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Abstract Peanut improvement is limited by a nar-
row genetic base. However, this obstacle can be
circumvented by incorporating phenotypic variability
from wild, diploid Arachis species through interspeci-
fic hybridizations. In this study, four allotetraploid
interspecific hybrids IpaCor™ (A. ipaensis x A. cor-
rentina), IpaDur4x (A. ipaensis X A. duranensis),
IpaSten4X (A. ipaensis x A. stenosperma), and
ValSten™ (A. valida x A. stenosperma) were created
and morphologically characterized through the
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following parameters: flower count, flower size,
flower banner pigmentation, leaf area and weight, leaf
hairiness, main stem height, internode length, percent
of reproductive nodes, biomass, 100 pod weight, and
100 seed weight. For every trait, except for flower
banner absorption at 380 nm, at least one or more
allotetraploids differed from the cultivated peanut
control. In general, these allotetraploids had a greater
production of flowers during the growing season,
larger flowers, larger and hairier leaves, taller main
stems, longer primary laterals, longer internodes,
lower percentage of reproductive nodes, heavier plant
body masses, and smaller seeds and pods. This
phenotypic diversity can be utilized directly in orna-
mental and forage breeding, while for oil and food
crop breeding, this diversity will likely need to be
selected against while desirable traits such as disease
and insect resistance and abiotic stress tolerances
derived from the wild diploid species are maintained.

Keywords Plant characterization - Phenotypic
diversity - Introgression - Peanut breeding

Introduction
Peanut (Arachis hypogaea L.) is an allotetraploid

species (AABB; 2n = 4x = 40), and evidence suggests
that it arose from a natural polyploidization of the
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diploid hybrid between A. ipaensis Krapov. and W.C.
Gregory (BB; 2n =2x=20) and A. duranensis
Krapov. and W.C. Gregory (AA; 2n = 2x = 20)
(Bertioli et al. 2016). The difference in ploidy levels
between cultivated peanut and its wild relatives
resulted in a crossing barrier (Simpson 2001) and
constricted genetic diversity in peanut. Subsequently,
peanut cultivar improvement is limited by the narrow
genetic base of this species (Holbrook et al. 2014).
However, there are more than 80 wild Arachis species
with a wide range of genotypic and phenotypic
variability that can be used to expand peanut’s genetic
base (Stalker et al. 2016). The predominate use of
Arachis species in peanut breeding programs has been
for introgression of insect and disease resistances into
cultivated peanut (Stalker et al. 2016); however, these
materials could offer desirable phenotypic traits in
addition to biotic and abiotic stress resistances and
tolerances.

Due to peanut being an allotetraploid and most wild
Arachis species being diploid, an efficient way to
introgress genetic variability from wild Arachis
species into cultivated peanut is to produce allote-
traploid interspecific hybrids that are cross-compatible
to peanut. This method has been used extensively in
Brassica and is increasingly being used in peanut
(Rahman 2013; Zhan et al. 2017; Leal-Bertioli et al.
2018; Ballén-Taborda et al. 2019). In addition to
making the variability of the diploid Arachis species
available for introgression into peanut, allotetraploids
made from wild Arachis species can have additional
phenotypic variability in plant morphology, physiol-
ogy, anatomy and biochemistry, resulting from their
new combination of genomes as well as from their
increased ploidy level (Leal-Bertioli et al. 2017). For
example, heterozygosity, subgenome interactions, and
the gigas effect in allotetraploids have been shown to
result in beneficial traits such as increased plant vigor
and chlorophyll content, among other traits that peanut
breeders could exploit in their breeding programs
(Ramsey and Ramsey 2014; Leal-Bertioli et al. 2017).

Our peanut pre-breeding program seeks to produce
neotetraploids from a selected set of diploid species as
a genetic resource to enlarge the genetic variability of
cultivated peanut. The selection of diploids was
mainly based on their strong, diverse resistances to
many insect and disease pests. Specifically, we chose
A. correntina (Burkart) Krapov. and W.C. Gregory (PI
262808, GKP 9530), A. duranensis Krapov. and W.C.
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Gregory (PI 468197, GKBSPSc 30060), A. ipaensis
Krapov. and W.C. Gregory (PI 468322, GKBSPSc
30076), A. stenosperma Krapov. and W.C. Gregory
(PI1666100, V10309), and A. valida Krapov. and W.C.
Gregory (PI 468154, GK 30011), which have been
reported to be resistant to aflatoxin, early leaf spot, late
leaf spot, peanut rust, cylindrocladium black rot,
groundnut rosette virus, tomato spotted wilt virus,
peanut stunt virus, peanut mottle virus, nematodes,
and numerous insect pests (Stalker 2017).

Efficient use of novel germplasm is dependent on
the knowledge of the genetic and phenotypic diversity
present in the materials. Germplasm characterization
of agronomic traits is especially useful for germplasm
intended to be used for crop improvement. However,
there is a gap between the realized agronomic
germplasm characterization and the needed level of
characterization to identify and employ novel pheno-
typic variation in germplasm enhancement (Ferreira
2006). Therefore, when depositing the neotetraploids
into a germplasm bank, it is important to provide a
description of their morphological and reproductive
characteristics and to inform breeders of the range of
diversity presented in these materials. The goal of this
study was to characterize morphological and repro-
ductive traits of these nascent allotetraploids to
promote efficient utilization of these materials in
breeding programs after their release. This was done
by building a catalog of descriptors, including flower
count, flower size, flower banner pigmentation, leaf
area and weight, leaf hairiness, main stem height,
internode length, percentage of reproductive nodes,
biomass, 100 pod weight, and 100 seed weight, of
these materials.

Materials and methods
Plant materials

Three A genome diploid species, A. correntina
(Burkart) Krapov. and W.C. Gregory (PI 262808,
GKP 9530), A. duranensis Krapov. and W.C. Gregory
(PI 468197, GKBSPSc 30060), and A. stenosperma
Krapov. and W.C. Gregory (PI 666100, V10309), and
one B genome species, A. ipaensis Krapov. and W.C.
Gregory (P1468322, GKBSPSc 300076) were crossed
following the BB x AA crossing regime to create the
diploid hybrids at North Carolina State University
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(Raleigh, NC). The A genome diploid species A.
stenosperma Krapov. and W.C. Gregory (PI 666100,
V10309) and the B genome diploid species A. valida
Krapov. and W.C. Gregory (PI 468154, GK 30011)
were crossed to create the diploid hybrids at the
University of Georgia (Athens, GA). Four allote-
traploids, IpaCor™, IpaDur®, IpaSten™, and
ValSten™, were created from the diploid hybrids by
colchicine treatment at the University of Georgia
Tifton Campus. The cultivated peanut check for these
experiments was A. hypogaea ‘13-2113’ [a selected
runner-type breeding line from (C1805-617-
2 x ‘Florida-07’) x ‘Georgia-06G’]. C1805-617-2
is a selection from ‘Tifguard’ x ‘Florida-07’.

S, seeds from the four allotetraploids and seeds
from 13-2113 were coated in Vitavax PC (Vitavax,
Crompton, Middlebury, CT) and treated overnight in
0.5% Florel Growth Regulator (Lawn and Garden
Products Inc., Fresno, CA) to break dormancy on April
5th for the allotetraploids and April 26th, 2018, for
13-2113, respectively. The day after dormancy treat-
ment, the seeds were planted in Jiffy pots filled with
Promix growth medium (Premier Tech Horticulture,
Quakertown, PA). On May 14th, the seedlings were
transplanted to the center of the 1.82 m wide beds with
1 m distance between two neighboring plants and 4 m
distance between plants in neighboring rows. The field
was planted in a randomized complete block design
with seven blocks, each containing one 13-2113, three
IpaCor™, three IpaDur®™, one IpaSten®™, and two
ValSten™ plants. Different numbers of plants per
genotype were sown due to variation in seed avail-
ability. The field was treated with Provost fungicide
spray four times each 2 weeks apart starting on June
12th. The allotetraploids grew large and started to
intertwine against each other one month after trans-
planting. Since flower counts from individual plants
would be inaccurate if the neighboring plants grew
into each other, 30.8 cm tall Choppers garden edging
(Emsco Group, Girard, PA) were installed to create a
circle with a diameter of 1 m of edging around each
plant to separate them. The garden hedges were
installed in a circle with a radius of 0.5 m around each
plant.

Characterization
Flower count

Numbers of flowers were counted from 50 to 108 days
after transplanting between 8:30 and 11:00 am. Data
collection was performed twice a week.

Flower size

Between 35 and 39 days after transplanting, four
flowers were collected from each plant in 15 ml falcon
tubes (Corning CoStar, Corning, NY) containing a
moist Kimwipe (Kimerly-Clark, Neenah, WI) to keep
flowers from wilting during collection. Two flowers
were taken from the primary lateral (n + 1)
branch(es) and two from the secondary lateral
(n + 2) branch(es). Flowers were dissected and
scanned; measurements on hypanthium area (cm?);
banner area (cmz); banner height (cm), banner width
(cm), and left wing area (sz) were taken with
ASSESS 2.0 software (APS Press).

Flower banner pigmentation

The flower banners dissected from the four flowers per
plant previously used for flower size measurements
were used to measure banner pigmentation. The
banners were first weighed before they were put into
2 ml tubes (Phenix Research, Swedesboro, NJ) with 4,
3.2 mm diameter, beads (BioSpec, Bartlesville, OK).
The tubes were then submerged in liquid nitrogen and
vortexed until the banner was a fine powder. The
volume of 100% ethanol added to the pulverized
banner was 10 times banner weight. The tubes where
vortexed for about 3 s and then spun down at 3000 rpm
for 5 min. 200 ul of the supernatant was loaded into a
spectrometry plate for reading, with 100% ethanol
blanks as controls. Readings were normalized to the
100% ethanol, and only readings at wavelengths of
380, 415, 450, 473 and 495 nm were above the blank
ethanol.

Leaf area and weight
At 101 and 102 days after transplanting, the first four
newly emerged and fully expanded leaves on the main

stem were collected from each plant and scanned for
leaf area measurement using the ASSESS 2.0 software
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(APS Press). Leaf area was expressed as cm?. Fresh
weights of the collected leaves were taken immedi-
ately after collection. The leaves were dried for 48 h at
30 °C and then dry weights were taken.

Leaf hairs

Between 114 and 119 days after transplanting, the
most distal fully expanded leaflet was collected from
two n + 1 branches from each plant. The number of
leaf hairs at the edge of the mature peanut leaflet
within 1000 pm was counted under the microscope.

Main stem height

Main stem height of plants was measured with a meter
stick 91 days after transplanting when flowering in all
genotypes plateaued.

Internode length and differentiation of nodes

The length of n + 1 branches was measured with
meter sticks upon harvest, 120 days after transplant-
ing. The total number of nodes on each branch was
counted. The internode length was derived by dividing
the branch length by the number of nodes.

The differentiation of reproductive and vegetative
nodes was documented on the main stem and primary
laterals. The presence or absence of flower buds and/or
pegs was used to determine whether the node was
reproductive or vegetative, respectively.

Plant biomass

After removing the pods, the above ground tissue of
each plant was dried in the greenhouse (25-32 °C) for
7 days. Weight of dried tissue was taken.

Pod and seed traits

After harvest, pods were examined for the presence or
absence of a beak, and 100 pod weight was measured.
The pods were shelled, and 100 seed weight was taken.
For lines that yielded less than 100 pods and/or seeds,
100 pod and seed weight were extrapolated by
dividing the measured weight by the number of
pods/seeds and multiplying by 100. For 13-2113, the
seeds were bulked from the plants before 100 seed and
100 pod weight were taken; therefore, this genotype
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was excluded from the statistical analysis for these
traits. However, the bulked 100 pod weight and 100
seed weight were plotted to give a reference point for
the allotetraploids.

Statistical analysis

The flower count was analyzed using a standard two-
way analysis of variance (ANOVA) with repeated
measures. Genotype and days after transplanting were
fixed effects, and block was a random effect.
GLIMMIX procedure in SAS 9.4 (SAS Institute)
was used to test the fixed effects. The residual-
normality assumption was evaluated based on residual
Q-Q plot, and the plot implied that the flower number
was approximately normally distributed. Compound
symmetry (CS) covariance structure was chosen to
describe the correlation of flower counts between
repeated measurements. One-way ANOVA was per-
formed to determine the genotype effect on plant
reproductive and morphological characteristics
assessed using the following parameters: flower size,
flower banner pigmentation, leaf area and weight, leaf
hairiness, main stem height, internode length, per-
centage of reproductive nodes, biomass, 100 pod
weight, and 100 seed weight. The IpaCor*, IpaDur™,
and ValSten™ replications in each block were aver-
aged so that each allotetraploid had one data point per
block and were equally represented in the statistical
analysis. Means of each parameter among the treat-
ments were separated based on the Tukey’s Test
(o0 = 0.05) results.

Results
Flower count, size, and banner pigmentation

Genotype, days after transplanting, and genotype by
days after transplanting interactions were all signifi-
cant indicators of flower count (Table 1). IpaCor*™
had the greatest flower counts from 50 to 108 days
after transplanting (Fig. 1), with an average count of
47.45 flowers per day (Table 2). While IpaSten™ and
ValSten*™ had fewer flowers than IpaCor“; their
flower counts were stable throughout the data collec-
tion period with average flower counts of 14.54 and
35.57 per day, respectively (Table 2). IpaDur** had a
flowering trend similar to 13-2113, in which both had
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obvious decreasing counts beginning 78 days after
transplanting, although this trend was even more
prominent in 13-2113. IpaDur** had an average flower
count of 23.86 per day (Table 2). Overall, 13-2113 had
the lowest average flower count at 11.50 flowers per
day (Table 2).

Significant genotypic effects on hypanthium area,
banner area, banner width, banner height, and left-
wing area were found (Table 3). All the allote-
traploids, except for IpaDur*™, had significantly
greater hypanthium area as compared to the cultivated
control (Fig. 2a). IpaCor™ had the largest hypanthium
area, in which the average area was more than three
times that of the cultivated line. The trend in banner
area and wing area were similar (Fig. 2b, ¢). IpaCor™
and ValSten™ had significantly larger banner and wing
area than the cultivated control, while IpaSten4x was
not statistically different from the cultivated control
and IpaDur™ was even smaller than the cultivated
control. All the genotypes had yellow wings, but only
IpaSten™ and ValSten®™ had completely yellow ban-
ners, with thin red stripes originating from where the
hypanthium and banner connect and spread outwards
(Fig. 2d). 13-2113, IpaCor™, and IpaDur* had ban-
ners with a yellow center and orange edge, though the
intensity of the orange differed with IpaDur** having a
soft orange banner edge color, IpaCor* a dark orange
banner edge, and 13-2113 falling in between the soft
orange of IpaDur* and the dark orange of IpaCor*
(Fig. 2d).

Significant genotypic effects on banner pigment at
the following wavelengths were found: 380, 415, 450,
473, and 495 nm (Table 3). Although the banner
pigment at 380 (ultraviolet-A) nm was above the
100% ethanol background, a significant genotypic
effect on its absorbance was not detected. IpaSten™
and ValSten™, the two genotypes with yellow flowers
(Fig. 2d), had the same level of absorbance at all the
wavelengths (Fig. 3). At 415 nm (violet), the

absorbance of all the genotypes was the same, except
for IpaCor®™, which had a lower absorbance than
13-2113, IpaDur*, and IpaSten**. The absorbance at
both 450 nm (blue) and 473 nm (cyan) followed the
same trend, in which only IpaCor™ and ValSten™ had
significantly lower absorbance than 13-2113. Absor-
bance at 495 nm (cyan/green) was much lower for all
the genotypes as compared to the other wavelengths,
and only IpaSten™ and ValSten** had significantly
lower levels of absorbance than 13-2113.

Leaf area, weight, and hairiness

Significant genotypic effects on leaf area, fresh leaf
weight, dry leaf weight, and leaf hairs were found
(Table 3). All the allotetraploids had significantly
larger and heavier leaves than the cultivated control as
measured by leaf area and leaf weight (fresh and dry)
(Fig. 4a—c). In addition, the range of leaf weight was
much greater for all the allotetraploids as compared to
the cultivated controls. All the allotetraploids had
significantly greater numbers of hairs than 13-2113
(Fig. 4d, e).

Plant size

Significant genotypic effects on main stem height,
main stem percentage of reproductive nodes, primary
lateral length, internode length, primary lateral per-
centage of reproductive nodes, and plant biomass were
found (Table 3). 13-2113 and IpaSten4x had the
shortest main stem with an average height of 13.8
and 15.2 cm, respectively (Fig. 5a). ValSten™ and
IpaCor*™ had longer mainstems with an average of
22.0 and 27.1 cm, respectively. However, IpaDur4"
had the longest mainstem height by far with an average
of 65.6 cm, which was 4.75 times greater than
13-2113. Only IpaCor* and IpaDur** had reproduc-
tive nodes on their main stems, and IpaCor™ had the

Table 1 Type III tests of fixed effects of genotype, days after transplanting and genotype by days after transplanting interaction on

flower count

Effect F or X? value Df(n), df(d) P value

Genotype 21.17 4,23 < 0.0001***
Days after transplanting 29.80 17, 493 < 0.0001***
Genotype x days after transplanting 7.98 68, 493 < 0.00071%**

*P<0.05,%*P<0.01,***P<0.001
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Fig. 1 Graph of number of flowers for each genotype over the course of 8 weeks, from 52 to 108 days after transplanting

Table 2 Tukey—Kramer grouping for genotype least squares
means (alpha = 0.05) on flower count mean separation across
all days after transplanting

Genotype Estimated mean Tukey—Kramer grouping
13-2113 11.50 C

IpaCor™ 47.45 A

IpaDur®™ 23.87 BC

IpaSten™ 14.54 C

ValSten™ 30.59 A

highest percentage of reproductive nodes at 4.82%
while IpaDur™ had a percentage of 0.87% (Fig. 5b).
Primary lateral length did not follow the same trend as
mainstem height, except that 13-2113 had the shortest
primary lateral length at 41 cm (Fig. 5c). All the
allotetraploids had much longer primary laterals than
13-2113. IpaSten™, with the shortest primary lateral
length of the allotetraploids, still had a length 3 times
longer than 13-2113. Meanwhile, ValSten‘b‘, with the
longest primary lateral length of the allotetraploids,
was 4.5 times longer than 13-2113. For internode
length, 13-2113 was again classified as having the
shortest of the five genotypes with an average
internode length of 1.9 cm (Fig. 5d). All the
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allotetraploids had internode lengths at least 2 times
greater than 13-2113. IpaDur™ and IpaSten™ had
greater internode lengths than IpaCor®, while
ValSten®™ had the longest internode length overall.
For primary lateral percentage of reproductive nodes,
13-2113 had the highest average at 43.2% (Fig. Se).
This percentage was about 3 times greater than the
lowest percentage, which was IpaSten** at 15.6%, and
about 1.5 times greater than the next highest percent-
age, which was ValSten™ at 29.2%. Lastly, 13-2113
and IpaSten™ had the lowest plant body mass at 90.3
and 144.7 g, respectively (Fig. 5f). IpaDur®™ and
IpaCor™ had plant biomass 2 times greater than
13-2113, while ValSten™ was 3 times greater than
13-2113.

100 Pod and seed weight

Significant genotypic effects on allotetraploid 100 pod
and seed weights were not found (Table 3). All the
allotetraploids had low 100 pod weights ranging from
the lowest at 21.2 g for IpaCor™ to the highest at 25.4
g for ValSten™ (Fig. 6a, c). These weights were only
24-29% of the weight (86.9g) for 13-2113. Similarly,
all the allotetraploids had low 100 seed weight ranging
from the lowest at 14.4 g for IpaSten™ to the highest at
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Ta'?le 3 ANOVA output Parameter F or X? value Df(n), df(d) P value

testing the genotype effects

on plant reproductive and Hypanthium area 57.11 4,28 < 0.0001 %

morphological Banner area 47.15 4,28 < 0.0001 %

characteristics assessed

using the following Banner width 55.53 4,28 < 0.0007***

parameters: flower size, Banner height 43.77 4,28 < 0.00071 #**

flower banner pigmentation, Left wing area 49.85 4,28 < 0.0001***

leaf area and weight, leaf . L 94 42

hairiness, main stem height, Banner pigmentation: 380 nm 40 , 29 0.073

internode length, percentage Banner pigmentation: 415 nm 5.15 4,29 0.0029**

of reproductive nodes, Banner pigmentation: 450 nm 4.19 4, 29 0.0035%%*

biomass, 100 pod weight, . . .
B 4 4.1 4,2 . ok

and 100 seed weight anner pfgmentatfon 73 nm 9 , 29 0.0085
Banner pigmentation: 495 nm 16.11 4,29 < 0.0001%**
Leaf area 10.12 4,25 < 0.0007***
Leaf weight (fresh) 12.73 4,25 < 0.0001***
Leaf weight (dry) 8.34 4,25 0.0003#***
Leaf hair 9.47 4,29 < 0.00071 #**
Main stem height 211.33 4,25 < 0.0001]
Primary lateral length 26.71 4,29 < 0.0001***
Internode length 35.25 4,29 < 0.0007 ***
Percent reproductive nodes (n) 4.16 4,29 0.0088%**

#P < (.05, **P < 0.01, Percent reproductive nodes (n + 1) 21.39 4,29 < 0.0001%**

**kP < 0.001 Plant biomass 9.27 4,29 < 0.00071 %

13-2113 was not included 100 pod weight 1.45 3, 20° 0.26"

in 100 seed and 100 pod 100 seed weight 0.55 3,21° 0.65°

analysis

16.5 g for ValSten* (Fig. 6b, c). These weights were
only 19-22% of the weight (76.6g) for 13-2113.

Discussion

Wild Arachis species have a wide range of genetic and
phenotypic variability, including strong resistances to
many economically devastating insect and disease
pests (Stalker 2017). This variability presents an
opportunity to both widen genetic diversity in peanut
and to introgress phenotypic traits such as increased
plant biomass, flower count, and disease and insect
resistances into cultivated peanut. Some species such
as A. cardenasii have already been used successfully
to introgress leaf spot and nematode resistance into
cultivated peanut, demonstrating the value of these
species for introgression of desirable traits (Simpson
et al. 2003; Tallury et al. 2014). The four allote-
traploids reported in the study are cross compatible to
cultivated peanut and therefore, they can be readily
used for peanut cultivar improvement. The documen-
tation of the morphological and reproductive

characterization of these materials allows phenotypic
traits such as plant vigor (demonstrated by increased
plant biomass, plant height, flower production, among
others) to be introgressed into peanut breeding lines. In
the case of undesirable phenotypic traits characterized
for these materials, plans for selection against these
traits should be considered.

To fill the gap in characterization of these neote-
traploids, they were examined in-depth for both
morphological and reproductive characteristics. For
most of the traits, at least one or more allotetraploid
differed from the cultivated peanut control; therefore,
these materials offer a wide range of phenotypic
diversity that can be utilized for peanut breeding.
Overall, the allotetraploids tended to have more
flowers over the growing season, larger flowers, larger
and hairier leaves, taller main stems, longer primary
laterals, longer internodes, lower percentages of
reproductive nodes, heavier plant body masses, and
smaller seeds and pods. Greater leaf hair density may
be a trait that breeders choose to select for in order to
increase resistance to some insect pests, since hair
density has been demonstrated as one defense

@ Springer
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mechanism to some insect pests (Mohammad et al.
2019). In addition, the allotetraploids with larger
flowers and more flowers over the growing season
such as IpaCor™, IpaSten™, and ValSten™ could be
used for ornamental breeding. This absence of decline
in flower production demonstrated by these three
allotetraploids is likely influenced by the perenniality
of A. correntina and A. stenosperma (Stalker and
Simpson 1995). Likewise, allotetraploids with heavy
plant biomass such as IpaCor"™, IpaDur®, and
ValSten™ could be used for forage breeding. On the
contrary, breeders aiming to introgress biotic and
abiotic stress resistances and tolerances into cultivars
used as oil or food crop will need to backcross these
materials to their desired peanut cultivars. Linkage
drag for small pod and seed size, low percentage of
reproductive nodes, long primary lateral length, and
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long internode length should be selected against in
each breeding cycle.

The findings of this study complement a previous
report Leal-Bertioli et al. (2017), which compared 26
anatomical, morphological, and physiological traits of
six Arachis neotetraploids, their parental diploids, and
A. hypogaea grown in a greenhouse environment.
Despite different growing environments (greenhouse
versus the field) and testing different allotetraploids,
both Leal-Bertioli et al. (2017) and this study found
that allotetraploids had high levels of plant vigor and
biomass. Leal-Bertioli et al. (2017) reported this
greater vigor by increased stem height, aerial dry
biomass, leaf size, leaf canopy, root biomass, and leaf
cell size as compared to the parental diploids, while
this study identified increased vigor by increased
flower production through the growing season, flower
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size, leaf area and weight, main stem height, internode
length, and plant biomass as compared to a peanut
breeding line. In addition, both Leal-Bertioli et al.
(2017) and this study found that seed size and yield of
these allotetraploids were small. The increased plant
vigor of allotetraploids does not seem to be correlated
to reproductive vigor; therefore, plant breeders will
have to backcross these materials to peanut breeding
lines while selecting against small seed size, low yield,
and fragile pegs.

More recent studies have begun to characterize
biotic and abiotic stress resistance and tolerance levels
of Arachis-derived allotetraploids to inform breeders
of the value of these materials for traits such as late
leaf spot and rust resistance, nematode resistance, and
drought stress tolerance (Dutra et al. 2018; Leal-
Bertioli et al. 2018). Leal-Bertioli et al. (2018) and
Ballén-Taborda et al. (2019) built upon the previously
discussed report Leal-Bertioli et al. (2017) and found
that the IpaDur®™ V14167 allotetraploid had wild

@ Springer
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Arachis species traits such as long branches and small
seeds but higher levels of late leaf spot and rust
resistance as compared to Runner-886, a susceptible
control. The IpaDur®™ 30060 in this study was
produced from a cross between A. ipaensis and a
different accession of A. duranensis than the accession
Leal-Bertioli et al. (2018) used. This is an important

@ Springer

distinction, since resistance to pests is variable
between accessions within an Arachis species (Stalker
and Campbell 1983). One example of variation for
resistance within a species is A. correntina. Stalker
and Campbell (1983) identified A. correntina 9530 (P1
262808), the same accession used in this study to make
the IpaCor“ allotetraploid, as well as A. correntina



Genet Resour Crop Evol (2021) 68:2883-2896

2893

A g0 N
N =
< 60
=
2 50
L
i 40 B
2 30 B
2 == c Bdg
520 o =2
2 10
0
132113 IpaCor®™ IpaDur®™ IpaSten’™ ValSten*™
Genotype
C 250
= A
20 200
& B AB B B
R N
°
£8 x
= 100
:)
g C =
-z 50
£ — — ]
0
132113 IpaCors IpaDur®™ IpaSten™ ValSten**
Genotype
E 60
S50 A
E 7]
3% a0 E B
L
- 1g C
g éé 20
&g
& 10
0

132113 IpaCor®™ IpaDur®™ IpaSten’™ ValSten*™
Genotype

=

18
16
14
12
10

B
°

AB B
B o
. DI 1 oo x
132113 IpaCor®™ IpaDur’™ IpaSten’™ ValSten*™
Genotype

Main Stem Percentage of
Reproductive Nodes (%)

[T N - Y -]

o

O

Lateral
Internode Length (cm)
w s
(@]

200 ? X BC
-
15 ¢ T %
100 B3 l
50
0 °
13-2113  IpaCor’® IpaDur’~ IpaSten®™ ValSten*™

: » Cd
£ 2
EEN==
1
0
132113  IpaCor®™ IpaDwr®™ IpaSten® ValSten®
Genotype
F
400 AB N
350 ° T
8 AB
2 300
a X
8 250
-]
&
S
/m
]
]
=

Genotype

Fig. 5 Box plots of a mainstem height, b main stem percentage of reproductive node, ¢ primary lateral length, d primary lateral
internode length, e primary lateral percentage of reproductive nodes, and f plant body biomass

(Manfredi #5 and #36) as sources for potato leafthop-
per resistance, but only A. correntina 9530 and
Manfredi #36 as sources for corn earworm resistance.
Furthermore, another study identified A. correntina
9548 (PI 262881) as a source of resistance to two
spotted spider mites but not Manfredi #36 (Johnson
et al. 1977). Therefore, producing allotetraploids with
the same species but different accessions creates an

even greater resource pool for breeders and is not
redundant.

The genetic resources produced in this study widen
the available pool of diversity for peanut breeders for a
wide range of phenotypic traits. The future direction of
this research is to continue the momentum of using this
allotetraploid method to bridge wild diploid species
with tetraploid peanut to reach the success that has
been achieved in Brassica. Therefore, these materials

@ Springer



2894 Genet Resour Crop Evol (2021) 68:2883-2896
A 100 B s _

gg —— 70
C/ 2 60
2 7 5
g 60 § 0
= 50 = 40
< T
s 40 A A A 2 30 A
g X = Bg Bg &8 g 2 AT A

S .

=~ 20 == E = = =] E -

10 10

0 0

132113  IpaCor** IpaDur*® IpaSten® ValSten*~ 132113  IpaCor®s IpaDur® IpaSten®™ ValSten*

Genotype

IpaSten

s

ValSten

e

L

Genotype

» # 4 4

i

o

Fig. 6 Box plots of a 100 pod weight and b 100 seed weight ¢ scans of pods (left) and seeds (right)

and data are being provided to a germplasm bank to
allow breeders the opportunity to use and mine these
materials for their phenotypic diversity. In addition,
we will study the disease and insect resistance levels in
these materials so that breeders can use these materials
for resistance introgression in addition to introgression
of morphological and reproductive traits. Populations
of these allotetraploids crossed to peanut breeding
lines could be produced so that QTL of these
morphological and reproductive traits can be mapped
and shared with breeders to make introgression more
efficient.

@ Springer

Conclusions

Comprehensive morphological and reproductive char-
acterization of four unique allotetraploids was per-
formed from field grown materials in this study. Most
of these allotetraploids produced more flowers over
the growing season, larger flowers, larger and hairier
leaves, taller main stems, longer primary laterals,
longer internodes, lower percentages of reproductive
nodes, heavier plant body masses, and smaller seeds
and pods than cultivated peanut, although there were
exceptions for certain allotetraploids. These germ-
plasm resources will be released so that further
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characterization and utility in peanut breeding will
become possible to improve peanut production.
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