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ABSTRACT: Peanut or groundnut (Arachis hypogaea L.) is
a globally important oilseed crop, with important nutritional
qualities, and a rich source of amino acids and protein. Another
80 species have been described in the genus Arachis, 64 of
which are found in Brazil, and even though their morphology
and agronomic traits remain largely unknown, they have been
cultivated for forage and for landscaping and have great potential
for breeding with cultivated peanut. Thus, the morphological
characterization of wild Arachis species is essential for their
conservation and use. In this study, we present a morphological
and agronomic characterization of 29 diploid accessions of eleven
wild Arachis species and one of the tetraploid A. monticola (section
Arachis) with A and B genomes and determine their intra- and

interspecific variability in greenhouse and field conditions. In
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total, 35 morphological descriptors were developed a priori from
greenhouse accessions in the first crop year and used in field
accessions in the second crop year. Significant differences in
descriptors compiled in the greenhouse and the field support the
use of different descriptors for different experimental conditions.
PCA analysis showed that the distribution of accessions accorded
with the taxonomy of species. The ten morphological descriptors
that were important in differentiating section Arachis accessions
were seed length, lateral branch length, right apical leaflet length,
right apical leaflet width, height and diameter of main stem, branch
color, standard petal base color, number of flowers, and presence
of bristles on rachis.

Key words: peanut, morphological characterization, descriptors,

principal component analysis.
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INTRODUCTION

The genus Arachis is best known for the cultivated
peanut or groundnut (Arachis hypogaea L.), an oil and
food crop of high digestibility in natura and high energy
value (596 cal/100 g in average) with seeds rich in amino
acids that contain 26 to 31% of protein (Freire et al. 2009).
Interestingly, the genus contains other 80 species native
to South America with natural distributions restricted to
Argentina, Bolivia, Brazil, Paraguay, and Uruguay, 64 of
which are found in Brazil (Hammons 1973; Valls 2005).

Wild Arachis species can be used as animal forage and
for landscaping, and have proved useful as an important
source of genes for peanut breeding (Oliveira and Valls,
2002; Assis et al. 2013; Santos et al. 2013; Favero et al. 2015a).

The study of Arachis species is of great importance in
Brazil because of the 81 known species in the genus, 64 are
native and 48 are unique to the country. Additionally, Brazil
is considered the center of origin of the genus Arachis, in
the region extending from the states of Mato Grosso do Sul
to Goids (Gregory et al. 1980; Krapovickas and Gregory,
1994; Valls et al. 2013).

The genus Arachis comprises nine sections: Erectoides,
Procumbentes, Heteranthae, Caulorrhizae, Extranervosae,
Triseminatae, Trierectoides, Rhizomatosae (series
Prorhizomatosae and Rhizomatosae), and Arachis, which
is of global importance and includes the peanut and other
28 species (Krapovickas and Gregory, 1994; Hilu and
Stalker, 1995; Valls and Simpson, 2005).

It was not until the 1980s with collection trips by the
Embrapa Genetic Resources and Biotechnonology that
the number of populations and new accessions of both
cultivated and wild peanut species increased in Brazil.
However, little is known about the morphology and
agronomic traits of most populations (Pefaloza et al. 2005).

Several wild species have been cultivated for forage and
for landscaping, including A. pintoi Krapov. & W.C. Greg;
A. repens Handro (section Caulorrhizae); A. glabrata Benth.
(section Rhizomatosae); A. matiensis Krapov., W.C. Greg. &
C.E. Simpson (section Procumbentes); A. helodes Mart. ex
Krapov. & Rigoni; A. kemp{f-mercadoi Krapov., W.C. Greg.
& C.E. Simpson; and A. kuhlmannii Krapov. & W.C. Greg.
(section Arachis) (Valls and Pizarro, 1994; Veiga et al. 2003).

Annual and perennial species in the section Arachis, which
is considered the best adapted section, have great genetic
potential for breeding with cultivated peanut (Simpson

and Starr, 2001; Favero et al. 2006; Michelotto et al. 2015;
Favero et al. 2015b).

Genetic diversity can be increased with the use of plant
germplasm from less cultivated modern cultivars, obsolete
cultivars, primitive cultivars or local varieties, wild species
and special genetic materials, improved varieties that result
in special lines, mutants, and others (Breese 1989; Hoyt
1992; Clausen 1997).

Morphologically, the genus Arachis is totally distinct
from its closest relatives, because its unusual reproductive
system produces geocarpic fruits that originate from aerial
flowers with tubular hypanthium, different types of anthers
in the same flower, and very delicate seed coat (Singh
and Simpson, 1994; Krapovickas and Gregory, 1994; Valls
etal. 2013). Stylosanthes is the closest genus to Arachis, with
whom it shares fused stipules and the same basic number
of chromosomes (x = 10) (Krapovickas and Gregory, 1994).

The morphological characterization of wild plant species
in germplasm banks is essential for the conservation and use
of these valuable resources (Veiga et al. 1999).

Germplasm characterization starts with the adoption of a
descriptor list. The descriptors can be qualitative traits such
as color, habit, texture, presence or absence of characters, and
quantitative traits, which vary over a continuous range of
phenotypes, including vigor, days until maturity, yield, and
height. Even though descriptor lists may be developed by
different organizations, they have a similar design (Chapman
1989; IBPGR 1990; Veiga et al. 1992, 2001).

The comparison of morphological descriptors evaluation
in greenhouse and field conditions may be very useful to
identify the stable characteristics, with same behavior in
both environments. With these results, future assay may be
done in greenhouse with a lower, but important, number
of descriptors. Field assays may be done just for some
quantitative descriptors.

In this study, we present a morphological and agronomic
characterization of 29 diploid accessions of eleven wild
Arachis species and one of the tetraploid A. monticola (section
Arachis) with A and B genomes and determine their intra- and
interspecific variability in greenhouse and field conditions.

MATERIAL AND METHODS

We developed morphological descriptors based on (IBPGR
1990) descriptors with modifications to determine the diversity
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and intra- and interspecific variability of accessions under
greenhouse and field conditions. The study was conducted
over two crop years.

In the first crop year, germplasm provided by the Arachis
Germplasm Bank at Embrapa Genetic Resources and
Biotechnology was in small amounts and consisted of
seeds that had been collected in collection trips and that
were kept in the bank, and had to be multiplied. Seeds were
sown in Petri dishes with filter paper moistened with distilled
water, transplanted into 3-5 aluminum pots following
emergence according to the availability of seedlings, and
maintained in a greenhouse. The morphological and agronomic
descriptors were developed from these greenhouse plants
in four replications.

In the second crop year, seeds harvested in the first crop
year were sown in plastic bags and four seedlings (replications)
were transplanted into the field after 30 days. The same
descriptors were determined in the second crop year. Both
assays were done based on one way ANOVA.

In both crop years, qualitative, ordinal, and quantitative
data were obtained for statistical analysis and assessment of
intra- and interspecific variability. The following accessions
were examined: A. batizocoi Krapov. & W.C. Greg. and its
mutant (K9484 - Bolivia); A. cruziana Krapov., W.C. Greg.
& C.E.Simpson (Wil302-2 and Wil302-3 - Bolivia); A.
krapovickasii C.E.Simpson, D.E. Williams, Valls & I.G.Vargas
(Wil291 - Bolivia); A. hoehnei Krapov. & W.C. Greg. (V9094,
V9146, V13985 and KG30006 — Mato Grosso do Sul); A. schininii
Krapov,, Valls & C.E.Simpson (V9923 — Paraguay); A. ipaénsis
Krapov. & W.C. Greg. (KG30076 - Bolivia); A. magna Krapov.
& W.C. Greg. (KG30097 - Bolivia, V13748, V13751, V13760,
V13761 and V14707 — Mato Grosso); A. gregoryi C.E.Simpson,
Krapov. & Valls (V14728, V14735, V14739, V14740, V14743,
V14753 and V14767 - Mato Grosso); A. monticola Krapov.
& Rigoni (V14165 - Argentina); A. stenosperma Krapov. &
W.C. Greg. (V10229 - Sao Paulo); A. valida Krapov. & W.C.
Greg. (V9157, V13514, and V13516 — Mato Grosso do Sul);
and A. villosa Benth. (V12812 - Uruguay).

The following morphological descriptors were measured
with a ruler or a paquimeter or just by the morphological
structure observation. They were:

I. Plant characters (in cm): height and diameter of main

stem (n); diameter and length of secondary branches
(n + 1); stem pigmentation and peg pigmentation;

il.  Leaf characters: right apical leaflet length and

right apical leaflet width; presence of trichomes on

rachis, petiole, adaxial and abaxial leaflet surface,
free and adnate part of stipule; bristles on: leaflet
margins, rachis, petiole, free part of stipule, and
adnate part of stipule;

iil. Flower characters: standard petal color, standard
petal base color, red pigmentation on standard petal
base vertex, number of calyx lobes, presence of
calyx bristles, standard petal height, and number
of flowers;

iv. Fruit pod characters (in cm): length and width of
fruit pod, pod beak, and pod reticulation;

V.  Seed characters (in cm): length and width of seed,
and seed color.

Principal component analysis (PCA) was used to
determine the distance between greenhouse and field
accessions and the distance between each accession in
greenhouse and field conditions. SAS software (Release
9.2, SAS Institute Inc., 2011, Cary, NC, USA) was used for
obtaining the PCA. The routine of SAS analysis were done
to transform quantitative and qualitative data automatically.

The differences in each descriptor between greenhouse
and field plants for each accession were compared using
the Student’s t test for quantitative descriptors and the
Fisher’s Exact test for qualitative and ordinal descriptors.
The correlations between descriptors were calculated using
the Pearson’s correlation coeflicient. Data were considered
significant at p < 0.05.

RESULTS AND DISCUSSION

Mean values for each descriptor in greenhouse and field
accessions are shown in Table 1.

No significant differences were found in descriptors
presence of trichomes on rachis and presence of calyx bristles
across accessions (Table 1). Thus, the two descriptors were
removed from the PCA because they provided no information
about the genetic distance of accessions. The morphological
descriptors that exhibited significant differences between
greenhouse and field accessions (height and diameter of main
stem [n], length and diameter of secondary branches [n + 1],
fruit pod length, fruit pod width, seed length, and seed width;
Table 1) are complex quantitative traits, which may explain
the difference in these traits between plants grown in
the greenhouse and the field. Few descriptors exhibited
significant differences between greenhouse and field
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accessions, except for length of secondary branches (n + 1),
length and width of right apical leaflet and number of
flowers, for which the data were significantly higher in field
accessions than in greenhouse accessions. This result was
expected. Peanut root systems have more space to grow in
the field, enabling them to produce larger branches, whereas
root growth is limited in greenhouse conditions, resulting

in shorter branches. The sun brightness is much higher in
field conditions than in greenhouse, which increases the
number of flowers observed and also the size of the leaflets
to enable photosynthesis in field conditions. The effect of
the environment is more pronounced in quantitative than
in qualitative traits. In fact, no significant differences in
more stable or high-variability traits such as flower color,

Table 1. Morphological descriptors of section Arachis accessions in greenhouse (pot) and field conditions.

Descriptor/ V13748 V13751 V13761 V14707 KG 30097
aEERsS Pot Field Field Field Pot Field Pot Field
A 129 75 6.3 11.3 9.0 9.8 5.6 125 18.8 8.3
B 0.4 0.6 0.4 0.4 0.5 0.6 0.3 10 0.5 15
C 0.2 0.4 0.2 0.3 0.2 0.2 0.2 0.4 0.2 0.8
D 40.0 90.0 65.0 142.0 55.0 163.0 45.0 164.0 70.0 146.0
E 5.2 23 5.3 19 5.7 1.6 3.8 21 6.0 14
F 3.0 1.8 25 13 2.6 12 25 15 3.0 0.9
G* 1 1 0 0 1 1 1 1 0 0
H* 0 0 0 0 0 0 0 0 0 0
I* 1 1 1 1 1 1 0 0 1 1
J* 1 1 1 1 1 1 1 1 1 1
K* 1 1 1 1 1 1 1 1 1 1
L 1 1 0 0 1 1 1 1 1 1
M* 0 0 0 0 1 1 0 0 0 0
N* 0 0 0 0 1 1 0 0 1 1
o 1 1 0 0 1 1 1 1 1 1
P* 0 0 0 0 1 1 0 0 0 0
Q* 0 0 0 0 1 1 0 0 0 0
R* 0 0 0 0 1 1 0 0 0 0
S* 0 0 0 0 1 1 0 0 1 1
T 12 12 13 12 15 12 1.2 14 1.3 11
U 0.6 0.7 0.6 0.7 0.7 0.7 0.5 0.8 0.6 0.7
Vv 11 0.9 13 10 14 10 13 10 1.2 0.9
W 0.5 0.5 0.8 0.5 0.6 0.5 0.5 0.6 0.6 0.6
X 3 3 5 5 5 5 3 3 5 5
Y 5 5 5 5 5 5 3 3 5 5
yA 3.0 3.0 40 40 5.0 5.0 3.5 35 45 45
AA* 1 1 1 1 1 1 1 1 1 1
AB* 0 0 0 0 0 0 0 0 0 0
AC 7 14 5 70 5 56 4 85 6 50
AD 5 5 b 5 4 4 4 4 b 5
AE** 3 3 3 3 3 3 1 1 3 3
AF** 3 3 3 3 3 3 3 3 1 1
AG*** 2 2 2 2 1 1 2 2 1 1
...continue
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anthocyanin pigmentation, and presence of hairs or bristles
were observed between greenhouse and field accessions.
It is very relevant to identify the descriptors that have
the same behavior in distinct environments because it is
possible to do new future bioassays in greenhouse and
expect that these descriptors would have the same behavior
in field conditions. It is known that the characterization

Table 1. Continuation...

in greenhouse conditions is easier than in field, and it is
necessary less space, personal and financial resources,
etc. So, for a screening, using just the main descriptors in
greenhouse conditions is best than using all accessions with
a large number of descriptors in field conditions.

The PCA plot for greenhouse and field accessions shows
that accessions clustered based on the place where they

Descriptor/ V 14728 V 14735 V 14739 V 14740 V14743 V 14753
accession  pgt Field Pot Field Pot Field Pot Field Pot Field Pot Field
8.0 145 14.8 12.8 9.5 14.3 15.6 203 5.3 6.5 15.3 30.8
B 0.4 0.5 0.4 0.5 0.4 1.0 0.4 0.9 0.3 1.0 0.4 1.0
c 0.2 0.2 0.2 0.3 0.2 0.5 0.2 0.4 0.2 0.3 0.2 0.3
D 95.0 158.0 75.0 135.0 80.0 160.0 30.0 134.0 25.0 151.0 55.0 188.0
E 4.6 28 5.0 20 4.0 14 40 26 47 17 5.5 1.8
F 2.6 2.0 25 1.6 25 13 20 11 25 1.2 27 12
G* 1 1 1 1 1 1 1 1 1 1 1 1
H* 0 0 0 0 0 0 0 0 0 0 0 0
I 0 0 1 1 1 1 1 1 1 1 1 1
J* 1 1 1 1 1 1 1 1 1 1 1 1
K* 1 1 1 1 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1 1 1 1 1
M 1 1 0 0 0 0 1 1 1 1 1 1
N* 1 1 1 1 1 1 1 1 1 1 1 1
o* 0 0 1 1 0 0 1 1 0 0 1 1
p* 1 1 1 1 1 1 1 1 1 1 1 1
Q* 1 1 1 1 1 1 1 1 1 1 1 1
R* 0 0 0 0 0 0 0 0 0 0 0 0
S* 1 1 0 0 1 1 1 1 1 1 1 1
T 12 13 17 1.2 15 15 13 13 14 12 14 14
u 0.6 0.8 0.8 0.7 0.7 0.8 0.6 0.8 0.6 0.7 0.7 0.8
Vv 13 1.0 14 11 13 10 12 1.0 13 1.0 13 11
W 0.6 0.6 0.7 0.5 0.6 0.6 0.6 0.7 0.6 0.6 0.6 0.5
X 3 3 5 5 5 5 b 5 3 3 5 5
Y 3 3 3 3 5 5 5 5 3 3 3 3
z 25 25 25 25 25 25 25 25 33 35 35 35
AA* 1 1 1 1 1 1 1 1 1 1
AB* 0 0 0 0 0 0 0 0 0 0 0 0
AC 6 6 6 6 8 100 8 21 10 15 6 50
AD 4 4 4 4 4 4 5 5 4 4 5 5
AE** 3 3 1 1 3 3 3 3 3 3 1 1
AF** 3 3 3 3 3 3 3 3 3 3 3 3
AG*** 1 1 2 2 2 2 2 2 1 1 2 2
..continue
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were grown: greenhouse accessions were grouped on the
right side of the plot and field accessions were clustered
on the left side of the plot (Figure 1). This observation
may be explained because the most important descriptors
were those that have quantitative behavior. The cumulative
sum of the eigenvalues for the two principal components
(PC) was 98.9%.

Table 1. Continuation...

The dispersion of data in Figure 1 can be explained by the
fact that the two descriptors that accounted for most of
the total variance were length of the secondary branches (n + 1)
and number of flowers, which exhibited highly significant
differences between greenhouse and field accessions. Principal
component analysis showed that 10 morphological descriptors
were important in explaining the distribution of accessions (in

Descriptor/ V 14767 V 14165 V10229 V13760 K 9484 mut
aEERsS Pot Field Pot Field Field Field Pot Field
9.8 11.3 11.6 5.9 71 8.8 7.8 10.5 313 16.3
B 0.5 0.6 0.3 0.4 0.3 0.4 0.2 13 0.4 10
C 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.5 0.3 0.4
D 70.0 142.0 80.0 100.0 20.0 127.0 75.0 144.0 28.0 128.0
E 6.7 20 3.0 1.8 4.3 19 3.0 2.7 4.0 24
F 37 15 17 1.2 1.8 1.2 24 18 37 21
G* 1 1 0 0 0 0 0 0 1 1
H* 0 0 0 0 0 0 1 1 0 0
I* 1 1 1 1 1 1 1 1 1 1
J* 1 1 1 1 1 1 1 1 1 1
K* 1 1 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1 1 1
M* 0 0 0 0 0 0 1 1 1 1
N* 1 1 1 1 0 0 1 1 1 1
o 0 0 1 1 1 1 1 1 0 0
P* 0 0 0 0 0 0 1 1 1 1
Q* 1 1 1 1 1 1 1 1 1 1
R* 0 0 0 0 0 0 1 1 1 1
S* 1 1 0 0 0 0 1 1 1 1
T 14 13 1.6 1'5 2.0 19 14 15 17 15
U 0.7 0.8 0.7 0.9 0.6 0.8 0.2 09 0.6 0.7
vV 14 11 13 1.2 17 1.6 1.2 12 13 1.4
W 0.6 0.5 0.7 0.6 0.6 0.5 0.8 0.6 0.7 0.6
X 5 5 5 5 1 1 3 3 1 1
Y 3 3 3 3 1 1 3 3 1 1
yA 45 45 3.0 3.0 2.0 2.0 2.5 25 2.0 2.0
AA* 1 1 1 1 1 1 1 1 1 1
AB* 0 0 0 0 0 0 0 0 1 1
AC 4 15 6 15 10 20 8 20 5 10
AD 5 5 4 4 4 4 5 5 5 5
AE** 3 3 3 3 3 3 3 3 1 1
AF** 3 3 1 1 1 1 1 1 1 1
AG*** 2 2 2 2 1 1 1 1 2 2
...continue
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order of importance): length (n + 1), number of flowers, height
of main stem (n), right apical leaflet length, right apical leaflet
width, diameter (n), seed length, anthocyanin pigmentation of
branches, bristles on rachis, and standard petal base color. In fact,
several studies have shown that characters such as branch length,
leaflet length, and leaflet width are important in discriminating

Table 1. Continuation...

accessions of Arachis species (Veiga et al. 2001; Castro et al. 2007;
Favero et al. 2015a, Favero et al. 2015b). For instance, Costa
(2012)* examined six floral structures in several wild Arachis
species, all of which were also evaluated in this study except for
A. villosa and A. ipaénsis, and found significant differences in
all floral structures for all species.

Descriptor/ K 9484 V12812 Wi 1302-2 Wi 1302-3 Wi 1291
accession Pot Field Pot Field Pot Field Pot Field Pot Field
A 225 15.3 73 5.8 8.3 17.0 8.9 14.0 29.8 20.5 133 12.3
B 0.4 0.5 0.2 0.5 0.4 0.6 0.4 13 0.4 0.6 0.6 0.5
C 0.3 0.3 01 0.2 0.2 0.2 0.2 0.4 0.2 0.3 0.2 0.3
D 45.0 200.0 70 121.0 20.0 200.0 50.0 164.0 75.0 250.0 40.0 88.0
E 5.0 25 4.3 1.5 5.0 2.0 5.5 1.8 6.0 2.8 5.0 3.0
F 3.8 21 19 1.0 21 13 25 1.2 4.0 14 17 1.6
G* 1 1 1 1 1 1 1 1 1 1 0 0
H* 0 0 0 0 0 0 0 0 0 0 0 0
I* 1 1 1 1 1 1 1 1 1 1 0 0
J* 1 1 1 1 1 1 1 1 0 0 0 0
K* 1 1 1 1 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1 1 1 1 1
Mm* 1 1 0 0 1 1 1 1 0 0 0 0
N* 1 1 1 1 1 1 1 1 1 1 1 1
o* 0 0 1 1 1 1 1 1 1 1 1 1
P* 1 1 0 0 1 1 1 1 1 1 0 0
Q* 1 1 1 1 1 1 1 1 1 1 1 1
R* 1 1 0 0 1 1 1 1 0 0 0 0
S* 1 1 0 0 1 1 1 1 1 1 0 0
T 14 1.4 1.6 14 15 12 13 13 15 11 13 13
u 0.6 0.7 0.6 0.7 0.7 0.7 0.6 0.7 0.8 0.8 0.6 0.7
V 13 11 14 11 14 11 1.2 11 1.6 10 13 1.2
W 0.6 0.6 0.7 0.6 0.6 0.6 0.5 0.6 0.8 0.7 0.6 0.6
X 1 1 3 3 3 3 1 1 3
Y 1 1 1 1 1 1 3 3 3 3
z 20 20 15 15 20 20 20 20 20 20 45 45
AA* 1 1 1 1 1 1 1 1 1 1 1 1
AB* 1 1 0 0 1 1 1 1 1 1 0 0
AC 6 18 7 30 8 18 5 10 7 10 6 5
AD 4 4 5 5 5 5 5 5 4 4 4 4
AE** 3 3 1 1 1 1 1 1 3 3 3 3
AF** 1 1 1 1 3 3 3 3 3 3 3 3
AG*** 1 1 1 1 2 2 2 2 2 2 2 2
...continue

“Costa, L.C. (2012). Biologia floral de espécies do género Arachis L. (Fabaceae-Papilonoideae), com énfase em aspectos da morfologia floral e na anatomia de

ovarios. [Tese]. Brasilia: Universidade de Brasilia.
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In Figure 1, A. magna accessions were scattered across
the plot within each group (greenhouse and field accessions),
showing high variability of morphological characters within the
species, whereas accessions of other species such A. hoehnei and
A. valida were closer in the plot. The single A. villosa accession
examined was situated close to the A. stenosperma accession.
This result was expected because both species have A genome

Table 1. Continuation...

(Fernandez and Krapovickas, 1994). Similarly, A. ipaénsis was
close to A. valida. This result supports molecular marker studies
that show that A. valida is close to A. ipaénsis and has B genome
(Robledo and Seijo, 2010; Custodio et al. 2013).

The Pearson’s correlation coefficients for all descriptors
are shown in Table 2. The most interesting positive
correlations with high correlation coefficients (r}7 > 0.6)

Descriptor/ V13514 V13516
accession Field Field
A 8.5 9.3 5.9 17.3 4.6 73 5.9 16.5
B 0.3 13 0.3 12 0.2 0.8 0.2 0.7
C 0.2 0.4 0.2 0.7 0.2 0.4 0.2 0.3
D 55.0 76.0 25.0 88.0 10.0 126.0 6.0 110.0
E 4.0 33 30 20 3.6 2.2 5.0 23
F 15 18 1.8 15 18 13 20 1.0
G* 0 0 1 1 1 1 1 1
H* 0 0 0 0 1 1 1 1
I 1 1 0 0 0 0 0 0
J* 1 1 0 0 0 0 1 1
K* 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1
M* 0 0 1 1 1 1 1 1
N* 1 1 1 1 1 1 1 1
o~ 0 0 0 0 1 1 1 1
P* 0 0 0 0 1 1 1 1
Q* 1 1 1 1 1 1 1 1
R* 0 0 0 0 1 1 0 0
S* 0 0 1 1 1 1 1 1
T 17 15 13 13 12 13 11 11
V] 0.8 0.9 0.7 0.8 0.6 0.7 0.6 0.7
v 14 13 12 11 12 11 14 0.9
W 0.7 0.6 0.6 0.6 0.5 0.5 0.6 0.5
X 5 5 5 5 3 3 3 3
Y 5 5 5 5 3 3 3 3
z 3.0 3.0 45 45 20 2.0 3.0 3.0
AA* 1 1 1 1 1 1
AB* 0 0 0 0 0 0 0 0
AC 7 10 5 5 6 30 5 30
AD 4 4 4 4 5 5 5 5
AE** 3 3 3 3 3 3 3 3
AF** 3 3 3 3 1 1 1 1
AG*** 1 1 1 1 2 2 1 1
...continue

90
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Table 1. Continuation...

Descriptor/ V13985 KG 30076
accession Por Field i Por Field
A 9.0 17.3 75 9.0 3.8 13.0 4.6 16.8
B 0.3 0.6 0.2 0.3 0.3 0.4 0.2 0.4
C 0.2 0.4 0.2 0.2 0.2 0.3 0.2 0.3
D 20.0 140.0 25.0 140.0 40.0 145.0 12.0 70.0
E 45 24 3.6 17 4.2 25 25 22
F 15 1.2 15 10 21 15 19 15
G* 1 1 1 1 1 1 0 0
H* 1 1 1 1 1 1 0
I* 0 0 0 0 0 1 0 1
J* 0 0 1 1 1 1 1 1
K* 1 1 1 1 1 1 1 1
L 1 1 1 1 1 1 1 1
M 1 1 1 1 0 0 0 0
N* 1 1 1 1 1 1 0 0
o* 1 1 0 0 1 1 0 0
P* 1 1 1 1 1 1 0 0
Q* 1 1 1 1 1 1 1 1
R* 0 0 0 0 0 0 0 0
S* 1 1 0 0 1 1 0 0
T 1.0 12 14 1.4 15 1.4 12 14
u 0.6 0.7 0.5 0.7 0.6 0.7 0.6 0.8
Vv 12 11 12 12 13 11 11 11
W 0.6 0.5 0.5 0.6 0.6 0.6 0.5 0.7
X 3 3 3 3 1 1 5 5
Y 3 3 3 3 3 3 5 5
z 3.0 3.0 40 40 2.0 2.0 15 15
AA* 1 1 1 1 1 1 1 1
AB* 0 0 0 0 0 0 0 0
AC 9 35 12 24 6 18 3 18
AD 5 5 4 4 5 5 5 5
AE** 3 3 3 3 3 3 3 3
AF** 1 1 1 1 1 1 3 3
AG*** 2 2 2 2 1 1 1 1

Values in bold are significant at p < 0.05 (Student’s t test or Fisher’s Exact test). 0 = Absent; 1 = Present; Pod reticulation: 1 = None, 3 = Moderate,
5 = Prominent; Pod beak: 1 = Slight, 3 = Moderate, 5 = Proeminent; **: 1 = yellowish, 3 = Orange, 5 = Reddish; ***: 1 = United, 2 = Free; A = Height of
main stem (n) (cm); B = Diameter of main stem (n) (cm); C = Diameter of secondary branch (n + 1) (cm); D = Length of secondary branch (n + 1) (cm);
E =Right apical leaflet length (cm); F = Right apical leaflet width (cm); G = Presence of trichomes on adaxial leaflet surface; H = Presence of trichomes
on abaxial leaflet surface; | = Anthocyanin pigmentation of branches; J = Anthocyanin pigmentation of pegs; K = Presence of trichomes on rachis;
L = Presence of trichomes on petiole; M = Presence of trichomes on free part of stipule; N = Presence of trichomes on stipule base; O = Bristles on
leaflet margins; P = Bristles on rachis; Q = Bristles on petiole; R = Bristles on free part of stipule; S = Bristles on stipule base; T = Fruit pod length
(cm); U = Fruit pod width (cm); V = Seed length (cm); W = Seed width (cm); X = Pod reticulation; Y = Pod beak; Z = Standard petal height (cm); AA =
Calyx bristles; AB = Red pigmentation on standard petal base vertex; AC = Number of flowers; AD = Number of calyx lobes; AE = Standard petal color;
AF = Standard petal base color; AG = Calyx lobes.
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Figure 1. Principal component analysis of PC1 x PC2. 2D plot showing the distribution of greenhouse (accessions followed by the letter v)

and field (accessions followed by the letter c) accessions.

include those between: right apical leaflet length and right
apical leaflet width; diameter of main stem and diameter
of secondary branch (n + 1); presence of trichomes on
adnate part of stipule and bristles on adnate part of stipule;
presence of trichomes on stipule base and bristles on
stipule base; bristles on rachis and bristles on the adnate
part of stipule; fruit pod length and seed length; and pod
reticulation and pod beak.

There was a slight tendency of more intense
pigmentation of branches in greenhouse accessions
than in field accessions, but the differences were not
significant (p = ns, all).

Figure 2 shows the principal component analysis for
field (Figure 2a) and greenhouse (Figure 2b) accessions.
There was a tendency for the clustering of accessions of the
same species. The following descriptors were important
in discriminating greenhouse accessions (in order of
importance): length (n + 1), height of main stem, seed
width, pod beak, right apical leaflet width, right apical
leaflet length, number of flowers, standard petal base color,
standard petal height, and anthocyanin pigmentation of
branches. The cumulative sum of the eigenvalues for the two
principal components was 98.1%. The following descriptors
were important in discriminating field accessions (in order
of importance): length (n + 1), number of flowers, height of
main stem, pod beak, seed width, bristles on rachis, bristles
on stipule base, standard petal color, reddish pigmentation
on standard petal base vertex, and hairiness of abaxial
leaflet surface. The cumulative sum of the eigenvalues
for the two principal components was 98.5%. Thus, six
out of 10 descriptors were important in discriminating

greenhouse and field accessions: length (n + 1), number
of flowers, height of main stem, pod beak, seed width, and
standard petal color.

Closely related species such as A. valida and A. magna
were also close when greenhouse and field accessions were
analyzed separately (Figure 2a,b). Similarly, A genome
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Figure 2. PCA of Arachis accessions using 31 morphological
descriptors. (a) Field accessions; (b) greenhouse accessions.
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species such as A. schininii, A. stenosperma, and A. hoehnei
were also close. Moreover, accessions of the same species
clustered more closely in field conditions (Figure 2a) than
in greenhouse conditions (Figure 2b).

CONCLUSION

The majority of the descriptors had the same behavior in
distinct environments. So, it will be possible to do new future
bioassays in greenhouse and expect that these descriptors
would have the same behavior in field conditions. Significant
differences are detected between data collected in the
greenhouse and the field in quantitative descriptors. Thus,
in these cases, morphological and agronomic descriptors
should be used specifically in the conditions for which they
were developed. In this study, regardless of environment
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