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ABSTRACT

Yam bean is a non-conventional horticultural crop adapted to the Amazon region. It presents edible roots, yet, its seeds contain
cytotoxic components such as rotenone and pachyrhizin. The Instituto Nacional de Pesquisas da Amazonia has 64 yam bean
genotypes in its germplasm bank, however, their diversity is unknown. The aim of this study was to assess the diversity of these
genotypes using 10 morphoagronomic traits, plant height, number of secondary branches, shoot biomass, stem diameter,
root biomass, number, length, diameter, length/diameter ratio (L/D), and shape. The accessions were planted on non-flooded
land, Manaus, Amazonas (02° 59°48.2”S and 60° 01’ 22.4”W) in completely randomized design with three replicates and
three plants per plot spaced 0.5 x 1 m. The results showed significant diversity for all characters except for stem diameter and
visual assessment of root shape. Biplot graphic explained 60% of the total variation, which identified that genotypes P44, P22
and P18 have high values for root yield (80-108 t ha'), number of secondary branches (15-31) and shoot biomass (0.5-0.8
kg plant?). Cluster analysis, considering 50% of relative Euclidean distance, revealed 15 major groups. We conclude that the
genotypes assessed have wide diversity and some of them high root yield potential. This suggests that a yam bean breeding
program can be successful for the yield of roots and seeds in the Amazonian region.
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Diversidade de feijao-macuco (Pachyrhizus spp. Fabaceae) baseada em
caracteres morfoagrondmicos na amazonia brasileira

RESUMO

O feijao-macuco é uma hortalica nio convencional da Amazdnia. Suas raizes sio comestiveis e suas sementes téxicas por conter
rotenona e paquirizina. O Instituto Nacional de Pesquisas da Amazonia (INPA) tem conservado 64 genétipos de feijao-macuco
em seu banco de germoplasma, mas a diversidade genética destes é desconhecida. O objetivo deste trabalho foi avaliar estes
acessos utilizando 10 descritores morfoagronémicos tais como: altura de planta, nimero de ramas secunddrias, massa da parte
aérea, didmetro de caule, massa, niimero, comprimento, didmetro, relagio comprimento/didmetro e formato de raizes. O
experimento foi conduzido em terra firme no municipio de Manaus (02° 59’48.2”LS e 60° 01’ 22.4”LO), em delineamento
de blocos ao acaso com trés repetigoes e trés plantas por parcela. Os resultados mostraram diversidade significativa para todos
os caracteres, exceto para didmetro do caule e avaliagio visual do formato da raiz. O Biplot explicou 60% da variagio total o
qual mostrou que os gendtipos P44, P22 e P18 tem elevada produtividade de raizes (80-108 t ha™'), niimero de ramificagoes
secundarias (15-31) e massa da parte aérea (0.5-0.8 kg/planta). A andlise de agrupamento considerando 50% da distancia
euclidiana relativa mostrou 15 grupos principais. Por tanto, concluimos haver ampla diversidade nos genétipos especialmente
para produtividade de raizes. Isto indica que o melhoramento de feijao-macuco, na regido Amazénica, pode ter sucesso para
aumentar a produtividade de raizes e sementes.

PALAVRAS-CHAVE: Feijao-macuco, Jacatupé, biodiversidade, Amazdnia.
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INTRODUCTION

Conserving germplasm of yam bean (Pachyrhizus spp.)
is necessary, since it is a species well adapted to the poor
soils of the Amazonian and Andean regions. It is still not an
economically important species in these regions although, it
can produce up to 125.9 t ha' root yield (Nielsen ez a/. 2000;
Tapia and Sorensen 2003). Its roots are tuberous and edible,
either fresh or cooked (Kinupp and Lorenzi 2014). Their flesh
and periderm are white and brown, respectively. These roots
are attractive due to their nutritional value due to their high
protein, as well as starch (Padonou ez 4. 2013), iron (Chavez
et al. 2000) and zinc (Heider ez 2/ 2011) content. On account
of these relevant characteristics, they have been introduced
into West Africa to help mitigate hunger (Zanklan ez /. 2007).
Genetically, these species are autogamous, with outcrossing
ratios ranging between 2 and 4 % (Serensen 1996).

On the other hand, seeds bear a high content rotenone
and pachyrhizin which are toxic molecules (Estrella-Parra ez
al. 2014; Lautié et al. 2013; Leuner et al. 2013). For this
reason, they can be used as pesticides and piscicides, or as
food if seeds were treated with temperature or chemicals to
degrade the rotenone stability (Catteau ez /. 2013). Yam bean
is composed by three cultivated species (2 erosus, P ahipa and
P tuberosus) and two wild (2 ferrugineous and P panamensis).
The first three come from the Amazon, Mexico and subtropical
east Andeans (Bolivia and Argentina), respectively.

'The Instituto Nacional de Pesquisas da Amazonia (INPA),
located in Manaus, Amazonas, Brazil, has conserved some
yam bean accessions for over 30 years. Initially, these materials
were introduced from Mexico (2 erosus) and Mato Grosso-
Brazil (2 tuberosus). However, natural outcrossing led to
increase the diversity, which generated 64 highly endogamous
genotypes. Probably, it is the major collection from Brazil and
the Amazonian region.

In these genotypes root yield and characteristics related
of seeds and roots have been assessed (Ribeiro ez 2/ 2011).
However, their genetic diversity was not studied.

Two approaches have been used in this species to evaluate
morphological (Tapia and Sorensen 2003) and molecular
diversity (Delétre ez al. 2013; Santayana ez al. 2014). As our
interest is to start a yam bean breeding program in the Brazilian
Amazon, the morphoagronomic approach is more useful. The
aim of this study was to assess the yam bean diversity of the
INPA germplasm bank using 10 morphoagronomic traits.

MATERIALS AND METHODS

Plant materials consisted of 64 yam bean genotypes from
the INPA germplasm bank, which were obtained through
selection from other accessions introduced from México
(P erosus) and Mato Grosso State, Brazil (P tuberosus) in
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the 1980s. Presently, the yam bean genotypestaxonomic
denominations are unknown since natural outcrossings led
to species identity loss.

The experiment was conducted at the vegetable field of
INPA (020 59°48.2”S and 60° 01’ 22.4”W), during January
to August, 2014. In Manaus, historically, the mean annual
rainfall has been 2567 mm (mainly from November to June)
and mean temperature 31.4 °C (Antonio 2006). The soil used
was non-flooded land, red-yellow Ultisoil, sandy texture and
pH=6.0. This soil type is poor in organic material; therefore,
it was fertilized using 2 kg m™ of organic compost.

The accessions were planted in completely randomized
design, with three replications and three plants per plot. The
spacing was 1 x 0.5 m between rows and plants respectively.
The measured traits were plant height (cm), number of
secondary branches, shoot biomass (kg plant™), stem diameter
(mm), root yield (kg plant™), length (mm), diameter (mm),
length/diameter ratio and shape (1=globular, 2=elongated,
3=more elongated). These traits are important from an
agronomic point of view.

Flowers were pruned weekly during four months since
100 days after planting, when 50% of experimental area was
flowering. This practice may enhance root yield (Noda and
Kerr 1983). The roots were harvested in the seventh month
after planting.

Data were analyzed by analysis of variance (ANOVA)
and Duncan tests (P < 0.05). In addition, with standardized
data we made a Biplot Graphic using R (R Core Team 2015),
package GGEBiplotGUI (Bernal and Villardon 2015). This
analysis shows the relation between characters, accessions
and the interaction of characters x accessions. The distances
between genotypes were estimated through Euclidean distance
by using standardized values and performing 1000 bootstraps.
Then, the accessions were grouped by UPGMA method
(Unweighted pair group method with arithmetic mean) and
presented in a dendrogram using Darwin 6.0.8 software
(Perrier and Jacquemoud-Collet 2006).

RESULTS

To start a yam bean breeding program it is necessary to
have information about diversity, especially for agronomical
characters. ANOVA’s and Duncan tests showed that there is
significant variability for most of the characters (Table 1).
Only stem diameter and root shape assessed visually, showed
non-significant variability by the F test (P = 0.05). Hence,
these two characters are useless to characterize diversity.

Biplot analysis (Figure 1) explained 60% of total variability;
the wide distribution of genotypes in the graphic shows
diversity of yam bean and the power of morphoagronomic
traits to detect diversity. To find the highest yielding accessions
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Table 1. Means for 10 traits in 64 yam bean genotypes (Pachyrhizus spp.). Manaus, 2014.

Diversity of yam bean (Pachyrhizus spp. Fabaceae) based on
morphoagronomic traits in the Brazilian Amazon

Shoot

Genotype (?;[aemeter‘ mg:n Sfacnocnhdezry E:grr:tlass per ;2?(} per plant r,\:)Li)st;;ro f (?ic':l(r)r:eter (D) IF:r)lcg)ih (L)  L/D ratio Er?':;e 12
(mm) (m) number (ko) (kg) plant (cm) (cm)
P1 9.33 0.73ab  15.33abc 0.31 abcd 3.74ab 2.67 ab 16.0 abc 16.00ab  1.00b 3.00
P2 9.33 0.77ab  11.67 be 0.25 abed 3.12ab 2.67 ab 15.67 abc 13.33ab  0.90b 3.00
P3 7.67 0.99ab  12.00 be 0.50 abcd 3.50 ab 2.33ab 20.67 ab 15.00ab  0.73Db 1.67
P4 8.00 0.64ab  10.00 be 0.17 abed 2.53 ab 2.67 ab 16.00 abc 15.67ab  0.97b 3.00
P5 8.33 0.84ab  16.33ahc 0.23 abed 3.02ab 1.67b 20.00 ab 14.00ab  0.70b 1.67
P6 7.67 1.05ab  14.67 abc 0.29 abcd 4.40 ab 2.67 ab 16.33 abc 17.00ab  1.12b 3.00
P7 6.00 0.94ab  14.00 abc 0.25 abcd 3.39ab 2.67 ab 17.00 abc 12.00ab  0.69b 3.00
P8 5.00 0.84ab  15.00 abc 0.13 cd 2.62 ab 2.67 ab 13.00 abc 1433ab  1.16b 3.00
P9 7.67 0.61ab  12.67 bc 0.09d 2.16 ab 1.33b 18.33 abc 13.33ab  0.79b 2.33
P10 6.00 0.83ab  13.67 abc 0.30 abcd 1.97 ab 2.33ab 14.33 abc 12.00ab  0.83 b 3.00
P11 5.00 0.67ab  9.33bc 0.07d 1.55b 2.67 ab 12.33 abc 11.67ab  0.99b 2.33
P12 4.67 1.42ab  14.67 abc 0.42 abced 1.57b 3.33ab 11.67 bc 10.00 b 0.89b 3.00
P13 8.00 0.74ab  10.67 be 0.48 abed 1.94 ab 1.67b 14.67 abc 16.67ab  1.22Db 2.00
P14 5.00 118ab  13.33 abc 0.30 abed 2.67 ab 2.67 ab 16.00 abc 9.67b 0.73b 2.33
P15 6.67 0.58ab  12.00 be 0.24 abcd 2.25ab 2.00 ab 13.33 abc 9.33b 0.73b 3.00
P16 4.33 1.00ab  20.67 abc 0.36 abcd 2.00 ab 2.00 ab 13.33 abc 10.67 b 0.83b 1.67
P17 7.67 1.35ab  18.00 abc 0.56 abcd 417 ab 2.00 ab 20.00 ab 10.33b 0.52b 2.33
P18 7.33 1.14ab  23.00 abc 0.54 abcd 4.28 ab 1.33b 22.00 a 23.33a 1.06 b 1.33
P19 9.00 093ab  10.67 be 0.25 abcd 2.92ab 2.00 ab 18.33 abc 12.00ab  0.64b 3.00
P20 6.67 117ab  15.67 abc 0.32 abcd 3.32ab 3.67 ab 15.33 abc 9.33b 0.59b 1.67
P21 7.67 0.95ab  15.67 abc 0.57 abcd 3.49 ab 2.67 ab 19.00 abc 1467ab  0.80Db 2.33
P22 10.33 1.32ab  15.00 abc 0.82a 5.38a 3.33ab 19.67 abc 1467ab  0.74b 2.33
P23 7.00 0.86ab  20.00 abc 0.56 abcd 3.36 ab 3.00 ab 16.67 abc 15.00ab 092D 1.67
P24 7.00 0.70ab  11.33bc 0.23 abed 1.92 ab 3.00 ab 12.33abc 17.33ab  1.37Db 2.67
P25 6.67 0.72ab  13.33abc 0.29 abcd 2.14ab 2.00 ab 16.00 abc 13.33ab  0.83Db 2.33
P26 7.33 0.77ab  18.33 abc 0.59 abcd 3.46 ab 3.33ab 16.33 abc 16.00ab 4.19a 2.33
p27 6.67 0.85ab  16.33abc 0.47 abed 3.31ab 2.67 ab 17.67 abc 11.67ab  0.66b 3.00
P28 8.33 0.88ab  14.67 abc 0.35 abed 3.55ab 2.67 ab 18.33 abc 11.67ab  0.64b 3.00
P29 8.67 0.66ab  12.67 be 0.24 abed 3.18ab 2.00 ab 18.00 abc 12.67ab  0.71b 1.67
P30 7.00 0.49b 11.67 bc 0.31 abed 3.43ab 2.67 ab 17.67 abc 10.33b 0.60b 1.67
P31 6.00 0.74ab  11.67 be 0.09d 2.02ab 2.33ab 13.67 abc 16.67ab  1.33b 2.33
P32 6.33 099ab  14.33abc 0.21 abed 1.54b 2.00 ab 13.33 abc 11.67ab  1.12Db 1.67
P33 7.33 1.02ab  19.67 abc 0.21 abed 2.36 ab 3.00ab 14.67 abc 11.33b 0.84b 3.00
P34 8.33 096ab  16.33 abc 0.32 abed 2.92 ab 3.00 ab 13.67 abc 15.00ab  1.14b 3.00
P35 7.33 0.47b 10.00 be 0.17 abed 1.83ab 2.67 ab 14.67 abc 17.00ab  1.15Db 2.33
P36 6.67 0.58ab  12.67 bc 0.11d 1.34b 2.67 ab 13.00 abc 8.00b 0.63b 2.33
P37 7.00 1.06ab  16.00 abc 0.28 abcd 2.58 ab 2.67 ab 13.33 abc 15.67ab  1.18Db 2.67
P38 7.00 112ab  14.67 abc 0.35 abcd 3.25ab 2.00 ab 18.33 abc 11.33b 0.62b 2.33
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Table 1. Continuation

Diversity of yam bean (Pachyrhizus spp. Fabaceae) based on
morphoagronomic traits in the Brazilian Amazon

Shoot

Genotype (?it:;]eter‘ E:S;t gf;r?cnhdezry g:g{r]r:ass per ?igl%t per plant :\Ltggbsgro f gig?T:eter (D) :?e(r]lgih (L)  L/Dratio Sﬁ:;e 12
(mm) (m) number (ko) (kg) plant (cmy) (cm)

P39 7.67 0.65ab  17.00 abc 0.25 abcd 314 ab 2.00 ab 18.67 abc 12.33ab  0.66b 2.33
P39 7.67 0.65ab  17.00 abc 0.25 abcd 314 ab 2.00 ab 18.67 abc 12.33ab  0.66b 2.33
P40 9.67 1.00ab  19.33 abc 0.44 abcd 2.95 ab 2.33ab 17.33 abc 9.33b 0.52 b 1.67
P41 8.33 0.94ab  15.67 abc 0.32 abcd 2.37 ab 2.33 ab 18.33 abc 7.67Db 0.41b 1.67
P42 8.00 115ab  14.00 abc 0.55 abcd 347 ab 3.00 ab 18.33 abc 11.33b 0.66 b 2.33
P43 4.67 1.00ab  22.33 abc 0.63 abcd 2.49 ab 3.33ab 15.00 abc 12.00ab  0.81b 3.00
P44 9.67 1.33ab  30.67a 0.79 abc 4.09 ab 2.33ab 18.67 abc 1467ab  0.87b 2.33
P45 6.67 0.98ab  21.00 abc 0.51 abcd 2.95 ab 2.00 ab 17.67 abc 11.33b 0.84 b 2.33
P46 8.00 0.83ab  13.33abc 0.43 abcd 2.79 ab 2.33ab 17.00 abc 12.00ab  091b 3.00
P47 5.00 0.82ab  14.00 abc 0.31 abcd 2.64 ab 2.00 ab 16.67 abc 10.67 b 0.65b 1.67
P48 8.67 1.62a 18.33 abc 0.37 abcd 3.07 ab 2.33ab 16.33 abc 11.00 b 0.68 b 2.67
P49 7.67 0.98ab  11.66 bc 0.26 abcd 2.29 ab 2.33 ab 15.67 abc 12.00ab  0.88b 2.00
P50 6.33 0.88ab  14.00 abc 0.24 abcd 3.39ab 2.33ab 16.33 abc 11.00 b 0.67b 2.67
P51 7.67 1.38ab  13.33 abc 0.32 abcd 4.43 ab 2.33 ab 20.00 ab 9.67 b 0.49b 1.67
P52 5.33 0.75ab  8.33¢ 0.14 bed 2.32 ab 4332 16.33 abc 15.00ab  0.95b 2.67
P53 7.00 0.58ab  16.00 abc 0.23 abcd 2.39 ab 2.67 ab 14.33 abc 12.33ab  0.88b 1.67
P54 6.00 0.78ab  11.33Dbc 0.14 bed 1.70b 2.33ab 13.67 abc 9.67b 0.71b 2.67
P55 8.33 112ab  26.67 ab 0.80 ab 2.58 ab 3.67 ab 17.67 abc 11.00 b 0.60 b 2.00
P56 7.00 0.70ab  14.00 abc 0.17 abcd 2.80 ab 2.00 ab 16.00 abc 13.33ab  0.81b 3.00
P57 8.33 0.61ab  13.67 abc 0.40 abcd 1.96 ab 1.33b 16.33 abc 11.33b 0.69 b 1.67
P58 7.33 1.00ab  14.33 abc 0.34 abcd 2.85ab 2.67 ab 15.00 abc 10.00 b 0.69 b 3.00
P59 8.33 1.09ab  16.00 abc 0.51 abcd 2.63 ab 2.67 ab 13.33 abc 12.00ab  1.08b 2.67
P60 7.00 116ab  12.33bc 0.36 abcd 1.91ab 2.33ab 13.33 abc 10.33b 0.75b 2.67
P61 7.00 0.59ab  9.67 bc 0.12d 1.48b 1.33b 9.67 ¢ 10.67 b 1.25b 1.67
P62 8.00 0.80ab  12.33bc 0.29 abcd 1.89 ab 2.00 ab 15.33 abc 11.33b 0.72b 2.33
P63 8.00 0.79ab  15.67 abc 0.33 abcd 1.88 ab 2.67 ab 13.33 abc 8.67 b 0.66 b 3.00
P64 6.67 1.09ab 11.00 be 0.45 abcd 2.69 ab 2.00 ab 17.33 abc 9.67b 0.56 b 2.67
Mean 7.26 0.91 14.93 0.34 2.78 2.46 16.17 12.50 0.87 2.39
CV % 37.20 45.71 45.81 72.62 48.21 39.62 23.56 36.87 47.54 35.07

"This character had not significant difference between means. ? Visual assessment means followed by the same letter did not differ at the Duncan test (P < 0.05) CV — Coefficient

of variation

a perpendicular line was drawn on the middle of the root
yield vector (Figure 2), which distinguished P44, P22, P18,
P55 and P17. In addition, these genotypes tended to have a
high number of secondary branches, high shoot biomass, root
diameter and plant height values. In contrast, this figure also
shows lower values for P61, P36, P11, P54 and P15 genotypes-
associated characters. On the other hand, accessions P46, P33
cannot be distinguished with these traits; they can be observed

near the vector origin, coordinate (0,0) (Figure 1).

Biplot also shows trait contribution to ascertain the
diversity, which is related to vector norm. The major traits
were tuber yield, number of secondary branches, shoot
biomass, plant height, root length and root diameter. Root
yield presented variability from 1.34 to 5.38 kg per plant. P22
accession had highest root yield, which is equivalent to 107.6
tha'. P51, P6, P18, P17 and P44 genotypes yiclded above 4
kg per plant; which is equivalent to more than 80 t ha™'. The
lowest root yield was equivalent to 27 t ha'! corresponding to

P57 and P61 genotypes.
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Figure 1. Biplot visualizing genetic diversity of 64 genotypes assessed through 8 morphoagronomic characters.
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Figure 2. Biplot shows tuber yield vector associated with 64 yam bean genotypes.
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UPGMA cluster analysis showed 15 major groups (Figure
3), at 50% of relative distance. The most distinct groups
presented one genotype per group, which were P18, P22,
P44, P55, P61 and P52. P18 and P44 genotypes were more
promising on account of their elevated tuber yield and large
number of secondary branches.

Visually assessed root shape show non-significant
variability by ANOVA (Table 1). Consequently Length/
Diameter ratio is recommended for accurate evaluation.
Root shape ranged from globular to flat. Only the accession
P26 had a very elongated root; its length/diameter ratio was
4 to 1. Ribeiro ez al. (2011) found in P26 globular, flat and

112

Diversity of yam bean (Pachyrhizus spp. Fabaceae) based on
morphoagronomic traits in the Brazilian Amazon

elongated roots. To know the main format will be necessary
perform experiments with larger numbers of plants per plot.

This study was carried out with relative small plots with
three plants; nevertheless, there was no plants loss. These
results suggest that there are diversity of yam bean genotypes
and potential genotypes to cultivate.

DISCUSSION

Morphological diversity analyses in Pachyrhizus spp.
showed the ability to discriminate three cultivated species
(Zanklan 2003) and groups within P zuberosus (Tapia
and Sorensen 2003) as ‘ashipas’, ‘chuins’ and ‘jiquimas’.

r
7

23

124

N

125
) |

126
T
; 118
127 122

100

50

Figure 3. Dendrogram for 64 yam bean genotypes based on Euclidean distances calculated through 1000 bootstraps and UPGMA (Unweighted pair group

method with arithmetic mean).

238

VOL. 46(3) 2016: 233 - 240 = SILVA et al.



ACTA
AMAZONICA

This indicates the ability of morphological characters to
discriminate genotypes in yam bean.

Diversity analyses performed elsewhere (Delétre ez al. 20135
Santayana ¢t al. 2014; Tapia and Sorensen 2003) included few
materials from Brazil. Therefore, Brazilian diversity needs to
be ascertained. Likewise the former studies on these genotypes
did not focus on diversity (Noda 1991; Ribeiro ¢t /. 2011).

We found all characters had high diversity, the exception
was stem diameter and root shape. Although, both characters
ranged from 4.7 - 10.3 mm and 1.3 - 3.0 respectively, their
variation was not significant, due to importance of the
environment effect with genetic effect tending to be null.
Furthermore, visual assessment of root shape was not efficient
when compared with its length/diameter ratio value. Thus,
quantitative methods show to be better than visual ones.

We found genotypes presented high yield, above 80 t ha™.
These 64 genotypes have been studied twice using the same
spacing, season and local used in this research (Noda 1991;
Ribeiro et al. 2011). Noda (1991) reported root yield up to 50
t ha'!. Ribeiro ez /. (2011) found 44 t ha! as maximum root
yield in genotypes P51 and P54; the lowest root yield ranged
from 3.1 to 5.4 tha'in P1, P14, P17 and P61 genotypes.

Those previous studies identified the P51 genotype as the
more stable and adapted, with respect to high tuber yield in
non-flooded land. Regarding tuber yield under non-flooded
land P61 is a genotype with low adaption. Therefore, P51
must be tested in other environments to confirm its stability.
On the other hand, there is a notable difference of tuber yield
values in our study when compared to those of Noda (1991)
and Ribeiro et /. (2011). In our study the maximum tuber
yield was twice that of those studies. This can be explained
by year x genotype interaction.

Rootlength and L/D ratio diversity point out that there is
root shape variation, highlighting P18 with the highest roots
length (23 cm) and P26 with the highest root L/D ratio (4.2).
This fact indicates P18 as a more promising genotype due to
its high tuber yield and large size.

Biplot analysis shows diversity and relation between
characters (Figure 1). Yam bean genotypes are distributed in
the four quadrants, indicating their wide diversity formerly
detected by Duncan test.

Considering only these morphological characters they can be
grouped in 3 groups. Group 1: Plant height, root diameter, shoot
biomass, number of secondary branches and root yield. Group 2:
Number of roots. Group 3: Root length/diameter ratio and length.
In general, Group 1 and Group 3 vectors tend to pertain to an
orthogonal relationship (90 degrees angle). This indicates these
groups are independent from each other. Group 2 or number of
roots shows an intermediate behavior to discriminate diversity since
all genotypes bear multituberous roots. In addition, this character

Diversity of yam bean (Pachyrhizus spp. Fabaceae) based on
morphoagronomic traits in the Brazilian Amazon

presents low variance, which is represented by smaller vector norm.
In Group 1 characters can be associated physiologically, on account
of the large number of secondary branch and high shoot biomass,
which can increase photosynthesis leading to translocation of
photoassimilates to the roots (Savage ez al. 2013).

However, other studies found different discriminant traits in
Pachyrbizus. For instance Tapia and Sorensen (2003), using D
ratio/index, found that outline of terminal leaflet, pulp color of
root and seed shape are major discriminant traits between groups
of P tuberosus (Ashipa, Chuin, Jiquima and Ashipa hybrids).
Sorensen et al. (1997) with three principal components (61%
of total variation) showed that major discriminant traits are
petal characters, petioles, petiolules, length/diameter (L/D) ratio
of lateral and terminal leafleats. Although, Tapia and Sorensen
(2003) considered root traits such as L/D ratio and tuber yield
per plant, they were not useful to discriminate between groups.
Probably each group has similar root yield variability. Sorensen
et al. (1997) did not considered root yield traits in 31 genotypes
diversity analysis, but they did intercrossings between P tuberosus
groups and other species, which resulted in low yielding and
undesirable shape roots. Therefore, diversity analysis for breeding
objectives must include agronomic traits.

Our findings indicate that a breeding program can be
successfully to enhance seed and root yield. Improved varieties
can help to recuperate degraded areas and may be another
option for Amazonian farmers.

To understand the genetic structure and to identify species
of our genotype collection more studies will be need, especially
using molecular markers. On the other hand, to select potential
genotypes other studies must be done, such as to assess seed
and root yield without pruning flowers, as well as, quantifying
rotenone and pachyrhizin in seeds. Studies of genotype x
environment interaction also will help to select genotypes

adapted to floodplain, non-flooding land and degraded areas.

CONCLUSIONS

To assess genetic diversity of yam bean one must use plant
height, number of secondary branches, shoot biomass, root
biomass, number, length, diameter and, length/diameter ratio.
There is a wide and valuable diversity of yam bean genotypes,
where at least 15 groups were found. At the same time, we
found diversity for tuber yield from 27 to 108 t ha'. Thus,
new varieties can be obtained by selection in a short time. We
expect to be able to test promising genotypes in flooded land
to select material for family farming in the Amazonian region.
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