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GHAPfER I 

IHTROMGTIOH 

Hot only is the growth of plants dependent on environ 

mental circ-umstances, on the mineral material taken up from 

the soil, and such primary anabolic processes as photosynthe-^ 

sis, but it is also regulated by the interaction of particular 

organic substances within cells* She integration of activi 

ties of one part with others is aclileved in large measure 

through the synthesis, transport and utilization of specific 

individual chemical messenger substances^-the plant growth 

regulators and enzymes* 

As a concept, the idea of plant hormones appears on 

the horizon with the publication of The Power of Hovement in 

Plants by Charles Darwin in l880» Since then, startling ad 

vances have been made* The substances involved are called 

auxins, hormones or growth regulators. Experiments by numer 

ous x^orkers in the field led finally to botanical, agricul 

tural, and horticultural applications of these chemicals 

The group of chemicals best known as growth regulators 

which have attained popularity at the beginning, as an aid 

'JfHurabers in parentheses indicate the corresponding 
number of reference in the Bibliography. 
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for the rootihg of cuttings, are indole compoimds such as 

heta-indoloacetic acid, beta-indolebutyric acid, naphthalene 

compounds such as alpha-naphthalene acetic acid and its de 

rivatives, These have a function of inducing cell elongatloni 

Another Mnd of material which affects the groxfth of' plants 

is kinihj an example of x^hich is kinotin xrjith a defined 

property of encouraging cell division, 

The use of these plant'growth regulating substances 

as an aid in the rooting of cuttings has been explored by 

many of the leading scientists. The environments under •which 

the cuttings are rooted have become almbst stabilised through 

the efforts of numerous xjorkers. Several species of plants 

have responded x^jell to treatment xjith growth promoting sub 

stances under controlled environment. There are still many 

plants which do not respond to these treatments. 

The object of this study is to understand xjhat effdct 

the interaction of indolebutyric acid'and kinetih would have 

on the rooting of cuttings. If an interaction should shoxj 

up it might provide a clue for methods of inducing roots on 

cuttings which are difficult to root. In some cases, as 

noticed in tobacco pith tissue, kinetin increases callus 

formation and rooting from callus tissue is sometimes easier 

than from more differentiated tissue. 



CHAPTER II 

HITSRATaRB REVIEW 

Vegetative propagation;of desirable plants has been 

practised by man for countless centuries. Rocuraented evidence 

to this effect can be found in Enquiry into Plants written by 

Theophrastus about 300 B.C. The present day Isnox^ledge of 

vegetative propagation has Increased considerably with the 

research of the past two decades and nev? techniques are nox-j 

finding their way into general practice. The modem period 

of studies on vegetative propagation began with attempts to 

correlate the internal physiological condition of the stem 

vrlth readiness to root. This led to studies on the effect of 

chemical substances on rooting. Several substances such as 

sugars, potassium permanganate and so on have been applied to 

stem cuttings with the object of aiding rooting, either by 

providiixg nutrients or sterile conditions at the base of cut 

tings, but due to the highly variable results they cannot be 

used advantageously (3)« 

I. AUXIHS 

The different chemicals which control or- regulate the 

phenomenon of groxirth have been called plant hormones, auxins 

or growth-regulating substances. Of the many different groups 

studied, one in particular, the auxins, are of special interest 
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fosf a variety of reasons^. The a-uicins t^ere not only the first 

to he discovereds but also the one for which the largest 

regulatory duties in plants has been discovered. 

In keeping with the original intent of the temij auxin 

viill be used tO'refer to "an organic substance which promotes' 

growth along- the longitudinal - axis,, when- applied.'in low con-, 

centrations--to shoots of plants -freed as far as practicable 

from their own inherent growth promoting substances" (29)W 

Ahxins'are involved in the conti'ol of stem growth, noot geovrfch, 

lateral bud- inhibition, abscission of leaves,- fx^ts, and 

fruit growth. In all, some ttijenty different physiological 

activities in plants' are known to be more or less controlled 

by auxin actions (l|3)» It now appears that auxin "a" should 

be classified as a hormone. Since horraones are defined as 

"substances Which produced in any one part of an organism, • 

are transferred to other parts and there influence specific 

physiological pincess." It is evident from tliis definition 

that chemicals produced exclusively in laboratories^ or such 

compounds as sugars and amino acids, are not within the defi 

nition of hormones (29), 

The search for aji actual growth hormone in plants led 

to the isolation of the first pure active compound, not as 

the indigenous active hormone, but rather as an ingredient of 

such miscellaneous biological materials as urine, corn oil, 

and malt extract, The definite discovery of auxin was made 
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by Went in 1928^ as stated by Bonner.and G-alston« . 

He extracted the groi-?th promoting substance present in 

QEit. col@pptile tip, and showed that it is a natural auxin 

capable of diffusing from coleoptile, tip to agar block and 

from agar block back to coleoptile stump (I4.).» 

The degree of curvature caused by differential growth 

when an agar block containing auxin is placed'unilaterally 

on the cut surface of the coleoptile tip is used as a pleasure 

for the concentration of natural auxin present in the plant 

Composts, leaf mold or other farm yard organic manures 

^were known to possess the proper growth promoting ability 

very early. The realization of this fact finally led to the 

isolation of indoleacetic acid (lAA) from urine, Kogl and 

Hagen Srait X'jere the pioneer workers in the field, Pollowing 

the discovery of lAA, several other chemical substances cap^ 

able of regulating the various plant, processes t^ere brought 

to light. The group of chemicals best known as root inducing 

•substancos are indole compounds such as beta-indoleacetio 

acid, beta-indolebutyric acids, and naphthalene compoimds 

such as alpha-naphthalene acetic acid m). 

II, KINIIS 

The twin aspects of groxijth, the cell multiplication 

and cell enlargement, are commonly treated separately as 

though they are subjected to distinct stimuli and controlling 
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factor's. However, cells divide first and tben they enlarge^ 

, These two processes merge Into one another* Frequently en-^ 

larging or highly vacuolated.cells, divide,and growth is ,by 

no means as confined to organised growing, regions as it is 

often supposed.to be. The more recently emphasiaed stimuli 

to cell division;have boon termed,"kinins" (13)». ' 

A substance which markedly promotes. cell,division in 

, various plant tissue cultures, at concentrations as low as 

one raicrogram per c.c, of solution, has been isolated in pure 

form from,heated deoscyribonucleic acid preparations* ,,It has 

been shown to be similar to 6-furfuralamiiio pruine. The spe 

cific..name,.kinetin has been applied for this substance.and 

the generic term kinin is suggested for any substance which 

similarly stimulates cytokinesis (13)• 

The liquid endosperm of coconut has been recognized as 

a potent source of stimuli which effect growth and morpho 

genesis in the immature embryo. However, the responsible 

growth promoting substance may accumulate precociously in the 

endosperm in advance to embryo doveiopraent. This line of 

thought led to.the isolation of kineti.ns from coconut milk. 

Prom several hundred gallons of coconut milk Shares and Stew 

ard obtained a crystaline compoxind wMch they identified as 

l*3-di-phenylurea. This substance is active only when apiMed 

with Casein hydrolysate. ¥arm water extracts made from, im 

mature corn fruits were also found to be effective as kinetin. 

https://kineti.ns
https://supposed.to
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A third substance is aii extract from the innermost layer of 

the fleshy pericarp of the banana,fruit,(38)* 

III. 14EeHAFXS14 OP AOTIOh OP AUXINS AND miNS 

ISh.© formation of root raeristem constitutes,one portion 

of the development of. a plant embryo from a fertilised ovule 

Ihe root.primordia may , also ^arise at othe.r,3.ocations and,for 

the formation,of these adventitious roots on leaves,, steins, 

roots, or such unusual.locations, it must be i:)receded by the 

developmeht of an organised root raeristem (l8). Application 

of auxin •will result in the formation of root priraordia. 

These primordia first appear as areas of meristematic activity 

often in the pericycls of herbaceous stems or in the phloora 

parenchyma of "Woody stems. Accompanying continued cell divi 

sions,'these meristematic regions become organized finally 

to a recognizable root meristera. 

Of the numerous effects knom to'be produced by auxin, 

only one class, the promotion of cell elongation, has been at 

all intensively s'budied with respect to mechanism of auxin 

action# But there is a possible multiplicity of auxin action 

and it is difficult to sepai-ate the various effects frora cell 

elongation. The various effects of auxin may be in the form 

of increased cell -wall plasticity, increased water uptalce, 

and altered protoplasraic streaming (20).. During the past 

twenty-five years many extremely interesting facts have been 
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set forth bearing on the mechanism of auxin action* Some of 

them will be discussed in the following paragraphs* 

One hypothesis about the formation of root primordiaa 

when the auxin is applied on a cutting* is that,the auxin 

interacts with a second materieii known as "Phiaocaline," re 

sulting in . the formation of roots* Although auxin,brings 

about growth activity, it is the presence of Phizacoline,, 

X'Chich directs the activity along the specific pathway of root 

formation. Evidence for this viex-j is tha fact that auxin ap 

plication to a stem cutting results in the loss by the cut 

ting of the poxi7er to form additional roots in response to 

further auxin treatment, fhus when the base of a cutting is 

treated with auxin* the treated base will ultimately foriq 

roots* If.the treated base is excised from non-treated por 

tion, there will be no rhizocaline left for further root 

formation (5, Al, and l\.2)» The hypothetical rhlzoeallne 

would appear also to be more or less equally distributed 

through the stems. The stems of many species of plants lack 

entirely the ability to produce root priraordia in response to 

auxin treatment. According to the rhizocallne hypothesis, . 

we would say that the stems of such plants lack rhizocaline* 

Leopold, in his book Auxins and Plant Growth,, mentioned 

several of the theories suggested by different people from 

time to time. A provocative theory is that auxin brings about 

dissociation of the protein constituents of the cytoplasm* 
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2?h.e disgoeiation.effect x-jould: Increase water permeability, , . 

increase the osmotic nature of the cytoplasm, end possibly 

also bring about increased enzyitiatic. activity. Consequently, 

a:great deal'of attention has been given to the water uptake 

mechanism as a possible means of describing growth in its ^ 

simplest fonti. She uptake of water coxxld be due to changes 

in cytoplasm itself, especially changes in osmotic.value, or 

it could be due to changes in properties of the wall and the 

cell membranes, particularly,t'jith respect to extensibility 

and',permeability* Each of these two factors in water uptake 

has been defended as a possible mechanism through which auxin 

may bring about grox-jth (30 and 6), 

Audus describes the work of Dutch'scientist Vanderbeck 

vAio made the first extensive investigation about the role of 

internal factors in the rooting of cuttings. He demonstrated 

.that in currant, willow, and grape the presence of developing 

buds was a prerequisite for rooting and that the intensity of 

root production was directly related to the rate of bixd devel 

opment, Cuttings x-iith dormant buds fail to root even under 

the most favorable conditionsj but in spring vjhen the buds 

renew their activity, rooting occurs, ihe removal of a ring 

of bark from a short section of the stem belox'j the buds also 

prevented rooting. He explained the phenomenon as the forma 

tion of a hormone or hormones in the developing buds and..its 

conduction in the bark to the base of the cutting where it 
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initiates rooting (1), This vrork was subsequently extended 

by several others to shox-j that leaves were a3.so a source of 

thls homone» 

It is knovjn to horticulturists that the presence of 

, leaves on cuttings greatly increases the chances of root 

.formation* . Experiments x-jith hibiscus cuttings have shown 

that -without a-uxin treatment and,ulthout leaves, no roots 

. were formed* , Without auxin treatment an,increase of the 

number of leaves left on the cuttings,is also ineffective for 

root formation. When auxin treatnient -was.^ven to leafy cut 

tings roots Xi^ere formed in proportion to the number of leaves 

present on the stem, .Leaves, then, provide some factors xjhich 

together with auxin cause root formation. In order to inves 

tigate the co-factors contributed by leaves, several stxbstanc^ 

like sugar and ammonium sulphate, Xnrere tried and it was found 

that a combination of the above substances tiiill act like one 

of the leaf homones* Since ammonium sulphate cannot be 

present in the leaves, the search for a more likely substance 

was la-unched. It was found that arginine met these require 

ments. Since both arginine and sugar are natural constituents 

of plants, it seems reasonable to asaxme that one of the func 

tions of the leaf is to provide cuttings with these compoxxnds, 

which then together with auxin cause the root formation* Gut-

tings of many kinds have responded to auxin trea-fcraent, yet 

many have not* The reason for the failure is not kno-wn. It 
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■wovild seem that awxin t'Jill be .active only when co-factor re-

. qnirements are satisfied (J4.O}* 

Linsor and Kaindlo conducted a series of experiEients 

with alcohdiic extracts of different:plants to study, the ef 

fect of. auxins in. the .regi:ilation of .growth, ■ 3?hey, -postulated 

that, the, auxins are being absorbed .by rfloiecul.es. of the living 

substance. It is assumed that .there are spaces that can be 

occupied, by .the, molecules of-the grot-Jth regulator, This means 

that-the molecule of the grot-ath regulator has a certain af-- . ■ 

finity for a certain "space," 'Ihe hypothesis pGstu3,ates two 

t^es of-spaces* The first type , filled by growth promoting 

substances, resulting in Increased,.growth, and the. second, one 

filled by growth iirhibiting substances, resulting in the in 

hibition of growth (32). 

Terry, while studying the-effect of indoleacetic acid 

on pea stera for inducing the adventitious roots, explicitly 

assumed the existence of an unkiiovm substance in the plant 

organism which interacts with the applied auxin to induce 

roots, - He states that normally tMs ixnknown substance is 

transported acropetal^ and consumed. At the time of root 

formation,it will be accuraulated (7 and 39)* 

In conclusion, it may be said that the mechanism of 

auxin action remains unsolved, but a variety of promising 
1 

lines of evidence seem to be emerging. Auxin has been found 

to react with, some proteinaeeoua material in a Bianner which 

https://rfloiecul.es
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is suggestive of a constructive step in growth, A picture 

of how auxin may react with its receptor compound has come 

from kinetic studies, as as a picture of the means by 

which other compounds may alter auxin action, .The ineans by 

which auxin may-finally bring,about cell elongation is being 

hotly debated between • those who feel that the action is i^rin-

cipally based upon the cytoplasmic uptake of water and . those 

who feel that it is principally based upon the growth of the 

cell wall. The clarification of this,important problem will 

not only be extremely interesting, but no doubt will greatly 

accelerate the advance of practical and theoretical knowledge 

of a\ixins and grox^th (20 and 30), 

Kinetin at all levels.was tested for the promotion of 

cell division sxid this ha.s been verified by anatomical sec 

tions, The effects wex'e particularly striking with tobacco 

pith tissue. The control cultures without kinetin showed no 

cell division,- Promotion of cell multiplication was observed 

with as-little as 1 microgram per c,c. of this substance. 

The sxmflox-jer hypocotyl x^ras tested in suitable media 

for the multiple auxin activity xmch as root initiation and 

cell elongation with auxin and kinetin. In the absence of 

auxins, kinetin produced a significant increase in the fresh 

and dry weight of the fragnents under study, but it was found 

that kinetin did not induce the initiation of adventitious 

roots in these fragments Olf and 36), 
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IV.. l-iETEODS OF.AUXIS APPLICATIOH , . 

Lanolin paste .method. Lanolin is a soft fat which 

will dissolve auxins. It has been used by raany experimenters 

for application to various plant organs. The paste when ap 

plied to the base of the cutting sticks firmly to it. It 

does not dry out immediately and merely maintains a reason 

able constant concentration of the auxin in contact with the 

treated portion. Lanolin is without effect as a root indue* 

ing substance, ISA and KAA usually dissolved in it are at 

concentrations ranging from 0,01 to 0,05 cent (l). 

Dilute solution raethod. This is one of the earliest 

methods of ajjplicationi Concentrated stock solutions of the 

aipdn are:first made up in 95 pei' cent alcohol and then,di 

luted to the appropriate strength,in water. Gozicentrations 

r?inglng from 0,005 to 0,01 per cent are usually employed, 

depending on the species chosen, . The basal end of the cut 

ting is immersed for about twenty to twenty-four hours in 

order that the required amount of auxin should be taken Up, 

Tills period of immersion will naturally vary with the type of 

cutting and more praticularly,td.th,the ,,environmental condi 

tion cjuring the period of soaking. In the case of leafy cut 

tings, the amount of auxin taken up will depend upon the 

amount of xmter.absorbed. This in turn will be controlled by 

the amount of water lost by transpiration, a process which 
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Increases with the dryness of the a.traosphere, Thus, under 

warm dry conditions excess auxin may he ahsorhed which will 

©ventually result in toxicity. Hence, during the soaising 

period it is safest to heep these cuttings in a humid atmos-' 

phero. For leafy cuttings of woody species, one to two hours 

of soaking with a 0*01 per cent solution or ten to twenty-* 

four hours of soaking iirith a 0»005 pen cent solution repre 

sents this type of treatment (15 and 1). 

Concentrated solution dip method. This method of dp-

plication is rapidly gaining the fa-a-or of propagators. The 

ausdn solution is made up in SO per cent ethyl alcohol^ The 

concentration usually employed for woody plants is about 1 

per cent^ This may vary under several conditions which will 

be raentioned in the follot^ing pages. Cuttings, preferably 

tied,in small bundles, may be dipped to a depth of about on© 

inch for one to five seconds. In such a short time only a 

very thin layer of auxin will be covering the base* The cut 

tings can be planted, iiaraediately (8), 

Dust method. Dust method essentially consists of ap 

plying to the base of the cutting a fine inert poxfder contain 

ing a small admixture of the solid auxins. Talc, clay, or 

finely powdered charcoal are most commonly used, and the 

order of concentration is C,02 to 0,1 per cent for herbaceous 

cuttings and five times higher for hardwood cuttings* Dust 
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mixtwes are made by two methods. One is to grind,the anxin 

crystals to a,very fine powder and then mix them thoroughly 

with,the carrlGr, This requiipes great care to insure a uni'-

fom mixture* A better way is. to soax the carrier thoroughly 

in an.alcoholio solution of the active substance in suitable 

concentration, The,alcohol is then dried off and the carrier 

is reground if necessary, 

Treatment itself consists of moistening the basal 

half to one inch end of the cuttings with water end then 

rolling it in the powder* The excess material aticlcing on 

the cutting should be removed before planting by shaking it 

gently. The most important disadvantage of the use of'dust 

method is that tte physical properties of the carrier can 

greatly influence the effectiveness of the active compound 

and different carriers may cause widely different responses 

in the same plant even with the same concentrations (33 and 

37)* 

Spray technique> Some success has been obtained by 

spraying leaves with dilute aqueous solution of auxins. This 

treatment has been applied both to the mother plant before 

the removal of the cutting and to the cutting itself after 

insertion in the rooting medium* Gonsiderable success with 

certain evergreens was obtained by spraying parent plants 

vjith ten to one hundred parts per million of H, I4., 5 trichlor-

ophenoxy acetic acid. Cuttings taken nine to forty days 
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after'this spraying si-io^^od essentially tbs same rooting re-» 

sponse as cuttings treated by-the more usual methods outlined 

abote (1)V' 

Other methods* Direct insertion of ausdn crystals 

under the bark or into the base of shoots was ©ffectiD-ej but 

was mo3?e prone to give serious toxic effects. The insertion 

of toothpicks soalced in auxin iiias also found to be successful. 

Attempts haire also been made to improve the response by a 

second treatment after a period in the rooting medium. Suc 

cess has been claimed for a number of species that are 

normally difficult to root. 

The concentrated solution dip method seems to be easier 

to practise. Cuttings which otherwise show great difficulty 

in rooting, such as apple, rhododendron, heralock, were found 

to be more responsive to this method. The alcoholic stock 

solution can b© prepared easily; large numbers of cuttings 

can be treated easily and the time required for the treatment 

is quite short. Solution dip further enables a more uniforra 

distribution, t'ihereas the uniform concentration of a talc 

mixture may not be prepared easily. Therefore, a given growth 

substance may bring about varying results (1), Experiments 

with elliptice cuttings showed that a concentration dip method 

of ̂ ,0 rags/c,G^., soaking for five seconds and a dilute solu 

tion dip method consisting of soaking for tt-jenty-four hours 
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were equally effective for the production of the same number 

of roots within the same, period {9). Several esporimenta 

conducted by numerous %iJorkers, have, proved,neither beneficial 

nor harmful,effects in the use of alcohol for preparing the 

solution. ,Purthermorej,.,the dipping t^as done with one, five, 

ten, twenty, ;and,thirty seconds. . There was slight improve^ 

msnt with a thirty,second treatment as compared with a one 

second dip,. Maximum production of roots on cuttings was tijith 

a dip having a five second limit. Apparently little pr©-^ 

caution is required while dipping in solutions {37)* 

?, ebTTIJJ& AID the: choice op shoot 

learly any plant organ is capable of foming roots. 

Stems, leaves, stolons# and roots will do so. Stems are 

usually considered as the Ideal structure since they have 

undifferentiated tissues to permit easy differentiation of 

root primordia, Auxin treatments do not increase the number 

of buds or enhance the growth of buds. In general it is de 

sirable to have buds already formed on propagation pieces 

(31)# 

A cutting is a detached part of the plant intended to 

be placed in the soil or some other medium for the purpose of 

developing roots* The essentials for the rooting of cuttings 

are the.same as those for the germination of seeds, such as 

warmth, moisture, and oxygen. These essentials bring about a 
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chemical.change in the stored plant,food nf, the tissue of the 

cuttings such that the development Qf roots may,take places 

; , ( ,,fh0 development,of adventitious roots may take, place 

at nodes.5 internodes,, on.roots, tubers, end even on leaves.. 

They.may.arise in connection nith.buds , or independently of , 

buds and:may form in both older or younger tissues. However, 

they are often initiated.in,the vicinity of the, differenti 

ating vascular :• tissues of the,iplant.part, . If the plant part 

is yoitng, the.adventitious priraordium is initiated by a,group 

of cells near the.periphery of the vascular system,„ If it 

is older,, the seat of this organ is located deeper near the 

cambium. In young stems the cells forming the root primordla 

are commonly foimed from the interfascicular parenchyma, and 

in older sterna they,will arise from the vascular rays. Often 

the seat of,the first divisions forming the root primordia in 

stems is identified as the. pericycle. Such an origin places 

the young root.close to the vascular bundle of the parent, 

axis and facilitates the establishment of vascular connection 

between the two organs, VJhen a cutting is planted in the 

soil.having proper conditions for the production of adventi 

tious roots, the rooting takes place at the proximal--end asied 

the buds.may arise on any parts of the shoots, with^respect 

to leaf axils* In some cases it,was found that the buds aris 

ing at the distal end of the cuttings x^rere in direct connec 

tion through the internodes with the roots arising at the 
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proximal eM (18)* , 

While attempting to grow apple trees by stera cnt,tings, 

it was observed by Gardner and others, that if the cuttings 

were taken from one-'year old seedlings very little difficulty 

was encountered in getting them rooted* Gutting taken from 

txijo , to thr0e-»year old seedlings viere more, difficult. Experi 

ments were conducted to test the ability of rooting, with 

cuttings of different ages from plants of the same species : 

which had grown side by side, or at least under similar eon* 

ditions* 'fhe cuttings within a species were made at the same 

time and placed in the same media under similar treatments, 

■The results indicate that every species worked with has shown 

better rooting for the cuttings taken from very young seed 

lings than from older.trees* The time required for rooting 

was also much shorter for those taken from young seedlings* 

The cuttings from one-year old apple trees have rooted within 

ten days* But one-year old cuttings taken from a; growing 

branch of an old tree failed to root completely* An impor 

tant observation to be considered is that it is the age of 

the tree from the seed and not from the bud which has much 

influence in initiating the roots. The marked morphological 

differences which often exist between one-year old and older 

seedlings may be expressions of just as pronounced nutritional 

or anatomical differences within the plant, which in turn 

mi^t be responsible for the differences in the rooting 



� �

&Q 

ability (19)» ! 

,lhe type of cutting and the seasons,of making the.cutr 

tings,depend mostly on'the natune of the plant, whether:herb 

aceous, deciduous tree or shrub,, evergreen,or conifers, etc,, 

As,,a general rule, leaves, should,be retained on basal;por'^ , 

tions of the cuttings since 'they.are an important.^.source of 

natilral auxin ©nd other rooting factors, .Having taken,the. 

cuttings, they should be, subjected to ideal rooting:condi-^ 

tions, These .are adequate water supply to the whole cutting 

and'ade^ate aeration for the basal portions. The develop 

ment and gro^:^th of young roots are highly susceptible to 

oxygen-concentration. Suitable diffused light and optimum 

temperature have to be mainta-ined (17), 

Experimental work by Kirkpatric, Jr,, has showed that 

heeled cuttings of conifers and rhododendron responded Bjuch 

better to auxin treatment than other types of oixttings,.. Lit 

tle or no effect was observed with cuttings taken in spring 

after the new growth had started or on very young material 

taken in summer, The cuttings taken in viinter generally.-

failed (2?),: 

Besides seasonal and anatomical factors there are still 

many other factors wiiioh influence the rooting ability of cut 

tings, Some,may'be more important than others, but beesmse 

of variations vdthin plants it is impossible to state that 

any one factor is the most imjx)rtant in-all cases* The most 
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favorable time to tske soft wood cuttings,is; when the leaf 

of the, current year's x^ood. has begun to ripen, which denotes , 

a favorable, carbohydrate nitrogen relationshipi, ^ Many ■in 

vestigators have realized the importance of carbohydrates in 

the developisent of roots^ Reid has pointed out that a high 

carbohydrate content plus a reasonable amount,of nitrogenous 

compounds in the tissues was best for rooting and for the 

production of buds (35)« Recent investigations in the United 

States of America with interrupted mist systems and high 

hiraiidii^ in the greenhouse indicates that much softer wood 

can be successfully rooted than previously supposedly Such 

cuttings are comparatively low in carbohydrates but the lacJt 

of carbohydrates will be apparently compensated by the greater 

photosynthetic activity of the younger leaves* A large num-' 

ber of leaves should be retained on the cuttings in order to 

facilitate this (21)* 

It was formerly a common practice by nurserynen In 

America to establish stoch or stool blool^s of common shrubs 

to furnish cutting wood* Plants in these blocics were cut to 

the gromd during the spring season*. 'Uhen the new growth was 

forced, it was used for propagation* Such cuttings rooted 

unifcrmly and readily, developing into high quality plants* 

Ihe ease of rooting Of' these stool block cuttings sviggests 

that such shoots may be somewhat juvenile in character* The 

factor of juvenility influences the rooting ability of 
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cuttingsi Juvenility is a phenomenon associated with the 

physiological age of the plant and it is apparent in several 

ornamental:and fruiiuplants (21)« . 

VI. AUXIIS—¥HBH USED 

Cooper and Knpwlton reported that cuttings of ahout 

sixteen varieties'of grapefruit and sweet:and sour oranges 

were successfully•rooted hy the. standard treatBient of soaJting 

the basal ends of the cuttings in aqueous solutions of lAA* 

Dip, dust, and soak methods of applications wore fol~ 

lowed, .For dipping a solution of ,02 par cent was used* ' For 

dust dipping one ragm of IM/gram of talc manufactured by a-

commercial flnn was used, 'i'he treated lot shox-ied an increased 

rooting.per ciitting^ But the dust containing.I'M Was not 

found quite effective for lime and lemon cuttings (9). 

. Further investigations by Cooper reveal tliat retreat-

raents ̂ •Jith growth substances trill be quite effective in in 

ducing,roots for species which are difficult to root. On • 

cuttings of sweet orange, and grapefruit an initial treatment 

of auxins was mad© with ,01 to per cent aqueous solutions 

for twenty-four hours. There was.no Initial response to such 

an initial treatment except the formation of a callus x^ithiii 

three to four weeks tirae. It has been founds however, by 

retreating these cuttings at varying periods after the initial 

treatment, roots were foaamed, .In anothei' experiment, with 
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Hamlin sweet orange cuttings, the untreated lots produced no 

roots even after six weeks in a propagation frame# Cuttings, 

initially treated with #02 per cent of JAk produced one to 

two roots and cuttings retreated ahout three weeks after the 

initial treatment produced three to six roots (12)# fhe use 

Of lEA in the propostion of one in two thousand parts of pure 

lanolin was found to be quite effective for indtxcing,roots 

on,the cuttings of Eureka lemonw Ihe hormone treatment not 

only caused production of roots on cuttings with loaves, but 

also induced roots on cuttings x-jithout leaves; xjhile on con 

trols without leaves, no roots x^jere formed (11)* 

Chadwich and Klplinger describe the effect of IB4 on 

the cuttings of Gornus florida variety ruba, the red flox^er-

ing dogwood. The treatment consists of soaking the basal 

portions of the cuttings in an aqueous solution of 1 ragra/lOO 

c.,c* for twenty-four hours* Ihe temperature was maintained 

at about 70® to and the relative humidity in the green 

house t^as about 60 to 80 per cent# l?he treated cuttings . 

showed up to 90 per cent of rooting, x\'ithin six x^eeks, and 

the ixntreated ones rooted little (11^)* 

Cuttings of different types of roses responded well to 

treatment x^ith IBA, Larger root systems, unifoim stand, and 

a higher percentage of rooted cuttings were induced by the 

application of auxin* Tt-jo mgm/gram of powder x-jorked well oh 

cuttings of most varieties of roses. Solution treatments of 
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1,25 to 5 iQgTO per litea? for twenty-four hou-ipa were 

equally effective* Another observation in this ©scperiinent 

Tfiaa that IM and IM were not as effective ass IBA. Tenipera-

tures below 60*^P., decreased the effectiveness of IBA, • fhe 

treated cuttings perforraed norroally in every respect wlien 

grom and compared with, grafted plants or with the plants 

gromi from cuttings' not treated (28), 

Hitchcock and SiRsnierman undertook an extensive staidy 

to find out the effect of auxin mixtures when applied to th© 

cuttings, fheir observations and results viili be dealt with 

in the following discussion. 

In one of the principal experiments three talc mix 

tures of two different substances (IBA-HAA, IBA-IAA, and 

lAA-lAA) were used in five different proportions, via^,05100, 

2^:7B? 75*0, and 100:0, Ihree different concentrations, 

2, 5, and 12,mg/gram, were mixed in the above proportions'for 

the eoEperiment, fhese preparations tjer© applied on the same 

day'to cuttings of Chrysanthemura, Buyonynius, Hibiscus, and 

Ligustrum, NAA alone Induced about■twenty-seven roots* 2h© 

mixtiires of lAA and HM (25:75, 50:50, and 75:25) gave values 

intermediate betx^een four and tvjenty-seveii and approximately 

proportional to the relative activities of the materials test®!* 

Similar results were obtained x^ith IBA-^HAA ■mixtures, ■ fh© same 

mixtures of IBA-IAA show the two substances to bo equally 

active in Ligustrum* Although IBA was slightly more effective 
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tha^ IM.?' the quantitative difference is small and hence mix*^ 

tures of these two substances in any proportion are of equal 

activity# , 

Root cotmts for Euonymusj Hibiscus and Chrysanthemum 

show essentially the saBie trends as those described for Mgus-

trum> with one exception# IBA was conslderably more effective 

than lAA# Consequently> in all three of the mixtures the 

activity varied according to the proportions of the two sub 

stances so the.t increasing the proportion of the most active 

substmice caused an increase in the effectiveness of the mix 

ture# 

Mixtures of equal parts of lAA, IBA, and MA .(5o«25«25)» 

making a total of 5 mg/gram of root inducing, substances were 

applied to Suonymusv Hibiseus, Ligustrum, and Taxus cuttings. 

In all cases the mixtures were used at the seme concentration# 

With Waxus MA proved most effective# Mixture of IBA and lAA 

with WAA produced root counts proportionate to the amount of 

MA in the mixtiire# 

When successive treatments of Hibiscus cuttings weie 

made with MA and IBA there was a definite predominating in 

fluence of the preparation first applied. Bach og the two 

root inducing substances was used in concentration of 2, 

and 5j and 12 mgm/gram Of talc# When IBA was applied first 

and MA second, the root counts were ten, twenty-six, sixty-^ 

one, and seventy^eight for each of the above concentrations* 



The corresponding values for the IBA as a second application 

was ij.2, and 58, respectively. Hovjever, the two prep 

arations' applied successively did not act the same as ralx-

tures since the order of application actually influenced the 

total nuiaber of roots produced.' Ml these ohservatiohs sup-

porti the Basic Idea that the principal action of applied root 

inducing substance occur-s within a relatively short titae, 

that is,, froiyi a fex-j seconds up to about twenty-four hours, 

depending on the method of applieation. 

Aik)ther experiment X'jas with dilute solution inixtures 

of the Potassin salts of IBA and lAA, indole propionie aoldj 

and phenylenedianjine:. The'mixtures were more effective-in-

inducing roots than any one substance used alone at the same 

conoentratioia'. In the five substance mixture ICIBA consti 

tuted one-third of the total and in a four substance mixture,. 

one-fourth of the total. It X\ias noted that these concentra 

tions of OBA uere more'effective in the presence of other' 

substances than KIBA alone in concentration of 1, 3•2, and 

lO ■mgm/c.c,, rssxjectively. 

In addition, anotlier experiment varying the concentra 

tion of on© substance x^hile Maintaining the eoncentration of 

a second substance at a constant level xias set up. Bo syner-

gistie effects were noted (23 

•The effectiveness of the application of auxin varies 

from species to,species* Above a certain.concentration, toxic 
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effects raay be fo-und* The variations may well be due to the 

secondary properties such as ease of penetration of the molo--

cules and the speed of conduction witMn the plant* 

lAA, in contrast to what might be expected of It as a 

natural auxin, is not the most suitable compound to use in 

practice, fwo other substances of equal rooting activity 

(IBA and NAA) are superior because of their greater chemical 

stability and low mobility when applied on tin cuttings* The 

former has prolonged action giving better chances of rooting 

and the latter the property of being retained near its point 

of application. Different compounds.react differently, not 

only with respect to.the quantity but also the quality of th© 

roots they induce, IBA normally produces few roots which 

soon become long and establish a strong fibrous root system. 

The phenoxyacetic acids on the other hand produce dense thick 

roots with a bushy root system, Much progress has been 

achieved In regulating vigor and general structure of the 

root system by using appropriate mixtures of these compounds 

since such mixtLires will Induce roots with intermediate 

characteristics. 

On reviewing the several experiments discussed above 

the use of root growth promoting substances on cuttings as 

rolatively dilute solutions (Ito 80 mg/l), as concentrated 

solutions (1 to 20 mg/c.c,), and as povfders (0,5 to $0 mg/g) 

produced essentially the same rooting response. Concentration 
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requirements for optimum rooting varied according to the kind 

and fom of substance, the kind of carrier or solvent, and 

• the species and age of plant (21}.)* . falc contfois exhibited 

better rosuits than non-treated, controls or the treatment 

.with tap. water«, In many, not In all, cases the mixtures were 

more, effective than any of the Individual substances* All 

species of cuttings did not respond equally well to given 

raixtureSf Certain mixtiires of IBA and MAA were effective on 

either iBA sensitive or BAA sensitive euttiiigs. Lastly, a 

mixture composed of equal parts of two substances were proved 

to be as effective or more effective than three or four 

substance mixtures (23)• 

/■ 
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AlB MSmOB OP EXPESIlBlf 

.1*. . - TBSS, PLMja?S , 

For sKperxmental puifpose the plants selected were of 

txTO types♦ One belongs to the genus Itapatiens and species 

Sultanij the common name of which is Sultana, The other one 

was of the genus Chrysanthemurag species raorifoliura, The com 

mon names of these plants xjill be used in the following dis 

cussion* 

These plants yary considerably in their morphoiogieal 
and anatomical characters* The former one is a quick rooting 

plant with softer tissue than the latter one. 

The Sultaiia cuttings were taken from the lateral 

branches and not from the coxtral leader. All cuttings were 

more or less equal in length and diameter# Three or four 

leaves on the top were retained at the top of each cutting. 

The Ghrysantheiaxm cuttings were taken from the intermediate 

portion of brenohes so as to avoid the top as well as the 

bottom of the portions of the stem. In other xrords, semi-

hardwood cuttings x^ere selected in this case. These cuttings 

were also of uniform length and retained two or three leaves. 

The plants from which the cuttings were taken were under 

similar environmental conditions. 
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11. GROV^H REGULATim SUBSMCE X 

stock: SOLUTIOIB 

The two growth regulating substances -used for this 

particular study were indolebutyrie acid (ISA) and kinetin, 

lEhe fomer is an auxin xiJith, the function of regulating cell 

elongation and the latter has a function in cell division; 

Both were obtained in the crystalline form from commercial 

firms; 

Stock solutions were prepared in 50 per cent alcohol. 

The different concentrations made up for IBA were 200, 

IS-OO, 505* S00 parts per million* In the case of kinetin, 

the concentrations prepared were 1.0, l.i}.!}., 2*05, and 3»O0 

raicrograms per milliliter* Against both the nhemicals $0 per 

cent alcohol alone was used for the control cuttings* 

III, TREATMENT 

Two sets of mixtures were used for treating the cut« 

tings. The first consisted of 200, I4.OO, and 80O ppm of IBA 

and One, two, and three micrograins of kinetin other than 50 

per cent alcohol alone* The second set of mixtures contained 

200, 318, 505^ and 8gO ppm of IBA and 1*0, l*!^]., 2,08, and 

3.0 micrograras of kinetin respectively* 

The qxjick dip method of treatment was followed by im-^ 

mersing about an inch of the basal portion of the cuttings 
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in the desired concentration. All cuttings were treated uni-

forally for about four to five seconds before planting thera 

on the bed# 

, ly, PBOPAGATiOI BEhCH im MIS^P SXSfffi 

I'he cuttings were set In a ciean, coarse, sterilised 

laediiiia of Perlite, Care was taken not to force the cuttings 

into tlie medluM so as to cause injury to the basal tissues, 

®he watering was acooinplished by an automatic inter 

rupted mist system, This is a mechanically controlled dis 

persion of water as very fine particles into the atraospher© 

above the propagation bench, This helps not only to increase 

the humidity in the greenhouse, but also to keep the surface 

of leaves and stems constantly covered with a thin film of 

moisture. Another advantage of the mist system is that only 

,light shading is required. Even when cuttings were exposed 

to higher light intensity of the summer season, the tissue 

teii^jerature seldom rises enough to causa injury* The trans 

piration and respiration rates are also reduced and at the 

same time the exposure to aunli^t permits normal photosyn 

thesis to function. Pood reserves are accumulated and the 

rooting potential is increased. 

Constant misting is not necessary to keep the leaves 

covered with a moisture film. The intermittent application 

of mist with the spray being tiarned on at intervals just often 
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enough to keep the leaves coristantly moist is enough for this 

purpose (26 and 16), She interval used was a spray of six 

seconds ev§ry three minutes and this continues during the 

daylight hours, fhe timer mechanism with an electric clock 

controls the intemittent automatic mist system, 

fhe corrugated bottom of the' propagation,b©ach facili 

tated adequate drainage, Ihe relative humidity was about 62 

to 30 per cent during the period, The observations on Sul 

tana were taken twelve days after planting and on Chrysanthe 

mum twenty-five days from planting. 
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RES'OLfS ARB DISGIfSSIOI 

fBo oxperiment is designed to nse thr-e© different mix 

tures of two different growth regulating substanGos in on© 

series and four different combinations of the same substances 

in the other series* ^hese preparations were applied on the 

cuttings of Sultana and Ghrysantheiaum on the same day, 

I* RESULTS 

Figures 1 to ij. show the total number of roots produeed 

by each set of cuttings treated alike* Figures 5 to 8 repre 

sent the corresponding weight in grams of the roots produced* 

fhe data for tlae root counts and root weight appear in Sables 

I to ¥111 of the Appendix, Ih© curves for the root counts 

in Figures 1 and 2 are based on the total root count taken 

for four cuttings treated alike* ¥ith Sultana it was found 

that the minimiam number of roots appeared on cuttings treated 
r 

with a mixture of 600 ppm of IBA and three micrograms of 

kinetin. Kin©tin alone did not have any effect on the number 

of roots* iBA had some influence on the niaaber of roots pro-* 

duced. Concentrations above 200 and 1|.00 ppm of IBA did not 

further inereas© the number of roots* OJhe highest datum 

point, according to Figure 1, is found when the application 

of kinetin was two micrograms and IBA was at i{.DO ppm levels* 
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With Chrysanthemums (Figure 2) the minimum number of 

roots occurred on the untreated cuttings and the masiraum num 

ber on cuttings treated i-jlth either of txfo or three micro-

grams of klnetin and ij.00 ppm of IBA* fhe root count curve 

for cuttings treated with ISA alone rises significantly up 

to a range of i^OO Similarly, the curve for Mnetin 

treatment also tends to rise to one microgram level and then 

runs parallel to the base lines, The.data do not represent 

any interaction effect due to the combinations of IBA and 

kinetin, but the most effective range of concentration ac 

cording to Figure 2 seems to be ij.00 ppm for IBA,and two 

micrograms for kinetin when treated as a mixture. 

The second set of experiments was with the use of dif 

ferent concentrations set on a logarithmic scale. Almost all 

curves for root counts are parallel to each ether and show no 

significant increase in the total root counts due to either 

substance alone. The root counts t^ere significantly in 

creased for a combination of 5^5 PPm of hnd 2,08 micro-

graras of kinetin, 

Sirailar treatments with ehrysanthemum cuttings show an 

increase in the total number of roots due to IBA alone up to 

a concentration of 505 ppm, Kinetin was found to have no in 

fluence upon the number of roots (Figure i}.). The maximum 

number of roots was produced when IBA was used at 505 Ppm and 

kinetin at l,i|.l4- micrograms, The data do not show any 
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interaction between kinetin and IBA, 

The next four illustrations (Figures 5 to 8) shovi the 

weight of roots produced for each set of cuttings treated 

alike. With Sultana cuttings there is significant increase 

in root weight whan the cuttings were treated with kinetin 

alone at low concentrations* High concentrations of kinetin, 

as x^ell as IBA, tended to decrease the weight of roots pro 

duced, The weight of roots was least at concentrations of 

8G0 ppm of IBA and three micrograras of kinetin* The maximum 

weight of roots was produced by cuttings treated with one and 

two micrograms of kinetin and ij.00 ppm of IBA, This is shown 

in Figure 5« The data do not show any interaction between 

these chemicals* 

For Chrysanthemum (Figure 6) there was no significant 

increase of weight due to treatment with either IBA or kin 

etin, The minimum weight of roots was produced by control 

plants and the raaxiimm root weight was measured for those 

cuttings receiving a treatment viith I4.OO ppm of IBA and three 

micrograms of kinetin* 

Hsing the second series of concentrations, the maximum 

weights of the roots vjere obtained on Sultana xvhen it was 

treated with 318 ppm of IBA and l.i|ij. micrograms of kinetin* 

Apparently IBA within the range of 318-505 PP® together with 

kinetin at levels of l.ij.Ii.-2.08 micrograms provides the satis 

factory concentrations for producing heavy weight* The 

https://l.ij.Ii.-2.08
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minimuiK root weiglat was found for cuttings treated with 600 

ppm of IBA and three micrograms of kinetin®. The data do not 

show:any interaction hetxrjeen these chemicals# 

For Chrysanthemum, kinetin itself was found to have 

no influence, whereas IBA seems to be effective for increas 

ing root weight ̂ ^p,to 3QS ppm. Maximum root weight produced 

was found to be in the same range as for the cuttings of , 

Sultana, The cuttings produced the least root v;eight when 

treated with maximum concentrations of these chemicals* 

11, DISG0SSIOH 

, . li^ith,the .Sultana cuttings it, -was found that IBA^ was 

effective at various concentrations ranging from 2G0 to 5^5 

ppm. An increas© in concentration did not give a proportion 

ate increase in the number of roots produced* For cuttings 

of Chrysanthemum the most effective range of IBA was foimd 

to be the same as for S^^ltana, Plants treated, with 80Q ppm 

of IBA produced at least as many roots as when no IBA was 

applied, 

Klnetin does not increase the number of roots produced 

by Sultana, There were apparently a few more roots produced 

by Chrysanthemum as the dosage rate of kin©tin was increased. 

This, hovmver, does not seem significant. 

The weight of roots obtained for Sultana cuttings 

shows that kinetin does have an influence on Increasing the 
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weight of roots. In the case of Sultana cuttings, the max-

Itoubi weights of roots were for those cuttings that produced 

the maximum numhe.r- of roots} but the weights of roots were 

not unifoi^ so as to give an increased root weight in propor 

tion to increased root numbers, 2his x-iras true of Ghrysanthe-

mum, too, 

Ihere appears to have been an interaction between 

teinetin and ISA when mixtures of these chemicals wore applied. 

Low concentrations of kinetin (1-'2,Q8 micrograma) in combina 

tion with effective ranges of ISA (200-505 ppm) tend to pro 

duce the maximum ntimber of roots within a given time^ 

Furthermore, an increase in the xjeight of roots produced 

more uniform rooting and the emergence of roots from a greater 

area of stem tissue was observed* fhe two chemicals appear 

to function in such a way as to cimpliment each other* The 

use of high concentrations of kinetin (three mlcrograras) in 

combination with high concentration of IBA (800 ppm) had a 

tendency to reduce the total number of roots produced in the 

case of Sultana cuttings* This is suggestive of a possible 

inhibitive interaction of the chemicals, when applied above 

a range of 5o5 ppra of IBA and three micrograma of kinetin. 

Neither the root counts nor the root weights for Ghrysantho-

raura cuttings shox'ied much interaction response* The data 

suggest that a concentration of kinetin up to three micro-

grams in a mixture will not exert any inhibitive influence 
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on treatment with the cuttings of Chrysanthemum, Ihe stem 

tis.suas of Chrysantherauim are much less open to absorption of 

materials in solution than those of, Sultana, It is possible 

that the Chrysanthemum did not absorb as much of the kinetin 

.solution (three micrograms) as did the Sultsria and so showed 

the least injury* , 



CHAPTER V 

SUWlRY 

As a concept, the idea of plant hormones or growth 

regulating substances budded in science with the publication 

of Darwin's'Power _of Movement in Plants, Since then start 

ling advances have been made, lAA, IBA, and MAA are some of 

the best known chemicals for inducing cell elongation. 

Kiiietin is another chemical knoian for the ability to induce 

cell division, 

The object of this study is to understand the effect 

of IBA and kinetin upon rooting of cuttings when treated 

individually and in mixtures, Further, it tirill enable one 

to understand the other possible responses of the treated 

cuttings. 

An auxin is an organic substance which promotes growth 

along the longitudinal axis when applied in low concentra-^ 

tions to sheets of plants freed as far as practicable from 

their own Inherent growth promoting substances, IBA is an 

auxin, Slnins are substances capable of stimulating cyto 

kinesis when applied in very low concentrations, Kinetin is 

a specific kinin. 

There are several theories explaining the mechanism 

of auxin actions. Hone of these theories has been proved yet. 

The mechanism of auxin action remains unsolved. The means by 



� � � � � 

�

ifhicil the auxin may bring ceil enlargement is being hotly 

debated betx^een those t^ho feel that the action is primarily 

based upon the eytoplaamic uptake of xiater and those who 

feel that it is principally'based upon the growth of ceil 

wall,,' " i'' 

Auxins .can be treated to cuttings in lanolin paste by 

dipping in dilute or concentrated solutions of auxins, as 

dust application using talc or coal as a carrier, and by 

spraying on mother plants before the cuttings are taken. 

Some of the important factors governing the ability 

of cuttings to root are the age of the plant, age of cuttings, 

season In which the cuttings have been talcen, the nucaber of 

leaves retained on cuttings, and the environment provided for 

the cuttings to root. 

On reviewing the several experiments conducted by 

numerous workers using different grovjth regulating substances 

on cuttings, as relatively dilute solutions (l-80 mgm/liter), 

as concentrated solutions {1-20 mgm/o«c,), and as powders 

mgm/grara of talc), produce essentially the same root 

ing responses, 

Ihe types of cuttings were selected for this experi 

mental study to include one with soft tissues and quick root 

ing habit (Sultana) and the other x^'ith semi-hard tissues 

(Chrysanthemum) and difficult to root,. IBA and kinetin were 

the growth regulating substances used, Iwo ser-ies of mixtures 



•wet"© p3?epar0d in 50 P©^? cent alcoholic solntions within a 

rciigo of 200 to 800^ ppffi of ISA and one to three rQicrograras 

of kinetln* Th© cuttings were planted on propagation bench 

into a laedluna of perlit© after being treated for not more 

than five seconds in respective mixtures. The observations 

for Sultana were taken tiaelv© days after planting and for 

Chrysanthemum, ti-jenty-five days from planting# 

The root counts taken for Sultana show that ISA had 

some Influence in increasing the number of roots produced. 

It was not effective for increasing the tifeight of roots, 

Kinetin when used alone did not have any influence upon the 

number of roots, but it did have an influence on Increasing 

the weight of Sultana foots. The maximum number of roots as 

well as the weight of roots was found with those cuttings 

treated with mixtures of these chemicals having the various 

concentrations ranging from 200 to 5^5 ppm of IBA and 

2i08 micrograras of kinetin. High concentrations of these 

chemicals tend to exert inhibitive influences, 

With Chrysanthemum cuttings the use of IBA alone was 

found to be highly effective for increasing the roots pro 

duced, Kinetin individually was ineffective. The most ef 

fective range of these substances when used in mixtures for 

maximum production of roots was the same as for Sultana, 

neither IBA nor kinetin was effective for increasing th© 

weight of roots when applied individually. The maximum weight 



ij.6 

of roots was obsorved on cuttings treated with a mixture of 

1|.00 ppra of iBA and three laicrograms of kinotin* Tissues of 

Chrysanthemum are much less open to absorption of materials 

in solution than those of Sultana. - ' 

There appears to have been an interaction between' ' 

kinetin and IBA'when mixtures of these chemicals are applied. 

Purthermore, an increase in the wei^it of roots, uniformity 

of roots, and emergence of roots froBi a larger area, of the 

stem tiddue were observed. Thus the ehemieals appear to 

function In such a way as to compliment each other. ' 
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WLE I 

HOOT COUi^S FOH SOLTAM^-.OlfTTIiOS 

Indolebutyrlc Acid as 

Kiuetin in Mlc3?o^3;raia 0.0 200 400 8oq' Sura 

0*0 15 12 15 20 62 
32 26 20 25 105 
20 29 5 ' 16 ; 70 
20 30 16 21 87 

Sina 87 99 56 82 324 

1.0 6 20 17 21 64 
10 21 51 22 104 
1? 10 12 18 57 
21 13 17 29 80 

:Sum 54 64 97 90 305 

2.0 14 12 28 20 64 
16 25 49 24 104 
15 7 16 11 57 
17 24 25 18 80 

Sura 62 68 118 73 321 

3.0 10 17 20 6 53 
21 25 23 10 79 
11 21 18 , 15 65 
16 24 27 16 83 

r 

Sum 87 88 .280-M 
Orand Total 261 318 359 292 1230 

TABLB OF VARIAHGE 

Sum of Degrees of 
Source of Variations Squares Freedom Mean Squares 

Total 4391 63 
Variations due to IBA 323 3 107.66 
Variations due to Kinetin 76 3 25»3 
Cuttings treated alike 1450 48 30.2 
Variations due to inter» 

action 1054 . 9 , 117.1.. . . 



 

II 

ROOT COUNTS FOR CHRISMTHEMOIf CUTTIMGS 

In^oisbutyric Acid as 
Parts per Million 

Kinetin in Microi?ram 200 kOO 800 Sum 

Siam 

0*0 
6 
5 
k 
19 

20 
16 
19 

15 
70 

17 
21 . 
22 

2h 
8k 

16 
15 
18 
13 
62 

57 
58 
6k 
56 

235 

Sum 

1*0 26 
22 
19 
17 
8it. 

2k 
19 
22 
18 
83 

20 
16 
21 
22 

79 

16 
15 
18 
13 
62 

8? 
75 
76 
70 
V 308 

2*0 25 22 2k. 17 83 
25 20 25 18 78 
21 25 29 Ik 88 
16 19 32 13 80 

Siira 85 86 110 k9 

3*0 21 18 27 12 15 
20 17 31 10 18 
19 2k 29 Ik 11 
111- 17 26 13 17 

Sum 76 6i7k- 113 32k 

Grand Total 262 386315 23k 1197 

TABLE OF VARIANCE 

Sum of Degree of 
Source of Variations Freedom Mean Squares 

Total 63 
Variation due 'bo IBA, 837.7 3 279.$ 
Variation due to Kinetin 360*2 120.0 
Cuttings treated alike 1876*1 39*1)J 
Variation due to inter 

action 677*2 9 75#a 

330 
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R002 GOimTS FOR SULTAm GRffllGS 

Indolebutyric Acid as 
Parts per Million 

Kinetin in. Mlcrograra 200 318 505 800 Sirni . 

1,0 8 3 7 22 llO 
34 33 17 22 106 
23 14 28 15 ^ 80 
II4 19 29 13 75 

Sipi 79 69 81 72 . 301 

1,144 14 12 13 11 50 
29 18 18 19 84 
114 18 20 11 63 
11 26 12 25 74 

Sum 68 63 6674 271 

2.08 11 18 9 Ik 52 
16 20 19 28 83 
10 17 15 21 63 
21 21 30 .25 97 

Sum . . 58 76 71 88 295 

3,00 11 6 15 21 53 
11 10 16 23 60 
11 17 8 18 54 
28 31 25 13 97 

Sum 61 64 J4 75 Z6k 

Grand !?otal 266 283 281 301 1131 

TifflLl OP PARI4H01 

Sum of Begree of 
Source of Varlationg Sduareg Freedom Hean Squares 

3?otal 63 
Variation due to IBA 38 3 20,2 
Variation due to Einetin 60,7 3 12,8 
Cuttings treated alike 2ij.3*6 5a 
Variations due to inter*-

action ihk*7 3,6,8 
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ROOi? OOtflTS F.OH 0HR¥SilMEMm5 CUfa^IMGS 

Indolebutjric Acid as 
farts ner Million 

Klnetin in Microsram gOQ 13.8 800 SmiWriiiiHiu. 

i*0 19 16 32 8619 
17 19 29 20 85 
22 21 28 17 88: 
20 18 27 20 85 

SIPP; 78 74 116 76 344 

2k 52 32 15' 103 
22 26 30 16 94 
21 28 31 13 93 
25 29 32 17 103 

Sinn 92 115 125 61 393 

2^.08 25. 31 26 19 101 
21^ 26 20 19 86 
18 21 23 17 79 
20 24 27 15 , 86 

Sinn 84 102 96 70 352 

3,00 24 29 16 102 
19 28 24. 19 90 
21 26 23 14 84 
■22 30 28 12 92 

Sinn 86 117 104 61 -ass 
Grand Total 340 408 441 i268 ikST 

TABLE OF VmiAmE 

Sura of Degree of 
Soaree of Variations Freedom Mean Squares 

Total 168£J*5 63 
Variations due to ISA 110: 367*803 
Variations due to Kinetin 81M 3 29.10 
Guttings treated alike, 158^>.7 48 33.50 
Variations due to inter 

action 395.7 9 43*94 
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BOOT VJSiailTS OF SULTAIA GBTTIISS 

inddlebutyric Acid as 
Parts'per Million 

Kinetln In Mic-rdgram 00. , : 200 , iiOO 800 S^im ' 

00 0,236 o,23it 0.269 0,272 1,011 
0,178 0,209 0,212 0,266 ,872 

Sura O.Llii 0,lji}.3 0,^81 . 0,539 1.876 

1,0 0•2ij.8 G,22i}. 0,31|.2 "0,213 1,057 
0,375 0,310 0.371. 0,268 1,327 

Sura 0,623 0.53^^^ 0,716 0,571 2,381 

2.0 0^226 0,2lj,6 0,236 0,268 ♦976 , ,
0,298 0.391 0,352 0,298 1,336

Sura 0,52it 0,637 0,588 0.566 2,315 

3.0 0,239 0.238 0*218 0,012 .737 
0,319 0*29il- 0,18.2 0.210 1.005 

Sura 0,558 0,532 0,100 0,252 1,712 

Grand Total 2,119 2*lii.6 2.,192 1,867 8.317 

TABLE OF VARIAIGE 

Suitt o£ Begreos of 
Soiu?oe of Variations Squares , B'Teedom Mean Squares 

fetal 
Variations due to IBA 0400778 0,00239 
Variations due to Kinetin 0*03793 3 0,01130 
Cuttings treated alilce 0*08630 0,( 

Variations duo to inter-
aetion 0*0^059 0,001^51 
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EOOT OF GHH^SAmiiiEMUif. GmTimB 

IndolebutjE'ie Acid as 
Parts peg Million 

Kinetin in Microgrsm 0.0 200 It-OQ Bxm -
■WH«W>«i«B»gwi«l Hill I' iWU ill i Ji i^',' iili ii»W nai il 

0*0 0.006' 0.292 0.151 0,214-7 0,698 
0,009 0.251!- 0.1611. 0,21li. 0,651 
0.009 0,292 0.2!;2 O,21|.0 0,791 
0.007 0,218 0.257 0.203 0,679 

Sim 0,033 1,056 o.e 0,912 2* 

1*0 0,1 0.399 0,1 0*: 1,379 
0,538 0.198 0.162 0,172 1,070 
0.207 0.361 0,160 0.162 ,890 
0,189 0.221 0,166 0,163 .739 

Sim I.5I4-O 1,179 0,678 0, 5,078 

. 2,0 . 0.1. . 0-,357 0 ml 0.055 1,187
0,398 0,309 0.295 0.051 1,115 
0,210 0.284 0,276 0,056 1.505 
0.131 0.165 0.557 0,051 .193 

sSm I.I28 1.611.2 0,826 0,905 3,900 

3.0 0,396 0.160 0.312 0,125 0.992 
G,i{.12 0,152 0,501 0,150 1,115 
0,285 0,316 0,321 0,128 1.050 
0.171 0.161 0.303. G,l56 .791 

Sum l,26ij. 0,789 1,337 0,558 3,958 

Oa?^d' Sotal 5,066 3,659 31 15.735 

MOB OP I^ARIMGE 

Sim of Degrees of 
Sourde of Variations Sauares ,Freedom Mean Squares 

^otai 1.0757 63 
Variation due to IBA 0,0319 3 0,0106 
Variation due to Einetin 0,0621 3 0,0207 
Cuttings treated alike 0,5750 58 0,0990 
Variation due to inter 

action 0,3810 9 0,0523 
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•BABLB VII 

ROOT Xffi-IGHTS OF SULTAM CUTSItGS 

Indolislj'utjric Aoid as 
Parts per' 

Kinetln in Mlcrogram 200 318'" ' ^0^ 800"' S\an 

Sura 

0,0 0*216 
0.225 

0,414.1 

0*3i|.2 
0.3i|2 

0*664 

0*296 
0.liit2 

0.788 

0*3l|2 1, 
0475 X.53ii. 

0*817 2,730 

Sum 

1.44 0.202 0.301 
0.125 0*571 

0,327 0.872 

0.276 
0.413 

0.689 

0,251 
0.302 

0.553 

1*030 
l.ijai 

2.441 

2.08 0,178 
0.241 

0.253 
0,286 

0,344 0,401 
0*462 0,371 

1,176 
1*360 

Sum . 0,419 0*539 0,806 0,772 2,536 

3,00 0,246 
0,178 

0.283 0,441 0,423 1,393 
0,496 0,315 0,114 

Sum 0,424 0,779 0,756 0.537 2.496 

Grand Total 1,611 2,874 3.039 2*679 10.203 

■fABIB OF VARIAIGB 

Source of Variations 
Sura of 
Scfuare s 

Degrees of 
Freedom Mean Squares 

Total 0,3940 31 
Variation due to IBA 0,1531 3 ■ 0*0510 
Variation due to Kinetin 0,0103 3 0,0031 
Cuttings treated alike 0,2224 16 0,0139 
Variation due to inter 

action 0,0590 9 0,0038 
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3L3 VIII 

ROOI WBIGHia OF GHRISAM>HEMOH GOICTG-S 

Indolebiityric ileid as 
Farts per Million 

Itinetin in Microp;ram 200 316 505 800 . S\Hn 

1.0 0,295 0,214.2 0,518 0.161 1,296 
0,263 0,251 0,i}.27 0.192 1,153 

. 0,3l!-6 0,23l|- 0,441 0,172 1.193 
0,351 0,21|.6 0,462 0,188 1,iii67 

Sxaia 1,275 0,973 1.928 0,733 I1..909 

1,1^1}. 0,311 0,534 0.566 0,176 1,607 
0,2911- 0,507 0,574 0,166 1,541 

" 0,310 0,491 0,584 0,161 1.546 
0,360 0,512 0,586 0,171 1,629 

Sum 1,275 2,044 2,330 0,674 6,323 

2,08 0,5i}.l 0,469 0,494 0.212 1,715 
0,28Ii. 0.412 0,367 0,232 1,295 
0,291 0,382 0,458 0*201 1,332 
0.286 0,391 0.501 0,198 1,376 

Sura I.I1O2 1,653 1,820 0,843 5*718 

3*00 G,li68 0,662 0,274 0,131 1,553 
0,321 0,462 0,281 0,141 1,205 

'• 0,386 0,566 0.197 0.136 1.285 
0,371 0,681 0.204 0*128 1*384 

Sura 1,666 2,371 0.956 0.536 5.ij.29 

jGrand Total 5,518 7,041 7*034 2,786 22,379

lABLS 0F VARIikHCE 

Sum of Degrees of 
Source of Variations Squares Freedom Mean Squares 

3?otal 63 
Variations due to IBA 0*7U90 3 0,2i}.90 
Variations due to Einetin 0,0590 3 0*0190 
Cuttings treated alike 1^O$L0 Ij.8 0,0220 
Variations due to inter 

action 0, 0,027i}. 
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