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ABSTRACT - The cauliflower curd consists of a main shoot from which many first-order branches
develop in acropetal succession. Successive branching orders develop from the apices which exist on
each branch and which form the surface of the marketable curd. The branches have the same
anatomical structure as the majority of herbaceous dicotyledons. Explants taken from the surface of
the marketable curd of cauliflower were cultured, in nutrient medium. Starting on the fifth day after
inoculation of the explant in the nutrient medium, the anatomical modifications in the explant were
observed. The parenchymatic cells adjacent to the vascular bundles of the peduncle divide periclinally
and increase in volume. Apparently this phenomenon is related to the differentiation of vascular
elements which occur in a disorganized fashion. Concomitantly there is a progressive and gradual
differentiation of the apical regions from undifferentiated meristems to organized shoot meristems,
producing leaf primordia in a regular fashion. In approximately 10% of the cultures, bracts which were

present on the explant developed greatly when in contact with medium, and shoots were formed from
their blades.

Index terms: cauliflower, plant anatomy, tissue culture, organogenesis.

ANATOMIA DA CABECA E DO DESENVOLVIMENTO DE PARTE AEREA EM EXPLANTES
DE COUVE-FLOR (BRASSICA QLERACEA L. VAR. BOTRYTIS SUBVAR. CAULIFLORA DGC.}
CULTIVADOS “IN VITRO"

RESUMO - A cabega da couve-flor consiste de um eixo caulinar do gual se desenvolvem virios eixos
pedunculares primdrios, em sucessdo acropeta. Os eixos pedunculares secundarios se iniciam a partir
dos dpices dos eixos primarios e assim sucessivamente, até a formagdo da cabecga. Os eixos apresentam
anatomia semelhante 4 de caules de dicatileddneas herbaceas. Os eixos pedunculares supericres sSo
recobertos por dpices meristernaticos. Explantes tomados da superficie da cabeca da couve-flor em es-
tddio de colheita foram cultivados em melo nutritivo. A partir do quinto dia apds introduzido no meio
do cultivo, observaram-se modificacGes no material. As células parenguimatosas que cercam os feixes
vasculares do pedinculo do explante dividem-se periclinalmente e aumantam em volume. Este fato pa-
rece estar relacionado com a diferenciagdo de elementos vasculares que ocuparmn posighes @ arranjos de-
sordenados. Concomitantemente, os 4pices meristemdaticos encontram-se em estado de ativa mudanga
ontogénica, resultando desta atividade a diferenciagdo gradual e progressiva destas células, que passam
de meristematica a elementos diferenciados e, até, organizando-se em caules e folhas. Constatou-se, em
10% do material em cultura, que algumas bracteas presentes no explante se desenvolvem bastante em
contato com o meio de cultivo, ¢ de seu limbo foliar pode ocorrer a diferenciacio e desenveolvimento
de parte aérea.

Termos para indexagdo: couve-flor, anatomia vegetal, ‘cultura de tecido, organogénese.

INTRODUCTION

The importance of vegetative propagation in
cauliflower has been discussed in several papers:
some authors used the technique of in vitro culture
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of cauliflower to propagate and maintain clones of
parent lines {Crisp & Walkey 1974, Grout & Crisp
1977, Pow 1969, Trimboli et al. 1977), whereas
others have employed it in breeding of summer
cultivars (Torres et al. 1978) or simply in produc-
ing virus-free clones (Grout & Crisp 1977, Walkey
et al. 1974). Reports of in vitro propagation of
cauliflower described the formation of callus be-
fore shoot differentiation on the explants. This
method of propagation offers great potential for
the production of large numbers of plants in each
sub-culture {Vazquez et al. 1977). On the other
hand, callus cultures lead to patterns of differen-
tiation which are not under the normal physiologi-
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cal-genetic control of the meristems (Lavee & Gal-
ston 1968}, permitting the appearance of genetic
variations (Crisp & Walkey 1974, IYamato 1977,
Galston 1968, Vazquez et al. 1977}
These variations presumably can be avoided with

Lavee &

meristem or shoot tip cultures which have been suc-
cessfully used in clonal propagation in vitro with
different specics of plants {Kartha et al. 1974a,
Kartha et al. 1974b, Pow 1969). Considering the
importance of the origin of the new plants formed
in virro, the present anatomical study was under-
taken to describe the anatomy of the curd of cauli-
flower and the organogenesis of explants cultivar-
ed according to the technique previously described
by Torres et al. (1978).

MATERIAL AND METHODS
Anatomy of the cauliflower curd

Curds of market-ready cauliflower, cultivar “Teresopo-
lis Precoce™, were divided into main shoot, first-order
branches, second-order branchies and so on to tenth-order
branches. Segiments of the proximal and distul ends of
cach branching order were tixed in I AA (Formol: acetic
acid: 50% cthyl alcohol, 1:1:10 viviv), included in
paraffin and sectioned (10-t5,4). The sections were stained
with safranine and fast-green.

Differentiation of the explants

Fxplants ol about 3-4 mm in diameter taken from the
surfuce of the market-ready cauliflower curd were stert-
lized in 2% calcium hy pochlorite, washed in sterile water,
and placed in nutrient medinm containing macro and
micronutrients wnd vitamins of Murashige & Skoog {1962)
with the addition of 4 mg/l of kinctin, § mg/i ot indolea-
cetic acid. 27 me L of adenine. HOU mgll of myo-inesitol,
170 mgf/l of Nall, POy 6.5 ¢ 1ot agar, 30 2t of sucrose
with the pHoadjusted 1o 87 ¥ 001 The recipients contain-
ing the medium moculated with the explants were
submitted to adight intensity of $.000 lus, photoperiod of
16 hours and day night temperature regime of 24716%C.
The histological examination of the explants was initiated
on the tifth Jdav of colture and was repeated at S-day
intervals during o period of 30 days. Both transverse and
longitudinal sectivns ol the explants were maule as de-
seribed above. After the differentation and development
af the shoot, apical swegnents from 2 te 3 cm shoots were
teansterred 1o the nutrient medium and culture condittons
deseribed by Torres et al. (19781 in order to obtain rooet
differentiation

RESULTS AND DISCUSSION
Anatomy of the cauliflower curd

The cauliflower curd consists of a main shoot
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from which many first-order branches develop in
acropetal succession, The second-order branches are
initiated  from the apices of the first-order
branches. Each successive branching order develops
similarly until the marketready curd is formed.
These observations are similar to the findings of
Sadik {1962). The higher order branches are cov-
cred with meristematic apices (Fig. 1), which, in a
normal course of development, will give rise to the
floral primordia. On the other hand, if the curd is
exposed to suitubly high temperatures, the meri-
stematic apices will be devernalized and form new
vegetative organs (Crisp & Walkey 1974). Sadik
(1962) mentioned that in the varicties which
require a cold treatment for curd formation, this
structure behaves as an integral part of the inflo-
rescence.

The first-order branches, as well as those of the
higher orders. present a bract at the base ot the
branch and have the same anatomical structure as
the majority of herbaccous dicotyledons {Fig. 2).
The lower~order branches (first-order} have an
epidermis, formed of a homogeneous layer of cells,
which are continuous, tabular and covered by a
thin cuticle. The stomates are slightly elevared
with respect to the level of the other epidermal
cells, The cortex is constituted of parcnchym;l
cells of diverse sizes and shapes (Fig. 2). The
phloem is very distinct (Fig - 3). The external
phloem elements have thicker walls, These ele-
ments could develop into fibers. marking the peri-
cycle region. The sicve tube clements are distin-
guished by their larger diameter and in some cases

o

FIG. 1. Longitudinal section of the surface of the cauli-
flower curd, showing several apical meristems.
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simple sieve plates are visible. The companion cells
are smaller, with dense cytoplasm and, in some
cases, a variable number of companion cells is
associated with each sicve tube clement. In this
stage of development, the vascular cambium is
limited to the region of the vascular bundles, con-
stituting the fascicular cambium. The interfascicu-
lar areas are made up of parenchyma. The phloem
and the xylem are mostly primary and both are
present in the form of a narrow, elongated strip
when viewed in a transverse section (Fig. 3 and 4).
In the smaller vascular bundles which are still un-
dergoing differentiation, phloem bundles were
noted without corresponding xylem bundles
differentiated as yet. The subsequent branching
orders present a similar aspect to that described
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dbove. The differences are only in the level of
development. As one approaches the higher level
branches, the cpidermal cells become progres-
sively less homogeneous, the area of the cortex
decreases, the phloem and the xylem gradually
lose their elongated form (Fig. 2 and 5). The oc-
currence of phloem without corresponding xylem
is more common, since these are less differentiated
arcas closer to the meristem. The medulla occupies
a smaller area.

Organogenesis of explants

The histologicai observations, during morpho-
genesis, were made at different stages of develop-
ment. Starting on the {ifth day after inoculation of
the explant in the nutrient medium, the modifica-

FIG. 2. Transverse section of an eighth-order branch of a
cauliflower curd, showing the epidermis, cortex,
vascutar bundles and medulla.

PR S

FIG. 3. Aspect of a transverse section of a third-order
branch of a cauliflower curd in which the
phiocem and vascular cambium can be observed.

FiG.4. AsFig. 3, showing xylem,

B

FIG. 5. Transverse section of an gighth-order branch of a
cauliflower curd, in which the vascular tissue js
no longer seen in elongated strips but rather is
present in a circular pattern,
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tiens in the cxplints were observed (Fig. 0}
Macroscopically. the cauliflower explant was scen
to increase in volume and bepin development of
shoots on its distal surface {Fig. 6b). Anatomical
examination at this stage showed that the paren.
chymatic cells adjacent to the vascular bundles of
the peduncle of the explant divide periclinally and
increase in volume. Apparently this phenomenon
is related to the differentiation of vascular ele-
ments which occur in a disorganized fashion
{Fig. 7). These vascular elements are more numer-
ous than those in the original muterial and the

disorganization is more pronounced in the basal

region of the peduncle of the explant. It becomes

FIG. 6. a. Explant of cauliflower curd collected at har-
vest time,

b. Explant, 6 days after placed onto the culture
medium,

FI1G. 7. Transverse section of the base of the peduncle of
the cuitured explant of caulifiower, showing
unorganized vascular tissue.
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less intense, eventually disappearing, as the meri-
stematic region s approached. Concomitantly,
there is a progressive and gradual differentiation of
the apical regions from undiffercatiated meristems
to organized shoot meristems, producing stem and
leaves. The leaf primordia are initiated around the
apical meristem (Fig. &) in levels close to one
anather. A wvascular connection was observed
between the developing leat primordia and the
corresponding tissues of the new shoot axis, also in
development, constirutfng the procambial strand
g 90, The organs continue their dcw‘lopmcnt
with the formation of the primary structure of

stem and leaves.,

In synthesis, the differentiacion and develop-
ment ot shoots on explants of cauliflower are due
to the activitics of the meristematic cells, which,
aceotding to Dlamato {1977}, are responsible
for the maintenance of the genetic stability in
vegetative  propagation in vitro. Trimboli et al.
(1977) and Walkey & Woolfite {1970), working
with in ritro culture of cauliflower using respee-
tively internodal cxplants and meristematic apices.
obtained initially the formation ot callus and from
this callus the buds {Trimbeli et al. 1977) and
leaves (Walkey & Woolfite 1970) developed. Crisp
& Walkey (1974], using the same methodology as
Walkey & Woolfitt (1970] deseribed the differen-
tiation of cauliflower buds from the apical meri-
stems and emphasized the inconvenience of pas-

sage through a callus stage in the clonal propaga-

FI1G. 8. Differentiation of leaf primordia around the api-
cal meristem in cultured exptant of caulifiower.
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tion of cauliflower. In the present study, some
callus may have formed at the base of the explant
and a certain degree of vascular disorganization in
the apical region was noted; however, we do not
believe that a true callus developed in the apical
meristem region or contributed to the formation
of shoots.

When apical segments of 2 to 3 cmi were taken
from these shoots and transferred to the nutrient
medium consisting of Murashige and Skoog (1962)
inorganic salts and vitamins with addition of 10
mgfl of indolebutyric acid, 6.5 gfl of agar, 30 g/l
of sucrose with the pH adjusted to 5.7 + 0.1, the
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_differentiation of 2 root system was obtained
_(Fig. 10) and normal polar development of the
_root and shoot followed.

In addition to the development described a-
bove, approximately 10% of the cultures cstab-
lished in this study demonstrated a pronounced
development of the bracts, present in the explant,
which came in contact with the nutrient medium.
From the highly developed blade of these bracts,
shoots were observed to develop (Fig. 11). Howev-
er, these shoots werc not used in the clonal propa-
gation of cauliflower, since it is highly probable
that they originated from the dedifferentiation of
bract tissues.

]

FIG. 9. Vascular connection between the developing leaf
primordia and corresponding tissue of the new
shoot apex.

FI1G. 10. Development of shoots from a bract.
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FIG. 11.

Growing ptantlet atter being transplanted to
pot,
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