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Abstract: The objective of this study was to examine peanut (Arachis hypogaea L.) kernel percent
sound splits as a function of sound mature kernel seed size when shelled on a reciprocating sheller.
Data were compiled from a total of 139 field experiments conducted in the Virginia-Carolina region
and Georgia from 2005 to 2020. Runner and Virginia peanut market types were graded according
to United States Department of Agriculture (USDA) standards using standard sheller screens with
upper grid sizes corresponding to the red pan from the pre-sizer of 10.3 × 19.1 mm (26/64 × 3/4 ”)
and 13.5 × 25.4 mm (34/64 × 1 ”) with minimum bar grid clearances of 8.7 (11/32 ”) and 12.7 mm
(1/2 ”), respectively. A subset of runner market type samples was graded using the Virginia sheller
screen. Grade data per market type and sheller screen was analyzed separately. Among runner
market types shelled with the standard runner-type screen, percent sound splits increased linearly
with increasing seed size at the logit rate of 1.16 per sound mature kernel g (p < 0.001). Sound
splits for Virginia and runner market types shelled on the standard Virginia-type screen did not
significantly vary by kernel size (p = 0.939 and 0.687, respectively). Extra-large kernels (proportion)
for Virginia types linearly increased with seed size at 1.91 per sound mature kernel g (logit scale)
(p < 0.001). Runner market types sized 75 to 91 g/100 sound mature kernels (605 to 500 seed/lb) were
estimated to have a 50% probability of a 2.3 to 4.5% or greater increase in sound splits when shelled
with the standard runner-type screen compared to runner-type seed sized 55 g/100 sound mature
kernels (820 seed/lb), respectively, equivalent to a potential deduction increase of 1.8 to 4.4 USD
/1000 kg. For both Virginia and runner market types, seed weight linearly increased with pod weight
at 0.169 and 0.195 g/g (p < 0.001), respectively. Results from this study may be used as a reference to
suggest runner-type seed sizes above which larger reciprocating sheller screen utilization in line with
USDA grading practices is warranted to reduce mechanically induced sound splits during grading
and subsequent economic deduction penalties for corresponding farmer stock peanut.

Keywords: Arachis hypogaea L.; extra-large kernels; farmer stock; deduction; kernel geometry

1. Introduction

Economic value of harvested farmer stock peanut for a farmer is primarily a function
of the total produced yield and corresponding grade as determined at the buying point.
The United States Department of Agriculture (USDA) grading system in use today has
its origins in the 1950s [1,2], with only relatively minor changes (e.g., modification of
the Segregation I damaged kernel allowance) introduced since then [3]. Net loan values
per farmer stock load are calculated following USDA grading standards [4,5], for which
premiums are added according to kernel designation (e.g., total sound mature, extra large,
and other). Discounts for Segregation I loads are analogously applied as a subtraction from
the loan rate and include penalties for excessive foreign material or sound splits (SS). A
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SS is an otherwise sound mature kernel (SMK) for which the cotyledons have separated.
Sound splits are assessed at the buying point following shelling of the grading sample
on a reciprocating sheller. Prior to shelling, cleaned pods are run through a pre-sizer to
sort pods by size. Standard sheller screens for use in the reciprocating sheller for runner
and Virginia market type cultivars have upper grid sizes, corresponding to the red pan
from the pre-sizer, of 10.3 × 19.1 mm (26/64 × 3/4 ”) and 13.5 × 25.4 mm (34/64 × 1 ”),
respectively [6]. Variability exists in peanut seed size among cultivars [7–9], which also
influences the cost to deliver a specific seeding rate, and the number of cultivars in active
U.S. commercial production has increased over the years.

Historical runner market type production in the southeastern U.S. has traditionally
been characterized by single-cultivar domination [10]. Dixie Runner [11] and Early Run-
ner [12] were released in 1943 and 1952, respectively, and were the most widely grown
runner cultivars between the time of their release and the early 1970s [13,14]. From 1972
to 1993, Florunner [15] was the predominant cultivar grown and represented between
60 and 95% of the peanut acreage [10]. Georgia Green followed Florunner as the most
prevalent cultivar through to the early 2000s [10,16]. Each of the most widely grown runner
market type cultivars in the U.S. from 1940 to 2000 exhibited seed sizes within a relatively
small window, ranging from 0.45 to 0.59 g/kernel (1010 to 770 seed/lb) [17–19]. Currently,
single-cultivar production widely remains the case across states such as Georgia (e.g.,
Georgia-06G [20], 0.70 g/kernel), whereas states such as South Carolina exhibit a greater
variety of cultivars grown [7].

Recently released runner cultivars have included those designated extra large seeded
runners, a term lacking codification [19], with reported seed sizes in upwards of 0.77
to 0.84 g/kernel (590 to 540 seed/lb) [21–23]. The USDA definition for Virginia market
type categorization is based upon a minimum of 40% fancy pods [6,24]. As such, several
recently released runner market types [21–23] exhibit enough fancy pods to be classified
as a Virginia type according to this criterion, though in practice the accepted fancy pod
threshold for commercially desirable Virginia market type cultivars is much higher, circa
70 to 90% [21,25–28]. Rather, for runner-type peanut, more commercial relevance has been
placed on the amount of medium and jumbo kernels [21].

While anecdotal observations have suggested that larger runner seed sizes may incur
a greater amount of SS following shelling during grading, published reports documenting
this data are lacking. The objective of this work was to examine the relationship of peanut
seed size and SS measured in conjunction with processing on a reciprocating sheller to
determine if larger seed sizes per market type were associated with a greater proportion of
SS than genotypes with smaller seed sizes and to estimate the deduction penalty of this
potential increase. The relationship of extra large kernels (ELK) with Virginia market type
seed size was additionally examined.

2. Materials and Methods

Data from field trials designed to examine agronomic performance of cultivars and
breeding lines and conducted in North Carolina, South Carolina, Virginia, and Georgia
(runner-type SMK wt–pod wt data) from 2005 to 2020 was examined for meeting selection
criteria for inclusion in the analysis. Within these trials, randomized complete block designs
were utilized and production practices followed Extension recommendations [7,29,30].
Peanut grade was determined according to USDA standards [6]. To be used in the analysis,
studies had to have reported SS and ELK (for Virginia market types) as a percent or
proportion, cultivar/line, and include information (e.g., location and year) to uniquely
identify each experiment. Following screening, data from 139 trials were compiled (Table 1).
Where not measured within an experiment, seed size estimates were obtained from reported
literature (e.g., cultivar releases) or estimated from the collected data (Tables 2 and 3).
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Table 1. Number of studies and years within datasets for models to predict proportion sound splits
(SS), proportion extra large kernels (ELK), and sound mature kernel (SMK) wt (g) as functions of
100 SMK wt (SS and ELK models) or pod wt (g).

Model Response Studies Years

SSrunner types on runner screen 43 14
SSrunner types on Virginia screen 24 8
SSVirginia types on Virginia screen 133 16

ELKVirginia types 133 16
SMKwtrunner types 25 10
SMKwtVirginia types 26 9

Table 2. Runner market type cultivar 100 sound mature kernel (SMK) weight and corresponding number of seed per pound
estimated from field trials conducted in North and South Carolina.

Cultivar
100 SMK wt (g) Seed Per Pound

Estimate 95% CIl
1 95% CIu Estimate 95% CIl 95% CIu Studies Years

ACI 3321 71.5 67.6 75.4 634 671 601 4 3
AU-NPL 17 71.0 67.1 74.9 639 676 605 5 3
Florida-07 74.6 71.7 77.5 608 632 585 21 7
FloRun 107 67.5 61.6 73.4 672 737 618 6 3
FloRun 157 66.4 63.4 69.4 683 716 654 11 4
FloRun 331 67.9 65.2 70.6 668 695 643 14 4

Georgia-06G 72.4 69.9 74.9 626 648 606 23 9
Georgia-09B 66.0 63.4 68.6 688 716 662 21 9
Georgia-12Y 62.9 59.9 65.8 722 757 690 7 4
Georgia-13M 55.6 51.6 59.5 816 878 762 4 4
Georgia-14N 58.3 54.8 61.8 778 827 734 3 3

Georgia-16HO 71.2 68.4 74 637 663 613 9 5
Georgia-18RU 66.9 64.1 69.8 678 708 650 7 3
Georgia Green 65.8 61.9 69.7 690 733 651 10 5

TUFRunner ‘297′ 75.0 72.2 77.8 605 628 583 16 6
TUFRunner ‘511′ 73.8 71.1 76.5 615 638 593 18 6
TUFRunner ‘727′ 71.9 66.2 77.6 631 685 585 6 3
TifNV-High O/L 70.0 66.4 73.5 648 683 617 4 2

1 95% CIl and CIu, respectively, are the lower and upper 95% confidence intervals.

Table 3. Virginia market type cultivar 100 sound mature kernel (SMK) weight and corresponding number of seed per pound
estimated from field trials conducted in North and South Carolina.

Cultivar
100 SMK wt (g) Seed Per Pound

Estimate 95% CIl
1 95% CIu Estimate 95% CIl 95% CIu Studies Years

Bailey 90.1 87.7 92.5 503 517 490 39 12
Bailey II 92.3 89.6 95.0 491 506 478 25 8
Brantley 94.5 89.5 99.4 480 507 456 6 2

CHAMPS 95.6 92.6 98.7 474 490 460 18 7
Contender 93.9 90.2 97.6 483 503 465 3 3

Emery 95.4 92.7 98.1 476 490 462 31 11
FL Fancy 92.7 87.7 97.7 489 517 464 9 3
Gregory 94.5 91.1 98.0 480 498 463 18 6
N.C. 20 91.0 87.8 94.2 498 517 481 16 7
NC-V11 83.6 80.5 86.6 543 563 524 16 6

Perry 88.6 84.5 92.6 512 537 490 12 4
Phillips 90.4 86.3 94.5 502 526 480 12 4

Sugg 97.0 94.4 99.5 468 480 456 27 9
Sullivan 87.1 84.8 89.4 521 535 508 32 11
Walton 88.8 86.4 91.3 511 525 497 4 2
Wynne 97.5 94.8 100.2 465 478 453 27 9

1 95% CIl and CIu, respectively, are the lower and upper 95% confidence intervals.
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Data were analyzed using the following formula:

SSij = b × SMKwti + I + Sj + eij (1)

where SSij is the proportion sound splits at the ith SMKwt for the jth study, b is a slope
parameter, SMKwti is the weight (g) per SMK of size i, I is an intercept, Sj is the random
effect of study j, and eij is the residual. Data for runner and Virginia market types were
analyzed separately after being processed on different sheller screens [6]. The GLIMMIX
procedure of SAS 9.4 (SAS Institute, Cary, NC, USA) was used to fit the model to the data
according to a beta distribution with logit link for the proportion response data. Reliability
of Equation (1) in predicting observed SS was assessed with the concordance correlation
coefficient (CCC) [31].

The estimated effect size of SSij at varying seed size i was obtained using the estimate
statement in GLIMMIX. The probability of increased SSij for a given extra large seeded
runner (e.g., 605 seed/lb, TUFRunner ‘297′ [22]) in relation to a small-seeded runner
(e.g., 820 seed/lb, Georgia-13M [32]) in future gradings was estimated using the inter-
trial standard deviation and cumulative standard-normal function following previously
reported methodology [33–36]. Probabilities, pi, of SS differences in future gradings were
estimated using Equation (2):

pi = 1−Φ
(

C− DSSi

σ̂

)
(2)

where C is a given SS increase, DSSi is SS above the small-seeded runner control for seed size
i (e.g., 605 seed/lb), Φ is the cumulative standard-normal function, and σ̂ is the square-root
of the estimated between-study variance as estimated from Equation (1). Probabilities
were calculated on the logit scale and back-transformed for presentation on the data scale.
Sound split deduction increases were estimated following USDA standards at the rate
of 0.88 USD /1000 kg per percent increase [6]. Deduction increase calculations assumed
farmer stock loads with a minimum of 4% SS.

For Virginia market types, ELK was predicted using an analogous form of Equation (1)
where proportion ELKij was the response. Predicted SMKwtij as a function of pod wt for
genotype i and study j was estimated by:

SMKwtij = b × podwti + I + Sj + eij (3)

where podwti is the corresponding wt (g) of a pod of genotype i, and b, I, Sj, and eij are as
described for Equation (1). Cultivar seed size (100 SMK wt) for runner and Virginia market
type cultivars was estimated from the North and South Carolina data where seed size was
reported using the GLIMMIX procedure with cultivar as a fixed effect and cultivar within
study as a random effect with first-order multiplicative structure [37], selected by way of
Akaike’s information criterion (AIC) minimization. Cultivars with data from at least three
studies were included in the analysis.

To examine kernel width with respect to sheller screen size tolerance (0.8 mm or
2/64 ” larger slot width compared to largest kernel width size per [9]) for extra large
seeded runner market type cultivars, kernel geometric and density data were obtained
from reported literature [38–43]. Kernel length was predicted as a linear function of SMK
wt using the ROBUSTREG procedure in SAS. Aspect ratios for kernel width and thickness
were similarly estimated as linear functions of kernel length. Peanut kernel volume was
approximated as an ellipsoid with volume = 1/6 × π × length × width × thickness. For
purposes of this study, extra large seeded runner type cultivars were considered those with
seed sizes ≥ 73.8 g/100 SMK (615 seed/lb).
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3. Results

Sounds splits linearly increased with SMK wt for runner market types shelled with
the runner sheller screen (p < 0.001, model-scale slope = 1.16) but not when shelled with
the Virginia sheller screen (p = 0.687) (Figure 1). Reliability (CCC) of SS prediction by the
two models was 77.5 and 93.0%, respectively. Virginia market types shelled on the Virginia
sheller screen did not exhibit a significant relationship for SS versus seed size (p = 0.938,
CCC = 85.4%).
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market types shelled with a (A) runner-type or a (C) Virginia-type sheller screen and (E) Virginia market types shelled
with a Virginia-type sheller screen on a reciprocating sheller. Corresponding plots of observed versus predicted proportion
sound splits are shown in panels (B,D,F), respectively. (A) Where the estimated slope parameter was significant, the shaded
band corresponds to the 95% confidence interval. Predictions were estimated according to the following function with
a beta distribution for the response: SSij = b × SMKwti + I + Sj + eij. Sj and eij were the random effect of study and the
residual, respectively. Estimated slope (b) and intercept (I) model-scale parameters, slope, and intercept parameter p values,
study variance (Sj), and concordance correlation coefficients for each model were (A,B) 1.16, −2.80, <0.001, <0.001, 0.161,
and 0.775, (C,D) −0.222, −3.475, 0.687, <0.001, 0.398, and 0.930, and (E,F) 0.00957, −3.145, 0.939, <0.001, 0.413, and 0.854.

Proportion ELK linearly increased with SMK wt for Virginia market types (p < 0.001,
model-scale slope = 1.909) (p < 0.001) (Figure 2). Reliability (CCC) of ELK prediction was
80.4%. This general relationship was anticipated, following how ELK designation is, by
definition, dependent on SMK size facilitating riding an 8.3 × 25.4 mm (21.5/64 × 1 ”)
screen [6].

Strong linear relationships were evident for runner and Virginia market type SMK wt
as a function of pod wt (Figure 3; CCC = 0.881 and 0.780, respectively). Among runner
market type cultivars, SMK wt increased with pod wt at the rate of 0.195 g/g, whereas
SMK wt for Virginia market type cultivars increased by 0.169 g/g (both: p < 0.001). The 95%
confidence interval of the estimated SMK wt for the largest seeded runner cultivars (0.72 to
0.78 g/kernel, Florida-07 and TUFRunner ‘297′, Table 2) from the data corresponded to
pod wt amounts of 1.8 to 2.1 g (Figure 3). Seed sizes from the data for runner market type
samples with pod wt ≥ 1.8 g averaged 0.77 g/kernel (SE = 0.007).

Runner market-type cultivars with 75, 82, and 91 g/100 SMK were estimated to have a
50% probability of incurring 2.3, 3.3, and 4.5% greater SS than the small seeded runner-type
check (e.g., 55 g/100 SMK (820 seed/lb) (Figure 4). Following standard grading rounding
in calculating deduction penalties, these amounts translate to 1.8, 2.6, and 4.4 USD /1000 kg.
These three kernel sizes were estimated to have an approximate 25% probability of 5.6
(5.3 USD /1000 kg), 6.8 (6.2 USD /1000 kg), and 8.2% (7.1 USD /1000 kg) increase in SS
over the small seeded runner-type check, respectively (Figure 4).
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market types shelled with a Virginia-type sheller screen on a reciprocating sheller. Corresponding observations versus
predicted ELK are shown in panel (B) The shaded band corresponds to the 95% confidence interval. Predictions were
estimated according to the following function with a beta distribution for the response: ELKij = b × SMKwti + I + Sj + eij. Sj

and eij were the random effect of study and the residual, respectively. The estimated slope (b) and intercept (I) model-scale
parameters, slope and intercept parameter p values, study variance (Sj), and concordance correlation coefficient were 1.909,
−2.190, <0.001, <0.001, 0.105, and 0.804.

Linear robust regression models for kernel length as a function of SMK wt, and width
and thickness aspect ratios predicted by kernel length were all highly significant (p < 0.001)
with respective robust R2 values of 0.81, 0.83, and 0.89 (Figure 5). Mean kernel density
among reported estimates was 978 kg/m3, which did not significantly vary with SMK wt
(p = 0.589). Estimated kernel length, width, and thickness dimensions for selected kernel
sizes calculated via SMK wt- and dimension-based regression or density were similar
between the two methods and are listed in Table 4.

Table 4. Length (L), thickness (T), width (W), and aspect ratios for width (W/L) and thickness (T/L) estimated for selected
extra large seeded runner market type sizes as linear functions of sound mature kernel (SMK) wt or density.

Dimension-SMK wt-Based Density-Based

SMK wt (g) L (mm) T (mm) W (mm) W/L T/L V
(mm3) 1 L (mm) T (mm) W (mm)

75 17.8 8.5 9.8 * 0.55 0.48 767 17.7 8.6 9.7 *
82 18.7 8.6 9.9 * 0.53 0.46 838 18.6 8.7 9.9 *
91 19.9 8.5 10.0 * 0.51 0.43 930 19.9 8.9 10.1 *

1 Kernel volume (V) was approximated as an ellipsoid: V = 1/6·π·L·W·T based on 978 kg/m3 density; * = kernel W exceeding 0.8 mm
(2/64 ”) tolerance (i.e., 9.5 mm) for the standard runner-type sheller screen slot size W allowance per [9] (i.e., slot size for the red pan from
the pre-sizer = 10.3 × 19.1 mm (26/64 × 3/4 ”)).
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SMKwtij = b × podwti + I + Sj + eij. Sj and eij were the random effect of study and the residual, respectively. The estimated
slope (b) and intercept (I) parameters, slope and intercept parameter p values, study variance (Sj), and concordance
correlation coefficients were (A) 0.195, 0.366, <0.001, <0.001, 0.00148, and 0.881 and (C) 0.169, 0.523, <0.001, <0.001, 0.00275,
and 0.780.
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sheller for genotypes with sound mature kernels (SMK) sized 75, 82, and 91 g/kernel (605, 550, and
500 seed/lb, respectively) compared to 55 g/kernel (820 seed/lb). Selected sizes were based on
estimated means from the current study and values reported in cultivar registrations for extra-large
(e.g., TUFRunner ‘297′ and Florida-07) and small-seeded (e.g., Georgia-13M) runner-type cultivars.
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Figure 5. Estimated (A) kernel length predicted by 100 sound mature kernel (SMK) wt and (B) width
and (C) thickness aspect ratios predicted by kernel length. Respective slope and intercept parameter
estimates, corresponding p values, and model robust R2 were: (A) 0.131, 7.982, <0.001, <0.001, and
0.809, (B) −0.0217, 0.937, <0.001, <0.001, and 0.828, and (C) −0.0235, 0.897, <0.001, <0.001, and 0.886.

4. Discussion

This work documents the relationship of peanut seed size (SMK wt) to SS when runner
and Virginia market type peanut were shelled on a reciprocating sheller as part of standard
USDA grading practices [6]. The relationship of ELK and seed size for Virginia-type peanuts
may be useful information for breeding programs. For runner market types, the negation
of the linear relationship of increased SS with increasing SMK wt when processed with the
Virginia-type sheller screen, as opposed to the runner-type sheller screen, has implications
for grading practices, specifically for extra large seeded runner cultivars. Based on the data,
the recommendation for USDA grading consideration would be for cultivar identification
to be linked to each farmer stock load (at a minimum for runner market type peanut),
from which references of standard kernel sizes may be used to select the screen for the
reciprocating sheller. This would be more efficient compared to introducing an additional
pod/seed sizing stage during the grading process. Alternatively, if cultivar identification is
not adopted, a pod/seed sizing step could be added to aid in sheller screen size selection.
Should this latter approach be utilized, which would lengthen the grading process, based
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on the results of this study we recommend farmer stock loads of runner market type pods
with 100 pod wt of ≥180 g to be shelled on the reciprocating sheller using the standard
Virginia-type sheller screen (or the 11.1 × 19.1 mm = 28/64 × 3/4 ” runner-type sheller
screen) to avoid increased creation of SS in the grading room and subsequent economic
penalty to the farmer. A third option that could be used to avoid assigning grading-room-
associated increased economic losses to a load of farmer stock peanut would be to attenuate
the calculated SS deduction according to the reference SMK wt of the applicable cultivar
(i.e., lowering the deduction prior to rounding by 2.3 to 4.5% for runner-type cultivars with
100 SMK wt of 75 to 91 g, respectively); this approach might be desirable for efficiency
considerations, particularly for grading rooms where only one reciprocating sheller is setup
or available.

Low humidity (<40%) and particularly elevated temperature (>35 to 38 ◦C, 95 to 100 ◦F)
during drying have been reported to contribute to increased SS during shelling for farmer
stock peanut [44–46] and have been associated with decreased milling quality, marketable
weight, and flavor characteristics, specifically with regard to peanut harvested when
immature or cured with temperature between 45 to 50 ◦C (113 to 122 ◦F) [47,48]. However,
as the results of this study show, current default grading practice when extra large runners
are shelled on the standard runner sheller screen actually increases the amount of SS,
subsequently introducing artificial loss of value to the farmer. More than 56% of U.S. peanut
produced is used for peanut butter [47,49]. For such food products where peanut kernels are
crushed, the presence of SS is irrelevant. This is further documented by the sheller sale price
of SS and whole kernels (mediums and jumbos) being the same [50], reflecting a disconnect
between the penalty-based grading system and value-based market applications.

Although the current study did not examine runner-type peanut shelling data asso-
ciated with the 11.1 × 19.1 mm (28/64 × 3/4 ”) runner-type sheller screen, the results of
the kernel geometry calculations in reference to the 0.8 mm (2/64 ”) width tolerance [9]
for reciprocating sheller slot width supports the viability of the 11.1 × 19.1 mm sheller
screen as being large enough to avoid undue creation of SS as seen with the 10.3 × 19.1 mm
sheller screen. These results are supported by kernel distribution sizing data previously
reported [9,51], in which 8% of TUFRunner ‘297′ kernels and 7% of Georgia-06G kernels
exceeded the width buffer allowance for the 10.3× 19.1 mm sheller screen in 2012 and 2015,
respectively, yet only 1% of each of these cultivars’ kernels exceeded the corresponding
width allowance for the 11.1 × 19.1 mm sheller screen. For context, jumbo kernels for these
cultivars across locations during those production years ranged from 76 to 90 g/100 SMK
(599 to 506 seed/lb) and 74 to 93 g/100 SMK (615 to 487 seed/lb), respectively [9,51], kernel
sizes corresponding to the range examined in Figure 4 and reported previously [22].

While extra large seeded runner-type cultivars did exhibit a greater amount of SS
compared to small seeded runner-type cultivars, this was determined to be a function
of the grading process and does not represent an agronomic disadvantage of such extra
large seeded cultivars. Although it was outside the scope of the current study to analyze
differences in yield potential or production across environments and years, ample data
exists to support the overall economic advantage of newer cultivars, including the extra
large seeded TUFRunner ‘297′, compared to individual cultivars that may have smaller
seed. Analogously, the estimated increase in SS, while preventable based on the results of
the current study via utilization of the larger sheller screen on the reciprocating sheller, had
comparatively much less impact on overall economic value per ha when yield production
was considered [52,53]. Nevertheless, if farmers receive a lower price as a byproduct of a
grading system that has not been markedly updated in 65 years when there exists definitive
remediating action at the ready (screen size swapping or SS deduction attenuation) to
prevent the increased creation of splits and economic loss to the farmer, then the approach
to grading farmer stock loads should be updated based on these results which reflect
characteristics of modern cultivars in common commercial production today.
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