ABSTRACT
006 RE I ,KELKYY MORGAN. Exploring the Impacts of Pest Management and Production
Practices on Soybean Seed Quality in North Caro(idader the directioof Dr. Rachel Vann
and Dr. Dominic Reisig

Soybeans are the largest rovop grown in North CarolindVith a demand for local
sources of protein to meet the needs of animal agriculture, growers have pushed to increase
soybean yields. To meet this demagihwers have shifted to plantiegrly maturingvarieties
earlierthanhistorically recommendedBut, with this shift, therédasbeen an increase in seed
guality issues.

Seed quality is a muifaceted component of soybeemops In the first chapter, seed
guality is examined through the lens of a grain elevator. To determine-gaagbn pesticide
treatments could mitigaissues with seed damage and purple seed stain, field trials were
installed at three locations over two yearsx environments in total. Trials were set up in a
random complete block design (RCBD) sgiit plot withthreeplanting date (PD) as whole
plots, threematurity groug (MG) as split plog, and fivepesticide treatmesats splitsplit plots.

Overall, pesticide treatment could not overcome environmental factors influenced by PD
and MG selection. In environments with pest pressure surpassing treatment threshold,
applications of fungicide and insecticide at R3 and R5 protected against dam&&Sand
compared to all other treatments. And, following previous research in NC, an application of
fungicide protected yield compared to a #iogated control.

The second chapter explored seed quality as the composition of protein and oil. Soybean
seed composition is highly dependent upon environmental conditions. Because the value of
soybeans is determined by the compositional components, understanding hagniggrelds

impacs the proportion of protein and @l critical for maintaining &igh-quality crop.



Weather, production, armbmpositionadata from twdRCBD splitplot trials was used
in a metaanalysis to determine the relationship between yield, protein, and oil. With nearly
3,000 plot points, conclusions about relationships could be made beyond environmental
influence.

Altogether in North Carolinawhenyield increasd there was a statistically significant
increase iroil composition Protein composition decreased, though the relationship was not
statistically significant. This suggeshati while there was a declimg trendi there is not as
large of a penalty to protein composition as seen in northern and midwestern soybean growing
regions. This may position our growers in North Carolina to be more competitive in specialty
and global markets.

In terms of destruction and cost of management, stink bugs are the second largest pest of
soybeans in North Carolina. Purple seed stain can decrease seedling vigor and germination
gualities critical for soybeans grown for sekdthe third chaptethe relationship between stink
bugs and purple seed stédiSS)was investigatetb determine if stink bugs could act as
potential vectors o€ercospora kikuchiithe causal agent of PS&dditionally, multi-loci
identification of Cercospora sppresent in Mrth Carolinavas attempted using five genes

For initial acquisitionand transmission trials, stink bugs were collected from infested
fields in Johnston County and Sampson County, NC. Cercospora kikuchii was isolated from
purple stained soybeans collected from Yadkin County, NC

Stink bugs were exposéd C. kikuchii-colonized V8 for 24 hoursefore aseptically
transferred to a surface sterilized soybean. After 24 hours, soybeans were procé3sed for
kikuchii DNA extraction. Stink bugs were surface sterilized and plated to detern@n&ikuchii

was present.



Initial attempts to determine the exact Cercospora spp. present were successful for three
of the fivenecessarydentification genes. Two additional gerae still necessary for final
confirmation.C. kikuchiiwas notable to be detected from the DNA extraction and will require a
recovery method with higher sensitivity, like gqPCR. Additional trials are needed to conclude

whether stink bugs act as vectors @rkikuchii
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CHAPTER 1
Mid -SeasorPest Management Implications for Protecting Soybean Seed Quality in

North Carolina



ABSTRACT

Soybean producers in North Carolina halidted to using earlynaturing varieties
(MGII-1V) to increase yield. This shift has coincided with more frequently encountered seed
damage and purple seed stain, sometimes resulting in dockage at the elevator. Weather is a major
driving factor in seed quality issues, but management strategies may nol@yto minimize
these seed quality issues and have not been investigated in North Carolina.

To better understand pest management implications of these seed quality issues, field
trials were conducted over two growing seasons (ZI2P) in three environments across the
state. The trials were conducted in a sgfilit plot design with three planting dates, three
maturity groups and five pesticide management strategies. Plantingvea¢tsate March, Late
April, andLate May and maturitgroups lll, IV, and V. Pesticide management strategies
included foliar fungicide at R3, insecticide at R3, ioeide at R3 and R5, foliar fungicide and
insecticide at R3 and R5, and an untreated grdoybean yield, seed damage, purple seed stain,
protein, oil, and pest dynamiegere collectedNon treatedcontrols were scouted at R3 and R5
for each planting date and maturity group combination to determine pest dynamics at each
location.

While fungicide applications improved yield, pesticide applications did not significantly
protect seed quality compared to the untreated control. Continuous scoutinghardeds
pesticide application can help producers improve soybean yield and protect seed quality.
NOMENCLATUR E
SoybeanGlycine maxL) Merr.; Purple Seed Staigercospora kukuchiiPhomopsis seed
decay,DiaporthdPhomopsis longicollaStink bugs (Hemiptera: Pentatomidae)

KEYWORDS



Pesticide application, foliar fungicide, insecticide, seed quality, damage, purple seed stain, yield,
earlyplanted, maturity group, spbiplit plot
INTRODUCTION

Accounting for 663,000 planted hectares in 2023, soybé&zgsife maxL.) Merr.] are
the largest roverop grown in North Carolina (USDAASS, 2023a). Because the state is one of
the top producers of poultry and swine in the country, there is a constantly increasing demand for
proteinrich feedsupply USDA-NASS, 2023b; NC Soybean Producers Association, 2019).
Composed of approximately 35% protein and ~20% oil, soybeans are an ideal crop for growers
to meet this demand (NC Soybean Producers Associati@f; Piggot & Schweizer, 2018).

Satisfying this demand continues to prove challenging as many soybean producing states
experience a yield gap. Between 1995 and 2000, upwards of 80% of US soybean production took
place in the Midwest, with southern states accounting for the remainingt2&herly &

Elmore, 2016)Within that same timeframe, the average yield from southern states was only
75% of the average yield across the (Bi®atherly & Elmore, 20160ver the last two decades,
research across tidid-Atlantic and Gulf Coast regions has focused on closing the yield gap by
maximizing yield through the use of early planting dates and early maturing vaietieset

al., 1997; Heatherly & Hodges, 1998; McPherson et al., 2001; Salmerdn et al., 2015)

Planting date and maturity group combinations are among the many management factors
known to impact yield of soybeans. Recently, Southern states like Mississippi and Louisiana
began planting in March and April while using maturity groups 3 andbdth unaligned with
historical recommendations for the regidteatherly, 2005b; Heatherly & Elmore, 201&his
shift to using earlyplanted, earlynaturing soybean varieties capitalized on the genetic potential

of earlymaturing varieties, avoided problematic weather periods, and offered an economic


https://www.zotero.org/google-docs/?e9kIkH
https://www.zotero.org/google-docs/?e9kIkH
https://www.zotero.org/google-docs/?GLrZqK
https://www.zotero.org/google-docs/?Pw70hy
https://www.zotero.org/google-docs/?Pw70hy
https://www.zotero.org/google-docs/?f6pUoH

advantage by allowing farmers to access early marfidestherly & Spurlock, 1999; Salmeron
et al., 2014)

In North Carolina, the historically recommended planting window for growers has been
01 May 10 July (Vann et al., 2022Because of the wide variety of crops planted in North
Carolina, a wide variety of maturity groups (M&Rhave also been used in the state. (Hare et
al., 2020). Recent research indicated MG 5 and MG 6 are the best maturity groups for North
Car ol i na Maeurtzinisand Gonlay,&2017). But, the use of MG 3s and MG 4s has been
noted to improve yield in high potential situatigiorris et al., 2021b; Salmeron et al., 2014)

While there are yield benefits associated with the use of plartyed, early maturing
varieties, there have also been documented declines in soybean seed quality. For the purposes of
this paper, poor seed quality refers to the diseased and damaged grain that, when graded with
USDA standards (USDAMS, 2023), leads to lower classification at the grain elevator.
Diseased and damaged soybeans can be the result of a variety of biotic and abiotic factors like
insects, pathogens, and environmental weathering.

Compared to historically recommended planting dates and maturity groups in North
Carol i na, MG O 5 wmid-May ked td an incrgase innhe graportoredf o r e
damaged and purpitained seeds (PS3/drris et al., 20213) Similar declines in seed quality
have been seen across Migl-South coinciding with shifting to an early soybean production
system (Heatherly & Hodges, 1998; Heatherly & Spurlock, 1999; Mayhew & Caviness, 1994;
Mengistu et al., 2015; Mengistu & Heatherly, 2Q06)

Early planted, earlynaturing varieties reach critical reproductive stages during June and
July and are ready for harvest in l&t@gust and September. The hot, humid weather throughout

this portion of the growing season and harvest is conducive to a variety of pathogens and
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diseases that can impact the quality of the developing seed sBbbraspsiseed decay,

caused byhomopsis longicollaand purple seed stain, causedd®rcospora kikuchif{Gillen et

al., 2012; Hartman et al., 2016; Hepperly & Sinclair, 1978; Morris et al., 2021b; Rupe & Luttrell,
2008; TeKrony et al., 1996; Wrather et al., 2003)

First identified in 1985Phomopsiseed decay, caused by the fungal pathogen complex
DiaporthdPhomopsis longicollas a common seed disease in soybean growing regions around
the world (Hobbs et al., 1985; Li et al., 201Q)ke many other fungal pathoger, longicolla
thrives in warm, moist environments, making it common in soybean growing regions around the
world. Soybeans infected B longicollaappear shriveled with a moldy or chalky white seed
coat(Wrather et al., 2003yesulting in lower germination and processing quéktgrtman et al.,
2016) Phomopsiseed decay directly leads to reduced quality grades at grain elevators by
increasing the incidence of mold, reducing test weight, and increasing the number of splits
(Hepperly & Sinclair, 1978; Sinclair, 1992)

Certain cultural practices can help redit®mopsiseed decay. These include selecting
planting dates and crop varieties that mature outside times of peak humidity, using fungicides,
and completing a timely harvest. But the reductioRilemopsiseed decay is not always
consistent and is highly dependent upon weather conditions and the applications of fungicides is
dependent on management c@Mengistu et al., 2010; Mengistu & Heatherly, 2006; Minor et
al., 1995)

First reported in the United States in 19€8rcospora kikuchihas historically been
understood to be the causal agentefcosporaeaf blight (CLB) and purple seed stain

(PSS).Recently, cryptic speci€grcospora cf. flagellarisndCercospora cf. sigesbeckiaere
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also found to be associated with CLB and PSS in southern and Gulf(élatest al., 2016;
Murakishi, 1951) The presence of these species have yet to be confirmed in North Carolina.

CLB appears as bronzing of the upper canopy during late pod set (R5) and early seed set
(R6), eventually spreading to the lower foliage, stems, and pefivisers, 1980)Both the
bronzed leaves and daplirple seeds result from the fungal production of the datkoxin
cercosporinCai & Schneider, 2005; Kuyama & Tamura, 1957)

Interest inC. kikuchiihas increased as the pathogen has spread across the southern states
and into highproducing northern regions. Whi kikuchiiis not considered yiellimiting, both
CLB and PSS can lead to lower seed germination, poor seedling vigor, and poor marketability
(Turner et al., 2020; Wilcox & Abney, 1973)

Shifting to an early soybean production system leads to higher yields by avoiding peak
populations of yieldimiting insect pests. In early soybean production, pod and seed
development no longer coincide with peak populationsafbean loopeiGhrysodeixis
includen$ and corn earwormHgelicoverpa zep(McPherson et al., 2001But, the peak
populations of other pests, like stink bugs (Hemiptera: Pentatomidae) anddihwrered alfalfa
hoppers $pissistilus festinjsoccur at the same time as these critical developmental stages
(Baur et al., 2000)Shifting pest populations may require adaptive pest management strategies,
including additional applications of insecticide.

In North Carolina, GreerChinavia halaris(Say)), Brown Euschistus servuy$ay)),
Southern GreerNezara viridula(L.)), and Brown Marmorateddalyomorpha haly$Stal)) stink
bugs form the stink bug complex (Reisig, 2022). All species within the stink bug complex feed
on all parts of the soybean plant using a stylet, a mouth part that can pierce the surface of the

plant and pods. The resulting damage can lead &barted or damaged seed and create an
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opening for opportunistic pathogens to infect pods and seeds (Reisig, 2022). While no single
species causes more damage than another, the stink bug complex can quickly reach damaging
levels in early planted soybeaf@wens et al., 2013)n 2021, yield losses caused by the stink

bug complex were estimated tomere thar$$35 million USD. Stink bugs infested 93% of acres
planted across the state, with nearly 20% of those acres exceeding treatment thidsissiels

et al., 2022)

Management of insect and seed diseases remains critical to protecting yield gains with
early plantedearlymaturing soybeans. While there are select soybean varieties that are resistant
to foliar diseases, few varieties are resistant to insect (péstsherly & Elmore, 2016As a
result, growers rely on fungicide and insecticide applications to protect developing soybeans. In
the south, fungicide applications at beginning pod (R3) and/or beginning seed (R5) have been
historically recommended to combat seed dise@seatherly & Elmore, 2016)As part of
integrated pest management, economic thresholds (ET) are used to determine when an
insecticide application is necessary to address damaging insect populations 2R2R)g,

Previous research regarding pest management strategies has focused primarily on
fungicide use and the impact on yield or germination with varying su@@asslara et al., 2020;
Kandel et al., 2021 Previous research has also included the use of an insecticide, either alone or
in combination with a fungicide, to determine the impact on yield or seed germifitiocance
et al., 2010; Garcia et al., 2020; Nelson et al., 2016; Ng et al.,.Z8}iming of fungicide and
insecticide impacts of soybean grain qualitgarly plantedearlymaturing varieties has yet to
be fully explored.

Growers in North Carolina are interested in management strategies during the growing

season to mitigate largely pebktven seed quality decline. The purpose of this study was to
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better understand how varionsd-seasorpest management strategies affsnty plantedearly

maturing soybean seed quality in North Carolina.

MATERIALS AND METHODS
Environment Description and Plot Management

In 2021 and 2022, field experiments were conducted at three locations across North
Carolina to capture the stateds wide variety
were located ofarm in Union and Washington counties and at the Upper Coastal Research
Station inEdgecombe Countyn 2022, trialswere located ofarm in Johnston and Beaufort
counties and at the Piedmont Research Station in Rowan County. For analysis purposes, each
location and year combination was treated as a unique envinbiifiadble 1).

Except forWashington County, no fields were irrigated in this trial, as irrigation is
uncommon in North Carolina soybean production. Using a Wintersteiger Plotseeder XXL, plots
were seeded at 300,000 seeds ral.5 m wide by 7.6 m long plots with 38.1 cm repacing.

In both 2021 and 2022 varieties AG36XF1, AG45XF0, and AG56X8 were used for maturity
groups 3, 4, and 5, respectively. Soil types of each field can be found in Table 1.

Each environment had betwees deplications dependent upon available space. During
the growing season, fields were inspected weekly or biweekly to monitor reproductive
development, apply treatments at the appropriate timing, and scout the fields for pests. Harvest
aid (0.494 kg/L pamguat dichloride Gramoxone, Syngenta Corporation) was applied at R6.5 for
each planting date and maturity group combination to improve harvestability and mirror grower
practices. Soybeans were harvested at maturity withnéevteiger Quantum Pro smplbt

combine.



Experimental Design and Treatment Description

Trials were conducted in a spfiplit plot design.Planting date (PD) was considered the
main plot, with maturity Group (MG) as the splot and pesticide management strategy as the
subsubplot. Three planting dates (Late March, LAtril, Late May), three maturity groups (3,

4, 5), and five pesticide management treatments were used both years. A variety of planting dates
and maturity groups were selected in each environment to create microenvironments where seed
guality issues mighemerge in encountered weather conditions (Table 2). Pesticide management
treatments included fungicide at R3, insecticide at R3, fungicide at R3 and RByixaak

fungicide and insecticide at R3 and R5, ambatreatedcontrol (Table 3).

Data Collection

When soybeans reached the W3 growth stage, stand counts were collected by
randomly placingwo-metersticks along the center two rows. Counts were averaged and
converted to stand per hectare for each subplot.

To capture iffield insect population dynamicspntreatedplots were sampled using a
canvas sweep net and 15 walking sweeps at both R3 and R5. Visual checks for foliar disease
occurred each week. Samples were taken from diseased plants and sent to the Plant Disease and
Insect Clinic at North Carolina State Unigiy for identification of pathogens present.

Plots were harvested with a Wintersteiger Quantum Pro gho&lombine. Subsamples
(~100g) from each plot were collected during harvest. Percent damage and purple seed stain was
guantified following the methods in Morris et al. (2021a). Each sample was weighed to
determine total sample weight. Seeds considerathdad by the USDA grading standard
(USDA-AMS, 2023) were separated and weighed. This included soybeans that were shriveled,

punctured, or otherwise malformed. In contrast to the USDA gradinggemigned seeds were



also separated from the initial sample and weighed to give a quantitative proportion rather than
using the visual Interpretive Line Print (USBXMS, 2021).

The remaining cleaned sample portions were retained foinfeaned spectroscopy to
determine total seed composition (protein, and oil, DA 7520 NIR Spectrometer, PerkinElmer
Inc.). Sample components, including yield, were corrected to 13% moisture.

Weather Data

Weather conditions were collected with weather stations installed at each field location.
Historic weather data was collected from the Cardinal Data Retrieval System through the North
Carolina State Climate Office. Total rainfall and average temperatoresMarch through
November are summarized for each environment in Table 4.

Statistical Analysis

To investigate the impacts of treatment, a migidcts model was fit using PROC
MIXED in SAS 9.4 (SAS Institute, Cary, NC). Location and year were combined to create an
Aenvi r on me Bath@amage and &3S variables were transformed using natural log.

Planting date (PD), maturity group (MG), pesticide treatment, and the interactions of
each were treated as fixed effects. Block nested within environment, PD nested in block x
environment, MG nested within PD x block x environment, and the overall residomelvere
considered random effects. To account for heterogeneity of variances across environments,
residuals were grouped by environment using the REPEATED statement.

KenwardRoger adjustment for degrees of freedom was used and treatment means were
determined to be significant at P O 0.05 (Spi
were further decomposed using LSMEANS statement in PROC PLM. Mean comparisens wer

adjusted for mul ti pNhenased fgr a figare, standaid erkoes yodbsack HS D .
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transformed data were approximated by the delta mettdididing the transformed standard

error by the absolute value of the inverse of the ftierksformed mean.

RESULTS AND DISCUSSION
Seed Damage

Within each environment, the amount of seed damage ranged fré36.6% in
Beaufort 2022, 126.9% in Edgecombe 2021, 258.9% in Johnston 2022, 12%7.0% in
Rowan 2022, 3-:40.8% in Union 2021, and 128.0% in Washington 2021. The upper range of
damage in both Union 2021 and Beaufort 2022 was approximately 21.9% and 23.8% lower than
what Morris et. al. (2021) previously reported at the same locations in previous years. Rowan
2022 was the only site highwith 27.0% in 2022 and 15.4% in 2020. Both 2628 2022
experienced lower rainfall than the ¥@ar average (Table 4). Warm, dry conditions are not as
favorable for pathogen development, leading to mild environmental disease pressure (Table 5)
and lower seed damage overall.

Il n a combined analysis across environments
0.0032), and the interactions between MG x pe
damage (Table 7). Regardless of pesticide treatment, both MG 3 and MGidgrtifchstly
higher damage than MG 5 (Figure 1). Compared to the untreated control within each MG,
pesticide treatment had minimal impact on seed damage. This suggests MG as the main driving
factor of seed damage with decreasing damage with the userdflfage Morris et al. (2021)
saw similar results where the earliest maturity groups had the highest percentage of seed damage
and declining as MG increased.

The interaction between PD and MG was also significant in the combined analysis (Table

7). Across all environments, for each MG, Late March PD had the highest damage (Figure 2).
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MG 4 had a sharper decline in damage between Late March and Late April than eitherMG 3
MG 5. There was no significant difference between Late May and Late April plantings for MG 3
and MG 5. Again, there is a trending decline in damage as PD and MG are delayed.

Rowan 2022 was the only environment that had a signiftbae¢way interaction
between PD, MG, anpesticide treatmerfiable 7). The interaction was sliced by pesticide
treatment to determine which treatments had the most impact on damage for each PD and MG
combination (Table 8). Fungicide applied at R3 and Insecticide applied at R3 were the only two
treatments to impactamage for each PD*MG. Late April MG 5 had the lowest damage for the
Fungicide at R3 and Late May MG 5 had the lowest for Insectigipkeal at R3. Rowan was
one of three environments that exceeded the treatment threshold for a damaging insect pest and
had the largest variety of soybean pathogens (Table 5 and Table 6).
Purple Seed Stain

Purple seed stain (PSS) ranged betwké114.6% in Beaufort 2022, 8.13.0% in
Edgecombe 2021, ®20.59% in Johnston 2022;1M.8% in Rowan 2022, 0:3.6% in Union
2021, and 6.4% in Washington 2022. Incidence of PSS was low across all environments
compared to previous years outside the scope of this study. Ranges in Union 2021, Beaufort
2022, and Rowan 2022 were approximately 16.9%, 5%, and 37.2%, also lower than previous
yeass outside the scope of this stud§orris et al., 2021b)

Purple seed stain is caused by the fungal pathGgetospora kikuchifMurakishi,
1951) Like most fungiC. kikuchiithrives in environments with high temperatures and high
humidity (Gillen et al., 2012; Wrather et al., 2003is is because late6t kikuchiiconidia
present in the soil are released when temperatures are warm and humidity(daitikgbn et al.,

2006) When these conditions continue through the growing se@sdikuchiicolonize
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soybeans and release the photoreactive toxin, cercosporin, leaving behind a dark, purple stain
(Daub & Hangarter, 1983; Jackson et al., 2006)

In both 2021 and 2022, rainfall across trial environments was much lower tHa the
yearaverage during planting (Mafay) and harvest (Segov) (Table 4). While the droughke
conditions made for a smooth harvest, the conditions were not conducive to fungal growth,
leading to lower PSS and overall disease pressure (Table 6). There were still significant
interactions between PD x MG x Environment and PD x MG x PesticidénTeax
Environment for PSS (Table 7).

In a combined analysis across all environments, PD, MG, and pesticide treatment were
significant (Table 7). Late March planting had significantly more PSS than either Lat@April
Late May (Figure 3A). Similarly, MG 3 and MG 4 had significantly more PSS than MG 5
(Figure 3B). Morris et al. (2021) observed that, compared to traditional MG seleetolys,
maturingvarieties encountered more PSS. Spurlock et al. (2020) also encountered a higher
incidence of PSS when using MG 4 compared to later maturingtiear

Early MGs and early PDs will enter critical development periods during the hot, humid
summer monthpeak environmental conditions for C. kikuchii colonization, resulting in a
greater amount of PSS. MG5 likely did not encounter these conditions during development and
therefore had fewer symptomatic soybeans. Badyuring varieties may also be more
genetically susceptible 1. kikuchiicolonization as these varieties are developed for use in the
Midwest whereC. kikuchiiis not as frequently encountereditas in themid-South(Morris et
al., 2021b)

Pesticide application also impacted the amount of PSS (Figure 3C). Compared to the

untreated control, only Fungicide and Insecticide applied at R3 and R5 significantly decreased
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PSS. It is worth noting the fungicide at beginning pod (R3) and beginning seed (R5) was not
significantly different from the untreated control. This suggests the additional insecticide
application may have also played a role in the significant decre&®Sof

Edgecombe 2021 was the only environment that had a significaetway interaction
between PD, MG, and pesticide treatment (Table 7). MG 4 was the only MG with differences
between PDs and pesticide treatment and Late March was the only PD that had any differences
among MGs and pesticide treatments (Table 9).

No combination of PD x MG x pesticide treatment was different from the untreated
control. Instead, it appears that PD and Mg were the largest drivers of PSS as the earliest PDs
had the greatest amount of PSS. When sliced by PD, the earliest MG had tist greaunt of
PSS. This reflects the similar trends when combined across all environments where the earliest
PD and MGs had the highest with declining incidence as PD and MG are delayed.

In summary, the environmental conditions created by the interaction between PD and
MG are critical to the development of PSS. Unless there is severe disease pressure, physiological
timing of pesticide application cannot overcome the environmental faotpretect soybeans
from PSS. Scouting fields and applying fungicide when disease pressure is high continues to be
the best strategy to protect seeds from PSS.

Protein

Seed composition, including protein and oil, is known to vary based on a wide variety of
factors including environment, temperature, and genetics (Zhang et al 2010; Egli and Cornelius,
2009, Rotundo and Westgate, 2009). The impact of PD is highly vaagslell. Some research

has shown a delay in PD leads to an increase in protein composition (Robinson et al., 2009;
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Bellaloui et al., 2015). Others have seen a decrease in protein with later PDs (Muhammad et al.,
2009).

Protein content ranged between 3338086% in Beaufort 2022, 30.64.49% in
Edgecombe 2021, 35.02.05% in Johnston 2022, 32.89.85% in Rowan 2022, 33.82.97%
in Union, and 33.9@0.96% in Washington 2021. Soybeans can have up to 45% protein and
these values fall within the expected ran@fdsond et al., 2018)

Combined across all environments, PD, MG, and pesticide treatment were significant for
protein composition (Table 10). Protein content was higher in the earliest PD, with Late March
significantly higher than both Late April and Late May (Figure 4A). Thatige in protein as PD
is delayed contrasts previous research out ofidevestgrowing regions and again emphasizes
the impact of environment on soybean seed composition (Kane et al. M@97zinis et al.,

2017). When using earlyaturing varietes({ O 5) across North Carol i
(2021a) observed lower protein content as planting was delayed.

For MG, both MG 3 and MG 5 were significantly higher than MG 4. This is likely due to
the increase in yield and oil composition for MG 4s (Figure 4B). The inverse relationship
between yield and protein composition is well documented (Rotundo et al.,Bflofyi et al.,

2011; Piper and Boote, 1999; Rincker et. al, 2014). Breeders have focused on increasing yield
potential for early maturing varieties (M&2 due in part to prevalence of early maturing
varieties in the Midwest (Boehm et al., 2019).

Protein content in the treatment where fungicide was applied twice at R3 and R5 was

slightly lower than all other treatments, including the untreated control (Figure 4C). But, this

difference wa®nly 0.17 %. While the differences in treatments were statistically significant,
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they are not practically significant. With a difference of less than a fifth of a percent, pesticide
treatment had no meaningful effect on protein composition.
Oil

Oil content ranged between 17-36.06% in Beaufort 2022, 17.2P.58% in
Edgecombe 2021, 16.82.75% in Johnston 2022, 17-30.88% in Rowan 2022, 17.82.42%
in Union 2021, and 17.680.89% in Washington 2021. These ranges were expected as oil
content usually accounts for-P5% of soybean seed composit{@kond et al., 2018)

Across all environments, MG and PD x pesticide treatment had a significant impact on
oil composition (Table 10). MG 4 had significantly higher oil content than either MG 3 and MG
5. Morris et al (2021a) saw a similar trend with the highest oil contentGr2M across all PDs
with no impact from PD untinid-July. Similarly, throughout Wisconsin and Minnesota,
Mourtziniset al. (2017) observed greater oil conterganly plantedearlymaturing varieties
compared to later PD and MGs.

Otherdifferences in oil content can be attributed to differences in background genetics of
the MG used in this trial (Yaklich et al., 2002). Because the Midwest usesrestlying
soybean varieties, breeders have focused on improving genetics and increasing the yield
potential of these early MG varieties. At the same time, oil content has increased as well due to
well established correlations between higher yields and higher oil c¢Ripet & Boote, 1999;
Rincker et al., 2014)

The interaction between PD and pesticide treatment was also significant. But, when
investigating the interaction within different PDs, no pesticide treatment differed from the
untreated control (Table 11). Late May plantings had the highest oil contentyéen the

difference was not significant from other PDs. This suggests that PD selection has a greater
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impact on oil content than pesticide treatment. It should also be noted that the difference between
the highest content and lowest content is around 0.5% (Table 11). While this may be statistically
significant, it is not practically significant for justifyg pesticide applications.

The environmental conditions created with PD and MG selection are likely the greatest
drivers of variation in oil content (Bellaloui et al., 2011; Oliva et al., 2006). Assefa et al. (2019)
estimated that up to 70% of seed composition variation was doeitoranental growing
conditions.Early planted earlymaturing varieties reach seed development stages during summer
months. These higher temperatures during seed fill can directly impact the oil content in
soybeans (Muhammad et al., 2009; Kane et al.7J199

Oil and protein are negatively correlaigibson & Mullen, 1996; Piper & Boote, 1999)
Environments with the highest oil content also had the lowest protein content (Figure 4B vs
Figure 5). Similarly, Morris et al. (2021a) also observed a decline in protein as oil content
increased in earlgnaturing varieties in North Carolina. Seed composition can determine the
value of soybean crop as certain markets will pay a premium for higher percentages of protein or
oil (Brumm & Hurburgh Jr., 2006; Heatherly & Elmore, 2004). When selecting PDs anddMGs
maximize yield, growers need to also consider the implications for seed composition.

Yield

Yield ranged between 5643:3%67.70 kg! ha in Beaufort 2022, 4611.26849.45 kgt
ha in Edgecombe 2021, 1606-8641.29 kg* ha in Johnston 2022, 4719-:80281.41 k¢ ha in
Rowan 2022, 2358.8%647.95 kg! ha in Union 2021, and 4709-A09.12 kg*ha in
Washington 2021.

Combined across all locations, PD, MG, and pesticide treatment were significant for

yield. The interaction between PD and MG also trended towards significance (Table 11). Late
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April had significantly higher yields than both Late March and Late May (Figure 6A). To
maximize yield in North Carolina, optimum planting occurs between late Apritradcidiay

with awell-documentegield penalty when planting befonaid-April (Morris et al., 2021a,;

Vann, 2023). This penalty is less pronounced in iglling environments in the eastern part of
North Carolina, near the region called the Blacklands. Both Washington and Beaufort counties
are considered higyielding environments and benefit from planting befmid-April (Morris et

al., 2021a)

Maturity group 3s had significantly lower yields than MG 4 and MG 5 (Figure 6B).
Bateman et al. (2020) saw similar trends with MGs 4 and 5 yielding highest when planted in late
April. This is consistent with the observations of Salmeroén et al. (2014M@tHd having the
greatest yield when planted between late March and late May. Planting early increases yield with
earlier canopy closure, increasing the captured amount of solar radiation and increasing the
number of pods on the main stem (Cooper, 2@a&neron et al., 2015; Wilcox &

Frankenberger, 1987pverall, the higher yields associated with the interactions between PD and
MG in this study follow similar trends documented across North Carolina and the US Southeast
(Morris et al., 2021ayann et al., 2021)

The pesticide treatments containing foliar fungicides protected yield compared to the
norttreatedcontrol (Figure 6C). Fungicide applied at R3, fungicide applied at R3 and R5 , and
tankmixed fungicide and insecticide applied at R3 and R5 yielded significantly higher than the
nontreatedcontrol. Insecticide applied alone at R3 did not significantly impact yield compared
to thenontreatedcontrol.

In North Carolina, Vann et al. (2021) found the use of a foliar fungicide to be the second

most significant predictor of high yield. Imaetaanalysis Kandel et al. (2021) found foliar
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fungicide sprayed at R3 increased yield 2.7% ewwntreatedcontrol and over 3% when the
fungicide applied was a Quinone outside Inhibitor (Qol, FRAC 11). In this study, the fungicide
contained an FRAC 11 active ingredient (pyraclostrobin, Table 3) and treatments with a

fungicide increased yield 4.6.5% compared to theontreatedcontrol.

CONCLUSION

Pesticide treatments had minimal impact in reducing seed quality issues, like damage and
purple seed stain, or altering seed composition, like protein and oil. Planting date and maturity
group selection have the greatest impact on soybean seed qualigvetpyeld was still
protected with the use of a foliar fungicide. Given the additional costs of tieleshold
pesticide applications, the minimal decrease in quality issues is negligible. The use of integrated
pest management, such as scouting andfuseatment thresholds, remains the hest for
growers to mitigate seed quality issues when planting early and using an early maturing variety

to maximize soybean yield.
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Table 1.1 Geographic locations, soil types, tillage systems, and previous crops for each

trial environment

Latitude Longitude Previous

Environment N W Soil Type Tillage Crop
Cape fear fine sandy

Beaufort 2022 35.6 76.7loam Conventiona Corn

Edgecombe Norfolk fine sandy

2021 35.9 77.6loam Conventiona Corn
Norfolk fine sandy

Johnston 2022 35.4 78.1loam No Till Cotton

Rowan 2022 35.7 80.6 Lloyd clay loam No Till Corn
Badin channery silt

Union 2021 34.9 80.5loam No Till Corn

Washington

2021 35.7 76.6 Hyde silt loam No Till Corn
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Table 12 Planting date, maturity group, pesticide application dates, and soybean harvest dates

across each environment

Planting Maturity R3 Pesticide R5 Pesticide Harvest
Environment Date Group Application Date Application Date |Date
Beaufort 2022 Mar 23 3 Jun1s Jun2¢  Aug 31
4 Jun 1f Jun 2¢  Sep 2¢
5 Jun 2¢ Aug 04 Oct 18
Apr 25 3 Jun 2¢ Jul 18 Sep 2¢
4 Jun 24 Jul18  Sep 2¢
5 Aug 04 Aug 31 Oct 18
May 10 3 Jul 19 Aug 04  Sep 2¢
4 Aug 04 Aug 31  Oct 18
5 Aug 04 Aug 31 Oct 18
Edgecombe Mar 23 3 Jun 1< Jul01  Sep 1
2021
4 Jul 01 Jul 07 Oct 5
5 Jul 12 Jul 28 Oct 5
May 03 3 Jul 12 Jul 28 Oct 5
4 Jul 28 Aug 10 Oct 5
5 Jul 28 Aug 24  Oct 19
May 25 3 Jul 28 Aug 24 Oct 5
4 Aug 10 Aug 24 Oct 5
5 Aug 24 Sep 0: Oct 19
Johnston 202 Mar 21 3 Jun 02 Jun1ls  SepO:
4 Jun Oz Jun 1< Sep O:
5 Jun 2z Jul28  Oct11
Apr 22 3 Jun 2z Jul06  Sep 1¢
4 Jun 2z Jul06  Oct11
5 Jul 06 Aug 09 Oct11l
May 10 3 Jul 06 Jul28  Sep 1¢
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Rowan 2022
Apr 26
May 15
Union 2021 Mar 24
May 04
Jun 1¢
Washington Mar 25

2021

Apr 30
May 20

aa b~ 0w 00 A W OO b~ 0 00~ W o0 b~ 0o o0 b~ w o0 >~ 0o o000 b~ w

Jul 29
Jul 29

Jul 07
Jul 18
Aug 08
Jul 18
Aug 08
Aug 08
Jun 1¢
Jun 1¢
Jul 21
Jul 15
Jul 15
Jul 29
Aug 11
Aug 11
Aug 31
Jun 1¢
Jun 21
Jul 13
Jul 13
Jul 20
Aug 13
Jul 30
Aug 13
Aug 24

Aug 09
Aug 09

Jul 25
Aug 08
Aug 17
Aug 08
Aug 17
Aug 17

Jun 3(

Jul 15
Aug 02

Jul 21

Jul 29
Aug 31
Aug 19
Aug 31
Sep 0«

Jul 13

Jul 13

Jul 30

Jul 30
Aug 13
Aug 24
Aug 13
Aug 24
Sep 0

Oct 11
Oct 11

Sep 2(
Sep 2(
Oct 19
Sep 2(
Oct 19
Oct 19
Aug 25
Aug 31
Sep 2¢
Aug 31
Sep 1«4
Sep 2¢
Sep 2¢
Sep 2¢
Oct 13
Sep 1t
Sep 1t
Oct 05
Sep 1¢

Oct 5

Oct 5

Oct 5

Oct 5

Oct5
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Table 13 Pesticide treatment description, application timings, and application rates

Treatment

Fungicide

Insecticide

Fungicide

Fungicide and
Insecticide

Nontreated
Control

Application
Timing

R3

R3

R3 and R5

R3 and R5

Trade Name

RevyTek
(BASF
Corporation)

Brigade
(FMC)

RevyTek
(BASF
Corporation)

RevyTek
(BASF
Corporation)
and

Brigade
(FMC)

Active Ingredients
(ka/L)

0.111
mefentrifluconazole
0.148 pyraclostrobin
0.074 fluxapyroxad

0.200 bifenthrin

0.111
mefentrifluconazole
0.148 pyraclostrobin
0.074 fluxapyroxad

0.111
mefentrifluconazole
0.148 pyraclostrobin
0.074 fluxapyroxad
and

0.200 bifenthrin

Application Rate
(mL/ha)

560

448

560

560 and 44

33



Table 14 Environmental conditions at each trial location and year. Total monthly precipitation (cm), average monthly temperature

(C), and 36year averages are shown.

Environment

Edgecombe 202 Union 2021  Washington 202 Beaufort 2022 Johnston 2022 Rowan 2022

TOTAL
PRECIPITATION (cm) 30 30 30 30 30 30
Month Site year Site year Site year Site year Site year Site year
March 6.63 10.19 4.95 10.64 540 10.72 9.64 9.19 5.42 10.29 12.78 10.3¢
April 420 836 196 8.61 727 871 153 10.82 6.72 10.24 7.42 9.37
May 194 841 279 8.64 13.2 12.07 0.82 958 514 9.75 9.48 8.71
June 11.5¢ 10.52 16.5€ 11.02 25.06 1247 6.28 9.37 3.17 12.01 0.70 10.87
July 1179 13.28 1252 1049 13.77 1359 14.2C 16.05 22.81 11.71 20.62 11.66
August 12.6¢ 12.24 10.98 12.45 2482 14.48 16.30 20.22 11.42 1290 9.39 9.50
September 9.32 13.41 20.01 10.54 8.22 16.76 20.86 21.46 12.83 16.08 15.32 9.73
October 9.03 851 7.69 9.88 461 955 197 13.00 110 892 384 754
November 290 729 201 8.97 3.33 831 968 1092 7.36 8.20 15.01 7.95
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Table 14 (contnued) Environmental conditions at each trial location and year. Total monthly precipitation (cm), average monthly

temperature (C), anBD-yearaverages are shown.

Environment
Edgecombe 2021 Union 2021  Washington 2022 Beaufort 2022 Johnstor2022 Rowan 2022

AVG TEMP (C)

Month Site 30-year Site 30 year Site 30 year Site 30 year Site 30 year Site 30 year
March 12.14 10.5€¢ 13.1 10.78 12.2 11.17 12.7 12.22 134 10.44 119 10.06
April 1597 15.5€ 16.8 15.83 15.7 16.22 15.8 16.72 16.5 15.50 15.0 15.33
May 19.74 20.0€6 204 20.3¢ 19.3 20.67 21.1 21.17 219 20.00 20.5 19.61
June 23.9¢ 2432 242 2467 240 24.61 24.0 25.17 253 2444 244 23.89
July 2553 26.5C 25.7 26.61 254 26.78 26.2 27.00 27.0 26.78 25.6 25.78
August 25.71 255€ 258 25.78 25.9 25.8G 24.9 26.3¢ 254 2561 242 24.94
September 22.01 2233 225 2250 223 23.11 21.7 2411 222 2261 20.3 21.39
October 1852 16.3¢ 186 16.5C 18.7 1761 15.1 18.8¢ 15.3 16.06 13.2 15.44
November 9.29 10.5C 10.3 10.39 9.8 11.5€ 13.0 13.61 129 10.38 11.0 9.44
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Table 15 Pathogen species identified at each trial location.

Cercospo Fusariu Brown Alernari
alLeaf m Stem Spot a Blight
Soybee FrogEye Blight Rot Bacterial Rhiztocton Septori and Leal
n Vein Leaf Spot Cercospc Fusariu  Blight iastemrol a Spot
Environme Necrosi Cercospo ra m  Xanthomor Rhizoctoni glycine Alternari
nt s Virus ra sojinae kikuchii sp./spp. as sp./spp. asp./spp. S a panax
Edgecomb
e X
Union X X
Washingto
n X X X
Beaufort
Johnston X X X X
Rowan X X X X X X
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Table 16 Insect pests present at each field summarized across trial replications. Relative abundance was determined by dividing
species count by total number of insexiiected at the trial location. Species reaching or exceeding treatment threshold are listed for

each environment.

Dectes
Stem
Borer
Dectes
Bean sayi
Leaf (Dillon Three
Beetle Blister and Kudzu Cornerec
Cerotonr Beetle Dillon) Grape Bug Alfalfa
a Epicau Dectes Colapis Megacofr Stink  Hopper Insects
trifurcat ta  texanus Colaspis ta Bug Spissistil Reachir
Lepidopterar a funebri texanus brunnea Grasshopy cribraria Complex  us g
Complex (Forster s  (LeCont (Fabriciu ers (Fabriciu Hemipte festinus Other Threshc
Environmen Lepidoptera ) (Horn) e s)  Orthoptera  s) ra (Say) Insects Total Id
Relativ
e
Abund Cou
ance nt
Stink
Bug
16.3 21.3 10 35.8 100. Comple
Edgecombe 851 41 9 790.21 1041 2 041 2 6.22 30 228 11 7 3 83040 9173 00 482x
10.7 15.6 10 16.8 11 32.0 100.
Union 940 63 5 720.00 0 0.00 0 0.00 O 11.04 74 418 28 7 5 7 3 9215 00 670

14.4 11 36.0 100.
Washington 10.05 82 8.21 671.4712 2.82 23 1.84 15 1042 85 6.50 53 6 8 8.21 67 3294 00 816
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11.0 21 16.5 32 11.1 22 34.6 100. 196
2021 945 186 8 80.6613 1.27 25 0.86 17 9.60 189 4.67 92 7 6 8 0 5682 00 8

12.0 12 33.7 34 30.6 100. 101 Kudzu
Beaufort 503 5121722030 331632 3 2 424 43 3 239440 473 48 7311 00 4Bug
30.0 14.5 29.7 100.
Johnston 743 22169 50.00 0 0.00 0 0.68 2 11.82 35 7 89 343 40512 3 88 00 296
Stink
Bug
Comple

X
37.9 20 15.9 10.1 20.4 100. Kudzu
Rowan 6.00 32 3.00 160.00 0 3.7520 0.00 0 281 15 0O 2 58 354 5109 00 533Bug

12 34.3 63 16 11 27.5 100. 184
2022 5.70 1052.33430.16 3 28252 6.73 4 505 93 5 3912 8619 4 6508 00 3
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Table 1.7 Summarized ANOVA for damage and purple seed stain (PSS) for combined analysis and by individual environment.

Combined For Individual Environments
En \//Ai\rcorr?risen s | Edgecombe . Washington
Beaufort 20242021 Johnston 202|Rowan 2022 [Union 2021 |2021

Dependen F F F F F F F
variable  Source value p value |value p value |value p value |value p value |value p value |value p value |value p value
PD 41.4<0.000322.74 0.002315.05 0.0019 7.16 0.018420.78<0.0003153.18<0.000329.61<0.0001
MG 72.55<0.000114.01 0.000434.61<0.000157.29<0.000312.02<0.000317.49<0.000335.13<0.0001
PD*MG 4.18 0.003410.39 0.0004 6.41 0.0034 1.43 0.2743 3.87 0.0274 4.12 0.009 6.27 0.0009
Damage Tt 5.58 0.0004 1.6 0.1793 6.91<0.0003 0.51 0.7264 6.1 0.0004 0.56 0.6904 1.15 0.3371
PD*Trt 1.61 0.1183 0.49 0.8584 3.28 0.00231 0.96 0.47531 1.82 0.1399 1.08 0.3809 2.12 0.0361
MG*Trt 2.14 0.0304 0.92 0.5004 1.46 0.1793 0.68 0.7084 3.34 0.00374 0.79 0.608§ 1.18 0.313¢
PD*MG*Trt| 0.87 0.6013 0.68 0.80337 0.76 0.692§4 0.97 0.481§4 2.36 0.0299 0.45 0.9644 1.1 0.3591
PD 7.38 0.000917.72<0.000111.41 0.0003 5.7 0.019 0.05 0.8194 7.38 0.006420.55 0.0003
MG 24.67<0.000147.67<0.000] 6.74 0.004450.52<0.000321.86 0.000422.37<0.000172.59<0.0001
PD*MG 2.34 0.0599 7.33<0.0001 5.72 0.0039 1.58 0.2364 2.11 0.171923.27<0.0001 5.16 0.0028§
PSS Tnt 8.66<0.000] 6.01 0.0004 2.41 0.0539 1.38 0.2481 4.4 0.0049 1.01 0.4014 2.74 0.0304
PD*Trt 1.55 0.1371 1.02 0.4279 2.51 0.0154 1.05 0.4039 0.56 0.6959 1.03 0.4164 1.76 0.0889
MG*Trt 1.16 0.324 0.75 0.6464 0.71 0.6813 1.63 0.1294 1.84 0.1009 0.44 0.8953 0.99 0.4421
PD*MG*Trt| 1.01 0.4404 1.48 0.1204 1.87 0.0469 0.64 0.8053 0.77 0.6353 0.67 0.8241 1.43 0.1314
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Table 18 The threavay interaction between PD, MG, and pesticide treatment on damage for

Rowan 2022, sliced by pesticide treatment. Means followed by the same letter are not

significantly different at P O 0.05 based
Estimate
Planting Maturity [(% Standard Letter
Pesticide Date Group |Damage) |Error Group

Late April 3 20.80¢t 2.4567A

Late April 4 17.705¢ 2.8361AB

. Late May 4 15.471¢ 2.835CAB

Fungicide at R3

Late May 5 7.515¢E 4.908€AB

Late May 3 7.5187 2.8361AB
Late April 5 8.7582 3.473EB
Late April 4 15.052¢ 2.8361A
Late April 3 12.737¢ 2.4567A
. Late May 4 12.195¢ 2.8361A

Insecticide at R3
Late April 5 8.312¢t 2.8361A
Late May 3 7.099 3.472EA
Late May 5 1.5532 3.473EB
Late April 5 27.01¢ 4.9071A
Late April 3 20.32¢ 2.4567A
- Late May 4 17.617: 2.835€A
Fungicide at R3 and R5
Late April 4 15.12 2.4567A
Late May 5 9.9382 3.473EA
Late May 3 7.152 2.8361A
Late April 4 13.2892 2.8361A
Late May 4 12.7432 3.473EA
Fungicide and Insecticide at k

J Late April 3 10.847¢ 2.4567A
Late April 5 4.276 3.472EA
Late May 5 4.005E 4.908CA
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Late May 3 3.4487 2.8361A
Late April 5 20.620¢ 3.470€A
Late April 4 16.561 3.472EA
Late April 3 14.452¢ 2.8361A
Nontreated Control
Late May 4 12.15kF 2.4567A
Late May 5 10.8807 2.835€A
Late May 3 7.9787 2.8361A

41



Table 19 Thethreeway interaction between PD, MG, and pesticide treatment on PSS for
Edgecombe 2021, sliced by MG and PD. Means followed by the same letter are not significantly

di fferent at P O 0.05 based on Tukeyds HSD.

Lette Lette
Planti [Maturi Standar Maturi |Planti Standar
ng ty Estimalrd Groulty ng Estimajrd Grou
Date |Group |Pesticidqte Error |[p Group |Date |Pesticidgte Error |p
Non
Late Fungicid 13.057 Late treated
March 4eatR3 1 0.930: A 3 May Control 3.670z 0.918¢ A
Fungicid
Late eatR3 10.51¢ Late Insectici
March 4 and R5 6 0.930c A 3May deatR3 3.092 0.827¢ A
Fungicid
Late Insectici Late eatR3
March 4 de at R3 8.259¢€ 0.930% AB 3May andR5 3.042 0.827¢ A
Fungicid
e and
Insectici
Late de at R3 Late Fungicid
March 4 and R5 7.3727 1.0657 AB 3May eatR3 2.94 0.827¢ A
Non
Late treated Late Insectici
March 4 Control  4.989: 1.0657 AB 3 April deatR3 2.702 0.827¢ A
Non
Late treated Late Fungicid
March 5 Control 2.062 0.827¢ AB 3 April eatR3 2.658 0.827¢ A
Fungicid
e and
Insectici
de at R3
Late Fungicid Late and
March 5eatR3 1.737 0.918¢ AB 3May R5 R5 2.507€ 0.9187 A
Fungicid
Late Insectici Late eatR3
March 5de at R3 1.733€ 0.9187 AB 3 Aprii and R5 2.412 0.827¢ A
Fungicid Non
Late e and Late treated
March 5 Insectici 1.404 0.827¢ AB 3 April  Control 2.228 0.827¢ A
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de at R3

and R5
Fungicid
e and
Insectici
Fungicid de at R3
Late e at R3 Late and
March 5 and R5 1.01 0.827¢ 3 April R5_R5 0.363€ 0.9185 A
Late Fungicid Late Fungicid 13.057
April 4eatR3 2916 0.9231 4 March e at R3 1 0930 A
Fungicid
Late Insectici Late eatR3 10.51¢
April 3deatR3 2.702 0.827¢ 4 March and R5 6 0.930: AB
Late Fungicid Late Insectici
April 3eatR3 2.658 0.827¢ 4 March de at R3 8.259€ 0.9303 AB
Fungicid
e and
Insectici
Fungicid de at R3
Late e at R3 Late and
April 3and R5 2.412 0.827¢ 4 March R5_R5 7.3727 1.0657ABC
Non Non
Late treated Late treated
April 3 Control 2.228 0.827¢ 4 March Control 4.989Z 1.0657ABC
Non
Late treated Late Fungicid
April 4 Control 1.99 0.827¢ 4 April eatR3 2.916 0.9231ABC
Non
Late Fungicid Late treated
April SeatR3 1.97710.9187 4 April  Control 1.99 0.827&€ ABC
Fungicid
Late e at R3 Late Insectici
April 5and R5 1.476 0.827¢ 4 April deatR3 1.192 0.827¢ ABC
Late Insectici Late Insectici
April 4 deatR3 1.192 0.827¢ 4 May deatR3 1.148 0.827¢ ABC
Fungicid
e and
Insectici Non
Late de at R3 Late treated
April 5and R5 0.924¢ 0.9187 4 May Control 1.138 0.9205 ABC
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Fungicid Fungicid
Late eatR3 Late eatR3
April 4and R5 0.811 0.9231 4 April and R5 0.811 0.9231ABC
Non Fungicid
Late treated Late e atR3
April 5 Control 0.6 0.827¢ 4May andR5 0.768 0.827¢ BC
Late Insectici Late Fungicid
April 5deatR3 0.39 0.827¢ 4 May eatR3 0.49 0.827¢ BC
Fungicid Fungicid
e and e and
Insectici Insectici
Late de at R3 Late deatR3
April 4and R5 0.366 0.9231 4May andR5 0.4630.920t C
Fungicid Fungicid
e and e and
Insectici Insectici
Late de at R3 Late deatR3
April 3and R5 0.363€ 0.918¢ 4 April and R5  0.366 0.9231 C
Non Non
Late treated Late treated
May 3 Control 3.670z 0.918¢ 5 March Control  2.062 0.827¢ A
Late Insectici Late Fungicid
May 3 de at R3 3.092 0.827¢ 5April eatR3 1.97710.9187 A
Fungicid
Late e at R3 Late Fungicid
May 3and R5 3.042 0.827¢ 5March eatR3 1.737 0.918¢ A
Late Fungicid Late Insectici
May 3eatR3 2.94 0.827¢ 5 March de at R3 1.733€ 0.9187 A
Fungicid
e and
Insectici Fungicid
Late de at R3 Late e atR3
May 3and R5 2.507€ 0.9187 5April and R5 1.476 0.827¢ A
Fungicid
e and
Fungicid Insectici
Late e at R3 Late deatR3
May 5and R5 1.156z 0.920% 5 March and R5 1.404 0.827¢ A
Fungicid
Late Insectici Late eatR3
May 4 de at R3 1.148 0.827¢ 5May andR5 1.156z 0.920t A
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Late
May

Late
May

Late
May

Late
May

Late
May

Late
May

Late
May

Late
May

Non
treated
4 Control

Non
treated
5 Control

Insectici

1.138 0.920¢

1.0337 0.9191

5 de at R3 0.993€ 1.0551

Fungicid
5eatR3

Fungicid
e at R3
4 and R5

Fungicid
e and
Insectici
de at R3
5 and R5

Fungicid
4 e at R3

Fungicid
e and
Insectici
de at R3
4 and R5

0.9 0.827¢

0.768 0.827¢

0.704 0.827¢

0.49 0.827¢

0.463 0.920¢

Late
5 May

Late
5 March

Late
5 May

Late
5 April

Late
5 May

Late
5 May

Late
5 April

Late
5 April

Non
treated
Control 1.0337 0.9191

Fungicid
e at R3
and R5

Insectici
de at R3 0.993€ 1.0551

1.01 0.827¢

Fungicid

e and

Insectici

de at R3

and R5 0.924€ 0.9187

Fungicid

e at R3 0.9 0.827¢

Fungicid
e and
Insectici
de at R3
and R5

Non
treated
Control

0.704 0.827¢&

0.6 0.827¢

Insectici

deatR3 0.39 0.827&
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Table 110 Summarized ANOVA for protein and oil composition for combined analysis and by individual environment.

Combined For Individual Environments
ACross Edgecombe Washington
Environments geaufort 20222021 Johnston 202]Rowan 2022 (Union 2021 |2021
F
Dependel F F F F F valu
t variable Source value pvalue|value pvalue|value pvalue|value pvalue|value pvalue|e p value|F value p value
<0.000 <0.000
PD 31.26 1/ 16.35 0.001 17.95 0.001 15.33 0.0012 9.82 0.0201 5.94 0.0053 45.88 1
149.2 <0.00q 171.9 <0.00¢ 152.1 <0.00(¢ 153.5 <0.00(¢ 146.3 <0.000 65.9 <0.00d <0.000
MG 1 1 3 1 4 1 9 1 3 1 7 1| 792.84 1
<0.000 <0.000
PD*MG 1.29 0.2743 4.6 0.0099 4.39 0.0169 0.64 0.6024 5.09 0.0099 9.19 1| 84.29 1
Protein <0.00d
Trt 4.19 0.0024 1.2 0.3173 6.85 1| 1.15 0.3404 4.3 0.004§ 2.03 0.093 2 0.0959
PD*Trt 1.72 0.0907 0.55 0.8187% 0.54 0.8239 1.63 0.1306 1.32 0.2774 1.72 0.0992 2.01 0.0474
MG*Trt 1.3 0.2404 1.57 0.1431 2.49 0.0161 1.7 0.1114 0.85 O.56j 0.66 O.722]| 1.14 0.3394
PD*MG*T
rt 0.41 0.9791 0.99 0.4754 0.8 0.6544 1.42 0.1757 1.27 0.2825 0.94 0.5239 0.62 0.8653
34.6

PD 4.2 0.0212 4.18 0.0733 7.7 0.0121 10.15 0.0237 2.51 0.1191 5 0.0002 18.15 0.000¢
220.3 <0.000 145.2 <0.00q 336.5 <0.000 <0.00Q 51.0 <0.00(¢ 1275.4 <0.000
Oil MG 6 1 8 1 4 1| 14.47 0.0004 35.69 1 7 1 9 1
<0.00C <0.000
PD*MG 1.02 0.3983 20.22 1| 2.36 0.1013 2.36 0.1147 2.84 0.0675 3.22 0.0275 91.43 1
Trt 1.37 0.243* 0.57 0.6874 5.03 0.000§ 0.7 0.595]‘ 2.24 0.0774 1.06 0.3793 0.38 0.8234
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PD*Trt

MG*Trt
PD*MG*T
rt

2.3 0.0191
0.99 0.4457

0.76 0.7309

0.52 0.835§
2.02 0.052¢

0.94 0.5257

1.42 0.1983
0.41 0.9129

1.17 0.3134

1.18 0.3205
1.99 0.058§

1.56 0.1207

0.29 0.88‘ 1.33 0.2344 1.73 0.0945
0.46 0.8804 161 0.1264 0.87 0.5454

0.76 0.6394 0.53 0.9264 0.73 0.7564
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Table 111 The interaction between PD and pesticide treatment on oil composition. Means

f

ol

| owe d

by

t he same |

Planting Date Pesticide

Late May
Late May
Late May
Late May
Late May

Late April
Late April
Late April
Late March
Late April
Late March
Late March
Late April
Late March

Late March

etter

ar e

Estimate Letter

Fungicide and Insecticide at R3 and 19.5171A

Nontreated Control
Fungicide at R3 and R5
Insecticide at R3

Fungicide at R3

Fungicide and Insecticide at R3 and

Insecticide at R3
Fungicide at R3 and R5
Insecticide at R3

Non treatedControl
Fungicide at R3
Nontreated Control
Fungicide at R3
Fungicide at R3 and R5

Fungicide and Insecticide at R3 and

19.4164£AB
19.413AB
19.366<£AB
19.348¢AB

19.300€AB
19.2871AB
19.2457AB
19.238¢ AB
19.189¢AB
19.1772AB
19.1512AB
19.148¢ AB
19.045:B

19.0397B

not

significa
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Table 112 Summarized ANOVA for yield for combined analysis and by individual environment.

Combined For Individual Environments
ACross Edgecombe Washington
Environments geafort 20242021 Johnston 2022Rowan 2022 [Union 2021 2021
Dependen F F F p F F F p F
variable  Source value pvalue |value p value |value value |value pvalue |value p value |value value |value p value
IPD 5.05I 0.0099 1.81I 0.243¢ 5.67I0.027S 12.94I 0.0059 0.64I 0.482 9.27IO.OOSE 31.44I<O.000:l
MG 25.7 <0.000]’24.87<0.000] 5.120.015§ 101.7E<0.000]‘93.37<0.000]‘ 2.210.128910.41 0.0004
PD*MG 2.41 0.051§ 5.47 0.0054 2.620.0789 3.05 0.061619.08 0.001¢ 1.790.1604 4.9 0.0036
Yield  Trt 8.88 <0.000]| 3.54 0.0099 3.130.017¢ 1.85 0.1275 0.41 0.8014 0.92 O.4Sd 4.28 0.0024
PD*Trt 0.72 O.671]| 0.66 0.7284 1.290.2554 0.8 0.601q 0.63 0.6454 0.610.7654 0.71 0.6863
MG*Trt 0.52 0.8437 1.7 0.108q 0.540.8255 0.97 0.4633 2.32 0.037 0.570.7999 2.59 0.010§
PD*MG*Trt| 0.84 0.6416‘ 1.06 0.408% 0.770.684]‘ 0.56 0.8684 1.67 0.1364 1.570.0814 1.16 0.3031
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20.0

15.0

10.0

% Damage

5.0

0.0-

Fungicide at R3  Insecticide at R3  Fungicide at R3 Fungicide and  Untreated Control
and R5 Insecticide at R3
and R5

Pesticide Application and Timing
Maturity Group E3 B4 @S5

Figure 1.1 Interaction of maturity group (MG) angksticide application on percent damage.

Means foll owed by the same | etter are n
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T | T
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Planting Date

Maturity Group 3 4 5

Figure 2.2 Effect of planting date (PD) and maturity group (MG) on percent damage combined

across all environments. Mean percent damage for each PD x MG with standard error bars.
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% PSS
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2.0

Late March Late April Late May
Planting Date

Figure 3.3 (A) Effect of planting date (PD) on percenirple seed stain (PS&pmbined across

all environmentsMean percenPSSfor each PD x MG with standard error bars.
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MG 3 MG 4 MG 5
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Figure 4.3 (B) Effect of maturity group (MG) opercentpurple seed stain (PS&ymbined

across all environmentslean percenPSSfor each PD x MG with standard error bars.

53



1.20

1.00
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AB
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| ‘ C

% PSS

Fungicide at R3  Insecticide at R3  Fungicide at R3 Fungicide and Non-Treated
and R5 Insecticide at R3 Control
and R5

Pesticide Application and Timing

Figure 5.3 (C) Effect ofpesticide treatmerdn percenpurple seed stain (PS8ymbined across

all environmentsBacktransformed PSS estimates with Dalstimates of standard error.
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Planting Date

Late March

Figure 6.4 (A) Effect of planting date on protein composition across all environments. Mean

percent protein with standard error bars.
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% Protein
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355
! |
MG 3 MG 4 MG 5
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Figure 7.4 (B) Effect ofmaturitygroup on protein composition across all environments. Mean

percent protein with standard error bars.
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Fungicide at R3  Insecticide at R3  Fungicide at R3 Fungicide and Untreated
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Treatment
Figure 8.4 (C) Effect of pesticide treatment on protein composition across all environments.

Mean percent protein with standard error bars. Means followed by the same letter are not

significantly different at P O 0.05 based on
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MG 3 MG 4 MG 5
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Figure 9.5 Effect of maturity group (MG)n oil composition across all environments. Mean

percent oil for each MG with standard error bars.
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Figure 10.6 (A) Effect of planting datéPD) on yield across all environments. Mean yield, with

standard error bars.
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Figure11.6 (B) Effect of maturity grougMG) on yield across all environments. Mean yield,

with standard error bars.
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Figure 12.6 (C) Effectof pesticide treatment on yield across all environments. Mean yield, with

standard error bars. Means foll owed by the sa

based on Tukeyds HSD.
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CHAPTER 2

Influence of Soybean Yield and Temperature on Soybean Seed Composition and Quality in
North Carolina
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ABSTRACT

Soybear(Glycine maxL.) Merrill) seeds are a valuable source of vegetative protein and
oil and are used for industrial, agricultural, and culinary purposes. In North Carolina, swine and
hog productions the largest consumer of soy protein creating a strong demand for soybeans. To
meet this demand, growers have shifted to planting earlier in the year and usingnedurerg
varieties to increase yield. But, soybean seed composition is highly variable. Weather,
temperature, yield, and genetics can dfssed protein and oibouthern soybean growing
regions tend to have higher protein composition than the North. To maintain this higher quality,
it is critical for our growergo understand how soybeans in North Carolina will be impacted by
the push for higher yields.

Using two years of field data in North Carolinaeyious research looked at the impact of
earlyplanting dats and maturity groug Inconsistent precipitation between bgtarsmade
drawing conclusions difficulfThis study aims to add an additional three years of dateke
more robust conclusions on the relationship between weather, yield, and soybean seed
composition.

Field trials from 2012023 were installed at 19 different environments across North
Carolina. Trials were set up in a random complete block design (RCBD) witplspdit Main
plots consisted of seven planting dates (Late MathJuly) with maturity groups (V1) as
the splitplot factor. After harvest, soybeans were quantified for damage and PSS before cleaned
samples were analyzed for protein and oil composition using NIR spectroscopy. Weather data
was collected from local weather stations to deteermonthly precipitation and average
temperature during reproductive stages. Relationships between protein, oil, yield, and average

temperature were analyzed using Pearsondés cor
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Overall, as yield increased, oil composition also increased. There was a small decrease
with protein composition, but this was not statistically significant. As average reproductive
temperature increased, yield, protein, and oil increased as well. InCknahina, as yield
increases the penalty to protein composition is not as severe as northern regions. This can help

position growers to increase yields while maintaining higher quality soybeans.

NOMENCLATURE

SoybeansGlycine maxL.) Merrill
KEYWORDS

Seed composition, protein, oil, temperature
INTRODUCTION

SoybeanGlycine maxL.) Merrill) is a key global croprad serves &ariety of purposes
across culinary, agricultural, and industrial sectors. Soydeswed protein and oil is used in
both human food and animal feed while soybean oil is used primarily for industrial purposes
(Fallen et al., 2011; Fehr, 2007; Pratap et al., 2006 diverse use of soybeans has led to
competing demands for various quality characteristics of soyhbezaxsh optimized for specific
applications within these different sectors.

North Carolina is one of the top producers of poultry and swine in the UBidtzb
(USDA-NASS 2023). As such, there is increasing demand for accessible, and-pobtéaond
supply to support local animal production (USIDIASS 2023; Piggot & Schweizer 2018). In
the past, processors have paid premiums for soybeans high in proteiih @rumm and
Hurburgh Jr, 2006). Markets aimed at supplying soybean meal for animal feed or human health
food prefer soybeans with higher protein while oil markets lookdgbeans higher in specific

fatty acids (Piggot and Schweizer, 2018). Oil markets for human consumption prefer more
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unsaturated fatty acids, like oleic acid while industrial markets require higher amounts of methyl
esters for biodiesel stabilization (Fehr, 2007; Fallen et al 2011). It is crucial for growers to
understand how soybean seed composition can be manipalgtextitice an endroduct that

meets the unique demands of their target market.

Soybean seed composition is highly dependent upon the interaction between genetics,
management practices, and growing environnjgéssefa et al., 2019; Bellaloui et al., 2015)
Assefa et al. (2019) found that environmental conditions can be responsible for ypetoétt
of the variation in protein and oil concentrations. While growers catiraatly controlthe
environmental conditions of their fields, they ¢afiuence the timing of plant development
throughproduction and management decisiomaost notably, by carefully choosing planting
date and maturity group.

Over the past two decades within the United States, research across-tBeuthichas
focused on increasing yield to close the gap with the Midwest by shifting to using earlier
planting dates and eartpaturing varietiegBoyd et al., 1997; Heatherly & Elmore, 2004;
Heatherly & Hodges, 1998; Salmeron et al., 201BYyeraging this success, soybean growers in
North Carolina have also shifted to using earlier maturity groups and planting earlier in the year.
(Heatherly and Elmore, 2016; Morris et al., 2021a; Vann et al., 2021). But, despite the increase
in yield, this practice may have unintended impacts on seed compd&tdtaloui et al., 2009;

Kane et al., 1997; Logan et al., 1998)

Attempts to quantify the impact of planting date on soybean protein and oil have led to
varying and often contradictory results. For example, in some growing regions, planting earlier
in the year has been found to increase oil concentration while pléatngn the year promotes

protein concentration (Robinson et al., 2009; Bellaloui et al., 2015). Other studies have found
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delayed planting leads to decreased protein (Muhammad et al., 2009) or no change at all (Hu and
Wiatrak, 2012; MacMillan & Gulden, 2020). Therefore, growers should be equipped with data
from their specific region and make planting decisions that alignthwétlinique environmental
conditions

The interaction between planting date and maturity group should also be considered
because it determines when a soybean plant will go through reproductive stages during the
growing season. Longer growing periods can extend the duration of both vegatdtive
reproductive growth stages (Chen and Wiatrak, 2010) leading to an increase in yield. Ideally,
soybeans are planted early enough to capture beneficial environmental conditions. For example,
growers should attempt to optimize photosynthetically actigatian (PAR) during critical
soybean development stages like beginning flower (R1), beginning pod (R3) and beginning seed
(R5) (Andrade et al., 2022; Egli and Bruening, 2000).

Like planting date, there have been attempts to quantify the impact of temperature on
seed composition with mixed conclusions. In Wisconsin and Minnddotatziniset al (2017)
found that as temperature increased, protein concentration was reduced and oil concentration
increased. Neave and Huerd (2008) also saw an increase in oil concentration in Minnesota as
temperature increased during seed fill, but observethpadt on protein content. In Kentucky,
Kane et al. (1997) saw an increase in oil with eplinting dates and an increase in protein
concentration with delayed planting. All together, these studies demonstrate the varying impact
that planting date has on seed composition across soybean growing regions.

Management practices like irrigation and nutrient management also impact seed yield and
composition. In rainfed production, planting date and maturity group selection can mitigate yield

loss from drought stress (Heatherly and Elmore, 2016; Rotundo angates2009).
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Depending on the maturity group selected, water deficits during reproductive periods can
decrease protein concentration (Carrera et al., 2009). Others found that water deficits increase
protein concentration (Kumar et al., 2006). A ratalysis by Rotundand Westgate (2009)

found that water deficiency decreased both protein and oil, but protein was less affected overall
leading to a higher final protein concentration.

Similar varying patterns have been observed with nutrient management. Some studies
saw an increase in protein concentration and decrease in oil with the addition of nitrogen
fertilizer (Nakasthien et al., 2000). Other studies saw no response from adiditimyen
(Wood et al., 1993). Crop rotation can also impact the nutrient availability in the field.
Continuous soybean cropping can decrease both protein and oil concentration when compared to
soybeans grown in a rotation with corn (Bellaloui, 2010).e€again, the impact of management
practices on seed composition is highly variable and dependent on both environmental and
management factors.

In North Carolina, Morris et al. (2021b) examined a variety of planting date and maturity
group combinations to better understand how the shift to-pkahted, earlymaturing varieties
impacts seed composition. Using two years of data, Morris et alLll{28@und the interaction
between planting da{®D) and maturity groufMG) trended towards significance for protein
content. Specifically, Morris et al. (2021b) saw the greatest amount of protein in the late
maturing varieties planted in March. Additidigathe earliest MG and PD combinations had the
highest oil content and declined as MG and PD were delayed.

These trends, however, varied between the two years of data in Morris et al. (2021b) and
the relationship between yield and seed composition was unexplored. With only two years of

data, the higher temperatures and rainfall in 2020 may have dispropotitiontienced the

67



conclusions. To make more robust conclusions, three additional years of data from two separate
trials have been generated. This study aims to expand the work of Morris et al. (2021b) by
including five years of data across 19 field locations to better staohet the impact of soybean

yield, planting date, maturity group selection, and temperature on soybean seed compaosition in

North Carolina.

MATERIALS AND METHODS
Experimental Sites and Management
To acquirethe diverse growing environments across North Carolina, field trials were installed
across various sites between 2@0D23. In 2019, trials were located-tarm in Sampson,
Currituck, Union, and Yadkin Counties. In 2020, trials were locatefdon in Roleson and
Beaufort Counties and at the Piedmont Research Station in Rowan County. For 2021, trials were
located orfarm in Union, Washington, Yadkin Counties and at the Upper Coastal Research
Station in Edgecomb@ounty. For 2022, trials were loeal in Beaufort, Camden, and Johnston
Counties and at the Piedmont Research station in RG@aanty. In 2023, trials were located-on
farm in Sampson, Union, Hyde, and Yadkin Counties. For analysis, locations and years were
combined to create unique growing environméhtsore & Dixon, 2015 Table 1).

General management practices followed the recommendations and guidelines set forth by
the North Carolina Soybean Production GuiDeake Stowe et al., 2022)rhe Washington 2021
environment was the only otieat receivedrrigation, as irrigation is uncommon in North
Carolina soybean production. Field plots were planted with a Wintersteiger Plotseeder XXL at
247,105 seeds Han 1.5 m wide by 7.6 m on a 38.1 cm row spacing. Soil types and varieties at

each location can be found in Table 1.
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Each environment was planted wittb4eplicates contingent upon available space.
Throughout the growing season, fields were maintained throediicidesas needed, biveekly
to monthly fungicide applications during reproductive development, and scouting and
subsequent management for insetgned with customarygrower practices to improve
harvestabilitya harvest aid (0.494 kg/L paraquat dichloridéramoxone, Syngenta
Corporation) was applied at R6.5 to MG < 5. At physiological maturity, plots heewested
with a Wintersteiger Quantum Pro smplbt combine.

Treatment Description

Within each environment, trials were conducted in a ramzkshcomplete block design
with split-plots. The wholeplot factor was fanting date (PDyvith maturity group (MG) as the
split-plot. Planting dates ranged from March to JaldMG ranged fron®, 3, 4, 5, 6, and 7 for
each PO(Table2 and3). Data for this analysis comprisedrom two trials conducted from
20192023 and 2022022 respectively. Two years of the data (22I320) were previously
published in Morris et al. (2021a).

During concurrent years, both trials were installed at the same locations and, where there
was maturity group overlap, the same varietiese usedTo avoid issues with small sample
size with PDs and MGs used exclusively in the first two years dirgtdrial, late- July plots
were pooled with plots in miduly and MG 8 plots were pooled with MG 7. The resulting
dataset contained harvest and weather data for 2,775 observations.

Data Collection
During harvest, plot yields and seed subsamples (~100g) were collected directly from the
combine. Percent damage and percent purple stained seed (PSS) were quantified following the

methods described in Morris et al. (2021a). First, the sampled soybeansaeighed to
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determine the total weight. Then, mirroring the USDA soybean grading process, damaged
soybeangSubpart J- United States Standards for Soybed@23)were removed and weighed.
Deviating from the USDA grading practices, purptained seeds were also separated and
weighed rather than using the visual Interpretive Line Print (USDS, 2023). Damage and
PSS totals were divided by the total sample weitghtietermine a quantitative proportion for
each subplot.

The cleaned subsample was retained and used fomfieaed spectroscopy to
determine seed composition, including protein and oil (DA 7520 NIR Spectrometer, PerkinElmer
Inc.). Protein, oil, and yield were corrected to 13% grain moisture.
Weather Data
Days to emergence were collected for each PD and MG combination and averaged across MGs.
SoyStagédhttps://soystage.uark.edwfas used to determine the range of beginning flowering
(R1), beginning seed (R5), and beginning maturity (R7). Developed by the University of
Arkansas, SoyStage is able to calculate approximate date of R1, R5, and R7 physiological stages
using MGs, latitud, and weather data generated across the southern soybean growing region
over the past 20 yeafdos Santos et al., 201Wlorris et al. (2021b) found that in North
Carolina, SoyStage date predictions were withirl®/days from observed stage dates. For this
study, the appropriate MG and emergence date for each PD x MG combination were used in
SoyStage and the RR7 date anges were based on SoyStage predictions.

Historic weather data and environmental conditions were collected from the Cardinal
Data Retrieval System through the North Carolina State Climate Office (NCSCO, 2024).
Weather conditions across the physiological date range®{RWvere summarized for eéaPD

X MG combination (Table 4).
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Statistical Analysis

For simple correlations, PROC CORR in SAS 9.4 (SAS Institute, Cary, NC) was used to
determine the relationship between PD, yield, mpiloductiveemperature on soybean protein,
oil, damage and PSS. PROC GLIMMIX was to model the impact of PD and MG on protein, olil,
damage, PSS, and yield.

To reflect the spliplot design, random effects were environmegpjicationnested
within environment, PD nested withiaplication xenvironment, and the overall error. Degrees
of freedom were calculated using Kenward Roge

adjusted using Tukeybs HSD.

RESULTS AND DISCUSSION

Field data collected from 19 environments over five years captured a variety of
environmental growing conditions throughout North Carolina. From-20P3, half the
growing seasons experienced temperatures above {yeaB@verage while the other half
experienced temperatures below theyg&ar average (Table 4). 2019 and 2021 had the highest
temperatures with 58% and 56% of months above average temperature, respectively. 2020 and
2022 had the lowest growing season temperatures with 59% and 58% monthsehminthe
30-year average, respectively. 2023 experienced an equal number of months with above and
below average temperature.

Variation in precipitation was also observed between ZIPB. Across five years, 65%
of months during the growing season were below thge2d average precipitation. 2020 had the
most precipitation with 70% of months averaging above thged® averagdn May 2020,

Rowan and Robeson county received 18 cm and 13 cm beyond the 30 year average, respectively.
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For comparison, 2019 and 202023 had only 2881% of months above the 30 year average
(Table 4).

The temperature and rainfall fluctuations between years parallels what Morris et al.
(2021b) observed in their results from 2€A@20. By expanding the study to include an
additional three years of data, we can better account for environmental flucteaitowsather
extremes. Unlike the Morris paper, which only used data from the highly variable years of 2019
and 2020, our extended dataset provides a more balanced perspective. This allows us to make
more informed conclusions about the correlation betwesd and soybean composition, as
well as the impact of planting date (PD) and maturity group (MG).
Correlations with Yield

Soybean yield and oil composition are inversely related to protein composition (Carter et
al., 1982; Rotundo et al., 2009). Over the last 30 years, soybean yields have been increasing due
to progress in genetics and improved management practices (degtelip016; de Borjas
Reis et al., 2020). With focus on increasing overall soybean yield in the United States, soybean
seed protein composition has slightly, but significantly declikedgheninnik 2020). In 2023,
protein composition was 33.7% compaéite the 18year average of 34.2% and theykar
average of 34.9% (Naeve and Christensen, 2023).

Historically, protein and oil concentration in thBd-south andSoutheast have been
higher than northern growing regions (Durham et al., 2003; de Borja Reis et al., 2022). As
growers shift to increase yields with earlier planting and maturity group selection, maintaining
high levels of protein and oil will position tt8autheast for premium markets. To reach this

goal, understanding how yield impacts composition is critical.
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Overall, yield was significantly negatively correlated with planting date-(x32, p <
0.0001), damage (r<6.08, p < 0.0001), and PSS (¥G:09, p < 0.0001; Table 5). Protein was
also negatively correlated, but not statistically significant{0.82, p < 0.2842). Yield was
positively correlated with average reproductive temperatures (r = 0.22, p < 0.0001) and oill
composition (r = 0.04034, p < 0.03) (Table 5).

Protein and Oil

As yield increased across all PDs and MGs, protein composition decreased slightly, but was not
statistically significant (Figure 1). Whemalyzed separatelyy growing regions within North
Carolina, both the Piedmont and Tidewater regexgeriencea significant negative

relationship between yield and protein (FigureT2)e CoastalPlain regionalsoresulted ina

negative relationship, but was not statistically significant-.668, p < 0.078).

The decline in protein as yield increases contislstsrtziniset al. (2017) where there
was a significant and positive correlation with yield (r = 0.2bjs study wa# Wisconsin and
Minnesota, further highlighting the different responses across various regions. In-a multi
regional analysis of seed composition, Assesfa et al. (2019) saw a small increase in oil per unit
increase in yield, but a decrease in protein eatration overall.

Yield and planting date were negatively correlasedjgesting that as planting date was
delayed, yield decreased. Delaying planting also decreased both protein and@ilfrand r =
-0.16, p < 0.0001, respectively; Table 5). This is in agreement with Morris et al. (2021) where
the earliest plantingades had the greatest protein content and decreased as planting was delayed.
Again, this highlights regional difference as previous studies reported either an inoreese
impact in protein content aglanting way delayed (Kane et al., 199furtziniset al. 2017;

Pedersen and Lauer, 2004).
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Planting earlier in the season can increase yield by lengthening the growing season and
allowing fields toreach canopy closure earlier in the season. Longer growing seasons increase
the number of nodes for pod formation atitreforeyield by increasing the number of
soybeans produced (Wilcox and Frankenberger, 1987). Early canopy closure helps reduce
resource competition with weeds for light and soil nutrients as well as intercept more
photosynthetically active radiation (PAR) (Coop2003; Salmeron et al., 2015).

Whenseparateddy MG, correlations between yield and protein varied in strength and
direction (Figure 3). Only MG 3, Mg 4, and MG 7 were statistically significant. MG 3 and MG 4
were negatively correlated (r-6.096 and r =0.121, respectively) while MG 7 had a posti
correlation (r = 0.14). This suggests that protein content is greater with later maturing varieties
compared to early maturing varieties and supports similar trends in Morris et al. (2021).

The relationship between yield and oil composition waak but statistically significant
(r=0.04, p < 0.0336; Figure 4). Wheeparatethy growing regions, only Tidewater had a
significant positive relationship (r = 0.23, p < 0.0001; Fig. 5). Though neither relationship was
significant, yield and oil content in the Piedmont region was negatively correlated and positively
correlated in th€oastal Plain. Because the Tidewater and Coastal Plain are the Jyighiiaty
regions in North Carolina, these jtog oil-yield relationships align with previous trends (Piper
and Boote, 1999; Rincker et al., 2014; Vann et al., 2021).

As MG increased, the relationship between oil and yield became smaller (Figure 6). Oil
composition in MG 2 (r = 0.16, p < 0.0093), MG 3 (r =0.1143, p < 0.005), and MG 4 (r =0.09, p
< 0.0206) was positive and statistically significant. Oil compositid@5, MG 6, and MG 7

were all negatively correlated with yield, but not statistically significant. The trend in decreasing
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relational strength between the earliest MGs follows biihrtziniset al. (2017) and Morris et
al. (2021) in that the greatest oil content was found with the earliest MGs.

This highlights the importance of selecting the appropriate maturity group for optimizing
oil yield in soybean production, as the strength and significance of the correlation between oil
composition and yield vary across different MGs. Understanding tekd®nships can inform
better agricultural practices and decismaking for maximizing both yield and oil content in
soybeans.

Damage and Purple Seed Stain

As yield increased, the amounts#feddamage decreased (F&08, p < 0.0001; Figure 7).

Overall, the amount of damage was mostly less than 20%, regardless of yield. Compared to plots
yielding more than 4000 kg/ha, there was a higher incidence 4dZ0damage when the yield

was less than 40 kg/ha. This relationship is likely due to environmental growing conditions to
lead to higher yield but often also higher damage. Increased damage can be due to a number of
abiotic stressors such as drougtress ad high heat, or biotic stressors, like insects and

pathogens. Environments that are conducive to increased damage will also increase plant stress
resulting in lower overall yields.

Purple seed staifPSS)is also negatively correlated with increasing yiek@s009, p <
0.0001; Figure 8). The majority of plots encountered less than 10% PSS. When yields were less
than 3000 kg/ha, there was a slight increase in the number of plots vA0¥d @SS compared
to yields greater than 6000 kg/ha. Similar to damage, this negative relationship between PSS and
yield is likely due to environmental conditior@ercospora kikuchjithe causal agent of PSS, is
not considered a yieltimiting fungal pahogen (Walters, 1980). But other foliar diseases, like

frog-eye leaf spot caused Bercospora sojinacan be yieldimiting (Akem and Dashiell,
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1994). When field conditions are favorable to pathogens, there may be a decrease in yield and an
increase in PSS.
Correlation between Protein and Oil

Protein and oil concentration have a waicumented inverse relationship (Carrera et al.,
2011; Gibson and Mullen, 1996; Morris et al., 2021; Piper and Boote, 1999; Ray et al., 2008).
When combined across all PDs and MGs, the correlation between pruledil was
significantly negative (r =0.48, p <0.0001; Figure 9). The negative relationship is also evident
when broken down by MG and growing regions (Figure 10 and 11).

With the exception of MG 5, as MG increases, the relationship between protein and oil
becomes increasingly negative (Figure 10). This trend is also seen in southern latitutles (30
degreedN), with oil composition declining with the use of later MGs (Assefa et al., 2019; Morris
et al., 2021; Mourtzirsiet al., 2017)The Tidewatemregionhad the strongest negative correlation
(r =-0.69), followed bythe Coastal Plaimegion(r =-0.48) andPiedmont regioifr = -0.33).

Because yield and oil content are ifigsly correlated angbecause the Tidewater and Coastal

Plain regions both yield more than the Piednregion on averagehis relationship isikely due

to regional differences (Figure 11; Vann et al., 2021).

Correlations with Average Reproductive Temperatures

Changes in soybeamotein and oilare not consistent across soybean growing regions in the
United States due to the interaction between environment and genotypes (Assefa et al., 2019;
Chung et al., 2003). High temperatures during seed development, drought stress, and soil fertility
are utimately responsible for the difference across different growing regions (Rotundo et al.,

2006; Rotundo and Westgate, 2009, 2010; Piper and Boote, 1999; Ray et al., 2006; Specht et al.,
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2001). This study alsmvestigatedhe impact of reproductive temperatures on seed compaosition
in North Carolina (RAR7; Fehr, 1973).

All variables of interest had a positive correlation with increasing average temperatures
during reproductive stages (Table 5). Across all PDs and MGs, both protein and oil had a
positive correlation (r = 0.17 and r = 0.21, with p < 0.0001, respectividig) relationship
between protein, oil, and temperatures during reproductive development have been known to
vary greatly between soybean growing regions. Alsajri et al. (2020) noted that protein
concentrations peaked during temperatures below and ab&evB8e oil concentrations were
highest around 25 C.

In agreement with the trenddservedn this study, Wolf et al. (1982) reported increased
protein and oil as temperatures increased after R5. In partial agreement, Mourtzini et al. (2017)
foundthat as average temperatures rose during seed filT8) 5protein decreased while oil
increased. In the northern growing regions, Naeve and Huerd (Q0®8)no impact on protein,
but observed increasing oil concentration with higher temperatures during seed-RVJR5

Increasing temperatures also coincided with an increase in yield (r = 0.22, p < 0.001;
Figure 17). Higher temperatures during reproductive stages can increase seed yield (Gibson and
Mullen, 1996). While growers cannot directly control temperatures degpr@ductive stages,
the time in which a field encounters higher temperatures can be altered by the selection of
specific PDs and MGs. Optimal temperatures for soybean growth during vegetative stages is
around 30 C, while optimal temperatures during repctde stages is lower at 24 C
(Hatfield et al., 2011; Hesketh et al., 1973). While there was temperature variation across years
and locations, no location experienced an average growing temperature in the highest extremes

(Table 4).
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Damage and PSS increased as temperatures increased (Figure 18 and 19). Higher
temperatures can cause increased damage through heat stress leading to shriveled or abnormal
seed. Temperatures around32C in the day and 233 C at night can cause signifitadamage
(Spears et al., 1997). While no monthly averages reached these extremes, only a few days of high
heat and low moisture during seed development can cause increased damage (Egli et al., 2005;
TeKrony et al., 1984).

Increased temperatures can also be favorable tedseedging pathogens, like
Phomopsis longicoll&TeKrony et al., 1996), and PSS, li€ercospora kikuchi{Wilcox and
Abney, 1973). These conditions are likely responsible for the increase in plots experiencing
greater than 40% damage (Figure 18) and 30% PSS when average temperatures increased to 23
C (Figure 19).

Impact of Planting Date and Maturity Group

The interaction between planting date and maturity group was significant for all variables of
interest (Table 6). Similar to the findings in Morris et al. (2021b), the highest protein content was
observed in the early planting dates of March and Apritefr@ontent then declined, reaching

its lowest levels in the midune and midluly planting dates. (Figure 20). This contrasts with

other studies in northern growing regions, where protein content increased with delayed planting
(Mourtzinis et al., 2017).

Oil composition varied across PDs and MGs.
content across each PD wh e conteniffisre Z1). SsMorasd | e s s
et al. (2021b) notes, soybean breeders have focused on increasing yield for early MGs used in the
Midwest. Because of the association between yield and oil, as genetic packages were selected to

increase yield, oil content has also increased (Piper and Boote, 1999; Rincker et al., 2014). As
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the concentration of seed components are relative to each other and not an absolute measure of
the component, protein content may not be as inversely related to increasing yields as previously
assumed (Assefa et al., 2018). Still, growers need to cornbiddradeoff when making

management decisions.

Following a similar pattern as Morris et al (2021b), both damage and PSS were greatest
in the earliest planting dates and the earliest maturity groups (Figure 22 and 23). As PD and MG
were delayed, the amount of damage and PSS also decreasgéaimagen MGs 2 and MG 3 at
all PDs were higher than average (Figure 22). For MED$, up to midMay experienced higher
than average damage, whi®s beyond latéMay had lower than average damage. MG 5 had
average or lower than average damage across all PDs while both MG 6 and MG 7 were below
average for all PD.

Similar shifts in PD x MG interactions occurred for PSS. All PDs for MG 2 and MG 3
were above average across all PD and MG combinations. MG 4 encountered above average PSS
for the lateMarch and midApril PD, but was at or below average for PDs beyondAgte!.

MG 5, MG 6, and MG 7 were below the average PSS across all PDs (Figure 23). This reduction
in damage and PSS is due to the influence of environmental conditions during the growing
season. Increased temperature and moisture directly impact thkepoevaf heat stress and
pathogen damage (Assefa et al., 2019; Kane et al., 1997; Wrather et al., 2003).

Yield was significantly impacted by the interaction of PD and MG (Figure 24). Highest
yields were obtained with PDs before aithy using MG 3, MG 4, or MG 5. Growers across the
southeast have shifted to using earlier PDs and MGs to capitalize on thagrieates

(Heatherly and Elmore, 2016). Recently in North Carolina, planting beforéliaydand using
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MGs O 4 is considered optimal to maximize yie
results of this study add additional support for the use of early PD and MGs to maximize yield.
CONCLUSIONS

As growers in North Carolinehangemanagement practices to optimize yield, there can
be consequences for soybean seed composition. Environmental growing conditions have the
greatest impact on yield and seed components and can be managed through appropriate selection
of planting date and marity group.

In North Carolina, as yield increases, there is a small, but statistically insignificant
decrease in protein composition and small, but statistically significant increase in oil. By
selecting an optimal early planting date and using maturity groups veittalle genetic
packages, soybean growers in North Carolina can bridge the gap between current production and

the demand for highuality protein and oil.
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Table 2.1 Coordinates, soil types, tillage, and regions for each environment and year.

Longitude

Tillage

Environment and Latitude Soil Type System Region

Currituck 36.388502

2019 76.123188
Sampson 35.1697251
2019 78.232312
Union2019 35.148330
80.418510
Yadkin2019 36.158747
80.449810
Beaufort2020 35.6099788
76.740680
Robenson 34.683317
2020 78.894190
Rowan2020 35.694456
80.628234

Edgecombe 35.891643
2021 77.67718

Washington 35.730719
2021 76.672616

Union2021 34.861809
80.500679

Yadkin2021 36.197460
80.726720

Beaufort2022 35.638975
76.720749

Camder022 36.371815
76.158793

a fine, mixed, semiactive, thermic Conventiona Tidewater
Typic Endoaquults

afine loamy, kaolinitic, thermic Typic No Till Coastal
Kandiudults Plain

a fine, mixed, semiactive, thermic  No Till Piedmont
Typic Hapludults

a fine, kaolinitic, mesic Typic No Till Piedmont
Kanhapludults.

a fine, mixed, semiactive, thermic  Conventiona Tidewater

Typic Umbraquults

a fineloamy, kaolinitic, thermic Typic Conventiona Coastal

Kandiudults Plain
a fine, kaolinitic, thermic Rhodic No Till Piedmont
Kanhapludults

a finesilty, siliceous, subactive, therrr Conventiona Coastal
Typic Paleudults,finéboamy, siliceous, Plain
subactive, thermic AquiPaleudults,

and fineloamy, siliceous, semiactive,

thermic Typic Paleaquults

a coarsdoamy, mixed, semiactive, No Till Tidewater
nonacid, and thermic Typic
Humaquepts

a fine, mixed, semiactive, thermic No Till Piedmont
Aquic Hapludults

a fine, kaolinitic, mesic Typic No Till Piedmont
Kanhapludults.

a fineloamy over sandy or sandy Conventiona Tidewater
skeletal, mixed, semiactive, thermic
Typic Umbraquults

a finesilty, mixed, semiactive, thermicConventiona Tidewater
Typic Endoaquults
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Johnstor2022 35.46267  a fineloamy, siliceous, subactive, Conventiona Coastal

Rowan2022

Hyde2023

Sampson
2023

Union 2023

78.169269 thermic Aquic Paleudults and a fine
loamy, siliceous, semiactive, thermic
Aeric Paleaquults

35.694470 afine, kaolinitic, thermic Rhodic No Till
80.629055 Kanhapludults

Plain

Piedmont

35.475236  Finesilty, mixed, active, thermic TypiConventiona Tidewater

76.020129 Umbraquults

3516549  afineloamy, kaolinitic, thermic Typic No Till
78.23191 Kandiudults

35145005 & fine, mixed, semiactive, thermic ~ No Till
80.404450 Aquic Hapludults

36.2407866 a fine, kaolinitic, mesic Typic No Till

Yadkin2023 80.5804336 Kanhapludults.

Coastal
Plain
Piedmont

Piedmont
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Table 2.2 Planting dates (PD) for each year of the study.

Location |PD1 |PD2 |PD3 |(PD4 |PD5 |PD6 |PD7|PD8
Currituck |02 May|14 May/29 May 25 Jun |16 Jul (31 Jul
Sampson |13 Mar(29 Mar|11 Apr |13 May|28 May|18 Jur17 Jul29 Ju
201 Union 29 Mar|(18 Apr |03 May/ 17 May|17 Jun |18 Jul|30 Ju
Yadkin 14 Mar|28 Mar|18 Apr |16 May|27 Jun |30 Jul
Beaufort |06 Apr |29 Apr |26 May|24 Jun |14 Jul
2020 Robeson |07 Apr |29 Apr |04 Jun|23 Jun |14 Jul
Rowan 07 Apr (28 Apr |03 Jun |26 Jun 13 Jul
Edgecomb¢23 Mar|03 May|25 May|14 Jun |12 Jul
Union 24 Mar|04 May|16 Jun |16 Jun|15 Jul
2021Washingtor25 Mar|30 Apr |20 May|18 Jun |13 Jul
Yadkin 24 Mar|(28 Apr |01 Jun |15 Jun |14 Jul
Beaufort |23 Mar|25 Apr |10 May|15 Jun |14 Jul
Camden |22 Mar|23 Apr |11 May 16 Jun |05 Jul
202{_Johnston 21 Mar|22 Apr |10 May|23 Jun |06 Jul
Rowan 01 Jun|26 Apr |16 May 07 Jul |07 Jul
Hyde 21 Mar|27 Apr |11 May/15 Jun |18 Jul
Sampson |22Mar (26 Apr |13 May 14 Jun |06 Jul
202 Union 23 Mar|(25 Apr |10 May 16 Jun |07 Jul
Yadkin 03 Apr (24 Apr |22 May 13 Jun 13 Jul
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Table 2.3 Varieties used for each year and maturity group.

MG
Year 2 3 4 5 6 7 8
2019 AG26X8 AG36X6 AG49X6 AG56X8 AG64X8 AGT72X7 AGT79X9
2020 AG26X8 AG36X6 AG4A7X9 AG5S6X8 AG64X8 AG72X7 AGT79X9
2021 AG26XF1 AG36XF1 AG45XFO AG56XF2 AG66F2 AG72XFO
2022 AG26XF1 AG36XF1 AGA5XFO AG56X8 AG64X8 AG74X8

2023 AG26XF1 AG36XFO AG45XFO AG56XF2 AG66XF2 AG72XFO0
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Table 2.4 Average monthly temperature, precipitation totals, an@@hgearaverage for each trial environment. Green boxes

indicatean averagenonthly temperature above tB6-yearaverage. Red boxes indicate monthly average temperatures bel@ the

yearaverage.

AVG TEMP (C)

Month

March
April

May

June

July
August
September
October

November

Currituck

30

year = Year

avg Avg
11.2 8.9
16.3 16.7
20.5 22.3
25.1 24.1
27.1 26.6
26.2 25.0
23.4 23.6
18.0 18.7
12.1 9.5

2019

Sampson

30
year
avg

111

16.1

20.7

24.8

26.7

25.7

22.7

16.8

11.3

Year
Avg

11.0

17.8

241

24.9

27.0

255

24.3

19.4

9.7

Union

30
year
avg

10.8

15.8

20.4

24.7

26.6

25.8

22.5

16.5

10.4

Year
Avg

10.4

16.6

22.1

251

27.2

26.2

254

19.5

9.2

Yadkin

30
year
avg

8.3

13.4

18.0

22.5

24.7

23.7

20.2

13.9

8.1

Year
Avg

6.4

14.9

20.0

21.3

23.7

22.5

21.7

15.3

5.6

Beaufort

30
year
avg

12.2

16.7

21.2

25.2

27.0

26.4

241

18.9

13.6

Year
Avg

14.4

15.3

19.1

23.9

27.5

26.2

22.4

18.5

13.7

2020

Robeson

30
year
avg

12.5

171

21.7

26.0

27.6

26.7

23.6

17.9

12.3

Year
Avg

15.3

16.7

19.7

24.0

27.5

26.0

22.3

19.4

14.9

Rowan

30
year
avg

9.4

14.5

19.3

23.7

25.6

24.8

21.2

15.0

9.2

Year
Avg

13.6

14.4

17.4

23.1

25.8

24.5

20.2

16.2

11.7

Edgecombe
30-

year @ Year
avg Avg

9.7 121

15.2  16.0
19.7 19.7
24.1 24.0
26.1 25.5
24.6 25.7
221 220
16.1 18.5
10.9 9.3

Union

30
year
avg

10.8

15.8

20.4

24.7

26.6

25.8

22.5

16.5

10.4

Year
Avg

2021
Washington
30
year Year
avg  Avg
13.1 114 122
16.8 16.4 15.7
20.4 20.6 19.3
242 247 24.0
25.7 26.6 254
25.8 25.7 25.9
225 229 223
18.6 17.5 18.7
10.3 11.8 9.8

Yadkin
30
year = Year
avg Avg
83 106
134 141
18.0 18.0
225 231
2477 248
23.7 245
20.2 204
139 16.7
8.1 7.1
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Table2.4 (coninued. Average monthly temperature, precipitation totals, and thgea@ average for each trial environment. Green
boxes indicate average monthly temperature above tye@0average. Red boxes indicate monthly average temperatures below the

30-year average.

2022 2023

Beaufort Camden Johnston Rowan Hyde Sampson Union Yadkin

AVG TEMP (C)

30year | Year 30vyear Year 30year Year 30year Year 30year Year 30year| Year | 30year Year 30year Year

Month avg Avg avg Avg avg Avg avg Avg avg Avg avg Avg avg Avg avg Avg
March 12.2 12.7 11.2 12.7 10.4 134 9.4 11.9 11.1 125 111 12.8 10.8 12.7 8.3 10.1
April 16.7 15.8 16.3 15.7 15.5 16.5 14.5 15.0 16.4 17.7 16.1 17.6 15.8 16.3 13.4 14.7
May 21.2 21.1 20.5 20.8 20.0 21.9 19.3 20.5 21.4 19.3 20.7 19.4 20.4 18.8 18.0 17.6
June 25.2 24.0 25.1 24.1 24.4 25.3 23.7 24.4 25.8 23.7 24.8 23.2 24.7 22.6 22.5 20.9
July 27.0 26.2 27.1 27.0 26.8 27.0 25.6 25.6 27.6 27.7 26.7 26.5 26.6 26.9 24.7 25.1
August 26.4 24.9 26.2 26.0 25.6 25.4 24.8 24.2 26.8 26.8 25.7 26.1 25.8 26.4 23.7 23.8
September 24.1 21.7 23.4 22.1 22.6 222 21.2 20.3 23.9 235 22.7 22.2 22.5 22.3 20.2 20.5
October 18.9 15.1 18.0 14.8 16.1 15.3 15.0 13.2 18.7 17.8 16.8 16.7 16.5 17.3 13.9 14.6
November 13.6 13.0 121 12.7 10.4 12.9 9.2 11.0 12.7 12.0 11.3 11.0 104 11.4 8.1 7.9
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Table 2.4 ¢ontinued. Average monthly temperature, precipitation totals, an®@thgearaverage for each trial environment. Green

boxes indicate average monthly temperature abov@tlyearaverage. Red boxes indicate monthly average temperatures below the

30-yearaverage.
2019 2020 2021

TOTAL Currituck Sampson Union Yadkin Beaufort Robeson Rowan | Edgecombe Union Washington Yadkin
PRECIPITATION
(cm)

30 30 30 30 30 30 30 30 30 30 30

year| Year year Year year Year year Year year Year year Year year Year year Year year Year year Year year Year

Month avg Total | avg | Total  avg Total | avg Total avg Total avg Total avg| Total avg Total avg Total avg Total @ avg | Total

March 10.6 42 93 85 104 7.3 100 48 84 86 83 92 102 52 98 6.6 104 5.0 10.6 5.4 10.0 125
April 8.8 6.3 8.7 120 9.3 10.2 104 16.2 8.6 92 7.2 81 97 120 90 42 93 20 95 7.3 104 4.7
May 10.3 50 10.3 51 9.1 11.3 10.1 10.2 100 164 8.7 213 89 268 9.2 19 91 28 105 132 10.1 5.6
June 11.4 7.2 11.7 109 11.8 7.2 11.0 20.4 10.3 7.0 125 17.8 109 12.1 122 116 11.8 16.6 13.8 25.1 11.0 4.2
July 15.1 59 148 14.0 10.2 6.2 11.6 9.4 148 85 11.7 126 9.7 8.3 13.0 11.8 10.2 125 145 138 11.6 11.9
August 15.0 9.6 153 269 124 121 112 9.0 185 18.6 12.1 11.2 10.1 7.2 13.4 12.7 124 11.0 16.8 248 11.2 135
September 135 6.5 16.7 22.1 11.7 0.7 104 1.6 21.5 15.0 125 19.6 10.2 16.9 156 9.3 11.7 20.0 15.6 8.2 104 12.6
October 9.4 54 83 73 94 83 85 23.0 105 6.5 58 107 7.8 123 9.0 9.0 94 7.7 105 46 8.5 3.6
November 8.6 6.3 87 82 87 89 83 72101 163 75 164 82 146 81 29 87 20 9.1 33 83 1.2
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Table2.4 (coninued. Average monthly temperature, precipitation tqtaisl the 36/ear average for each trial environment. Green
boxes indicate average monthly temperature above tye@0average. Red boxes indicate monthly average temperatures below the

30-year average.

2022 2023
TOTAL Beaufort Camden Johnston Rowan Hyde Sampson Union Yadkin
PRECIPITATION
(cm) 30 30 30 30 30- 30 30- 30
year Year | year Year year Year year Year year Year year Year year Year year Year

Month avg Total avg | Total avg Totall avg Total avg Total | avg Totall avg | Total avg @ Total
March 84 96 106 105 104 54 102 128 91 46 93 6.2 104 6.0 10.0 5.9
April 86 15 88 65 86 6.7 97 74 106 106 8.7 11.2 93 128 104 114
May 100 08 103 83 96 51 89 95 117 56 103 47 9.1 5.0 10.1 3.1
June 103 6.3 114 3.0 105 3.2 109 0.7 13.0 155 11.7 115 11.8 114 11.0 1.8
July 148 14.2 151 159 15.0 228 9.7 20.6 12.1 10.2 14.8 25.8 10.2 8.9 11.6 8.7
August 185 16.3 150 10.7 11.3 114 10.1 94 156 24.2 153 184 124 136 11.2 9.0
September 215 209 135 152 16.2 128 10.2 153 16.0 125 16.7 10.7 11.7 16.0 10.4 8.0
October 105 20 94 10 97 11 78 38 93 13 83 29 94 26 85 15
November 102 97 86 87 86 74 82 150 101 79 87 83 87 47 83 4.7
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Table 2.5 Pearson Correlation Coefficients (r) for PD, avg. temperature froR7R protein, oil, damage, purple seed stain (PSS)
and yield.

Purple Seed Stain

Planting Date Avg. Temp (C) Protein (%) Qil (%) Damage (%) (%) Yield (kg/ha)
Correlation p Correlation p Correlation p Correlation p Correlation p Correlation p Correlation p
(9] value n value (N value n value n value (n value (n value
Planting Date 1 0.46627 0.0001 0.1560z 0.0001 0.1609¢ 0.0001 0.25551 0.0001 0.0611 0.0013 0.3261 0.0001

Avg. Temp
©

Protein (%)
Oil (%)

Damage (%)

Purple Seed
Stain (%)

Yield (kg/ha)

0.46627 0.0001

0.1560z 0.0001

0.1609¢ 0.0001

0.25551 0.0001

0.0611 0.0013

0.3261 0.0001

1

0.1753¢ 0.0001

0.2119¢ 0.0001

0.06887 0.0003

0.0426< 0.0254

0.22507 0.0001

0.1753¢ 0.0001

1

0.48837 0.0001

0.0897¢ 0.0001

0.10227 0.0001

0.0203¢< 0.2842

0.2119¢ 0.0001

0.48837 0.0001

1

0.0278% 0.144%

0.0716€ 0.0002

0.04034 0.033¢€

0.06887 0.0003

0.0897¢ 0.0001

0.0278% 0.1445

1

0.2384¢ 0.0001

0.0822% 0.0001

0.04264 0.0254

0.10227 0.0001

0.0716€ 0.0002

0.2384¢ 0.0001

1

0.09721 0.0001

0.22507 0.0001
0.0203< 0.2842
0.04034 0.033¢€

0.0822% 0.0001

0.09721 0.0001

1
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Table 2.6 ANOVA table for PD, MG, and the interaction.

Planting Dat¢Maturity Groug PD x MG
Paramete F pvalue F pvalue F pvalue
Protein  29.96 0.0001 73.21 0.000112.67 0.0001

oil 28.82 0.0001 181.2 0.0001 12.1 0.0001
Damage 13.84 0.0001 32.95 0.0001 5.39 0.0001
PSS 2.93 0.0081 71.96 0.0001 5.36 0.0001

Yield 63.78 0.0001 93.5 0.0001 5.66 0.0001
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Figure 21. Relationship between protein composition and yield across all planting dates and

maturity groups. The red line represeifte a r savreladian valudr).
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Figure 22. Relationship between protein composition and yield across soybean growing regions

in North Carolina The red line represen®& e a r sarreldtion valug(r).
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Figure 23. Relationship between protein composition and yield across for each MBlatke

line represent® e a r <arreldtisn valueg(r). PDs are grouped by each color and symbol.
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Figure 24. Relationship between oil composition and yield across all planting dates and

maturity groupsThe red line represen® e a r <arreldtien valug(r).
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Region = Coastal Plain
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Figure 25. Relationship betweasil composition and yield across soybean growing regions. The

red line represent® e a r <arreldisn valug(r).
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Figure 26. Relationship between oil composition and yield across for each MGladidine

represent® e a r <arreldtien valuer).PDs are grouped by each color and symbol.
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Relationship between damage and yield across all planting dates and maturity

groups. The red line represese a r sarreldtien valug(r).
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Figure 28. Relationship between purple seed stain (PSS) and yield across all planting dates and

maturity groups. The red line represe® a r <arreldtien valug(r).
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Figure 29. Relationship between oil and protein across all planting dates and maturity groups.

The red line represen®® e a r <arreldtien valugr).
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Figure 210. Relationship between oil and protein for each maturity group. The red line

represent® e a r carrpldtisn valuglr).
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Region = Coastal Plain
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Figure 211. Relationship between oil and protein for each soybean growing region. The red line

represent® e a r sarreldtien valugr).
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Figure 212. Relationship between protein composition and average temperature between R1

R7 reproductive stage$he red line represen® e a r sarreldticen valug(r).
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Figure 213. Relationship between oil composition and average temperature betw&sh R1

reproductive stages. The red line represéhts a r sarreldtion valug(r).
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Figure 214. Relationship between yield and average temperature betweRii REproductive

stages. The red line represe®® a r sarreladtien valug(r).
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Figure 215. Relationship between damage and average temperature betw&ah R1

reproductive stages. The red line represéhts a r sarreldtion valug(r).
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