Sulcorebutia or Rebutia?
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Ever since Backeberg's description of theboidal tubercles that never meet to form
genusSulcorebutiain 1951, the question has straight ribs. The roots are fibrous or swollen,
existed whether the genus is justified. Carde-forming a cylindric or conical taproot someti-
nas (1966, 1968) never accepted it. Buxbaunmes narrowed near the body of the plant.
(Endler & Buxbaum, 1974) at first could not The areoles are sunken into the upper part
fit it into his system but then decided to add itof the tubercles and merge towards the top
as a "primitive side-branch” of his subtribe into a distinctive, pronounced, slightly slan-
Gymnocalyciinae. Brandt (1977) placed it into ting epidermal fold, which sometimes may be
Weingartia.Donald (1971, 1977) at first sup- very short. The areoles are elongated to very
ported the independence &ulcorebutiaand extended, thus bearing slightly radiating, but
emended it with Brederoo (Donald & Brede- mostly pectinate, spines. Radial and central
roo, 1972). Later he adopted Hunt's opinionspines cannot always be distinguished and
and preferred mergin§ulcorebutiaand Wein-  sometimes centrals are lacking. The spines are
gartia with Rebutia hard but straight to curved but never hooked.

The reason for this brief but confusing Their surface is smooth to sometimes very
history of Sulcorebutiawas the superficial, rough.
incomplete, and unconvincing description by The flowers are formed from externally
Backeberg. Except for Donald and Buxbaum,naked buds that emerge from the upper part of
who looked into the characteristic features ofolder areoles but never from near the stema-
the genus, most authors only made statementpex. The open flower is funnel-shaped, rarely
or made new combinations without giving campanulate. The color of the flowers is
reasons for doing so (Hunt & Taylor, 1986). usually magenta, yellow, red or multicolored,

Hentzschel (1999a, 1999b, 1999c) exami-rarely white. The base of flower is often ma-
ned the distinguishing characters 8llcore- genta. The petals are spatulate to lanceloate,
butia, together with those of other possibly with partially jagged edges. The pericarp and
related groups of species, and emended theeceptacle have fleshy, heart-shaped, differen-
genus once again. In order to have an unambitly colored, sometimes slightly protruding
guous reference, a neotype was depositedcales, which towards the apex of the tube
(Gertel, 1996; Leuenberger, 1989). Hentzschelbbecome equal in shape and color to the petals.
quoted and commented on the original des-In the axils of the lowest scales there are
cription (Backeberg, 1951) and the emenda-some axillary hairs and sometimes a few small
tion by Donald & Brederoo (1972). He wrote a bristles or spines, but very rarely are there
new description of the genus that took intospiny areoles (such as occur when lateral off-
account the many recent discoveries. sets become converted to flowers). On the

The following remarks are a summary ofinside of the receptacle the stamens are usual-
all the observations made so far 8mlcorebu- |y uniformly distributed, rarely arranged in
tia and its possibly related allies. They will be two groups. The filaments vary in color and
completed later after we discuss hybridizationoften are even bicolored. The anthers are yel-
and the geographic distribution of theselow. The style bears the stigma with its 3 to
plants. In order to carry out a critical compa- 13 lobes, which can be white, yellowish or
rison with Rebutia K. Schum., the most im- greenish. The style usually reaches the same
portant characters of the gen®ulcorebutia height as the upper stamens, though in some
must first be presented. species it can be considerably shorter or even

extend far beyond the stamens and perianth.

The fruit is a spherical or flattened-
Characteristics of the genusSulcorebutia spherical, fleshy, false berry when mature, burs-
Back. emend. Hentzschel ting open near the middle from the pressure of
the swelling funiculi. Sometimes, instead of

Bodies single or offsetting, spherical to OPening, it dries, appearing almost leathery. The
shortly elongated, mostly small but sometimesbase of the fruit adheres firmly to the body of
reaching exceptional sizes of more than 10 cnihe plant so that during the dry period the entire
in diameter. They have a sunken apex and thdruit or only the lower part, with the seeds en-
body is divided into spirally-arranged, rhom- closed as in a bag, remains protected until the



rainy season. branched.

The funiculi are solitary and densely ar- 7. The seeds are spherical to oblong-
ranged in usually five flattened placentas, ovate, 1-2 mm long, with a defined
which sometimes may be once-branched ba- cuticular fold and always with plano-
sally. convex, periclinal testa cell-walls.

The seeds are globular to irregularly
oblong to ovoid, ranging in size between 1 By means of these seven groups of cha-

and 2 mm, laterally broadened, dull brownishracters,Sulcorebutiacan be easily distinguis-
black, with an irregular surface formed mostly hed from all other genera of cacti.

by a thick cuticle of very variable structure.

The hilum and micropyle are surrounded by apifferentiation of Sulcorebutia from
joint wall of very small, flattened testa cells. gther genera

These cells are more or less isodiametric, The essential differences fromebutia
brownish black, and have finely warted, sligh- sensy lato will next be discussed, as well as
tly convex, outer cell-walls. The hilum- pnggiple relatives or ancestors 8filcorebutia
micropylar region (HMR) is covered with a gnq cacti that have been confused with it.
slack, yellowish white tissue. The mature seed

contains a very simplified embryo without 1 pifferences fromRebutia sensu lato
distinctly visible cotyledons. Endosperm and Before the treatment by the 1.0.S Wor-
perisperm are not detectable. king Group (Hunt & Taylor, 1986; Hunt,

Further details can be found in Augustin 1999), the genusRebutia K. Schumann was

et al. (2000). already a conglomeration of different groups

All this shows thaSulcorebutiais a very  of cacti. Therefore not all of the following

variable genus, but it is possible to recognizecomparisons of characters is correct for all the
certain consistent characters needed for &Reputiaspecies.
differential diagnosis: Sulcorebutias always have rhomboid tu-

1. The oblong to very elongated areolespercles, whereas they are roundishRebutia.
are clearly shifted apically and so- sylcorebutias always have an elongated areole
mewhat sunken on top of the rhom- posijtioned and sunken in the upper part of the
boid, spirally arranged tubercles. typercle (adaxial). InRebutia the mostly
Ribs are never formed. round areole is positioned at the apex of the

2. The buds are covered completely withtypercle. Some populations of thRebutia
fleshy, heart-shaped scales. Hairspadcayensis-margarethaegroup also have
cannot be found in the bud stage. adaxial, sunken areoles. A distinct epidermal

3. These characteristic scales, often auri<o|d also exists. To distinguish those plants
culate at the base, later cover thecearly from Sulcorebutia,one needs to espe-
pericarp and the lower part of the cjally examine the flowers, fruits, and seeds.
receptacle of the unopened flower. The spines of sulcorebutias are hard but
They are still visible on the mature flexiple, while in rebutias they are brittle and
fruit. Usually some axillary hairs and preak easily. Investigations of the fine struc-
bristles can be found underneath thetyre of the spines that could explain these
more basal scales. differences have not yet been made.

4, The flowers always originate from The flowers ofSulcorebutiaand Rebutia
older areoles, often even near thegare shaped quite differently, according to the
base of the stem, but never from the group they belong to. Those dulcorebutia
apex. have fleshy bud scales located on the apex of

5. The fruit consists of a fleshy, multi- typercles; these scales have a broad base and
layered, outer and inner pericarp. At often bear lateral auriculesRebutia, on the
maturity, fruits split equatorially to other hand, has fragile, acute, triangular bud
subequatorially because the area ofscales that develop axillary hairs and spines.
the inner pericarp that will later open Both of these characters result in the protec-
had earlier become partially dissol- tion of the buds: irSulcorebutiathe buds are
ved. In cases where the fruit dries off protected by the scales and in most species of
and appears leather-like, the inner Reputiaby the axillary hairs.
pericarp did not dissolve and the Within the Rebutia padcayensis—
outer pericarp always remains. margarethaegroup and inR. minusculaand its

6. The funiculi are solitary, only at their gajjies, relatively broad scales are formed, but
base sometimes becoming once



they almost never have hairs or spines. TheThey only form ribs, if they do so at all, when
fruits and the testa structure of the seedsvery old. The southern forms soon develop
clearly show features typical ®Rebutiasensu broad flat ribs similar to those ddymnocaly-
stricto. cium.

The structure of the fruits is also impor- The structure of the tubercles is compara-
tant. In Sulcorebutiaboth cellular layers of ble to that ofSulcorebutia.The areoles are
the outer pericarp are completely intact at themostly round to ovate, with tougher spines
time of maturity. At this time the central por- than those ofSulcorebutia,and have elonga-
tion of the inner pericarp is already dissolved,ted areoles and mostly pectinate spines.
so that the fruit tears open due to the pressure Buds, bud scales and petals are very simi-
of the swelling funiculi. InRebutiathe inner lar to those ofSulcorebutiabut on the whole
pericarp, the funiculi, and the placentas areare more fleshy. Bud scales and petals have a
converted into a sticky pulp at quite an earlybroader base than iBSulcorebutiaand their
stage of development, while the seeds are stilbasal lateral auricules are even more pronoun-
brown. Also the outer pericarp decomposesced; the structure of these auricules resembles
and disintegrates, except in tiRebutia aurei- those ofGymnocalycium.
flora group. In the latter group the fruit tears The inner and outer structure of the flo-
open transversely, but the plants are easilywer and fruit of the southern forms is compa-
recognized as rebutias by their narrow scalegable to that ofSulcorebutia. The northern

with tufts of axillary hair. forms differ from the former in several signi-
ficant characters. The fruits of the southern

2. Differences fromRebutia fidaiana, R. weingartias tear open equatorially by the pres-

neumanniana and R. neocumingii sure of the swelling whereas the fruits of the

These plants are better known as memberaorthern forms decompose by the dissolving
of the genusweingartiaWerd. One group can of the pericarp and funiculi.
be distinguished as a northern gro(Rebutia It is also interesting that iWeingar-
neocumingii (Back.) Hunt and related taxa) tia, as inSulcorebutia,mostly unbranched
and another as a southern gro(p. fidaiana funiculi are formed, normally in five pla-
(Back.) Hunt,R. neumanniangWerd.) Hunt). centas. The placentas of the northern

During their juvenile stage the northernforms are linear, those of the southern
forms resemble certailBulcorebutiaspecies, ones are broader. The funiculi are often
having rhombic, spirally-arranged tubercles. placed so close together that a branching
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Drawing |: Floral structure of Sulcorebutia species. (after Donald and Brederco, 1972, enlarged and revised)

Na = Papillate stigmatic lobe. G = Style. Gk = Stylar canal. P = Perianth. Sb = Anther. SF = Filament. R = Flower
tube (receptacle). Pk = Pericarp. iPk = Inner pericarp. &Pk = Quter pericarp. PS = Pericarp scales. PH = Axillary hair
tuft. K = Carpel tissue (very thin and incompletely developed). SA = Ovules. N = Nectary. ND = Nectar-gland (not
always developed). LB = Vascular bundle (shown are only the most important vascular bundles). VS = Apex of scale. (<]
= auriculate scale-base.




of funiculi is simulated, though not actual times confused as well. In this case, too, the
(Hentzschel, 1999a; Augustin et al., 2000). mistake was soon realized by observing the
The northernWeingartia species form more large, hairy flowers ofE. schieleanawith
numerous funiculi than the southern ones andheir triangular bud scales.

the sulcorebutias. Therefore they develop Generally one can say that cacti with
more numerous seeds. which are considerablywoolly buds and acute triangular scales can
smaller than those of sulcorebutias and thenever beSulcorebutiaor Weingartia species

southern weingartias. but according to their other characters could
be Echinopsis(sensu lato) species, matucanas
3. Differences fromEchinopsis sensu lato or Chilean globular cacti.

All cacti grouped together in the genus
EchinopsisZucc. normally differ considerably Observations from hybridization

from Sulcorebutia and Weingartia in body, The importance of cross-pollination expe-
flower and fruit. Therefore there have beenriments with cacti is generally underrated.
very few cases of confusion. Unsuccessful hybridization of cacti may have

In some places forms oEchinopsis many causes and cannot be assessed conclusi-
cinnabarina (Hooker) Labouret grow toge- vely. A successful hybridization on the other
ther with Sulcorebutia purpuregDonald & hand, if the offspring are able to reproduce,
Lau) Brederoo Donald and have beenmeans there is a high genetic similarity of the
confused due to their similar appearancemating partners—an indication of close rela-
during the rest period, but with the first tionship.
onset of flowers the error becomes obvious. As self-fertility is to be avoided in hybridi
Some luxuriantly sprouting and rarely flo- zation, experiments witlBulcorebutiaand Wein-
wering forms ofE. schieleanaBack.) Hunt gartia are made easier because of their selfsteri-
and Sulcorebutia krugeraevar. hoffmannii lity. In Rebutiasensu stricto self-fertility is wi-
Augustin & Hentzschel were some- despread. But whether this differente has tax-
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Drawing 2: Detail (schematic)

A = Pericarp scale. B = Seed. C = Tubercle and rib arrangement.

|: Sulcorebutio steinbachii (Werd.) Back. (Rebutia steinbochii Werd.). 2: Weingartia iana Werd. (Reb

niana (Werd.) Hunt), 3: Rebutia minuscule Schumann.  4: Rebutia hoffrmannii Diers & Rausch (R spinosissima Back.).




onomic significance is not known at present. Patagonia, have been strongly influenced by
Hybridization experiments by the author the ice ages. It is evident by terminal morai-
with Sulcorebutia, Weingartia, Rebutiand nes of the cordilleras that glaciation occurred
Echinopsis have produced the following re- four times during the quaternary. Throughout
sults: the area of lakes and salt lakes, a four-fold
change of glacial and interglacial periods is
1. Most, perhaps allSulcorebutiaspecies obvious. During the strongest glaciation the
can hybridise with each other. shield of ice extended from the Andes over
2. All experiments of crossin§ulcorebu- Chile as far as Tierra del Fuego and in the

tia and Weingartia have resulted in east as far as the Atlantic Ocean.

an FE1 generation capable of survi- The whole region of southern South Ame-
ving. The plants grew normally, but rica and especially that of the central and
some were partially chlorotic. southern Andes, except for a few refuge areas,
3. Cross-pollinating experiments d3ul- was scoured of plants and was repopulated

corebutia and Echinopsis chamaece- again between and after the ice ages. The
reus H. Friedrich & Glaetzle were repopulation came from different refuge areas.
carried out in various combinations At the same time, inevitable genetic exchange
but did not produce an Fl-generation. between closely related groups occurred in the
From time to time, fruits developed overlapping areas, leading to an increase of
with barren seeds. On the other hand,variability and to a strengthening of the gene-
hybridization betweerRebutiaand E. tic drift.

chamaecereusucceeded many times. The extremely variabl&ulcorebutiapo-
4. Hybridization failed betweerSulcore- pulations are the result of these postglacial
butia and rebutias of theR. pad- introgressions, a process that can also be ob-

cayensisgroup, which closely resem- served in a multitude of other Andean, Pata-
ble Sulcorebutia.With several other gonian and North American plant populations.
Rebutia species it was also not possi-This also applies tdRebutiaand particularly
ble to produce an F1 -generation. Thefor a possible genetic interchange between
only exception, a hybrid produced by Rebutiaand Sulcorebutia.

John Donald betweenSulcorebutia On the basis of the differing main distri-
krahnii and Rebutia gracilispinawas bution areas of these two genera, one can
reported by Groéner (1997). assume that they each immigrated from diffe-

rent refuge areas. In spite of geographical

Although investigations have not been conclu-introgression of both genera, no genetic inter-

ded, the following conclusions can be made: change with consequent hybrid populations is
known up to now betweerSulcorebutiaand

1. The genetic distance betwe&ulcore- Rebutia.This fact lets us assume that only a

butia species is very small. minor relationship exists between these gene-
2. Sulcorebutiaand Weingartiaare close- ra.

ly related. Because of the morphological similarities
3. The genetic distance betwe®&ulcore- of Sulcorebutiaand theR. padcayensigroup,

butia and Echinopsisis large. the southern overlapping region of both gene-

4. The genetic distance betwedebutia ra should be investigated even more intensive-
and Echinopsisis smaller than bet- ly.
weenSulcorebutiaand Echinopsis.

5. There is a relatively large genetic dis- Conclusions

tance betweenSulcorebutiaand Re- On the basis of important shared or simi-
butia. lar characters irSulcorebutiaand Weingartia
it is justified to unite both with the older ge-
Geohistorical distribution nus Weingartia. Both genera can be regarded

In observing plants and their areasas extremely neotenic, highly derived plant
of present distribution, one has to bear ingroups. They have a lot of characters in com-
mind that these areas and the plants thamon with Gymnocalyciumas well, so it would
now occur there are the result of major geo-be conceivable to integrat8ulcorebutiaand
logical changes. This is especially true for Weingartia as subgenus Weingartia into the
areas with such rapid and intense tectonicgenusGymnocalycium.
changes as in the Andes. As in Europe, the On the whole, the gen@ebutiahas more
flora and fauna of North and South America, morphologic characters in common wiHchi-
especially throughout the Andes andnopsis and could be regarded as a highly



derived group within that genus.
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