L, POLARITY IN BUD
OUTGROWTH
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thems The surglcal experigent described here indlcates thai
the site of contrel for inhibition of epiphyllous bud growth
iz not the shoot mpical or axillary meristems but located

within +{he leaves beardng the dormant budse
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bLetse IHTROGUUCTION

pere (156%) zi: hﬁ.s revué on the physiology of regensration
concluded thet moet Of the regeneraticn of plantiets Zrom Leaves
is polar and oceurs a% the basal (proxizal) end of a leaf or
lent segmant, However in the present studies with kKedanchoe
mprtogel, 1t woe choerved that in the detached leaves, the wery
fivst buds to be Peleased from dormancy were Located in the
uppérmsat apical notches at the leal tip. Subseguently new buds
appeared gradually o suscaesive lower notohes towards the leat
bases Thus & atmnfi gammtal succession of bud atgreth, @n
observed (Fige A+ 1a) Mfulwg the eriterion of polarity
(Wareing and Phillipg, 1992) defined ap 2 situstion wherein two
ends in a living systen are different, Lventhough polarity is
the first, #1313:1@ mx’phelésical indication of an internel
asyzaetrical state within a living systex and is & gunémeam
conponent of differentiation and spatisl orgenisetion, it is a
neglocied aspect iv developmental studies (Wolpert 1971; 19813
Wolpart gt al., 1971)» Such examples were akso noted in i NALIO
bud Zorsation in todacer explant (Croes. gt al., 1¢BSy Hillson
and Lasotte, 1977). In tobaceo, explants tyom the top of the
plant tend to form more sdventitious Lfloral buds then the tissues
iron Lover parts of the stems Croes et ml, (1585) suggected the
role of tissue amge in centrolling the gradient in the worphos
genctic competence.



Axial polarity has been found to be the most striking
Zacet of the plant body, giving rise to varicus morphdiogical
featuress Polarity in plants get,established through numercus
vays. Polarity becomes instituted whenever there is an unequal
distribution of celluler constituents as well as hormonsl levels
(Coleman and Thorpe, 1935). These differences lead to polarly
oriented fluxes (Sachs, 1978), Actuslly, such unequal distribute
ion, which is the result of unequal division of cells in which
the organelles are uniformly assorted, is required for establishe
‘ing a distinct spatial relationship between daughter cells prior
to induction of any developmental pathway (Heplor snd Pollevitz, <
19743 Lang, 19743 Stebbina, 19743 Holder, 1979)e Tha comuon
sxazple o unequal division is the first transverse diviaionm of
2ygote in fugug (Jaffe, 1578). Before the establishuant of
polarity in jugug zygote, apart from nucleus projections,
mitochondria, ribogomss and fibrillar vescicles were found %o
bo concentrated towards cne half of the zygote which, thus, was
sore densely oytoplasaic (Quatrano, 19723 1978)s This unequal
distribution, resulting in the asyzmetrical division is
usually accompanied by the setting up of the metabolic sr&dimts
which are the crux of polarity (Naylor, 1984). Such a
phenomenon in plants can be considered as a fora of positional
signalling (Coleman and Thorpe, 1985), However, in the absence
of any well=differsntiated nervous system in plants, plant
growth substances are known to'mcémpu.ah the role of chendcal
signalling (Hillman, 1564), Thus a search was made, to find out
the regulatory factor(s) responsible for the polarity of
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epiphyllous buds chserved during their growth. Auxin, produced
at the shoot tip and transported basipetally, is somehow
'znmmem o the release of buds £rom apical dominance (Phillips,
1975) and further this effect of auxin is antagonised by
cytokinin (Rubinstein and Nagao, 19763 Aung and Syme, 1978).
This indicates that cytokinin may be izuﬂns for bud growth
which requires contimicus mobilisation of metabolites. In this
regard e relatianship betwsen endogenous cytokinin levels and
axillary bud growth has besn demonstrated (Koolley and wareing,
19725 Lee gt ale, 15743 Napelli and Lombardi, 1982j Prochazka
and Jacobs, 198#)1.

Exogenous application of hormomes ig cne of j:z\hc mogt common
methods to study their effect or mode of action (Zeroni and
Hall, 1580)+ 7The logic for such approaches is based mainly on
the idea of replacement and control of the endogsnous naturelly
sccurring hormene by the axogenous hormene the level of which
can be controlled and effects monitored, with the assumption
thiat theore iz a rslutionaﬁzp between the magnitude of the induced
response and the concentration of the regulating substance
(Firn, 1986), - |

ky2s MATERIALS AND MEIBODS

Le2hy Studiss with tha isclated leaves/leaf parts for unders
standing the polaritys - \

To understand ths factor ard its probable location,
responsible for the polarity phenomenon during the apiphyllous
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bud outgrowth the following surglesal experimeﬁta ware
Nrﬁqz‘md. ' ’

. he2hele Effect Of noteh position in a leaf:

In order to identify the part of the leaf exerting its
effect on the polarity, #!u leal was cut into two halves = upper
and lowers The lower portion was kept for incubation with iis
peticle dipped in dist water. From the apicsl part (uppes
portion) of the leaf, the paired notches were cut serislly and
kept on filter paper soaked with dist water (Fige hed d)« . In-
ancther set the whaiu upper portion was kept as such for control
(Fige Get Q) |

U4e2he2s Correlative inhibition of the epiphyllous buds:

To understand the role of correlative imhibition in &
coptrolling the polarity in bud growth, the leaves were cut into
thres parts (vith almost equal number of notches in each) =
. upper, middle and basal snd were inoubated on the filter paper
Lor bud outgrowths In u second set, notches Irom each seguents
were cut into individual notches ssasuring 1 ca® and separately
incubated on the filter paper for the bud Oﬁtlt‘w"ﬁh

4u2As34 Effect of axillary buds

70 check the probable control of the axillary bud on the
outgrowth of -p&phynﬂma buds, two sets of leaves ware kﬁi}t in
cultures in dist water; one along with the axillary bud and
other without 1it,
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he2Bs Effect of FGR on the polarity of the bud outgrowth in
" the isclated loaves:

Auxins, cytokinins and to some extent gibberellina,
ethylene sand abscisic acid have besn implicated in maintaining
or releasing of the correlative inhibition (Hillman, 1984). .
Therefore, following experiments were done to examine if they
have any role in the process of bud outgrowth,

4e2841e Banal application of PGR1

The PGRs tasted for the polarity in the epiphyllous bud
outgrowth weres S '

i) Auwxins © &t Indele=3wacetic acid (Iia)
T o $° o eNaphihaleneacetic acid (Nah)
ii) Cytokinin 3 GeBenzylaminopurine (BAP)
111) Gibberellin; ¢ Gibberellic acid = III (Ghy)
iv) Ethylene 3 2-Chlorcethylphoaphonic acid (Ethrel)(E)
¥)  Abscisin t Abscisic acid (4BA)

vi) Antiauxin $  2,3,5-trilodobenzoic acid (TIBA)s -

A

The PGRs were applied to the whole leaf through petiole.
In this study, the washed leaves were kept standing, with thelr
peticle dipped in test solutions (pH 5.8) in the cmcentraticn
range of 0,01 to 100 MM (or u méntioned at respective plmui. e
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4,2B42+ Apical application of PGRs:

PGRs menticned ahove wers also applied to leaf tip (tip
agpl&eétioﬁ) to study their effect on the bud growth. Thoroughly
washed leaves were kept in ‘the cultures with their petiocle
dipped in dist water. A soall part (2-3 mm) of extreme tip of
the leaves was removed surgically and.imediately & cotton swadb
(absorbant cotton) soaked in dist water or test socluticns was
Placed over the cut portion., At every 12 hr interval fresh
~ sdlutions vere added to the cotton swabs and incubation fliaskse

4,2C. Guantiative analyses of Ap yAVe IA& and IaA oxidess in
the leaves and the epiphyllous buds during bud outgrowth:

1o examing the rcle of endogenous auxin in conixclling the
Polarity in epiphylliocus bud outgrowih the relative levsls of
IAA and I4A oxidase enzyse ware followed.

Le2Cets CQuantification of endogencus IAA in various parts of &
" leafs |

The procedure followed for the extraction (ﬁeimon and
Wareing, 1977) and flourometric quantitation of Iis (Stoessk
and Vanis, 1970) is being described in chapter <. -

442Ce2e Changes in IA4 oxidase in different parts of a leaf:

The 1AA oxidase Levels were studied by the modified
ethod of Gordon and Weber (1951)s The extraction and partial
purification of the enzyme and its asssy is being described in
shapter €., |



4% RESULTS
430, Studies on isolated leaves/leaf partss

7o £ind out the slte of the regulatory factor responsible
for the polarity of epiphyllous bud grqmth (?.‘Ls‘?fg.m}, the lamina
wae cut transversely at a mid point and the lower part was
cultured with its peticle dipped in distilled vates. The very
Lirst buds to i:c relessed from dormancy were located in the
uppermost notches near the cut end (Fig, 4.0 and b)s Gradually
new buds appeared in subsequent lower notches., Thus eoven the
cut lamina exhibited the same pattem of bud growth ‘as displayed
by the intact leaf in the cultm (Fige betm tafe} »

-~
Ken

o

Similarly, the us:pei* portiom of the leaf algo showed the
saxe pattem of' abud enfcgrowth’ (Fige fe¢1 d), However, when
separated into paired notches (transverseiy)-. the apical part
demonastrated bud outgrowth from all‘ the notches on almogt the

sane day (Fige be1 Q)s \

Isolaetion of leal into varicus halves And Into segments
containing varying nuaber of notches also demonstrated the
polarity phenomencn. Epiphyllous buds also gi-;w nqufaily well
in the igclated notchos (measuring 1 czaa} (Fige 4s1 ). Prescence
_of axillary bud did not change the polarity phenomenon of the
epiphyllous bud outgrowth, '

To tést vhether the correlative inhibition is responsible
for the polarity ¢f epiphyileous bud growth, the lLeaf was cut



transversely inio three parts = apical, middle and baaal, All
of them wers placed on filter paper somked with diat water,

Two sets wore kept, one with intact leaf parts and second
one having leaf parts separated into individual notches (1 ema).

‘ In ca{m of the intact leaf parts, the bud growth response
 was maximum (70 5) from the basal part of the laminkj whereas
nindmus (58 %) response was obtained in aplcal part (Fige 4.2).
Growth of buds from basal and middle parts of the lamina was
observed on 7;-8 day and 3~4 day of incubation reapectively, while
in the apical part of the day 3.

When the isdlated notches were incubated in 'cul tures, the
waximum response (96 %) was found in the notches excised from
alddle part of the leaf (Fige 4.2)s The notches derived frowm the
aplcal and basal parts registered 50 and 79 % bﬁd g;:imefh
respectively. Uhile the bud growth response in apicel notches
was observed on 3«5 day after incubation, buds of the middle
and basal notches displayed growth on 4th and 7th day respectivelys
In case of contrel (whole leaf) the bud growth response noted was
?85‘}. 76 and 56 respectively in apical , middle and basal notches, < —
ihe appearance of buds in apical, middle and basel notches was
observed on Jwh, 4«6 and 7 day after isolation and subsequent

incubat:l.on'.

4,33,  Effect of plant growth regulaters on the polarity in
' epiphyllous bud cutgrowths

Various plant growth regulators were applled through the
" spical and basal end of the leai {(4th nodal) in order to study



their effect mn the process of probable correlative inhibition
(polarity) as obeerved in the growth of epiphyllous buds,

he3Beta Basal application of growth regulators:

&) Auxin ~ NAA was used as the auxin due o its greater
stability than I1AA against light and enzymatic degradation.
in control, the Leaves showed 60 % of bud growth mnpénsc
(Flge ba3 &). Ireatment with NAA in the concentration range
of 0,01 to 10 /}mi did not chenge the bud growth responsas At
100 /):tti 'tge bud growth response was however, reduced by 4G %

(Fige Il 8)e . o

29

Similary the bassl application of IAA caused slight inhibition
of bud outgrowth upte 10 4 concentration (Fige 43 b), but further

intcrea:se in the A4 promoted bud growths

when, TIBA an inhibitor of auxin transport was applied €0
the base of the leaf, inhibition of bud growth was noticed at

higher concentrations (1.0=100 uM) (Flze be50)e At Lower <

concentration the bud growth response was marginally higher than
the control (Fige 403 C)o ‘

In contrast to the weak inhibitory eifects of liaA and TIBA,
BAP = & cytokinin, exhibited strong inhibition of bud growth,

At 0s01 (M concentration of BAP the bud grmth, ragponse was = -

reduced to 50 % of the contrels At 10 and 100 MM, the responss
wae drastically reduced to only 03 and 01 % respectively
(Figs Leb R)s
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The inhibition of bud outgrowth by BAP at higher
concentration was however temporaryj for after a lag of
16-18 days, the buds Located at the lower most end of lanmina
sxhibited growth. The entire basipetel progression of bud
growth which ie characteristic in contrcl leaf, was completzbl.y
reversed to acropetal succession by BAP treatment, not only to
the entire leaf, but ﬁlm to Ats part (Fige 645 d and @)«

xfhen‘\tbe leaves were treated basally by 3}3, the bud
growth was found o be slighly higher (67 %) at 0.01 MM
concentration than that in the control (59 %) (Fige 4¢b b)e
As the concentrailon of Giy was raised further, the bud growth
reésponse decreased progressively, The response was found o be
36 and 27 % at 0.1 and 100 UM concentrations respectively = - -
(Fige heSa)s Complete inhibition of bud growth analogous to
BaP treatnent did not occur by GAB treatnent,

" Application of ETH through cut peticle causzed increase in
the bud growth responee (Figs halc)e The bud growth was 74 and 68
percent at 0.1 and A\’%}" (l w concentrations of LTH respectlvely
compared to 62 % in ’i:he control leaves. Highey comceniration of
ethrel (10omi) wae toxic to the leaf as 4t showed pronounced
wilting end senescence (Fige h;Gb); Therefore, the treatment
wag diseantiﬁuaﬁ. .

ABA caused weak inhibition of the bud growth. Compared €o
64 % bud growth in the contrel, ABA displayed 53 and 46 & bud
grosth at 1.0 and 100 M concentration respectively (Flg &ebd). -



Ly3Be2 Apicel application (f.ee tip application) of plant
 growth regulatorss ‘

Apleal epplicaticn of FGR refers to the appllication at the
leaf tip and not at the plant apex, Apicsl application of NAA
Rpte 1,0 uM concentration enhanced. the bud growth response, At
Ce01 1M NaA, 80 % of buds showed growth compared 0 67 % in the
control leavea (Fige he3a)e No inhibitory effect wasg observed
even when the concentration was ralsed to 100 (M.

Apieal tip application of IAA demonstrated the same pattern
‘as for the bazal application, While the lower concentrations
upto 10ﬁﬂﬁ) of TAA were\inhibiﬁory, 109)&M,i&ﬁ was atimilatory
for bud growth response (Fige 4430)

Though bud growth response was slightly stimilated by 1 UM
w184 spplicatien, not much inhibitory effect was found at its
higher concentration (Fige heBc)a

Like fhe basal applicetion, the apical treatment of HAP was
uarkedly inhibitory for the bud growth, At 140 and 100 AN
conceniration the bué growth response was reduced talﬁé and
06 % respectively (Fige bela). 4t the higheét concentration
QQOO wa).usea. the budsz appeared only on tha top most notches
‘which were nearest to ‘the point of application (Fige 4+6c).

in case of Géa application through the tip of the leaf,
the bud growth was inhidbited; but not as strongly as that
Obgerved in BAP applications The bud growth obitained was 65 and

61
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30 % at the minimun (0.01){M) and maxizum (1004M) concentration -
used compared to 70 % in case of the control (Fig. 4,4b).

‘The apical application of ETH caused a slight proamotion
- of bud grouth response upte 100 UM concentratiens it higher
" {100 /Wﬁi) concentration, the .réaponse recorded was 85 % compared
to 69 % in case of the control leaves (Fige 4shc)e Hovever,
further rise in ETH coéncentration suppressed the bud growth "ho
65 % et the highest concentration tested (10 @li).

ABA treatment displayed a weak sticulatory efifects 4t 140
and 100 Wi of ABA, the éespanse resiatere& was mx’gimliy highey
(83 and BO % respectively) compared to the control (72 %) leaves
(Fig 4ebd)s

tue to the polarity phenomenon during the epiphyllous bud
cutgrowth, the xééppnse iz nonsynchronous. For blochendcal
analysis it 1s mandatory to have ce:rtain smchrony in the ayatene
' This led to explore the use of above mant.tonoa PERs to achieve
syncnhronous re:snmnse«.

, 4 )_ |

"~ Since notches {ﬁom mdddle part of the leal demonatrated the - -
‘maxisuw bud growth responge, for all biochemical analysis notches
uniy from middle leaf were used, While control {(dist water)
notches exhibited almost 63 % of s&nchrenaua bug growth (Tatle 4e1)
all the PGRs caused great inhibition of bud growth, However, m\
comparison to an other FGRe, BAP exhibited around 68 ¢ synchrony.



However, ‘Elﬂ.a responge 1s not much significant cumparéd t0 the
dist water contrcl, 'There,farq! in 21l bfiochemical investigation,
notches only from middle .’Kgq‘_&i‘ of the lenf were used without any

JURERUOR——

hormonal treatment,

Le3Ce Chenges in the endogenous 144 and IAA decarboxylating
enzyme (IAAa oxidase) 1eye1m ‘

Since high levels of suxin in the apical part of the
attached Bryophyllum stem was reported to be ivhibhitory to the
\emtgrwth of epiphyllous buds of Leaves (Sebanek gf g;,s; 1978) ¢
the levals of IAA in various parts of the leaf of Kemortagel
wag® exanined, An inverse relatienship between IsN oxidoze -
actlvity and endagenous- Isa levele has been cﬁemonétra‘ced in
various morphogenetic processes (Jain gt gl.,1969; Le Greef
et al.,1977; Jasdanvala gt 8l.,1977 }. These results prompted
to study the correlation between the leével of Isi on the one
hand and I.:A oxidese on other in dorment efziphyllqua budse

In a leaf the highest amount of IAA was recorded in the
_ basel part, Further, the IAA content. exhibited a decreasing
trend towards the leaf apex, where the content eatinmated was
sbout 67 % less than that in the basal poption (Fig. 4.7).
The maximum amount of IAis oxidase was observed in the basal part
" of the leaf (Figs k;?). . While the uppermost apical part
registered the minioum lavel of enzyme (2.8 units) the middle
portion showed 3.6 units/mg protein almost 3.5 £old less than

the maximum acount in the basal portion,

63
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4ol DISCUSSICN

-

Although the complete wnderstanding of the pattern
inception n plants is still elusive (Raven and Rubery, 1562),
there exist theoritical frameworks and nodel chemical reactions
(Turing, 1952; Winfree, 1973) allowing relatively stable /
rixularzues to arise from an initially homogencus situation, ‘
while these zmay be the useful paradigms, the molecular organisate
ion oz cells themselves is not uniform; tox; example, the polarity
0f carrot embryolds (and other systems) first. become visibly
'ut‘abnshcd by an miqull division of the single soamatic cell
(Backs-Husemarn and Reinart, 1970)e. Also, tissues as such
neristems or even <¢allus cultures will meutabiy be non-uniform
due to the phyaicai and chemical gradients in the system and due
fo the cells' responses at different poazt;.cnh in such gradients
{(Trewavas, 1982b)s Cells comminicate with tne other by |
. electrical (ionic) messages and more specifically by chemical -
messengers (growth regulators) @antrup. 19775 Jalfe, 1980}
Wareing, 19773 Trewavas, 19763 "1982n) through recesptors
(Irewavas, 19513 19833 Jacobson ot g.. 1987} s calclium and
inositol phospholipid turnover (iicpldr and syne, 19853 Roux
ot gl., 1986; Reddy gt al., 1987) Poovalah ard Reddy, 15873
Poovaiah gt al., 1987). *

Thus, the important feature of coordinated spatisl
responses in plants is the gradient(s) of hormene(s) which can
duferentmiy activate the receptors and target reactions in
a part relative t0 another (Raven and Rubery, 1982). This led
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to the present investigations of effect of FGR on the polarity
phenomenon in the epiphyllous bud outgrowthe

A phenomgnon of pol.aruy. similar to cne observed in
prosent studles, was alsc reported earlier in 3. grenatyn |
(Obhudnlova 1 Qu 1979) » These uorkcm implicated gibberellins
as the causal agent of polarity for it was sssociated with the: “ A
decreasing levels of endogencus gibberellins towards the base of
the leafs Earlier, Nooden and wWeber (1978) suggested that the \\‘
dormancy in buds end seeds may be regulated by variations in the
endogenous levels of gibberellins and possibly of cytokinins.
If this could be the case in . mortggel then the exogenous
application of gibbersllins should stimilate the growth of
epiphyllous budae However, GA3 application did not alter the
polarity phencazenon when applied np:lcauy or basally to the leaf.
On the contxary, GA; application caused great reductien the
pumber of buds undergoing reactivation. This is in mntmnt to
well known effect 0f gibberellins in stimulating germination of
doruant buds and seeds (Wareing and Phillips, 19823 Lecpold and
Nooden, 1984). As such gibberellins are known to exert their
effects b,y altering the auxin status of the tlssne, by incrsag=
ing the sndogencus auxin hvda which has heen demonstrated in
Tany casese Appucation of gibberellin augzented the auxin
levels in rosette Hyocymsus plants (KEuvaishi and Mulr, 1963),
bean shoots (Hitsch and Nitsch, 1955). There are evidences to
show that gibbersllin increases auxin levels either by the
enhancement of auxin biosynthesis (Sastry snd Muir, 1965}
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Jindal and Hemberg, 1976) or by retardation of auxin destruction
(Kogl and tlema, 1960) presusably by reducing the levels of IAA
oxidase and peroxidase (Galston and McCune, 196“)« ‘

In certain aystams.‘ gibberellins are found to be inhibiting
cell division (Setterfield, 1963; Kaufman gt sle, 1969) including
coll expansion (Brain and Hemming, 1955; wright and Aung, 1975),
| presupably due to the increased sensitivity of responding tissus
t0 IAA (Kaotsunmi end Kazams, 19574) and reduced sensitivity to
ethylene (Faluer, 19725 1975). Perhaps, since primordia of shcots
are already iaid in the notches during leaf ontogenssis in
Ko portagel the earlier manifestation of bud cutgrowth seems to
be mere cell oexpangion. “Usually the growth of inhibited buds
~iovoives two msen e an initiel release from inhibition involve
‘ing cell expansion (Ha}l and bi:lnlman, 19753 CougsteGastelier,

19783 Yeang and Hillman, 1581) followed by rapid eatsblishzent
of the shoot through cell divialca, Thus the inhibitory effect
of GAB 1n the present study is likely to be due to the

. limitation ca the cell expansion ;shase during early stages of

bud outgrowth in kK. moriagel.

Each of the five m;jo;- plant horaones ~ auxing, cytokining,
gibberellins, ethylene and abscisic acid has been implicated in
the regulatory control of specific developmental processes
oeeurrms at the cellular, tiaaue or organ level. chvcr. in
,nearly all of these specific responaes have proved €0 be vcry
complex (Letham, 1978)s Further, the exogencus applicaticn
for the influence and sagnitude of the i’onponn depends upon



the efficiency of uptake and extent of degradation enroute to
the active site (Firn, 1986) or likely to be through changes
in the growth subgtance sensitivity (Trewavas, 1982m, 1963).

The application of a synthetic auxin - NAA £0 both aplcal
. and basal ends of the leaf, did not affect the patiern of ‘

pelarity of apiphyllous bud outgrowth per gs. 4s such leaves <

' are known to contain auxins, apecially young leaves b&ina the
gites of auxin biosynthesis (Digby and wareinge 1966; Xoukkari
and Yarde, 1585). Howevaer, the distributicn of diffusible
auxin in a maturing leaf has been found to be decreasing at the
tip of the leaf first. This corresponds to the fact that in a
grouing lLeaf, growth ceases first at the tip. Further, on
dehchﬁmt of the leaf, suxin is found to be present in the
aiffusate (Burgess, 1985)s It is also known that auxin
transport occurs in a highly polarized manner in the basipetal
diraction (Jacobs, 1384), through éolar giffusion in cells |
without any metsbolic energy being used (Rubery and Sheldrake
19743 Raven, 19753 Goldsmith, 1977, Goldsmith et ale, 1584)
and thus accumulates at the base of an excised leaf (El1io0tt,
1977). ”‘

One may hypothesize that upon excision of Kalanchog leaf,
‘the supracptical auxin at the laaf tip begins its basipetal
movement and accumulates at ;bhe base of the leaf. Further,
low IAA oxidase levels compared to the higher content of 14A
in upper part of the leaf, unlike squal amounts in the middle

67



.wrtluotchu‘mpués the ocourrance of a bagipetal displacsnent
of auxin in the isclated Leaves (Fige 4:7)s If this cculd be
the case, then application of auxin transport inhibitor G.ge
 TISA (Kuse, 1953) should show an inhibitory effect on the bud
 cutgrowth. Dmta shown (Fige 4450) clearly indicates the é’”
irhibitory effect of TIBA on the induction of bud growth only

if applied hasaly through peticles Tip application e: TIBA hwad
1ittle effect presumably dus to the likely diffusion of auxin’
through nonvascular tissue (Phillips, 1575). Localized degradate
ion of auxin may gim be having somse role in promoting hud growth
as the exogenous application of PCA (pecovmaric acid) = a
cofactor of IAA exida:i enzyme (Gortner gt ales 1958), was shown
to stimulate this process (Houck and Riessbaerg, 1583). Thua
severing off the leaves £rom plant must have caused rapid
degradation of auxin in the system ensbling the induction of bud
gécnth fron isoclated notches or in detached leaves. Exogenous
application of Kai probably, strives to bring back the |
supracptilal level of auxin similar to the intact leaves and
thus exhibiting some inhibitory sffect. Recent work with bud =
bearing isolated stez sections of w dezonstrated the

- polarity to be a factor in the rnpﬁm ‘of axillary buds %o
suxin, Though apical application of auxin cauaed inhibition,
the basal treatzent had no effect or caused a siight gtimilation
of bud growths It was concluded thet the basipetal tendency of
auxin transport seeds to be necessary for the correlative
snhibition (Tamas, 1567)e o
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'With respect to uptake, mobility and metabolism, thers
are dramatic differences between the naturally oceurring IAA
and synthetic muxins. vhile NAA is quite stable, it has been
found to register very little uptake and subsequent very :iov
mobility in the intact pea seedlings (Jacobson, 198ka), likely
€0 be due to the lack of conjugation with auxin binding
proteins (Jacobson, 1984b; Jacobson gt sl., 1957)¢ In apple
seedlings, (YC)HAA was not mobilized at all (Hatch and Fewell,
1971} This could be one of the prebuble reasons of partisl
inhibgtory efiect of exogencus NAA on the bud ocutgrowth véathcr
than abaolute.' This obaervation was :up;éerte& for application
of I4A showed greater inhibitory effec;h upto 10 MM concentrate
ion than the synthetic one (NaA).

Cytokinins are known to induce shoot bud formetien
(Cornejo=tartin gt al., 1979 Hér;nn, 19843 Fatthysse and
Scott, 1584). But, in the present studies BAP was found
extremely ishibitory for the bud outgrowth when applied ¢xogen-
O’usly‘ at elther apical or basal eénde Further, the basel
treatment with higher concentration { > 1 ME ) resulted In
complete reversal of polarity in Qp&phylloua bud uutgrwth{ﬁ‘ggﬁl.@;eﬂ,
Sisdlarly, the apical appumticn oL BAP pmmm:ed 'b*sr: bud
growth only at the site of treatvent (Flg. 4.8c)s

when kinetin was sprayed directly pn the leaves, its
effect vas found to be quite 16«113&. The mmtux‘y effect
of cytokiain cen be interpreted in terss of well known sink



effect of cytokinin (Mothes and Engelbrecht, 13613 Sachs and
Thioann, 195643 Ross, 19863 Ross and Murfet, 1585 a and b)e It
seens that the cytokinin applied to the Kalapchos leaf diverted
all nutrient swpply tcurdg the site of application, Deprived

of nutrients, the epiphyllous buds located distally to the site

of application failed to grows This hypothesis Was supported by
our observation that a small cut in the midrily below the site of
cytokinin application mi‘xeved the epiphyllous buds froa the
inhibitory effect ko obeerved (Fige 4,6d)s Apart from this
numerous adventitious 'i’:uda déveloged from the cut 'pzirt of petiole ov
leaf tip by BAP tremtuent (Fig. 4s8a t0 G). E

Other possibility could be the establishment of optimum
auxin/cytokinin ratio (Skoog and Miller, 19%57) through thelr
effect on 1AA oxidase activity. High kinetin levels has besn
‘found to be inhibitory to IAA oxidase activity (Lee, 15713
1574). Similar results were obtained in the present studies
during epiphyllous bud cutgrowth (chapter Vi), Another
possibility of perferential transport of cytokinin to the uppere
most notches in vive to the exclusion of middlie and basal notches
can not be ruled cut as noted by Tucker (1579) in tomato
However, there is als0 a likelihood of induetion of bud growth
first in upper notches in response to locally produced cytokinin
{Tucker, 1977).

Ethylene iz known to be involved in the control of a wide
- xange of developmental responscs including grovth, absclssion,
\‘ v

senscence, frult ripening, etc; (Lieberman, 197%a and bj
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sanders g% sl., 1556). Induction of physiological stress either
by wounding, mechanical perturbation, drought or mutritional stress
causes ethylens biosynthesis (Wright, 1574, 1577; Guimn, 1976a and
b} Hanson and Kende, 1576; Yang and Pratt, 1578; Boyer g% al.,

19833 Biro and Jaffe 1584; Yang and Hoffman, 1384) Cassells and
Tamaa, 1986). Thus the detachmsnt of the leaf from plant and
subsequent isclation of notches in Ko mortsgel cowld resdt in-
sthylene forzation whose augmented level uight be triggering the
spiphyllous bud outgrowths However, the mechanism by which
sthylane b&n&ynthuua shoots up and affects 9hy-3.910516n1 proceses
is not yet fully understood (Moore, 1978; Prasad and Cline, 1985, bs ;.
Sanders g% akse 1586). Accordins to one hypothesis, exogenous '
treatzent with ethylene induces an autocatalytic type chain of
reactions (Abeles, 15733 Evans, 1984) probsily triggersd by the
formmtion of unique isozyms of periexi.dnu. This isozyme has

" been suggested to play a role in ethylens production (Ku gt als
1570)s This theory was supported by the observaticn that ethylens
Lformation from ACC is catalyzed by IaA axi&n in yitro.

Shimokawa (1584) has demonstrated the role of IsA cxidase system

in vive in the last step of ethylene biosynthesis, Thls ssemed

to show that exogenvus application of ETH might be boosting the

124 oxidase levels via its effect on its own augmented biocsynthesis
leading to ertanced bud cutgrowth, Further, it was Obgervad Tt
the eplphyllous buds of )thc attached leaves when spraysd with

ETH were released from their dormant state and initiated growth
(Fige 3436)e 1D |
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Ethylene and Ii4 work as bslancing members of a fesiback
gysten, wherein IAs stimilates the synthesis of ethylens which-
in turn inhibits the synthesis as well as transport of IAA (Bwrg
‘and Burg, 195663 1567; Pratt and Goeschl, 1969; Keng gt sl.s
19713 Kang, 1979)s It has been shown that sthylene lowered the
auxin release from coleoptile tip to about 65 % and muxin
production to mbout 25 % Of the controls (Van der Laan, 1934).
Further, the ethylene induced inhibition of auxin transport
sesws to be very fast as demonstrated in etiolated plsup
epicotyles (Burg.and Burg, 1966)e Thus 4% is 1ikely that the
apical applicaticn of ethylene to the detached leaf of |
Be moptagel blocke the movemsnt of auxin from the tip pertion of
tihe leal and probably at the saze time augsenting IAA oxidase
leovelss All these changes ultimately might be leading to the ‘
reduced levals of supraoptical IAA, Indeed it has besn ghown that
the capacity for germination in sesds start to develop at a tine
when endogenous suxin levels are very lLow in apple (Kopecky gt 8les
1975) and ager (Nikclaeva, 1977; Tillberg and Pinfield 1581).
Similarly, Wood (1583) cbserved a low auxin level in buds of
pecan prior to bud breake It thus seems that the ethylens bice
aynthesis is involved in the smxly stages of bud development in
Ko gortagei. Similar conclusions were drawn by van Antridk (1986)
© for bud formation in Lilius soeciopume ‘

Effect of bassl application of ethylene on epiphyllous bud
growth of K. portsgel sppears to be concentration dependent as
iinear increass in the nuzber of bud cutgrowth was observed with
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a rise in ETH concentration (Fig. é.:%). A rapld senescence of
- the leaves vas cbgerved at 0.1 M concentraticn of ETH. This
could be dus to the observation that ethylens enhancenent is
involved with szenescing tissue (Liebersman, 1979b) and higher
concentrations are often inhibitory to the growth in general
(Matthysse and Scott, 1984). Similar cbservations were noted in
the apical application of ETH, where higher concentrations

( Z 1 sM) were inhibitory to bud growth.

Finally, the stimilatory effect of ABA application of oute
growth of epiphyllous buds of K. poptagel is also interesting as
ABA, in fact, is known to promote and maintain the bud dormancy
(vareing and Ssundera, 19713 Tucker and amﬁiald. 15733 During
and Dachmann, 1975; Fernandez-iuniz and Sanchez-Tames, 1982; .
Rodriguez and Sméhiz-’kua. 1986)s Perhaps this stimulatory
effect of ABA may be indirect via imposition on transport

(Milborrew, 1578) and degradation (Anker, 1975; Milborrow, 196€)

of endogenocus auxine ABA induced i\w;;rewth of axillary buds has
been reported when applied to the apex (Bcugndi and Droffling 1574),
to cut stumps (Hillman, 19704 Hartung and Fufer, 1981) or

. directly to the Lateral bud itself (Hartung and Steigerweld,

1977) ’ ‘

Those studies implies that isolation. of lesf induces the
wellknown phenomencn of basipetal transport of auxin from spical
uppersost notehess This basipetal transport might also be \
accoupanied by localized destruction of Iia for rapld ‘:ciuwamnt



of appropriate auxin/cytekinin ratios thus, sﬁimlatin; bud
development first in those topmost notches, which acts as &
teuporary sink for nutriente and other stimulatory factors.
Once neristens of the first notches bacami reactivated and
begin to meke its own euxin, their sink effect is reduceds -
Thexzealter the successive notches act as sink aund the posess
process continuas on the subsequent lower notches, This
¢ould be the most plausible mechanism of the polaprity observed
during the outgrowth of epiphyllous budse

Thua following cbservations and forgoing discussion
¢learly implicate the likslyhood of a presence of phenomena
sizilar to correlative inhibition (Hillman, 1984) in the
#piphyllous bud outgrowth in K. M- ’

1) The ability of the uppermost notches to demonstrate very
£1.rst' bud mﬁgrwth comparred to other aubgmnaﬁ.ng notches.

2) Removal of upper notches (extreme or all from the upper part
of the leaf) causes the subsequent physiologically upper
notches to bebave as the topmost one and show Lirst bud

~ outgrowthe ‘ , ‘

3 Separeiion of lcaf into individual notches (neasuring 1 cnz) .

giving .q@l‘ky go0d and synchironous bud mtérwthxnpmu.

Further, the highest auxin levels in the uppermost part
of leaX compared to the middle part and several ialq m@riuc in
I5A oxidase activity in the early steges of bud outgrowth
implicates the role of IAA in correlative inhibition, It was
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‘dememstrated that the bud growth inhibition can be relieved
when & ring of lanclin containing TIBA was placed arcund the
ster between the apex and the bud (Tucker, ‘1976). Furthersore,
TIB4 induced inhibition of epiphyllous bud ocutgrowth in present
studies,’ supports the involvement of IAA transport in polarity.
when bra/échins (lacking apical doainance) and nomebranching
lines of tomato were tested for their ability to export radios
labaled IAA from the shoot apex, only the latter was able to do
80 (Salerno and Brennes, 1983), indicating that branching '

~ character is "“f‘ to the failure of shoot npax te export lahe It
ray be concluded £rom these points that the relesse of IAA from
the apex and ity subsequent transport is an e¢ssentisl component
' responsible for correlative inhibition (Tamas, 1987)« A similar
‘aémlusion was reported about the possible role of ;AA in
reproductive dorinance (developing frulte and seeds) over
axillary bud growth in Egaggolug and gusg_xg (Tamas gt hes
19813 1585). In this context dﬂelopzn; fruits and seeds have
been recognized to be rich in IAs (Banduxki and Schulze, 1977).



Hg. 4.1,

Polarity in epiphyllous bud outgrowth
in detached lecaf (a),

- Note that (1) the polarity in bud

outgrowth reestabliches upon the ramoval
of uppermost apical notches (b) or
uneven upper part of the leaf (c).

(2) the isolation of leaf into
individual motches relieves the polarzity
phenomenon (d and ¢).






R
Y Vw«rf;w

43\14;
!.mh..n‘ S éﬂﬂ%ﬁ,i’w T N

‘o\.o
s

hr ,Fn.mw . L
,J > JI Xl
Vﬂhzw )
5

./ G .v
[

‘sl

A

o e T
kmﬁwxwm
3 o oo Ty

) %

5asal

middle

apical

ion of leaf into various parts,

Effect of separat
(apical, middle and basal) and their individual

Fig. 4.2.

notches on epiphyllous bud outgrowth.

) Intact leaf, (&%) Intact leaf parts and

e
il
s

1
>

(

) Isolated notches from various leaf parts.

\



SO

60}

30+

(%)

60+

30

Bud outgrowth

60}

30F -

1 i

)
100

i
001 1.0
Concentration (M)

Fig. 4.3. Impact of NAA (a), IAA (b) and TIBA (c)

application on bud outgrowth' response.
(@) apical application, (O ) basal application.



Bud outgrowth (%!

Lo

801

3I0F

60

30y

szt

8¢

60}

30+

lg

K3

PR 76

Concentration (uM)

100

Fig. 4.4. Changes in bud outgrowth in response
" to basal/apical tip application of
BAP (a), GA4 (b), ETH (c¢) and ABA (d),

For (a) and (b): (O)
(@)
For (c) and (d): (@)
(O)

apical and
basal application.
apical and
basal application.



Fige 4.9,

No offect of basal treatment of KAA (a)
or TIBA (b) as compared to control (¢)
on polarity phenomenon in bud putgrowth.
Note complets reverssl of polarity by
basal application of DAP ¢o lesf (d) and
leaf part{e).






Flge 4.6, Effect of basal troatment of Ghgy {s)

—)

and ETH (b) and apical application

-of BAR =< (e) on bud outgrawihs

Note that tho buds develop only at
the site of cytokinin application,
but a cut in midxib {just below the
point of BAP application) stinulates
the successive subtending buds?
growth (d).

For (a) and (b): the concontration
increases from right to left,
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Fige 4o3. 5AP induced adventitious bud fomaation from
petiole (& and b) and leaf 1o (€)e






Table «4,1, Effect of variocus plant growth regulators on
epiphyllous bud outgrowth in vitro in Kalanchoe

aortagel
Treatnent % 0of budse showing
‘ gynchronous outgrowih

Control 6248 3 2.02
(dist water)

NAA 4944 3 3469
Iaa h3.6 3 ho21
GAy 40e2 4 4483
BAP : 6846 ¢ 2.62
TIBA _ 588 g Je4T
ABA 391 & 416

ETH ' 5742 2 352




