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GROWTH AND DIFFERENTIATION IN THE SH
. SHOOT APICAL
MERISTEM OF THE SAFFRON PLANT (CROCUS SATIVUS L.)!

K. K. KOUL AND S, FAROOQ

Department of Botany, University of Kashmir, Srinagar.

ABSTRACT

‘ Qualitative and quantitative changes taking place in the shoot apical meristem in corms
ol saffron plant (Crocus sativus L.) during the period between middle of May to the middle

of August are described. No appreciable growth occurs in the shoot apex between middle

of May and the middle of July; this period isthe phase of corm dormancy.
ic activity. From the middle of July onwards,

shoot apex during this phase show low mitot

the shoot apex begins to form leaf primordia which continue to increase
Inthe period between the beginning of August and middle of August,

beginning of August.

The cells in the

in number till the

rapid changesoccurin the topography of the shootapex leadingto flower initiation and difle-

rentiction,the latter being of protandroustype.

The onset or break of dormancyinthe corms

does not appear to be triggered bya specific temperature experience, since no sharp transition
in temperature occurs during initiation of growth and differentiation in the shoot apex.

INTRODUGTION

Saffron, the costliest of all spices 1s
ap important cash crop of the state of
Jammu and Kashmir. Saffron crocus
(Grocus satious L.) 1s a member of the
family Iridaceae and bears a conden-
sed underground shoot in the form of
a corm. The plant is sexually sterile and
is propagated vegetatively through corms.

Development and differentiation in
the shoot apex of certain bulbous plants
has been reviewed by Wardlaw (1965)
and by Rees (1972). Sass (1944) descri-
bed the development of foliar and floral
structures in tulip, whereas Riviere (1963)
described  such details for Lilium candi-
dum. Floral development in Iris has been
investigated by Rodrigues Percira (1962).
1. Accepted for publication on December 15, 1982.
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Information relating to seasonal periodi-
city in developmental events, particu-
larly différentiation in the shoot apical
meristem, is lacking in the saffron plant.
A study has therefore been made of the
changes occurring in the shoot apex 1n
corms of saffron crocus especially with 2
view to study flower initiation and
differentiation.

MATERIAL AND METHODS

Buds were excised from corms to-
gether with « portion of surrounding tis-
sue and were immidiately fixed in alco-
Lol red -acetic acid (3:1). After fixation,
the buds were washed with distilled wa-
ter and transferred to 709, alcohol. In-
filtration and embedding in paraflin wax
was carried out by passing the material
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through the usual alcohol-xylene series.
The dehydrated material was gradually
infiltrated with, and finally embedded
in, paraflin wax. Longitudinal sections,
10pm  thick, were cut. The scctions,
after being stained with safranin and
light green, were mounted in canada
balsam.

Axillary buds in notches towards
the apical part of the corms were ex-
cised at fortnightly intervals hetween
middle of May and middle of July, at
weekly intervals  from middle of July
to the last week of July, and later on at
intervals of three days till the second
week of August. Buds were excised on
May 15 and 31 ; June 155 July 1, 16, 23,
27 and 30 and August 2, 5,8, 11 and 15.
At cach stage buds were excised from
corms of nearly uniform diameter (3-4
cm).

Observations were made on median
longitudinal sections. Atecach stage qua-
ntitative observations were made on
five buds taken from diffrerent corms and
considered as replicates. Besides study-
ing the morphological changes taking
place with progressive intervals, the
length and the breadth of shoot apex
were also measured. Length and bre-
adth of the shoot apex was measured
directly by an ocular micrometer; gene-
rally the youngest leal primordium was
taken as the base line.  The ratio length/
breadth was computed at cach stage,

Cells showing mitotic divisions in
the meristematic regioas of the apex were
marked out on camera lucida drawings
and the number of such cells per section
was counted (o obtain the frequency of
mitotic figures.

The work done, first during the
year 1978, was repeated in 1979 with a
fair degree of reproducibility,  The ye-
sults presented here pertain to w

: ork car-
ried out during 1979,

RESULTS

Transition from vegetative 1o Sloral apex

The shoot apex has a typical tupj.
ca-corpuas configuration the two layered
tunica covering a core of unlayered cells,
the corpus (Fig. 1). The shoot apica)
meristem as present during middle of
May continued to persist upto the first
week of July (Fig. 2).

The first signs of growth in the shoot
are manifest sometime between the first
and second week of July (Fig. 3). The
shoot apex typically resembles the vege-
tative apex in form and structure. The
apex then shapes like a dome and some
incompeletly differentiated leal primor-
dia are observed laying well below the
tunica layers on cither side, lateral to
the axis. The leal’ primordia arise as
lateral protuberances initiated from the
tunica of the apical meristem.The initia-
tion is marked by anticlinal divisions
along the lower flank of the apical meris-
tem. Subscquently, one to several peri-
clinal divisions appear in tunica layers.
A lateral protuberance is thus formed
and continued anticlinal and periclinal
divisions in the tunica layers contribute
to gradual enlargement of the primor-
dium. The peripheral regions of the
corpus do not seem to contribute to
the formation of the internal tissue. In
such a manner, from the middle of July
upto the beginning of August, the apex
continues to produce a series of leaf pri-
mordia which undergo transition from
primordial to young leaf stages of deve-
lopment (Fig. 4 and 5). Apex is well
differentiated into an axial zone of rib
meristem  comprising  parallel rows of
cells and peripheral pro-vascular meris-
tem.  The shoot is broadly domed and
bilaterally symmetrical, structurally sim-
ple with two-layered tunica and a ho-
mogenous corpus composed of large nu-
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Figs. 1-6. : Fig. I. L.S. of vegetative apex showing a two-layered tunica (T, T,) and a multi-
layered corpus (C,. Fig.2. L.S. of a cone shaped quileent apex. Tig. 3. LS. of a dome shaped vege-
tative apex showing initiation and differentiztion of leaf primordia (LP). Fig.+. L.S. of apex showing
pro-cambial strand developing towards the apex.  Fig. 5. High dome stage of the apex with well differen-
tiated young leaves (L) and rib meristern (RM). Tig. 6. The apex prior to flattening with a pro-vescular
strand (PS) developing towards the terminal floral apex.

Note : Vertical scales in cach figure represent 50 fan.
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Figs.7-11. Fig. 7.
in L.S,showing a ceatral depression (D) for the initi.
ing pritnordia of the outer perianth (P))
staminal primordi. (SP). Fig. 10,

Fully flattened terminal floral apex.

Fig. 8. Terminal Mattened Sor ! apex
1tion of periant®: primordiz.  Fig. 9. L. 8. spex st one
and the inner perianth Py) and also a ce
L.S. floral ape
on cither side o' the ce

atrid depression D owith
X showiig well differeatiated
atral depression (D), Tig. 11, L.S. of a well differeati e
floral sheath (FS), outer perianth (P))) inner perianth
initials (OI).

staminal primondia <SP
(Py), stamens R
Note :

d terminal do ver showirg

carpel primordia (CP' and ovuler
Vertical scale

sin cach figure represent 50 fp,,
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Aeated oells with dense cytoplasm devoid

of vacuoles. The tuncia cells are clong-
108 2t right 2ngles o the surfuce of the
somex Fig. 5. After the high dome stage
i resched the 2pex completely flattens
out Fig. @, 7 and 8)., and differentiates

iz the termizal Hower during the
. week of Auvgest. The floral
tion 1s of the protandrous red

1zntk ¢ n: Perianth initiation
-y pressed  when tbc flattened foral

ey into a concavity (Fig. 8).
lobes are inidated by periclinal divi-
he wnica lavers. Both outer
perianth primordia are for-
uccession.  Qurer perianth diffe-
frst and then the inner peri-
pernianth primordium swells
into protuberances as a result of con-
iributdon from cells underlying tunica.
Pro-vascular camblum extends acrope-
tzlly along the boundary between peri-
heral zone and the rib meristem {Fig.

imiiiziion : Stamen initiation 1s
acoompanied by further depression of
the ﬂor’l 'pex ‘Fig. 9 and 10). Sta-

tiated by 2 .Jmclmal dlvmons

&
3
N
5 |

fully depre trd ermmg a notch enclo-
sed between well differentiated peri-
znth ar.d stamens. The uniseriate tunica
ard subepidermal layers which displa-
ved localized meristematic activity now
undergo active cell division at the base
of the notch indicating the initiation of
gynoecium by forming small protuber-
ances on both sides (Fig. 11). A deeply
‘tained mass of cells in the centre, below

M 157

the staminal notch, expressess the diffe-
rentiation of ovular initials.

Frequency of mitotic figures

From the middle of May till late in
June, the frequency of mitotic divisions
as observed in the longitudinal sections is
relatively low both in th: tunica and the
corpus regions. Thereafter, it continues
to increase progressively with time till
carly August. In the sccond wecek of
August, however, a decline in the trend
1s observed. The highest frequency of
mitodc figures is ohserved during the
first week of August (Text fig. 1).

Length and breadth of the shoot apex

A small but gradual increase in the
length of the apical meristem occurs
from middle of May ull carly August
after which the length of the mristema-
tic region shows a marked decline (Text
fig. 2).

A continued increase in the breadth
of the apical meristem is observed from
middle of May upto middle of July, af-
ter which it shows a sudden dscrease.
Subsequently, the breadth again conti-
nues to increase till early August (Text

fig. 3).
Length to breadth ratio

There is generally a progressive in-
crease in the ratio of length to breadth
in the apical meristem from sccond week
of May till late July after which the ratio
begins to decrease, the decrease being
more pronounced during the first week
of August (Text fig. 4).

DISCQUSSION

The structure of vegetative shoot
apex in the saffron plant compares well
with that of Jris as described by Roari-
gues Percira (1962), both being members
of the same family Iridaccae. In each
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Text fig. |. Changesin.frequency of mitotic figuresin the apical meristem of saffron plant with

progressing dates hetween May and  August.

Text figs.2to 4. Changesin length, brezdth and length/breadth ratio in the shoot apiczl meri-
stem of saffron plant with progressing dates between May and August,

casc there is a two layered tunica enclo-
sing a corpus of larger unlayered cells,
and the rate of cell division is initially
very slow. In Iris the first sign of trans-
ition from vegetative to flowering phase
1 an increase in cell division in the rib

meristem. This,

howerver, is not true
of the saffron plant, and the difference

may be due to the fact that flowersin
Iris are borne on an clongated scape.
The changes taking place in the shoot
apex of the saffron plant during transi-
tion from vegetative to reproductive
phase are in conformity with those des-
cribed for Iris.  Certain major diffe-
rences, however, exist in the structure of
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the shoot apex in saffron plant and that
described for tulip (Sass, 1944) and
Liltum candidum (Riviere, 1963). Tunica
. case of tulip is only one layered while
.n Lilium candidum it is three layered.
The present observations on growth
and differentiation in buds of saffron
Jant during the period between May to
middle of July suggest that this period is
> phase of arrested growth and develop-
mental activity or dormancy in the corms.
With the resumption of growth, a ste-
ady increase in cell division and clonga-

155
tion occurs, However, smarked fuctu-
ations are obgerved in the quantitative
parameters viz length, breadts and the
length/breadth ratio during early August,
These fluctuations correspond with the
rapid changes in the topogeaphy of shoot
apex at the time of floral differentiz-
tion.

‘The role played by

“
perature  expericnces in the comtrol of

h

dormarcy is well knowa for 2 wide rang
of bulbous plants /Roirigues Poarz
1962 Rees, 1972).

However, temperz
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Text fig. 5. Mean weekly maximum
August for four consccutive years (1977-80).
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ture, high or low, apparently plays no
role in the onset or release of dormancy
in corms of saffron plant, since, the
period between May to August compri-
ses the summer seasor in Kashmir, as
also in other regions where the plant is
is cultivated. During this period the
mean weekly temperatures in Kashmir
valley do not show wide fluctuations and
range between 20°C to 30°C maximum
and 10°C to 18°C minimum (Text fig 3).
This together with the fact that storage
of corms for four to eight weeks at a wide
range of high and low temperatures could
not break their dormancy leads to the
conclusion that the dormancy in corms
of saffron plant is innate in character.
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