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ABSTRACT - The cauliflower curd consisls of à main shool from which many firsl-order branches 
develop iii acropetal succession. Successive branching orders develop from lhe apices which exist on 
each branch and which forni lhe surface of lhe marketable curd. The branches have lhe sarne 
analomjcaj structure as lhe majority of herbaceous dicotyledons. Explants taken from the surface of 
lhe markelable 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 lhe explant were 
observed. The parenchymalic edis adjacenl lo lhe vascular bundles of lhe peduncle divide peridlinally 
and increase in volume. Apparently lhis phenomenon is related lo the differentiation of vascular 
elemenls 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 approximatcly 10% of the cultures, bracts which were 
presenl on the explant developed greatly when in contacl with medium, and shools were formed from 
their biades. 

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

ANATOMIA DA CABEÇA E DO DESENVOLVIMENTO DE PARTE AÉREA EM EXPLANTES 
DE COUVE-FLOR (BRASSICA OLERACEA L. VAR. BOTRVTIS SUBVAR. CAULIFLORA DC.) 

CULTIVADOS "IN VITRO" 

RESUMO - A cabeça da couve-flor consiste de um eixo caulinar do qual se desenvolvem vários eixos 
pedunculares primários, em sucessão acrópeta. Os eixos pedunculares secundários se iniciam a partir 
dos ápices dos eixos primários e assim sucessivamente, até a formação da cabeça. Os eixos apresentam 
anatomia semelhante à de caules de dicotiledõneas herbáceas. Os eixos pedunculares superiores são 
recobertos por ápices meristemáticos. Explantes tomados da superfície da cabeça de couve-flor em'es-
tédio de colheita foram cultivados em meio nutritivo. A partir do quinto dia após introduzido no meio 
do cultivo, observaram-se modificações no material. As células parenquimatosas que cercam os feixes 
vasculares do pedúnculo do explante dividem-se periclinalmente e aumentam em volume. Este falo pa. 
rece estar relacionado com a diferenciação de elementos vasculares que ocupam posições e arranjos de-
sordenados. Concomitantemente, os ápices meristemáticos encontram-se em estado de ativa mudança 
ontogênica, resultando desta atividade a diferenciação gradual e progressiva destas células, que passam 
de meristemática a elementos diferenciados e, até, organizando-se em caules e folhas. Constatou-se, em 
10% do material em cultura, que algumas brácteas presentes no explante se desenvolvem bastante em 
contato com o meio de cultivo, e de seu limbo foliar pode ocorrer a diferenciação e desenvolvimento 
de parte aérea. 

Termos para indexação: couve-flor, anatomia vegetal, cultura de tecido, organogénese 

INTRODUCTION 

The impõrtance of vegetative propagation in 
cau!iflower has been discussed itt several papers: 

some authors used the technique of itt vítra culture 
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of cau!iflower to propagate and maintain clones of 
parent lines (Crisp & Walkey 1974, Grout & Crisp 
1977, Pow 1969, Trimboli et ai. 1977), whereas 
others have emp!oyed it in breeding of summer 

cultivars (Torres et ai. 1978) or simp!y in produc-

ing virus-free clones (Grout & Crisp 1977, Wa!key 
et ai. 1974). Reports of itt vitro propagation of 
cau!iflower described the formation of cailus be-
fore shoot differentiation on the exp!ants. This 
method of propagation offers great potential for 
the production of large numbers of plants itt each 
sub-cuiture (Vazquez et al. 1977). On the other 
hand, ca!ius cultures iead to patterns of differen-
tiation which are not under the normal physio!ogi- 
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cai-generie controi of' the rneristems (Lavee & Cai- 

ston 1968), perrnitting the appearance oU genetic 

variations (Crisp & Waftey 1974, I)aniato 1977, 

Lavee & (Gaiston 1968. Vazquez er ai. 1977). 

These variations presuniably can be avoided with 

meristem or shoot tip cuitures which have been suc- 

cessf'uii y used in elon ai pro paga tio ri iii 1 'itro with 

different specics oU plants Kartha et ai- 1 974a, 

Kartha et ai. 1974b, Pow 1969). Considering thc 

importance of the origin oU the new piants formed 

in ri: ro t he pre sen t anatom ical st udy was u nder-

taken to describe the anatomy oU the curd oU cauli- 

fiower and the organogenesis oU explants eultivat-

cd according tu the technique previously described 

by 'l'orres ei al. (1978). 

MATERIAL AND METHODS 

Anatomy of the caulitlowe. curd 

('urdi oÍ niarket-ready c,:uliílower, cultivar [eresópo' 

lis Precoce, were thviticd mli, Inani shool, íirst-order 

hrancl,es, second-order hraiiches anil io O!' ti, tenth-order 
hrancliei. Scgtnents of tIme prtmxirual anti distai endi o!' 

caci: t'ranehing order 'icre fixcd in 1 AA Formol: acetie 

aeid:5O% etliyl alcoliol. 1:1 itt i'/v/v), included tu 

paraflin anti iectioned ( 0-1 5,a). lhe ice t ions were siained 

witi, iaíraniric and Íasi-grcen 

Differentiation of the explanis 

\plallti oU aliou! 3-4 'um iii dtaii,eter taken trom rUe 

surl'ace oU lhe markct-rcadv caulL!louer curti were iten-

lized iii 2% calctuin I!vlioclllot mie. o'_isheti in iterile ivater, 

anti placcd iii ntirr,ent ,ncdmuin conlamiug 'lacro and 

niicrunulrielll, and vitalilins o) \Iur,:slILgc & Skoug (19(,2) 

tU t Ite atidition oU 4 ,no 1 o! bancou .5 mg 1 ot ititiolca-

ectjc acid. 27 rue 1 oU atictuune. 1011 ulue l rui niyo-tnosctol, 

171) rngl o!' NaII,Pt) 4 . (. 5 o Lo! agar. 30 o/lo! sucrose 

will, lhe pli adimisuctl lo 57 + 0.1 1 hc recipiciuli contam-

no lhe niediuun iiotuLaied wLuII rUe explanis 'vete 

suhniitucd tu a lielit inucuusiiy iii 4000 lux, pltnioperiod oU 

16 hour' :untL tL.i 'ujulil ucnipcualnre [cinTile oU 24/1 6 0C. 

'lhe histological c\.iuiiinaiion oU lhe cxpl_mnts iva' inituated 

on lhe UÍih tLav 01 citlture anti 'ias repeated a! 5-day 

iri!ervds during a period oU 30 iiá,s. Ilouli traniverse and 

IouioLutitiinal st't'tIoii' oU (Etc e pIano ocre matie as de-

scrihed ahove. ,")Uler rhe dit'Uerei,ti,iiioii Aliii ticvelopnient 

lhe ihool .tpo_'al senilicilti Uroiti 2 lo 3 cli, slioots were 

transi'crrcd lo tlue nutrieni ,uiethii,ul md cniture t'ontiitionh 

descrihed hy for rei et aL II 0781. LII order lo ohtain root 

diffe reli t iation 

RESULTS AND DISCUSSION 

Anatomy of the cauliflower curd 

Th e ca u i Ulower curd co', sists oU a main shoo 

Pcsq. agropee. hras., Brasília. 154:435440. out. 1980. 

frorn which many first-order branches develop in 

aeropetal suecession. The seeond-order branches are 

initiar cd Uro iii t h e ap ices o 1' the Uirst -order 

bran ehes. Each suceessive bra n eh i ng orde r (leve lops 

similarly un til t h e iii,,rket -re ady e urd is Uo rnied. 

Tu ese obse rvat ion s a te si Inilar to t he findings of 

Sadik (1962). Tlie higher order branches are eov-

ered wit Ii me riste mar ie apices çl' ig. 1), wh i eh, in a 

normal ecu rse oU (leve lop ni e n t , wi II give risc to t he 

floral primordia. Ou t he uther hand, if the eurd is 

exposed lo suirably high temperatures, the meri-

stematie aplees will be devernalized and form new 

vegetative organs (Crisp & Walkey 1974). Sadik 

(1962) mentioned tliat in tliti varieties which 

require a eold tre a t nien t for eu rd forma tio,,, t bis 

stru et ure be h aves as an integral part 0f the milo-

resee,iee. 

lhe first -order bra II cli es as we li as t ho se oU t he 

li igher orders, pre se n t a bra ct at t h e base oU t li e 

bra n eh and h ave tlie sane au ato mica 1 st r uet u re as 

the majority of' herbaeeous dieotyledons (Fig. 2). 

Tlie lower (arder bra 'eh es first order 1 lave a,, 

epidermis, fornied oU a ]iomogeneous layer oU edis, 

wh ieh are coo tit! (1005. tab n'ar and covere d by a 

h in eu ti ele, '['he st o niate s are sligll tly elevate (1 

wit h rei pe et to t he levei o 1' t h e o the r epidermal 

edIs. The corte x is co,, stit u te d oU pare ii ehy tua 

cel!s oU diverse sizes and shapes ( Fig. 2). The 

phloe tu is ver)' ilistin et ( Fig. ' 3). lhe externa1 

phioem ee,nents have tlneker walls. These ele-

me ti is con Id (leve lop in tia ti be rs. inarking t h e peri-

eyel e region. 'lhe sieve tu be ele ni en t s are distin - 

gnished by t heir larger dia meter and in some cases 

FIG. 1. Longiludirtol seetion of lhe snrtaee of the eanl,-

tiower eurd, showing several apical mer,slerns. 
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simple sieve places are visibie. The companion celis 
are smaller, with dense cytopiasm and, in some 
cases, a variable number of companion celis is 
associated with each sieve tube clemene, in this 
stage of development, the vascular cambium is 
tirnitcd to the region of thc vascular bundies, con-
stituting the fascicular cambium. The interfascicu-
lar arcas are made up of parenchym. The phloem 
and the xylem are mostly primary and both are 
present in the form of a narrow, elongated strip 
when viewed ia a transverse section (Fig. 3 and 4). 
la the smaller vascular bundies which are stil un-
dergoing differcntiation, phloem bundies were 
noted without corresponding xylem bundies 
differentiated as yet. The subsequent branching 
orders present a similar aspect to that described 

ábove. The diffcrences are only in the levei 0f 
dcvelopment. As one approaches the higher levei 
branches, thc epidermal edis becomc progres-
sively less homogeneous, the area of chc cortex 
decreases, thc phloem and the xylem gradually 
lose their elongated form (Fig. 2 and 5). The oc-
currencc of ph!oem without corresponding xylem 
is more common, since these are iess differentiatcd 
arcas closer to the meristem. The meduila occupies 
a smailer area. 

Organogenesis of explants 

The histological observations, during morpho-
genesis, were made at different stages of deveicip-
ment. Starting on the fifth day after inoculation of 
the explant in the nutrient medium, the modifica- 

EtC, 2. Transverse section of an eighth-order branch of a 	Fie. 4. As Fig. 3, showing xylern. 
cauliflower curd, showing the epidermis, cortex, 
vascular bundies  and  moduila.  

a 

o 

fr 

FIG. 3. Aspoct of a transversa section of a third-order 
branch of a cauliflowar curd in which the 
phloem and vascular cambium can be observed. 

Fie. S. Transverse section of an eighth-order branch of a 
cauliflower curd, in which tho vascular tissue is 
no longer seen in elongated strips but rather is 
present in a circular pattern. 
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tion s in th e e xpian ts were observe d E ig. 6). 

Maeroscopieally, th 	 w e cauliflower explant as seco 

tu inerease iii volume and begiri developtiient of 

slioots on its distal surface ( Fig. 6b). Anatorutcai 

e xatninat ion at t h is stage sh owed t hat t he pa reli- 

cliym-atic edis adjaeertt to the vascular hunciles of 

'te pedun ele of di e ex plan t divide per i e li Dai 1) ali Li 

itt erease in volume. Ap pare n ti y t bis p  he tio 'licito ti 

is relate d to the differe ri tia tio o o f vas e ular ele - 

metas whieli oeeur in a dts(>rganized fasil ioti 

:,Fig. 7). These vascular eleiiieitts are lirore iicttiter- 

tliati tliose iii the original material and tlie 

disorgan izat ioti is til ore pro li oti ii ccci in t 'te b asal 

region of the pcduti ele ol tlie e xplatit. 1 t beco rica 

FIG. 6. a. Explant af cauliflower eurd collected ai har-
vesi time. 

b. Explant, 6 days after placed unto the culture 
mediu m. 

less intelise, evetitually disappearitig, is tlie tueri-

stetiiatie regioti is -.lpproaelie(. Cotieornitatitly 

lie re is --a progressive and gradual di ffe reti dat ion o 

h e a pical regio is fro iii u ti di ffere ri tia tcd titeriste los 

to organize d sh oo t meriste tris, prod ue i tig ste O aIld 

caves. TIse leaf pritttordia are ititti,tted aiouziri tlie 

apical illciistclli ( Fig. 8) ii leveis dose to otie 

ao otis er. A vasctt lar coo tie eti ciii wa s obse rved 

betwecti tite developittg lea( pritsiordia and the 

eorrespcitsdiig tistttes of tise new aliodit axis, also iri 

developiuetit, eolistittltttig t}ie procatiibtal strand 

Fig. o)i, lhe orgalis contililte tlieir clevelopitictit 

with thie Íortrtatioti cii tiic prittlary struetttre of 

ste iii ali d leave s. 

lo synrhesis, cisc differetstiariots atid devclop-

tttetit o( shoots on explatsts oÍ caui!fIOwcr are chie 

to the a etivi tie 5 O E t lie tricri ste liii ti e ccl Is, wh id] 

according tu I)'amato (1977). are responsible 

for the tujititeilance of tlie getietic stability in 

vegetative propagatiOtt iii ri) ti. -  Tritiibohi ct ai. 

(1977) attd Walkcy & \Voolfitt )1970), worktng 

with itt i'i o' eul t ure of ca oI iflower u til] g  re spec - 

tive] y  lo terrtc,da 1 ex pi ao ts ao d tu eristc tisat ie a pice 5. 

ubtaitied itiitially rue foriiiatioti oE calllts and frotii 

this ealIus tlic buds (Tritnboli er ai. 1977) aitd 

leaves (Walkcy & Woohfitt 1970) developed. Crisp 

& Walkey (1974), usitig tlie sarne iiictliodology as 

Walkcy & Woolfitt (1970) descrihed tlse differen-

ri a tio ti of ca ol t fiowe r buds fro ni t Ile a pica 1 meri-

steills atidi empliasized the iticotivenience of pas-

sage tlirougli .t calius stage itt the dona! propagaS 

FIO. 7. Transverse section o) the base of the peduncle ot 
the cultured explant of caulifiower, showing 
unorganized vascular tissue. 

Petq. agropec. liras., Brasília. 15(4)135-440, oul. 1980. 

FIO. 8. Differentiation o) leal primordia around lhe api-
cal meristem in cultured explant o) eaulitlower. 
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tion of cauliflower. In the present study, some - differentiacion of a root system was obcained 
calius rnay have formcd at the base of the explant 	(Fig. 10) and normal polar development of the 
and a certain degree of vascular disorganization in 	root and shoot followed. 
the apical region was notcd; however, we do not 	

addition to thc dcvetopmcnt dcscribed a- believe that a true cailus devclopcd in the apical 	
bove, approximately 10% of che cultures cstab- ineristem region or contributed to the formation 	
lished iii this study demonstratcd a pronounced ofshoots. 	
development of the bracts, prescnt in the cxplant, 

Wlien apical scgments of 2 to 3 cn'i were taken 	which came in contact with the nutricnt medium. 
from these shoots and transferred to thc nutrient 	From the highly developed b!adc of these bracts, 
medium consisting of Murashige and Skoog (1962) 	shoots were observed to develõp (Fig. 31). Flowev- 
inorganic salts and vitamins with addition of 10 	er, these shoots werc nor used in thc dona] propa- 
mg/l of indolebutyric acid, 6.5 gil 0f agar, 30 gil 	gation of cauliflower, since it is highly probable 
of sucrose with the pH adjusted to 5.7 ± 0.1, the 	that they originated from thc dcdifferentiation of 

bract tissues. 

r 

FIG. 9. Vascular connection between the developing leaf 
prirnordia and corresponding tissue of the new 
shoot apex. FlG. 10. Oevelopment of shoots from a bract. 

Pesq. agropec. tuas., Brasilia, 15(4):435-440, out. 1980. 



440 
	

A.C. TORRES etal. 

FIO. ii. Growing p!antlet atter being transp!anted lo 

pot. 
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