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Summary

The potentials of the species of Centrosema as pasture and fodder crops in Tropical and Subtropical areas have
promoted their germplasm collection and evaluation in Brazil and other countries of Central and South America.
The species C. acutifolium, C. pubescens and C. brasilianum are of particular interest. Samples of the same
accessions from wild materials collected in Brazil have been agronomically evaluated in Brazil and Colombia,
and handled as self-pollinating species. Pairs of samples (one from Brazil and the other from Colombia) of four
accessions have been genetically analyzed using isozyme markers at 16 loci. A noticeable genetic differentiation
has occurred between members of each pair in few generations. Experimental evidences indicate that frequency of
outcrossing are relatively high in these species. It is proposed that outcrossing between non-isolated neighboring
accessions and genetic drift in small size plantings are the causes of the genetic differentiation between Brazilian

and Colombian samples. Guides to evaluate and multiply Centrosema germplasm are suggested.

Introduction

The family Leguminosae includes a large number of
species, many of which have a relevant economic
and/or scientific interest. The genus Centrosema (DC.)
Benth. belongs to the tribe Phaseolae which, with
approximately 84 genera and 1500 species, represents
the largest and economically most important tribe of
the subfamily Papilionoideae.

The species of Centrosema are native to Central
and South America. Brazil is one of the most impor-
tant centers of genetic diversity. Among the nearly
35 described species of the genus, 26 are indigenous
to Brazil (Barbosa-Fevereiro, 1977; Schultze-Kraft &
Clements, 1990). These species show a large morpho-
logic diversity and exhibit a great potential for being
utilized as fodder plants (For revisions on taxonomy
and utilization see Clements et al., 1983; Schultze-
Kraft & Clements, 1990; Thomas & Schultze-Kraft,
1992).

Beef cattle in Brazil are mainly raised in the Cen-
tral West Region, in extensive systems, where animal
feeding is based on grazing. The weather conditions
in this region show a very drastic dry season, and in
general soils are acid and poor in phosphorus. Grasses,
the most important fodders in that region, are char-
acterized by a low protein content and show a large
decrease in production during the dry season. There-
fore, under these conditions, the possibility of using
legumes as forage represents an important alternative.
Legumes bring to the system a major source of protein,
improve the physico-chemical conditions of soils and
also increase the productivity and nutritive value of
grasses.

The genus Centrosema has been agronomically
evaluated for many years and its potential as forage
has been studied extensively (Clements et al., 1983;
Schultze-Kraft & Clements, 1990). Three species
are particularly interesting: C. acutifolium Benth., C.
pubescens Benth. and C. brasilianum (L.) Benth..
These species are short-lived perennials and, as oth-
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er species from the same taxonomic group, have
been considered as self-pollinating (Hutton, 1960).
Although some natural outcrossing was suspected to
occur by the observation of a high phenotypic variabil-
ity within accessions in field-trial evaluations (Pen-
teado, 1986; Penteado et al., 1990) and although
evidences of outcrossing in some species of this
genus were reported (Battistin, 1983; Schultze-Kraft
& Belalcazar, 1988), Centrosema germplasm has been
and still is handled as if self-pollinated. Recently, out-
crossing estimates of 31.2% and 53.3% were reported
in two accessions of C. brasilianum (Maass & Torres,
1992).

Although Centrosema has probably received more
attention from plant breeders than other tropical
legume forages, basic genetic knowledge on its species
are particularly scarce. Aspects such as floral biology,
mating systern and genetic variability are not well stud-
ied and very few papers are available on these subjects.
Even chromosome numbers are controversial, thus 2n
numbers of 18, 20 and 22 have been reported in these
and other Centrosema species (Clements et al., 1983;
Battistin & Vargas, 1989; Miles et al., 1990). The num-
ber of all species and accessions used in this work was
observed tobe 2n = 22 (Novaes & Penteado, 1993).

The object of this work is to evaluate the genet-
ic structure of different accessions of three species of
Centrosema, selected for its agronomic importance,
and to study genetic implications for germplasm con-
servation.

Materials and methods

The materials analyzed in this experiment consist of
four Centrosema accessions, belonging to the species
C. acutifolium (2n = 22), C. brasilianum (2n = 22)
and C. pubescens (2n = 22). The registered numbers
of accessions at the Brazilian Germplasm Bank are:
C. acutifolium (BRA-013501 and BRA-004990), C.
pubescens (BRA-017764) and C. brasilianum (BRA-
007382), but they will be designated throughout this
work respectively as GC 350, GC 351, GC 495 and GC
489, which are their numbers in the active collection
under agronomical evaluation.

All of these accessions were collected in Brazil at
the end of the 70's and multiplied in two different sites.
Some of the original seeds were grown by the "Empresa
Brasileira de Pesquisa Agropecuaria’ (EMBRAPA) at
the Centro Nacional de Pesquisa de Gado de Corte
(CNPGC) in Campo Grande, Mato Grosso do Sul

(Brazil), and part by *Centro Internacional de Agri-
cultura Tropical’ (CIAT) at the Experimental Station
of Quilichao in Cali (Colombia). Two samples of each
accession were studied, one grown in Brazil and the
other in Colombia and designated with the letters B
and C, respectively. Accessions under field evaluation
were planted in small plots with between 20 and 40
adult plants.

Seeds of each accession collected in 1989 were ger-
minated under controlled conditions. Crude extracts
from leaf tissue of two-week-old seedlings were ana-
lyzed by standard starch gel electrophoresis, in two
discontinuous buffer systems, Tris-Citric Acid pH 7.0
and Tris-Boric Acid pH 8.5 (Penteado, 1994).

The isozymatic systems analyzed were glutamate
oxaloacetate transaminase (GOT, EC 2.6.1.1), glu-
cose phosphate isomerase (GPI. EC 5.3.1.9), phos-
phoglucose mutase (PGM, EC 2.7.5.1), peroxidase
(PRX,EC 1.11.1.7), malate dehydrogenase (MDH, EC
1.1.1.37), 6-phosphogluconatedehydrogenase (6PGD,
EC 1.1.1.44) and isocitrate dehydrogenase (IDH, EC
[.1.1.42). The staining procedures were, with minor
modifications, those described by Vallejos (1983).
The genetic control of these i1sozymatic systems was
studied by means of segregating progenies (Penteado,
1994). The estimation of mating system parameters
was performed by a muitilocus method (Shaw et al.,
1981) from family array data of seeds sampled in larger
Brazilian populations. Several polymorphism parame-
ters were estimated from genotypic and allelic data.

Results

Allelic frequencies estimated from genotypic frequen-
cies (not shown) of the analyzed samples are shown
in Table 1. Three additional monomorphic loci (Got2,
Mdh3 and Mdh4) fixed for a single allele at the three
species have not been included in Table 1, but param-
eters of genetic variability have been estimated from
the total sixteen loci. It is clear from the data in Table
| that, in general, samples grown in Colombia have a
greater genetic variability than the Brazilian samples:
the former show a higher number of alleles with less
different frequencies. These results can be observed
in Table 2 which summarizes the values observed for
some polymorphism parameters. With the exception of
accessions GC 350 of C. acutifolium the average num-
ber of alleles per locus (n), number of polymorphic loci
(P), mean heterozygosity (H) and polymorphic index
(P,) are equal or higher in the samples grown in Colom-
bia than in Brazil. Figure | shows the number of alleles



Table 1. Estimated allelic frequencies

C. brasilianum

C. pubescens

C. acutifolium

489B 489C  495B 495C  350B  350C 3518  351C
N! 12 9 57 33 9% 110 46 70
Gotl - 1 - - - 182 All 620 848 685
2 94 879 - - - - - -
3 0% 121 1.000 818 589 379 152 315
Got3- 1 - - 188 - 260 .108 Jd41 178
2 - - 733 954 557 820 750 693
3 - - 078 045 182 072 109 129
4 1000 1.000 - - - - - -
Gpil- J .005 815 667 833 645 881 700
21000 994 184 333 166 350 120 286
3 - - - - - 004 - 014
Gpiz- 1 - 021 - - 984 963 891 900
2 - 005 1000 1.000 005 036 - 071
3 018 602 - - - - - -
4 - a6 - - - - - -
5 - 127 - - - - 043 029
6 - 064 - - 010 - - -
7 982 064 - - - - 065 -
Gpi3- 1 - 042 1.000 969 984 995  1.000 1.000
2 1.000 829 - - 015 005 - -
3 - - - 030 - - - -
4 - 085 - - - - - -
5 - 043 - - - - - -
Pxl- 1 906 354 017 .060 425 331 1.000 542
2 094 645 983 940 575 669 - 457
Pgml- 1 - - 1.000  1.000 979 995 1000  .978
2 982 289 - - 021 005 - 022
3018 4312 - - - - - -
4 - 279 - - - - - -
Mdhl- 1 1000  1.000 035 364 - 07 - 435
2 - - - - 1000 949 1000 450
R - 965 636 - 03 - 115
Mdh2- 1 1000  .994 1000 1.000 990 1.000  1.000  1.000
2 - 006 - - 010 - - -
6Pgdl - 1 - - - - 1,000 1000 1000 .80l
2 1000 1.000 1.000  1.000 - - - 125
3 - - - - - - - 051
4 - - - - - - - 022
6Pgd2- 1 - - - - 1000 1.000  1.000 448
21000 1000 - - - - - 044
3 - - 1000 1000 - - - 029
4 - - - -~ - - - 183
5 - - - - - - - 299
6Pgd3- 1 - - 938 1.000 692 .100 891 993
2 - - 061 - 308 .900 109 007
3 1000 1000 - - - - - -
4 - - _ _ _ _ - _
Idhl- 1 013 963 956 985 969 959 946 828
2 - 037 044 015 031 041 054 172
3 987 - - - - - - -

'Number of seedlings analyzed

87
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Table 2. Number of polymorphic loci (P), mean
observed heterozygosity (H), mean polymorphic
index! (Ps), and mean number of alleles per locus
(n) in the 16 loci scored

P H Ps n

C. brasilianum

GC 489B 5 0014 0021 131
GC489C 6 0070 0.142 200
C. pubescens

GC495 B 6 0037 0064 144
GC495C 7 0.064 0094 144
C. acutifolium

GC 350B 10 0115 0153 175
GC350C 8 0082 0.129 181
GC35iB 6 0039 0079 150
GC351C 10 0092 0248 225

"The polymorphic index is equal to the expected
heterozygosity under random mating

C. acutifolium GC351 C. pubescens GC495

00 8¢

C. acutifolium GC350 C. brasilianum GC489

A AL

Fig. 1. Number of alleles (left) and genotypes (right) observed
in the total of isozymatic systems. Striped sectors indicate alleles
and genotypes shared by Brazilian and Colombian samples; black.
observed in Brazil, white; observed in Colombia.

and genotypes in common or exclusive to each locality
for the four accessions.

Of the 33 alleles identified in the 16 loci (the 13 loci
of Table 1 plus Got2, Mdh3 and Mdh4) of C. brasil-
ianum, 32 were observed in Colombian seedlings,
while only 22 were detected in the Brazilian ones,
among which Idhl 3 was specific of this sample. The
same situation occurs for genotypes, among a total of
47 genotypes 45 occur in the material from Colombia
while only 24 were observed in the Brazilian GC 489.
A similar result was observed for the two accessions

C. acutifolium GC 350 and GC 351. With regard to
GC 351 which showed the highest difference, it was
observed that all the 37 alleles except Gpi2 7 and all the
49 genotypes except two of them were present in the
Colombian material while 24 alleles and 30 genotypes
were present in the Brazilian one. For C. pubescens GC
495 variability is similar in the two sites with some alle-
les and genotypes exclusively present in each locality,
although genetic polymorphism parameters are higher
in the Colombian samples (Table 2). It is also clear
from the data in Table 1 that some very significant
changes in allelic frequencies have occurred between
samples of the same accession. For instance, in C.
brasilianum GC 489 highly significant changes can be
observed in loci Gpi2, Gpi3, Prxl, Pgml and Idhl.
The same is true for several loci of C. acutifolium, but
significance is different between the two accessions,
thus, for instance, there are highly significant differ-
ences in Got3 between samples of the accession 350
but not in 351, or in Mdh! in the accession 351 but
not in 350. In C. pubescens only Mdhl locus showed
a highly significant difference.

Several parameters were calculated to estimate the
distribution of genetic variability in and among sam-
ples of each accession (Table 3). Variability within
accessions is estimated by the mean value of Py, while
the total variability as the polymorphic index (Pr) was
estimated for each accession pooling the data from the
two sites in a synthetic sample. Finally, the coefficient
of gene differentiation Ggr (Nei, 1987) was estimated
from these two previous parameters. The value of Ggr
ranges from 0, all the gene diversity is due to variabil-
ity within population, to 1, in which gene diversity is
due exclusively to variability between population, and
in which 0.5 means that gene diversity is equally dis-
tributed within and between populations. The Ggr val-
ue of C. brasilianunt is very close to this value (0.529),
while in the other accessions their values indicated that
gene diversity within samples is more important than
between samples in each accession.

Discussion

The first noticeable result is the relatively high frequen-
cy of observed heterozygosity in these samples and
accessions of Centrosema species generally described
and handled as self-pollinating species. The heterozy-
gosity observed ranged between 1% and 11% with
an average for all samples of about 6% (Table 2).
Although evidences of outcrossing existed in some
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Table 3. Variability indices estimated based on data of two different

sites of seed multiplication

C. brasilianum

C. pubescens

C. acutifolium

GC 495

GC 489
Py 0.081 0.079
Pr 0.172 0.108
Gst 0.529 0.268

GC350 GC3s!
0.141 0.163
0.209 0.266
0.325 0.387

species of this genus, not a single measure of outcross-
ing rate in any Centrosema species has been recorded
(Schultze-Kraft & Clements, 1990), until Maass &
Torres (1992) using flower color as marker determined
outcrossing rates of 32.2% and 53.3% in two acces-
sions of C. brasilianum. Recently (Penteado, 1994)
the outcrossing rates of three (C. acutifolium) popula-
tions were estimated to range from 26% to 40% using
isozymatic markers and the Shaw et al. (1981) mul-
tilocus estimator. Outcrossing values estimated by an
indirect method from the fixation index ranged from
0.33 to 0.59 in this species, from 0.15 to 0.47 in C.
brasilianum, and from 0.30 to 0.56 in C. pubescens
(Penteado, 1994).

Therefore, it can be concluded that these species
of Centrosema are not true inbreeding species but
they should be included in the mixed mating group of
species in which self-pollination and outcrossing occur
at measurable rates (Brown, 1990). The presence of
relatively high frequencies of outcrossing can explain
the high heterozygosity observed in these materials and
that the gene diversity was generally more important
within than between samples or accessions. Differ-
ences in outcrossing frequencies are expected since
mating system parameters vary depending upon both
genetic (i.e., selection) and environmental factors (i.e.
plant density, pollinating insects, temperature) (see
Brown, 1990; Vaquero et al.,, 1989; and references
cited in these papers). This mixed mating system in
Centrosema is very relevant and should be taken into
consideration when collecting, multiplying and con-
serving genetic resources of these species.

The second relevant result is the genetic differences
between Brazilian and Colombian grown samples. A
very likely explanation of allelic differences is genet-
ic drift due to the small sample size of both evalu-
ation plots and some samples when divided between
Brazilian and Colombian collections. Although it can
not be completely excluded, it is unlikely that direc-

tional selection has been the cause because selection
would have to be very intense to produce such marked
changes in few generations (i.e., in GB 489 Idhl |
showed a frequency of 0.013 in Brazil and 0.963 in
Colombia, or in GC 351 6Pgd?2 I changes from 1.00 to
0.448), and because changes are not consistent in the
two accessions of C. acutifolium, for instance, while
the change in allele Mdh! 2 was highly significant
(1.00 vs. 0.45) in accession GC 351 it was not signifi-
cant (1.00 vs. 0.949) in GC 350, or while allele 6Pgd3
I increased significantly (0.891 vs. 0.993) in GC 351
C in relation to GC 351 B it decreased highly signif-
icantly in GC 350 (0.692 vs 0.100). Sampling errors
can also be the cause of the higher allelic richness in
the relatively larger samples grown in Colombia.

The general high heterozygosity level observed in
Colombian samples could also be the result of high out-
crossing frequencies in Colombia due to different envi-
ronmental conditions, although this hypothesis must
be confirmed. Lower outcrossing rates in Brazil are
probably due to climatic conditions in Campo Grande.
Flowering time coincides with winter and the dry sea-
son, and low temperatures at night (below 11°C) inter-
feres with flower development. These circumstances
may have a clear effect on self versus insect-mediated
cross pollination decreasing outcrossing rates.

Since isolation among accessions was not enforced
and, in addition to the four accessions studied here,
many other accessions of the three species active col-
lections are under evaluation and have been planted in
the experimental field, accession allelic richness can
be increased by genetic flow among closely planted
accessions.

To sum up, we postulate that at least these three
species of Centrosema should no longer be considered
as self-pollinating species and that this fact should be
taken into consideration in conserving and multiplying
their germplasm. Outcrossing rates maintain a rela-
tively high heterozygosity in Centrosema populations
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determining a genetic structure different from the struc-
ture of true inbreeding species. This means that in eval-
uating and multiplying their germplasm the sample of
adult plants of each accession should be large enough
in order to avoid a significant genetic drift causing a
loss of heterozygosity and allelic richness, and also
that isolation among accessions should be considered
to avoid genetic flow among them. The violation of
these rules is probably the main cause of the great
genetic differentiation between Brazilian and Colom-
bian samples of this active collection. The study of
original material from the base collection will allow
for a better assessment of these changes.

Acknowledgements

This research has been partially supported by the grant
AGF92-0816 tfrom the Spanish C.I.C.Y.T., and a doc-
toral grant (Penteado) from the Brazilian EMBRAPA
and CNPq.

References

Barbosa-Fevereiro, V.P., 1977. Centrosemu (A.P. de Candolle) Ben-
tham do Brasil. Leguminosae — Faboideae. Rodriguesia29: 159-
219.

Battistin, A., 1983. Morfologia floral ¢ biologia da reprodugao
de cinco especies de Centrosemua (DC) Benth. (Leguminosae-
Papilionoideae). Ph D. Thesis. Escola Superior de Agricultura
“Luiz de Queiroz”, Universidade de Sao Paulo (ESALQ), Piraci-
caba, Brazil.

Battistin, A. & M.G. Vargas, 1989. A cytogenetic study of
seven species of Centrosemu (DC) Benth. (Leguminosae-
Papilionoideae). Rev. Brasil. Genet. 12: 319-329.

Brown, A.H.D., 1990. Genetic characterization of plant mating
system. In: A.H.D. Brown, M.T. Clegg, A L. Kahler & B.S.
Weir (Eds.), Plant Population Genetics, Breeding and Genetic
Resources, pp. 145-162, Sinauer, Sunderland, Massachusetts.

Clements, R.J., R.J. Williams, B. Grof & J.B. Hacker, 1983. Cen-
trosema. In: R.L. Burt, P.P. Rotar, J.L. Walker & M.W. Silvey
(Eds.). The role of Centrosema, Desmodium and Sthylosanthes
in improving pastures, pp. 69-96, Westview Tropical Agricul-
ture Series n°® 6, Westview Press, Boulder, Colorado.

Hutton, E.M., 1960. Flowering and pollination in Indigofera spicata,
Phaseolus lathyroides, Desmodium uncinatum and some other
tropical pasture legumes. Emp. J. Exp. Agric. 28: 235-243.

Maass, B.L. & A M. Torres, 1992. Outcrossing in the tropical for-
age legume Centrosema brasilianum (L.) Benth. Proc. XIlIth
Eucarpia Congress, pp. 465-466, Angers, France.

Miles, J.W., R.J. Clements, B. Grof & A. Serpa, 1990. Genetics and
breeding of Centrosema. In: R. Schultze-Kraft & R.J. Clements
(Eds.), Centrosema: Biology, Agronomy and Utilization, pp.
245-270, CIAT publication n® 92, Cali, Colombia.

Nei, M., 1987. Molecular Evolutionary Genetics. Columbia Univ.
Press, New York.

Novaes, M. & M.L. de O. Penteado. 1993. Chromosomic observa-
tions in Centrosema. Rev. Brasil Genet. 16: 441-447.

Penteado, M.1. de O., 1986. Introdugao, availiagao e melhoramento
do genero Centrosema. Situagao atual e perspectivas. In: Sim-
posio Sobre Produgao Animal 3, pp. 45-52, Fundagao Cargill,
Campo Grande, Campinas, Brasil.

Penteado, M.1. de O., 1994. Estudio de la estructura genética pobla-
cional de tres especies del género Centrosema (Leguminosae
- Papilionoideae). Ph D. Thesis, Universidad de Ledn, Ledn,
Spain.

Penteado, M 1. de O., R.G. de O. Alves & M.T. Sousa, 1990. Estudos
sobre a variabilidade intrapopulacional em Centrosemu spp. In:
Proc. 27 Reuniao Anual da Sociedade Brasileira de Zootecnia,
p. 288, Campinas, Brasil.

Shultze-Kraft, R. & J. Belalcazar, 1988. Germplasm collection and
preliminary evaluation of the pasture legume Centrosema brasil-
ianum (L.) Benth. Trop. Agric. 65: 137-144,

Schultz-Kraft, R. & R.J. Clements (Eds.), 1990. Centrosema: Biol-
ogy, Agronomy and Utilization. Centro Internacional de Agri-
cultura Tropical (CIAT), Cali, Colombia.

Shaw, D.V., AL. Kahler & R.W. Allard, 1981. A multilocus esti-
mator of mating system parameters in plant populations. Proc.
Natl. Acad. Sci. USA. 78: 1298-1302.

Thomas, D. & R. Schultze-Kraft, 1990. Evaluation of five
shrubby legumes in comparison with Centrosema acutifolium,
Carimagua, Colombia. Tropical Grasslands 24: 87-92.

Vallejos, C.E., 1983. Enzyme activity staining. In: S.D. Tanksley &
T.J. Orton (Eds.), Isozymes in Plant Genetics and Breeding Parl
A, pp. 469-516, Elsevier, Amsterdam.

Vaquero, F., F.J. Vences, P. Garcia, L. Ramirez & M. Pérez de Ia
Vega, 1989, Mating system in rye: variability in relation to the
population and plant density. Heredity 62: 17-26.

Address for correspondence; Dr M Pérez de la Vega,
Area de Genética, Facultad de Biologia,

Universidad de Le6n, 24071 Ledn,

Spain



