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2.1 INTRODUCTION

The genus Bryophylluau new referred as Kalanchoe 
(Willis# 1973)# is Using routinely used to damonstrat* 
vegetative propagation occurring through foliar propaguLes.
The origin and early developmental studies on these buds of

/

E* cslyoiaoa were unde by Howe (1931)# Naylor (1932)#
Yarbrough (1932) and Karpoff (1982). . These buds are also 

found to be a favourite experlamtal material for physiological 

studies (sisnnval# 1956f Vardar and Aoarer# 1937) Heide# 1965| 

Furohit £t al.,1969; Furohit and hands# 1971s Karpoff# 19S2f 
houck and Eieseberg#19@3)» The factors controlling the post*

r

initiation development have also bssn studied (hands £| al.. 
1968$ 13701 Hands and Jain# 1972)# Out of the four most 

commonly used species of Bryophyllua. in a.tubifloruis and 
B* dla«r»ttontianuiP the plantlete develop oh intact leave* 
under longday photoperiods# However# treatment with 

cytokinin, to the intact leaves# can substitute for long 
day requirement (Heide 19631 Yazgan and Vardar# 1977)#

Similarly in J|* calvclnua. detachment of the leaf from plant 
or cytokinin application to the attested leaf causes the 
eplphylloue bud outgrowth (Helde#1963)« On the other hand# 
in &#*aortag*l. removal of the leaf from parent plant inducts
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growth of these eplphyllous buds* on account of this trigger 
and other advantages mentioned la chapter X* the eplphyllous 
bud outgrowth la K.aortagel was selected for studies m 

developmental anatomy, la this chapter results on structures 
of dormant and reactivated eplphyllous buds and eytochealadL 
chenges In total protein and Insoluble polysaccharides during 
the course of bud activation and subsequent growth are 
described*

2*2 materials mz> mwam
2«2*A Experimental aaterlsl i

The uppermost notches (located at the extreme leaf tip) 
of the 4th nodal leaves were used (as the response was optimum 
in them)* In order to Induce the growth of dormant 
eplphyllous buds, the excised leaves were kept In an upright 
position with their petioles dipped* In an Erlenseyer flask 
(50 A capacity) filled with diat water* They were incubated 

in the culture room at 1$ hr photoperiod and 25 & t*C 
temperature*

I

2*2«B Histological studies!

The topmast notches were removed at every 24 hr Interval 
upto total 120 hr from the experimental leaves Incubated as 
above* and fixed immediately in Faa (formalin t glacial acetie 
acid s §0 % alcohol* 5 I 5 i 90) and Caxnoy1* fixatives
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(Jensen# 1962)# Materials were dehydrated in graded series 
of tertiary butyl alcohol# inf 11 tented# embedded in paraffin 
(56-58 *C) and 10 pm min sections were cut In radian

i

longitudinal plane#

Insoluble polysaccharides wore localised by periodic scid- 
Scbiff»* (Pas) reaction (Jensen#1962) and total protein by 
mercuric broaopheudl blue reaction (ifezia ©$, aU. 1955)*

2#2#C Cytologies! msasureoentst

Length and breadth of me dormant and reactivated buds were 
measured using occul&r micrometer fitted on a microscope (Leitz 
Lialux 22)*

2# 3 RESULTS

The development of spiphylloue buds in Kalansfeoe occurs 
from well defined primordia (Maylor#1932$ Yarbrough# 1932$
Vardar and acarer, 1557$ Karpoff,l982) embedded in the notches 
located on cremate margin oi the leaves# The factors like long 
day* cytokinin* auxin etcp responsible for controlling the 
development of these epiphyilous buds have been studied in 

B#ealyclnup ©ad a * dlagremantianun (Helds# 1965$ Henson end 
warsing# 1977$ Yazgan and Vardar# 1977$ Houck and Meseoerg#1983)# 
la E*gortagel outgrowth of buds occurred in the detached leaves# 
it takes about 5-4 days for the visual appearance of the buds 
in the notches (Pig#1*1a)#
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When the notch region of leaf was sectioned in median 

longitudinal plane, the aseristemtic cells of hud can he seen 
(Fig*1*1b)* The epiphyUouo buds possessed a distinct vascular 
connection traversing the mesophyll tissue*

t

She leaf has a single layered epidermis* The hypodersis 
is made up of closely packed thin wailed single layered cells# 
most of which are filled with PAS and protein positive stain* 
Unlike# most of dicot leaves# the laeaophyll tissue Is not 
differsntiated into palisade and spongy parenchyma* Instead#
only one type of chiorenchy matous cells comprise the mesephyll

\

tissue* These cells contain abundant starch grains*

At the crenate hump# in between two notates of leaves # 
are located groups of cells* Each group of cells has subtending 
Vasculature separating It free the mesophyll tissue (Fig* 1*1 f)* 
The cells in this group are smell# closely packed and possess 
prominent nuclei* lairing the course of leaf saturation# this 
group of cells develops intense purple pigment* Yarbrough (1932) 
has also reported occurrence of such cells in B*calycinum and 
considered as an anamoly in the general growth* Development of 
epiphyllous buds was found to occur quit# normally even in the 
absence of these cells this excludes a possibility of having their 
role in the outgrowth of epiphyllous buds* Based upon the 
progressive development of purple pigments and their distinct 
connection with the rest of the nesophyll tissue* it seems that 
they may probably play a rbls in exclusion of harmful substances#
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Xn a laboratory conditions, conspicuous shoots which 
can ba seen by naked eye* arise iron epiphylloua prlaordia* 
Abundant starch grains were observed in ths aesophyll ceils 
surrounding the eplphyllous priaoriial region during early 
stages (0-2. days excision of leaf) of bud outgrowth (Fig* 1*1 b)« 
However* with further development of the bud* the starch grains 
from surrounding mesophyll cells get depleted (Fig* 1*1 e}«

throughout the bud outgrowth process* there is steady 
Increase in the staining intensity of total proteins in 
developing buds (Fig* 1*1 d* s)« Xntsnslty of protein stein 
as well as pas positive stein in the leaf hypodsranl cells 
gradually decreased as the bud development progressed*

there was continuous augmentation in the height and 
width of the growing bud* the average height and width of 
the dormant epiphyilous bud was 81 end 41 p respectively 
(Table 1.1)* As the bud development advanced further* the 
length and breadth increased to 558 and 211 p on 4th day*

2*4 DISCUSSION

Xn &• aortaael. the appearance of buds was observed 
only from detached leaves* Growth of buds on the attached 
leaves (those which are still attached to the mother pleat) 
is scarce and occur naturally «ly if the leaf tip coats in 
contact with the soil* similar mode of bud growth has been
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reported in jt« calycinum (Beals* 19231 Howe* 19311 Kayler*
1932| Yarbrough* 1932) and in &• diagreaontlanug (Vardar and 
Aearer, 1957s Haide* 1965)•

Mhile examining general hlat&ogy of bud growth in various 
Slants* Baals (1923) found that tha aaristaaatic tissue in the 
leaf notch was derived from the phloem of vasculature* Bows

t

(1931) cent radiated this and suggested that ■f&e young piantlets 

developed from seristematic groups of ceils which ware present 
right from the beginning in the young leaves* Curing leaf 
ontogenesis* the aeriatematic patches of cells get organised 
into distinct meristem* This observation was later on eonflrmsd 
and further extended by Baylor (1932) who suggested that priaordia 
of both apices • root and shoot* are present in the notches of 
nature leaves*

In present studies* the visible appearance of shoots from 
ventral side of leaf notch was Observed on about 3*4 day of 
incubation* the timing varying slightly from plant to plant*
Cater on* the roots (1*3 in number) appeared from the base of

^ L ! ■ ' ^
the shoot on 6*9 day of isolation ;oC $hus in

\

iUmortagel the shoot buds always appeared first followed by 
roots* However* in a,# calycinum . Yarbrough (1932) reported 
that the roots initiated first (in about 4 days) and shortly 
afterwards shoot made their appearance* Similar pattern was

/
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observed with vitro studies on bud growth In B^calvoinua 
Iro® the apical notch on white’s sodium (Mohan Kao,1963)* 
however, working with same plant Karpoff (1382) demonstrated
emergence of shoot first followed by roots*

\

Leaf position on plant and plant ago also Influenced the 
reactivation of opiphyllous bud growth (Fig* 3*3 a*b}* Luring 
vegetative phase, the occurrence of bud growth in tho leaves 
located on 4th and subsequent lower nodes (i#e* towards the 
plant base) indicates that during leaf ontogeny the meriste* 
undergoes maturation, process, at the end of which they attained 
the ability to grow into a complete plantlot* Shis is 
©instantiated by earlier anantomical studies reported in 
B*calycinum (Naylor, 1932* Yarbrough, 1932)# But maturation 
Of bud is followed by dormancy in the plant under present study 
(SUmortagel). However, in case 'of other species 3*dlaigrcmoatianupu 
B* tubifiorum) though the buds develop on the intact plant into a 
shoot bearing two pairs of leaves, its further growth is arrested* 
It is only when they get detached that the shoots develop further 
into complete plantlets (see Chapter XIX for the review)*

During the reproductive phase (bolting) of plant unlike 
the vegetative stage the bud growth was observed on all the 
leaves (Fig* 3*3 b)* Bolting is a sign of a change in the plant
development from vegetative to the flowering phase (Waretng, 1377)*

/ '

Probably, by the time the plant has completed bolting process, 
all the leaves along with prlmordia In their notches sight have
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achieved coaplete maturity and thus exhibiting hud growth in 
all the leaves tested for the response* In support of the above 
view it is now known that eytokinin accumulation induce® 

flowering in Pharibltia (Ogawa and King, 1979} 1980); wolffla - 
(Venkataraman et al*« 1970) *. Lesaa (Gupta and Kaheshwari, 1970); 

arabldopsls (Kichniewics and Kamienska, 1965); slnaoia (Bernier,
®t at., 1977) etc 4 probably through its role in assimilate

ytransport to the stem apex (fantasisto and Harada,1984; Vince*Prue, 

1985)* So the upper leaves might be having comparatively higher 
cytokinln levels thereby bringing down the auxln/cytokinin ratio 

to an optimum for epiphyilous bud outgrowth*

tforphology and nomenclature of epiphyllous budss

hue to the ability of notch aeristems to give rise to 
complete piantiet with root and shoot axis, it was Interpreted 
either as a bud (Howe,1931) or foliar embryo (Haylor,l932)*

The term foliar embryo is still used occassiomiiy in the 
literature (Yarbrough, 1932; Mohan Ram, 1963, Karpoff,1982;

Houck and Riesoberg, 1983)* However, according to the classical 

definition an embryo always originates from a single cell and 
has no direct vascular connection with the mother plant 
(Haheehwari, 1950) • i'fce epiphyllous bud meristecs of Kalanchoe 

possesses a distinct vascular connection with the main 
vasculature* Qntogenetically, this bud originates from a group 
of asristematic cells of leaf primorida (Haylor,1932; Yarbrough,1932)
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am! not from a single cell*, therefore* It has been proposed 

feat these prlmordla should not be termed as foliar embryo, 

rather leaf margin msristem or more appropriatelytepiphyllout 
bud would be the correct nomenclature of it (Jasrai et al*«1SS7)#

Presence of abundant starch grains in the mesophyll cells 

surrounding the epiphyll ous bud during dormancy and subsequent 
early stages of growth Cupto Z days after excision of leaf) 

indicates its role in the process# Earlier histochemical 

examination of shoot forming tobacco tissue revealed accumulation 
of; starch in specific loci from which shoot primordia'developed ^ 

(Thorpe and Kurashige * 1 970) • In other in vivo ©rganogenstic 

processes also starch accumulation has been a conspicuous feature| 
for example, induction of floral parts in cauliflower (Sadik ami 
Czbun, 1 967) and growth of potato buds (Karines, 19©7)* In the 

present study depletion of starch grains from the surrounding 
isasophyll cells during later stages (3 days onward) reflects 

active growth and nutritional requirement for bud growth# Likewise 
accumulation and later on disappearance of starch have been 
correlated with fee bud forming process in tobacco callus (Thorpe, 
1980), emoryo of Pinup couiterl (Patel and d«rlyn,19S3) and Picla 

ables (.Von Arnold, 1967) and cotyledons of Ficus radlata (Fatal < - 
end Thorpe, 1984), The physiological significance of starch 

accumulation prior to and disappearance during organogenesis 
which reflects high energy requirements for the said process 
is well documented (Ross et al»«1973i Thorpe and Meier, 1974)#
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this has I>e©n proved with (1 *C) sucrose feeding of tobacco calii ^ 

(fhorpe ejfc fl.*i386) and ultrastructurai studies in Datura 
lnnoxla (3rossard~Chrlqui end Iskander, 1980}* As a source of 
energy, starch possess a distinct advantage for its degradation 
results in high yields of glucose-1-phosphate end its subsequent 
catabolism into ATP through glycolytic substrate phosphorylation 
end followed by oxidative phosphorylation* without the expenditure 
of existing high energy phosphates iHehta*l9£G}»

Progressive increase in total protein content in the 
induced buds indicates a continuous synthesis of proteins during 
this process* This is in constraet to the reports that detachment 
of leaves causes senescence resulting in loss of total soluble 
protein (Peterson et ai.. 19731 Wittenbaeh, 1978)* However* 
depletion of protein from hypoderasal ceils with accompanying 
accumulation in growing buds indicates rapid turnover necessary
for sustained growth of growing prinordia (Dice and Goldberg*1975I
\

Huffaker,t9S£)»

. In present studies the continuous increase in average 
height end width of the bud indicates active growth through 
cell expansion (Fletcher and Dale* 1974; Nagao and Rubinstein* 1976} • 
rnrdlaw and ftortlaer (1970) has reported increase in bud length 
as early as 6 hr in Pisum after decapitation* However, the 
possibility of rapid mitotic activity cannot be ruled out during 
the spurt in bud growth* several investigators have found
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increased cell divisions within 24-48 hrs alter removal of 
the apex (iiaylar,19§8j Ali and Fletcher,1970} Peterson and 
Fletcher, 1973} ffobln et al..1974s Couot-Gastelier, 1979)•
In this context, Cicer arlotlnuia lateral buds treated with 
SAP (1 sM) exhibited increased ceil division even within toe 
hr, whereas increased elongation occurred two hr after treatment 
(Usclati et al»#1972)» However, Yeeng and HUiman (1981^ through 

anatomical studies suggested that following decaptitation growth 
by ceil extension can be detected after a lag of 3-4 hr# hater an 
Hillman (1984) concluded that bud development proceeds in two 
phases- an initial release from inhibition involving ceil 
expansion for very short period of a few hours, followed by ceil 
division in the period of 12-48 hr (Rubinstein and Nag&o,i&76| 
couot-Gaateiier, 1978) •

Fro® these studies it ia quite apparent that the bud
< i

meristerns are being laid down during the ©ntogensis of the 
leaf# Once the leaf is matured, the buds undergo dormancy till 
the onset of favourable conditions which is the isolation of 
leaf from the plant as in the present case# Further, during the 
course of bud growth following induction, protein and carbo­
hydrates from the surrounding leafy tissue (hypode rails and 
aesophyil ete$) are being channelized to the growing bud 
meristea - a process analogous to the germinating seeds (Ashton# 
1976} i'iayar and Pol dakoff-Kaybcr, 1982) •
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table - 1.1 • Changes in length and breadth of epiphyllous 
buds of ®g£$i*23& during outgrowth.

Days of Incubation ' Bud length (Micron) Bud breadth (Micron)

0 81.40 £ **84 43.80 & 1.02
1 146.52 £ 2*46 81.48 * 3.20
2 244.20 £ 6.72 126*80 £ 2*96
3 325.60 £ 4.04 162*80 ± 2*78
4 353.16 & 4.84 211 *64 £ 2.46
5 . 520.96 ^ 3*68 221.94 £ 4*26

the figures in parentheses are the standard errors


