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A general survey of alkaloids in the tribe Crotalarieae showed that useful chemotaxonomic data may be obtained.
Although the pyrrolizidine aikaloids of Crotalaria L. have been studied in considerable detail, virtually nothing
is known for the other, predominantly southern African genera. The genera Dichilus DC., Lebeckia Thunb.,
Melolobium Eckl. & Zeyh. and Polhillia Stirton were found to contain several alkaloids in sufficient quantities
to warrant further investigation. The major alkaloids (presumably all of the quinolizidine type) seem to be cha-
racteristic for each of these genera. Aspalathus L., Buchenroedera Eckl. & Zeyh., Lotononis (DC.) Eckl. & Zeyh.,
Pearsonia Duemmer, Rafnia Thunb. and Wiborgia Thunb. appear to produce much smaller amounts. The possibility
of obtaining useful information from these genera seems limited in view of the large quantities of plant material
required to enable proper identification of the compounds. Methods of extraction and detection are described.
The Ry values of the major alkaloids are given for the different thin-layer chromatographic systems used. Some
preliminary identifications were confirmed by mass spectrometry.

'n Algemene opname van alkaloiede in die tribus Crotalarieae het aangetoon dat nuttige chemotaksonomiese
data verkry kan word. Hoewel die pirrolisidien-alkaloiede van Crotalaria L. reeds deeglik bestudeer is, is feitlik
niks bekend vir die ander, hoofsaaklik suidelike Afrikaanse genera nie. Daar is bevind dat die genera Dichilus
DC., Lebeckia Thunb., Melolobium Eckl. & Zeyh. en Polhillia Stirton verskeie alkaloiede in genoegsame hoeveelhede
bevat om verdere ondersoeke te regverdig. Die hoof alkaloiede (vermoedelik almal van die quinotisidien-tipe) blyk
kenmerkend te wees van elkeen van hierdie genera. Aspalathus L., Buchenroedera Eckl. & Zeyh., Lotononis (DC.)
Eckl. & Zeyh., Pearsonia Duemmer, Rafnia Thunb. en Wiborgia Thunb. produseer blykbaar veel kleiner hoeveelhede.
Die moontlikheid om bruikbare inligting van hierdie genera te verkry is skynbaar beperk, aangesien groot hoeveelhede
plantmateriaal nodig sal wees om die verbindings behoorlik te identifiseer. Metodes van ekstraksie en waarneming
word beskryf. Die Ry-waardes van die hoof alkaloiede vir die verskillende dunlaagchromatografiese sisteme wat
gebruik is, word aangegee. Sommige voorlopige identifikasies is deur massaspektrometrie bevestig.
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Introduction

More than 350 different alkaloids have been identified from
about 60 genera of the legume subfamily Papilionoideae
(Mears & Mabry 1971; Kinghorn & Smoleski 1981). Quino-
lizidine (lupine) alkaloids are known to occur in the tribes
Sophoreae, Loteae, Bossiaeeae, Podalyrieae, Liparieae, Cro-
talarieae, Euchresteae, Thermopsideae and Genisteae. The
record for the Crotalarieae is based on a single study of
Lebeckia plukenetiana E. Mey. (Nattrass 1973; Gerrans er al.
1976), which was found to contain tetracyclic alkaloids of the
sparteine type. The pyrrolizidine alkaloids of the genus
Crotalaria have been the subject of numerous studies, but
surprisingly, there has not been a single report of the
occurrence of quinolizidine alkaloids in this genus (Kinghorn
& Smolenski op. cit.). If Crotalaria is excluded, it means that
only one out of an estimated total of more than 500 species
representing 16 genera has ever been studied analytically. This
paper documents a survey of some genera and species to
determine the occurrence of alkaloids and to find out where
to concentrate future efforts.

Materials and Methods

A total of 38 samples, including 36 species and 11 genera of
the Crotalarieae and two species of the tribe Genisteae were
extracted in boiling methylene chloride for at least 2 days.
Full details of the species and plant material used are given
in Table 1. The alkaloids were extracted as salts with 2N
hydrochloric acid and then re-extracted with methylene
chloride after basifying the aqueous phase with ammonia.

Evaporation of the solvent under reduced pressure yielded
a brown viscid substance and varying quantities of a white
crystalline matter. The latter was found to be very polar and
immobile on silica gel thin-layer plates with the systems we
used. The presence of this presumably non-alkaloid material
and other impurities greatly influenced the vield. As a result,
the figures in Table 1 give only an indication of relative yields
and do not accurately reflect the actual quantity of alkaloids
in each sample.

The crude extracts were diluted in methylene chloride (1:10
mass/vol) and chromatographed on Whatman K6F- and
LK6DF silica gel plates (catalogue nos. 4861-820 and 4866-821)
in the following systems:

: cyclohexane — chloroform — diethylamine (50:40:10)

: cyclohexane — diethylamine (90:10)

methanol — chloroform —ammonium (85:20:1)

: ethyl acetate — methanol (80:20)

n-butanol — acetic acid — water (12:3:5)

The sheets were oven-dried at 100°C for 3 min, studied
for fluorescence in ultraviolet light (254 and 365 nm) and then
sprayed with iodoplatinate reagent. To allow for variations
in adsorption, the dye Rhodamine B was co-chromatographed
on all plates to standardize the R¢ values (Waldi 1965).

Preliminary identifications were made by comparison with
authentic samples of 6 different quinolizidine alkaloids. For
mass spectrometry, pure samples of some of the major
alkaloids were obtained by separation on preparative silica
gel plates. No attempts were yet made to elucidate the
structures of any alkaloids.
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Table 1 List of material used for alkaloid extraction and yields of crude extract obtained. All samples
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consisted of air-dried leaves and branches. The voucher specimens are all in the Rand Afrikaans University

Herbarium (JRAU)

Mass of Mass of

sample  extract  Yield
Species Provenances Voucher specimens (8) ® (%)
Argyrolobium crassifolium Eckl. & Zeyh. Zuurberg, E. Cape B-E. & M. van Wyk 59 0,16 0,27
2115
Argyrolobium variopile N.E.Br. Volksrust, Transvaal A.L. Schutte 364 148 0,76 0,51
Aspalathus hirta E. Mey. subsp. hirta Villiersdorp, SW Cape B-E. van Wyk 2070 44 0,17 0,39
Buchenroedera lotononoides Scott Elliot Sani Pass, Natal B-E. van Wyk 2630 83 0,07 0,09
Buchenroedera multiflora Eckl. & Zeyh. Zuurberg, E. Cape B-E. & M. van Wyk 61 0,14 0,23
1523
Crotalaria capensis Jacq. Ivuna, Natal B-E. van Wyk 2525 98 0,17 0,18
Dichilus gracilis Eckl. & Zeyh. Fauresmith, Orange Free State  A.L. Schutte 351 125 0,22 0,18
Dichilus lebeckioides DC. Johannesburg, Transvaal A.L. Schutte 362 50 0,16 0,32°
Dichilus pilosus Conrath ex Schinz Roodepoort, Transvaal A.L. Schutte 359 119 0,12 0,10°
Dichilus reflexus (N.E.Br.) A.L. Schutte ined. Pongola, Transvaal A.L. Schutte 368 82 0,22 0,27
Dichilus strictus E. Mey. Harrismith, Orange Free State A.L. Schutte 372¢ 122 0,13 0,11°
Lebeckia cytisoides Thunb. Clanwilliam, NW Cape B-E. van Wyk 2441 200 0,52 0,252
Lebeckia multifiora E. Mey. Kamieskroon, NW Cape B-E. van Wyk 2353 295 0,78 0,26"
Lebeckia sessilifolia (Eckl. & Zeyh.) Benth. De Hoop, SW Cape B-E. van Wyk 2120 96 0,11 0,12*
Lotononis acuminata Eckl. & Zeyh. Humansdorp, S. Cape B-E. van Wyk 2580 95 0,06 0,06
Lotononis cf. adpressa N.E.Br. Ermelo, Transvaal B-E. van Wyk 2618 138 0,27 0,20
Lotononis brachyloba (E. Mey.) Benth. Ceres, SW Cape B-E. van Wyk 2244 65 0,04 0,06*
Lotononis caerulescens (E. Mey.) B-E. van Wyk
ined. Cradock, E. Cape B-E. van Wyk 1614 61 0,15 0,24
Lotononis divaricata (Eckl. & Zeyh.) Benth. Burgersdorp, NE Cape B-E. van Wyk 2597 165 0,15 0,09
Lotononis foliosa H. Bol. Johannesburg, Transvaal B-E. van Wyk 2607 30 0,11 0,36
Lotononis gracilis (E. Mey.) Benth. Ceres, SW Cape B-E. van Wyk 2265 228 0,21 0,09
Lotononis leucoclada (Schitr.) Duemmer Clanwilliam, NW Cape B-E. van Wyk 2434 116 0,10 0,08
Lotononis listii Pothill Bloemfontein, Orange Free State B-E. van Wyk 2475 114 0,06 0,05°
Lotononis myriantha Bak. f. in sched. Bethal, Transvaal B-E. van Wyk 1825 145 0,13 0,09°
Lotononis oxyptera (E. Mey.) Benth. Citrusdal, NW Cape B-E. van Wyk 2319 69 0,07 0,09
Lotononis polycephala (E. Mey.) Benth. Kamieskroon, NW Cape B-E. van Wyk 2408 93 0,07 0,07*
Lotononis transvaalensis Duemmer Pongola, Transvaal B-E. van Wyk 2614 86 0,14 0,167
Lotononis umbellata (L.) Benth. Swellendam, SW Cape B-E. van Wyk 2110 52 0,22 0,43
Lotononis woodii H. Bol. Harrismith, Orange Free State A.L. Schutte 374 75 0,14 0,18°
Melolobium alpinum Eckl. & Zeyh. Sani Pass, Natal B-E. van Wyk 2631 58 0,15 0,25
Melolobium microphyllum (L.f.) Eckl. & Zeyh. Rouxville, Orange Free State B-E. van Wyk 2628 107 0,14 0,13
Melolobium obcordatum Harv. Harrismith, Orange Free State A.L. Schutte 373a 126 0,05 0,04
Melolobium subspicatum Conrath Irene, Transvaal De Beer 38 160 0,46 0,29
Melolobium wilmsii Harms Hendrina, Transvaal B-E. van Wyk 2624 123 0,93 0,76
Pearsonia sessilifolia (Harv.) Duemmer Roodepoort, Transvaal A.L. Schutte 382 81 0,34 0,43°
Polhillia pallens C.H.Stirton Bredasdorp, SW Cape B-E. van Wyk 2095 100 0,21 0,21
Rafnia perfoliata E. Mey. Villiersdorp, SW Cape B-E. van Wyk 2067 159 0,18 0,12°
Wiborgia sericea Thunb. Laingsburg, SW Cape B-E. van Wyk 2193 43 0,09 0,217

a, b,

Results

Figure 1 shows the thin-layer chromatography results for
systems a and b of all extracts in which at least some alkaloids
were detected. The estimated number of major alkaloids in
all the samples totals 34. Their respective Ry values and spot
characteristics are given in Table 2. Identities not confirmed
by mass spectrometry are tentative only (see Table 3), since
thin-layer chromatography is known to lack precision. Closely
related compounds may often not be distinguished by this
method alone.

Discussion .

The results seem to indicate that the genera represented differ
considerably both in the quantity and the numbers of alkaloids
produced. Within each genus there is much less variation and
morphologically similar species also tend to have similar
alkaloids (Table 3). What differences there are may be
attributed to inadequate sampling. Cranmer & Mabry (1966)
have shown that many factors affect the actual quantity of
alkaloid within a sample. Alkaloids that are apparently absent

» ¢ — small, medium and large quantities respectively of crystalline material present

may well be present in some individuals of a species, albeit
in trace amounts. The only genus of which the species are
all included (Dichilus), shows remarkably little variation and
it seems that at least two of the alkaloids (nos 11 and 14)
may turn out to be taxonomic markers for this genus. Qur
results differ markedly from those of Stirton (1986a), whose
findings are difficult to interpret because he only extracted
small quantities of seeds and did not include any standards
in his chromatograph. He suggested similarities between
Dichilus strictus and Lebeckia, but our data is in contrast to
this view. It is tempting to equate alkaloid no. 11 with lupanine
and alkaloid no. 14 with no. 10 (which would indeed make
the two genera similar) but the UV-fluorescences are totally
different.

It is obvious from Table 3 that the genera Lebeckia,
Melolobium, Polhillia and Dichilus warrant further study. In
view of the somewhat anomalous position of Argyrolobium
(Polhill 1976, 1981) and uncertainty regarding its affinities with
Polhillia, Melolobium (Stirton 1986b) and perhaps Dichilus,
this genus should be included in comparative studies. The two
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Figure 1 Thin-layer chromatography results (systems a and b) of all crude extracts in which at least some alkaloids were detected. Standards
and unknown alkaloids are numbered as in Tables 2 and 3, (R: Rhodamine B). Al, Argyrolobium variopile; A2, Argyrolobium crassifolium;
P, Polhillia pallens; Lc, Lebeckia cytisoides; Lm, L. multiflora; W, Wibargia sericea; D1, Dichilus gracilis; D2, D. lebeckioides; D3, D. pilosus;
D4, D. reflexus; DS, D. strictus; M1, Melolobium alpinum; M2, M. microphyllum; M3, M. obcordatum; M4, M. subspicatum; M5, M. wilmsii,
Bl, Buchenroedera lotononoides; B2, B. multiflora; L1, Lotononis cf. adpressa; L2, L. brachyloba; L3, L. foliosa; L4, L. leucoclada; L5, L.
listii; L6, L. myriantha; L7, L. oxyptera, L8, L. polycephala; 1.9, L. transvaalensis; Ps, Pearsonia sessilifolia; C, Crotalaria capensis.

species represented in our sample contain significant quantities
of anagyrine as the dominant alkaloid and this appears to
be a new record for Argyrolobium. Only one species has been
studied before. Tsuda & Marion (1963) isolated cytisine,
aphyllidine and argyrolobine from A. megarhizum H. Bol.

In the lotononoid genera, the prospects of obtaining useful
information seem limited. There is no clear pattern and the
amount of plant material required for extraction would be
prohibitive for many of the species. An interesting question
needs to be answered, however. Is the remarkable similarity
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Table 2 Spot characteristics of major alkaloids on silica gel plates (systems a, b, ¢, d and e) with iodoplatinate
as detecting reagent. The dye Rhodamine B was used to allow standardization of the R; values. Spot

shapes: r = round, t = transversely oblong, o =
and unknown alkaloids are numbered as in Figure 1

oblong, e = extended, s = streaked. The standards

R¢ values and spot shapes UV —visible
Colour  Colour
a b c d e 254 nm 365 nm UV 365 nm iodoplatinate
1 Sparteine 0,79 r 0,76 r 0,30 s 0,06 ¢ 0,23 s - - - greyish-blue
2 Anagyrine 0,55 r 0,09 r 0,94 t 0,26 s 0,20 ¢ + + bluish brown to purple
3 Lupanine 0,65r 0,28 r 0,77 r 0,04 e 0,23 o - - - purple
4 Lupinine 0,50r 0,24 r 091 r 0,06 e 0,31 e - - - blue
5 13-OH-Lupanine 0,17 r 0,02 r 0,44 0 0,04 ¢ 0,20 0 - - - blue
6  N-Me-cytisine 0,48 t 0,05r 082r 0,22 s 0,19 e + - - blue-grey
7 0,80 t 0,75t >0,9 t 77 77 - + pink pale blue
8 0,61 r 0,06 r >09r 77 77 + - — greenish-grey
9 0,08 o 0,08 ? 7 ? ?7? ?7? + - - purplish-brown
10 0,60 r 0,20 0 0,75 7 ?7? + + violet-blue violet-purple
11 0,73 t 0,25 r 0,94 7 77 27 + + purple pale purple
12 0,70 t 0,49 1t 0,30 e 0,28 r 77 - + purple pale blue
13 0,69 t 0,09 r >0,9 ? <0,17? 0,12r - + purple pale purple
14 0,55 r 0,16 o 0,52 e <0,1? 037r + — - brown and blue
15 0,81t 0,26 r >0,8 ? 0,25 r ?7? - - - blue
16 0,65 r 0,14 0 0,94 t 0,41 o 0,320 + + pale blue blue and green
17 0,50 r 0,11 0 0,87 ? 7?77 77 — - - greenish-grey
18 0,81t 0,27 t 77 77 77 — + bluish pale blue
19 0,70 r 0,30r >0,9? 0,54 061r + + purplish  pale blue
20 0,50 r 0,130 0,85t 0,07 e 0,37r + + purple pale purple
21 0,46 r 0,33r 0,84 ? ?7? 2 ? - - - pale blue
22 0,42t 0,06 ? 77 77 77 - + bluish purple
23 0,40 r 0,02 r 0,827 0,07 ? 0,28 r + — - purple
24 0,30t <0,1 ? >0,9 ? 0,65 s 0,67 s - + blue reddish-violet
25 0,120 <0,1 ? >0,9 7 0,150 7 ? — - - reddish-purple
26 0,45 o 0,10 e 0,78 o 0,15 ¢ 0,241 - + purple pink
27 0,22 0 0,02 e 0,04 0 0,03 e ?2? + - - orange-brown
28 0,25 r 005r 0,26 r 0,04 ¢ 0,62 t + - — purple
29 0,25 0 0,01 o 0,29 o 0,37 s 0,48 e + + pale yellow bluish-purple
30 0,43 r 023r 0,23 s 0,07 s 04l r - - - purple
31 0,34 o ollr 0,23 ? 0,07 s 03lr + - - brownish-purple
32 0,27 r 0,15 0,38r 0,01r 0,19 - - - blue
33 0,30 r 0,05r 0,300 0,04 ¢ 0,40 r + - - brownish-purple
34 0,03 o 0,02 r 0,13 0 0,0l r 0,32t + - - brownish-purple
Rhodamine B 0,45 o 0,10 o 0,74 0 0,12 ¢ 0,65 0 + + bright red bright red

between species of Lotononis and Crotalaria merely the result
of convergence? The two genera do appear to be chemically
different. Many species of Lotononis are cyanogenic, sug-
gesting a nitrogen metabolism directed towards the production
of glucosides rather than alkaloids. The occurrence of at least
some quinolizidine alkaloids in Lorononis (here reported for
the first time) does not preclude the possibility that pyrroli-
zidine alkaloids may also be present. Lotononis and Buchen-
roedera appear to be similar, but the alkaloids are in such
low concentrations that more detailed studies to prove re-
lationship seem unpractical unless more sophisticated extrac-
tion methods are used.

The systematic value of alkaloid data at the generic level
is now well established (Cranmer & Turner 1967; Kinghorn
& Smolenski op. cit.). In the Crotalarieae, it is precisely at
this level where more information is needed. Our preliminary
results indicate that a more thorough investigation of some
genera holds great promise.
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Table 3 Distribution of the major alkaloids extracted from 38 species of the Crotalarieae and Genisteae
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Identified Unidentified
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Abstract—Integerrimine, a pyrrolizidine alkaloid previously known only from species of Cacalia, Senecio and Crotalaria, has been
identified as the major aikaloid of severai species of Buchenroedera and Lotononis section Krebsia. Chemotaxonomic implica-
tions are discussed. Qur conclusions are that the genera Buchenroedera and Lotononis are more closely related to Crotalaria than
to Lebeckia, despite morphological evidence to the contrary; that Buchenroedera and Lotononis may not be distinct at the
generic level and that Lebeckia microphylla should be transferred to Lotononis section Krebsia.

Introduction - dry wt (0.014%) was obtained. Integerrimine was
In a general survey of alkaloids in the tribe subsequently also identified by TLC and MS as
Crotalarieae (Van Wyk, B-E., Verdoorn, G. H. and the major alkaloid of all the species of Buchen-
Schutte, A. L., S. Afr. J. Botany, in press) we have roedera and Lotononis section Krebsia examined
shown that useful chemotaxonomic information (Table 1). At least four other minor alkaloids
may be obtained. The pyrrolizidine alkaloids of were present in all of these species, but not in
the genus Crotalaria have been the subject of sufficient quantities to allow their identification.
numerous studies, but the only previous This is the first report of the presence of pyrro-
reported occurrence of alkaloids from the lizidine alkaloids in Buchenroedera and
remaining 16 genera was that of tetracyclic quin-  Lotononis.

olizidine alkaloids in Lebeckia plukenetiana E.

Mey. [1]. In view of suggestions that the genus Discussion

Buchenroedera Eckl. & Zeyh. may be no more In the Leguminosae, pyrrolizidine alkaloids were
than a section of Lotononis (DC.) Eckl. & Zeyh. at first thought to be limited to Crotalaria, but
[2, 3], we investigated the major alkaloid of this have subsequently aiso been found in the tribe
genus and that of the closely related section Genisteae (Adenocarpus, Cytisus and Laburnum)

Krebsia (Eckl. & Zeyh.} Benth. of Lotononis. [9, 10], where they may co-occur with quino-
lizidine alkaloids. The presence of a pyrrolizidine
Results alkaloid in Buchenroedera and Lotononis would

The major alkaloid of Buchenroedera lotono- seem to erode the apparent isolation of
noides Scott Elliot, previously referred to as Crotalaria within the tribe Crotalarieae and
alkaloid no. 26 (Van Wyk et al, op. cit), was indicates new possibilities for testing current
isolated and identified as integerrimine, a pyrro- tribal and generic concepts. A more detailed
lizidine alkaloid previously reported only from survey of Lotononis (a diverse genus of some
species of Cacalia, Senecio and Crotalaria (4, 5]. 130 species) and related genera would therefore
All the spectroscopic data we obtained was in be most worthwhile. This may well lead to a
correlation with that given for integerrimine in  better understanding of evolutionary relation-
the fiterature [6-8]. A total yield of ca 140 ug/g ships within a group that shows a high incidence

of convergence and conflicting character
(Received 30 August 1987) information.
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TABLE 1. TAXA AND PLANT MATERIAL EXAMINED

BEN-ERIK VAN WYK AND GERHARD H. VERDOORN

Species Locality

Date collected Collector and No.

Buchenroedera lotononoides Scott Elliot

8. meyeri Presi

8. muiltifiora Eckl. & Zeyh.

8. tenuifolia Eckl. & Zeyh. var. tenuifolia

var. pulchella (E. Mey.) Harv.

B. trichodes Presl

Lotononis caerulescens (E. Mey.) B-E. van Wyk /ned.
(= Lebeckia microphylia E. Mey.)

L. divericata (Eckl. & Zeyh.) Benth.

L. trisegmentata Phill. var. robusta Phill. forma robusta
forma sencea Phill.

Sani Pass, Natal
Mhlahlane, Transkei
Zuurberg, Eastern Cape
Penhoek Pass, Queenstown
Cradock, Eastern Cape
Katberg Pass, Eastern Cape

Nonesi's Nek, Queenstown
Burgersdorp, Eastern Cape
Rouxville, Orange Free State
Clarens, Orange Free State
Sani Pass, Natal

April 1987 B-E. van Wyk 2630
January 1986 B-E. van Wyk 1765
April 1986 B. &M, van Wyk 1523
December 1985 B-E. van Wyk 1593
July 1985 B-£. van Wyk 1334
January 1986 B-E. van Wyk 1693
April 1987 B-£. van Wyk 1632
January 1987 B-E. van Wyk 2597
April 1987 B-E. van Wyk 2629
May 1987 B-E. van Wyk 1561
April 1987 B-E. van Wyk 1968

The presence of integerrimine as a major alkaloid in extracts of all these species was confirmed by mass spectrometry. Voucher specimens are

deposited in the Rand Afrikaans University Herbarium.

Some species of Lotononis are morpho-
logically very similar to species of Lebeckia
Thunb. This similarity has led to considerable
taxonomic and nomenclatural confusion over
the last two centuries. The alkaloidal metabolites
however, now appear to be quite different. We
suggest that the two genera are not closely
related and that similarities may be ascribed to
convergent evolution in response to the same
environmental pressures, such as increasing
summer drought during recent geological times.
The phenomenon that leaflets are individually
shed leaving the petioles, is a clear example of
such an adaptation that occurs in both genera.
The presence of integerrimine as a major
alkaloid of Lebeckia microphylla supports the
morphological evidence that was found for the
transfer of this species to Lotononis (Van Wyk,
B-E., S. Afr. J. Botany, in press).

The Lotononis species listed in Table 1 all
belong to the section Krebsia, which is so closely
related to Buchenroedera that the status of the
latter has been questioned [2, 3]. Only a single

diagnostic character (fruit shape} was found to -

separate the two genera and sectional rank for
the latter within Lotononis was therefore
suggested. This view is strongly supported by
the evidence at hand.

Experimental

Plant materials. Collection details of all the species examined
are listed in Table 1.

Procedures. Ground air-dried leaves and twigs were
extracted with cold CH,Ci,. Extracts were acidified with 2 N

HCl and re-extracted with CH,Cl, (50 ml X 3) after basifying
the aqueous phase with conc. NH,. Buchenroedera lotono-
noides {930 g) yielded 600 mg of crude alkaloidal material
after 2 days of extraction and an additional 300 mg after 4
more days. The first 600 mg portion was chromatographed on
silica gel 60 using cyclohexane—CHCl~Et,N (20:25:6) as
eluent. Fractions of 2 ml of each were collected. Fractions 28
to 64 with R, 0.18 were combined and upon evaporation of the
solvent gave 88 mg of a white crystalline solid. Colourless
prisms obtained from CHCI, were used to determine the mp
and specific rotation, as well as IR, 'H NMR, *C NMR and MS
spectra. Mixtures of all the other species were studied by TLC
{silica gel: eluent cyclohexane-CHCIl,~Et,NH, 5:4:1, detecting
reagent iodoplatinate) and the identity of integerrimine as the
major alkaloid was confirmed by MS.

Acknowledgements—Prof. C. W. Holzapfel is thanked for his
support of this project. Dr L. Burger and Ms A. L. Schutte
assisted with the extraction process. Taxonomic research on
Buchenroedera and Lotononis by B. V. W. is registered as a

- Ph.D. project at the University of Cape Town. Funding for

research on legume alkaloids is from the Rand Afrikaans
University, which is gratefully acknowledged.
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The major alkaloids of 12 species of the genus Melolobium Eckl. & Zeyh. have been characterized. Variable quantities
of anagyrine, camoensine, leontidine, lupanine, N-methylcytisine and thermopsine are present in nearly all of the
extracts. Sparteine, cytisine and some unidentified alkaloids occur less frequently. If one species [Melolobium in-
volucratum (Thunb.) Stirton] is excluded, the genus is morphologically very uniform and also appears to be uniformin
its alkaloidai metabolites. Within the tribe Crotalarieae, the combination of thermopsine and the two C,4 alkaloids
leontidine and camoensine may prove to be a unique chemotaxonomic character for Melolobium.

Die hoof alkaloiede van 12 spesies van die genus Melolobium Eckl. & Zeyh. is gekarakteriseer. Variérende hoeveel-
hede anagirien, camoensien, leontidien, lupanien, N-metielcitisien en thermopsien was teenwoordig in feitlik al die
ekstrakte. Sparteien, citisien en enkele ongeidentifiseerde alkaloiede kom minder algemeen voor. As een spesie
[Melolobium involucratum (Thunb.) Stirton] buite rekening gelaat word, is die genus morfologies baie eenvormig en
skynbaar ook eenvormig in akaloiedmetaboliete. In die tribus Crotalarieae, mag dit blyk dat die kombinasie van
thermopsien en die twee C, 4~alkaloiede leontidien en camoensien, 'n unieke chemotaksonomiese kenmerk vir Melo-

lobium is.

Keywords: Chemotaxonomy, Crotalarieae, Fabaceae, Melolobium, quinolizidine alkaloids

*To whom comrespondence should be addressed

Introduction

In recent review papers on the distribution of alkaloids in
the Leguminosae (Mears & Mabry 1971; Salatino &
Gottlieb 1980, 1981; Kinghorn & Smolenski 1981), con-
clusions for the tribe Crotalarieae are based on reports
from only two genera (Lebeckia Thunb. and Crotalaria 1..).
A preliminary survey (van Wyk et al. 1988) has shown the
presence of alkaloids in several other genera. The pos-
sibility to gain new insights into generic relationships within
this predominantly southern African tribe was indicated.
As part of a continuing study of alkaloids in the Crotala-
rieae, we investigated the genus Melolobium Eckl. & Zeyh.
(a genus of ca. 20 species endemic to southern Africa) and
identified the major alkaloids of 12 different species.

Materials and Methods

Voucher specimens of the plant material used in this study
are listed in the appendix. The samples consisted of air-
dried leaves and twigs, some with flowers and fruit as indi-
cated.

Melolobium subspicatum Conrath was chosen for the iso-
lation and identification of its major alkaloids since extracts
of this species contained nearly all of the alkaloids observed
in other species. The major alkaloids were isolated, identi-
fied and then used as reference samples in the wider survey
of several other species.

Extraction methods used are as previously described
(van Wyk et al. op. cit.; van Wyk & Verdoorn 1988). All
crude extracts were purified by elution through columns of
Dowex 50 resin prior to gas chromatography. The major
alkaloids of M. subspicatum were isolated by column
chromatography as previously described and the alkaloids
identified by m.p., specific rotation, as well as IR, 'H
NMR, "*C NMR and MS spectrometry. The identity of
camoensine was confirmed by characterization of the
hydrogenated product (camoensidine). All the spectro-
scopical data obtained was in correlation with literature
data (Leonard 1960; Santamaria & Khuong-Huu 1975).
GC spectra were obtained with a DB-1 fused silica capillary
column (length 15 m, internal diameter 0,25 mm) with
PND/FID parallel detection. (Temperature programme:

150°C 2-min isotherm, 10°C min™' to 250°C, 20°C
min~! to 300°C, isotherm 5 min; injector 250°C, PND-
detector 310°C, split 1:30, flow 2,4 ml min~', helium as
carrier gas at 80 kPa, H, as make-up gas for PND at 60
kPa). The GC results confirmed earlier identifications by
analytical TLC. '

Results and Discussion

Table 1 shows the yields of alkaloidal extract obtained after
purification and the estimated total number of alkaloids
present in each sample. Major alkaloids, minor alkaloids
and traces were taken as those with concentrations of more
than 10%, less than 10% and less than 1% of the total ex-
tract respectively. The distribution of major alkaloids in 12
species of Melolobium as determined by gas chromato-
graphy is shown in Table 2. Only those alkaloids that occur
as a major component in at least one of the species were

Table 1 Total yields and estimated number of alkaloids
extracted from 12 species of Melolobium

Estimated number® of alkaloids:

Total yield> Major Minor Traces Total

Species (ug g7 dry wt) (>10%) (>1%) (<1%)

M. aethiopicum 1253 2 5 3 10
M. alpinum 445 2 3 10 15
M. cf. burchellii 600 1 4 5 10
M. candicans 100 2 4 5 1
M. canescens 149 3 8 3 14
M. exudans 822 2 4 10 16
M. microphyllum 67 3 4 3 10
M. obcordatum 192 2 8 2 12
M. stipulatum 193 2 6 7 15
M. subspicatum 396 3 3 8 14
M. wilmsii 1380 3 2 7 12
M. involucratum® 387 4 2 13 19

*Yield figures are for purified alkaloidal extracts
PEstimated from GC results
“Sparteine is taken as a major alkaloid for reasons explained in the text
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Table 2 Distribution of alkaloids in extracts of 12 species of Melolobium as determined by gas chromatography

Distribution of major alkaloids

(% of total alkaloid yield)

Species spar lupa anag ther leon camo cyt m-cyt Xl X2 X3 X4 X5
M. aethiopicum 10 7 tr 25 52 tr 3 2 2

M. alpinum 1 7 tr 29 54 tr? tr tr tr 1

M. cf. burchellii 1 4 1 4 88 tr tr tr 2

M. candicans 20 71 2 tr 1 1 1 1 1

M. canescens 19 4 1 tr tr 2 39 2 7 2

M. exudans tr? 3 22 tr 6 63 tr tr 1 tr 2

M. microphyllum 2 21 tr tr 10 tr 5 56

M. obcordatum 9 28 5 1 42 2 5 tr 4

M. stipulatum 19 4 1 tr 69 tr tr 2 2 1

M. subspicatum tr 11 26 6 8 41 tr tr 5

M. wilmsii 1 2 38 2 21 tr tr tr 36

M. involucratum tr 6 23 tr? tr tr 1 28 tr 1 33

Abbreviations: spar = sparteine, lupa = lupanine, anag = anagyrine, ther = {-thermopsine, leon = leontidine, camo = camoensine,
cyt = cytisine, m-cyt = n-methylcytisine, X1 = 4-OH-lupanine?, X2 = 5,6-dehydrolupanine?, X3 = ammodendrine?, X4 = uni-

dentified, X5 = unidentified

entered. These results closely corresponded with earlier
identifications made by analytical thin-layer chromato-
graphy.

Lupanine, anagyrine, thermopsine, leontidine, ca-
moensine and A-methylcytisine are clearly the most
common alkaloids in Melolobium. Within the Crotalarieae
this combination, and especially the common occurrence of
thermopsine, camoensine and leontidine may prove to be a
unique chemotaxonomic character for Melolobium. The
two C;, alkaloids camoensine and leontidine were pre-
viously known only from Camoensia maxima Welw. ex
Benth. of the tribe Sophoreae (Santamaria & Khuong-Huu
op. cit.). Sparteine and cytisine are virtually absent, while
other alkaloids provisionally identified as ammodendrine,
4-OH-lupanine (nuttalline) and 5,6-dehydrolupanine seem
to occur only in some of the species. Small amounts of iso-
lupanine and 17-oxo-lupanine (not shown in Table 2)
appear to be present in M. alpinum and M. canescens re-
spectively.

Melolobium involucratum, an anomalous species re-
cently transferred from Argyrolobium (Stirton 1986) seems
to differ from other species of Melolobium. Its major alka-
loid (X5 in Table 2) does not occur in any of the other
species; thermopsine, leontidine and camoensine are
absent or virtually absent, while sparteine and cytisine are
present. The apparently low concentration of sparteine in
M. involucratum resulted from a loss of this alkaloid during
purification of the extract. This is the only significant dis-
crepancy between the GC results and our earlier TLC re-
sults — the latter clearly showed the presence of large
quantities of sparteine in both the crude alkaloidal extract
and in the methanolic eluent from the resin. The loss of
sparteine may be explained by its low basicity compared to
other alkaloids (K, value of 5,7 X 107> compared to 7,7 x
1077 of cytisine, for example). Morphological and cytologi-
cal evidence strongly suggest that M. involucratum is mis-
placed in Melolobium (van Wyk & Schutte, unpublished
data). A comparison with the alkaloids of other genera may
indicate a more natural position for this species. Melo-
lobium canescens, M. microphyllum and M. wilmsii also
differ from other species in the presence of respectively nut-
talline, ammodendrine and an unidentified alkaloid (X4) as
the major alkaloids. These alkaloids do however occur as
minor compounds elsewhere.

Tetracyclic and tricyclic a-pyridone alkaloids are known
to be formed along a biogenetic pathway which starts with
lupanine and has methylcytisine as end product (Nowacki

& Waller 1977; Salatino & Gottlieb 1980). Each step along
the pathway involves a specific enzyme system and leads to
an enhancement of alkaloid toxicity, so that cytisine-
bearing genera are considered to be phylogenetically
advanced (Salatino & Gottlieb op. cit.). The presence of
several such specialized quinolizidine alkaloids of the cyti-
sine type in the tribe Crotalarieae is here reported for the
first time. Some modifications to previously proposed
phylogenetic relationships in the Papilionoideae (Salatino
& Gottlieb 1980, 1981) are therefore necessary. An addi-
tional route of adaptive radiation is suggested, namely a
southern temperate ‘cytisine’ route. This new route pre-
sumably represents an extension of a southern temperate
‘pre-cytisine’ route proposed by Salatino & Gottlieb
(1980).

It is not yet clear how Melolobium relates to other genera
of the tribe Crotalarieae. The particular combination of
alkaloids that occurs in this genus however, may prove to
be a unique chemotaxonomic character. The absence of
sparteine and the presence of camoensine and leontidine as
major alkaloids seem particularly significant. Our results
clearly indicate that alkaloids have considerable taxonomic
value at the generic level and that it may eventually lead to a
better understanding of relationships amongst genera of
the Crotalarieae and Genisteae.
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Appendix 1 Plant material of Melolobium species used for
alkaloid extraction. Voucher specimens are all in the Rand
Afrikaans University Herbarium (JRAU)

M. aethiopicum (L.) Druce: Velddrif Rd., 24 km from
Cape Town, Van Wyk 2685, flowering twigs. M. alpinum

S.-Afr. Tydskr. Plantk., 1988, 54(4)

Eckl. & Zeyh.: Sani Pass, Natal, Van Wyk 2631, mostly
vegetative twigs. M. cf. burchellii N.E. Br.: Noupoortnek,
2 km from Clarens, O.F.S., Schutte 393, flowering twigs.
M. candicans (E. Mey.) Eckl. & Zeyh.: = 20 km from
Cathcart to Stutterheim, E. Cape, Koekemoer s.n., flower-
ing and fruiting twigs. M. canescens Benth.: Bloemfontein,
O.F.S., Van Wyk 2714, flowering twigs. M. exudans Harv.:
Velddrif Rd., + 20 km from Cape Town, Van Wyk 2683,
flowering twigs. M. involucratum (Thunb.) Stirton: Blomf-
ontein Farm, Calvinia district, NW Cape, Steenkamp sub
Schutte 396, fruiting twigs. M. microphyllum (L.f.) Eckl. &
Zeyh.: Naudesberg Pass near Graaff Reinet, Cape, Van
Wyk 2634, fiowering twigs. M. obcordatum Harv.: Nou-
poortnek, 2 km from Clarens, O.F.S., Schutte 394, mostly
vegetative twigs. M. stipulatum Harv.: Verkeerdevlei near
Touw’s River, Cape, Van Wyk 2711, vegetative twigs. M.
subspicatum Conrath: Irene, Transvaal, De Beer 38,
flowering twigs. M. wilmsii Harms: Hendrina, Transvaal,
Van Wyk 2624, fruiting twigs.
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The major alkaloids of three species of Polhillia Stirton and three species of Argyrolobium Eckl. & Zeyh. have been
identified. The presence of sparteine, lupanine, anagyrine and N-methylcytisine as major alkaloids in Polhillia and in
the morphologically similar Argyrolobium brevicalyx Stirton indicates a direct phylogenetic link between Polhillia
(Crotalarieae) and Argyrolobium (Genisteae). The data also supports the transfer of Melolobium involucratum

(Thunb.) Stirton to Polhillia.

Die hoof alkaloiede van drie spesies van Polhillia Stirton en drie spesies van Argyrolobium Eckl. & Zeyh. is geidenti-
fiseer. Die voorkoms van sparteien, lupanien, anagirien en N-metielcitisien as hoof alkaloiede van Polhillia en van die
morfologies-eenderse Argyrolobium brevicalyx Stirton dui op 'n direkte filogenetiese verband tussen Polhillia (Crotal-
arieae) en Argyrolobium (Genisteae). Die data ondersteun ook die oorplasing van Melolobium involucratum (Thunb.)

Stirton na Polhillia.

Keywords: Argyrolobium, chemotaxonomy, generic relationships, Polhillia, quinalizidine alkaloids
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Introduction

The genus Polhillia was recently described by Stirton
(1986a) and comprises 5 rare species of woody shrubs en-
demic to the south-western Cape Province of South Africa.
Based on presumed affinities with Melolobium Eckl. &
Zeyh. and Dichilus DC., the new genus was placed in the
tribe Crotalarieae.

In view of obvious morphological similarities with Argy-
rolobium Eckl. & Zeyh., and especially the anomalous A.
brevicalyx Stirton (1984), we investigated the major alka-
loids of three species of Polhillia and some species of Argy-
rolobium. Melolobium involucratum (Thunb.) Stirton was
also included in the study because its major alkaloids were
previously shown to be different from those of other Melo-
lobium species (van Wyk et al. 1988a).

Material and Methods

The species studied and voucher specimens of the material
used for alkaloid extraction are listed in the appendix.
Authorities for names are not repeated elsewhere.

Methods of extraction and identification are as pre-
viously described (van Wyk er al. 1988a, b; van Wyk & Ver-
doorn 1988). All reference samples used in analytical TLC
and GC were fully characterized by IR, 'HNMR, BCNMR
and MS spectrometry.

Results and Discussion

The estimated number of alkaloids present in each of the
samples and the total yields obtained are shown in Table 1.
Polhillia canescens, P. pallens, P. waltersii, Melolobium in-
volucratum and Argyrolobium brevicalyx (all of which are
morphologically similar) seem to differ from A. crassi-
folium and A. variopile in both the diversity and total
number of alkaloids. The latter two species have only one
major alkaloid each, while the others have at least three.
The difference is even more distinct if the yields of major
alkaloids are taken as percentages of the total (Table 2).
The sample size does not allow generalizations (especially
for Argyrolobium), but it is clear from Table 2 that the
species are all rather similar. Anagyrine is by {ar the most
common alkaloid. N-methylcytisine, sparteine and lupa-
nine occur at least in trace quantities in all of the species,
while cytisine, lusitanine and two unidentified alkaloids

Table 1 Total yields and estimated number of alkaloids
extracted from species of Argyrolobium, Polhilla and
Melolobium

E

T . b .

© © Estimated number’ of alkaloids:

T

T oo Major Minor Traces Total
Species E 3 (> 10%) > 1%) (< 1%)
Polhillia canescens 478 3 6 S 14
P. pallens 241 4 1 10 15
P. waltersii 987 4 8 5 17
M. involucratum 387 4 2 13 19
Argyrolobium brevicalyx 731 S 2 11 18
A. crassifolium 590 1 S 6 12
A. variopile 976 I 6 5 12

*Yield figures are for purified alkaloidal extracts
PEstimated from GC results

Table 2 Distribution of major alkaloids in extracts of
Polhillia spp., Argyrolobium spp. and Melolobium
involucratum as determined by gas chromatography

Distribution of major alkaloids®
(% of total alkaloid yield)

Species spar lupa anag cyt m-cyt lusi X1 X2
Polhillia waltersii 1 9 52 13 1 5 tr?
P. pallens tr 27 25 4 42 tr
P. canescens tr 4 57 7 24 tr
Melolobium

involucratum tr 6 23 1 28 3 33
Argyrolobium brevicalyx 1 16 40 tr 18 19 tr
A. crassifolium tr tr 90 1

A. variopile tr 1 89 2 tr

Abbreviations: spar = sparteine, lupa = lupanine, anag = anagyrine,
cyt = cytisine, m-cyt = N-methylcytisine, lusi = lusitanine, X1 & X2
= unknown

“Yield figures for sparteine are totally underestimated except in
Argyrolobium crassifolium and A. variopile (see Figure 1). Sparteine
was lost from the crude extracts during resin purification — the poor
adsorbsion of this alkaloid on cationic exchange resin may be ex-
plained by its low basicity compared to the other alkaloids
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appear to be less common.

All available information on the major alkaloids of the
genera Lebeckia, Polhillia, Argyrolobium and Melolobium
is summarized in Table 3. The presence of minor alkaloids
and unidentified major alkaloids is not shown. Sparteine is
entered as a major alkaloid despite the low yield figures.
The loss of this alkaloid from the crude alkaloidal extracts is
explained in the footnotes of Table 2. It is clear that the
present generic boundaries do not conform to the alkaloid
data. The major alkaloids of Polhillia canescens, P. pallens,
P. waltersii, Melolobium involucratum and Argyrolobium
brevicalyx are almost identical. A reappraisal of the cir-
cumscription of Polhillia seems necessary, as morphologi-
cal and cytological evidence (van Wyk & Schutte, un-
published data) strongly correlate with the distribution of
alkaloids. Our results support the initial idea of Stirton
(1986b) to include Melolobium involucratum in Polhillia
rather than the transfer to Melolobium. Figure 1 shows the
result of thin-layer chromatography of crude alkaloidal ex-
tracts of some of the species. It is clear that there are distinct
differences between the genera but that the major alkaloids
of Argyrolobium brevicalyx, Polhillia pallens and Melo-
lobium involucratum are very similar.

The position of Argvrolobium in the tribe Genisteae is
somewhat uncertain (Polhill 1976, 1981). Some of the
species treated here are of particular interest in that they
may help explain the origins and affinities of Argyrolobium.
Argyrolobium brevicalyx for example, is presently a
member of the tribe Genisteae but it is morphologically and
cytologically almost identical to the species of Polhillia
(tribe Crotalarieae). The alkaloids of this species indeed
strongly indicate that it should also be transferred to Pol-
hillia. Attempts by Salatino & Gottlieb (1980, 1981) to link
Argyrolobium to Lupinus L. and Sarothamnus Wimm.
have in our opinion rather shown the opposite, as is eviden-
ced by the isolated position of Argyrolobium in their affinity
diagram (Figure 2 in Salatino & Gottlieb 1981). A connec-
tion with Lebeckia seems much more likely. The data for
Lebeckia is incomplete and a more detailed survey of this

Table 3 Distribution of 11 major alkaloids known from the
genera Lebeckia, Polhillia, Argyrolobium and Melolobium.
[Data for Lebeckia and Melolobium from Gerrans et al.
(1976) and van Wyk et al. (1988a, b). Cytisine occurs as
a major alkaloid in seeds of Argyrolobium saharae Pomel
and lusitanine in seeds of A. zononii (Turra) P.W. Ball
(Greinwald, unpublished data); argyrolobine was reported
as the major alkaloid of A. megarhizum H. Bol. (Tsuda
& Marion 1964))
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THERMOPSINE
METHYLCYTISINE
LEONTIDINE
NUTTALLINE
CAMOENSINE

%
0O ~NOOA OWN =

X1
X JUNIDENTIFIED
2

O
© o |
. ® e@e®)

I R RHODAMINE B

Ac Ab Av Lc Lm P Mi Ms Mst

Figure 1 Major alkaloids of some species of Argyrolobium, Lebeckia,
Polhillia and Melolobium as observed by thin-layer chromatography
(silica gel: eluent cyclohexane-CHCl,~Et; NH, 50:40:10, detecting
reagent iodoplatinate). Ac, Argyrolobium crassifolium; Ab, A. brevi-
calyx; Av, A. variopile; Lc, Lebeckia cytisoides Thunb.; Lm, L. mudti-
floraE. Mey.; P, Polhillia pallens; Mi, Melolobium involucratum; Ms,
M. subspicatum Conrath; Mst, M. stipulatum Harv.

genus is necessary, especially since it is considered to be one
of the basal groups of the tribe Crotalarieae (Polhill 1981).
The absence of N-methylcytisine, anagyrine and cytisine
needs to be confirmed. Biogenetic pathways leading to
sparteine and cytisine are now well known and the ability to
transform ring A into a pyridone is considered to be an
advanced character (Nowacki & Waller 1977; Salatino &
Gottlieb 1980). Shrubby and tree species of the Papil-
ionoideae tend to contain sparteine, while derived ones
contain more elaborate compounds such as methylcytisine
(Nowacki & Waller op. cit.). The common occurrence of
a-pyridone alkaloids in southern African genera of the
Crotalarieae was not known before, and opens up the pos-
sibility of a southern origin for Argyrolobium. The species
around Polhillia thus seem to form a connecting link be-
tween Lebeckia and Argyrolobium, since they contain both
phylogenetically primitive sparteine- and lupanine-type
alkaloids and advanced cytisine-type alkaloids. In Melo-
lobium and the less woody species of Argyrolobium the
trend appears to be one of increasing specialization in a
cytisine-type chemistry. Large amounts of anagyrine and
cytisine are characteristic of Argyrolobium, while Melo-
lobium shows a predominance of thermopsine and the two
C,, alkaloids leontidine and camoensine.
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Appendix 1 Plant material used for alkaloid extraction.
Voucher specimens are all in the Rand Afrikaans Uni-
versity Herbarium (JRAU) -

Argyrolobium brevicalyx Stirton: Uitvlug Farm, between
Bredasdorp & Swellendam, Van Wyk 2134, flowering
twigs. A. crassifolium Eckl. & Zeyh.: Zuurberg, E. Cape,
B & M Van Wyk 2115, flowering twigs. A. variopile N. E.
Br.: Volksrust, Transvaal, Schutte 364, flowering twigs.
Melolobium involucratum (Thunb.) Stirton: Blomfontein
Farm, Calvinia district, NW Cape, Steenkamp sub
Schutte 396, fruiting twigs (fruit not included). Polhillia
canescens Stirton: Adoonskop, between Bredasdorp &
Swellendam, Van Wyk 2709, vegetative twigs. P. pallens
Stirton: Remhoogte, between Bredasdorp & Swellen-
dam, Van Wyk 2708, flowering twigs. P. waltersii
(Stirton) Stirton: Worcester commonage, Van Wyk 2701,
flowering twigs.
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Chemotaxonomic Value of Alkaloids in the Genus Dichilus
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Abstract—Two bicyclic piperidyl alkaloids {(ammodendrine and smipine) and a quinolizidine alkaloid {thermopsine) were
identified as major alkaloids of the genus Dichilus. Other piperidyl alkaloids positively identified were bipyridyl, A-methyl-
ammodendrine, N-acetylhystrine, 1-acetyl-1,2,3,4-tetrahydropyridine and piperidinone. The latter two compounds have not been
previously reported from the Leguminosae. In the tribe Crotalarieae, the dominance of piperidy! alkaloids appears to be a unique
chemotaxonomic character for Dichilus. Our results strongly support the present circumscription and also the isolated position of

the genus. An affinity with Melolobiurn rather than Lebeckia is suggested.

Introduction

In a general survey of alkaloids in the tribe
Crotalarieae [1], we have shown that a distinc-
tive combination of several unidentified alkaloids
occur in the genus Dichilus. This genus is
morphologically remarkably similar to other
genera of the tribe and its circumscription on
morphological evidence alone is somewhat
problematic. Superficial similarities with the
genus Lebeckia have led to suggestions of
affinity with the latter [2], but the chromosome
cytology (Van Wyk, B-E. and Schutte, A. L.,
submitted for publication in Kew Bull) does not
support this view. The apparent absence in
Dichilus of the common gquinolizidine alkaloids of
other genera has indicated that a full charac-
terization of at least the major compounds
would be of considerable chemotaxonomic
interest.

Results

The distribution of 18 different alkaloids in 15
extracts of the five species of .Dichilus is shown
in Table 1. Yields of alkaloids were very low and
allowed comparative identification of only the
major alkaloids, ammodendrine, smipine and
thermopsine. Due to their unusual mass spectra
[3, 4] however, positive identification of most of

(Revised received 23 Aprif 1988)

an

the compounds was possible. The presence of
1-acetyl-1,2,3,4-tetrahydropyridine (1} and piper-
idinone (2) appears to be a new record for the
Leguminosae. We have also found trace
amounts of anabasine, 3-(3,4-dihydro-2H-pyrrol-
5-yl)-pyridine,  3-(1-pyridinyl)-1,2,3,4-tetrahydro-
pyridine, N-acetyl-3-(1-piperidincarboxaldehyde-
2-yl)-piperidine and 1-acetyl-5-(1-formyl-2-piper-
idinyl)-2,3-dihydro-1H-pyrrole. The identity of
these minor compounds could not be confirmed
however and we considered it best to list them
under the unknown alkaloids in Table 1. Trace
quantities of alkaloids that were present as
single occurrences are also not shown.

2 &

COCH;3

I I
Discussion
Table 1 shows that the species of Dichilus are
very similar and that the unusual combination of
alkaloids leaves little doubt that the group is
monophyletic. What differences there are

appear to be quantitative only. Dichilus gracilis,
for example, contained almost exclusively piper-
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TABLE 1. DISTRIBUTION OF ALKALOIDS IN 3 EXTRACTS OF EACH OF THE FIVE SPECIES OF DICHILUS

Species D. strictus D. reflexus D. lebeckioides D. pilosus D. gracilis
Sample number 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Piperidyl alkaloids

Ammodendrine 33 10 25 31 45 16 36 41 59 27 25 45 53 57 38 .
Smipine 28 18 34 31 24 27 23 3 8 36 9 18 20 13 19
Piperidinone 1 5 14 5 9 4 6 tr — 7 14 7 6 tr tr
Bipyridyl tr 6 M 4 4 3 4 tr 4 tr? 3 3 2
1-acetyl-1,2,3,4-tetrahydropyridine tr tr tr 6 - 1 tr 9 2 tr2 2 t? 7 g 19
N -Methylammodendrine 1 tr — 5 — 2 - - 2 tr 5 ftr tr tr 2
N-Acetylhystrine 5 — - 3 2 3 2 - 2 -_— - = - -
Quinolizidine alkaloids

Thermopsine 2 28 19 tr 5 1 7 21 6 13 7 2 tr tr tr
Lupanine tr 1 tr 1 tr 1 1 tr tr tr 1 tr tr tr -
N-Methylcytisine tr 9 2 2 tr 2 tr - 1 2 3 2 —_— - -
Anagyrine — 2 tr tr — 2 tr - tr tr tr tr tr tr
Unknown alkaloids

A 2 tr tr 2 2 4 4 tr 1 3 4 3 2 1 2
B tr tr - 2 8 2 8 6 3 3 tr 3 3 3 3
c 1 tr? 1 2 1 2 1 tr 2 2 1 1 4 1
D 2 5 1 tr 1 2 1 1 3 tr 3 tr tr 2 3
E - - - - - 2 1 - 2 — tr 2 3 - 5
F — 1 tr? — - 1 i tr tr - 2 — tr
G - = - - - = - - - — 2 - - 1

Figures given are percentages of the total alkaloid yield as estimated from GC results. Authorities for names and voucher specimen details, as
well as Rt values and MS data of the unknown aikaloids are given in the experimental section.

idyl alkaloids, but thermopsine and other quino-
lizidine alkaloids are also present albeit in trace
quantities. Qualitative differences between the
species do not appear to be very significant and
are more likely a result of sample limitations.
The diversity and predominance of piperidyl
alkaloids are of some interest. It has been
postulated [5] that dipiperidine (bipiperidyl)
alkaloids are biosynthetic intermediates
between a cyclization product of cadaverine and
a bicyclic quinolizidine alkaloid. The alkaloidal
metabolites in Dichilus seem to show
connections in a precursor-product relationship
on at least two biogenetic pathways — one
leading to ammodendrine and related
compounds, and a minor one leading to the
more conventional a-pyridone alkaloids.

The generic status and isolated position of
Dichilus in the tribe Crotalarieae is strongly
supported by the unusual combination of
alkaloids. Other genera investigated so far have
as maijor alkaloids only the more common tetra-
cyclic and tricyclic quinolizidine types, or less
frequently, pyrrolizidine alkaloids. A comparison
between the genera Lebeckia, Dichilus,
Melolobium, Polhillia and Argyrolobium is given

in Table 2. (The position of Argyrolobium in the
tribe Genisteae is somewhat doubtful and a
transfer to the Crotalarieae was recently
suggested [Van Wyk and Schutte, op. cit].)
Melolobium is the only other genus where
piperidyl alkaloids have been found (Van Wyk,
B-E., Verdoorn, G. H., Burger, L. and Greinwald,
R., S. Afr. J. Botany, in press). Ammodendrine
occurs as a major alkaloid in M. microphyllum
and at least in trace quantities in several other
species. We suggest that Lebeckia and Dichilus
are only superficially similar and that the latter is
more closely related to Melolobium. Morpho-
logical evidence such as the calyx structure and
petiole anatomy [Van Wyk and Schutte, op. cit]
agrees with this view.

Piperidyl alkaloids have previously been
reported from seven genera of the tribes
Genisteae, Liparieae, Sophoreae and
Bossiaeeae [6]. The presence of piperidyl
alkaloids in the Genisteae and Crotalarieae
{formerly both part of the Genisteae sensu lato),
is further evidence of the close relationship
between the two tribes. These alkaloids are
known to coexist with quinolizidine and pyrro-
lizidine alkaloids in the genera Ammodendron
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TABLE 2. DISTRIBUTION OF MAJOR ALKALOIDS IN THE GENERA LEBECKIA, DICHILUS, MELOL OBIUM, POLHILLIA AND ARGYROLOBIUM
Lebeckia Dichilus Melolobium Pothillia Argyrolobium

Sparteine +++ +++

Lupanine +++ ++ ++

Nuttalline +++ +?

Argyrolobine +

Anagyrine ++ +++ ++

Thermopsine + +

Camoensine ++

Leontidine +

N-Methylcytisine + 4+

Cytisine + +

Lusitanine +

Ammodendrine 4+ +

Smipine +4

Piperidinone +

Bipyridy! +

1-Acetyl-1,2,3,4-tetrahydropyridine +

Data for genera other than Dichilus are published elsewhere [Van Wyk et al, op. cit;; Van Wyk, B-E., Verdoorn, G. H. and Greinwald, R., S. Afr. J.
Botany, in press). +++: occurs as a major component in all species or samples, ++: most species or samples, +: at least some species or

samples.

and Adenocarpus [6, 7], and are therefore likely
to have a wider distribution in the Crotalarieae
than is presently known.

Experimental

Plant materials. Collection details and voucher specimens of
the species examined are listed below. All samples comprised
twigs and leaves in the post-flowering stage. Voucher
specimen numbers all refer to our own collections, which are
housed in the Rand Afrikaans University herbarium. Yield
figures (dry wt) in parentheses.

Dichilus gracilis Eckl. & Zeyh. Sample 1: Fauresmith, Orange
Free State, Schutte 352 (130 pg g'); Sample 2; Jagersfontein,
Orange Free State, Schutte 345 {154 pg g '); Sample 3:
Colesberg, Cape, Schutte 337 (112 ng g''). Dichilus
lebeckioides DC. Sample 1: Johannesburg, Transvaal, Schutte
380a {45 pg g '); Sample 2: Pretoria, Transvaal, Schutte 362
{10 ng g '}; Sample 3: Johannesburg, Transvaal, Schutte 380c
(47 ug g ). Dichilus pilosus Conrath ex Schinz. Sample 1:
Roodepoort, Transvaal, Schutte 370a (84 pg g '); Sample 2:
Roodepoort, Transvaal, Schutte 370b (9 nug g *); Sample 3:
Roodepoort, Transvaal, Schutte 358 (31 pg g'). Dichilus
reflexus (N. E. Br) A. L. Schutte. Sample 1: Sani Pass, Natal,
Van Wyk 2630b {100 ug g™'); Sample 2: Pongola, Transvaal,
Schutte 369 (126 pg g, small sample; 12 pg g 19 kg
sample); Sample 3: Pongola, Transvaal, Schutte 365 (53 pg
a™'). Dichilus strictus E. Mey. Sample 1: Noupoortnek, Orange
Free State, Schutte 392 {12 pg g7'); Sample 2: Between
Clarens and Golden Gate, Orange Free State, Schutte 146 (73
ug g'); Sample 3: Reitz, Orange Free State, Schutte 376a (20
ug g

Procedures. Ground air-dried material was extracted by
refluxing with CH,Cl, for several days. Alkaloidal material was
isolated from the crude extracts by water phase separation {1]
and purified by ion exchange resin (Dowex 50 W H' form).
Alkaloids were identified by analytical TLC and GC by

comparison with and coinjection of reference samples that
were studied by GC-MS. Pure samples of ammodendrine (120
mg) and smipine (7 mg) were obtained from 19 kg of air-dried
leaves and twigs of D. reflexus (total alkaloid yield of 230 mg).
Isolation was effected by silica gel 60 column chromatography
as described previously {8] and Sephadex LH-20 gel filtration
in MeOH as eluent. The identity of the two major compounds
was confirmed by their MS spectra and characteristic signals
of their '"H NMR and “C NMR spectra. Both the 'H and "C
NMR spectra of ammodendrine showed amide isomerism
and only "C signals of the major isomer are given below. Due
to impurities, limited sample and amide isomerism, the °C
NMR spectrum of smipine could not be assigned
unambiguously. GC spectra were obtained with an OV-17
fused silica capillary column {30 m X 0.3 mm; He as carrier
gas at 0.5 kg cm~2, column temperature 50°, 1 min isotherm,
20°/min to 320°, 15 min isotherm; injector 320°; injector mode
1 pl splitless 30:1; FID 350°). Authentic reference samples of
anagyrine (Rt 18.40), Mmethylcytisine (Rt 13.32), thermop-
sine (Rt 19.32) and lupanine (Rt 17.50) were the same as
used in a previous study [Van Wyk et al, op. cit]. MS data
were recorded on two samples (D. reflexus no. 3 and D.
gracilis no. 3) and allowed positive identification of seven
piperidyl and four quinolizidine alkaloids. The MS data for
piperidy! alkaloids were identical to results obtained in a
detailed study of the mass spectra of piperidyl alkaloids {3, 4].
Ammodendrine: Rt 14.08, *C NMR 320.5, 21.6, 22.6, 24.8, 25.7,
315, 40.1, 47.2, 61.3, 119.5, 120.9, 167.7, M* 208; smipine: Rt
11.20, M' 180; piperidinone: Rt 6.20, M' 99; bipyridyl: Rt
10.04, M' 156; 1-acetyl-1,2,3,4-tetrahydropyridine: Rt 5.28, M'
125; AN -methylammodendrine: Rt 13.44, M' 222; N-
acetylhystrine: Rt 1510, M' 206. Data for uncharacterized or
partially characterized piperidy! alkaloids — A: Rt 10.48, m/z
213 (2), 185 (2), 171 (3), 159 (12), 143 (13}, 141 (10), 125 (3), 113
{12), 101 {12), 97 (18), 71 (31), 57 (100). B: Rt 7.24, m/z 202 (2),
173 (2), 167 (4), 139 (22), 138 (20), 122 (5}, 111 (23), 110 (18), 97
(26), 96 (34), 83 (100), 69 (8), 55 (40), 42 {23). C: Rt 14.66, (no
MS data). D: Rt 17.36, m/z 236 (9), 218 (100), 207 (20}, 193 (15),
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175 {63), 165 (25), 150 (31), 136 (19), 122 (34), 108 (26), 82 (31),
57 (22), 43 (47) [N-acetyl-3-(1-piperidine carboxaldehyde-2-
yl)piperidine?]. E: Rt 15.20, m/z 298 (5), 281 {10}, 261 (5), 221
(9), 202 (6), 184 (3), 171 (4), 150 (20), 137 (10), 111 {70}, 97 (73),
84 (100), 71 (22), 57 (51). F: Rt 18.44, m/z 222 (56), 221 (11),
204 (53), 194 (16), 179 (58), 166 (13}, 152 (80), 151 (72}, 122 (17),
109 (100), 57 (57), 43 (99) [1-acetyl-5-(1-formyl-2-piperidinyl)-
2,3-dihydro-1H-pyrrole?]. G: Rt 13.04, m/z 253 (4), 225 (17), 209
(30), 166 (21}, 152 (19), 150 (28), 149 {28), 138 (100), 136 (70), 110
(59), 98 (89), 83 (72), 55 (51), 43 (40).
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The major alkaloids of 12 morphologically dissimilar species of Argyrolobium Eckl. & Zeyh. have been
identified. All extracts contain large quantities of anagyrine as the dominant alkaloid. Cytisine, N-methyl-
cytisine, lupanine, sparteine, 5,6-dehydrolupanine and ammodendrine are present as minor compounds in
most of the species and as major compounds only in a few of them. The data do not reflect morphological
dissimilarities and the species are remarkably uniform in their major alkaloids. Our conclusions are that
Argyrolobium is closely related to the genus Polhillia Stirton, that large quantities of anagyrine may be taken as
a chemotaxonomic marker for Argyrolobium and that a more detailed study of alkaloids may provide valuable
taxonomic evidence in a genus without any obvious morphological specializations.

Die alkaloiede van 12 morfologies-verskillende spesies van Argyrolobium Ecki. & Zeyh. is geidentifiseer. Alle
ekstrakte bevat anagirien as die dominante alkaloied. Sitisien, N-metielsitisien, lupanien, sparteien, 5,6-de-
hidrolupanien en ammodendrien is teenwoordig as ondergeskikte verbindings in meeste van die spesies en
as hoof verbindings in slegs 'n paar van hulle. Die data weerspieel nie morfologiese verskille nie en die
spesies is merkwaardig eenvormig in hul hoof alkaloiede. Ons gevolgtrekkings is dat Argyrolobiurm naverwant
is aan die genus Polhillia Stirton, dat groot hoeveelhede anagirien as 'n chemotaksonomiese merker vir
Argyrolobium beskou kan word en dat 'n meer volledige studie van alkaloiede waardevolle taksonomiese

getuienis mag bied in 'n genus sonder enige ooglopende morfologiese spesialisasies.

Keywords: Argyrolobium, chemotaxonomy, Fabaceae, generic relationships, quinolizidine alkaloids
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Introduction

The genus Argyrolobium Eckl. & Zeyh. comprises an
~ estimated 70 species of papilionoid legumes, 50 or more
of which occur in southern Africa. There is no convin-
cing evidence to support its traditional position in the
tribe Genisteae and a transfer to the predominantly
southern African tribe Crotalarieae has been suggested
(Polhill 1976, 1981; van Wyk & Schutte 1989). It has also
been shown that the alkaloids of some Argyrolobium
species are similar to those of other genera of the Crotal-
arieae, notably Polhillia Stirton and Melolobium Eckl. &
Zeyh. (van Wyk et al. 1988a, b). In this study we investi-
gated 12 morphologically dissimilar species of Argyro-
lobium to evaluate the taxonomic significance of
alkaloids at the generic and infrageneric level.

Materials and Methods

To obtain a reasonable representation of the variation in
the genus, species from different sections (Harvey 1862)
were chosen. It was assumed that if all these species turn
out to be similar in their major alkaloids, then at least a
preliminary characterization of the genus would be poss-
ible.

The taxonomy of Argyrolobium is in such a state of
confusion that some of the material could not be posi-
tively identified to species. Care was taken to keep
voucher specimens of all the samples for future reference
and verification. The species, authorities for names, and
voucher specimens of the material used are listed in the
appendix.

Methods of extraction and identification were as pre-
viously described (van Wyk et al. 1988a, b; van Wyk &
Verdoorn 1988). The extracts were all purified by ion
exchange resin (Dowex S50W H* form). All reference
samples used in analytical TLC and GC were fully
authenticated by 'H and '>C NMR spectroscopy and
mass spectrometry. Identifications by analytical TLC
and GC were confirmed by GC-MS studies of three
extracts (two samples of A. tomentosum and one of A.
frutescens).

Results and Discussion

Table 1 shows the yields of purified alkaloidal material
obtained and the distribution of major alkaloids in 15
different samples. All the major alkaloids (>10% of
total yield) and most of the minor ones (<10%) could be
positively identified. The presence of unidentified minor
compounds is not shown.

The distribution of alkaloids is surprisingly uniform
and the variation is much less than expected. Anagyrine
is by far the most common alkaloid and rarely represents
less than half of the total yield. When the concentration
of anagyrine is relatively low, large quantities of cytisine
or N-methylcytisine are usually present. Lupanine,
sparteine, 5,6-dehydrolupanine, ammodendrine and an
alkaloid tentatively identified as aphylline are very often
present but rarely as major compounds.

Our results differ from those of Tsuda & Marion
(1964), who reported argyrolobine and aphyllidine as
major alkaloids of Argyrolobium megarhizum H. Bol.
Argyrolobine has never been reported since and no
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Table 1 Yield and distribution of major alkaloids in 15 extracts from 12 species of

Argyrolobium

Material extracted
(V)egetative twigs  Total yield

Séecies

Distribution of major alkaloids
(% of total alkaloid yield)®

(F)lowering twigs (mg g’ dry wt)* anag cyt

m-cyt lupa spar 5,6-deh ammo aphy

A. crassifolium

sample 1 F 1,05
sample 2 F 0,20
A. frutescens A% 0,01

A. lanceolatum

sample 1 F 1,33
sample 2 v 1,46
A. lunare F 0,24
A. molle F 0,10
A. rupestre v 0,05
A. sankeyi F 0,01
A. speciosum v 0,03
A. tomentosum :

sample 1 F 0,60
sample 2 F 0,27
A.sp.cf. A. tysonii F 0,03
A. variopile F 0,38
A. velutinum v 0,06

98 1 tr tr tr tr tr -
84 3 1 tr - - 2 - -
50 5 1 8 6 6 3 3
96 tr tr 2 tr 1 tr -
97 tr tr tr 1 tr - tr
56 3 5 21 3 3 - tr
41 3 2 4 34 2 11 -
58 6 2 2 3 2 1 1
61 2 tr 6 4 6 1 1
75 tr 19 2 1 2 tr tr
79 10 1 - tr tr 1
25 36 6 I 7 tr tr 2
53 16 2 2 12 9 tr -
92 tr tr 1 2 tr - -
18 35 34 3 2 tr 3 1

Abbreviations: anag = anagyrine, cyt = cytisine, m-cyt = N-methylcytisine, lupa = lupanine, spar = sparteine,

5,6-deh = 5,6-dehydrolupanine, ammo = ammodendrine, aphy = aphylline?

*Yield figures are for purified extracts
YEstimated from GC results

voucher specimens of the plant which yielded this
alkaloid could be traced. The reported presence of
cytisine and N-methylcytisine agrees with our results, but
the conspicuous absence of anagyrine and the presence
of argyrolobine and aphyllidine as major alkaloids in A.
megarhizum should be verified.

The uniformity in major alkaloids (much less variable
than in Melolobium, for example) supports Polhill’s
(1976) conclusion that Argyrolobium is a uniform and
natural genus. The relatively high yield figures and at
least some indications of specific differences suggest that
a more detailed survey may provide useful information
about infrageneric relationships. There are no obvious
morphological specializations (Polhill 1976) and it may
be difficult to devise a natural infrageneric classification
on morphological evidence alone. The most conspicuous
difference between the species appears to be the propor-
tion of anagyrine relative to sparteine, lupanine, cytisine
or N-methylcytisine. Some of the northern species of
Argyrolobium contain cytisine and lusitanine in the seeds
(van Wyk et al. 1988b) but our results from leaf and twig
samples are not directly comparable. Different organs of
a plant may produce quite different combinations of
major alkaloids (Cranmer & Mabry 1966; Greinwald et
al. 1989) so that an appropriate sampling procedure is
required to show significant differences between species.
Seasonal fluctuations in the biosynthesis of alkaloids
should also be considered. Such variations in the

production of cytisine (known to be highly toxic) have
been recorded in European species of the tribe
Genisteae (R. Greinwald, unpublished). The observed
variation in Argyrolobium may therefore be partly a
result of seasonal differences, but perhaps also a result of
the relative proportions of stems, leaves and flowers in
the samples. Due to these sample limitations, it is not yet
possible to evaluate ‘the taxonomic significance of
alkaloids at the infrageneric level. Qualitative discontin-
uities seem unlikely, but it may be worthwhile to
investigate the relatively large quantitative differences
between some of the species in a more detailed study.
At the generic level, however, the results indicate that
high concentrations of anagyrine (less frequently also in
combination with cytisine and N-methylcytisine) may be
taken as a chemotaxonomic marker for Argyrolobium.
The major alkaloids are similar to those in Melolobium
(van Wyk et al. 1988a) and especially very similar to
those in Polhillia (van Wyk et al. 1988b). It differs from
the latter in the much higher concentrations of anagyrine
and the lower concentrations of sparteine, lupanine and
N-methylcytisine. The differences between the two
genera appear to be quantitative only, so that the
combination of alkaloids in some species of Argyro-
lobium is rather similar to that in Polhillia. Thermopsine,
camoensine and leontidine are highly characteristic of
Melolobium but these alkaloids have not been found in
Argyrolobium. Although it also has thermopsine as a
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major alkaloid, the genus Dichilus differs from both
Argyrolobium and Melolobium in the predominance of
piperidyl alkaloids (van Wyk et al. 1988c). The combin-
ation of alkaloids in Argyrolobium clearly suggests a
direct relationship of this genus with Polhillia and also
appears to be a useful generic character.
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Appendix 1 Plant material of Argyrolobium species
used for alkaloid extraction. Voucher specimens are all
in the Rand Afrikaans University Herbarium (JRAU).

A. crassifolium Eckl. & Zeyh.: Zuurberg, E. Cape, 16/4/87, B.
& M. van Wyk 2115 (sample 1); N. slope of Van Stadensberg,
E. Cape, 24/1/87, van Wyk 2584 (sample 2). A. frutescens
Burtt Davy: 19 km from Nelspruit on Kaapsehoop road, E.
Transvaal, 20/2/88, van Wyk 2815. A. lanceolatum Eckl. &
Zeyh.: Top of Du Toit’s Kloof Pass, SW Cape, 4/7/87, van
Wyk 2698 (sample 1); Top of Constantiaberg, Cape Peninsula,
16/1/88, van Wyk 2758 (sample 2). A. lunare (L.) Druce:
Rotary road, Hermanus, SW Cape, 7/10/86, van Wyk 2087. A.
molle Eckl. & Zeyh.: Zuurberg, E. Cape, 15/7/87, B. & M. van
Wyk 2131. A. rupestre (Eckl. & Zeyh.) Walp.: 19 km from
Nelspruit on Kaapsehoop road, E. Transvaal, 20/2/88, van
Wyk 2819. A. sankeyi Harms: 19 km from Nelspruit on
Kaapsehoop road, E. Transvaal, 20/2/88, van Wyk 2817. A.
speciosum Eckl. & Zeyh.: 19 km from Nelspruit on Kaapse-
hoop road, E. Transvaal, 20/2/88, van Wyk 2818. A. tomentosum
(Andr.) Druce: Mhlahlane, Transkei, 25/1/86, van Wyk 1756
(sample 1); Magoebaskloof, NE Transvaal, 30/6/88, Koekemoer
107 (sample 2). Argyrolobium sp. cf. A. tysonii Harms: 3 km
from Harrismith to Van Reenen's Pass, E. Orange Free State,
13/3/86, van Wyk 1924. A. variopile N.E. Br.: Volksrust,
Transvaal, 21/2/87, Schutte 364. A. velutinum Eckl. & Zeyh.:
Hills at Saldanha Bay, W. Cape, 3/7/87, van Wyk 2697.

























































































































































































































































































































































































































































































































g‘ ék glioata B-E. van Wyk sp. nov. L. guinatae (Thunb.) Benth.
et L. digitatae Harv. valde similis, sed leguminibus tortis

plicatis differt. A L. digitata foliolis oblongis vel anguste
oblancecolatis (in L. digitata anguste linearibus), floribus
paulum minoribus atque vexillo pilosiori etiam differt. A L.
guinata etiam habitu maiore diffusiore, foliis paulum maioribus
atque pedunculis longioribus differt. Legumines similes sunt eis
L. listii Polhill, sed bracteclae absunt et habitus, folia,

stipulae fabricaque florum omnino differunt.

TYPE --- Cape Province, 3118 (Vanrhynsdorp): near Bitterfontein,

between Vanrhynsdorp and Bitterfontein (--AB), 27/09,/1931, Salter

1601 (K, helo.:. BOL, iso.).

Prostrate shrublet up to 0,4 m wide. Branches somewhat woody
below, upper parts diffuse and slender, sparsely leafy. Mature
parts inconspicuously and minutely pubescent. Leaves (8--) 10--20
(--28) mm long, digitate, invariably 5-foliclate, minutely
pubescent; petiole slender, (4--) 6--12 (--24) mm long; leaflets
narrowly oblancecolate to narrowly oblong, (4--) 6--8 (--13) mm
long, 0,5--2 mm wide, abaxially sparsely and minutely pubescent,
adaxially glabrous. Stipules single at each node, small,

lanceolate to ovate, up to 3 mm long. Inflorescences

leaf-opposed, 1--3 (--4)-flowered; peduncle (2--) 5--8 (--12) mm
long; bracts small, linear, * 1 mm long; bracteocles absent.
Flowers 9--10 mm long, yellow; pedicel short, 1--2 mm long. Calyx
narrowly campanulate, minutely pubescent; lobes long, narrowly

acuminate, the upper and lateral lobes on either side fused much



higher up in pairs, the lower lobe similar to the upper ones.
Standard obovate, as long as the keel; claw 2,5--3 mm long;
lamina 6--8 mm long, minutely pubescent on part of the dorsal
surface. Wing petals oblong, slightly shorter than the keel,
distinctly auriculate, glabrous; apex obtuse; sculpturing in 3--4
rows of intercostal lunae, fading into transcostal lamellae

towards the auricle. Keel petals broadly oblong, glabrous; apex

obtuse. Pods shortly stipitate, (stipe + 1 mm long), folded like

a concertina, 7--15 mm long, 2--3 mm wide, upper suture + smooth,

5--8-seeded, the seeds on long funicles. Immature seeds

suborbicular, testa minutely and sparsely tuberculate (Figure 3).

L. plicata is very closely related to L. guinata (Thunb.) Benth.
and L. digitata Harv. but differs in the twisted and folded
(plicate) pods. It also differs from L. digitata in the oblong to
narrowly oblanceolate leaflets (narrowly linear in L. digitata),
the slightly smaller flowers and the more hairy standard petal.
From L. guinata it also differs in the larger and more diffuse
habit, the slightly larger leaves and longer peduncles. The pods
are similar to those of L. listii Polhill, but bractecles are
absent and the habit, leaves, stipules and flower structure are
totally different. L. plicata is known only from two collections

and appears to be restricted to southern Namagqualand (Figure 4).

The mature pods provide the only reliable character to
distinguish L. plicata from its close relatives. Figure 3 shows
that the shape of the pod and the length of the stipe are indeed

useful diagnostic characters in the group as a whole.



---3118 (Vanrhynsdorp): near Bitterfontein, between
Vanrhynsdorp and Bitterfontein (--AB), 27/09/1931, Salter
1601 (K, holotype; BOL, isotype); 8 miles [12,8 km] SE of

Bitterfontein (--AB), 14,/08/1948, Acocks 14782 (K).
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Figure 1. Lotononis magnifica. A, flowering twig, showing the
short racemose inflorescence and the large flowers; Bl & B2,
leaves and stipules: Bl, abaxial view, B2, adaxial view; C, calyx
opened out with the upper lobes to the left, D, standard petal:
E, wing petal; F, keel petal; G, pistil, showing the short stipe;
H, pod in lateral view; I1, 12, seeds, showing the tuberculate
surface; J, part of pod after dehiscence as viewed from inside,
showing the long funicles and slightly verrucose upper suture;
Ki, K2, K3, anthers: K1, long basifixed anther, K2, intermediate
carinal anther, K3, short dorsifixed anther. All from B-E. van
Wyk 2421 except the pod and seeds from B-E. van Wyk 25439. Scales
in mm.
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Figure 2. Lotononis magnifica in full flower, showing the

prostrate habit and large flowers (Type locality, 16/10/1986).



Figure 3. Lotononis plicata. A, flowering twig, showing the short
racemose inflorescence, leaves and stipules (upper leaf in
abaxial view, lower leaf in adaxial view); B, calyx opened out
with the upper lobes to the left; C, standard petal; D, wing
petal; E, keel petal; F, androecium; G, pistil, showing the short
stipe; H1 & H2Z2, mature pods: Hl, lateral view, H2, top view. I to
M, shape of the pod (lateral view) in L. gquinata and related
species: 11, 12, L. guinata; J, L. digitata; K, L. magnifica; L,

L. benthamiana; M, L. longiflora. All except I to M from Salter
1601. Scales in mm.
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APPENDIX 26

Studies in the genus Lotononis (Crotalarieae, Fabaceae). ¥I1I.

taxa and new combinations in the section Oxyvdium

B-E. VAN WYK*

Keywords: Crotalaria, Fabaceae, Lotononis section Oxydium,

new combinations, new taxa

ABGTRACT

The taxonomy and nomenclature of some species of the section
Oxydium Benth. of Lotononis (DC.) Eckl. & Zeyh. have been
revised. Diagnostic characters to distinguish between this

section and the genus Crotalaria L. are briefly discussed.

Crotalaria stenophylla Eckl. & Zeyh. and C. sparsiflora E.

Mey. are transferred to the genus Lotononis. A new species
(L. carnea B-E. van Wyk) and a new subspecies (L. rostrata

Benth. subsp. brachybotrys B-E. van Wyk) are described. L.

namaquensis H. Bol. is treated as a subspecies of L.

rostrata. The known geographical distribution of

above-mentioned species is given.

* Department of Botany, Rand Afrikaans University,

P. O. Box 524, Johannesburg 2000, Republic of South Africa.

New



UITTREKSEL

Die taksonomie en nomenklatuur van enkele spesies van die

seksie Oxydium Benth. van Lotononis (DC.) Eckl. & Zeyh. is

hersien. Diagnostiese kenmerke om hierdie seksie van die
genus Crotalaria L. te onderskei, word kortliks bespreek.

Crotalaria stenoprhvlla Eckl. & Zeyh. en C. sparsiflora E.

Mey. word ocorgeplaas na die genus Lotononis. ’n Nuwe spesie
(L. carnea B-E. van Wyk) en ’'n nuwe subspesie (L. rostrata

Benth. subsp. brachvbotrys B-E. van Wyk) word beskryf. L.

namaguensis H. Bol. word beskou as ’n subspesie van L.
rostrata. Die bekende geografiese verspreiding van

bogenoemde spesies word aangegee.



Introduction

The section Oxydium Benth. of Lotononis (DC.) Eckl. & Zeyh.
includes species that are remarkably similar to species of

the genus Crotalaria L. For this reason, Dimmer (1913)

referred a large part of the section to Crotalaria. Some of
the nomenclatural difficulties that have resulted from this

treatment are resolved in this paper.

The distinction between Lotononis section Oxydium and
Crotalaria have been discussed by Baker (1914), Verdoorn
(1928) and Polhill (1968, 1976). Most of the previocusly used
diagnostic characters have resulted in different opinions
about the placement of some species. Too much weight has
been given to the Shape of the keel, the presence of lobes
and callosities on the standard petal and the shape of the
pods for example, characters which are now known to be
variable within both groups. Polhill (1968, 1976, 1982) has
shown that the size of the carinal anther is a useful
character. Crotalaria has 5 long and 5 short anthers
(carinal anther similar to the basifixed ones) while
Lotononis has 4 long and 6 short anthers (carinal anther

similar to the dorsifixed ones).

I consider the total absence of bracteoles in Oxydium to be
the most reliable diagnostic character, but the number of
stipules is also very useful. Stipules are single at each

node in Oxydium, while it is paired (or absent) in



Crotalaria. The only species of Oxydium with paired stipules

are L. delicata (Bak. f.) Polhill and L. pseudodelicata

(Torre) Polhill (both known only from Angola) and L. pallens
Eckl. & Zeyh. (known only from the type collection made near
Citrusdal in the south-western Cape). The standard petal
provides another useful character. In Oxydium, the claw is
usually very long and it is distinctly dilated (at least at
the base) in all the species, while it is short and narrow
in Crotalaria. A summary of similarities and differences
between Crotalaria and Lotononis section Oxydium is given in

Table 1.

The species treated in this paper are all rather poorly
known, so that full descriptions are given also for the

species that are here transferred from Crotalaria.

Descriptions and new combinations

1. Lotononis stenoghxlla (Eckl. & Zeyh.) B-E. van Wyk comb. nov.

Crotalaria stenophvlla Ecklon & Zeyher, Enumeratio plantarum:

174 (1836); Benth.: 574 (1843), as a doubtful synonym of C.
humilis Eckl. & Zeyh. Type: South Africa, Cape Province, Olifants
River (Clanwilliam), Ecklon & Zevher 1261 (S!, specimen annotated
by Harvey, lecto., designated here; 5!, fragment, SAM!,

isolecto. ).



Crotalaria ecklonis Harv.: 42 (1862), as a new name for (.

stenophvlla Eckl. & Zeyh. non Vog.; Bak.f.: 395 (1914). Type as

above.

Prostrate annual up to 0,7 m wide. Branches slender, sparsely
leafy. All mature parts (except the corolla) sparsely and
minutely strigillose. Leaves trifolioclate, (12--) 20--35 (--50)
mm long; petiole + as long as the terminal leaflet or slightly
longer; leaflets relatively large, oblong to narrowly oblong,
(5--) 10--25 (~--32) mm long, (2--) 3--5 (--7) mm wide, minutely
strigillose on both surfaces. Stipules single at each node,
lanceoclate to ovate, usually strongly falcate, 3--6 mm long, the
midrib excentric. Inflorescences leaf-opposed, (1--) 3--6
(--8)-flowered; peduncle long and slender, (12--) 24--65 (--135)
mm long, usually thick and rigid in the fruiting stage; bracts
small, oblanceclate to obovate, up to 2,5 mm long; bracteoles
absent. Flowers relatively large, (10--) 12--14 (--16) mm long,
vellow; pedicel short, 1--3 mm long. Calyx subequally lobed but
with the lower lobe much narrower than the upper four, the
sinuses of equal depth; lobes narrowly triangular, acute.
Standard broadly ovate, as long as the keel; claw much dilated,
+ 5 mm long, 2--3 mm wide; lamina 9--12 mm long, 7--12 mm wide,
without lobes or callosities, glabrous but with a few minute
hairs dorsally along the middle. Wing petalsvoblong, + as long as
the keel, with a large and conspicuously lobed auricle, glabrous;
apex obtuse; sculpturing in 4--5 rows of intercostal lunae,
fading into transcostal lamellae towards the auricle. Keel petals

broadly subtriangular, only slightly auriculate, glabrous; apex



strongly beaked. Androecium conspicuously widened towards the
base; anthers markedly dimorphic; basifixed anthers linear,
several times longer than the small ovoid dorsifixed anthers;
carinal anther similar to dorsifixed anthers. Gynoecium
subsessile; pistil ovoid—ob}ong, pubescent; style long and

slender. Pods subsessile, shortly oblong, 9--11 mm long, 4--5 mm

wide, much inflated laterally, minutely strigillose, upper suture
+ smooth, 8--14-seeded, the seeds on 1,5--2 mm long funicles.
Seeds suborbicular, + 1,5 mm in diameter, testa densely

tuberculate (Figure 1).

Unlike Baker (1914), who hesitantly retained C. ecklonis in
Crotalaria, Verdoorn (1928) and Polhill (1968, 1932)

‘correctly excluded this species and referred it to Lotononis, but
the new combination still remained to be made. It is similar to
L. oxyptera (E. Mey.) Benth. but is readily distinguished from
this species by the strongly beaked keel, the relatively narrow
leaflets and the ovate-oblong, markedly inflated pods (Figure 1).
This rather poorly known but relatively common species is very
closely related to L. carnea (gq.v.) and is also restricted to the

north-western Cape Province (Figure 5).

---3017 (Hondeklipbaai): Grootvliei, W of Kamieskroon (--BB),

Acocks 19589 (K, M, PRE), Macquire 973 (NBG); Between

Grootvlei and Kamieskroon (--BB), Goldblatt 4251 (MO);

Kamieskroon (--BB), Salter 1495 (K).




---3018 (Kamiesberg): Rietkloof (--DC), Schlechter 111387
(GRA, K, PRE).

---3118 (Vanrhynsdorp): Bitterfontein (--AB), Schlechter
11046 (MO, PRE, S); N of Vanrhynsdorp (--DA), Leighton 1120

(BOL); Klawer (--DC), Barker 3636 (NBG), Lavis 20231 (BOL,

K, NBG, PRE); Klawer turn-off on Vanrhynsdorp to Clanwilliam

road (--DC), B-E. van Wyk 2426, 2427, 2428 (JRAU).

---3119 (Calvinia): Nieuwoudtville (--AC), Leipoldt 729

(BOL, K, PRE); Lokenburg (--CA), Acocks 17389 (PRE).

---3218 (Clanwilliam): Between Citrusdal and Clanwilliam
(--BB), Barker 9624 (NBG); Nardouw Kloof (--BB), Stokoe s.n.

sub SAM 61434 (SAM); Olifants River (Clanwilliam) (--BB),

Ecklon & Zevher 1261 (S5, lectotype; S, SAM, isolectotypes);

Pakhuisberg (--BB), MacOwan s.n. sub Herb. Aust. Afr. 1833

(GRA, K, SAM, UPS).

-~--3219 (Wuppertal): Pakhuis Pass (--AA), Stirton 6405

(FRE).

g.‘g. carnea B-E. van Wyk sp. nov. L. stenophvlilae (Eckl. &
Zeyh.) B-E. van Wyk valde affinis sed habitu minore, vestitura
densiori sericeori, foliolis latioribus obcordatis (in L.

stenophvlla ellipticis vel oblongis), pedunculis brevissimis

atque lobis calycis latis imbricatis (in L. stenophvlla angustis

valvatis) differt.



TYPE ~~-- Cape Province, 3018 (Kamiesberg): Kamiesberg near

Leliefontein, 16/10/1986, B-E. van Wyk 2400 (PRE, holo.; BOL,

GRA, JRAU, K, MO, NBG, SAAS, STE, iso.).

Prostrate annual, 0,2--0,6 m wide. Branches slender, sparsely
leafy. All mature parts (except the corolla) minutely but densely
strigillose. Leaves trifoliolate, (5--) 8--15 (--30) mm long;
petiole + as long as the terminal leaflet or sometimes longer;
leaflets relatively small, obovate, (3--) 5--10 (--14) mm long,
(2--) 3--5 (--6) mm wide, minutely strigillose on both surfaces;
apex rounded or more often emarginate. Stipules single at each
node, lanceclate to ovate, often slightly falcate, up to b mm

long, the midrib slightly excentric. Inflorescences leatf-opposed,

(1--) 2--4 (--5)-flowered; peduncle very short, (1--) 2--4 (--7)
mm long; bracts small, oblanceclate to obovate, 1,5--2 mm long;
bracteoles absent. Flowers relatively large, (8--) 10--12 (--14)
mm long, yvellow, turning orange with age; pedicel short, 1,5--3
mm long. Calyx subequally lobed but with the lower lobe much
narrower than the upper four, the sinuses of equal depth; lobes
narrowly triangular, widened above the point of fusion, somewhat
imbricate, acute. Standard broadly ovate, as long as the keel;
claw much dilated, + 6 mm long, 2--3 mm wide; lamina 8--10 mm
long, 7--9 mm wide, distinctly lobed at the base, glabrous but

with a few minute hairs dorsally along the middle. Wing petals

oblong, + as long as the keel, with a large and conspicuously
lobed auricle, glabrous; apex obtuse; sculpturing in 4--5 rows of
intercostal lunae, fading into transcostal lamellae towards the

auricle. Keel petals broadly subtriangular, only slightly




auriculate, glabrous; apex strongly beaked. Androecium
conspicucusly widened towards the base; anthers markedly
dimorphic; basifixed anthers linear, several times longer than
the small ovoid dorsifixed anthers; carinal anther similar to
dorsifixed anthers. Gynoecium subsessile; pistil oveoid-oblong,

pubescent; style long and slender. Pods and seeds unknown (Figure

2).

L. carnea is closely related to L. stenophylla, but differs in
the smaller habit, the more dense and silky vestiture, the
broader, obovate to obcordate leaflets, the very shoft peduncles
and in the broad and imbricate calyx-lobes (narrow and valvate in
L. stenophylla). Diagnostic characters of the new species are
shown in Figure 2. The yellow flowers turn to an almost
flesh-coloured orange with age, hence the specific epithet. L.
carnea has been recorded from a tew localities in the

north-western Cape (Figure 5).

---3018 (Kamiesberg): Kamiesberg, near Leliefontein (--AA),

B-E. van Wyk 2400 (PRE, holotype; BOL, GRA, JRAU, K, MO,

NBG, SAAS, STE, isotypes); Kamiesberg, De Kom (now farm
Karas), 3 miles [4,8 km] from Leliefontein (--AC), Leipoldt
3157 (BOL).

---3119 (Calvinia): Between Oorlogskloof and Papkuilsfontein

(--CA), Leipoldt 3126 (BOL); Papkuilsfontein SE of

Nieuwoudtville (--CA), Snijman 8394 (MO, S).
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3. L. rostrata Bentham in Hooker’s London Journal of Botany 2:
N R ITOTOUOUTTA,

604 (1843), as a new name for O. micrantha Thunb. non L.
micrantha Eckl. & Zeyh. Type: South Africa, "e Cap. b. Spei”,

Thunberg s.n. sub THUNB-UPS 16620 (UPS!, lecto., designated

here).

Ononis micranthus Thunb.: 130 (1800); Thunb. : 587 (1823); DC.
167 (1825), as Q. micrantha. Type as above.

Crotalaria micrantha (Thunb.) E. Mey.: 27 (1836); Dimmer: 330
(1813). Type as above.

Lotononis micrantha (Thunb.) Harv.: 58 (1862) non Lotononis
micrantha Eckl. & Zeyh.: 178 (1836). Type as above.

Crotalaria tenuiflora Steud.: 445 (1841), as a new name. Type

as above.

L. rostrata is relatively well known by the illegitimate name L.
micrantha (Thunb.) Harv. but is still filed under Crotalaria in
some southern African herbaria. The species is here subdivided

into 3 subspecies

3a. subsp. rostrata
[ 2% Y PIORTTI PP

Diffuse annual of up to 0,4 m high. Branches slender, sparsely
leafy. All mature parts (except the corclla) sparsely and

minutely strigillose. Leaves trifoliolate, (10--) 15--30 (--45)
mm long; petiole + as long as the terminal leaflet or slightly

longer; leaflets oblong to narrowly oblong, rarely oblanceclate



to obovate, (b--) 12--22 (--30) mm long, (1--) Z2--5 (--8) mm
wide, minutely strigillose on both surfaces; apex obtuse to
emarginate. Stipules single at each node, lanceoclate to ovate,
usually strongly falcate, variable in size, up to 12 mm long, the

midrib excentric. Inflorescences leaf-opposed, densely umbellate,

(3--) 5--7 (--9)-flowered; peduncle long and slender, (10--)
25--50 (--70) mm long; bracts very small, oblanceolate to linear,
up to 1 mm long; bracteoles absent. Flowers very small, 6--8 mm
long, yellow; pedicel short, 1--2 mm long. Calyx subequally lobed
but with the lower lobe much narrower than the upper four, the
sinuses of equal depth; lobes narrowly triangular, acﬁte.

Standard ovate-oblong, as long as the keel:; claw much dilated,

2--3 mm long, 1--1,5 mm wide; lamina 3--4 mm long. 3--4 mm wide,
without lobes or callosities, glabrous but with a few minute

hairs dorsally along the middle. Wing petals oblong, slightly

shorter than the keel, auriculate, glabrous; apex obtuse;
sculpturing in 4--5 rows of intercostal lunae, fading into

transcostal lamellae towards the auricle. Keel petals narrowly

subtriangular, only slightly auriculate, glabrous; apex acute,
beaked. Androecium conspicuously widened towards the base;
anthers very strongly dimorphic; basifixed anthers linear,
several times longer than the small, ovoid dorsifixed anthers;
carinal anther similar to dorsifixed anthers. Gynoecium
subsessile; pistil oveoid-oblong, pubescent; style long and
slender. Pods subsessile, obovoid, scarcely longer than the
calyx, 3--5 mm long, 2--3 mm wide, much inflated laterally,
minutely strigillose, upper suture + smooth, 3--5-seeded, the

seeds on + 1,2 mm long funicles. Seeds suborbicular, + 1,5 mm in



diameter, testa densely tuberculate.

The typical subspecies is easily recognised by the small and
narrow flowers, slender peduncles and obovoid, much inflated pods
(Figure 3). It is widely distributed in the south-western parts

of the Cape Province (Figure 6).

---3218 (Clanwilliam): Olifants River Valley, Hex River (--BD),

Esterhuysen 12040 (BOL, K); Between Citrusdal and Clanwilliam

(BD), Barker 9623 (NBG); 21,4 km from Citrusdal on old road to

Clanwilliam (BD), B-E. van Wyk 2321, 2322, 2323, 2324 (JRAU);

Piquetberg (--DD), Bolus 7518 (BOL, PRE, SAM), Bolus 11922 (PRE),

Guthrie 2581 (NBG); Near Pools Station (--DD), Van Breda 4361
(PRE).

---3319 (Worcester}: Gouda, Tulbagh Kloof (--AC), Strey 367 (M);
Rhoodesand (--AC), Drége 2.n. (K, MO); Nieuwekloof (--CD), Drége
s.n. (PRE, 5); Between Rooihoogte and Worcester (--CD), L. Bolus

s.n. sub BOL 37210 (BOL); 22 km from Worcester on Villiersdorp

road (--CD), Grobbelaar 2849 (PRE).

--3420 (Bredasdorp): Swellendam district, Storms Vliei (--AA),
Fries, Norlindh & Weimarck 1514 (K, PRE, S).

Without precise locality: Thunberg s.n. sub THUNB-UPS 16620 (UPS,

lectotype).

gg. subsp. brachybotrys B-E. van Wyk subsp. nov., typo similis sed
habitu prostratiori, foliolis maioribus obovatis, pedunculis

brevioribus, floribus maioribus, vexillo valde maius pubescenti, .
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Table 1. Flower dimorphism in various groups of the sections
Leptis and Oxvdium. The occurrence, observed freaquency and degree

of differentiation is indicated.

GROUPS AND SPECIES FREQUENCY DEGREE OF
DIFFERENTIATION

section Oxydium Benth.
L. sparsiflora (E. Mey.) B-E. van Wyk rare slight
L. micrantha Eckl. & Zeyh. rare slight
section Leptis (Eckl. & Zeyh.) Benth.

L. calvecina group

L. acuticarpa B-E. van Wyk rare slight
L. leptoloba group

L. leptoloba H. Bol. common distinct

L. maximiliani Schltr. common distinct
L. tenella group

L. tenella (E. Mey.) Eckl. & Zeyh. very common distinct

L. pungens Eckl. & Zevh. very common distinct
L. laxa group

L. laxa Eckl. & Zeyh. common distinct

L. macrosepala Conr. very common distinct

L. crumanina Burch. ex Benth. very common slight

L. burchellii Benth. very common slight

L. maculata Dummer very common slight



\\‘\4;::.'

mm

L mm

Figure 1. Flower and fruit dimorphism in Lotononis pungens.
Morphological differences between flowers and pods taken from the
same individual (Yan Wyk 1626b, JRAU)) are shown above, and
details of a cleistogamous flower from Schutte 215 (JRAU) below.
Al to A6, chasmogamous flower: Al, calyx opened out with upper
lobes to the left; A2, standard petal; A3, wing petal; A4, keel
petal; A5, androecium; A6, pistil. Bl to B6, cleistogamous
flower: Bl, calyx; B2, standard petal; B3, wing petal; B4, keel
petal; B5, androecium; B8, pistil. C1 & C2, pods: Cl1, pod formed
from a chasmogamous flower, C2, pod formed from a cleistogamous
flowar (note the small hooked stylar tissue and the anthers
adhering to the stigma). D1 to D4, cleistogamous flower: D1,
standard petal; D2, wing petal (note sculpturing); D3, keel
petal; D4, pistil.
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Figure 3. Lotononis acuticarpa. A, habit; B, leaf in abaxial
view; C, calyx opened out, upper lobes to the left, showing the

fusion of the lateral lobes (vestiture not shown); D, standard
petal; E, wing petal; F, kesl petal; G, pistil; H1l & HZ2, mature
fruit in lateral view (note the size, shape and also the pointed,
tapering apices); Il1, 12 & I3, anthers: 11, basifixed anther, 12,
carinal anther, I3, dorsifixed anther; J, flower in lateral view;
K, seeds in lateral view, showing tuberculate surfaces; L,
peduncle with pedicel and bract. (All from Van Wyk 1815). Scales
in mm.












INTRODUCTION

As part of preparatory studies for a synoptic revision of
Lotononis (DC.) Eckl. & Zeyh., several new species have been
described in previous parts of this series. The section
Telina (E. Mey.) Benth. and the L. angolensis group of the
section Polvlobium (Eckl. % Zeyvh.) Benth. were treated in
parts 2 and 3 respectively (Van Wyk 1988, 1989). Recent
studies however, have shown the presence of another two new
species of Telina and one new species of the L. angolensis

group. These are described below.

Section Telina (E. Mey.) Benth.

Lotononis filiformis B-E. van Wyk sp. nov. L. azureae Eckl.
& Zeyh. valde affinis sed habitu longissimo gracili sparsim
ramoso, foliolis gracilibus linearibus, lobis calycis
oblongis (non triangularibus), fructu minore angustiori et
praesertim pube minute strigillosa ramulorum foliorum

calycis fructusque (sparsim pilosa in L. azurea) differt.

TYPE.---Cape, 3321 (Ladismith): Northern slopes of
Outeniqua mountains, between farms Bonniedale and Woeska
(--DD), 14,/10,/1988, Vlok 2030 (PRE, holo.; JRAU, K, MO, NBG,
SAAS, STE, iso.).






L. filiformis is very closely related to L. azurea Eckl. &
Zeyh. but differs in the very long, slender and sparsely
branched habit, the slender linear leaflets, the oblong (not
triangular) calyx lobes, the smaller narrower fruit and
particularly in the minutely strigillose vestiture of the
twigs, leaves, calyx and fruit (not sparsely pilose as

in L. agurea). It is also geograprhically isolated from the
latter and has a more western distribution, known only from
the northern slopes of the QOuteniqua Mountains (Figure 4).
The narrow calyx lobes are very similar to those of L.
azurea var. lanceolata Harv. (based on QOnonis villosa
Thunb.), with which L. filiformis has previously been
confused (Figure 1). I have examined the Thunberg type
specimen of Ononis villosa, but the long, sparse and
spreading hairs of the latter is very different from the

dense and minutely strigillose vestiture of L. filiformis.

I am much indebted to Mr J. H. J. Vlok of Saasveld, George
for the opportunity to study the species in situ. The almost
climbing habit is quite unlike that of any other species of
Lotononis - the long, slender branches are supported by the
surrounding vegetation and when not in flower, the plants

are almost invisible.






TYPE.---Cape, 3319 (Worcester): Riebeeck-Wes, on
Elandsberg nature reserve (--AC), 15/06/1988, Vlok 1841

(PRE, holo.; K, NBG, iso.).

Dwarf suffrutescent perennial up to 0,1 m high and 0,2 m
wide. Branches slender, procumbent from a thick central
rootstock; young twigs densely strigillose. Leaves
digitately trifoliolate, relatively small, sparsely
pubescent, variable in size, those on the main axis with?
long and slender petioles, those of lateral twigs with the
petiole (4--) 6--15 (--22) mm long; leaflets narrowly to
broadly oblanceolate, variable in length, (2--) 4--10 (--15)
mm long, (1--) 2--3 (--3,5) mm wide, adaxial surface
glabrous, abaxial surface minutely pubescent; apex acute,
recurved. Stipules invariably single at each node, small,
narrowly lanceolate, up to 3 mm long. Inflorescences
subterminal or leaf-opposed on short lateral branches,
invariably single-flowered; peduncle slender, variable in
length, (16--45) mm long; bract small, oblong, up to 1 mm
long; bracteoles absent. Flowers relatively small, 8--12 mm
long, blue; pedicel short, 1--2 mm long. Calvx 5--7 mm long,
subequally lobed, minutely pubescent; lobes narrowly
triangular. Standard large, suborbicular, 7--11 mm long,
with a line of minute hairs dorsally along the middle. HWing
petals longer than the keel, oblanceolate; apex obliquely
obtuse; sculpturing in 3--4 rows of mostly intercostal lunae

and lamellae. Keel petals semicircular, somewhat acute,



auriculate and pocketed near base. Anthers dimorphic. Pistil
short; ovary oblong, ca. 7 mm long, minutely pubescent;
style short, erect. Pods very broadly oblong, iO*—Zl mm
long, 5--7 (--8) mm wide, compressed, indehiscent, minutely
pubescent, apex broad and rounded, + 6--30-seeded, upper
suture very conspicucusly verrucose. Seed kidney-shaped, +
1,5 mm in diameter, on very long funicles; funicles up to 4

mm long; testa brown, densely tuberculate (Figure 2).

This species is similar to L. varia (E. Mey.) Benth. but
differs in the smaller habit and leaves, the recurved
leaflet apices, the single stipules (usually paired at each
nocde in L. varia), the more densely strigillose vestiture of
the leaves (+ glabrous in L. varia), the invariably
single-flowered inflorescences (often 2- or more-flowered

in L. wvaria), the smaller flowers and particularly in the
shortly oblong, compressed and indehiscent fruit (longer,
laterally much inflated and dehiscent in [. varia and in all
other species of the section Telina). Differences between
the two species are shown in Figure 2. The shape of the pods
["complanatus'" = flattened out] is very unusual for the
section Telina and the tooth-like projections along the
upper suture is more strongly developed than in most if not
all other species of Lotononis. The large number of seeds
per pod and the very long funicles are also unigue features

not found in other species of the section Telina.



Only a single collection (without precise locality details)
was known prior to the discovery of the species on the
Elandsberg nature reserve (Figure 4). This discovery is
another example of the valuable contributions Mr J. H. J.
Vlok has made to the phytogeography of rare Cape legumes. [.
complanata is known only from one population and it may be
worthwhile to assess the population structure from time to

time.

CAPE.---3319 (Worcester): Riebeeck-Wes, on Elandsberg
nature reserve (--AC), 15/06/1988, Vlok 1941 (PRE, holotype;
K, NBG, SAAS, isotypes), 07/10/1988, Yén Wyk 2879 (BOL, GRA,
JRAU, K, MO, NBG, PRE, 5, SAAS, STE).

---Without precise locality, Bowie s.n. (BM, K).

Section Polvlobium (Eckl. & Zeyh.) Benth. (L. angolensis

group)

Lotononis subulata B-E. van Wyk sp. nov. L. bainesii Bak.
AIVANANASAANANAY  AAPPAAAAIAANAN

f., L. listii Polhill et L. marlothii Engl. valde affinis. A
L. bainesii lobis calycis longis angustis (non late
triangularibus), racemis sparsim paucifloris (non
subumbellate multifloris) et fructu semper plicato (rare
tantum plicato in L. bainesii) differt. A L. listii lobis
calycis longis angustis (late triangularibus in L. listii,

inflorescentiis usque ad 4-floratis (rare minus quam
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6-floratis in L. listii) et ramulis foliis calyce fructuque
distincte pubescentibus (ramulis foliis calyce fructuque %
glabris in L. listii) differt. A L. marlothii habitu
floresque valde maiore, et fructu valde maiore plicato
pubescente (fructu parvo rectb glabrescenti in L. marlothii)

differt.

TYPE.---Transvaal, 2627 (Potchefstroom): Parys, near
bridge over Vaal River on Potchefstroom Road (--CD),
01,/05/1989, B-E. wvan Wyk 2884 (PRE, holo.; JRAU, K, MO, S,

iso. ).

Prostrate herbaceous perennial, up to 1 m in diameter. Branches
slender, prostrate, spreading from a woody caudex, often rooting
at the nodes to form dense mats, thinly and minutely pubescent.
Leaves digitately trifoliolate, very variable in size and shape,
adaxially glabrous, abaxially ﬁhinly and minutely pubescent, at
length glabrescent, somewhat fleshy; petiole slender, (5--) 7--24
(--60) mm long; leaflets variable in size and shape, linear,
narrowly elliptic to oblanceolate, the terminal one (4--) 10--28
(--36) mm long, (1--) 2--5 (--T7) mm wide, the lateral ones
similar but smaller. Stipules up to 5 mm long and 3 mm wide,
dimorphic (the one large and foliaceous, the other similar or
more often much smaller), ovate to narrowly lanceolate; base
cordate; apex acute;.minutely pubescent. Inflorescences
leaf-opposed or subterminal on lateral branches, slender, 20--120

mm long, sparsely 1--4 -flowered; bract linear to narrowly



oblanceolate, 2--3 mm long; bracteoles linear, + 1 mm long.
Flowers 8--10 mm long, vellow. Calyx 4--6 mm long, with the upper
and lateral lobe on either side fused higher up in pairs,
minutely but distinctly pubescent; lobes very long and narrow,
the free part up to 3 mm long. Standard orbicular, + as long as
the keel. Wing petals oblong, only slightly shorter than the
keel. Keel petals elliptic; apex obtuse. Anthers dimorphic.
Pistil 12--14 mm long; ovary oblong-linear, 8--10 mm long,
pubescent; style short. Pods 10--15 wmm long, 2--4 mm wide,
invariably folded like a concertina, + 12-seeded, upper suture =+
smooth, indehiscent, distinctly pubescent at maturity. Seeds

small, + 1 mm in diameter, testa nearly smooth (Figure 3).

L. subulata is closely related to L. hainesii Bak. f. , L.
listiid Polhill and L. marlothii Engl. and may be confused
with these species, particularly when mature fruit are not
available. As shown in Figure 3, however, it can easily be
distinguished from these species by the shape and size of
the calyx alone. The long and narrow calyx lobes have
suggested the specific epithet. The inflorescence structure
and the shape and vestiture of the fruit are also useful
diagnostic characters. L. subulata differs from L. baipesii
in the shape of the calyx lobes (not broadly triangular),
the sparsely few-flowered racemes (not subumbellately
many-flowered) and in the consistently plicate fruit (only
rarely plicate in L. bainesii). It can be distinguished

from L. listii also by the shape of the calyx lobes, the



fewer (up to 4) flowers per inflorescence (rarely less than
6-flowered in L. listii) and in the distinctly pubescent
twigs, leavés, calyvx and fruit (twigs, leaves, calyx and
fruit + glabrous in L. listii. From L. marlothii it differs
in the much larger habit and flowers and in the much larger,
plicate and pubescent fruit (fruit small, straight and

glabrescent in L. marlothii).

‘Compared to its close relatives, L. subulata has a much more
restricted distributed and has been recorded conly from the banks
of the Vaal River (south-western Transvaal, eastern Orange Free
State and the northern Cape Province, Figure 4). The robust habit
and obviocus similarities with L. baipesii suggest that it may be
worthwhile to investigate the agronomic potential of the new
species. Despite the similarity between L. subulata and L. listii

and the co-occurrence of the two species at some leocalities,

Wilman (1946, p.52) recognised L. subulata as a distinct
species.
TRANSVAAL.---2627 (Potchefstroom): Potchefstroom district,

Scandinavia Drift, bank of Vaal River (--CC), 06/03/1948,

Louw 1691 (PRE), 25/04,/1979, Rrvnauw 61 (PRE);
Schoemansdrift road, near turn-off to Venterskroon (--CD),
2070271979, Ubbink 865 (PRE); Parys (--CD), 04/1907, Potts
253 (BLFU); Parys, near bridge over Vaal River on
Potchefstroom Road (--CD), 01/05/1989, B-E, van Wyvk 2884

(PRE, holotype; JRAU, K, MO, S, isotypes).



---2724 (Taung): Internieurungslager Andalusia (--DD),
28/12/1941, Giess 103 (M), 05/1942, VYolk 228 (WIND).
CAPE.---2824 (Kimberley): bank of Vaal River at Warrenton
(--BB), 13/10/1936, Acocks & Hafstrom 1279 (KMG, PRE);
Schmidt's Drift, bank of Vaal River (--CA), 03/1935, Wilman
s.n. sub KMG 3294 (BOL, KMG); Riverton (--DA), 10/1917,

Wilman s.n. sub BOL 15660 (BOL).
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Figure 1. Lotononis filiformis. A, flower in lateral view;
Bl & B2, leaves, showing the stipules and strigillose
vestiture: Bl, abaxial view, B2, adaxial view; C, calyx
opened out, with the upper lobes to the left, vestiture not
shown; D, standard petal; E, wing petal; F, keel petal; G,
pistil; H1 & H2, fruit, showing the densely strigillose
vestiture and verrucose upper suture: H1l, lateral view, HZ,
top view; I, androecium; J1 & J2, seeds: J1, hilar view, JZ2,
lateral view. Lotononis azurea var. lanceolata. K, flower in
lateral view; L, leaf in adaxial view; M1 & M2, fruit in
lateral and top view. (all from VYan Wvk 2857 except H1i, HZ,
J1 & J2 from Vlok 2030 and K, L, and M from Acocks 13713).

Scales in mm.
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Figurs 2. Lotonopniz complanata. A, flowsr in lateral view;
Bl & B2, leaves, showing the slightly recurved leaflet
apices and strigillose vestiture: Bl, leaf from central
branch in adaxial view, B2, leaf from lateral branch in
abaxial view; C, calyx opened out, with the upper lobes to
the left, vestiture not shown; D, standard petal; E, wing
petal; F, keel petal; G, pistil; H1l, H2, H3 & H4, fruit,
showing the distinctive shape, densely strigillose vestiture
and verrucose upper suture: H1 & HZ2, lateral view, H3, top
view, H4, transverse section; I, androecium; Jl1 & J2, seeds:
J1, hilar view, J2, lateral view. Lotononis varia. K,
flowers in lateral view; L, leaf in abaxial view; M,
stipule; N1, N2 & N3, fruit: N1, lateral view, N2, top view,
N3, transverse section. (all from Vlok 1941 except H1l, HZ,
H3 H4, J1 & J2 from Van Wvk 2879, K from Esterhuvsen 35558,
L, M, N1, N2 & N3 from Barker 7164). Scales in mm.



Figure 3. Lotononiz gubulats. A, flowsring branch, showing
the inflorescence structure, leaves and paired stipules; B,
pedicel with bracteoles; €, calyx opened out, with ths
upper lobes to the left, vestiture not shown; D, standard
petal; E, wing petal; F, keel petal; G, pistil; H1l & HZ,
fruit, showing the distinctive shape and vestiture: H1,
lateral view, HZ2, top view; Il1, I2 & I3, anthers: I1,
basifixed anther, 12, carinal anther, I3, dorsifixed anther;
J, seed in lateral view (slightly immature). K, L & M,
calyces and fruit of related species (note differences in
the shape of the calyx lobes and fruit): K, Lotononis
listii; L, Lotononis marlothii; M, Lotononis bainesii. (A,
B, C, D, E, F, G, I1, I2 & I3 from Krvnauw 61; H1, H2 & J
from Louw 16891) Scales in mm.
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