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Molecular and Phenotypic Diversity of Common Bean Landraces from Nicaragua

Oscar J. Gomez, Matthew W. Blair, Bodil E. Frankow-Lindberg,* and Urban Gullberg

ABSTRACT

The knowledge and understanding of the genetic structure of bean
(Phaseolus vulgaris L.) landraces is important for the implementation
of measures addressed to their management and conservation. The
purpose of this paper was to study the pattern of genetic variation in
nine red-seeded landraces currently grown by farmers with molecular
and phenotypic markers. Twelve individuals per landrace were geno-
typed with seven bean microsatellite markers. Fourteen phenotypic
traits were additionally measured in a field study in two localities.
An important finding of this study was the complementary information
obtained with both kinds of markers. Most of the variation at the
molecular level was explained by differences within or among land-
races but not among agroecological zones, while at the phenotypic
level most of the variation was attributed to differences among agro-
ecological zones. This suggests that molecular differentiation of lan-
draces [coancestry coefficient (Fsy) = 0.34] was due to founder effect
while phenotypic differentiation was due to the effect of adaptation.
Within landraces, an average of 5.7 alleles per locus was identified,
with a range from 2 to 13 alleles depending on the individual microsa-
tellite. The average gene diversity within landraces and total gene
diversity was 0.35 and 0.51, respectively. Implications of the findings
in planning future collections of genetic resources of common bean
as well as the effect of sites on uncovering adaptive traits are also dis-
cussed.

HE COMMON BEAN, over a period of at least 7000 to

8000 yr, has been domesticated and evolved from
awild vining plant distributed in the highlands of Middle
America and the Andes into a major leguminous food
crop, grown worldwide in a broad range of environ-
ments and cropping systems (Gepts and Debouck,
1991). The cultivated bean is a morphologically diverse
crop with large variation in growth habit, pigmentation,
pod, seed, and phenology (Singh et al., 1991). The spe-
cies is an annual with a predominantly self-pollinating
reproductive system. Typical outcrossing rates are under
5% (Graham and Ranalli, 1997); however, higher levels
have also been reported (Gepts, 1993; Ibarra-Perez et
al., 1997).

Bean production is performed in all regions of Nicara-
gua and occupies >60% of the total agricultural area
(Llano et al., 1998). Seed color and growth habit are
the most variable traits between Nicaraguan landraces.
Farmers predominantly grow small red-seeded beans,
although they also have landraces that have brown- or
cream-colored seed.
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In general, landraces are the most diverse populations
of cultivated plants (Frankel et al., 1995). Besides being
adapted to their natural and man-made environments,
landrace genotypes tend to be co-adapted. Hence, ge-
netic variation within a landrace may be considerable,
but is far from random (Qualset et al., 1997). The genetic
diversity among and within landraces makes them a
valuable resource as potential donors of genes for the
development and maintenance of modern crop varieties,
and for direct use by farmers (Soleri and Smith, 1995).

Classical methods of estimating diversity among groups
of plants have relied chiefly upon morphological charac-
ters, which still play a central role in the ANOVA in
crop species and their relatives (Newbury and Ford-
Lloyd, 1997). However, because of the strong environ-
mental influence on morphological traits, mainly on
those of a quantitative nature, new techniques which
analyze diversity at biochemical or molecular level have
been developed (Karp et al., 1997) and successfully ap-
plied in evolutionary and diversity studies of different
crops (Gepts, 1993; Bretting and Widrlechner, 1995).
Molecular techniques are more expensive than most
morphological approaches to the study of genetic or
species diversity (Newbury and Ford-Lloyd, 1997), and
consequently they should be used only where other tech-
niques are less powerful or not feasible (Bisby, 1995).
Molecular analyses in conjunction with morphological
and agronomic evaluation of germplasm is recommended
because these provide complementary information and
increase the resolving power of genetic diversity analy-
ses (Singh et al., 1991).

In the context of in situ conservation of landraces,
both molecular and morphological marker evaluations
are useful for identifying populations for conservation,
optimum sites for germplasm collection, and ongoing
changes in the pattern of diversity in the course of con-
servation practices (Newbury and Ford-Lloyd, 1997).
Few studies have analyzed the pattern of genetic diver-
sity within landraces (Martin and Adams, 1987a; Briand
et al., 1998) as compared with that among landraces
held in large ex situ germplasm collections (Singh et
al., 1991; Beebe et al., 2000; Islam et al., 2002). The
knowledge and understanding of the genetic structure
of plant landraces is important since it may serve as a
basis for making decisions related to the selection of
sites and populations for in situ conservation (Maxted
et al., 1997). The above information is also valuable for
genebank curators in providing a more secure basis on
which sampling strategies (number of plants or seeds per
sample and pattern of sampling) can be implemented
(Engels and Visser, 2000). In this study we hypothesized
that (i) the genetic structure measured is independent
of whether molecular or phenotypic markers are used,
(ii) there is no genetic differentiation between agroeco-
logical zones, (iii) there is no genetic differentiation
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Table 1. Topographic and climatic conditions of the agroecological zones where the common bean landraces were collected.

Agroecological Average Average Rainfall

zonet Elevation temperature precipitation period Landrace
masli °C mm

B 700-1000 22-24 1600-2000 May-November V16, V22

F 300-500 24-27 1200-1800 May-October V29

H 500-1000 22-25 1200-1600 May-October V1, V17

I <300 27-29 1200-1600 May-October V6, V9, V18, V26

T Letters represent some of the different agroecological zones classified according to climatic and soil characteristics of Nicaraguan territory (more

information can be found in Marin, 1990).
i Meters above sea level.

among landraces within agroecological zones, and fi-
nally (iv) phenotypic traits are not affected by the test-
ing site.

MATERIALS AND METHODS
Plant Material

Seventeen common bean landraces presently cultivated by
farmers were used to study genetic variation at the molecular
level. Of these, only nine red-seeded landraces were chosen
for the field study. They were collected from different sites
spread across four distinct agroecological zones (none close
to the experimental site, Table 1). A seed sample of 450 g
was obtained from a local farmer at each site in April and
May 1999. All samples were multiplied for one generation
to get enough seeds for further experiments during the first
cropping season (May—August) in 2000.

Molecular Evaluation

In the first step, DNA from 12 individuals of the 17 lan-
draces was pooled and tested with 20 microsatellites [J04555,
M75856, U18791, X04001, X60000, X61293, X80051, X57022,
X04660 (Yuetal.,, 1999); AG1, BM53, BM98, BM114, GATSI11,
GATS11b, GATS54, GATS91 (Gaitan-Solis et al., 2002);
BM15, BM19 (CIAT, 2002); and BMd36 (Blair et al., 2003)].
The seven most polymorphic markers were chosen for further
assays on the full set of individuals. The genomic DNA was
extracted from young primary leaves of 4-d-old germinated
seedlings according to Dellaporta et al. (1983) and Gonzalez
et al. (1995).

PCR Amplification of Microsatellite Loci

The alleles were amplified in 20-pL reaction volumes. The
reaction mixtures consisted of 5 pL. of DNA (10 ng pL ™),
0.1 pL Taq (5U pL™1),0.25 pL of each primer, 3 pL of dNTPs
(4 WM each one), and 2 pL of buffer [(10x + MgCl, (15mM)].
The PCR conditions consisted of a hot start of 92°C for 5
min, followed by 29 cycles of denaturation at 92°C for 1 min,
annealing at 60°C for 1 min, and extension at 72°C for 1 min.

For two microsatellites (GATS54 and BM114), the annealing
temperature was reduced to 52°C. The cycles were followed
by a final elongation step at 72°C for 7 min. The microsatellite
alleles were resolved on silver-stained polyacrylamide gels
and sized by comparison to 10- and 25-bp molecular weight
standards (Promega). Only bands clearly separated visually
were accepted as different alleles.

Statistical Analysis of Molecular Data

The following indices were used to quantify the amount of
genetic diversity within each landrace: number of alleles per
locus, observed heterozygosity (H,), and expected heterozy-
gosity (H.). The values for each of these indices were calcu-
lated for each landrace per locus combination and across all
loci according to Nei (1987). All calculations were realized by
the computer programs FSTAT V2.9.3 (Goudet, 2002) and
GENEPOP 3.3 (Raymond and Rousset, 2001). The parti-
tioning of variation within and among landraces and agroeco-
logical zones was calculated with an AMOVA computed with
the program Arlequin (Schneider et al., 2000). Wright’s F
statistics as well as 99% confidence intervals of their mean
values were calculated according to Weir and Cockerham
(1984) with the software Fstat V2.9.3 (Goudet, 2002).

Experimental Sites

The phenotypic evaluation of the nine landraces was con-
ducted at San Marcos (La Compaiiia Experimental Station)
and San Pedro (in a farmer’s field) both in the department
of Carazo, Nicaragua. The experiments were performed dur-
ing the second cropping season (September-December) in
2000. Crop management was similar at both sites. Sowing was
done manually in rows. Fertilization consisted of a banded
application of 16 kg N, 22 kg P,0, and 31 kg K,O ha™'. Weed
control was performed by hand, and plots were maintained
pest and disease free until harvest. At San Marcos, soil prepa-
ration was done with conventional tillage while at San Pedro,
soil preparation was done with oxen. The sites of the experi-
ments are located 40 km apart from each other and differ in
soil and climatic variables (Table 2). The experimental layout
was a randomized complete block design with four replicates.

Table 2. Topographic, climatic and soil characteristics of the two experimental field sites.

Site San Marcos San Pedro
Location 11°54' N; 86°09' W 11°49" N; 86°05' W
Elevation, masl{ 450 309
Mean annual temperature, °C 24 29
Mean annual precipitation, mm 1200 800
Soil characteristics

pH (H,0) 6.4 7.4
Organic matter, % 11.6 3.8

N, % 0.6 0.2

P, mg kg! 11.0 18.1

K, Meq 100 g! 0.6 1.1

T Meters above sea level.

+ The analyses were carried out at National Agrarian University, Soil laboratory.
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Table 3. Phenological (P), morphological (M), qualitative (Q), and agronomic (A) traits measured for nine Nicaraguan bean landraces.

Character Classification Description

Initiation of flowering (DAP)} P Number of days from sowing until the appearance of the first open flower in any of
the sampled plants

Days to flowering (DAP) P Number of days from sowing to the stage when 50% of the sampled plants have
begun to flower

Physiological maturity (DAP) P Number of days from sowing until 50% of the sampled plants have changed the color
of their pods

Stem length (cm) M The distance from the ground surface to the tip of the main guide at flowering.
Sample size: 10 plants plot™!

Leaf surface area (cm?) M Area of the terminal leaflet from the trifoliate leaf originating at the fourth node.
Sample size: 5 leaflets plot™!

Pod length, cm M Exterior distance from the pod apex to the peduncle. Sample size: 30 pods plot™!

Pod width, cm M Distance from the right angle to the sutures at the middle of the pod. Sample size:
30 pods plot !

Growth habit Q Determined according to Muiioz et al. (1993). Sample size: 10 plants plot~!

Wing petal color Q Determined in freshly opened flowers according to Muiioz et al. (1993). Sample size:
10 plants plot™!

Standard petal color Q Same as for color of wings

Pods plant ! A Average number of fertile pods plant~!. Sample size: 10 plants plot~!

Seeds pod™! A Average number of seeds pod~'. Sample size: 30 pods plot™'

100-seed weight, g A Average 100-seed weight (14% moisture)

Yield per plot, kg ha™! A Determined on the basis of the total number of harvested plants plot !

T Days after planting.

The experimental plot consisted of four 4-m-long rows, spaced
0.5 and 0.4 m apart at San Marcos and San Pedro, respectively,
with a plant-to-plant spacing of 0.1 m. Each plot was planted
with 160 seeds, which resulted in plant populations of 200 000
and 250 000 plants ha~! at San Marcos and San Pedro, respec-
tively. These values are within the ranges of commercial plant-
ing densities in Nicaragua.

Measurements

Fourteen agromorphological traits were determined ac-
cording to Muiioz et al. (1993) (Table 3). Frequencies of each
class were calculated for the three qualitative traits, namely,
growth habit, wing petal color, and standard petal color.
For the analysis of growth habit, a square root transformation
(VX + 0.5) was performed.

Statistical Analysis of Field Data

Analyses of covariance were performed according to the
following model: Yyq = w + o + Bjs + v + oy + y +
&, where Yy = response, p = an overall constant, o; = the
site effect, B;; = the block effect nested within site, vy, = the
agroecological zone effect, vy, = the site by agroecological
zone interaction, 8y, = the landrace effect nested within agro-
ecological zone, and g, = the experimental error.

The number of harvested plants was used as a covariable.
The ANOVA analyses were performed with the software JMP
(SAS Institute, 2000). The mean separation was done by Tu-
key-Kramer HSD at 5% level. For the comparison of popula-
tion frequencies for qualitative traits (wing color, standard
color), a Fisher’s exact test was used and calculated with the
PROCFREQ procedure in the SAS software package, release
6.12 (SAS Institute, 1997).

RESULTS
Population Differentiation and Genetic Structure

A strong genetic differentiation was found among the
landraces since all three of Wright’s F statistics for the
pooled set of loci were positive and different from zero.
The mean Fis (inbreeding coefficient) value was high
(0.95) with a 99% confidence interval from 0.88 to 1.0.
Landrace differentiation made Fir (total inbreeding co-

efficient) even higher (0.96). The Fgr value indicates
that on average 34% of the genetic variation was ex-
plained by differences among landraces.

The AMOVA analysis showed that the variation at-
tributable to agroecological zones was zero (variance 0,
3 df; P < 0.48), while 36.5% (0.7, 5 df, P < 0.001) and
63.5% (1.1, 207 df, P < 0.001) of the variation was
distributed among landraces within agroecological zone
and within landraces, respectively.

Diversity Measures

An average of 5.7 alleles were identified per microsa-
tellite locus, with a range of 2 to 13 distinct alleles in
the full array of individuals per each landrace depending
on the individual microsatellite (Table 4). Some of these
alleles were unique to an individual landrace as ob-
served for V1 (one and three alleles from the loci BM114
and GATS91, respectively), V17 (one allele, locus
BMd36), V-26 (two alleles from the locus GATS91),
and V29 (one allele, locus GATS91). The observed and
expected heterozygosity values within populations aver-
aged across all loci fluctuated between zero and 0.04
(average = 0.01) and from 0.16 to 0.47 (average = 0.35),
respectively (Table 5). For some loci, specifically J04555
and BM114 and for landraces mainly from the agroeco-
logical Zone I, high levels of observed heterozygosity
(H,) were detected. The total gene diversity gene diver-

Table 4. Number of alleles detected for seven microsatellite loci
assayed across nine bean landraces.

Bean landraces
SSR

locus V1l V6 V9 V16 V17 VI8 V22 V26 V29 Total

Number of allel

AG1 2 1 1 2 1 1 1 2 2 2
BM114 3 3 3 2 2 2 2 3 2 4
BMd36 2 1 2 7 5 7 5 3 9 12
GATS54 1 1 1 2 2 2 2 2 2 2
GATSI91 3 3 4 3 5 4 4 3 2 13
J04555 3 1 1 2 3 5 4 2 4 5
X04001 2 1 1 2 2 1 1 1 2 2
Mean 23 16 19 29 29 31 27 23 33 5.7




GOMEZ ET AL.: DIVERSITY OF NICARAGUAN COMMON BEAN LANDRACES 1415

Table 5. Genetic variation in nine red-seeded common bean landraces assayed with seven microsatellite markers.
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AG1 BM114 BMd36 GATS54 GATS91 J04555 X04001

Agroecological Mean per landrace
zone Landrace H,f H.% H, H. H, H, H, H, H, H. H, H, H, H, across loci
B V16 0.00 016 0.00 048 0.00 083 0.00 030 0.00 0.65 0.08 044 0.00 0.16 0.01 0.43
B v22 0.00 0.00 0.00 016 0.00 083 0.00 048 0.00 0.56 0.00 0.56 0.00 0.00 0.00 0.37
F V29 0.00 016 0.00 030 0.00 093 0.00 053 0.00 053 0.00 0.80 008 0.08 0.01 0.47
H Vi1 0.00 030 0.00 043 0.00 040 0.00 0.00 0.00 043 0.00 044 000 030 0.00 0.33
H V17 0.00 0.00 0.00 o040 0.00 078 0.00 020 0.0 072 016 043 0.00 0.30 0.02 0.41
1 Vo6 0.00 0.00 033 0.1 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.04 0.16
| V9 0.00 0.00 0.16 037 0.00 030 0.00 000 0.00 0.77 0.00 0.00 0.00 0.00 0.02 0.20
1 V18 0.00 0.00 0.00 040 0.00 086 0.00 048 0.00 0.69 0.08 0.69 0.00 0.00 0.01 0.45
1 V26 0.00 050 0.00 059 000 031 0.00 016 0.00 0.67 0.08 0.08 0.00 0.00 0.01 0.31
Mean per locus

across landraces - 000 012 0.05 042 0.00 058 0.00 024 0.00 0.62 0.04 0.38 0.009 0.09 0.01§ 0.359
Total Hq# - 0.13 0.52 0.86 0.49 0.90 0.57 0.09 0.51FF

T Observed heterozygosity per landrace and per locus.
i Expected heterozygosity per landrace and per locus.
§ Average observed heterozygosity within landrace across all loci.
1l Average expected heterozygosity within landrace across all loci.

# Total expected heterozygosity per locus across all individuals (independent of landrace).
71 Total expected heterozygosity across all loci and across all individuals (independent of landrace).

sity (Hy) averaged 0.51 across all individuals across all
analyzed loci. In general, the populations collected in
the agroecological Zones B, F, and H showed higher
within-population gene diversity averaged across all loci
than Zone L.

Field Results

The ANOVA showed that the agroecological zones
where the landraces were collected and the experimen-
tal sites had a great impact on the majority of the traits
studied. Interactions between these factors were also
significant for some traits (100-seed weight, leaf surface
area, and growth habit). In addition, significant differ-
ences among landraces within agroecological zones
were found for growth habit and phenological traits
(days to flowering and days to physiological maturity).

Landraces from the agroecological Zone B performed
better in terms of yield than landraces from the agroeco-
logical Zone I (Table 6). The landraces from the agro-
ecological Zone B were characterized by both longer and
wider pods compared with landraces from Zone I, and
they had the most rapid days to flowering and maturity
of the landraces studied. Landraces from the agroeco-
logical Zone H tended to have the longest stem length.
No variation in the proportion of plants showing either
of the variants of wing or standard color was observed
among agroecological zones.

Differentiation of landraces within the respective
agroecological zones occurred for phenological traits,

standard color, and growth habit (Table 7). There was
a clear differentiation in earliness between the landraces
collected in Zone H, and also to some extent between
landraces from Zone I. Furthermore, the landraces col-
lected in Zone H had a clear differentiation in the pro-
portion of plants with an indeterminate bush (type II)
growth habit and color of the standard.

Growing conditions were much poorer at San Pedro
than at San Marcos, which resulted in a significant re-
duction of growth, as reflected by reduced stem length
and leaf surface area and total bean yield, which was
26% lower in San Pedro (data not shown). With the
exception of 100-seed weight, all yield components were
lower at San Pedro compared with San Marcos. With
regard to wing and standard petal color, the predomi-
nant variants were white and white with pink, respec-
tively, and no significant differences between sites in the
proportions of plants for these variables were observed.

Although there was a tendency for seed weight from
all landraces to be greater when grown at San Pedro
than when grown at San Marcos, only seed weight for
landraces from the agroecological Zone H was signifi-
cantly greater (Table 8). At San Pedro, no difference
between landraces from different agroecological zones
was found in terms of leaf surface area at flowering,
while at San Marcos landraces from Zone I had the
largest leaflets. Landraces collected in Zone H showed
fewer plants with an indeterminate bush (type II) growth
habit as compared with semivining (type III growth

Table 6. Effect of agroecological zones on agronomic, morphological, qualitative, and phenological traits of nine red-seeded Nicaraguan

common bean landraces.

Morphological traits

Phenological traits

Agronomic trait

Agroecological Pod Pod Stem Flowering Days to Physiological

zone Yield length width length initiation flowering maturity
kg ha™! cm DAP}

B 1127a% 10.2ab 0.89a 74.6b 29b 31c 55¢

F 1069abc 10.1abc 0.84bc 81.4ab 29b 31c 58ab

H 1063ab 10.3a 0.87ab 90.7a 30a 33a 60a

| 917¢c 9.7¢ 0.81c 76.4ab 30a 32b 57b

T Days after planting.

# Letters in the same column represent mean separation by Tukey at the 5% level.
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Table 7. Phenological and qualitative traits of nine red-seeded Nicaraguan common bean landraces.

Qualitative traits

Phenological traits Standard color
Growth habit
Agroecological Initiation of Days to Physiological indeterminate
zone Landrace flowering flowering maturity White White-pink Pink bush, type II
DAP no. %
B V16 29 31 55 1 5 4 81.3
B v22 29 31 55 0 5 5 73.8
F V29 29 31 58 2 4 4 73.4
H Vi 32 35 66 9 1 0 47.5
H V17 28 31 54 0 5 5 80.0
I V6 30 33 59 2 8 0 86.3
1 V9 31 32 57 3 7 0 86.3
| V18 28 32 58 2 8 0 82.5
I V26 30 32 56 2 8 0 78.8
habit) when grown at San Pedro than when grown at tion to the observed discrepancy in geographic pattern
San Marcos. between molecular and phenotypic markers.
We hypothesize that phenotypic traits are subject to
DISCUSSION both p_atural and art1f1c1,al selegtlon since env1ronm§nta1
o ) conditions and farmers’ selection criteria lead to diver-
The results show that the pattern of genetic diversity gence between landraces. The clearly discernible differ-
in the landraces studied depended on whether molecular ences in yield, morphological traits, and phenology ob-
or phenotypic markers were used. This finding suggests served among the nine common bean landraces from
that the state of genetic diversity in landraces may be different agroecological zones supports this hypothesis.
better described when different markers are used in These results are in agreement with results obtained by
a complementary manner. In our work, for example, Martin and Adams (1987a), Escribano et al. (1997), and
microsatellites were ideal markers for detecting DNA Rodifio et al. (2001) for bean landrace collections in
polymorphism in the closely related but somewhat di- Africa and Europe. In Nicaragua, the environments
vergent genotypes while phenotypic markers allowed us where the common bean is cultivated are quite hetero-
to measure variation of ad_aptlve traits among landraces geneous and show differences in altitude, temperature,
from different agroecological zones. rainfall, and edaphic conditions. Farm size, smallholder
wealth, and consumer preferences can also vary among
Variation among Agroecological Zones agroecological zones. As a result, the landraces studied

here could have been subjected to different selection
pressures, which in turn could have resulted in their dif-
ferentiation.

A specific pattern of geographic distribution of ge-
netic diversity was not observed based on the molecular
marker data for the landraces from the different agro-
ecological zones, but there was a pattern based on pheno-
typic traits. This finding did not allow us to categorically
accept or reject our second hypothesis. The contrast

Variation among Landraces within
Agroecological Zones

between the supposedly selectively neutral or near-neu- The partitioning of the total genetic variation between
tral nature of microsatellites (Jarne and Lagoda, 1996; landraces and agroecological zones by molecular mark-
Li et al., 2000) and the adaptive value of phenotypic ers indicated that a considerable part of the variation
traits (Hill et al., 1998) might in part explain this appar- was attributable to differences among landraces within
ent discrepancy. As pointed out by Lewontin (1984), the agroecological zones. A similar trend was observed for
power of a statistical test to detect differences between the phenological and qualitative traits. Therefore, we
quantitative characters is much higher than for polymor- had to reject our third hypothesis, which claimed that
phic neutral or near-neutral genes. Considering that we the differentiation of common bean landraces was low.
have few polymorphic microsatellite loci in this study, There are several possible reasons for the genetic
we therefore refrain from giving any biological explana- differentiation of the landraces. The fact that there was

Table 8. Effect of site by agroecological zone interaction on 100-seed weight, leaf surface area, and growth habit of nine red-seeded
Nicaraguan common bean landraces.

San Marcos San Pedro
Agroecological 100-seed Leaf surface Indeterminate 100-seed Leaf surface Indeterminate
zone weight area bush, type II weight area bush, type II
g cm? % g cm? %
B 18.1abt 51.4b 71.3a 19.8b 40.6a 83.8a
F 16.5be 57.0ab 70.0a 18.8b 33.3a 77.5a
H 18.8a 54.1b 76.3a 22.0a 34.4a 51.3b

15.3¢ 64.2a 83.8a 15.9¢ 36.5a 83.1a

I
T Letters in the same column represent mean separation by Tukey at the 5% level.
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no detectable differentiation between agroecological
zones in the case of molecular markers suggests that
the differentiation of landraces and populations within
landraces is because of founder effect. Another could
be the predominantly self-pollinated mating system of
the common bean (Graham and Ranalli, 1997), which
causes low rates of gene flow among populations, which
in turn results in a spatial differentiation as was pointed
out by Hill et al. (1998).

In the case of growth habit and phenological traits,
it is possible that landrace differentiation has resulted
from a high level of human selection pressure focused
toward adapting the landraces to new environments or
cropping systems. Meanwhile, variation in standard
petal color would reflect natural rather than human
selection and could be explained by indirect selection
of other traits or groups of traits.

Variation within Landraces

In the present report, almost two thirds of the varia-
tion determined at molecular level was distributed
within landraces. This variation was evident in the high
proportion of allelically different homozygous individu-
als for the loci analyzed, which in turn resulted in high
gene diversity values within the landraces. Similar re-
sults have also been reported at the phenotypic level in
common bean, indicating that landraces in this crop tend
to be heterogeneous populations (Martin and Adams
1987a, 1987b; Tapia and Camacho, 1988; Briand et al.,
1998).

In general, the observed heterozygosity within land-
races averaged across all loci was quite low (0.01), which
is in agreement with outcrossing values reported in the
literature (Martin and Adams 1987a; Ibarra-Perez et al.,
1997). Common bean is a predominantly self-pollinated
crop (Graham and Ranalli, 1997); however, moderate
to high levels of outcrossing have been reported (Wells
etal., 1988; Gepts, 1993). Although most of the individu-
als were homozygous for most loci, the higher frequency
of heterozygous individuals in several of the landraces
from the agroecological Zone I suggests that outcrossing
had occurred at the farm level and that gene flow had
occurred between diverse individuals within the lan-
drace or between adjacent landraces from neighboring
farms. The incorporation of new alleles and higher out-
crossing rates in these landraces could have been the
result of contrasting environmental conditions within
the zone, short distances between fields sown with dif-
ferent landraces, a high frequency of pollinating insects,
or particular flower characteristics of the landraces.

Site Effects

The landraces in our field study were evaluated in
two contrasting bean production environments; one
with ideal conditions and the other with poor conditions
more typical of where farmers cultivate their beans. The
fact that some traits were only expressed at one of the
sites shows the need for multilocation evaluation of
landraces, and consequently we rejected our last hy-
pothesis. In particular, landraces from agroecological

Zone H, which cover a large range of elevations and
was perhaps the most differentiated of the zones studied,
showed specific adaptation. These results are in agree-
ment with several authors who indicate that estimates of
genetic diversity within and between populations often
depend on experimental location (Escribano et al., 1997,
Newbury and Ford-Lloyd, 1997; Pham and Van Hintum,
2000). Pérez de la Vega (1996) also indicates that adap-
tive traits are more easily observable in less-favorable
environments than favorable ones.

CONCLUSIONS

Molecular and phenotypic markers complemented
each other, and use of both allowed a more complete
description of the level and pattern of genetic diversity
of the landraces studied. The observed genetic structure
suggests that sampling for genetic resources of common
beans in Nicaragua should be stratified with respect to
agroecological zones to cover the effects of adaptation,
and from several farmers within zones to minimize the
effects of random drift.
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