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ABSTRACT

Oxidative stability is an important factor
considered by those in the peanut manufacturing
industry. Product stability has been shown to
increase up to seven-fold when high-oleic peanuts
are used. The percentage of US crop that is high-
oleic continues to increase, but many producers
are reluctant to grow high-oleic cultivars due to
the uncertainty of the high-oleic effect on
agronomic traits, such as seed germination, yield
and grade. Experiments were designed and
conducted to examine the effect of the high oleic
trait on peanut seed germination in field plots and
in the laboratory on a thermal gradient table.
Genotypes used in these experiments included
cultivars or breeding lines from each peanut
market-type along with their near-isogenic, high
oleic counterparts. Field emergence, or germina-
tion, was recorded in the field in 4 geographically
different regions, as well as in the laboratory on a
thermal gradient table. Thermal gradient table
experimental results demonstrated a lag in
germination in high oleic genotypes compared
to their normal oleic counterparts in all market-
types, but the effect was lowest in the runner-type
pair. Results from these experiments increase the
understanding of the agronomic properties of
high-oleic peanut cultivars and could influence
the modification of standard protocols used by
state agencies to test high-oleic peanut germina-
tion for registered seed quality labeling. Further-
more, this study indicates that although
producers may experience delayed germination
from high oleic seed compared to low oleic
counterparts, this germination lag is overcome
by 21 days post-planting and does not negatively
impact the agronomical performance of high oleic
cultivars.
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Cultivated peanut (Arachis hypogaea L.) is an
important oil and food crop, grown on approxi-
mately 28.5 million hectares worldwide (FAO-
STAT, 2018). It is the third major oilseed of the
world behind soybean [Glycine max (L.) Merr.] and
cotton (Gossypium hirsutum L.). China, India and
the United States grow about 70% of the world
crop. Peanuts are high in protein, fiber, tocopher-
ols, unsaturated fatty acids, and other nutritionally
advantageous compounds (Ros, 2010), and are
used for oil extraction, edible food products and
confectionary purposes across the globe.

Oil content and composition of peanut seed
significantly affects flavor and product shelf-life.
Traditionally, peanuts contain approximately 52%
oil by weight. Two fatty acids, oleic and linoleic
acid, comprise over 80% of the oil content in
peanut. Standard peanuts contain approximately
45% oleic acid and 35% linoleic acid, resulting in
an oleic to linoleic acid ratio (O/L) of approxi-
mately 1.3:1 (Dong et al., 2015). Norden was the
first to discover a spontaneous mutant peanut line
that was found to contain approximately 80% oleic
acid and 2% linoleic acid (Norden et al., 1987).
This high oleic line, F435, resulted from a mutation
in the gene that codes for the enzyme responsible
for the conversion of oleate to linoleate, oleoyl-PC
desaturase, or A'? fatty acid desaturase. Much
work has been done to determine the inheritance of
the high oleate trait in the different peanut market
types (Chu et al., 2007, 2009; Isleib et al., 1996;
Jung et al., 2000a, 2000b; Lopez et al., 2001).
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Reports have determined that the fatty acid
composition of peanut is quantitatively inherited,
and investigations proved that two loci, O/; and
Ol,, control the high O/L ratio in runner and
virginia market types (Isleib et al., 2006b; Moore
and Knauft, 1989). Lopez et al. (2001) confirmed
that these loci also control the high oleate trait in
spanish-type peanuts.

In general, saturated fatty acids are less
susceptible to oxidative degradation than their less
saturated counterparts. High O/L peanuts and
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peanut products have an increased shelf life and
improved flavor after roasting when compared to
those with a standard O/L ratio (Davis et al., 2016).
Other benefits of the high oleate trait have also
been determined. Oils that have high oleic acid
content and food products containing these oils
have been shown to be nutritionally beneficial.
Oleic acid has been shown to be associated with a
reduction in blood pressure (Teres et al., 2008) and
LDL cholesterol levels (O’Byrne et al., 1997). High-
oleic peanuts have health benefits compared to
standard peanuts because the linoleic (polyunsatu-
rated fat) and palmitic (saturated fat) fatty acids
have been naturally replaced by the healthier oleic
fatty acid (monounsaturated fat). High oleic
peanuts and peanut oil high in oleic acid have also
been shown to have a beneficial effect in type II
diabetes and ultimately reverse the negative effects
of inflammatory cytokines observed in obesity and
non-insulin dependent diabetes mellitus (Vassiliou
et al., 2009).

Peanut production in the US is limited to three
geographical regions: The Southeast region (Ala-
bama, Arkansas, Florida, Georgia, and Mississip-
pi), the VC region (North Carolina, South Carolina
and Virginia) and the Southwest region (New
Mexico, Oklahoma, and Texas). Each growing
region differs from the others in climate and disease
pressure and thus, breeding programs tend to
develop peanut cultivars which are specifically
adapted and have superior performance in a
growing region. The health and extended shelf life
benefits of high oleic peanut products has resulted
in an increased manufacturer demand for high oleic
peanut seed and a growing number of high oleic
peanut cultivars have been released. Currently,
commercial production of such cultivars occurs in
all US growing regions, with the Southwestern US
producing 100% high oleic peanuts. Production of
only high oleic cultivars in the Southwestern U.S. is
largely a result of a reduction in off-flavors found
in high oleic cultivars and contract restrictions
influenced by market demand. With high oleic
peanut production on the rise, studies on the effect
of the high oleic trait on seed composition and crop
agronomic characteristics have been conducted.

Several studies examining possible differences
between standard peanut and high oleic genotypes
reported no significant changes in seed composi-
tion. Isleib et al. (2006a), examined differences
between near-isogenic lines (NILs) differing only in
the high oleic trait and found no major impact on
chemical composition or sensory quality in high
oleic peanuts when compared to standard peanut
lines, and reductions in the negative sensory
attributes of cardboard and painty were noted for

high oleic genotypes. In another report examining
differences among the virginia type cultivar Bailey
and high oleic backcross derivatives (Isleib et al.,
2015), again found no significant effects of the high
oleic trait on flavor attributes, disease resistance, or
agronomic traits. Similar results have been found
for other crops including soybean (Bachleda et al.,
2017) and sunflower (Fernandez-Martinez et al.,
1993).

The high oleic trait has been suggested to
negatively affect seed germination, especially at
below optimal germination temperatures. Bachleda
et al. (2017) reported that a possible reduction in
soybean germination was related to high oleic when
compared to normal oleic soybean germination in
cold soils. Bera ez al. (2019), found no significant
effects of the high oleic trait on peanut seed with
the exception of germination percentage, which
was significantly lower for high oleic seed com-
pared to standard peanut seed. Sun (2005) reported
that high oleate virginia peanut lines were reduced
in field emergence and vigor compared to standard
peanut lines. Upon further study, Sun ez al. (2014)
reported that virginia peanuts high in oleic acid
content were reduced in conductivity and vigor
under all production temperatures, especially lower
temperatures, when compared to peanuts with
standard oil chemistry.

Information on the effect of the high oleic trait
on peanut seed germination rate across specific
peanut market types (runner, spanish, virginia,
valencia) is limited. Producers of all crops depend
on information provided by state laboratories
regarding seed germination rate to determine
planting rate and anticipated field emergence. State
laboratories use germination testing methods de-
veloped using peanut with standard oil chemistry
and do not include adjustments made for high
oleate peanut seed, resulting in possible inaccurate
labeling of germination rate on lots of high oleic
peanut seed passed on to producers. In turn,
producers may be hesitant to grow high-oleic
cultivars due to the uncertainty of the high-oleic
effect on agronomic traits, such as seed germina-
tion, yield and grade. In this study, we use NILs of
all four peanut market types to examine the effect
of the high-oleic trait on peanut seed germination
and emergence in all major peanut growing
regions, as well as on a thermal gradient table.

Materials and Methods

Plant Materials and Field Evaluation. Plant
materials included in these studies are listed in
Table 1. Lineage of each entry can be found in the
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Table 1. Near-isogenic genotype pairs for each peanut market
type used in these studies.

Market
Genotype oil Type Original Source
Tifguard LO Runner (Holbrook et al., 2008)
62-15 HO Runner C.C. Holbrook
ARSOK S140-1 LO  Spanish K. Chamberlin
OLe HO Spanish  (Chamberlin et al., 2015)
Bailey LO Virginia (Isleib et al., 2011)
Bailey II HO Virginia (Isleib et al., 2014)
NM Valencia A LO  Valencia (Hsi and Finker, 1972)
NM 308-2 HO Valencia N. Puppala

?0il: HO = High oleic, LO = Low oleic

registration article of each cultivar or germplasm
line with the exception of the high-oleic valencia
line NM 308-2, low oleic line ARSOK S140-1, and
the high oleic runner line 62-15. The NIL pairs
were generated by the traditional method of
crossing to incorporate the high oleic trait,
followed by subsequent back crossing of progeny
to the recurrent parent to the BC6 generation
while selecting for the high oleic trait. High oleic
line 308-2 resulted from a cross between New
Mexico Valencia A and the high oleic cultivar Olin
(Simpson et al., 2003). Low oleic line ARSOK
S140-1 resulted from a cross between Tamspan 90
(Smith et al., 1991) and F435 (Norden et al., 1987)
and was determined to be non-high oleic in
nature. ARSOKSI140-1 was then used as a
recurrent parent in the development of OL¢. High
oleic line 62-15 resulted from a cross between
Tifguard (Holbrook et al., 2008) and cultivar
Florida-07 (Gorbet and Tillman, 2009). Seed of
each genotype was increased annually in plots at
the Caddo Research location of the Oklahoma
Agricultural Experiment Station (OAES) located
near Ft. Cobb, Oklahoma, and distributed to
cooperating locations for planting in replicated
field trials. Each year, before planting and after
harvesting, seed from each plot was tested for
oleic acid content at the USDA ARS Market
Quality and Handling Research Unit in Raleigh,
NC, to ensure purity (high oleic or low oleic). Oil
quality of all seed was as expected at time of
planting and at harvest (data not shown). Trial
locations and soil types were as follows: Ft. Cobb,
OK (Caddo sandy loam); USDA ARS, Tifton,
GA (Tifton loamy sand); Lingo, NM (Amarillo
loamy fine sand); Lewiston-Woodville, NC (Nor-
folk sandy loam/Goldsboro sandy loam). At each
location, a randomized complete block (RCB)
design with 3 replications was used to plant two-
row plots that were 4.6 m long planted 90 cm
apart, at a rate of 15 seeds/row meter. Stand

counts (indicating field emergence) were taken at
7, 14, 21 and 28 days after planting (DAP) to
determine germination rate. Spanish and valencia
plots were harvested at 120 DAP. Virginia and
runner plots were harvested at 145 DAP. Peanuts
were placed in a forced air dryer until moisture
reached 10 percent. Percent total sound mature
kernels (% TSMK or grade) were determined on a
200 g sample from each plot and estimated yield in
kg/ha was calculated. Seed from each annual
harvest was then sent to the Tifton Campus of the
University of Georgia for thermogradient table
germination and vigor testing and to the USDA
ARS Market Quality and Handling Research Unit
in Raleigh, NC, for oil analysis (data not shown).

Statistical analysis. Statistical analysis for field
data was performed. Repeated measures analysis of
variance was used to assess the effects of the factors
(genotype, HO, DAP) on the germination percent-
age using PROC MIXED (SAS Institute, 2013).
The response variable was transformed using an
arcsine square root transformation to alleviate
issues with normality and heterogeneity of vari-
ance. DAP was considered the repeated factor, and
simple effect tests of HO given genotype and DAP
were assessed with planned contrasts. Means and
standard errors were reported but none were
significant at a 95% confidence level.

Peanut seed vigor testing on thermal gradient.
Field grown seed harvested from individual plots
in each state included Bailey II, Bailey (Isleib et
al.,2011), OLé (Chamberlin et al., 2015), ARSOK
S140-1, 62-15, Tifguard (Holbrook et al., 2008),
NM 308-2, and NM VAL A (Hsi and Finker,
1972). Thermal gradient tables used were de-
scribed by Grey et al. (Grey et al., 2016). Briefly,
each table is constructed from solid aluminum
blocks measuring 2.4 m long by 0.9 m wide by 7.6
cm thick with a mass of 470 kg. At the end of the
aluminum blocks, a 1.0 cm hole was drilled across
the side section to allow fluid to be pumped into
the table. For one side a chiller was set at 12 C
and on the other side a heating unit was set at 36
C and ethylene glycol plus water (1:10 mixture)
was pumped at 3.8 L per min to generate the
thermal gradient. Solutions were independent and
never mixed with each other. Along the length of
the thermal gradient, approximately 1.0 C incre-
ments occurred every 10 cm, with a constant
temperature across the width. This allowed for 24
increments across the length to obtain different
temperatures, with nine cells across the width at
each temperature (Cardina and Hook, 1989;
Chatterton and Kadish, 1969), resulting in 216
total cells.
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Duplex insulated PR-T-24 wire (Omega Engi-
neering, Inc. Stamford, CT) was used to make
thermocouples that were mounted to the underside
of the table from the hot to cold ends. Thermo-
couples were inserted vertically into a hole on the
underside of the table and held in place by a washer
and screw. Holes measured 8 mm wide by 7 cm
deep to allow the thermocouple to be within 5 mm
of the upper table surface at 10 cm intervals along
the length of the table. Data indicated a continuous
temperature gradient from 12 to 36 C. Tempera-
ture was monitored continuously for each thermo-
couple and recorded at 30 min intervals with a
Graphtec data logger (MicroDAQ,com Ltd., Con-
toocook, NH). All temperature data for each
thermocouple was downloaded daily in a spread-
sheet format.

Peanut seed for each year (3), cultivar (8),
location (4) and replication (3) collected by plot
was individually tested for vigor and germination
(Table 2). Seeds were treated with azoxystrobin
plus fludioxonil plus mefenoxam seed treatment
fungicide (Syngenta Crop Protection, Greens-
boro, NC). For each plot, peanut seed were
evenly distributed on germination paper (SDB 86
mm, Anchor Paper Co., St. Paul, MN), which
was placed in a 100 by 15 mm sterile plastic Petri
dish (Fisher Scientific Education, Hanover Park,
IL). Twenty seeds were placed in each Petri dish
followed by the addition of 15 to 20 ml of
distilled water. A single Petri dish was then
placed at each 1.0 C increment every 10 cm along
the length of the table for a total of 24 dishes per
plot (n = 480 seed per plot). Beginning at 72 hr
after seeding, peanut seed germination was
counted when the radicle extended more than 5
mm beyond the seed, and then the seed was
removed from the dish. Peanut seed with radicles
longer than 2 mm from the seed coat are
considered germinated (Ketring, 1992), but 5
mm was chosen as it has been used in previous
research (Ketring and Morgan, 1969). Tests were
run for 7 d with counts taken 5 consecutive days
beginning at 72 hrs after planting. All counts
were taken in less than one hr each day at
approximately the same time, depending upon
when an experiment was started on day -0-.
Counts were conducted from the cold end
working toward the warm end. Seed availability
was limited (n =480 seed per field replication, n=
1440 seed per cultivar each year). Germination
data was converted to a percentage by day, and
cumulative germination was determined for each
Petri dish over the duration of that assay.
Temperature data included maximum and mini-
mum (+0.5 °C for each thermocouple), repre-

senting the highest and lowest measures,
respectively taken during one germination exper-
iment for a specific Petri dish. Maximum and
minimum temperatures were then used to deter-
mine the thermal time (Cardina and Hook, 1989;
Chatterton and Kadish, 1969), or growing degree
day (GDD) accumulation for the equation

- Timax + Timin
h=3y [f _ 7, 1]
i=1

where ¢, is the sum of GDD for n days, and Ti,
and Ti,;, are the daily maximum and minimum
temperature C of Day i (Ketring and Wheless,
1989), and Ty, is the base temperature for peanut,
in this model 7}, was set at 15 C (Ketring et al.,
1982).

To model thermal time in GDD (x) required for
achieving a certain level of germination (),
nonlinear regression using a three-parameter logis-
tic growth curve (Freund and Littell, 1991) was
then employed:

bo
(14 (0-n /p))*e>(“*<x”>)]

Where b, is the upper asymptote, b; is the relative
slope, XP is the value of x when y is at P percent of
the upper asymptote, P used in this model was 8§0.
Three indices of vigor that were calculated from
this equation are 1) growing degree days at by, 2)
growing degree days at 80% germination (Germygy),
and 3) germination at XP (Table 2). A separate
curve was fit for each cultivar seed set each year,
and the 95% confidence limits of the parameters
were used to determine differences between them.
To determine actual temperature effect on germi-
nation, data for cumulative germination at 168 h
after planting was fit to the average temperature of
the 24 cells using the logistic growth equation [2].
This model indicated the minimum temperature at
which germination occurred within a 168 hr (7 d)
period (Table 2).

Data for germination percentage from the
thermal gradient table was analyzed using PROC
MIXED (SAS Institute, 2013). Data for cultivar
equation [2] were subjected to ANOVA using the
general linear models procedures with mean
separation using 95% asymptotic confidence inter-
vals. The 95% confidence limits of three parame-
ters in the equations were used to compare the
significant differences for the equation. Nonlinear
regressions were used to fit data using SAS NLIN
(SAS Institute, 2013) and graphed using SigmaPlot
14.

y= 2]
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Table 2. Parent and near isogenic high oleic peanut seed germination, logistic growth parameter estimates, standard error, and vigor
indices for runner-, virginia-, valencia-, and spanish-type cultivars using a thermal gradient assay, when simultaneously grown in
Georgia, Oklahoma, New Mexico, and North Carolina over three seasons” from 2017 to 2019.

Parameter estimates®™® Vigor indices
Germination GDD
Year State Cultivar® Germination b0 SE? bl SE XP SE @ XP @ b0 Germgy
% GDD % GDD
2017 GA Bailey II 65.7 a 92.8 (1.5) ns® 0.17 (0.016) ns 18.1 (1.0) ns 79 52 19
Bailey 71.5 a 96.5 (1.4) ns 0.14 (0.012) ns 15.1 (1.1) ns 82 57 14
OLe 744 a 89.9 (1.3) ns 0.16 (0.013) ns 18.5 (0.94) a 76 55 21
ARSOK S140-1 79.7 a 92.1 (1.3) ns 0.17 (0.015) ns 14.7 (0.93) b 78 49 16
62-15 773 a 92.1 (1.3) ns 0.17 (0.013) ns 14.7 (0.92) b 78 49 16
Tifguard 81.0 a 95.6 (1.1) ns 0.17 (0.015) ns 19.0 (0.73) a 81 53 18
NM 308-2 782 a 92.8 (1.5) ns 0.17 (0.016) ns 18.1 (1.0) ns 79 53 19
NM Val A 755 a 96.5 (1.4) ns 0.14 (0.012) ns 15.1 (1.0) ns 82 56 14
2017 OK Bailey II 599 d 80.2 (1.4) b 0.14 (0.010) ns 294 (1.1) ns 68 125 61
Bailey 704 ¢ 91.1 (1.2) a 0.15 (0.009) ns 25.0 (0.81) ns 77 91 27
OL¢ 75.1 be 849 (1.8) ns 0.12 (0.013) ns 20.6 (1.5) ns 72 130 29
ARSOK S140-1 82.8 ab 88.3 (1.7) ns 0.12 (0.012) ns 16.8 (1.5) ns 75 130 21
62-15 75.7 bc 946 (1.2) ns 0.16 (0.011) ns 158 (0.83) ns 80 100 16
Tifguard 78.8  bc 92.2 (1.3) ns 0.15 (0.011) ns 20.5 (0.91) ns 78 100 22
NM 308-2 799 b 90.0 (1.8) ns 0.12 (0.011) ns 21.4 (1.5) ns 76 91 24
NM Val A 90.8 a 95.7 (1.6) ns 0.13 (0.014) ns 12.8 (1.4) ns 81 91 12
2017 NM Bailey II 422 ¢ 67.2 (3.3) b 0.07 (0.007) ns 52.8 (3.7) ns 57 230 NA
Bailey 50.1 be 784 (3.7) a 0.08 (0.007) ns 554 (3.3) ns 66 220 NA
OLé 522 be 66.8 (2.1) ns 0.09 (0.010) ns 29.8 (2.6) a 57 110 NA
ARSOK S140-1 71.7 a 82.0 (1.4) ns 0.12 (0.010) ns 18.7 (1.4) b 70 110 35
62-15 51.7 bce 75.9 (1.8) ns 0.08 (0.006) ns 41.2 (1.8) ns 65 110 NA
Tifguard 60.8 ab 82.1 (2.9) ns 0.07 (0.007) ns 39.9 (3.0) ns 70 60 43
NM 308-2 428 ¢ 548 (1.6) b 0.10 (0.010) ns 32.0 (2.2) ns 47 160 NA
NM Val A 70.6 a 81.4 (2.1) a 0.07 (0.007) ns 26.6 (2.6) ns 69 165 59
2017 NC Bailey II 63.7 d 89.7 (1.2) ns 0.16 (0.011) ns 179 (0.8) b 76 65 20
Bailey 73.1 ¢ 8 (1.1) ns 0.16 (0.010) ns 22.1 (0.8) a 73 65 27
OLe 76.9 ¢ 90.0 (1.2) ns 0.18 (0.015) ns 16.3 (0.8) a 76 60 18
ARSOK S140-1 86.3 ab 92.7 (1.6) ns 0.15 (0.016) ns 119 (1.3) b 79 60 13
62-15 734 ¢ 91.8 (1.0) ns 0.17 (0.011) ns 18.7 (0.7) ns 78 55 20
Tifguard 75.7 ¢ 94.0 (1.1) ns 0.16 (0.011) ns 16.5 (0.8) ns 80 50 17
NM 308-2 79.4  be 93.1 (1.6) ns 0.13 (0.011) ns 17.8 (1.2) a 79 90 19
NM Val A 89.8 a 98.4 (1.5) ns 0.14 (0.013) ns 7.8 (1.3) b 84 90 6
2018 GA Bailey II 69.9 bc 90.1 (1.2) ns 0.19 (0.015) ns 22.5 (0.85) ns 77 55 25
Bailey 709 be 86.7 (1.2) ns 0.17 (0.015) ns 21.4 (0.94) ns 74 55 26
OLe 68.5 ¢ 81.8 (1.1) b 0.17 (0.015) ns 17.6 (0.93) ns 70 55 29
ARSOK S140-1 79.0 ab 91.3 (1.3) a 0.15 (0.012) ns 17.8 (1.07) ns 78 60 19
62-15 75.3 abc 91.5 (1.0) ns 0.17 (0.01) ns 17.4 (0.77) ns 78 49 16
Tifguard 79.7 a 94.0 (1.1) ns 0.14 (0.01) ns 16.8 (0.95) ns 81 53 18
NM 308-2 68.8 ¢ 86.8 (1.0) b 0.16 (0.011) ns 20.9 (0.85) a 74 58 26
NM Val A 79.0 ab 91.5 (1.3) a 0.20 (0.020) ns 11.9 (0.94) b 78 42 13
2018 OK Bailey IT 65.7 d 87.7 (2.6) ns 0.08 (0.008) ns 43.6 (2.6) ns 75 190 51
Bailey 65.7 d 90.7 (2.2) ns 0.08 (0.007) ns 39.6 (2.1) ns 77 190 43
OL¢ 79.7 be 932 (1.2) ns 0.14 (0.011) ns 13.6 (1.1) ns 79 100 14
ARSOK S140-1 85.1 ab 94.1 (1.2) ns 0.15 (0.013) ns 9.6 (1.1) ns 80 90 10
62-15 70.8 «cd 88.1 (1.1) ns 0.18 (0.014) ns 16.0 (0.84) ns 75 88 19
Tifguard 71.3 «cd 90.4 (0.9) ns 0.17 (0.011) ns 18.2 (.072) ns 77 88 20
NM 308-2 86.9 ab 96.4 (1.2) ns 0.18 (0.017) ns 6.9 (0.92) ns 82 55 6
NM Val A 920 a 100.2 (1.3) ns 0.13 (0.012) ns 4.5 (1.2) ns 85 55 2
2018 NM Bailey IT 570 b 79.5 2.7) b 0.10 (0.012) ns 50.1 (2.5) ns 68 106 NA
Bailey 63.7 ab 929 (3.1) a 0.08 (0.008) ns 52.5 (29) ns 78 130 54
OLe 72.9 ab 854 (1.3) b 0.15 (0.014) ns 17.5 (1.2) ns 73 57 24
ARSOK S140-1 78.8 ab 90.6 (1.3) a 0.13 (0.011) ns 19.1 (1.2) ns 77 64 21

62-15 63.8 ab 86.0 (1.5) ns 0.13 (0.010) ns 30.8 (1.3) ns 73 77 38
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Table 2. Continued.

Parameter estimates®® Vigor indices
Germination GDD
Year State Cultivar? Germination b0  SE? bl SE XpP SE @ XP (@ b0 Germygg
Tifguard 653 ab 89.9 (1.6) ns 0.10 (0.007) ns 34.3 (1.5) ns 76 93 38
NM 308-2 73.8 ab 90.2 (1.3) b 0.15 (0.014) ns 204 (1.1) a 77 59 23
NM Val A 849 a 92.0 (1.3) a 0.14 (0.013) ns 154 (1.2) b 78 57 17
2019 GA Bailey II 753 bc 89.7 (0.9) ns 0.17 (0.011) ns 26.4 (0.72) ns 76 60 29
Bailey 80.9 ab 920. (1.1) ns 0.14 (0.010) ns 26.1 (0.96) ns 78 55 27
OL¢ 79.7 ab 87.2 (0.9) ns 0.16 (0.012) ns 20.1 (0.73) ns 74 53 24
ARSOK S140-1 824 ab 88.6 (1.1) ns 0.13 (0.010) ns 20.6 (1.01) ns 75 64 24
62-15 80.6 ab 89.5 (0.8) ns 0.14 (0.010) ns 23.4 (0.67) ns 78 48 16
Tifguard 78.8 abc 89.8 (1.0) ns 0.13 (0.010) ns 23.2 (0.86) ns 76 69 26
NM 308-2 679 ¢ 76.3 (1.0) b 0.15 (0.011) ns 25.1 (1.00) a 65 65 NA
NM Val A 882 a 922 (1.0) a 0.15 (0.012) ns 17.9 (0.88) b 78 56 19
2019 OK Bailey II 56.0 ¢ 91.7 (2.5) ns 0.11 (0.009) ns 49.6 (1.75) ns 78 115 49
Bailey 582 be 88.2 (2.1) ns 0.11 (0.009) ns 41.9 (1.57) ns 75 115 47
OLe 67.8 abc 92.6 (1.4) ns 0.18 (0.014) ns 27.8 (0.89) ns 79 88 29
ARSOK S140-1 67.6 abc 924 (1.3) ns 0.17 (0.012) ns 28.4 (0.79) ns 79 88 29
62-15 589 be 82.1 (1.5) ns 0.14 (0.010) ns 31.8 (1.04) ns 70 51 45
Tifguard 60.4 bc 85.2 (1.6) ns 0.14 (0.011) ns 31.5 (1.11) ns 72 75 39
NM 308-2 77.6 ab 94.8 (1.4) ns 0.21 (0.019) ns 23.3 (0.82) a 81 52 23
NM Val A 86.3 a 97.0 (1.4) ns 0.20 (0.018) ns 18.2 (0.85) b 82 45 18
2019 NM Bailey 1T 56.5 d 72.6 (2.5) ns 0.10 (0.011) ns 52.0 (2.4) ns 62 107 NA
Bailey 548 d 74.1 (2.0) ns 0.10 (0.009) ns 49.0 (2.0) ns 63 104 NA
OL¢ 619 «cd 79.7 (1.6) ns 0.11 (0.008) ns 40.9 (1.5) a 68 94 NA
ARSOK S140-1 722 bc 83.1 (1.8) ns 0.12 (0.012) ns 31.5 (1.7) b 71 80 44
62-15 60.4 cd 75.4 (1.6) ns 0.13 (0.011) ns 40.1 (1.4) ns 64 85 NA
Tifguard 62.7 «cd 76.6 (1.8) ns 0.13 (0.013) ns 38.2 (1.7) ns 65 83 NA
NM 308-2 79.2 ab 95.5 (1.6) a 0.12 (0.011) ns 26.5 (1.3) ns 82 75 25
NM Val A 87.8 a 89.3 (1.5 b 0.13 (0.012) ns 27.3 (1.3) ns 76 72 31
2019 NC Bailey IT 50.5 d 77.7 (3.3) ns 0.09 (0.009) ns 56.2 (2.9) ns 66 140 NA
Bailey 514 d 77.9 (2.3) ns 0.12 (0.011) ns 47.7 (1.9) ns 66 140 NA
Ole 63.7 bc 86.5 (1.5) ns 0.19 (0.017) ns 29.4 (1.0) ns 74 65 34
ARSOK S140-1 69.5 b 92.0 (1.5) ns 0.19 (0.016) ns 28.0 (0.89) ns 78 55 29
62-15 547 cd 75.5 (1.6) ns 0.18 (0.019) ns 32.5 (1.2) ns 64 65 NA
Tifguard 549 cd 78.8 (2.0) ns 0.15 (0.016) ns 34.7 (1.5) ns 67 73 NA
NM 308-2 708 b 88.9 (1.5) ns 0.17 (0.015) ns 28.8 (0.98) a 76 64 32
NM Val A 83.1 a 93.6 (1.5) ns 0.16 (0.015) ns 22.5 (1.0) b 80 64 23

*Year seed were grown, tested the following year after processing (n = 1440 per cultivar).
®Abbreviations: SE, standard error, Germg,, cumulative growing degree day value at 80% germination, GDD, growing degree
day, NA, not applicable.

“Parameter estimates calculated by nonlinear regression equation, y = bo

[(H ((I—P)/P> ) e (""*("’XP)) }

respect to time based on GDD accumulation: b0 is the height of the horizontal asymptote at a very large X, XP is expected value of
x when y is at P percent of the upper asymptote. P used in this model was 0.85. Three indices of vigor are GDD at 0, GDD at 80%
germination (Germygg), and germination at parameter XP. Number in () represents the SE.

YPeanut type: virginia parent - Bailey, near isogenic line — Bailey II, spanish parent — ARSOK S140-1, near isogenic line — OLg,
runner parent — Tifguard, near isogenic line — 62-15, valencia parent — NM Val, near isogenic line — NM 308-2. Values for each
cultivar within a column for each year and state followed by the same letter are not significantly different at the 5% probability level
using GLIMMIX procedure in SAS 9.4.

Values for each parameter within a column for each cultivar followed by the same letter are not significantly different at the 5%
probability level. General linear model procedures were used with mean separation using 95% asymptotic confidence intervals.

for seed germination with
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Table 3. Average field emergence by year and averaged across years in trials conducted at four locations in the U.S. from 2017-2019.

Average Percent Germination in Field®

2017 2018 2019 2017-2019
b
Market DAP DAP DAP DAP

Trial Location Entry Type®  Oil d 7 14 21 7 14 21 7 14 21 7 14 21
OAES, Ft. Cobb, Tifguard R LO 0 20 62 0 81 96 0 8 46 0 36 68
Oklahoma 62-15 R HO 0 2 60 0 73 94 0 6 40 0 27 65
Bailey A% LO 0 17 60 0 84 95 0 11 49 0 37 68

Bailey II A% HO 0 13 62 0o 72 89 0 8 43 0 31 65

ARSOK S140-1 S LO 0 16 74 0 85 93 0 4 47 0 35 71

OLe S HO 0 6 60 0 74 98 0 5 33 0 28 o4

NM Valencia A Val LO 0 27 63 0 8 94 0 13 52 0 41 70

NM 308-2 Val HO 0 16 70 0 75 93 0 21 59 0 37 74

NCDA Peanut Belt Tifguard R LO 0 48 73 34 85 97 0 67 72 11 67 81
Rescarch Station, 62-15 R HO 0 65 81 22 93 96 0 61 86 7 73 88
Lewiston-Woodyville, Bailey \'% LO 0 48 66 52 93 94 0 67 171 17 69 77
North Carolina Bailey IT A% HO 0 60 78 40 85 89 0 67 70 13 71 79
ARSOK S140-1 S LO 0 49 78 69 97 98 0 66 69 21 71 82

OLe S HO 0 65 84 57 93 95 0 58 61 19 72 80

NM Valencia A Val LO 0 61 75 74 95 99 0 73 77 25 76 &4

NM 308-2 Val HO 0 73 8 52 89 98 0 8 87 17 81 90

Lingo, New Mexico Tifguard R LO 8 92 92 0 8 97 30 74 76 40 82 88
62-15 R HO 91 93 94 0 74 99 40 85 86 44 84 93

Bailey A% LO 83 87 87 0 8 96 40 71 74 41 81 86

Bailey IT v HO 84 87 87 0 75 99 33 67 67 39 76 &4

ARSOK S140-1 S LO 90 92 92 0 8 94 68 92 92 53 91 93

OL¢ S HO 92 94 94 0 8 99 47 82 8 46 87 93

NM Valencia A Val LO 8 92 93 0 8 95 95 95 95 61 91 &4

NM 308-2 Val HO 91 93 93 0 73 9 9 98 98 60 88 96

USDA ARS, Tifton, Tifguard R LO 1 45 63 35 66 67 10 78 8 15 63 72
Georgia 62-15 R HO 0 34 62 34 70 171 6 64 88 13 56 74
Bailey A% LO 0 47 59 49 69 70 43 83 8 31 66 72

Bailey II A% HO 0 31 57 28 52 62 38 80 8 22 54 69

ARSOK S140-1 S LO 3 64 79 64 74 75 11 81 8 26 73 8l

OLe S HO 1 38 73 52 67 69 5 39 60 19 48 67

NM Valencia A Val LO 12 83 94 76 87 87 61 90 93 50 87 91

NM 308-2 Val HO 11 8 93 75 85 85 58 8 93 48 85 90

All Locations Tifguard R Lo 23 51 73 17 78 8 10 57 70 17 62 77
62-15 R HO 23 49 74 14 78 90 12 54 75 16 60 79

Bailey A% LO 21 50 68 25 83 8 21 58 70 23 63 76

Bailey II \% HO 21 48 71 17 71 85 18 56 67 19 68 74

ARSOK S140-1 S LO 23 55 8 33 8 90 20 61 74 26 67 81

OLe S HO 23 50 78 27 8 90 13 46 60 21 59 75

NM Valencia A Val LO 25 66 81 38 8 99 39 68 79 34 74 85
NM 308-2 Val HO 25 66 85 32 & 98 37 72 84 31 73 87

“No significant differences in field emergence within market type and location were reported at the 95% confidence level.
"DAP = Days after planting

“Market type: R = runner, S = spanish, V = virginia, VAL = valencia

40il: HO = high oleic, LO = Low oleic

Results at 14 DAP, no statistical differences were found
between the high oleic lines and their low oleic

Field emergence. Field emergence observations counterparts. Also, by 21 DAP no lag in germina-

were taken in three locations for three years (2017- tion was apparent between low oleic genotypes and
2019) (Table 3). Although there was a notable their high oleic counterparts. Although differences
visual lag in germination seen for most high oleic were seen among market types and locations, when

genotypes when compared to low oleic genotypes data were averaged across all locations and years,
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Fig. 1. Yield (A) and grade (B) of entries averaged across locations and years. No significant differences in yield or grade were observed within near-

isogenic line pairs at a 95% confidence level.

no differences were found between low oleic
genotypes and their high oleic counterpart (within
market type) in percent germination (Table 3,
Figure 1), yield or grade at a 95% confidence limit.

The average yield across years and locations for
the standard oleic runner type line Tifguard was
4651 kg/ha which was not different than that for
the high oleic runner 62-12 which averaged 4744
kg/ha. Grades for this NIL pair were also
essentially identical. Similar observations were
reported for the other three market types. For the
spanish NIL pair, standard oleic line ARSOK 140-
1 averaged 3287 kg/ha and 68% TSMK, while high
oleic line OLé averaged 3228 kg/ha and 66%
TSMK. Standard oleic virginia line Bailey had an
average yield of 4967 kg/ha and average grade of
66%TSMK compared to its high oleic counterpart
Bailey 11 which averaged 4796 kg/ha and a grade of
67%TSMK. No differences in average yield and
grade were noted for the valencia NIL pair New
Mexico Valencia A and NM 308-2 at 2395 kg/ha
and 63% TSMK, and 2821 kg/ha and 65% TSMK,
respectively.

These results are not unlike those reported in
studies by Isleib er al. (2006b) and Sun (2005).
However, the visual and numerical lags in germi-
nation observed in most cases across locations do
cause concern to producers who are rigorous
regarding field emergence within the first 10 days
after planting. Environmental variables associated
with growing conditions were eliminated by sub-
jecting seed from each location to germination
testing on a thermal gradient table.

Harvested seed evaluation. The harvested geno-
typic mean seed size with respect to seed number/
kg was: NM 308-2 (2149) > NM Val A (2143) >

OLe¢ (2088) > ARSOK S140-1 (2059) > 62-15
(1472) > Tifguard (1394) > Bailey (1121) > Bailey
11 (1106) (Table 4). Average individual seed peanut
mass for the virginia, runner, valencia, and spanish
parent lines were 0.90, 0.72, 0.47, and 0.49 g seed ™'
as compared to the near isogenic lines at 0.89, 0.68,
0.47 and 0.48 g seed', respectively. Within market-
type, seed sizes were consistent across locations and
over years, showing no differences (data not
shown). These data agree with the information
registered for each cultivar (Holbrook et al., 2008;
Chamberlin et al., 2015; Isleib et al., 2014).

ANOVA indicated significant differences in
germination rate for years, cultivars, locations,
and interactions of the factors (n = 126,720 seed for
the entire study, n = 31,680 seed per peanut type).
Parameter estimates varied by year and significant
cultivar-by-location interactions prevented data
from being combined across tests. Therefore, data
for locations and years were analyzed separately
and presented each year by state, parent and near
isogenic HO line.

Thermal gradient table germination. Average
germination across all temperatures (12 to 36 C)
varied by peanut type and cultivar each year (Table
2). Seed germination across all peanut types and
temperatures was 71.1% (90,0085 of 126,720 seed).
ANOVA indicated significant differences in germi-
nation by each state for all cultivars, except for GA
in 2017. With respect to peanut type, valencia
parent NM Val A consistently had the greatest
germination across states and years (7 of 11
experimental sites). In contrast, virginia type HO
Bailey II consistently had the lowest germination
across states and years (9 of 11 experimental sites).
Runner and spanish peanut seed germination rates
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Table 4. Parent and near isogenic high oleic peanut seed number by mass for runner-, virginia-, spanish-, and valencia-type peanut
genotypes” over three growing seasons, 2017 to 2019, across multiple states.

2017 2018 2019
Genotypic
Cultivar® GA OK NM NC GA OK NM GA OK NM NC mean®
#kg'!
Bailey II 1099 1075 1111 1107 1087 1099 1136 1163 1075 1099 1111 1106
Bailey 1075 1099 1136 1124 1111 1124 1163 1136 1099 1124 1136 1121
Ol¢é 2128 2174 2273 2113 2041 2222 2041 2083 1852 2000 2041 2088
ARSOK S140-1 2083 2000 2174 2055 2083 2128 2083 2000 1923 2041 2083 2059
62-15 1389 1429 1471 1442 2083 1389 1429 1408 1333 1389 1429 1472
Tifguard 1370 1389 1429 1415 1351 1370 1408 1389 1351 1408 1449 1394
NM 308-2 2083 2222 2128 2069 2128 2174 2273 2128 2041 2222 2174 2149
NM Val A 2128 2174 2273 2222 2041 2083 2174 2041 2128 2083 2222 2143

#Sound mature seed

®Peanut type: virginia parent - Bailey, near isogenic line — Bailey II, spanish parent —- ARSOK S140-1, near isogenic line — OLg,

runner parent — Tifguard, near isogenic line — 62-15, valencia parent — NM Val A, near isogenic line — NM 308-2
“No significant differences in yield were observed within near-isogenic line pairs at a 95% confidence level.

were between valencia and virginia types across
locations and years, with the trend of parents
always having higher germination than the near
isogenic HO lines. Field studies have previously
noted difference in emergence for peanut types as
runner > virginia (Balota and Phipps, 2013).
Overall cultivar germination by state in 2017
indicated that the parent line was greater by peanut
type with valencia > spanish > runner > virginia:
NM Val A (81.7%) > ARSOK S140-1 (80.1%) >
Tifguard (74%) > Bailey (66.3%) (data not
shown), respectively. This same trend was observed
for the HO lines with NM 308-2 (70.1%) > OL¢
(69.7%) > 62-15 (69.5%) > Bailey II (57.9%),
(data not shown) respectively. In 2018, with three
states, the same trend was observed for the parent:
NM Val A (85.3%) > ARSOKS140-1 (80.9%) >
Tifguard (72.1%) > Bailey (66.8%), and HO lines:
NM 308-2 (76.5%) > OLé (73.7%) > 62-15 (70%)
> Bailey II (64.2%) (data not shown), respectively.
It was the same in 2019 across states for the parent
lines and HO: NM Val A (86.4%) > ARSOK
S140-1 (72.9%) > Tifguard (64.2%) > Bailey
(61.3%), NM 308-2 (73.9%) > OL¢ (68.3%) > 62-
15 (63.6%) > Bailey II (59.6%), (data not shown)
respectively. What is unique about these germina-
tion data for the parent and HO lines was that it
was inversely related to genotypic seed size when
averaged across all 11 sites: NM Val A < ARSOK
S140-1 < Tifguard < Bailey, NM 308-2 < OL¢ <
62-15 < Bailey II, respectively (Table 4). Genotyp-
ically, this indicates that smaller seeded peanut
types such as valencia, have greater potential to
achieve higher germination for both the parent and
HO lines than large seed size type virginia. By state,

New Mexico produced seed phenotypically had the
lowest seed germination each year (Table 4).

Parameter estimates. Using 95% confidence
intervals, the three parameter estimates for equa-
tion [2] in the logistic growth curve models were
compared within parent and HO cultivars by
peanut type by state and year (Table 2). The
predicted maximum germination rates (parameter
by), germination as affected by time (b;), and GDD
to maximum germination (XP), varied (Table 2).

For maximum germination parameter estimate
by (the upper asymptote of the line), NM Val A
consistently had the highest maximum germination
rates (11 of 11 sites) at 70.6 to 92% (Table 2). Of
the 44 parent and near isogenic HO line compar-
isons for by, 10 were significantly different from
each other. Half of those were NM 308-2 compared
to NM Val A, three of those were seed produced in
New Mexico, and in all instances the parent line
had greater vigor than the near isogenic HO line
(2017, 2018, 2019). This could be phenotypically
related to valencia type seed and environmental
growing conditions as this was not observed for
GA, OK, or NC. Virginia type peanut seed was the
only other comparison that exhibited similar
variations in b, with three instances occurring for
Bailey and Bailey II (OK, 2017: NM 2017, 2018).
As previously noted, virginia type seed are larger
and have shown vigor differences in side by side
comparisons using cool germination testing, as
near isogenic HO lines had lower germination than
the parent (Sun et al., 2014).

There were no differences for the parent as
compared to the near isogenic HO cultivars as
affected by time to germination represented by
parameter b; for state or year (Table 2). This
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parameter ranged from 0.07 to 0.20 indicating the
consistent germination of these seed (as the number
increases, the slope flattens and would indicate no
germination at b;_1.0). This is a significant finding
in that it quantifies the importance of breeding the
near isogenic lines from the parents, incorporating
the HO trait, while maintaining genetic stability
across 11 experimental site years. Variation in
peanut seed vigor has been reported and attributed
to phenotypic factors in peanut seed production
(Grey et al., 2016; Sun et al., 2014).

Parameter XP establishes how many GDDs are
required to reach b,. For this research XP varied
widely due to seed production at four states across
three years, ranging from 7.8 (NC 2017, NM Val
A) to 52.5 GDD (NM 2018, Bailey). For 10 of the
12 significant differences noted, parent lines re-
quired less GDD to reach XP than the near
isogenic HO (Table 4). This indicates that some
near isogenic HO lines will require greater GDDs
for field establishment as compared to their parent
lines, i.e. longer to emerge from soil, as was noted
in the field experiments.

Vigor indices. Two indices can be obtained from
the logistic growth equation to elucidate the seed
germination performance of each cultivar by
solving equation [2]. One is GDD @ by, which
varied for this research across all years and
cultivars (42 to 230 GDD). However, looking at
GDD @ b, by year indicated similarities for the
parent and near isogenic HO lines for nearly all
comparisons. While the near isogenic HO lines may
have slower germination, it only required a few
extra GDDs to reach the maximum potential as
compared to the parent line. This does not imply
that germination was the same, only that to reach
parameter estimate b, in GDDs was similar for
parent and HO lines, again indicating the genotypic
stability that was achieved in breeding. The second
indices are the GDD values at Germg,, which is an
indication of seed vigor. The lower the Germgg
value the greater the seed vigor. Germg, did not
always reflect the same trends observed with XP, as
the near isogenic HO lines were the same, and
sometimes required fewer GDD than the parent.
This indicates the phenotypic variation in seed
production that can occur, but genetic consistency
in the near isogenic HO and parent lines will result
in similar stand establishment in the field, as was
previously noted. Based on Germyg, seed vigor was
most consistent for production in GA (2017, 14 to
21 GDD, 2018, 18 to 29 GDD, 2019, 19 to 29
GDD) across cultivars. OK produced seed was
similar in vigor to GA, but NC was variable. NM
consistently had the lowest vigor levels, with

several instances in 2017 and 2019 where seed
never achieved 80% germination.

Discussion

Data from this research indicated that with
respect to peanut seed size from 11 site-year
locations, the order was valencia < spanish <
runners < virginia types. Seed from all cultivars
exhibited phenotypic vigor variation with respect
to the state and year it was produced. However,
there was genotypic consistency for the parents as
well as the near isogenic HO lines. Comparing data
generated from the thermal gradient using these
growth curve models gave maximum germination
rates and established that parent lines required less
GDD (XP) to achieve maximum germination that
the near isogenic HO lines. All genotypes exhibited
stability over the course of this research for the
three years the variables were measured. These data
assisted in determining phenotypic and genotypic
variation between cultivars when grown under
known environmental conditions.

Germination begins as the seed becomes im-
bibed, triggering biochemical changes that lead to
the reinitiating of metabolic processes that induce
radical growth and shoot formation (Rajjou et al.,
2012). This process involves the conversion of fatty
acids (such as oleic and linoleic acid) to acetyl-CoA
and ATP which are used to synthesize sugars used
by the embryo as a food source. These changes
occur through beta-oxidation (Goodwin and Mer-
cer, 1983). One possible explanation of the
germination delay in HO peanut seed involves this
process. HO seed have a high concentration of oleic
acid and low of linoleic acid, and the complete
oxidation of oleic acid is slower than that of linoleic
acid (Holman and Elmer, 1947; Hiltunen et al.,
1986). Therefore, breakdown of the fatty acids and
formation of glucose needed for germination takes
longer in HO seed compared to LO seed.

One explanation as to why high oleic peanut
seed germinate more slowly under cooler condi-
tions than low oleic counterparts may involve cell
membrane fluidity. Oleic acid is less saturated than
linoleic acid, and thus more viscous (Davis et al.,
2016). When reacting to stress such as temperature
change, plants regulate their degree of cell mem-
brane lipid unsaturation, increasing the percentage
in cool temperatures to maintain function (Up-
church, 2008). Attia et al. (2021) reported that the
cell membranes of oil seed crops produced at cool
temperatures contain higher levels of polyunsatu-
rated lipids. Because high oleic peanut seeds
contain a mutated oleoyl-PC desaturase, or A'?
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fatty acid desaturase gene, the ability to regulate
cell membrane fluidity may be diminished, resulting
in an increased rigidity of high oleic cell mem-
branes may contribute to lower rates of seed
germination, especially at lower temperatures.

However, the process eventually does occur in
HO seed, resulting in little effect on agronomic
performance of HO cultivars compared to standard
cultivars. Several authors have reported that HO
seed germination is noticeably delayed in compar-
ison with LO seed at low soil temperatures
(Bachleda e al., 2017; Jungman, 2000; Sun et al.,
2014), and our thermal gradient table data also
reflects those observations. These observations are
consistent with thoughts that fatty acid oxidation
rate is key in seed germination efficiency. This
phenomenon is likely more obvious at lower
temperatures because the enzymes involved in beta
oxidation have an optimal temperature at which
reactions are catalyzed. Since oleic acid requires
longer to convert to glucose compared to linoleic
acid (Holman and Elmer, 1947), the high concen-
tration of oleic acid found in HO seed would result
in a slowed seed germination rate, especially at
lower temperatures where the enzymes involved
work less efficiently.

In the US, state laboratories perform germina-
tion tests on seed lots of various seed classes,
annually. These tests determine the capability of a
seed lot to produce normal seedlings under
favorable controlled conditions. Producers rely on
the results of state germination testing to predict
field emergence and crop vigor. Standardized
testing procedures for the US, Canada and some
Central American countries are set forth by the
Association of Seed Analysts (AOSA, 2019) and
are specific to individual types of seed. For peanut,
the same testing protocol is followed regardless of
whether the seed is HO or LO (AOSA, 2019).
According to the AOSA rules for testing seeds, the
first count of germinated seed is taken five days
after initiation of the test, with the final count being
taken at day 10. Our study indicates that the HO
genotypes examined in this study varied by the four
peanut market types. The required GDD to obtain
maximum HO germination for the near isogenic
lines was NM 308-2 (21.9) < OLe¢ (22.9) <62-15
(25.7) < Bailey II (38.1) (data not shown). While
the parent lines GDD were NM Val A (16.4) <
ARSOKSI140-1 (19.7) < Tifguard (26.6) < Bailey
(36) (data not shown). Only the runner parent line
of Tifguard required more GDD than the HO near
isogenic line of 62-15. Germination data for the
parent and near isogenic lines by peanut type
indicated that GDD’s for valencia < spanish <
runner < virginia. The current AOSA protocols for

testing peanut germination take the first germina-
tion measurement at five days and a final count at
seven days (AOSA, 2019). These protocols were
developed before the wide-spread production of
high oleic peanut cultivars and have not been
adapted to consider the early germination lag of
high oleic seed, demonstrated by this study, when
compared to standard oleic peanuts. Considering
the results of this study, modification of the AOSA
testing procedure by extending the germination
window to 21 days would more accurately evaluate
the percent germination of HO peanut cultivars
and reflect their viability on bags of registered seed.
As a long season crop requiring up to 150 days to
maturity, peanut stand establishment is critical in
maintaining a profitable crop. The results from this
study will assist growers with making HO seed
selections and better inform producers on expecta-
tions of early field emergence of HO cultivars.
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