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Germplasm exploration for Phaseolus beans (Fabaceae, Phaseolinae) in Cosla Rica.

D.G. Dcbouck’

SUMMARY:

Inferest in plant genctic resources in Central America has resmned because of disease pressures (e.g. web
blight, BGMY) as well as limits of current bean varietics, As most of (he diversily in landraces has been
explored, focus is now on wild formns of primary gene pool and wild species of secondary gene pool.

This exploration resulls in the disclosing of 29 wild populations for six species. Ninc more populations
were found for P. costaricensis, 10 for wild P. lunatus, one for P. oligospermus, onc for P. tuerckheimii,
four for wild P. vulgaris and four for P. xanthotrichus, Nincty-three herbarium voucher specimens were
coltected for 19 populations of the six species (left at CR). These results confinm the presence of wild #.
vitlgaris on both slopes of the central valley of Cosla Rica, namcly in the life zones bh-MB and bmli-P, and
ol P. costaricensis in ihe life zone bmh-MB. These lifc zounes of limited range in Costa Rica have been
heavily cut down, thus fully justifying the germplasty collection. For both species the range of distribution
has been almost completely sampled. P. costaricensis is likcly absent in Cordillera de Tilardn, and the
probability to find it in the Colo Brus mousntain is low.,

The availability of germplasm will allow progress in cvaluation and wide crossing. It will also allow to
address pending questions about the origin of Ceniral Amecrican smail seeded common and Lima bean
groups of cullivars,

RESUMEN:

Ef recién aumento de presién de enfermedades (p.¢j. mosaico dorado, mustia) y las limitaciones de las
acluales varicdades de fiijol en Centroamerica han vuclio a despertar interés en los recursos gendélicos. El
litomgjorador se fijard primero en ¢l acervo genélico primario y Lego considerard a los acervos secundarios
y otras especies afines, El interés para buscar nuevos genes se enfoca aliora en ¢l germoplasma del pariente
silvestre del frijol comin y Ias especies silvesires dircclamente relacionadas. A conlinuacion de una
exploracién hecha en Costa Rica en 1987, se tratéd de ampliar el germoplasma existenle, cspecialmente 2
poblaciones de Phaseolus vulgaris silvestre y 11 poblaciones de P. costaricensis, con ¢l descubrimiento de
nuevas poblaciones en nuevos sitios ccologicos,

Bsta exploracion peemitio descubrir 29 nuevas poblaciones para 6 cspecies, asi: P. costaricensis (9), P.
tunatus (10), P. ofigospermus (1), P. tuerckheimii (1), P. wulgaris (4) y P. xanthotrichus (4). Se colectaron
ademds 93 mwestras de herbario (deposiladas en CR). Estos resultados nos confirman la presencia de P.
vitlgaris en las dos vertientes del Valle Central de Costa Rica (especialinente en las zonas de vida bh-MB y
bmh-P), y la de P. costaricensis cnt la zota de vida bh-MB . Esta zona de vida dc cscasa extensién en
Costa Rica ya vienen muy intervenidas, confirmando la importancia de la colecta. Para ambas cspecies se
liene actualmente el rango de distribucion natural practicamente mucstreado (P, costaricensis csti auscnle
et fa Cordillera de Tilardn; queda una baja probabilidad de encontrarlo en la Cordillera de Coto Brus).

La disponibilidad de germoplasma permilird de avanzar en la identificacién de caraclerislicas utiles;
ademis nos permitird de repente conltestar la vicja pregunta def origen de las variedades centroamericanas.

INTRODUCTION

Tncreased discase pressure pardicularly of web blight (Gilvez ef al., 198%) and bean golden mosaic virus
(Beebe and Paslor Corrales, 1991), and the need for drouglit tolerance and higher yield (Boucher, 1983) has
rencwed interest in screening more bean germplasm of Central Amctican origin in Central American
countrics. Such germplasmn coilected in the 1950-1960s and conserved namcly in USDA, CATIE,
Chapingo, El Zamorano and CIAT geune banks has been screened to a large extent so far, and has resulted
in the production and diflusion of many popular varictics (Voyscsl, 1983; Voysest ¢f al., 1994). Sources of
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resistance have been broken in some cases, new constrainis (c.g. drought because of climatic allerations
such as “El Nifio™) appear in other cases; there was thus an interest in screening novel germplasm, aud so
first in Jooking for it.

Scarching novel germplasm once landraces have been mostly explored means exploring further the primary
gene pool, that is the wild ancestral forms and weedy races, and at a later stage (he secondary gene pool
(Harlan, 1992; Harlan and de Wet, 1971). So, if the interest by bean breeders is primarily focused along
those tines (Singh, 1992), the focus should be on wild forms of Phaseotus vulgaris L. and on species such
as P. polyanthus Greenman, that have been known for long as belonging to the sccondary gene poot
(Smartl, 1985; Smartt, 1990). A specics recently discovered P. costaricensis Freylag & Debouck {Freytag
and Debouck, 1996) has been shown 10 belong to the secondary gene pool of conunon bean as well (Schmit
el al., 1993; Singh ef af., 1997a),

Few germplasm explorations have been carticd oul recently in Costa Rica for Phaseofus bean germplasim,
Worth mentioning is the exploration by Hazleit (Hazleu, 1986): this exploration was carried out in Indian
reservations of Southeast Costa Rica, looking for traditional landraces bul did nol inctude the scarch for
wild germplasm. The search for wild germplasm implies an in-depth knowledge of the different species o
be locked for, particularly their taxonomy, ccology and genclic refationships; a particular aspect hiere
includes possibilitics of wide crossing,

The genus Phaseolus lor Costa Rica still needs full revision: no recent review has been carried out althougl
the work of (Delgado Salinas, 1985) indeed covers Central America. From the 13 species reporied by
(Standley, 1937), not alt of them are presently accepted as belonging to the genus Phaseolus sensu stricto
as widely underslood loday (Delgado Salinas, 1985; Lackey, 1983; Maréchal ¢f al., 1978). Table 1 sums up
{he most recenl synonymy.

Table 1 — Phaseolus species once reporled for the Flora of Costa Rica and revised synonymy.

Names as per Flora of Cosia Rica (1937) Names currently sceepted Authority
Phaseolus adenanthus Meyer Vigna adenantha (Meyer) MM, 8. i
P. anisotrichos Schiechi, Phaseolus Ieptestachyus Bentham
P. atropurpurcus DC, Macroptitium atropurpurcum (DC) Urban 3
P. coccineus L, P. coccineus L. {sce Commenl(s below)

P. gracilis Pocpyp. Macroptiliam gracile (Poepp.) Urban 3
P. lunalus L, P. lunatus L.

P. obvallatus Schiecht, P, costaricensis Freytag & Debouck 4
P. oligospermus Piper P. oligosperimus Piper

P. peduncularis HBK Vigna peduncularis (HBK) Fawceit & Rendle 5
P, pilosus HBK Vigaa lasiccarpa (Bentham) Verdcourt 6
P. speciosus HBK Vigna speciosa (HBK) Verdcourt 6
P. vulgaris L. P, vulgaris L.,

P, xanlhotrichus Piper P. xanthotrichus Piper

Sources:

i: (Maréchal ef af,, 1978)

2: {Delgado Salinas, 1985)

3: (Urban, 1928)

4: (Freytag angf Debouck, 1996)

5: (Fawecetl and Rendle, 1920)

6: (Verdeourt, 1970)

Apart from the straightforward re-classification of taxa within the gencra Macroptilinm and Vigna, Table 1
also suggests the following. One should note that in Flora of Costa Rica P. vulgaris is reporled as
cultivated (A plant of American origin, bul unknown in a wild state”, wrole Pau! C. Standley in 1937),
Conunon bean as wild was reported for the first time for Costa Rica after our exploration of 1987 (Debouck
ef al., 1989). By then two populations were known from the province of San José (onc around Ascrri and




one around Tarbaca), and we were intercsted in checking the range of wild P, viilgaris in Costa Rica, P,
lunatus was reported as wild plant, from “Meseta Central”, and indeed several populations were found in
1987 (Debouck ef of., 1989). Additional surveys were also carried out recently in order 4o undersiand
genetics and demography aspects of such populations (Degreef ef al., 1997; Maquel ef af., 1996).

As discussed elsewhere (Freytag and Debouck, 1996), P. obvallatus, a specics with hypogeal germination
and scarlet flowers, long included within 2, coccineus and ils atlies (Piper, 1926), probably docs not exist
cast of Sicrra de Miramundo in Jalapa, Guateinala, T( actually corresponds to P, costaricensts, a specics
with epigeal germination and cerese flowers,

It seems that there is some confusion about P, coccineus 1oo; Standley (op cit.) wrote: “Cuba, Common in
forests and thickets of (he central region, also cultivated. ... fowers large, white, pmiple, or reddish, in very
long racemes”. From our extensive lield work in Central America and Costa Rica, it scems that Standley
(op. cit.) refers fo cultivated 2. polyantlius Greenman (called “cuba® in Costa Rica), or to feral forms of the
same species. Such forms are oficn observed in secondary rain forcst with Cecropia (both being whilc-
flowered), and to P. costaricensis (specimens from F herbarium scen by us; bul with flowers not reddish
nor purple). There is still g possibility that Standley could refer (o celtivated and feral forms of P,
coceinens, although this taxon is very rare in Cosla Rica. In our view, it was probably introduced recently
by European immigran(s as omamental (a viewpoint also shared by (Pittier, 1978}, it is also [requently
introgressed with £, polyantins and does not look puie (so the typical true scarlet colour in flower is almost
never seen),

P. leptostachyus is indeed present in Costa Rica, thus extending the range known so far (up to Nicaragua;
(Delgado Salinas, 1985), as revealed by our exploration (Dcbouck ef al., 1989). P. oligospermus was
known only by the type colleclion prior to our activities in Cosla Rica, and P. tuerckheimii was not reporied
for this country (Delgado Salinas, 1985).

The exploration carried out in 1987 the results of which arc presented in Table 2 served much as a
background to this one.

Tablc 2. Results of 1987 Universily of Costa Rica- CIAT-IBPGR exploration

E Species Populations sampled
P. costaricensis 11
P. leptostachyus 2
P. lunatus 14
P. oligospermus 1
P, polyanthus (escaped) |
P. polyanthus (crossed) I
P. talamancensis |
P. tucrckheiniii 6
P. vulgaris (wild) 2
P, vulgaris (weedy) 2
P, xanthotrichus . 5
Total: 11 46

—

As revealed by our previous exploration, P. leptostachyus and P. talamancensis are carly materials,
maturing in KNovember-December, and therefore beyond reach if we look for wild P, vilgaris and other
related taxa which mature in Jamary-March. The problem is not (hat serious for 7. Jeptostachyus, as this
speeies is with 2n= 2v= 20 (Delgado Salinas, 1985), and therefore likely quite remote for wide crossing
possibilitics with the common bean (Sullivan and Freytag, [986). Too little is kuown about P,
talamancensis and every altempt should be made 1o increase knowledge aboul it. Explorations at this time
of the year arc likely to not allow the finding of P. talamancensis.




So, the olyjectives of this field exploration were 1o:

+ Confirm the presence of wild P. vulgaris in Costa Rica and expand knowledge about s range of
- distribution,

+ Sample further species of the secondary gene pool, namely P, costaricensis,

+ Increase germplasm availability of other specics,

+ Generale knowledge about conscrvation siatus of those species.

RESULTS
1, General;

A total of 29 populations were found for 6 species, as shown in Table 3, Annexes 1 and 2.

Table 3. Number of species and samples per specics found during (lis exploration (cach population is
indicated by the collection number).

Specics Populations Total
Coslaricensis 3114,3112,3113,3115,3118 9
3120,3122,3127,3128
Lunatus 3103, 3105, 3108, 3114, 3117 10
3119,3123, 3124, 3129, 3130
Oligospermus 3107 i
Tuerckheimii 3110 |
Vulgaris 3106, 3121, 3126, 3131 4
Xanthotrichus 3104, 3109, 3116, 3125 4
Total: 6 29 29
Itinerary

The following itinerary was lollowed:

Tuesday 3 February 1998: Heredia- Barba- San José de s Monlafia- Porrosati- Birri- Chagiiites- Poasilo-
Alajucla. Collections around Barba (# 3103), San José de la Montaiia (# 3104), Birri (# 3105) and
Chagiiites (# 3106).

Wednesday 4 February: Cariago- Tejar- San Cristobat Norte- Llano Los Angeles- Sanla Elena- Frailes- San
Cristobal Sur- Empalme- Divisién- San isidro Ef General. Collections around San Cristobal Noste (# 3107,
3108}, Frailes (# 3109} and Jardin de Param¢ (# 3110).

Thursday 5 Fcbruary: San Isidro- Rivas- Chimirol- Canadin- Herradura- Pucble Nuevo de Rios- Palmital-
Bucna Vista- La Piedra- Piedra Alta- Divisién- San Isidro. Collections around Herradura (# 3111) and La
Picedra (#3112 and 3113),

Friday 6 February: San Vito- La Union- La Lucha- Las Mellizas- Fea, La Caprosa- Beneficio Rio Negro-
Alturas de Coton- San Vito. Collection around La Lucha (# 3114).

Saturday 7 Fcebruary: San Vito- San Isidro- Cartago- Cot- Paso Ancho- Cipreses- Pacayas- Carlago- San
José. Collections around Cotl (#3115, 3116 and 3117) and Pacayas (¥ 3118).

Sunday 8 Fcbruary: Heredia- Alajuela- Greeia- Sarchi Sur- La Luisa- Bajos del Toro- Pueble Nugvo-
Palmira- Zarcgro- Laguna- La Pefia- Tapezco- Zapote-Zarcero- San Juaniflo- Naranjo-Heredia. Collections
around La Luisa (# 3119}, Tapezco (# 3120) and Zarcero (#3121).

Monday 9 February: Heredia- Guacimal- San Luis- Los Cerros- Los Lianos- Sanla Elena- Monle Verde-
Las Nubes- Cebadilla- San Rafacl de Abangares- Candelaria- Las Juntas- San José. Collections around Los
Llanos (# 3123) and Cebadilia (# 3124).

Tuesday 10 February: Carlago- Quircoi- Pacayas- Capellaces- Santa Teresa- Valle Rio Coliblanco- Valle
Rio Birris- Pacayas- Cartago- Tobosi. Collections around Quircol (# 3125, 3126, 3127), Capcilades (#
3128) and Tobosi (# 3129).




Wednesday 11 February: San José- Tobosi- Tablon- Coralitlo- Alumbre- San Juan Not(e- Jericéd- El Liano
de Desemparados- Desemparados- San José, Collections around San Juan Norte (# 3130) and Jericd (f
3131).

Total: 1,977 Km,

Seed Samples

Germplasm has been collected for all populations with (he exception of # 3110, 3111, 317, and 3128,
which were to be visited at a later date (Marcly), given (he fact they were found at the pod (illing stage (sce
Annex 1). Original sceds were feft with the University of Costa Rica, asking lor a sample to be deposited at
CIAT for salc conscrvation.

Herbariun Samples

Voucher specimens have been collected for 19 populations, resufling in 93 samples (sce Annex 1), All
samples werce given to the Herbario Nacional de Costa Rica (CR) at the Museo Nacional, San José for their
safc keeping and distribution. The low number or fack of voucher specimens is duc (o the malurity of the
populations in the field, or lack of significant variation for making voucher specimens.

2, Per Species

Phaseolus costaricensis Freylag & Debouck

During this exploration, we arc able to find ninc (9) novel populations, thus cxtending the number of
known populations sampled to 20 (11 were found in 1987),

As we found this specics to be particularly distribuled in the life zone bmh-MB, we were interesied in
checking two other zones with the same characleristics as per the ccological maps (Bolaftos M. and Watson
C., 1993; Tosi, 1969): the Cordiilera de Tilarin and the Sierra of Coto Brus. No populations were found in
cither places. In the national park of Monte Verde in the Cordiilera de Tilaran, we quickly topped against a
bp-MB, that is, a montane rain forest too humid for P. costaricensis 10 thrive or lo disperse seed. A similar
situation was found in the Sierra of Coto Brus, close to (he border with Panama; we were locally informed
however that this lifc zone exists in that region but further (o the north- northeast. Two pending questions
thus are: why it is not reported on the map?; could that life zone exisl in spite of a high altitude?,

From the present results and those of 1987, it scems that the range of distribulion of 2. costaricensis in
Costa Rica is basically restricted to the southern slope of the Cordillera Volcinica (volcanoes Platanar,
Poas, Barba, Irazd and Tuerialba), the northemn slope of Fita de Cedral (Cerros de Escazi) and the upper
valleys of rivers Pirris, Savegre and Chirrip6. The collections # 3120 (close (o Tapezco) and # 3128 (Rio
Birris) mark (he extremes of the range along Cordillera Volcinica, to the west and cast, respectively. We
collecled in 1987 two populations (# 2102, 2116} in the Cerros de Escazi- Allos de Alajuelita region. The
collection # 2132 represents the sampling in the upper Rio Savegre. The collection # 2122 was from the
upper Rio Pirris. The collections # 2128, 3111, 3112, 3113 represent the sampting in the upper valley of
Rio Chirripd. The populations not sampled yet in Cosla Rica would be few.

Populations were found in the pod filling stage, some already with mature sceds, many still with blooming
inflorescences, indicating that end of February is adequate for picking up germplasm. As noticed already in
1987, vines are of greal size, some reaching 6 m high. Habitat corresponds to natural openings (¢.g. river
banks) of primary low montane moist forest and old secondary growth forest in the bmh-MB zone,
gencrally between 1,500- 1,880 masl. Frequent trees were of (he genera Cedrela, Inga, Cecropia, Quercus,
Heliocarpus, Alnus. Vines which are abundant in this lorest inchude specics of Ipomoea, Passiflora and
Sicyos, P. po[;;qnﬂms has been found as a companion vine specics witly the following populations # 3115,
3118, 3120, and 3127, Tree ferns, palms and swall bamboos are also scen, The underslory is rich in
Mclastomataccac, Composilac (Ageratum, Dalfia), Balsaminaccae (fmpatiens), Piperaceae, Solanaccac,
Malvaceae (Hibiscus). Plants thrive well in (he shade and misls can be frequent. Soils are generally deep,
moist, mulchy, rich in organic matter, derived from volcanic ashes, andesites, and other igncous rocks
(diorites, gabros). When known locally (# 3112}, it is called “cuba de venado”, but apparently not eaten.
Pollination is by bumble bees and hummingbirds (# 3 120). 1f undisturbed, it can be locally abundanl (more
than 30 plants per 100 m?). Population # 3120 has been found affected by rust,



Phaseolus lunatus L,
This species was mentioned as wild by (Pittier, 1978), (Piper, 1926) and (Standley, 1937); il is common in
the Central Valley. We added ten (10) populations to the sampling,

As expected, we found it in the Valle Central, on (he slopes of the Cordiliera Volcnica Central, but alse on
ihe foothills of the Cordillera de Titardn (# 3123, 3124) and the Coto Brus mountain (# 3114), which are
novel additions to the Flora of Costa Rica. It is common in secondary thickets of (he life zones bh-P, bmh-P
(variants of the premontane forest), bh-MB (varian(s of the lower montane fores() (Harishorn, 1983). These
vegelations have now been largely replaced by coffee plantations (e.z. Valle of Rio Jérico, # 3130),
connnercial plantings of ornamentals (c.g. vafley Southwest of Cartago, # 3129), and sugarcane
(surroundings of Sarchi, # 3119). Under low grazing and low [ire pressure, in abandoned fallow spols, wild
Lima bean poputations often endure. Most populations were found at the end of (he pod (illing — mature dry
pod slage, indicating that February is the right period for finding seed germplasm. 1t is found in groups of
5-20 plants 2-5 m high climbing on shrubs and small trees. Currently associated vegetation includes: trees
of Cassia, Gliricidia sepium, Cecropia, Erythring, Inga vera, Trema micrantha, shrubs of Lantana,
Solanum, Sida, Ageratum, Verbesina, grasscs such as Gymerium sagitfatum and a lot of thin-slemmed
woody vines such as Cavaponia atienuata (Fanzen, 1983). Being relatively abundant, it is not surprising 10
find it associated with other Phaseolus species; so, we have found it with P. costaricensis (# 3115), P.
oligospernius (# 3107), P. vulgaris (# 3131), P. xanthotrichus (# 3109, 3116). This specics is a heliophytic
one, often climbing in open, sunny spots. Soils on which populations were found were quite heterogeneous,
although ofien derived from volcanic ashes and igneous rocks, it most cases of Qualcrpary origin (Tournon
and Alvarado L, 1997). We have seen damage of Apion in # 3114 and 3129,

Phaseolus oligospermus Piper

We found one additional population (# 3107) of this specics, bringing the number of populations known for
Costa Rica to two (2) populations. This finding is particularly uscful as it confirms (he prescuce of this
species in (his country. In 1987 we found it (# 2091 at (he type locality just north of Carlago. This titme we
found it close to San Cristobal Norte itt the province of San José, at 1,400 masl. The matcrial was found in
full dry maturity, indicating sced dispersal in February. Its habitat scems restricted to the bh-P (bosque
hiunedo premontanc), # humid premontane forest, where a lot of human seltlements, as recoghized by
(Bolafios M. and Watson C., 1993), and numerous coffee plantations have been established. Only four
zones with that vegetation type apparently exist in Cosla Rica (Tosi, 1969): the valley of Cartago (where #
2091 was [ound), the valley of Rio Grande de Candelaria (whete # 3107), the valley of Rio Virilla (where
the citics of San José, Heredia and Alajucla have been cstablished), and the region between San Ramén and
Zarccro. More ficld work should be done in the fater where changes in land usc arc also noticeable (coffce
plantations, sugarcane, ornamental pianis),

Phaseolus tuerckheimii Donnell Smith

We found onc more population # 3110 (which complements collection # 2131 of 1987, 200 i above i), so
resulling in seven populations sampled so far in Costa Rica. 1t was found in the carly pod filling period,
indicating that March-April is the appropriate period for seed gennplasm. It was found in (he bp-MB, that
is a moist almost evergreen montane forest with frequent mist, rich in Afnus, Dahlia, Begonia, Macleania,
Rubus, Melaslomaiaceae, Orchidaceae, and ferns. Escaped P. polyantis was also found with this
population, At that sitc soil is of rich organic matter, derived from metamorphic schists, A vine of 2-4 m
higly, it was lound at low density of 1-10 plants/ 500 m? In our view it woutd not survive leng the culting
of the original forest,

Phaseotus vulgaris 1.

We added four novel populations (# 3106, 3121, 3126 and 313 1) (o the two ones disclosed in 1987 (# 2097
and 2111). The novel populations were found on the northern slope of the Central Valley (# 3106, 3121 and
3126) and on the southern slope of it (# 3131). All populations were found at dry maturity, indicating (hat
seed dispersal usually takes place around February. They were found in old sccondary growth thickets rich
in Compositac (Ageratum, Verbesina, Dahlia), Convolvulaceae, Lamiaceae, Solanaccae and Leguminosae
(Desmodinm, Teramnus, Inga), where they were climbing up to 4 m high on smail trees and bushes. Spots
arc open, sunny; soils arc gencrally derived [rom old volcanic ashes, basalis, othier igneous rocks, well
drained, fertile and deep. If the populations are gencrally numerous (between 30 and 50 seed sclting plants



could be counted in cach location), they are quite localized in occupying a spot of 100-200 w’, The range
of wild comumon bean in Cosla Rica corresponds to that of continental, relatively dry varianis of the iife
zones binh-P, bh-MB and bimh-MB. These arc humid forests of the Premontane and Low Montane zones as
defined by (Bolafios M. and Watson C., 1993). The range of altitudes was 1,510~ 1,610 masl,

Population # 3121 was with shiny, jet-black seed, and found allecled by bruchids. Population # 3126
clearly showed signs of introgression with cultivated beans, as cvidenced by larger sced sizes, and stripped
patterns, It was growing in the middle of a com field planted with beans (including of the species Phascolus
polyanthus Greenman), amaranths and Arracacia xanthorrhiza Baner.. Population # 3131 was known
locally by rural inhabilants as “frijol de venado™ and scasonally consumed as snap bean; rural inhabitants
reported regression of the population in recent years, This information somewhat confirms our own feelings
that wild P. vulgaris L. is endangered in the Vale Central because of habilat destruction {c.g. the
surroundings of Quircol, where # 3126 was found, or the planned park in the valley of Rio Seco where #
3121 was found) and overgrazing (# 3106 was found only in one corner of the land where caitle would not
enler because of the proximity of the clilf).

Phaseolus xanthotrichus Piper

Some four additional populations (# 3104, 3109, 3116, 3125) of this shorl-living perennial specics have
been found during this exploration, expanding the mnnber of known populatlions to nine. Materials werc
found at fulf dry matwrity, indicating that February is the period of seed dispersal. They were found in the
life zones bmh-P and bh-MB, with annual rainfai! of 2,000 nun or more {Bofafios M. and Watson C.,
1993). Under that amount of rainfalf, wilh tuberous rounded roots, this species can survive only on deep,
brown, well-drained soils that are derived {rom old evolved volcanic ashes. Populations are generally small
(less than 20 individuals), growing in the shadc of the understory. Vines arc gencrally fess than 2 m aad
thus nel noleworthy. It is therefore possible that more populations exisl but have been passed along
unnoticed so far, Peds have been observed with damages by birds {in # 3104); powdery mildew is oflen
affecting leaves at the end of the growing cycle (in # 3104), The absence of Apion weevil is worth noting,

DISCUSSION

Several points emerge from our results, in relation to the geographic distribution of Phaseolus species in
Costa Rica, their conservalion slatus in ihe field, and the possibililics for fdure use. We shall particulasly
conceltrale on specics of interest for (he near future,

First, wild common beans found during this exploration can be claimed as wild, because of their unique
attributes as of wild plants: very small sced size, speckled patlern with grey and biack colours, explosive
pod dehiscence, strong climbing habit, Such traits have been seen in other populations across the range
(Briicher, 1988; Delgado Salinas ef af., 1988, Toro Ch, ef af., 1990}, Wild contmon bean scems (o be more
frequent than initialty thought in Costa Rica. A working hypothesis is thal this legume species was
relatively widespread in the Valle Central where precisely human settiemenis were established. From our
results, its range extends almost all across the Valle Central, from around Sarchi (o the West to Cartago lo
the Easl, across the most denscly peopled areas of Costa Rica, Our exploration of 1987 {Debouck ef of,,
1989) has revealed its presence for the firsl (ime in Costa Rica, and on the southern slope of the centrul
valley, this time we know wild common bean is also distributed on (he nerthern slope of such valley,
Several authors (Delgado Salinas ef af., 1988; Freyre ef al., 1996; Gentry, 1969) have noled that the range
of wild common bean wmay have benefited lrom human disturbance. Yet the replacement of the original
vegetation by a shor size vegetlation or frequently cleared bush e.g. on roadsides is conducive to the
extinction of w:ld beans. As discussed clsewhere (Becbe ef al., 1997), the survival of wild P. vulgaris scem
to be tinked 10 the maintenance of weedy environment with penodlc (say cvery 10-20 years) disturbances.
Higher [requencices of clearing will probably favour a grassiand habilal instcad of a mixed bush where wild
conunon beans usvally thrive.

A third case (alter the lwo oncs found in 1987) of wild-weed-crop complex was found during this
cxploration, above Quircol in Carlago, There wild forms freely intercrossed wilth landraces resulting in pole
types with intermediale seed size and strong dehiscence, This (ype of gene flow has been documented in
other paris of the range of wiid P. vulgaris (Beebe et al., 1997). It could be indicative of conditions through



which variability can be generated and incorporated into landraces, an indirect or direct incentive for plant
domestication. Our results would altow (esling whether wild beans were indeed domesticated in Cosla Rica
or not, The origin of race Mesoamerica (Singlt ef af,, 1991) is nol yel fully established, although its origin
in Central America is litlle disputed; this recently collected material could be very uselul as lo trace the
origin of the small seeded Central American black and red Lypes.

Second, about P. costaricensis. Perhaps all populations that can be found in Cosla Rica have been sampled.
As discussed above, it is unlikely that this species exists in the Cordillera de Tilarin (wlhere the last piece of
bih-MB forest 1o (lic Norlliwest has been reporled: (Tosi, 196%9)). Such mountainous range was visited in
vain this ycar, The inner slope of the Cordillera Volcanica has been extensively sampled, and the extieme
poputations have been located. Perhaps a few populations could still be sampled on the soutllicrn slope of
Cordillera de Talamanca {(namely the Coto Brus region), they can be accessed only walking and thus
require another collecling methodology. As indicaled elsewhere (Freylag and Dcebouck, 1996), wany
populations of this species could be considered as endangered; indeed we could not locate #2126 disclosed
in 1987. We suspect this population has been desiroyed as a conscquence ol fandslides after the tornado of
1994, Generally, P. costaricensis would not survive long afier the cutling of the primary momjane moisl
forest. An imporiant trait for the survival of populations of wild beans (as shown elsewhere on a Lima bean
model: (Degreel ef af,, 1997) is the carly and massive seed selling. From our field observations aboul 7.
cosiaricensis, il scems that massive seed seiling occurs late in the life cycle of the specics, i.e. afler 3-4
years, nol making it fitted fo habitals with frequent disturbances, where specics such as P. vulgaris and P.
funiatus would better adapt. Gn the other hand, the availability of germpiasm for nine additional populations
shall allow to make further progress in germplasm evaluation and wide crossing, where this species has
shown great promise (Singh et al., 1997b),

Third, wild Lima bean is perhaps the species with lower risk of extinction al broad level in comparison {o
the others, even if many populations in the central valley are al risk {(Degreef ef af., 1997). It is presently
colonizing the life zones bh-P, bmh-P and bh-MB, representing in (otal an extended arca in cendral Costa
Rica on the Pacilic side (Bolaitos M. and Watson C., 1993; Sawyer and Lindsey, 1971; Tosi, 1969). Some
management practices such as the non weeding of borders in coffee plantalions scem (o Favour cerlain
populations, On the other hand this germplasnt shatl also be uselul in crop evolulion s(udics as the origin of
the small seeded gene pool of P. funatus is still poorly understood (Fofana ef af., 1997, Guiiérrez Salgado
el al., 1993; Maquel ef al., 1993),

CONCLUSIONS

Twenty populations of P. costaricensis have been sampled so far in Cosla Rica; this is close 1o ihe
maximum number ol possible populations for that coualry. Several populations could be considered at risk,

Six populations of wild P. vulgaris are now known for Costa Rica; they were found on both slopes of the
central vallcy. This germplasm should be considered in cvolutionary studics aboul origin of Central
Anicrican bean varicties. Several ol (hese populations will probably disappear soon because of (he
extension of human activitics (o those areas.
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Annex 1 - List of seed and herbarivm numbers per species and per accession

I3

Collection Number

Species Mentification

Youcher Specinens

Amount of Sceds

3103 funatus wild 7 1,412
3104 xanthotrichus 4 over 400
3105 tunatus wild no 667
3106 vilgaris wild 100 laie i,106
3107 oligospermus 2 200
3108 lunatus wild no 1,420
3109 xanthotrichus 5 over 400
3110 tucrckheimii 8 707 (later)
3111 coslaricensis 6 no; grecn
3112 coslaricensis 0 613
3113 coslaricensis 5 494
3114 lunatus wid 8 924
3115 coslaricensis 6 460
3116 xanthotrichus loo lale 878
3117 lunatus wild 2 1o; green
3118 cosiaricensis ki 148
3119 tunatus wild 3 1,074
3120 costaricensis 5 90
3121 vulgaris wild 3 1,519
3122 costaricensis 3 33
3123 lunatus wild 6 940
3124 funatus wild no 210
3125 xaatholrichus {co late 463
3126 vulgaris wild {oo lale 1,450
3127 costaricensis 5 240
3128 cosltaricensis 2 162 (later)
3129 lunatus wild no 394
3130 lunatus wikd too lale 504
3131 vulgaris wild loo laie 1,737

Tolal: 19 populations

6 different species

93 voucher specimens

Noles: too late= material too dry for representative herbarium specimens; later= second visil {o sites by Ing,
R. Araya; no= no significant variation for herbarium specimens.

I




Annex 2 — List of collection nunbers and their geographic location

14

Collection Number | Species Province Longitude | Latitude Altitude (mash)
3103 Luns Heredia 84°08° W 10°01°N 1,140
3104 xant Heredia 84°07W | 10°05°N 1,720
3105 luns Heredia 84°08 W 10°04° N 1,460
3106 vulgs Alajucla 84°10°W | 10°06°N 1,510
3107 oligo San José 84°01°W | 09°46°N 1,400
3108 lung San José 84°01I'W | 09°46°N 1,400
3109 xant San Jos¢ 34°02'W 09°45 N 1,700
3110 fuerc San José B3°43’W i 09°29°N 2,180
3 coslar San José 83°377W 1 09°29'N 1,550
3112 coslar San José B3°40"W i 0Y°31'N 1,500
3113 coslar San José 8341 W 09°31°N 1,880
3114 lues Puniarcnas R2°47T W | 08°53'N 1,240
3L15 costar Carlago B3°S4"W | 09°S3 N 1,560
3LG xan( Carlago 83°54W | 09933 N 1,600
3117 luns Carlago 83°54°W | 09°53'N 1,600
3148 costar Cartago 83°47W { 09°54'N 1,570
3119 luns Alajuela 84°200W | 10°09'N 1,280
3120 costar Alajucla 84 °24° W 10°13* N 1,710
3i21 vulgs Alajucta 84°23°W { 0°I10'N 1,610
3122 coslar Alajueta 84°23° W 10°10°N 1,610
3123 luns Puntarenas 84°51°W 10°16° N 1,100
3i24 luns Guanacasie 84°51'W | 10°19'N 1,180
3125 xanl Cartago 83°56°W | 09954 N 1,500
3126 vulgs Cartago B3°36°W | 09°54'N 1,500
3127 coslar Cartago 83°56°W | 09°54°N 1,500
3128 coslar Carlago B4 W | 09°55 N 1,520
3129 luns Carlago B4°00°W | 09°50°N 1,370
3130 luns San José 84°05°W I 09°48' N 1,380
3131 vulgs San José 84°03°W | 09°49'N 1,540
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