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CHAPTER I

INTRODUCTION

Not only is the growth of plants ﬁepandent on environ—
mental circumstances, on the mlneral material Laken up ffom
‘the soil, and sucn primary anabolie procauses as photoaynthe-

sls, but it is a?so regulated by the 1nteractlcn of particular

r,

organic substances withln cells. - The 1ntegration of activ1~
t¢es of one part w1th others ig ach;eved ln 1awge measure
bhreugh th@ synuhesis, transpart and utxllzat¢oa of speciflc
indivmdual chemical messenger substances--the pland growth
regnlators and enzymes,

As a concept,; the idea of plant hormones appears on

the horizon with the publication of The Power of Movement in
Plankts by Charles Darwin in 1880, Since then, startling ad-
vances have been made, The substences involved are called
auxins, hormones or growth fegulators. Experiments by numer-
ous workers in the field ied finally to bofaﬁical, agricule
tural, and horticultural apblic&ticns of these chemicals
o).

The group of chemicals best known as growth regulators

which have attained popularity at the beginuing, as an aid

#Numbers in parentheses indicate the corresponding
number of reference in the Bibliography.



for the rooting of cuttingé, are indole compounds such as
beta~indoleacetbic acid, beta-indolebutyric aclid, naphthalene
compounds such as alphe-naphthalene #dcetic aclid and 1ts de=-
rivatives. :These'haVe a"functioniéf induCihg‘éellvelohgétion¢
quﬁﬁsr‘kihd bf material which affécts‘thevgrowth of' plants
is,kiniﬁ; an'eﬁample‘owahiéh ié'kinetin wiﬁh.afdefinéd -
property of encbﬁraging‘éellvdivision. |

| ' The use of these:plant:gfawth regﬁlaﬁing'substahéés‘
a§ an aid in ﬁhé rooting bf”cﬁttings has been explored by
many of the leading se¢ientists. The enviromments under which
ﬁhe-cuttings ave rooted have bécome almost stabilized thirough
the efforts of numerous workers. Several gspecies of plants
have responded well to tréatment with growth pfomoting sub~
stances under controlled eﬁvir@nment; There are still many
piants which do not respond to these treatments,

The object of this study is to understand what effect
the interaction of indolebutyric acid' and kinebin would have
on the rooting of cuttings. If an interaction should show
up if’might provide a clué for methods of indﬁcing roots on
cuttihgs wnich are difficult to root. In some cases; as
noticed in tobacco pith tissue, kinetin increases callus
formation end rooting from éellus tissue 1s someétimes easier

than from more differentiated tissues '




GHAPTER IX

LITERATURE REVIEW

Vegetative propagation, of desirable plants has been
pfactised_by<man for countlessg centuries, Documented svidence

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

.. Theophrasbus about 300 B.C. The present day knowledge of
vegetative propagation has increased considerably with the
regsearch of the past two decades and new techniques are aow
.,finding their wa& into general. practice., The modérn period
of studies on vegetvative propagation began with attempts to
correlate the internal physiological condition of the stem

. with readiness to root, This led to studies on the effect of
chemical subsbtances on rooving., Savera; substances such as
sugars, pobassium permangaﬁate and so on have been applied to
. stem cuttings with the object of aiding rooting, either ﬁy
providing nuibrients or sterile conditlons at the basge ol cube
tings, but due to the highly variable resulis they cannot be

used advantageously (3).
I. AUXINS

The different chemicals which control or regulate the
. phenomenon of growth have been called plant hormones, auxing
or growth regulating substancess Of the many different groups

studied, one in particular, the auxins, are of special interest
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for & variety of reasons, The auxing were not only the first

to be discovered, but also the one for which the largest
regulatory duties in'plamﬁé has been diSCOVered.

In keeping with the original intent of the term, auxin
will be used to refer %o “an organic substance which prometes
growith along: the longltudinal axis, when applied: in Xow con-~.
centrations to shoots of plants freed as far as practicable
from their oun inherent growth promoting subsbances® (29).
Auxins are involved in-the'contfolléfistem growth, root growth,
lateral bud inhibition, abscissién of leaves, frults, and-
frult growbth., -In all, some twenty differeant physlological
activities in plants are known to be more or less controlled
by suxin setions (L3). It now appesrs that auxin "a" should
be classified as a hbrmohe, Since hornmones are defined as
Tsubsbances which produced in any one part of an organism,
are transferred to other parts and there influence specifie
physiological process.” It is evident from this definition. -
vhat chemicals praducea exclusively in laboratories,; or such
compounds as sugars and amino acids, are not within the defi-
nition of hormones (2G).

The search for an aétual growbin hormone in planfs led
to the isolation of the first pure active compound, not &as
the indigenous active hormone, but rather a&s an ingredient of
such miscellaneous biologlcal waterials as urlne, corn oll,

and malt oxtract. The definite discovery of auxin was made



. by Went in 1928, as stabed by Bonner. and- Galston. .
| . He extracted‘the growth promotlug substance present in
,Iqat.coleqptile tip, and showed thalt it 18 .a nabursl suxin
.eapable of dlffusing from celeoptile tip to agar .block and
. from agar block back to coleoptile stump (I}, -

The degree of curvature'caused by differential growth
when an agar block conbaining auxin lis placed‘uhilaterally
. on the eut surface of the coleoptile tip is-used as'a neasure
for{the concentration of natural auxin-presené io the plant
. {lh), Composts, leaf mold or other farm yard organic manures
bﬁere knoun to possess the proper growth promoting ability
very esarly. The realization of this fact finally led to the
isolation of indoleacebtic acid (IAA) from urine. Xogl and
Hagen Smit were the piloneer workers in the field. Following
the discovery of IAA, several other chemical substances cap=

able of regulating the various plent processes were brought

-, %0 1light, The group of chemicals best known as root inducing

substances are indole compounds such as beta~indoleacetic.
acid, beta-indolebutyric acids, and naphthalene compounds

such as alpha-naphthalene acetic acid (43).
IT. EKININS

The twin aspects ol growbh, the cell multiplication
and cell enlargement, are commonly treated separately. as

though they are subjected to distinet stimuli and controlling
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factors,  However, cells divide first and then they enlargé.

These two processes merge into one another,  Frequently en=
larging or highly vacuolated. cells divide and growth is by
no means. as .confined to organized growing reglons.ag it is
often supposed to be, The more recently emphasized stimuli
to celi division have been btermed "kinins™ (13}. . .-

A gubstance which markedly promotes.cell division in
vérious plant,tissug cultures, at concentrations as low as
one mic¢rogram per c.c. of solution, has been isolated la pure
form from heated dsoxyribonuclelc acld preparations, It has
been shown to be similar to 6«furfuralamine pruine. The spe-
clific.name kinetin has been applied for this substance and
the generlc term kinin is suggested for any substance which
gimilarly stimulates eytokinesis (13).

. The liguid endosperm of .coconut has been recognized as
a8 potent source of sbimuli which effect growth and morpho=-
genesis in the immature embryo,  However, the responsible
growth promoting substance may accumulate precociously in the
endosperm in advance tb embryo devélopment, This line of
thought led to the isolation of kineting from coconut milk,
From several hundred gallons of cocomut milk Shamntz and Stew~
grd obtained a crystaline'compound which they identifled as
l=3~di-phenylurea, This subsbance is active only when spplied
with Casein hydrolysate. Warm water exbtracts made from lme-

mature corn fruits uwere also found to be effective as kinetin,


https://kineti.ns
https://supposed.to

. A third substance 1s an exiract from the imnermost layer of

the fleshy ?ericarp.of the banana. fruit (38).
ITT. MECHANISM OF ACTION OF AUXINS AND KINTNS

The formation of root ﬁeristem constitutes one portion
of the aevelopment of . a plen® embryc from a fertilized ovules
The root. primordia may also arise a2t other locations and for
the formation. of these adventitious roots on leaves, stems,
roots, or such.unﬁsualzlocations, it must be preceded by the
development of an orgenized root meristem (18).. Applicabion
of auxin will result in the formation of réot primordia,

- These primordia first appear ag areas of merisbematic actlvity
often in the pericycle of herbaceous stems or in the phloom
parenchyma of woody stems, Accompanying conbtinued cell divi-
siong,  these meristematic reglons bscome organized finally

to a recognizable root meristem,

Of the nuﬁ@rnus effects known %o be produced by auxin,
only one class, the promotion of cell elongation, has been at
all intensively studied with respect to mechanism of auxin
actions Butbt there is a-peséible miltiplicity of suxin action
and it is difficult to separate the vearious effects from cell
-elongetion. The various effects of auxin may be in the form
of increased cell wall plasticity, increased water uptake,
and altered protoplasmic streaming (20). During the past

twenty-Live years many extremely interesting facts have been
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set forith bearing on the mechanism of auxin action. Some of
them will be discusged in the following paragraphs.

AOne,hypotﬁasis egbout the formation of root primordie,
when the suxin is applied on a cubting, is that the auxin
~ Interacts with a second materiel Xmown as "Phizocaline,¥ re-
sulting in the formatiqn of roots, Although auxin, brings
about growth actlvity, it is the presence of Phlzacoline
which directs the activity aleng the specific pathway of root
formation. Bvidence for this view is tha fact that auxin ap-
plication to a stem cutiting results in the loss by the cub-
ting of the power to form additional roots in response %o
further auxin treatment. Thus when the base of a .cutting is
treated with auzxin, the treated base will ultimately Torm
roots.. If the treated base ls excised from non-treated por-
tion, there will be no rhizocaline left for further root
formation (5, hl; and 42)s The hypothetical rhizocaline
would appeér also to bé more;cr less equally distributed
through the stems., The stems of many species of plants lack
entirely the ability to produce root primordia in response %o
auzin treatment, According to the rhizocalline hypothesis, .
we would say that the stems of such plants lack rhilzocallne,

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 aboutb

dissociation of the protein constiﬁnehts of the cytoplasm,
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The dissociation effect would:increase wabter permeabllity, .

incraaée the osmotic nature of the cytoplasm, and possibly
-alsgo ‘bring about increased enzymatic activity. Consequenily,
a:great deal -of ettention hasnbeen-given to the water upltake
mechanism as & possible means of describing growth in its .
simplest form. The upteke of water could be duse to changes
in?cytoplasm itself, especlially changes in osmotic value, or
it could.be due to changes in properties: of the wall and the
cell membranes, partlcularly. with respect to extensibility
and?parmeability,- fach of these two factors in water uptake
has been defended as a éossible mechanism through which auxin
may bring about growth (30 and 6], '

Audug describes the work of Dubch scientist Vanderbeck
who made the {irst extensive investigation about the role of
internal factors in the rooting of cubtings., HHe demonstrated
.that in currant, willow, and grape the presence of developing
buds was a prevequisite for rooting and that the intensity of
reot production was directly related to the rate of bud devel-
opment. OCubtings with dormant buds fail to root even under
the most favorable conditions; - but in spring when the buds
renew their activity, rooting occurs. The removal of & ring
of bark from a short sectidn of the stem below the buds also
prevented voobing. He explalned the phenomenon as the forma-
tion of e hormone or hormones in the developing buds and ibs

conduction in the bark to the base of the cubtting where 1t
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JAnitiates vrooting (1). This work was subsequently extended
by several others to show that leaves were also a source of
this hormone,

It is,known to horticulturists that the presence of

. leaves on cubtings greatly increases the chances of roob

formation. Experiments with hibiscus cuttings have shown

that without auxin treatment and wiihout leaves, no roots

. were formed.. Without auxin treatment an increase of the
number oftleaves left on the cuttings is also ineffective for
root formetion. When auxin treatment was. given to leafy cub-
‘tings roots were formed in proportion te the number of leaves
. present on the stem, . Leaves, then, provide some factors which
together with auxin cause root formation, In order to inveg-
tigate the co-~factors conbtributed by leaves, several substeances
like sugar and ammonlum sulphate, were tried and it was found
that & combination oi the above . substances will act like one
of the leaf hormonesy Since ammonium sulphate camnot be.
present in the leaves, the search for a more likely substance
was lzunched, It was found that arginine wmet these require~
ments. Since both arglnine and sugév are natural constituents
of plants, 1t seems reasonable to asmime that one of the func-
tions of the leaf 1s to provide cubttings with these compounds,
which then together with auxin cause the root Lormations Cut-
tings of wmany kinds have responded %o auxin treatment, yet

“many have not. The reason for the fallure 1s not known. I%
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would seem that. auxin will be active. only when co=factor rew

. gquirements are satisfied (1j0).

Linsor and Keindls conducted a series of experiments
with aleoholic extracts of different plents to gtudy the ef-

fect of -auxins In the regulation of growth.  They postulated

that the. auxins are being absorbed by molecules of the living

subgtance, It is assumed that there are spsaces that can be
oceupied by.the molecules of the growith. regulator. Thlis means
that the molecule of the growth regulabtor has a certain af- -
finlty for a certain “space.”. The hypobhesis postulabes two:
Lypes of .spaces. The first type.filled by growth promoting .
subgbances, resulting in increased.growth, and the. second. one
£illed by .growth inkibiting substances, resulting in the in-
hibition of growth (32).
| . Terry, while studying the effect of  indoleacetic acid
on pea stem for inducing the adventitious roobts, explicitly
essumed the existence of an unkuown substance in the plant
organism which interacts with the applied auxin to Induce
roots, . He states that normally this unknown.substance is
transported acropebally and consumed, AL the time of root
formation, it will be accumulated (7 and 39).

In conclusion, it may be sald that the mechanism of
auxin aétion remains unsolved, but a varlety of promising
lines of evidence seem to be emerging. Auxlin has been found

to react with.some proteinaceous material in a menner which


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

of how auxin may react with 1ts receptor compound has come
from kinetic studiesy, as well as & pilcture of the means by
which other compounds may alter auxin -action. .The means by
which auxin may finally bring. about cell elongation ls belng

hotly debated between those who feel thet the action ls prin-

 cipally based upon the cybtoplasmic uptake of water and.those

who feel that 1t is principally based uwpon the growth of The

cell wall. The clarification of this importent problem will
" not only be extremely Interesting, but no doubt will greatly

. aceelerate the advance of practical and theoretical kunowledge

of auxins and growbh (20 snd 30).:

Kinebin at all levels was tesbted for the promoition of

- cell division snd this hss been verifled by anatomical sec-

tions. The effects were particularly striking with tobacco
pith tissue. The conbrol culbures without kinetin showed no
cell division. Fromotion of cell multiplication was ohserved
with asg little as 1 microgram per c.c. of this substance,

The sunflower hypocotyl was tested in sulbable media
for the multiple auxin activity wuch as root initietion and
cell elongation with auxin and kinetin. In the absence of
auxins; kinetin produced a sipgnificant increase in the fresh
and dry welght of the fragments under study, but 1t was found

that kinetin did not induce the initiation of adventitious

_yoots in these fragments (3l snd 36).
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IV, METHODS OF AUXIN APPLICATION

Lanolin paste methsd. Lanolin is & soft fat which

wlll dlSSOlve auglns. It hds been used by many experlmenters
for appllcdﬁiOP to varlous nlant orgaas. &he paute when ap-
plled to the basa of uhe cuttlng sticks flrmly to ib.‘ It

does pot dry out 1mmed1ate?y und merely malntalns a reason~‘”
able constant concentratlon of the aux1n in contaot W1th the
treated portlong Lanolln LS without elPect as s roct 1nduc—
ing substance.l IBA and NAA usually dissolved in it are at

concentrationq ranglng from 0,01 to 0 05 per cent (1).

‘Dilute solution method., This 1s one of the earliest

methods of applicatlion: Concenbtrated stock solutions of the
auxin are. first made up in 95 per cent alcohol and then di-
luted to the appropriate strength in water. Concentrations
ranging from 0,00% to 0,01 per cent are usually employed,
depending on the specles chosens The basal end of the cute
ping is izmersed for about twenty to twenty-four hours in
order that the required amount of auxin should be taken up.
This period of immersion will naturally vary with the type of
cutting and more praticularly wlth. the envirommental condi-
tion during the period of soalting., In the case of leafly cutv-~
tings;.the smount of.auxin taken up will depend upon the
smount of water ebsorbed, Thié in turn will be controlled by

the amount of water lost by transpiration, a process which




increases with the dryness of the abmosphere, Thus, under
warm dry conditions excess auxin may be absorbed which will
eventually result in toxici%y. Hence, during the soaking
perlo& it is saflest to keep these cuttlngs in a humid atmos~
phere, TFor 1eafy cuttings of woody species, one to two hours
- of soaking with a 0,01 per cent solution or ten to twepty-
four hours of soaking with a 0,005 per cent saLut;on repre=~

sents this type of treatment (15 and 1).-

Goncentrated solution dip method. This method qf'ap~
plicabion is rapidly gaining the favor of propagators. The
auxin solution is made up in 50 per cent ethyl alcohel., The
concentration uéually employed for woody plants is about 1
pérvcent, This ﬁay vary uhdér séveral conditions which will
be mentioned in the following pages, Cﬁttings, preferably
tied in small bundles, may be dipped to a éepth of about one
inch for one to five seconds. In such a short time only &
very thin layer of auxin will be covering the.baéeg The cut«

tings can be planbed immediatelﬁ (B)e

Dust method. Dust method essentially consists of ap-

plying to the base of the cuttingva fine inert powder contain-
ing a small admixture of the solid suxins, Tale, clay, or
Tinely powdered charcoal are most commonly used, snd the

- order of concehtration is 0,02 to 0,1 per cent Tor herbaceous

cubtbings and five times higher for hardwood cubtingss Dust
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nizxtures are made by two methods, One is to grind the suxin
crystals to & very fine powdef and then mix them thoroughly
with the carrier., This reqﬁipes great care to insure a uni-
form mixtures 4 better way is to soak the carrier thoroughly
in an.alcoholic solution of +the active éubstance'in suitable
concentration, The alcohol is then dried.off and the carrier
la reground if necesséryy

Treatment itgelf consists of moistening the basal
hal? to one inch end of the cubtings with water and then
rolling it in the powder. The excess material sticking on
thé cut%ing should be removed before planting by shaking it
gently., The'most important disadvantage of the use of dust
msﬁhod is that ths physical properties of the carrier can
greatly infiuence the effectiveness of the active compound
ané diffefent carriers may cause widely different responses
in fhe seme plant even with the seme concentrations (33 and

37}

Spray technigue. Some success has been obtained by

spraying leaves with dilute aqueous solution of auxins. This
treatment has beeﬁ'applied both to the mother plant before

the removal of the cutting and to the cutting itself after
insertion in the rooting medium. Considerable success with
certain overgreens was obtalned by spraying parent plants
with ten to one hundred parts per million of 2, h} g trichlor-

ophenoxy scetic acid, Outtings taken nine %o fqrty'days
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afbter this spraying showed essentially the same rooding re=
sponse as cubtings treated by the more ususzl methods ountlined

aboVe‘(l);-‘*-"1

Othﬁr methods.. Direct 1nsortlon of auxin crystals

under the bark or into thﬁ base af shoota was eriective, buﬁ
Was more prone to g¢va serious ﬁoxic e¢feets. mhe insertlon
of toothpicks so&ked ?n auxin was also found to be successful.
Ahtempts huve also bean made ta impreve ‘the response by a
segqnd treanment ther & perlod in the rooting medium. SUC
cééé'ﬁés Been claimed for a number of species that are

normally difficult to root.

The'qoncentrated solution dip method seems to be casier
to practise. Cubbings which otherwise show great difficulby
in rooting, such as apple, rhododendron, hemlock, were found
tq be more responsive te this msthod. The alcoholic stock
solution can be prepared easily; large numbers of cubttings
can be treated essily and the itlme required for the treatment
is quite éhort. ‘Solﬁtion dip further enables a2 more uniform
&istbibution, whéreas the uniform ooncentration‘bf a télc |
mixfure‘may nnt be prépared easily. Therefora; 2 given érowﬂn
substance may bring about varylnx results (1). Experiments

ith elliptice cutt¢nbs showed that a concentratlion dip method
of 5.0 mgs/ec.ca, uoaklng for five seconds and a dllute solue

tion dip metnod con51stin5 ol soaking for uwenty~four bours



17

Hwere equally effeetive for the production of the same number

of roobts within the same period (9).. Several experiments

conducted by numerous workers have proved neither beneficial

noy haraful effects in the usge of alcohol for preparing the

. solution. . Furthermore, the dlpping was done with one, flve,

ben, tuwenty, and thirty seconds,  There was slight improve~
meat with & thirty second treatment as . compared with a one
second dip, Maximum production of roots on cubbtings was with

a dip having a five second limit. Apparently 1iktle pre«

. caution is required while dipping in solubions {(37).

V. CULTING AND THi CHOICE OF SHOOT
Nearly any plant organ 1s capable of forming roots.
Stems, léaves; stolons, and roots will do so, 'Stems-afe
usually considered as the ideai structure since they havé

undlfferentiated tissues to permif eaéy differentiatioh of

‘rooi primordia, Auxin treatments do not inérease'the numbey

of'buds'or enhance the growth of buds, In generai it is de-
sirable to have buds aiready'formed on propagatioh piseces
(31)4 | |

& cubting is a detached part of the plant intended to
be placed in the soil or some other medium for the purpose of
developing roobs. The essentials for the rooting of cuttings
are the same as those Tor the germination of seeds, such as

warmth, wmolsture, and oxygen, These essentials bring about a
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chemical change in the stored plant food of the tlssue of the
cqttingg such that the development of roots may take place,

.. The development of adventitious roots may,take,piace.
at nodes, inbterncdes, on roots, tubers, and sven on leaves.
They wmay.arlse in connegtion-with.buds,or independently of .,
buds and may form in both older or younger ‘tissues, However,
they éregoften,initiated.in,the vicinity of the differenti-
ating vascular: tissues of the plant part.  If the plantqpért,

is young, the:adventitious primordium is initizted by & group

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

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

cambium. In Y6ung stems the cells forming the root primordia
are commonly formed from the interfascicular parenchyma, and
in older stems they will arise from the vascular rays,  Often
the seat of the first divisions forming the root primerdia in

stoms is identified as the. pericycle, Such an origin places

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

axls and facilitates the establishment of vascular connection ‘
between the two organs, When a cubting is planted in the

soil having proper conditions for the productien of adventi-
tious roots, the rooting takes place at the préximalgend.&md
the buds.may arise on any parts of the shoots, with/respéét

to leaf axils., In some casés it was found that the buds arise-
ing at the distal end of the culbings were in direct connec-

tion. through the internodes with the roots arising at the
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proximal end (18).

While attempting to grow apple trees by stem cutﬁings,
it was observed by Gerdner snd others, that if the cuttiﬁgs
were taken from one-year old seéedlings very little difficulty
~ was encountered in getting'them rooted. Gutting taken from .
two . to three-year old seédlings.were‘mpre.difficult, Eﬁpsrin
ments were conducted. to test the abillity of fdotingg'ﬁith
cuttings of different ages from plants of the same species
which had grown side by side, or at least under slmilar cone
ditions. The cuttings-within o gpecles were made.ét the game
time and placed in the samé media under simlilar treatmnents.,
The results indicate that every speécies worked with has shoun
better rooting for the cubtings teken from very young seed-
lings than from older tresés, The time required for rooting
was &lso much shorier for those taken from young seedlings.

' The cubtings from one-year old apple trees have rooted within
ten'daysg But one~year old cubtings teken from & growing
branch of an 0ld tree failed to roolt completely. An impor-
tant observation to be considered is thet it is thé age of

the tree from the seed and not from the bud which has much
influence in initiabting the roots. The marked morphologlcal

_ differences which often exist between one-year old and older
geedlings may be expressions of just as pronounced nubtritional
~or anatomical differences wlthin the plent, which in turn

might be responsible for the differences in the rooting
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o The type . of cutting and the aeasons;of:making=the,eufr
tings. depend mostly on the nature of the plant, thetheri‘h.enb-
aceous, dec;dubus tree or shrub, ‘evergreen or conifers, etec..
A8 & general rule, 1eaves,sﬁould,be rebained on basal: pors-
tiOHSJOfuthevéat%ings since 'they . are an importsnt source of ' -
natural:auxin and other rooting factors, :Having taken the.
cut’hings,-»they should be subjected to ideal rooting: condi~
tions. These are. adequaté water supply. to the whole cutting
and:adeduate aeration for the basal portions. The develop~ .-
ment znd growth of young roots are highly susceptible to
oxygen concentration, Suibable diffused light and optimm -
temperature have to be maintained (17).

Experimental work byAKipratrié, Jrs, has showed thab
heeled cuttings of conifers end rhododendron.resppnded'much
better . to. suxin treatment then other types of cubttings.. Lit-
~ %le or no effect was observed with cuttings taken in spring
after the new growth had started or on very young material.
%aken in summer, . The cubttings taken in winter generally .
feiled (27)s

Besides seagonal and anatomical factors there are still
many other factors which influence the rooting abllity of cub-
bings.e Some.may?be more important than others, but because
of variastions within plants it 1s impossible to-sﬁate that

any one factor is the most important in all cases. The most
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favorableftime:to,take soft wood cuttingsuiSjWhgn the leafl
of ths curront year’s wood has begun to ripen, which denotes .

a favorable carbohydrate n;trogen relationship, M ny in~

vestlgators have realized the importance of carbohydrates in

~ the development of rootss Reld has pointed out that a high .

carbohydrate'cbntent'plus,a reasonsble amount of nitrggendus
cdmﬁounds in the tissues was best for rooiing aﬁd for the
production of buds (35). Recent investigations in the United
States of America with'inberrupted migt systems snd high
hunidity in the greenhouse indicates thalt much softer wﬁod

cén be successfully rooted than previously supposeds Such
cuttings are comparatively low in carbohydrates bub the lack
of carbohydrates will be apparently compensated by the greater
photosynthetiec activity of the younger leaves. 4 large num«

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

- facilitate this (21},

It was formerly & common practice by nurserymen in
America to establish stock or stool blocks of common Shrubs
to furnish cutbing wood,. ?1ants in these blocks were cut to
the ground during the spring season. When the new growth was

forced, it was used for propagation. Such cuttings rooted

unifornly end readily, developing into high quality plants.

The sase of roobing of these stool block cubtiings suggests
that such shoots may be somewhat juvenile in character. The

factor of juvenility influences the rooting abllity of



cubtings. Juvenility is & phenomenon associated with the
physiological age of the plant and it is apparent in several
prnamentalcand fruitnplanté {2L).
VI, 'AUXI}‘\ES‘-'—WHEN US;E’D”

oo Cooper and Knowlbon reported. that cubtings of aboub: .
gixteen varieties of grapefruit and sweet and sour oranges
were successfully:rooted by the standard treatment of soaking
the basal ends of the cuttings in agueous soxutiqhs of TAA, -

‘Dip, dust, and sosk methods of applications were. fol-
lowed, . For dipping & solution of ,02 per cent was useds. For
dust dipping one ngm of NAA/gram of tale manufactured by a. .
commercial £imm was used. The treated 1ot showed an increased
rooting. per cutting. Bubt the dust containing NAA was not
found quite effective for lime and lemon. cuttings .(9).

. Further investigations by Cooper reveal that rebreatbe
ments with growth substances will be quite effectlve in ine
ducing roots for species which are 'difficult %to roots On
cuttings. of sweet orange and grepefruit an initlel treatment
of auxins was made with .01l to «05 per cent aqueous solutions
for twenty=four hours., There was no initial response %o such
an initisl treabment except the formation of a callus within
three to four weeks time, It has been found, however, by
rétreating these cuttings aﬁ varying periods after the initisel

treabment, roots were Tommed. In another experiment, with



23
: Hamlin,sweet orange cuttings{ the‘untreated lots produced no
L»rootsleven after 8ix weeks in a propegatlion frame. ‘Cﬁttings,
'iniﬁially tfgatad with 02 per cent of IAA produced one %o
two roots and éuttings retreated about three weeks alfter the
initiai ﬁﬁeatment produced three to sizx raots giz). 'The use
'qf IRA in the'propoétion‘qf one in two thousand harﬁs-of pure
_'laﬁ51in was found to be quite effective fqr iﬁduciﬁg,roots
on'tée éuttings of Eureka leﬁona The hormone tfeétmen? not
only caused produétion.of-rqp%s on éuttings with leaves, but
algb induced roots on cuttings without leaves; vwhile on c6n~
trols without leaves, no roots were formed (11),

GhaGWiqh and Kiplinger dasbribg the effect of IBA on
the cuttings of Cornus florida variety ruba, the red flower-
ing dogwood. The treatment consists of soaklng the basal
portions of the cubtings in an aqueous solution of 1 mgm/100
csCs Ffor twenty-four hours. The temperature was mainbained ‘
_at about 70° to ThOF. and the relative humidity in the green-
house was about 60 to 80 per cent. The treated cubbings .
showed up to 90 per cent of rooting, within six weeks, and
the untrested ones rooted little (Ll).

Cuttings of different types of roges responded well to
treatment with IBA, Larger root sydtems, uniform stand, and
a higher percenﬁég@ of rooted éut%ings were induced byAthe
application of auxine. Two mgm/gram of powder worked well on

cuttings of most varieties of roses., Solution troatments of
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1725,mgm to & mgn per liter for twenbtby-four hours were
equally effective, ' Anobher observation in this experiment -
was -that NAAL and TAA wers not es’ effective ag IBA, Tempera-
tures below 60°F. decreased the effectlveness of IBA, -The -
treated Guttingé performed nonmally,in‘eVery'reépapt when -
grown and compared with grafted plants or with the plants '~
grown from cutitings not treated (28).-

Hitchcock and Sirmerman undertook an extensivévstudy
to find out the effect of auxin mixtures when applied to the
cutvings. Thelr observations and results will be dealt with
in the fellowing discussion,

In one of the principal experimenbts three tale mixe
tures of two dif ferent substznces (IBA~NAA, IBA-IAA, and - -
IAA-NAA) were used in five differenéAproportions, viz., 0:100,
25:75, 50150, 75:0, and 100:0. Three different councentrations,
2, 5, and 12 mg/gram, were mixed in the above proporiions for
the experiment, These preparations were applie& on the same
day to cubttings of Chrysanthemum, Buyonymus, Hiblscus, and
Ligustrum, NAA alone induced about - twenty-seven roots. The
mixbures of ‘IAL and NAA (25:75, 50150, and 75:25) gave values
intermediate between four and twenty-seven and agpproximaltely
proportional to the relative activities of the materials tesbed,
Similar resulits were obtained wibth IBA«NAA wmixbtures,  The seme
mixtures of IBA<IAA show the two substances to be equally

active in Ligustrum. Although IBA was slightly more effective
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than IAA, the gquantitative difference is suall and hencé mixe

- tures of these two substances in any properiion are of equal

actbivity,

Roo%s counts for Euonymus, Hibiscus and Chrysanthemum
show essentially the same’treﬁds ag those deScfibéd_fo$ Liguse
trum, with one exceptlon. IBA was consideraﬁiy“mafe effective
than TAA, Consequently; in ell three of the mixbures the
activity veried aeccording to the proportions‘oflthe two sub-
gstances so that increasing the propoertion oflﬁhe most active
substance caused an increase in the effectiveness of the mix-
tureé.

Mixtures of equal parts of IAA, IBA, and NAA (50325325},
making a total of 5 mg/grem of root induéing substanéas Were

applied to Huonmyrus, Hibiscus, Ligustrum, snd Taxus cuttings.

- In all cases the mixbtureés were used at the s eme concentration.

With Taxus NAA proved most effective., Mixture of IBA and IAA
with NAA produced root counts proportionate to the amount of
NAA in the mixture.

When successive treatments of Hibiscus cuttings were

made with NAA and IBA there was 8 definite predomineting in-

‘fluence of the preparation first applied. Bach og the two

root inducing substances was used in concentration of 0, 2,
and 5, and 12 mgm/gram of talc, When IBA was epplied first
and NAA second, the root counts were ten, tuwenty-sixz, sixty-

one, sud seventyweight for each of the above concentratlons,



‘ 26
- The corresponding vatues for the IBA as a gscond application
was 2, 12, L2, and 50, respectively., Howevery the fwo prep-
arations applied successively did not act the ssme as mix-
tures since the order of applicatiOHVactually'influenced*the
total number of roots produced, ALl these observations sup-
port the basie idea thet the principel action of applied oot
inducing substence occurs within a relatively shert time,

that  is, from & few seconds up to about ﬁwentgéfouflhours,
depending on the method of application. -

Another experiment was with dilute solution mixztures
of the Potassin salts of IBA and IAA, indole propionlc acid,
and phenylenediamine. The mixtures were move effective in' - -
inducing roots than any one substance used alone at the same
concentrations . In the fiveé substance mlxture KIBA consti-
tuted one~third of the total and in a four substance mixtufe,a
one=fourth of the total. It was noted that these concentra-
tions of KIBA were more effective in the presence of other
substances then XIBA alone in concentration of 1, 3.2, and
L0 mgm/cecs, respectively.s

. In addition, anobher experiment varying the concenbra-
tion of one substance while maintainiug the concentration of
a second substance at a constant level was set up. Ho syners.
gilstic effects were noted {23). |

‘The effectiveness of the epplication of auxin varies

from spedles to speciles. Above a cerbain concentration, toxle
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effects may be found, The variations may well be due to the
secondary properties such as ease of penetration of the mole-
cules and the speed of conduction within the plant,

IAA, in contrast to what might be expected of it as a
naturalAauxin, is not the most suitable compound %o use in
practice. ‘fwo other substances of equal,rootiﬁg activity
(IBA and NAA) are superlior because of their greater chemical
sﬁabili@y and low mobility when applied on tis cuttings‘—\The
former has prolonged action giving better chances of roobing

and the latter the property of being retained nesr its point

" of application., Different compounds react differently, not

only with respect to the quantity but also the quality of the
roots they induce., IBA normally produces few roots which
soon become long and establish a strong fibrous root system.
The phenoxyacetic aclds on the other hend produce dense thick
roots with a bushy root system. Mueh progress has beén
schieved in resulating vigor and general structure of the
root system by using appropriate mixtures of these compounds
since such mixtures will induce roots with intermediate
characteristics,

On reviewing the several experiments discussed above
the use of root growth promoting substances on cuttings as
relatively dilute solutions (1 %o 80 mg/l), as concentrated

soiutions (1 to 20 mg/c.c;), and as pouders (0.5 to 50 mg/g)

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

and form of substence, the kind of carrier or sclvent, and

the specles and age of plant (24). . Tale controls exhibited

better results than nonftreated,controls or theAﬁreatment
with tap water,. In many, not in all, cases the mixtures were
more. éffective bhan any of the Individual substances. A1l
gpecies of cubtings did not respond equally well to given
mixtures, Certain mixtures of IBA and NAA‘were effective ox
either IBA sensitive or NAA sensitive cuttings. Lastly, &
mixture composed of equal parts of two substances were proved
to be as effecbive or mofeneffective than three or four

substance mixtures (23).




CHAPTER ITIT

| MATERIALS AND METHOD OF BEXPERIMENT
.  THEST PLANTS

'?05 ex@ériméntai éufybse’the éléhts'séléctedeefé of

two types. Gne belonos to the genus mgatiens and snecles

'&ultanl, ‘the common name of whlch is bultana.' The onher one

was af the ganus Chrysanthemum, speclas morifollum. @he ‘come

mon names of nhese plants W¢11 be used in the folIOW¢ng dis~
cu331on.'“ | ' N | '

| These plants'#ary'ceﬁsi&éraﬁly in their morphological
and enatomical cheracters. The former one 1s & quick rooting
plant with softer tlssue than the latter one,

The Sultana cuttings were baken from the lateral
branches and not Ifrom the central leader, AllL cuttlngs were
more or less equal in length and diameter, Three or four
loaves on the top were retained at the top of each cutbings
The Chrysanthemum cuttings were taken from the intermediate
portion of brenches so as to avold the top as well as the
bottom of. the porticns of the stem, In other wordé, semil=
hardwood cuttings were selectéd in this case, These cuttings
were also of uniform length and rebained two or three leaves,
The plants from which the cubtings were taken‘ware uﬁ&e?

similer envirommental conditions.
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ITI. GROWIH REGULATING SUBSTANCE X
STOCK SOLUTIONS

The two growth regulating substances used for bthis

particular study were indclebutyric acid (IBA) and kinetin,

The former is an auxin with the function of regulabing cell
elongation and the latter has & function in cell division,
Both were obtained in the crystalline form from commercial
Firms “
Stock S0lutions were prepared in 50 per cent alcohol,
The different concentrations made wp for IBA were 200, 318,
400, 505, end 600 parts per million, In the c¢ase of kinetin,
the concentrations prepared were 1,0, i.&h, 2:08, and 3,00
micrograms per milliliter., Against both the .chemicals 50 per

cent alcohol alone was used for tﬁe coubrol cuttings.
III. 'TREATMENT

Two'sets of mixztures were used for treating ths cutbt=-
tings. The first consisted of 200, 100, and 800‘ppm of IBA
and one, two, and three mierograms of kinebtin other than 50
per cen¥ alcohol alone, The second sét of mixtures contalined
200, 318, 505, and 800 ppm of IBA and 1.0, L.hl, 2,08, and
3.0 micrograms of kinetin respéecitively.

The quick dip method of treatment was foliomed by im=

mersing about an inch of the basal portion of the cuttings
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in the desired concenbration. All cuttings were treated uni-
formly for about four to five seconds before planting theéem

on the bed,
IV, IPROPAGATIGN,BENGH AED_HIST'SYSTEM

The cuttings were set in a clean, coarse, sterilized
medium of Perlite, Care was taken not to force the cuttings
into the medium so as to cause injury to the basal btissues.

The watering was accomplished by an automatic interw
rupted mist system, This is & mechanically controlled dis-
persion of water as very {ine pariicles into the atmosphere
above the propagation bench, This helps not only to increase
the humidity in the greenhouse, but also to keep the surface
of leaveg and sbtems ooﬁstantly covered with a bthin £ilm of

molsture., Another advantage of the mist system is that only

.1ight sﬁading is requilred., IHven when cuttings were exposed

to hipgher light intensity of the summer season, the bissue
temperature seldom rises enough to cause injury. The trans-

piration and respiration rates are also reduced and &t the

Hsame time the exposure to sunlight permits normal photosyne

thesis to function. Food reserves are accumilated and the

| rooting potential is increasedc

Constant misting is not necessary to keep the leaves
covered with a molsture film. The intermittent application

of mist with the spray being turned on at intervals just often
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enough to keep the leaves constantly moist is enough for this
purpose (26 and 16). The interval used was & spray of six
seconds every bthree minutes and this continues during the
daylight hours. The timer mechanism with an electric clock
controls the intermittent automatic mist system, -

Thg corrugated bobbonm of the‘propagationybench'faciliw
teted adequate drainage, The relative humidity was about 62

to 85 per cent during the period. The observations on Sule

" tana were taken twelve days after planting and on Chrysanthe-

mum twenty-five days from planting.




CHAPTER IV
RESULTS AND DISCUSSION

The experiment is deslgned to use three different mix=-

- tures of two different growth regulating substances in pne'

. geries and four different combinations of the éame aubstances

in the other series,; These preparations were applied on fhe

cuttings of Sultana and Chrysanthemum on the same déy.
I, RESULES

Pigures 1 to L show the total number of rbots produced
by each set of cuttings treated elike. Figures 5 to § repre+
sent the corresponding weight in grems of the roots proéuced.
The data for the root counts and root welght appear in Tebles
i to VIII of the Appendix. The curveg for the.root éouhts

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

‘ for'four'cuttings treated alike. With Sultana it was found

that the minimum number of roots appeared on cuttings treabed

with a mixture of 800 ppm of IBA and three micrograms of

kinetin, Kineﬁin,alone did not have any effect on the number
of roots., IBA had some influence on the number of roots pros
duced, Concentrations gbove 200 and L0O ppm of IBA did mnob
fuﬁther increase the number of roots, The highest daéum ,
point, according to Figure 1, 1s found when the application

of kinetin was two miecrograms and IBA was at 1100 ppm levels.
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With Chrysanthemums (Figure 2) the minimum number of
roots occurred on the untreated cuttings and the maximum num-
ber on cutbtings treated with either of two or three micro-
grams of kinetin and L0O ppm of IBA., The root count curve
for cutbings treated with IBA alone rises significantly up
to a range of 40O ppm. similarly, the curve for kinetin
treatment also tends to rise to one microgram level and then
runs parallel ﬁo the base lines. The data do not repyesent
any intersction effect due to the combinations of IBA and
kinetin, but the most effective range of concentration ac-
cording to Pigure 2 seems to be J00 ppm for IBA and twe
micrograms for kinetin when.treated ag a mixbture.

The second set of experiments was with the use of dif-
ferent concentrations set on & logarithmic scale. Almqst all
curves for root counts are parallel to each eobther and show no
significant increase in the tobal root counts due to either
substance alone. The root counts were significantly in-
creased for a combinétiop of 505 ppm of IBA and 2,08 micro-
grams of kinetin,

‘Sinilar treestments with Chrysanthemum euttings show an
increase in the total numbef of roots due to IBA alone up to
a éoneentration of 505 ppri, Kinetin was found to have no in-
fluence upon the number of roots (Figure L)s The ma.ximum
number of roots was produced when IBA was used at 505 ppm and

kinetin at l.hl micrograms. The data do not show any
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Interaction between kinetin and IBA,
The next four illustrations (Pigures 5 to 8) show the

weight of roots produced for each set of cuttings treated

- alike, With Sultana cuttings there is éignificant increase

_ in root weight when the cuttings were treated with kinetin

alone at low concentrations. High concentrations of kinetin,
as well as IBA, tended to éecrease the weight of roots pro-
duced. ‘The weight of roots was least at councentrations of
800 ppm of IBA and three micrograms of kinetin, The maximumn
weight of roobs was produced by cubtings treated with one and
two micregramSvof kinetin snd 40O ppm of IBA, This is shown
in Pigure 5. The data do mot show any interaction between |
theée chemicals.

For Chrysanthemum (Figure 6) there was no significant
inerease of weight due to treatment with either IBA or kin-
etin., The minimum weight of roots was produced by control
plants and the maxirum root welght was measured for those .
cuttings receiving a treatment with LOO ppm of IBA and three
micrograms of kinetin.

Using the second seriles of concentretions, the maximum
wolghts of the roots were obtained on Sultana when it wes
trested with 318 ppm of IBA and l.hly micrograms of kinetin.
Apparently IBA within the renge of 318«505 ppm together with
kinetin at levels of l.Jli«2,08 micrograms provides thé satls-

factory concentrations for producing heavy weights The
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minimum root weight was found for cuttings treated with 500
ppm of IBA and fhree micrograms of kinetin. The data do not
show: any interaction between these chemicals,

.. Por Chrysanthemum, kinetin itself was found to.havé‘
no influence, whereas IBA seems to be effective for increas-
ing root weigh£ up to 505 ppm. Maximum root weight produced
was found t6 be in the same range as for the cubttings of
Sultana, The cuttings produced the least root welight when

treated,with meximum concenbtrations of these chemicals,
II, DISCUSSION

With ths Sultana cubttings it was found that IBA was
effective at various cencenbrations ranging from 200 to 505
ppm. An increase in concentration did not give a proportion-
ate inerease In the mmber of roots produced. For cuttings
of Ghrysanthemﬁm the most effective range of IBA was found
to be the same as for Sulbtana., Plants treated with 800 ppm
of IBA produced at least as meny roots as when no IBA was
applied.

Kingtin does nobt increase the number of roobts produced
by Sultana, There were apparently a few more roots produced
by Chrysanthemum as the dosage rate of kinetin was Increased,
This, however, does not seem significant,

The weight of roots obtained Tor Sultana cuttings

shows thet kinetlin does have an iniluence on increasing the
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welght of roots. 'In the case of Sultana cuttings, the maxe

imum welights of yoots were for those cuttings that produced
the maximum mumber of roots; but the weighbts of roots were
not uniform so as to glve an increased root weight in propor-

tion to increased root numbers, This was true of Chrysanthe-

~ mun, too,.

There appeérs to have been an interaction between . -
kinetin and IBA when mlxitures of these chemicals were applied.
Low concentrations of kinetin (1-2.08 microgrems) in combina-
tion with effective ranges ol IBA (200-505 ppm) tend to pro-
duce the maximum number of roots within a given time,.
Furthermore, an increase in the weight of roots produced
more uniform rooting and the emergence of roots from a greater
area of stem tlssue was observed, Tﬁe two chemicéls appear
to function in such a way as %o cimpliment each other, The
use of high concentrations of kinetin (three micrograms} in
combinetion with high concentration of IBA (800 ppm) had a
tendency to reduce the total number of roots produced in the

case of Sultana cuttlings. This ié_suggestive of & possible

Anhibitive interaction of the chemieals, when applied above

a range of 505 ppm of IBA and three microgrems of kiunetln,
Neither the root counts nor the root weights for Chrysanthe-
mwm cuttings showed much interaction response. The data
suggeast thet a concentration of kinetin up to three miero-

grams in a mixture will not exert any inhibitive Influence
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on treatment with the cuttings of Chrysanthemum, The stem
tissues of Chrysanthemum are much less open to gbsorption of
materials in solution than those of Bultana, It is possible
that vhe Chrysanthemum did not absorb as much of the kinetin
Solution (three microgfams) as did the Sultena and so showed

" the 1easﬁ:injury.d




CHAPTER V
SUMMARY

As a concept, the idea of plant hormones or growih
regulating substences budded in science with the publication

of Darwin's Fower of Movement in Plants. Since then start-

ling advaﬁces heve been madé, I4AR, IBA, and NAA are some of
the best known chemicals for inducing cell elongation,
Kinetin is snobther chemical known for the ability to induce
cell division. !

The objJect of this study is to understand the effeect
of IBA and kinetin upon roofing of cuttings when btreated
individually and in mixtures, Further, 1t will enable one
to understand the other p03$iblé responses of the treated
cubtings,

An auxin is an organic substance which promotes growth
along the longitudinal axis when applied In low concentra~-
tions to shaks of plants freed as far as practicable from
their own inherent growbth promoting substances, IBA ls an
auxin, Kinins are substances capable ol stimulating cyto-
kinesis when applied in very low concentrations, Kinetin is
8 specific kinin,

There are several theories explaining the meéechanism
of suxin actions. None of these theories has been proved yét.

The mechanlism of auxin action remains unsolved. The means by
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which the auxin may bring cell enlargement is belng hotly
debated between those who feel that the actlon ls primarily
based upon the cyteplasmic uﬁtake of watsr and thosée who
feel that it is principally: based upon the growth of cell
wall,.

U Auxins can be treated to cubttings in lanolin pasté by
dipping in dllute or concentrated solutions of suxins, &as
dust appllcation using tale or coal asg & c¢arrier, and by
spraying on mother plants before the: cuttings ere taken,

Some of the important factors governing the ability
of cutbings to root are the age of the plant, age ol cuttings,
seagson in wﬁich the cubtings have been teken, the mumber of
leaves retained on cutbings, -and the environment provided for
the cuttings to root.

On reviewing the several experiments conducted by
numerous workers using different growth regulating substances
on cuttings, as relatively dilute solutions (1-80 mgm/Liter),
as concentrated solutions {1-20 mgm/cec.), ond as powders
(0eB=50 mgm/grem of talc),'produce essentlially the same roob-
ing responses.

The types of cuttings were selected for this experi-
mental study to includé one with soft tissues and quick root-
ing habit (Sultana) and thé other with semi~hard tissues
(Chrysanthemum) end difficult to root. IBA end kinetin were

the growth regulabting substances used, Two serles of mixtures
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were prepared in £0 per cent alcoholic solutions wlthin a
range of 200 to 800 ppm df IBA and one to threeé micrograns

of kinetin. The cubttings were planted on propagabtion bench
into a medium of perlite aflter belng treated for not more
than five seconds 1n respective mixbures. The observations
for Sultana were taken twelve days after planting and for
Chrysanthemum, twenty-five days: from planting.

The root counts taken for Sultana show that IBA had
some influence in increasing the number of roots produced.
It was not effective for increasing the weight of roots,
Kinetin when used alone did not have any Influence upon the
number of roots, but it dld have sn influence on increasing
the welght of Sultana roots, 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 505 ppm of IBA and l.lh=
2;08 micrograms 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 incressing the roots pro-
duced., Kinetin individually was ineffective. The most ef-
fective range of these substences when used in mixtures for
maximum production of roots was the same as for Sultana.
Neither IBA nor kinetin was effec¢tive for inereasing the

weight of roots when applied individually. The maximum welght
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of roots was observed on cubtlngs treated with a mixture of
L0O ppm' of TBA and three micrograms of kinetin., Tissues of
Chrysanthemum are much less open Yo ebsorption of materials
in solution than those of Sultana. -

There appears to'have~beeﬁuan-interaotion'between’~-
kinetin and IBA when mixtures of these chemicals are applied,
Furthermors, an increasse in the welght of roots, uniforilty
of roots,'and“emergence of roots from & lerger area of the
stem tiddue wers observed, Thus the chémicals appear to

function in such a way as to compliment each other. °
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| TABLE I
ROOT COUNTS FOR SULTANA CUTTINGS

Indolebutyric,Acid‘as
Parts per Million

Kinetin in Microgram 0.0 200 LOO ©Q0 Sum
0,0 15 12 15 20 - 62
32 26 20 25 10
20 29 5 1 70
| 20 30 16 23 87
Sum 87 99 56 82 32l
1.0 6 20 17 a1 6l
10 21 51 22 10k
17 0. 12 18 57
21 13 17 29 80
Sum | 5L ey 97 90 305
2.0 i, 12 28 20 6l
6 25 49 24 10L
15 T .16 11 57
17 2l 25 X S 80
Sum | 62 68 118 73 - 32
3.0 10 17 20 6 53
2. 25 23 10 79
11 21 8 15 65
, 16 2, 271 e 83
Sum 58 87 88 _h7 . _280

Grand Total 261 318 359 29 1230

TABLE OF VARIANCE

Sum of = Degrees of
Source of Varlations Squares Freedom: Mean Squares
Total h391 63 o
Variations due to IBA 323 3 107.66
Variations due to Kinetin 76 3 25.3
Guttings treated alike 1450 U 30.2

Variations due to inters ‘ ,
action _ 1054 9 217l

s s —
Tt — e o e

e




PABLE IT
ROOT COUNTS FOR CHRYSANTHEMUM COTTINGS

| e Indolebutyric Acid as
: Parts per Million o '
Kinetin In Mlcrogran Q.0 290 400 - BOO . Sum
040 L 20 7 16 57
o . -6 16 21 . 15 £8
5 19 22 18 6l
S b 15 2l 13 56
Sum ‘ 19 70 8l 62 S 235
1.0 26 24 20 16 87
22 19 16 18 . 75
19 22 21 18 76
' L7 18 22 13 70
Sum ‘ 8h 83 . 7¢ 62 308
2.0 25 22 2, 17 83
25 20 25 18 78
21 25 29 1l 88
- 16 19 32 13 €0
Sum _ 8% 86 110 49 : 330
340 21 18 27 12 15
20 17 31 10 18
9 2y .29 1 11
| 7 26 13 Y
Sum = o Th 76 113 6l - 32y
Grand Total 262 315 386 23l 1197
PABLE OF VARTANGE
" Sum of ﬁegree of
Source of Variations Squards Freedom  lMean Souares
Variation due to IBA 837.7 3 27945
Variation due to Kinetin  360.2 3 120,0
Cubttings treated alike 187641 43 3981

Variation due to inter- o 4
sctien 577.2 9 7542
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TABLE IIT
ROOT COUNTS FOR SULTANA CUTTINGS

Indolebutyric Acid as -
_ _ Parts per Million
Kinetin in Milcrogran 200 3 800 Sum
1.0 8 3 7 22 4o
‘ 34 33 17 22 106
23 26 15 80
ik 19 29 13 75
Sum _ 9 69 8L 72 . 301
1.4L i 12 13 11 50
29 18 18 19 Bl
1 18 20 11 63
1l 26 . 12 25 Th
Sum o 68 Th 63 66 271
2408 11 18 9 i 52
. 16 20 . 19 at 83
10 17 15 21 63
: 21 21 30 25 97
Sum | - B8 76 73 88 295
3400 11 6 15 21 53
- 11 10 16 23 60
11 17 8 18 sl
28 31 .25 3 - 91 _
Sum - 61 6ly 6l 75 26l

Grand Total . 266 283 281 301 1131

TABLE OF VARIANCE

Sum of Degree of ,
Source of Varietions Souares Preodom VMean Sauares
Total 3176 : 63
Variation due to IBA 38al 3 202
Variation due to Kinetin 60,7 3 12.8
Cuttings treated alike 2368 L8 56l
Variations due %o inter " 6.8
154

action Il T

0
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TABLE IV
ROOT COUNTS POR OHRYQ‘AIS’"’HEMUM CUTTINGS

N}l

Irdolebutyrle Acid am
__Parts per Million -

Kinetin in Mierpgram 200 318 505 800 Sum
1,0 . 19 16 32 19 86
” L7 19 29 20 85,
22 21 28 17 88
20 i8 a7 20 85
Sum, 78 T4 116 76 3l
Lol 2y 32 32 15 103
2e 26 30 16 18
21 28 31 i3 93
25 29 32 17 103
Sum 92 115 125 61 393
2.08 25, 31 26 19 101
21. 26 20 19 86
18 21 23 779
- 20 24 27 15 . 86
Sum ' 8y 102 96 70 352
3.00 2l 33 29 16 102
i9 26 2ly. 19 90
21 26 23 il 8l
22 30 28 iz 92
Sum 86 117 1ok 61 368

Grand 'l-’ota.l 340 1;0& Lhi 268 1&57_'

TABLE OF VARIANGV

Sum Gf Degree of

Source of Varlations Squares Lreedon Mean Squargs
Total 1688 .5 93

Variations duée to IBA 1103.5 3 367,80

Variations due to Kinetin &7.5 3 29.10

Cutbings treated alike 1566.7 L8 323.50

Variations due to inter= o

action 395.7

1,3,3;0 9’4—
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ROOT WETGHTS Or SULTANA CUTTINGE

;ndolebutJric Acld as

Parts ner Million

2 119

2. 1qa

2,192

Kinebin in Micropram 55200, h00. 800 _sum
00 0,236 0,23 0.269 0.272 1.011 .
4 0,178 0,209 0,212 - 0,266 872
Sum | 0.1l 0,143 0.461 0.539 - 1. 876
T 1.0 0.248 0,22 0,342 "0.243 1.057
L 04375 0.310 0.374 0,208 1.327
Sum N 04623 0,534 04716 . 0,571 - 2.384
2,0 04226 0.246 0,236 0,268 ,976
0.298 0.391 0.352 0.298 1.336
Sum e 0,52l 0.637 0,588 0,566 - 2.315
| 340 0.239 0.238 0.218 0,0h2 737
-319 0‘294 0.182 0.210 1,005
Grand Totel 1867 8,317

TABLE OF VARIANCE

,Source,af Variat;pns

Tetal
Variations dus to lBA

Variations due to Kinetin

Cuttings trested elike
Variations due to inter-
actlon

Sum of

Degrees of

Squares Freedom Mean Squares
1&431 31 . L

O 00778 3 0.,00259

0,03793 3 0,01130
0406630 16 0,00540:

004059

©

0.00L51
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TABLE VI
ROOT WEIGHTS OF CHRYSANTHEMUM CUTTINGS

oot o rovis
et-eruns

ot
—

Indolebutyric Acld as
Parkte per #illion

‘Kinetin in Microgram

0.0

200 '

500

B0

&umf

040

Sun

1.0

Sum

2.0 .

Bum

3.0

Sum

Grand Tobal

'v". - 3 7: 3

0,008 0

0,009
0,009
0,007
04,033

0.666
0,538
04207
04189
1.540

0,448
0,396
04210
0.131
1.128

04396
0.h12
0,285
0,171
1426l

.ugd
0.254
0:292
0.218

1,056

0,399
04190
0,361
0.221
1.179

04357
0.309
00280
0.165
..L » OL‘.E

o 160
04152
0,316
0,161

0,789

04151
0.16l

0.2h2 0

04257
0.808

04190
0.162
04160
04166
0,676

0.278
0.294
0.276
04557

0.825

0,312
01101
0.321

0.303,
L.337

0.247
0.2Lh
218
0.203
0.912

0«18k
0,172

D.l162
0 163
Ou 681

0,045
0.041
0,056
0;051
04904

0.12)
0:.150
0.128
04156
04556

3.965

14, 066

34649

3,055

Os 698

04641

2.809

3 o6

T s

1.735

ow:
-

——

TABLE OF VARIANCE

- : Sum of © Degrees of

Source of Variations Saquareys Freedom Mean Squares

' Total 1.0757 63
Varistion due to IBA - Q.0319 3 0.0106
Variation due to Einetin  0.,0621 3 00,0207
Cuttings treated alike 04750 48 0.0990
Variation due to inter- ‘ ‘

action 0.3810 9 0.0h23




TABLE VII
ROOT WEIGHTS or SULTAHA CUTTINGS
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Tndolebutyric Acid as

Parts per Million

Einetin in Mlerogram  209' 348 505 Sum
0.0 0:216 - 0:342 0.296" 0342 1,196
0,225 0,32 0.4h2 0475 1.53h
‘ Sum OJ4ll 0468l 0,768 04 2,730
‘ : AR ol o
‘ “ _ | |
| Tl 0.202 04301 0.276 04251 1.030
0,125 0.571 0,413 0.302 1.431
Sum 0.327 ©0.872 0,689 o, 24441
2.08 0,176 0:253 0.3Lh 0.401 1,176
| | 0,241 0,286 0.462 0,371 1.360
Sum 0.419 0.539 0,806 04772 2,536
3.00 0,246 0.203 0.l 0.423 1,393
0,178 Q.96 0.315 0,1%) 1.103
Sum Ouj2 04779 0.756 0.537 2,149
2,671 2,679 10.203

Grand Total 1.611

3+039

TABLE OF VARIARCE
, Sum of Degrees of -
Souree of Variationg Sguares _Freedom  Mean Squares
Total B 03940 3% ,
Variation due to IBA 0.1531 3 0.,0510 .
Variation due bto Kinebtin  0,0103 3 0.0031
Cuttings treated alike 02221, 1o 0.0139
Varistion due to inter- ‘
action 0:0590 9 0.0038
i S S T = = =




ROOT

Klnetin in Microgram

TADLE VIII

WELGHTS OF CHRYSANTHEMUM CUTTIN&S

T ———
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g

Indalabuﬁyric Ncid 28

. Parts per Million

200

318

505

500

. Sum

1.0

Sum

1;uu

Sum

2,08

- Sum

3.00

Sum

Grand Total

.

. 04346

0,295 0,242
o."f°' 04251
04234
0.216
0,973

0553&

0.507
04491
05,)12
2,044

0a1169
0.382
04391

04351
1.275

0.311
0+294
04310
04360
1.275

0.541
04291
0.286

0.1488
0.321
0.386
04371
1.666

0.662
062
0.566
04661
24371

1,653

0.&18

L. 928

.5?3
0580

04586
2¢330

0,49

04367

0,501
1»820

0,27l
0,261
04197
020

0.956

04161

0,192
0.172
041588
04733

0,176
0,166
0,161
0,171
0.674

0.212
0.232

04201

0.198
04813

Dal3L
0.141
0+136
0,128
0.536

5,518 7.0}

7,03

2,786

1,296
1.153
1,193
1.267
l 909

14607
14541
1,516
1,629

64323

1,715
1.29%
1.332
1,376
54716

1,553
1.208
1,265
1,384

: 5.1429

22,379

antrrno

.
o

oource of Variab;ons

Total

Variations due to IBA
Variations due to Kinetin
Cubtinge treated alike
VTariations due to inter-

action

TABLE OF VARIANCE

“BSum of

Sguares .

“ear

I've

ees of
edom .

Mean Squares

L4240
04TH90
0.0590
10885

02165

63
3

3
18

9

02490
00190
00,0220

0,027k
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