2. ANATOMICAL STUDIES OF
BUD OQUTGROWTH
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2+1 INTRODUCTICN

The genus Bryophyilum, now referred as Kalanchog
(Willis, 1973), is being routinely uscd to democnstrate

Veswauv{o propagaticn occurring through foliar propaguless
The origin and early developmental studies on these buds of
Be calycinus were made by Howe (19:';1). Naylor (1532),
Yarorough (1532) and Karpoff (1982). Theas buds are &lso
found to be a favourite experizental material for physiclogical
studies (sironval, 19563 Vardar and Acarer,1957; Heide, 19653
. Purohit et al,,1969; Purohit and Nandem,1971; Karpoff, 1982
Houck end Riessberg,;1983)e The factors controlling the poste
initiation development have also been studied (Handa et ak.,
19683 15703 Nanda and Jain, 1972), Out of the fowr most
conmonly used _*apeciia of Bryophyllua, in B.tubiflorum and
Bs ddagremontianum the plentlets develop on intact leaves
‘under longday photoperiodss However, treatment with
cytokinin, to the intact leaves, can substitute for long
day requirement (Heide 1965 Yazgan and Vardar,1577). ‘
| similarly in B. gelyeinum, detachment of the leaf from plant
or cytm application to the attached leaf causes the
epiphyllous bud outgrowth (Heide,1965)s On the other . hand,
in ggsmrtagg ¢ recoval of the leaf from pareat plant induces



growth of these epiphyllous buds. On account of this trigger
and other advantages mentioned in chapter I, the epiphyllous
bud outgrowth in K.gortages was selected for studies on
developmental anatomy. In this chapter resulis on structures’
of dorrant and reactivated epiphylleus buds and cytochemioal
chenges in total protein and insoluble polysaccharides during
the courss of bud activation and subsequent growth are
described, "

2e2 MATERIALS AND METHODRS

-

2eled ﬁxpar&mntal material:

The uppernost notches (Located at the extreme leaf tip)
of the 4th nodel leaves were used (as the regpmse was optimum
in them)s In order to induce the growth of dormant
epiphyllous buds, the excised leaves were kept in an upright
position with their petioles dipred, in an Erlenneyer flask
(50 ol caproity) filled with dist water, They were incubated
in the culture rom at 16 hr photopericd and 25 & 1°C
tenpearature,

24248 Histological studiess

The topmost notches were removed at every 24 hr interval
upto total 120 hr from the experimental leaves incubated as
above, and fixed imzediately in Fas (forzalin t ghacial acetic
“aedd 2 50 W% ilaoholg 515 ¢ 9) and Carnoy's fixatives
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(Jensen, 1962), Materials were dehydrated in graded series
‘of tertiary butyl alcohol, infilterated, embeddsd in paratfin
(5658 *C) and 10 um thin sections were cut in madian
longltudinal plane,

Insoluble pelyaaccharidés ware locallzed by periodic aes.d-,
Schiff's (PAS) reaction (Jensen,1962) and tetal protein by
mercuric bromophenocl blue reaction (iMazia &% 8ley 1553}

2424C Cytological measurezments:

- Length and m’eadth of the dormant and reagtiveted buds were
measured using ocouler micrometer fitted on a mdcroscope (Leitz
Dialux 22),

2+3 RESULIS

The development of epiphyllous buds in fslanghos occurs
fronm well defined primordie (Naylor,19323 Yarbrough, 1932
Vardar and Acarer, 1557; Karpoff,1982) embedded in the notches
located on crenate margin oi the leavess. The Lactors like long

day, oytokinin, suxin etc” responsiblé for controlling the «

/
development of these epiphyllous buds have been studied in

Becalycinun and 3,giagrezontisnus (Hielde, 19654 Henson and

vareing, 19773 Yazgan and Vardar, 19773 Houck end Rimseberg,iSd3).

In Hemortagel gutgrowth of buds ccourred in the detached leaves,
It takes about 3-4 days for the visual appearance of the buds
in the notches (Figelela)o
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wWhen. the notch region of leaf was sectioned in median
longstudinal pleme, the meristemitic cells of bud can ba seen
{Figs1e1h)s The epiphyllous buds possessed a distinct vascular
coanaction traveresing tha\ mesophyll tissues

The lLeaf hag & single layered epidermis. The hypodermis
i3 pede up of clogely pac}cod thin waileé single layered cells,
most of which are filled with PAS and protein poaitive siain.
Unlike, most of dicot leaves, the mesophyll tissue is not
differentianted into palisade and spongy parenchyis. Ingtead,
only one type of chlorenchymatous cells comprize the mesophyll
tisasue, These cells m;ntatn abundant starch grains,

At the crenate hump, in between two notches of laavaes,
ars located groups of cells, Each group of cells has subtending
vasculature separating it from the mesophyll tissue (Fige 121 f)e
The cells in this group are suell, closely packed and possess
prominent nucl‘ah During the course of leaf maturation, this
group of cells davalapa’mtoﬁu purple pigment. Yarbrough (1932)
has also reported ccourrence of such cslls in Begalyveinum end
considered s an anamoly in the general growth. Development of
epiphyllous buds was found to occur quite normally even in the
absence oi these celis tmi excludes a possibna.tj of having thtir
role in the outgrowth 9% epiphyllous buds, Based upon the
PPOgrensive development of purple pigments and their diastinct
etnnection with the rest of the mesophyll tissue, it seems that
they may probably ylay & sole in axciusion of hammful substances.
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in a laboratory ceﬁdi;iona. conspicuous shoots which
can bq seen by noked oye, arise fiom tpz.phylinnu -primordise
Abundant :‘Earch grains vere thservad in the mesophyll cells
surrounding the epiphyllous primordial region during early
steges (Ow2. days excision of Leaf) of bud cutgrowth (Figs 1¢1 B)e
_However, with further development of the bud, the starch grains
from surrounding mesophyll cells get depleted (Figs 11 6)o

Throughout the bud scutgrowth proocess, there is ateady
increase in the staining intensity of total proteins in
developing buds (Figs 1e1 dy ¢)s Intensity of protein stain
as well as PAS positive stain in the lesf hypodermal cells
- gradually decreased as the bud dsvelopment progresseds

T&are was continuous augaentation in the height and
width of the growing buds The average helghl and width of
the dorment epiphyllous bud was 81 and 41y respectively
(Table 1.1)s As the bud development advanced further, the
length and breédth increased to 358 and 211 M em Lth day. - -

244 DISCUSBION

In K. mo s the appearance of buda was dbserved
only from dgtéehad'leavea. Growth of bude on the mttached
leaves (those which are still atSachied to the mother plant)
la scarce and ¢ccupr naturally wmly 4L the leaf tip comms in
contact with the soil. Similar mode of bud growth has been
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reported in 2. galyvcinum (Eeals, 19233 Howe, 15313 Naylor,
19323 Yarbrough, 1932) and in S. disgremontisnup (Vardar and
Acarér, 1957; Hedde, 1565).

While examining general histology of bud growth in various

' plants, Beals (1923) found that the seristematic tissue in the
B leat notch was derived fran ‘the phiogm of vasculature, Howe

\ (1931) contradicted this ‘gnd suggested that the young plantlets
developed from meristematic amus:é of c&ia im'ch wer's present
right from the beginning in the young leaves. During leaf
ontogenesis, the meristematic patches of cells get organised
into distinct cepisten, This cbservaticn was later on confirzed
and further extended by Naylor (1932) who suggested that primordia
of both apices - root and shoot, are present in the notches of
mature loavess ‘ o

In present studies, the visible appearance of shoots from
ventral side of leaf notch wasg observed an\ about Jeh day of
incubation, the timing varying slightly from plant {o plant.
Later on, the roots (1«3 in number) appeareﬁ from the base of
the shoot tn 6=y dsy of isclation \ef~ »}_efff““‘*, Thus ia
g{_.mortagu the shoot buds always appeared first followed by
rootss However, in 3. galycinum , Yarbrough (1932) reported
, that the roots &iﬁaﬁéd first (in abwt 4 days) and shortly

after«ards shoot mace their appearance, Simflar pattern was
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sbeerved with jn y_ﬁ_._ggg studies on bud growth in B.celyeinum
fyom the apical notek on White's medium (liohan Lam,1563).
Howevar, working with same plant HKarpoff (1982) demonstrated
emergence of shoot first followed by rocte. ‘ |

Leaf pezsitim on plant and plant age algd influeuced the
reactivation of epiphyllous bud growth (Flge 543 asble uurj.ng
vegetative phase, the ocourrance of bud agrowth m tho léwaa
Located on 4th and subsequent lower nodes (l.c. towards the
-plant base) indicates that during lead ontogeny the meriatem
undergoes maturation process, at the end & which they attained
the ability to grow into 2 compleie plantlets This is
substantiated by earlicr enantomical studies reported in

Becalycinum (Meylor, 1932; Yarbrough, 1932). But maturation
" of bud is followed by dormsncy in the plant ﬁader émaen‘t studb’
igflp. wortagel), However, in case 'of other species Z.disgremontisnum,
Be tubiflorum) though the buds develop on the intact plant into a
shoot bearing twe pairs of leaves, its Lfurther growth is aryested,
it is énl y when “‘th@y get detached tnaf. the shoois develop further '
into complete plénﬁats (see Chapter IIX for the Teviaw},

During the reproductive phase (belting) of plant unlike
éhe, vagetativeh gtage Yhe bud growth was abmrvei; on a#ll the
leaves (Fige 3.3 b). Bolting is a sign of a change in the plant
éé?alop@nt from vegetative to the flowering phase (Wareing,1577)s
Frobably, by the time the plant hs;s cpmplatéd bolting processy
@il the leaves along with primordia in their notches sight hwi
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achieved complete maturity and thus exhibitiné bud growih in _
all the leaves tosted for the response. In support of the above
view 1t 1 now known that cytokinin acaumdlatiun induces .
fiovering in Pharibitis (Ogawa and King, 1979; 1980); wolffla -
(Venkataraman et sl,, 1970)3. Lezna (Cupta and bzaheshw;ari,w‘?o);
arabidopsis (Michniewicz and Kamlenska, 1565); Sinapis (Besnier,
et al.,1977) etes @rabébly through its rele in fs.ssimilate\
transport to téé stem apex (Tanimoto and Haradai%Bh; Vince~Prue,
1485)« SO the upper leaves might be having eéagaratively higher
cytokinin levels thereby bringing down the auxin/cytokinin ratio

£t an optimum for epiphyllous bud sutgrowth,
¥erpholegy and nonenclature of epiphyllous budss

Lue to the ability of notch meristems to give riee %0
cc;mple'te plantlet with mof and shoot axiz, it vas interpreted
either as a bud (Howe,1931) or foliar embryo (illaylor,1532).

The term foliar esbryo is still used accassionall,;r in the’
literature .(Yarbruugh, ?932; Mohan Ram, 15653 Karpofi,19623

Houck and Rieseberg, 1983). However, accafrding to the clasd.ct;l /
Gefinition an embryo mlvways originates from a single cell and

has no direct vasculérh connection with the mother plant
(#sheshwari,1550). ihe epiphyllous bud meristems of Kalanchog
vossesses a distinct vascular connectlon with the main

vasculature, Qntageneticany. thiz bud originates from a group

of 'meristemat;c cells of leaf primorida (Naylor,1932; Y&#arpngh.jgsé)
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and not from & single cells. Therefore, it has been proposed

vhet these primordia should not be termed as foliar embiyo;
rother leaf margin seristem or more appropriately,epiphyllous
bud would be the correct nomenclature of it (Jasral et 21441587).

Presence of abundant starch gralns in the wmesephyll cells
surrounding the epiphyllous bud during dormency and aubsequent
early stages of growth (upie 2 days aiter exclsion o1 leaf)
tndicates i%s role in the process. Larlier histochemical
exomination of sghoot forming tobaceo tissue revealed accumulation |
of. starch in speciiic loci irom which shoot primcrﬁia'develdped <
(Taorpe and iurashilee,1970). Ia eﬁher~§gng3§ organozenetic |
Procesces also sterch accumulation has‘beeg a conspicuous feature}
for examples, incuction of floral parts iﬁ cawliflover (Sadik and
Czbun,1487) and grosth ol potato buds {Marincs, 1957). in the
present study depletion of starch grains fream the surrounding
wesophyll cells du:iné lata: stages (3 éay;'angard) reilects
pctive growth and nutritionel reqyiramﬁnt for bud growth, Likewize
accumil ation and later on disapéeaxance of atarch have been
correlated with the bud forming process in tobacco callus {Thorpe,
1960), exoxyo of £ipug coubtery (Patel and Seslyn,1963) and Picla
sbies (von Arnold,19687) and cotyledons of Pinus radiata (Fatel «- -
and Thorpe, 1984). The physialosionl sigﬁificanca of gtarch
accumulation prior to and dissappearance during organogenesis
vhich reflects high energy requirements Lor the sald process
15 well documented (Ross gf al.,1Y73; ’i‘horpe and Helier, 1974).
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This has been proved with(ﬁktssucrase feeding of tobsceo calld
{Thorpe gt gl.,1986) and uitrastructural studies in Latura
innoxia (Brosserd-Chriqui end Iskender,1980). Az a source of
energy, starch possess a aistinct advantage for 1te degradation
results in high yields of glucose«i=phosphate and its subseguent
catdbolism into ATP through glycoliytic substrate phosphiorylation
end followed by oxidative phosphorylation, without the expenditure
of existing high energy phosphates (ngia.1960§.

{

!

Progressive increase in total protein ccntent in the
induced bude indicates a continucus synthesis of proteins during
the processs This is in consirast t0 the reports that detachsent
(-3¢ leaves'causes,sanesceﬁce resulting in loss of tbﬁ&i soluble
protein (Feterson et aleyt 23‘733 Wittenbach,1978). However,
depletion of protein Lrom hypodermal cells with accompanying
accumilation 19 gréwing buds 1ndicate$ rapid tuwrnover neoessary

- for sustained growth of growing primordia~{ﬁice;anﬁ Gnlﬁbérg.1975;
‘ﬁuifaker.1982}.

. In present stu&ies the continuous increase in average
helght and width of the bud indicates active growth fhraugh
cell expansion (Fletcher and Dale,1974; Nagao and Rubinatein,1976) .
nardlaw énd vortimer (1%70) has reported increase in bud length
ne early as © hr in Plsum after decapitation. Hovever, the
possibility of rapld mitotic activity cannot be ruled out during

the spurt in bud growth, Several investigators have found
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increased cell divisions within 2448 hrs after removal of

the apex (Naylox,1558; Ali and Flétcher.1970; Feteyson and
Fletcher,1573; Tebin gt al.,1974; Couot-Gasteller,1579).

In thie context, Cicer arietinum lateral buds treated with
BAP (1 mM) exhibited increased cell division even within éne

hr, whereas increased elongatica occurred two hr after treatment
(Usclati et al.,1972). However, Yeang and Hillwan (158%).through
anatoaiéal studles suggested that‘:allow&&g dscaptitation growth
by cell extension ¢an be detected after a lag of 3«4 hr., Later an
Hillzan (1984) concluded that bud development procecds in two
phasag- an initial release from inhibition invelving cell
expansion Lfor very short period of a few hours, followed by cell
division jn the perioc of 12«48 hy (KRubingtein and Hagao,1976§
cauat-ﬁaatelier,%Q?ﬁo.

From these studies 4t is quite apparent that the oud
meristens are being lald down during the ontogengis of ﬁh§
leaf, Once the leai is matured, the buds underge dormancy till
the onset o favourable conditions which is the isolation of
leaf from the plent as in the present cazse, ﬁurthéi, auring the
course of bud growth following industion, protein and carbo
hydrates f:cm,%ha aurrounding leéiy tissue (hypodermis and -
.1mesOphyll etcy) are being channalized 1o the growing bud
geristen = aJ;racess analogous t9 the germinating secds (AshtoRy
1376; layexr and Palﬁakaff-ﬁsyéer,1982)‘ |
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Reactivation of very firat buds in the upper~
most apical notches of the leaf,

Hedian longitudinal sections of leal paseing
through notch portion of Kalanchue mortagei.
C¥, Cell Patchj LBy doruent budi RB, regenerate
ing budj 3G, atarch gfams‘ Vs vascular connecte
ion, L

Localization of total inscluble poly=
saecharides, |

Dorrant bud (x 125)., Note the starch greina

in the mesophyll cells surrounéing 'tm bud.
Regenarating bud after & days of incubation

( % 312.5).

Localization of total proteins.

Regenerating bud after 2 duys of incubation

(x 312.5). *

Bud after 5 days of incubetion { X 312.%).
Section in nonnoteh region showing pecul iar
cell patch having vascular commeciiocns

(x 78745)s






Table = teo1. Changes in length ond breadth of epiphyllious
buds of Xslanghoo morgacel during outgrowth,

Déya of -’mcubaum}“ Eud S.eé:gth (M4.exon) Bud breadth (mcrm)

81.40 & 1.84
T46292 & 24496

| 244,20 4 6672
325460 & 4404
353,16 2 4.84
820496 2 2468

P A W R e O

43.80 + 1402

81448 & 3,20
126,80 & 249
162;89 & 2.‘?&&\ :
211,64 3 2.46
22184 2 4,26

The figures in parentheses are tho standard errors



