs 

showed increased rootiag percentage and also produced 

t.h1cker and stouter roots. Thicker and stouter root. were 

produced 1ft the auttinga of "-"it aa4 qqldg 114 treated 

with RAA(S"'8~a1 1955 aDd H~r .. 4 Harth 1943). NAAf 

.as fOUDd to be 1»ett.er in all the treatments COIIpU'4Id to 

IAA and IBA. This i. agreement with the 8tatement of HitchcOCk 

anel Z.s..n.n.aa (1931) who reported that naphthale .. conp>UDds 

vere more effective than the indole compound i8 indUcing 

rooting capacity. 

Htrri80n (1931) studied the reaponse of IAA in lre.ine 

and fOUDd that the endo4enat. and cortical parencbyma were 

not very reactive where •• phloem, perlc:ycle rays and extra 

fa.icular cambium proliferated and gave rise to root initials. 

But Kraus ~~. (1931), O8l1al. (19401 Blum (1941) and 

Shanmugavelu (1959) attributed increa •• d rootlay by auxi. 

treatment due to enhanced act1vatJ.on of c.ilbial and cortex 

region. 

The effect. of exogenoualy applied auxin OD rooting of 

st.. cutt1Dga appears to be mediated primarly through their 
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.ffec~ on .ob111 •• ttoa .f starch caused by eDhanced 

activit.r of hrdrOlyaiDg enaymes which in itself is determ1aed 

by .,rphotltph!'aie1og1aal atat.ua of ~he branches that govern 

the producUoa of en409eDOu aux1rl <Haada, 1970). It baa 

been demonstrated that While nutrition acts •• a 80urce of 

earboD. awdll8 regulate the aynthesia of oxidative as well 

as hydrolytic enaYJH8 and their 1aoenzyaae patterns. There 

i8 thus an increa.e 10 the activity of invertase and uaylase 

by auxin application with the initiation and development 

of root. (Handa n.ll. 1973, Bhattacharya J!l Al. 1974). 

The increase in rootiDg by auxin application was attri

buted to greater depletion of auqara from the root foming 

region (Sen and Bo •• , 1966) and wa. associated witb the 

mobilisation of carbohydrate. and prote1n (Baau SS 5l. 1972). 

However as the change. in c .... hydrat.. and n1trogenou sub

stanoe. was closely associated with the rooting Of cutting8, 

the increased root generatloa capacity was considered in 

terrn. of interaction between _tritional, boJ:1M)nal, non 

ho~nal and pos.ibly other a. yet unidentified factor. 

(Handa 1975> • 

• ruther stUdies have to be conducted on transplanting 

and e.tablishment. of the •• rooted cuttings in the fi.ld. 

However, it may be pre ... " that better root growth 1. aD 

indicatioD of the post transplanting survival and perfor

mance. Accordingly it IIlight be concluded that compared to 

control all the gro\~h regulator treatments are better, the 

beat being BAA 3000 ppaa 1n qu1a cUp method aDd NAA 50 PS

in prolonged dip method. 



39 

3. Studies on air layedlll 

Since the rooting was fowad to be very poor io Ace. 2, 

Ace.? and Acc.42 .... with RAA 3000 ppa in quick dip _thod 

and NM 50 ppID 111 prolonged cUp .. thod, air layering was 

tried. The lUXi .. peR_tag_ of success in air layering 

vas noticed 1n Ace.38 (89.3 per cent; and. the m10lrnum was 

recorded in Ace.1 (13.4 per cent). Virupaltsha (1961) obtained 

65 per cent rooting in air layers of hibiscus. The better 

percentage of succe.s 1ft air layering of hibiscus lIl1<Jht be 

due to accumulat10D of starch aDd amino acids above the 

girdled portion Of the shoot and of .ore parenchyma tissue 

available for differentiation into root initials (Stoltz 

and He •• , 1966b). HOWever, in the present studies, the root1Dg 

of layer. va. towd to be low COIRpared to rooting of growtn 

regulator treated cuttings. Treating the auttlngs of Ace.4. 

with MAA 3000 ppm produced a rooting percentage of 91.4 

while the percentage of 8UCOesa in air layering wa. only 13.1. 

Increased rooting of air layers treated with growth regulator 

vas reported by Sing (1954) and Miara and MajWldu (1983). 

Further deta11ed studies 01\ t.he effect. of growth regulator. 

on rooting of layers will be of tnterest. 

According to Argle. (1969) rooting was governed Dr 

physiological factors lDbel'ent in the layered shoot. Mush 

Bala (1969, 1910) observed that rooting of layers waa 



related to .obllJ. •• Uon of starch to cut porUolUI. The 

disappearance of atarch was closely related to the activity 

of ~4rolrslD; enaymea caualng mobil1aatlon of rea.rve 

food .. teria1a. Thus the hyettolytic activity was high w;,en 

rooting was prcfuae ceu.log more mobilization of re.erve 

£God materials (Manda, 1915). 



SUMMARY 
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c. 
The present at.u41ea were conducted. in the Department of 

~lo9Y and Floriculture, College of Horticulture, Vellan1kkara 

during the year., 1979 to 1981. The 8\111'l:nary of the work done 

aDd the salient findings obtained are given below. 

1. Thirty seven types aDd fourteen varieties of "1ljpisCUf were 

collected from the d1fferellt 8OM8 of Keral., Taml1nadu and 

Karnataka aud maintained In the COllege garden. 

2. MOrphological description of all the fifty ODe collections 

vere made. 

3. A key for identifleatioR of different types of h1biscua 

waa prepared. 

Ace.S2 were found to produee very att.r-active showy flower. 

of Various shades of colours. 

6. 1'011eD viability of ten types we.t'e studied by aoetoearmine 

staining technique. Viability of pollen ran<.:;ed frora 4.6.per 

cent in Ace.1 to 89.8 per cent in Acc.22. 

1. Rooting of .tem cuttingsof ten types of hibiscus were 

....... d wader two treatment colldi tiona, with leaves and 

without leave.. aet.ntion of leaves showed significant 

influence over the treatment without leaves regarding rooting 

pereentage and root number. 
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I. a •• pOns. of ~ 1M aacl lIM OD rooting percentage of 

teD t.ypes of h1blaC1d wo.s 8tudi.d. OD 60th day of planting, 

1 t waa revealed that 1. quJ.cJc dip 8I8tbod, NM 3000 ppm was 

best followed by liM 1000 ppaa aDd DA 1000 ppm. 

In prolonged dip ~ better rootiag percentage vaa ob

s.rved. in t;ype8 treated wi ttl HAA SO ppa, NM 75 ppa 04 IBA 

75 ppm. 

Set.t<?:r rooting pU'CeDtage wu recorded by Ace.19 and Ace. H 

while Acc.2, Ace.7 an4 Ace.42 recorded poor rooting perc~.tag •• 

9. Effect of lAA, 1.8A and NAA Oft root length, root auaaber and 

root weight of tell type. of h1blsCWI were studied. By ualyslag 

the da.. from 20th to lOath day, 1 t "U found that 11l quick dip 

raethod NAA 3000 ppa was the beat followed by l8A 5000 PPI' and 

1M 10000 ppm regarding root n\1ll'lb(r aDd root length. In root 

weight better performance was recorded by cuttings treaud with 

IBA 5000 P:S- and MAA 3000 ppa. 

III prolonged dip met!h04 aup8rtor performance for root 

l.agth ud root number w .. recorded 1D 8M 50 PpII, lBA 75 ppM 

and 1M 100 Ppill treated eutt1ag8. Better performance regarding 

root weight was ob.erved in HM 50 ppat, NAA 75 ppaa. laA 75 p~ 

and 1AA 100 ppm treated cuttiD9-. 

10. out of two method3 of growt.h regulator application, quick 

dip method was significantly superior to prolonged dip metb04 

throughout the period of ob •• rva~oD for all the charaoter_ 

studJ.ed. 



11. '.l'he types responded differently to growth regulator 

treatments, Aco.1t responded beat while least response was 

exhibited by Ace.1. 

12. ThUS fro. the study 1~ vu clear that max.1mum percentage 

of succe •• during xoot.ln'iJ of hibiac:u.a v.a obtained by NAA 

3000 ppm ira quick dip method ad lfAA SO ppa .t.n prolonge4 cUp 

method. 

93 

13. Air layering tried in t. •• 'type. ahowed that max.i1llUJll 

rooting percentage of 89.3 waa observed in Acc.38 while ACe.7 

showed Uni .. percentage of 8\lCIOe61iJ a3.<'). Though air 

l.ye,,·.t.n~ r8c.'Ot""ed bwt.t.eL rooting than C'Utt1l3',JS without. growth 

rW~dto£· tJ.-e0tmonts. it. showGd lower root.1."l<;; perctmtage when 

compared to gl."'Owth regulator treated cu t;.ting~. 
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APPENDICES 



AppeD41x 1. ADalys!. of yu1a1'lce for pollen viab!l! ty 

1n 41ffena.. ~.. of h1D18cnaa (uaaafon.cl dat.a) 

MeaD sum of 
aquar8. ~ _______ ~_~~_. ____ • __ .F __ ~ __ • ________ ~ _________ ~~~_~~_ 

Type. 9 1836.10* 

Error 40 13.'9 

.9 

~-------~-~~-.--.-------~~-----------~~~----.--~~--~ 

* S!p1f1cant at 5" level 



AppeDd1x II. Analysis of variance for percentage of root1n.g 

of cutt1ag8 by the .ffect of retenUoD of leaves 
in cUfferent typea of h.lbiac:ua (transformed dau) 

~----.------.-.------------~-----.---.-------------.... ----
SOUrce DeQr ••• of 

freedoll 
Mean aUlD of 

squares 
..... -----------------.-----.......... ---~-----..• ---------......... ---. 

With leaves Va wi thou. l.aves 1 

, 592.0 .. * 
Error , 1.214 

Total 19 

____ .... _____ ,.. ..... __ •• __ II. 1 •••• ____ ..... ____ ......... ___ ... ___ .-. II. 

* Significant at 5% level 



Appendix Ill. AIlely.1s of variance for rooting of cutt1ll9. 
by the .ffect of retention of le4ves on roo" 
nuMber of differeat t.r.pe. of hib1.aua 

.... ---- -... -----_ ..... -.. ----------.... _-_ .. --_ .............. -.. .- .-
Degree of 
f~ 

MeaD 8\8 of 
aquare. __ ~~~~ ___ .. ____ ~_u __ ._ ..... ___________ ~~ __ .. __ .. ~~ ____ _ 

wi th leave a V. 
without 1.ave. 

Types 

Total 

1 

, 
9 

19 

1.529* 

3.185* 

0.0659 

_______ ..... --______ .............. JI._._. __ ......... _ ... ~ .... __ I ••• 

• Significant at 5~ 1 ... 1 



Appendix I V.Analysis of variance for rooting of cuttings 
by the effect of retention of leaves on root 
length of different types of hibiscus 
(transformed data) 

-....... ----~ ... -------....... ---...... ---.... ---------.. -------... ----...... ----~-
Source Degrees of 

freedom 
Mean sum of 

squares 

--..... -~---~-.. -..... --------.. -...... ---..~--.. -----------.. --~-

With leaves Va without 
leaves 

Types 

Error 

Total 

1 0.050* 

9 0.188* 

9 0.0027 

19 

~--------------------------~------~---~-~----------~ 

* Significant at 5% level 



Appendix V 

SOUrce 

ADalY8ia of variance of percentage of rootJ.ft9 

of hibi8CUS cuttinos on 60th day of plantiD9 
(transformed data) 

Degree. of 
!reedoJR 

Mean 8\IIft of 
square. 

___ .. ___ ..... _________ •••••••••• I _____ ._11 ___________________ ._._ 

Total 111' 

Types ('1') t 33116.59-

Growth RevuJ,ator(G) 21 385.167* 

'l'xG 243 

Error a40 20.'" 

--.-.q-.. ~ ..... -------------.--------.... ------.~ ... ----............. -----.----....-

• significant. at. 5" 1 ... 1 



AppeDd1x VI. ADalysia of variance of root length during rooting of b1bi8cwa cuttings at 

different periods. 

----- --g_. ---_-..-----------------..... _-_ ... _ .. _ .. __ ... _ ................. _-.. _ .. --................... _ ....... _""._--_._--_ .. _ .. __ ... _--_ ......... _--_ ....... __ ... _ ....... _ ... ---
MeaD -. .. -~-~ -------- !!!.!!.!i!!!!! ___ .. _______ _ - ---20th da7 40th day lOOth day --- - •. -.. -------------~ .. ----...... ------- _ •... .-.-. --_ .. _-- ________ .. __ II •••• J • ___________ ~_ 

Total 1119 

TJpes ('1') 9 14.1144* 154.3701* 300.3720* 161.9030* 

Growth Re9U1ator (G) 27 6.9189* 62.1174* 68.8111* 90.7881* 

I:fxG 243 0.4748 3.'7126 4.5858 5.659. 6.1276 

En:or 1.2448 5.7501 

- _ .•. _.~ __ . ___ .. ____ ._E .. __________ .. ____ .. ______________ .. _. ___ _ 
.. -.---.-----.---~-

* Significant at 5% level of probability 



Appendix VII. ADalysia of variance of root matber during .rooting of hibiscus cuttings at 

cllfferent periods (trans60n.d daW 

SOUrce 
Degrees of 

freecloat 
________ ........ ~~_...8!__~ .. !!_!S!:~. _._. ____________ ____ 

_____ -.....-.. -----------____________ ... ______ ._ •• _. __________ ._~_.2_th_._ .. ___ ~ .... 1 •. _1._~_2_~ __ cl_.! .. I ... ___ .... _.!_2_~ _____ ~ ___ I _______ !O ___ ~ ___ ,_da __ r ... _ ... __ !_2_2 •• ~-!! ___ 2!l __ _ 

Total 1119 

Types ('1') 9 0."19* 8.72"· 

Growth Regulator (G) 0.7593* 3.14" 4.3521* 5.8135* 

TxG 243 0.0363 0.173 0.2155 0.2115 0.30a4 

Error 0.1518 0.2933 0.4193 0.4961 0.5961 

___ • _____ •• _ ••••••• _w ____ wa •• ft._ ...... _d _ .. ______ ., ___ • ____ ... ~ ____ ._et ..• _____ .• _. ...,-

* Significant at 5% level of probability 

I 



Appendix :YIII.Analysis Of variance of root weight during rooting of h1bisc:us cutt!D9s at 

different periods 

SOUrce Degree. of 
freedom --

2.0lh d .. y +OLh day 60U, Qay 80th da)' 100 lh dill ... _________________ . ________ -.-___ • _________ •. __________ -.. _.a_a_ 8'_. __ ... ____ . ___ .. ..........-......--.. .......-

Total 1119 

9 0.00114· 0.0515* 5.60748* 21.3820· 24.2957· 

Growth .ReVUlator (G) 21 0.00069· 0.02149· 1.h.4* ... 1S03* 6.8192· 

'l'xG 243 0.000184·· 0.0041'· 0.26281· 0.2147 0.1582 

Error 0.000082 0.00116 0.0494 0.5180 0.7064 

------ .. --.---.-----~-~-----~~~~~-~~- .. ~----~~~~~------------.----.-------.----------------------~ •• 

** Significant at 1" level of probabl1i t.y 

* Significant at 5% level of probability 



Appendix IX. Analysi_ of variance of percent.age of succes. on 

account of air layering of differeDt type. of 

hibi.cua (van_famed data) 

................ ____ w ____ -...~_....... • ••••• ______ .... __ •••• ___ ....... ........-___ .. __ _.. 

source Degree of 
freedom 

Mean sum of 
squarea 

~ ..... --------....-,------.. --.--..• ----.... ----------..... ~,.,-..-.-... .......... ------
Types 9 519.56* 

Error 10 34.15 

Total 19 

...-----_ •• _-- p ---. .. ----... ----.... -----... ~ ..... ----.---.... ---..... ----

* Significant at 5" level 
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ABSTRACT 

The irwestlgation8 on collecUon. mt'N:'phologlcal descri

ption and st.andardl.atJ.on of propagation techniquea of dif

ferent type. of b1biacua vere carried out ln the DepartmeDt 

ofPomology and Floriculture, College of Horticulture, during 

the !)eriod 19"79 to 1981. 

Thirty four type. and feuneea varleti.s of J;Y.bitsy 

I'OIN1Mn.1" two types 0 f !i.IC;1liIRRIM15m1 and ODe type of 

b..-t.I\?&lll were collected from cUfferent sones of Kerel., 

Tamllnadu and l(arnataka and were ma1ntaift8d in the Colle«.iJe 

garden. Since the types collected had no specific varietal 

names, morphological deseriptlou of all the fifty one 

collections were made. Considerable variation both in vege

tative and floral characters were exhib1ted by different 

types in the collection. A key was prepared baaed on 

important distinguishing characters for identification of 

different types of hibiscl..la. Acc.3, Ace.5. Ace.13, AcC.29, 

Ace.32, Ace.33. Aec.42 aad Ace.52 were fOW'ld to produce very 

attractive showy flowers of different ahad •• of colours. 

Acc.43 and Acc.45 were bushy types. 

Pollen vlabl11 ty of ten types of h1bisr.:us were studied. 

COnsiderable variation existed with regard to pollen viability 

among different types. Maximum pollen v1ab1l1tycf 89.8 per 

cent wa. observed in Aoe.22 and minimum of 4.1 per cent 

in Ace.1. 



RootinQ of st .. cuttings were ...... ed under two treat

ment conditions. with 1 •• ".. and without leaves. Retention 

of leave. had 81g1l1ficarat influence over the treatment. with

out leaves on rooting of C\l~t.1no •• 

The response of grovtb regulators, 1M. IDA and NAA 

on rootlng of ten hibiscus types were studied. It \lllaa 

revealed th.:lt in quick dip methOd best. performance w .. recor

ded by NAA 3000 ppaa f -;ll0we4 by IDA 5000 ppm and 1M 10000 pplft 

for root.1DO' percentage, number and 1.ength of root.s. In 

prolonged dip methOd. higher rooting percentage, root au.ber. 

root length and root weight vu observed when cuttings were 

treated with NAA 50 ppm, 18A. 15 W- and 1M 100 ppm. 
, 

OUt of two methoda of 9z:owth regula~r application, 

quick dip method was significantly superior to prolonged dip 

The types responded differently to growth regulator 

treatment. Ace.19 reapoaded beat While least respon .. was 

exhibited by Acc.1. 

,t'rom the studies on air layering, it was revealed that 

maxt.u. rooting percentage of 89.3 was exhibited by Ace.38 

and m1n1mum percentage of .uccess by Ace."'. Air layering 

recorded better RIOtiftg than cutt1n9 without growth 

regulator tre j tment. But. it showed lower rooting percen

tage when compared to growth re9ulator treated cuttinga. 


	image66985
	image66986
	image66987
	image66988
	image66989
	image66990
	image66991
	image66992
	image66993
	image66994
	image66995
	image66996
	image66997
	image66998
	image66999
	image67000
	image67001
	image67002
	image67003
	image67004
	image67005
	image67006
	image67007
	image67008
	image67009
	image67010
	image67011
	image67012
	image67013
	image67014
	image67015
	image67016
	image67017
	image67018
	image67019
	image67020
	image67021
	image67022
	image67023
	image67024
	image67025
	image67026
	image67027
	image67028
	image67029
	image67030
	image67031
	image67032
	image67033
	image67034
	image67035
	image67036
	image67037
	image67038
	image67039
	image67040
	image67041
	image67042
	image67043
	image67044
	image67045
	image67046
	image67047
	image67048
	image67049
	image67050
	image67051
	image67052
	image67053
	image67054
	image67055
	image67056
	image67057
	image67058
	image67059
	image67060
	image67061
	image67062
	image67063
	image67064
	image67065
	image67066
	image67067
	image67068
	image67069
	image67070
	image67071
	image67072
	image67073
	image67074
	image67075
	image67076
	image67077
	image67078
	image67079
	image67080
	image67081
	image67082
	image67083
	image67084
	image67085
	image67086
	image67087
	image67088
	image67089
	image67090
	image67091
	image67092
	image67093
	image67094
	image67095
	image67096
	image67097
	image67098
	image67099
	image67100
	image67101
	image67102
	image67103
	image67104
	image67105
	image67106
	image67107
	image67108
	image67109
	image67110
	image67111
	image67112
	image67113
	image67114
	image67115
	image67116
	image67117
	image67118
	image67119
	image67120
	image67121
	image67122
	image67123
	image67124
	image67125
	image67126
	image67127
	image67128
	image67129
	image67130
	image67131
	image67132
	image67133
	image67134
	image67135
	image67136
	image67137
	image67138
	image67139
	image67140
	image67141
	image67142



