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ABSTRACT

Variable weather patterns paired with increasing farm size have prompted soybean growers to
explore new strategies such as early planting to minimize delays and subsequent yield loss. Field
experiments were conducted in 2022 and 2023 to evaluate the effectiveness and crop safety of
commonly used PRE herbicides and the effects of soybean row width on weed suppression and
soybean yield in soybeans planted earlier than the current standard. Planting soybeans in early to
mid-April slowed crop emergence and heavy precipitation created an environment favorable for
reduced stands and PRE herbicide injury compared with those planted at a normal time.
However, PRE herbicides controlled susceptible weed species when sufficient rainfall occurred
for incorporation in both early and normal planted soybeans. Soybean establishment and yield
were only lower in early planted soybeans when heavy precipitation resulted in soil surface
crusting and high amounts of crop injury. The effects of soil crusting on stand were most evident
when soybeans were planted in 19 cm row widths compared to 38 and 76 cm. Soybeans drilled
in 19 cm row widths were superior to 38 and 76 cm for weed suppression at the time of POST.
However, season-long weed suppression was only observed when 19 cm rows were planted at
494,000 seeds ha™. Similarly, higher soybean yield occurred only when 19 cm rows were planted
at 494,000 seed hal. Regardless of planting date, a complete PRE followed by POST weed
management program was beneficial for weed control and soybean yield. Planting soybeans in
early to mid-April will allow growers to reduce planting delays, without affecting soybean yield

assuming weather conditions are not exceptionally poor during initial soybean establishment.



Copyright by
MATTHEW SHIRK GODDARD
2024



Dedicated to my parents, Dale and Linda Goddard, and my late grandfather, Ronald Goddard



ACKNOWLEDGEMENTS

I would like to express my appreciation to Dr. Christy Sprague for allowing me the
opportunity to further my education at Michigan State University. Her knowledge, patience, and
mentorship have been invaluable throughout my graduate school experience. I would also like to
thank Dr. Maninder Singh and Dr. Martin Chilvers for their technical advice and support
throughout my master’s degree program while serving on my guidance committee. Additionally,
I would like to thank Dr. Erin Burns for her support and statistical guidance.

Thank you to our technicians Brian Stiles and recently retired Gary Powell, for their
friendship and effort in making each field season successful. Their knowledge, and guidance in
the field play a large part in the program’s success. I would like to thank my colleagues for their
friendship, help, and advice both in the field and in the classroom: Claudia Walz, Ian Waldecker,
and Hannah Johnson. Thank you to all the undergraduate assistants who played an immense role
in data collection and sample processing: Kyle Rolfe, Brock Holek, Corbin Bouvy, Matt
Schnack, and Lauren Wishowski. I would also like to thank the Michigan Soybean Committee
for funding and supporting my research.

Furthermore, I would like to thank my family and friends for their continuous love and
encouragement over the last two years, and throughout my entire life. Specifically, I would like
to thank my parents Dale and Linda, as well as brothers Grant, Ryan, and Eric Goddard for their

positive influence in making me the person I am today.



TABLE OF CONTENTS

LIST OF TABLES ..o bbb viil
LIST OF FIGURES .....ooiiiiiii s X
CHAPTER I: LITERATURE REVIEW .....ccciiiiiiiiiii 1
INEEOAUCTION ...ttt ettt b etk e e e sb e e ebe et e e st e e e nneennee e 1
Soybean Planting Date..........ccuiiiiiiiiiiiiiiie e 1
Soybean EstabliShment. .........ccooiiiiiiiiiiicii e 2
Early-Season Weed COmMPELITION. .....uciiiiiiiiieiiiie ittt nine e 2
Soybean Yield Benefits of Early Planting...........cccccooiiiiiiiiiiiiiiee e 3
Soybean ROW Width .......c.oiiiiiiiiiiic e 4
L0 1 T0) 0 A 0 (01 1 PO OPR RPN 5
WEEA SUPPIESSION. ...ttt ettt sttt nb e e e b e e sn e e nbe e s b e e anneenneennne e 6
Impact of Row Width on Soybean Yield. .........cccooveiiiiiiiiiiiiee e 7
Herbicide Trends in SOYDEAN ........cciiiiiiiiiiiiiicii e 8
Preemergence Herbicides in SOybean...........ccocveiiiiiiiiiiiiiccee e 9
Mobility and AvVailability. ........cocuiiiiiiiiie e 9
Selectivity and CONIOL. .......coviiiiiiiieiice e 11
SOYDEAN INJULY. ..eeeiieiiieee e 13
LITERATURE CITED......ccotiiiiiiiiieie et 16
CHAPTER II: EFFECTS OF RESIDUAL PREEMERGENCE HERBICIDE PROGRAMS ON
EARLY VERSUS NORMAL PLANTED SOYBEAN ......cccoiiiiiiiiii e 24
F N 0] 1 v T A OO P R T PP RPN 24
INEEOAUCTION ...ttt b e et e et e et e e sbe e e b e e s beeenneen 25
Methods and MaterialS..........cuvoiiiiiii e 28
Data COLECTION. ....iieiiiiietie ettt ettt sb e b e e nan e beesneeanne e 29
StatiStICAl ANALYSIS. ..oiuveiiiiiiieie e 30
Results and DISCUSSION ......civiiiiiiiiiiiiiiie i 31
Early-Season Soybean Establishment..............cccooviiiiiiiii e 31
Weed Control at POST Herbicide Application. .........c.ccevviiiiiiiiiiiiiciinecsc e 33
Common lamDbSQUATTETS. ........eeiiiiiieiicieer e 33
COMMON TAGWEE. ...ttt 33
GIANTE TOXLALLL 1. 35
VEIVELICAL. ...ttt 35
Total Weed BIOMASS. ......ccviiiieiiiiiieiec e 36
Weed Biomass at Harvest and Soybean Yield. ........c.coocoiiiiiiiiiiic 37
LITERATURE CITED......ccitiitiiiiiieie ettt 40
APPENDIX A: CHAPTER II TABLES .....ooiiiiiiiiii e 44

CHAPTER III: IMPACT OF PLANTING DATE AND SOYBEAN ROW WIDTH ON WEED

SUPPRESSION AND YIELD .. ittt e e e e e et ee e e e e e e e e e e aeeeeeeeereeanaaeeeees 54
g\ 0118 2 Vo] AT TR 54
J 59T g0 e 11 Lo 5 (o) s WUUETRTEURTR TR 55

Vi



Y (S0 a0 Y6 K=V o La MUY 210 1= (T 57

Data COLLECTION. ....iieiiiiiieiie ettt ettt et e e bt e e bt e san e e beesbeeannee s 59
ECONOMIC ANALYSIS. tttiitiiiiiiieiiit et stie ettt sbb e e e nbb e e e nbb e e e nb e e e nnb e e e e 60
StatistiCAl ANALYSIS. ..oveeriiiiitieii s 61
Results and DISCUSSION ......cciueiiiiiiiieiee ittt e e ne e 62
Soybean EstabliShment. .........c.coiiiiiiiiiiii s 62
Early-Season Weed Suppression and Soybean Canopy Development. ..........ccoevvveeiiinennnn 63
Late-Season Soybean Canopy Development and Weed Suppression. ..........cceeveeeeeeieennenne 65
Soybean Yield and ECOnomic REtUIN. .......cocviiiiiiiiiiiiiiii i 67
LITERATURE CITED......coitiiitiiiiieie ettt sttt st aneesneenneanee e 72
APPENDIX B: CHAPTER III TABLES AND FIGURES........ccoiiiiiiiiiieeeec e 76

vii



LIST OF TABLES

Table 2.1. Enlist E3® soybean varieties, planting dates, herbicide application dates, and soybean
harvest dates for the four field eXPeriments. .........c.cccvvviiiiiiiiiiicr e 44

Table 2.2. Herbicide products, application rates and timings, and manufacturer information for
WEEA CONLIOI LTEATMEIILS. 1.vviiiiiie ittt ettt ettt e st e et e e e s b e e snb e e sab e e e nnbeeennbeeans 45

Table 2.3. Densities of weed species present at the time of POST herbicide application in the
untreated controls in both soybean planting dates for all four site-years. ..........c.ccceevviiiiieninnnn. 46

Table 2.4. Monthly® rainfall, GDDs® and the 30-year mean rainfall® for the four site-years........ 47
Table 2.5. Main effects of soybean planting date and PRE herbicide treatment on soybean stand
at V2 and weed control of common lambsquarters and velvetleaf at the time of POST herbicide

Yo 0] N o 1A o) | TSP PT PR URPTRRPPN 48

Table 2.6. Main effects of application timing and PRE herbicide treatment on soybean stand at
V2 and soybean injury 14 d after emergence (DAE), in the early planted soybean...................... 49

Table 2.7. Interaction between planting date and PRE herbicide treatment on soybean injury 14 d
after emergence (14 DAE), and giant foxtail and common ragweed control, and total weed
biomass at POST herbicide appliCation. ...........cceeiieiiiiiiiiiieiie e 50
Table 2.8. Interaction between application timing and PRE treatment on weed control of common
lambsquarters, common ragweed, giant foxtail, velvetleaf, and total weed biomass at the time of

POST herbicide appliCation. ...........cciiiiiiiiiiiii i 51

Table 2.9. Main effects of soybean planting date and PRE herbicide treatment on weed biomass
at soybean harvest and soybean yield. ..........ccccoriiiiiiiiic 52

Table 2.10. Main effects of herbicide application timing and PRE herbicide treatment on weed
biomass at soybean harvest and soybean yield in the early planted soybean. .............cccoceevvinnnne. 53

Table 3.1. Enlist E3® soybean varieties, planting dates, herbicide application dates, and soybean
harvest dates for the three field experiments conducted in 2022 and 2023. ........ccccvcveiiiieniienne 76

Table 3.2. Weed species present at the time of POST herbicide application in the untreated
controls for both early and normal soybean planting dates for the three site-years. .................... 77

Table 3.3. Monthly® precipitation, GDDs"¢ and the 30-year mean precipitation® for the three site-
221 4 FS TSP 78

Table 3.4. Treatment costs for the four row width systems and three herbicide programs. ......... 79

viii



Table 3.5. Main effects of planting date, herbicide program, and row width system on soybean
stand for the three STEE-YEATS. ........cuiiiiiiiieii e 80

Table 3.6. Three-way interaction between soybean planting date, herbicide program, and row
width system on weed biomass at POST herbicide application for the three site-years............... 81

Table 3.7. Days after planting to 50 and 95% canopy closure (+SE)? in early and normal planted
soybeans in four row width systems for the three Site-years. .........cocoeeiirriiiiiiriiiiieeseeee e 82

Table 3.8. Interaction between planting date and herbicide program on weed biomass at soybean
harvest and soybean yield for the three Site-years. .......cccocvviiiiiiiiiiiiii e 83

Table 3.9. Main effect of row width system on weed biomass at soybean harvest, soybean yield,
and economic return for the three SIte-Years. ........ccoouviiiieriiiiiie s 84

Table 3.10. Interaction between planting date and herbicide program on number of seeds plant’!
and 100 seed weight on main stem and reproductive branches for the three site-years. .............. 85

Table 3.11. Main effects of planting date, herbicide program, and row width system on number of
seeds plant™! and 100 seed weight on the main stem and reproductive branches for the three site-
D22 TP PP TRTPTR PP 86

Table 3.12. Interaction between planting date and herbicide program on economic return for
soybean marketed at $0.37 kg™ for the three SIte-Years.........cococeeveveveverereeerereeeeeeeeeee e, 87



LIST OF FIGURES

Figure 3.1. Interaction of planting date and row width system on percent soybean stand at MSU-
22. Soybean populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha™ in 19
(IoW), 38, AN 76 CIM TOWS. .eiiiuiiiiiiiieeiiiiesitiee sttt ettt e st e s b e e ss b e e sbb e e e nsb e e e nbb e e sbneeenrbeeans 88

Figure 3.2. The effect of planting date and row width system on canopy closure starting after
each planting date in early (a) and normal (b) planted soybean at MSU-22, and early (c¢) and
normal (d) planted soybean combined over both sites in 2023. Soybean populations were
494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha™! in 19 (low), 38, and 76 cm rows. ... 89



CHAPTER I: LITERATURE REVIEW
Introduction

Soybean (Glycine Max (L.) Merr.) is an important source of food, protein, and oil. In
2023, soybeans were planted on over 809 thousand hectares in Michigan, nearly double the
number of soybean hectares produced 50 years ago (USDA-NASS 2024a). Across the U.S.
soybean was planted on 33.8 million hectares in 2023, second only to corn (USDA-NASS
2024b). In Michigan and much of the Midwest, soybean is commonly grown in rotation with
grass crops such as corn (Zea mays L.) and double-cropped following winter wheat (7riticum
aestivum L.). The economic impacts of soybeans go beyond production. A recent study funded
by the United Soybean Board and National Oilseed Producers Association revealed the economic
impact of the U.S. soybean sector including production, processing and jobs supported averaged
$124 billion year™! from 2019 to 2022, 0.6% of total U.S. gross domestic product (LMC
International 2023). Nonetheless, soybeans have an immense impact on agricultural production
and the economy, thus evaluation of best management practices is essential to optimize
efficiency and profitability.

Soybean Planting Date

When to plant is one of the first decisions a grower must make in the production of
soybeans. Robinson et al. (2009) indicated that the date of planting is one of the most important,
and least expensive cultural management decisions that influences soybean yield. The potential
for planting soybeans earlier continues to increase as climate variability increases. Based on
climatological data collected from 1,218 sites from 1900 to 2014 Kukal and Irmak (2018)
indicated that in the upper Midwest, the last spring frost is 9 days earlier, contributing to a 14.5

day increase in the length of the growing season. The combination of earlier last spring frost, the



need to spread out the field workload, and avoid delays in planting from heavy precipitation
events have prompted soybean producers to plant soybeans earlier than the historical standard.
Soybean Establishment. High amounts of precipitation before or soon after soybean planting
and cool soil temperatures can lead to delayed and poor soybean establishment (DeWerft et al.
2015; Oplinger and Philbrook 1992; Schmitz and Kandel 2021). Average annual precipitation in
the Midwest has increased by 5-15% between 1901-1960 and 2002-2021, while heavy
precipitation events have increased by 45% from 1958 to 2016 (Marvel et al. 2023). The
combination of high amounts of precipitation, cool temperatures, and delayed emergence when
soybeans are planted early increases seedling vulnerability to insects including bean leaf beetle
(Cerotoma trifurcta Forster) and seed corn maggot (Delia platura Meigen) (Hammond and
Cooper 1993; Zeiss and Pedigo 1996). Furthermore, these conditions are conducive for diseases
such as damping off or root rot from Pythium spp. (Serrano and Robertson 2018) and Fusarium
spp. (Yan and Nelson 2022), as well as sudden death syndrome (Fusarium virguliforme
O’Donnell & T. Aoki) (Gongora-Canul and Leandro 2011). Despite potential challenges,
planting soybean early has been demonstrated to have a positive impact on yield (Arsenijevic et
al. 2022; De Bruin and Pedersen 2008a; Siler and Singh 2023).

Early-Season Weed Competition. Weed competition increases when soybean planting occurs
earlier in the growing season. Coulter & Nafziger (2007) reported higher weed densities when
soybean planting occurred in late April compared with mid-late May in all five site-years of an
[llinois study, and these increases were a result of higher broadleaf compared with grass weed
species. Biennial, perennial, and winter annual weed species are effectively controlled
mechanically in conventionally tilled soybean systems (Buhler 1995). In contrast, summer

annuals emerge at the same time or after spring planted crops resulting in weed-crop



competition. Early season weed control in soybeans is essential to prevent yield loss. The critical
weed free period has been defined as the time between soybean emergence up to V4 in soybean
(Van Acker et al. 1993). Although the length of this period is variable when influenced by
environmental conditions, and soybean row width, preemergence herbicides (PRE) can be of
great value to ensure adequate weed control is maintained and yield potential is protected
(Knezevic et al. 2003, 2019). Initial weed emergence, as well as the length of the emergence
period, is variable across species and will influence the benefit and selection of PRE herbicides.
Among summer annual weed species, common ragweed (Ambrosia artemisiifolia L.) and
common lambsquarters (Chenopodium album L.) are two of the earliest emerging species in the
Midwest, beginning in April (Werle et al. 2014). Whereas velvetleaf (4butilon theophrasti
Medik.), Setaria and Amaranthus species emerge later, beginning in May and extending into
June and July. Selecting a preemergence herbicide that will not only effectively control the
species in the weed seedbank, but more specifically the weeds that will be emerging during the
period following planting is critical in early-planted soybeans. In addition to selectivity, crop
safety should be considered as well (Poston et al. 2008).

Soybean Yield Benefits of Early Planting. The benefit of early planting for soybean yield is
most evident when paired with later maturing varieties (Mourtzinis et al. 2017; Siler and Singh
2022; Vossenkemper et al. 2015). However, yield advantages of planting soybeans early have
been reported regardless of maturity group (Arsenijevic et al. 2022; Matcham et al. 2020;
Schmitz and Kandel 2021). Delaying soybean planting past the regionally targeted window can
result in significant yield loss (De Bruin and Pedersen 2008a; Siler and Singh 2023). Planting
soybeans earlier advances the onset of vegetative and reproductive stages, allowing for earlier

accrual of reproductive nodes, and induction of flowering (Bastidas et al. 2008). Delayed



soybean planting resulted in soybean yield losses of 70 kg ha™! per week between late April and
early May in Iowa (De Bruin and Pedersen 2008a). As soybean planting was delayed even
further, yield losses of 404 kg ha™! per week were reported between late May and early June.
Research in Wisconsin reported 188-902 kg ha™! higher soybean yield when planted in mid-April
compared with mid-May (Arsenijevic et al. 2022). Similarly, research specific to Michigan
indicates that delaying soybean planting beyond mid-May can result in significant yield loss,
with an average of 131 kg ha! wk™! between mid-May and early June, and 326 kg ha™! wk!
between early and late June (Siler and Singh 2023). Nonetheless, planting date determines the
conditions soybean seedlings are required to establish in, the weeds they will compete with, the
length of the growing season, as well as the environmental conditions in yield impactful
reproductive stages.
Soybean Row Width

Before the development and adoption of herbicides, weed control was dominated by
mechanical methods including interrow cultivation. As a result, soybeans in the past have
predominately been planted in 76 cm rows, which offered more equipment accessibility after
crop emergence (Wax et al. 1977; Wax and Pendleton 1968). Today, soybeans are commonly
planted in 19, 38, and 76 cm row widths. Rows that are 38 and 76 cm wide can be planted using
a traditional row crop planter that precisely meters seed allowing for more consistent placement
and seed singulation. However, farmers in Michigan often own grain drills to plant wheat or
other small grains, which can be used to plant soybeans in 19 cm wide rows. The seed is metered
with wearable fluted wheels, resulting in less precise populations, placement, and singulation of
soybean seed. Although precision drills are available to producers, they are not as widely adopted

as standard flute-metered models or air seeders. Holshouser et al. (2006) found that a vacuum



planter and precision drill were similar in uniformity of seed placement, while noticeable gaps
between seeds occurred when soybean was planted with a standard flute-metered drill. However,
the differences observed in stand uniformity did not result in yield differences between the
precision methods and standard drill. Despite inconsistent speed placement in some cases,
narrow row widths can be beneficial for weed suppression and soybean yield.

Canopy Closure. Planting soybeans in narrow row widths (< 76 cm) allows for more rapid
canopy closure compared with wider row widths (Arsenijevic et al. 2022; Dalley et al. 2004;
Fisher and Sprague 2023; Hock et al. 2006; Nelson and Renner 1999). Narrow rows (19 cm)
decrease the amount of available photosynthetic active radiation reaching the soil surface, early
in the season compared with wide rows (76 cm) (Steckel and Sprague 2004). Similarly, Hock et
al. (2006) found canopy closure in 76 cm rows was delayed by 20 days compared with 19 cm
rows. Other research reported similar delays in canopy development where soybean in 19 and 38
cm row widths achieved canopy closure 1-2 weeks earlier than soybean planted in 76 cm rows
depending on population (Harder et al. 2007).

Depending on growing conditions such as planting date and precipitation, wide row
widths (76 cm) may not reach full canopy closure. Planting soybeans in narrow row widths
allows for more complete canopy closure and interception of more sunlight (Dalley et al. 2004;
Rich and Renner 2007; Yelverton and Coble 1991). Dalley et al (2004) found that when growing
conditions were conducive to crop development, soybean canopy intercepted a maximum of 98%
in 19 and 38 cm rows widths, while 76 cm rows only intercepted 84%. Under drought
conditions, the canopy benefits of narrow row widths were even more evident where 19 cm rows
intercepted 89% compared with 63% in 76 cm rows. This indicates that the benefits of narrow

row widths may be even more advantageous when soybeans are under moisture-limited growing



conditions. Another study reported similar findings where narrow row widths (23 c¢cm) reached
full canopy closure 10 weeks after planting and the wide row widths (91 cm) only reached 75%
closure when the soybeans reached vegetative maturity (Yelverton and Coble 1991).
Additionally, planting soybeans in narrow row widths increases leaf area index and biomass per
plant (Cox and Cherney 2011; Légere and Schreiber 1989).

Weed Suppression. Weed control is a critical component in soybean production worldwide.
Planting in narrow row widths is a practice that has been utilized by many to aid in the
suppression of yield-limiting weed competition. Advanced soybean canopy development in
narrow rows (19 and 38 cm) reduces weed emergence and resurgence compared with wider rows
(76 cm) by limiting the quantity and quality of available sunlight at the soil surface (Fisher and
Sprague 2023; Mickelson and Renner 1997; Steckel and Sprague 2004; Yelverton and Coble
1991). Some weeds possess a seed dormancy mechanism that is regulated by phytochrome and
the presence of red light from direct sun and far-red light that reaches the soil-surface after it is
filtered through a crop canopy. Common waterhemp (Amaranthus rudis Sauer) germination is
decreased in the presence of far-red light (Leon and Owen 2003). Steckel and Sprague (2004)
reported a two-fold increase in common waterhemp density when soybeans were planted in 76
cm rows compared with narrow row widths that were 19 cm wide. In Michigan, soybean planted
in 19 and 38 cm row widths reduced horseweed (Conyza canadensis L.) density by 2-fold at the
time of postemergence herbicide application (POST) compared with 76 cm rows (Fisher and
Sprague 2023). Hock et al. (2006) attributed higher weed biomass in 76 cm compared with 19
cm row widths to a 20 day delay in canopy closure in the wider row spacing. In a meta-analysis,
it was reported that planting soybean in row widths less than 76 cm resulted in a 42% reduction

in weed density, and 71% lower weed biomass (Singh et al. 2023). Narrow row widths provide



some degree of weed suppression, but they do not eliminate the need for herbicide-based weed
control. Harder et al. (2007) reported lower weed density and biomass in narrow row widths (19
and 38 cm) compared with wide rows (76 cm) after a POST application of glyphosate. However,
reduction in weed densities within narrow row widths were not apparent in the absence of a
POST application. Soybeans planted in 76 cm rows, intercept less light and advance the critical
time for weed removal by 60 and 200 growing degree days earlier on average compared with 38
and 19 cm row widths, respectively (Knezevic et al. 2003).

Impact of Row Width on Soybean Yield. Soybean yield response to row spacing is variable,
and most evident when weed competition is occurring. In general, it has been concluded that
soybeans planted in narrow rows are more competitive against weeds compared with wider row
widths (Fisher and Sprague 2023; Hock et al. 2006; Knezevic et al. 2003; Légere and Schreiber
1989; Singh et al. 2023; Steckel and Sprague 2004). When season-long weed competition
occurred, planting soybeans in narrow row widths (19 and 38 cm) increased yield (Hock et al.
2006; Knezevic et al. 2003). Similarly, Steckel and Sprague (2004) reported that early-season
waterhemp competition reduced soybean yield by 44% in wide rows compared with 37% in
narrow row widths. Field studies conducted in West Lafayette, IN reported similar trends in the
presence of weed competition, as well as higher soybean yields in narrow row widths in a weed-
free environment compared with wider rows (Légere and Schreiber 1989). Research in Iowa
reported a 6% increase in soybean yield by decreasing row width from 76 to 38 cm in a weed-
free environment (De Bruin and Pedersen 2008b). The results of a meta-analysis revealed that
across 20 studies planting soybeans in narrow row widths (< 76 cm) resulted in an average of
12% higher yield (Singh et al. 2023). However, Arsenijevic et al. (2022) did not observe any

yield advantages of narrow row widths, even with advanced canopy closure. Furthermore,



Schultz et al. (2015) reported 8% lower yield when soybeans were planted in 19 cm row widths,
even with reduced waterhemp density compared with wide row widths (76 cm), attributed to
inconsistent seed placement.

Herbicide Trends in Soybean

The presence of weeds, their competition with cash crops, and the development of
resistance to herbicides poses significant challenges to soybean producers. Weeds compete with
all crops for light, water, and nutrients (Krausz et al. 2001). Methods of weed control have
evolved from the reliance on mechanical cultivation to the wide adoption of synthetic herbicides.
Preplant incorporated, preemergence, and postemergence herbicide applications are important
tools for effective weed control and resistance management throughout all phases of the growing
season.

The introduction of herbicide-resistant crops has given producers more postemergence
weed control options to use throughout the growing season. Glyphosate-resistant soybean was
introduced by Monsanto in 1996, giving producers added flexibility with a new, effective
postemergence weed control option (Harper 1995). Instead of increasing the diversity of
herbicide sites of action utilized in weed control programs, glyphosate-resistant soybean brought
forward a cropping system that could be managed with a broad spectrum, non-selective,
postemergence herbicide as the primary or exclusive component for weed control. The wide
adoption of glyphosate and genetically engineered soybean that were resistant to it, led to the
declined use of preemergence herbicides and mechanical-based weed control (Norsworthy et al.
2012; Young 2006). The extensive use of glyphosate, often being applied multiple times in a
growing season resulted in high selection pressure for glyphosate-resistant weed populations

(Heap and Duke 2018; Powles 2008; Reddy 2001; Young 2006). The evolution of glyphosate-



resistant weed species has become widespread, reducing the overall utility of glyphosate and
glyphosate-resistant crops (Heap 2024). Since the introduction of glyphosate-resistant soybean,
trait packages resistant to glufosinate, dicamba, 2,4-D, and isoxaflutole have been made available
to growers (Behrens et al. 2007; Nandula 2019; Siehl et al. 2014; Wright et al. 2010). To prolong
the viability of these systems, weed resistance management is essential. Soil-applied,
preemergence herbicides are a valuable tool that can increase the diversity of weed management
programs. Additionally, preemergence herbicides extend the period between planting and
postemergence herbicide application, allowing for more timely postemergence applications and
reduced quantity of weeds that are subjected to recurrent selection by postemergence products
(Johnson et al. 2012; Knezevic et al. 2019; Oliveira et al. 2017).
Preemergence Herbicides in Soybean

Commonly used herbicide sites of action for preemergence weed control in soybean
include acetolactate synthase (ALS) inhibitors (WSSA Group 2), microtubule inhibitors (WSSA
Group 3), photosystem II (PSII) inhibitors (WSSA Group 5), deoxy-d-xyulose phosphate
synthase (DOXP) inhibitors (WSSA Group 13), protoporphyrinogen oxidase (PPO) inhibitors
(WSSA Group 14), and very long-chain fatty acid synthesis (VLCFA) inhibitors (WSSA Group
15). Foliar activity of most preemergence herbicides is limited, thus incorporation into the soil
solution is needed before weed germination to be effective. Rainfall allows these herbicides to
move from the soil surface and into the soil solution, making them available to germinating weed
seeds and seedlings for uptake (Knake et al. 1967; Mueller et al. 2014).
Mobility and Availability. The inability to accurately predict precipitation and in some growing
seasons the absence of rainfall poses significant challenges in the use of preemergence

herbicides. The amount of precipitation required for adequate incorporation is dependent on



multiple characteristics of the herbicide molecule itself, as well as factors of the soil and
environment.

Water solubility is the measure of a chemical substance, in this case, a herbicide that can
dissolve in water and has been classified as follows: low (<10 ppm), medium (10-1,000 ppm)
and high (>1,000 ppm) (Ney 1995). Though herbicides must be relatively soluble to be
incorporated by rainfall, adsorption of the herbicide to soil colloids is an important factor in
initial mobility and plant availability once the herbicide is in the soil solution.

The organic carbon-water partition coefficient (Koc) represents the ratio of a chemical
that is soil-bound compared to available in the soil solution. Koc is a common metric used to
measure the adsorption of pesticides, and mobility potential has been categorized as very high
(0-5), high (50-150), medium (150-500), low (500-2,000), slight (2,000-5,000), and immobile
(>5,000) (McCall et al. 1980). In general, herbicides are less bound to coarse soils with low
organic matter, and readily adsorbed in heavy soils with high organic matter (Sheng et al. 2001).
However, herbicides may be more readily adsorbed by clay or organic matter depending on the
specific molecule. Though they will adsorb to both, non-ionizable herbicides (i.e. flumioxazin,
pyroxasulfone, and s-metolachlor) generally have a higher affinity for organic matter compared
with clay particles (Glaspie et al. 2021; Weber et al. 2000). Production field soils with high
organic matter and clay content may require increased herbicide rates to avoid decreased activity
of preemergence herbicides due to increased adsorption (Glaspie et al. 2021).

Soil pH also has a significant effect on the mobility and activity of herbicides, affecting
their net charge and in turn, their affinity for soil colloids (adsorption), resulting in altered
behaviors in the soil (Corbin et al. 1971). However, the impact of variable soil pH is molecule

specific. Flumioxazin, a non-ionic PPO inhibitor (WSSA Group 14), showed no response in
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adsorption when soil pH was adjusted (Ferrell et al. 2005). In contrast, metribuzin, a PSII
inhibitor (WSSA Group 5) with a pK, of 1.0 (weak base) possesses an inverse relationship
between soil adsorption and soil pH, whereas when soil pH increases adsorption decreases
(Ladlie et al. 1976).

Many preemergence herbicide labels lack definitive information on the quantity of
precipitation required for sufficient incorporation into the soil solution. For herbicides that don’t
have precipitation-specific label recommendations, rainfall has been estimated based on the
water solubility and soil mobility of herbicides. Herbicides with high water solubility and soil
mobility are estimated to require 0.6 cm of precipitation and herbicides with low solubility and
mobility require approximately 1.9 cm (Anonymous 2023). These precipitation estimates are
consistent with the findings of Nagy (2008) for acetochlor, a group 15, a-chloroacetamide
herbicide with moderate solubility and high soil mobility, which was reported to need 1.4 cm of
rainfall for optimal incorporation and weed control. Previous research has found that when
precipitation was limited the week before and after application, weed control was reduced across
seven preemergence herbicides belonging to WSSA groups 2, 5, and 15 (Stewart et al. 2010). In
contrast, weed control from soil-applied metribuzin was also reduced when high amounts of
precipitation occurred within a week of application due to its high solubility and mobility in the
soil. Thus, characteristics of the herbicide, soil and environment should be considered when
utilizing a PRE herbicide in a weed control program.

Selectivity and Control. The spectrum of weed species controlled is herbicide-specific and
varies within and between sites of action. In some cases, seed size influences the efficacy of
preemergence herbicides on weed species. Scott and Phillips (1971) explained that some

herbicides control small-seeded broadleaves due to a larger surface area to seed volume ratio,
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whereas the inverse can be inferred from the lack of control for larger seeded weeds. Unlike
postemergence herbicides, preemergence products partially rely on spatial selectivity where the
crop is germinating below the lethal dose of herbicide in the soil (Krdhmer et al. 2021).

Herbicides belonging to WSSA Group 15 inhibit very long-chain fatty acid (VLCFA)
synthesis. Specifically, they have been reported to target one or more elongase enzymes that
facilitate the elongation of fatty acids (Boger 2003; Tanetani et al. 2013). VLCFAs are essential
components in pollen coats, cuticle waxes, sphingolipids, and phospholipids (Cassagne et al.
1994). The depletion of complete VLCFA’s and buildup of precursors results in weakened and
leaky cells, and ultimately results in plant death (Matthes and Boger 2002). Group 15 herbicides
are absorbed by emerging shoots, roots, and cotyledons, and while germination is not inhibited,
weeds often fail to emerge due to inhibited growth. This group provides residual control of
annual grasses and some small-seeded broadleaves (Boger et al. 2000).

PPO-inhibiting herbicides, classified in WSSA Group 14 inhibit protoporphyrinogen
oxidase, resulting in the accumulation of protoporphyrinogen-IX substrate, where it then moves
to the cytoplasm and is oxidized (Dan Hess 2000). This oxidation produces a light-activated
protoporphyrin IX, generating singlet oxygen molecules that cause lipid peroxidation and cell
death. Most herbicides belonging to this group are applied postemergence, however,
flumioxazin, saflufenacil, and sulfentrazone are registered for preemergence application in
soybean and provide control of economically impactful annual broadleaf species such as
common waterhemp, palmer amaranth (Amaranthus palmeri S. Watson), redroot pigweed
(Amaranthus retroflexus L.), horseweed and common lambsquarters (Niekamp et al. 1999;

Norsworthy et al. 2009; Ribeiro et al. 2022).
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Herbicides in WSSA Group 5 inhibit photosystem II by binding with the Qg binding site
of the D1 protein, blocking electron transport and preventing CO; fixation. This ultimately
results in photooxidation and plant death (Ma et al. 2020). Inhibiting the PS II pathway,
metribuzin is an effective preemergence herbicide that is widely used in row crops such as
soybean, and corn as well as specialty crops. Metribuzin provides preemergence control of
annual broadleaf weed species including common lambsquarters, velvetleaf, Amaranthus spp.,
and horseweed, as well as Setaria spp. (Oliveira et al. 2017).

Soybean Injury. Though spatial selectivity is an advantage of preemergence applications, crops
will encounter these herbicides when emerging if soil moisture is sufficient. Soybeans can
rapidly metabolize these herbicides, rendering the molecule inactive and conferring additional
tolerance. Exact metabolism steps and relative speed are herbicide specific and complex but
involve a series of cleavage, conjugation, and oxidation reactions facilitated by various enzymes
within the plant (Breaux 1986, 1987; Jaworski 1969; Lamoureux and Rusness 1989). However,
soybean injury can occur if varietal tolerance is low, herbicide splashing occurs and when
growing conditions are cool and wet (Arsenijevic et al. 2021; Griffin and Habetz 1989; Payne
and Koszykowski 1977; Wise et al. 2015).

Under cool, wet soil conditions Niekamp et al. (1999) observed 11-20% soybean injury
from preemergence applied flumioxazin, attributed to slowed soybean metabolism and microbial
breakdown. Similarly, Poston et al. (2008) reported a high incidence of soybean injury from both
grass and broadleaf controlling herbicides under cool, wet (4.6 cm within 8 d) growing
conditions. Research in Wisconsin found flumioxazin + metribuzin + pyroxasulfone delayed
canopy development by 4 days under similar, stressful growing conditions (Arsenijevic et al.

2022). Decreased adsorption of metribuzin in alkaline soils results in higher concentrations of the
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herbicide being plant available, which can lead to soybean injury when rates aren’t adjusted
accordingly (Moomaw and Martin 1978). Utilizing preplant herbicide applications has been
shown to reduce the risk of soybean injury, but also reduces the length of residual weed control
of herbicides that are less persistent and highly mobile (Moshier and Russ 1981; Priess et al.
2020). Soybean yield correlation to early-season preemergence herbicide injury is variable. Mild
soybean yield reductions, and delays in soybean canopy development have been reported as a
result of severe preemergence herbicide soybean injury (Arsenijevic et al. 2022; Poston et al.
2008; Taylor-Lovell et al. 2001). Though yield reductions can occur, many studies have found
that soybean yield is unaffected when initial injury from preemergence herbicides is observed
(Arsenijevic et al. 2021; Barlow et al. 2018; Krausz et al. 2001; Osborne et al. 1995).

As environmental conditions continue to change and farm size increases, growers need
alternate management strategies to improve timeliness of field operations and profitability.
Although the length of growing season has increased in the upper Midwest, increased heavy
precipitation events pose significant challenges for growers in the spring. Further research is
needed to evaluate the implications of planting soybeans earlier than the current standard on
integrated weed management strategies.

Questions that remain to be answered:

1. How does early planting affect soybean establishment in Michigan?

2. How does the early season environment affect crop/weed competition as well as
the length of residual weed control and crop safety of preemergence herbicides?

3. Can the length of residual control be increased if preemergence herbicide

applications are delayed in early planted soybean?
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Will narrow row widths provide the same weed suppression and yield benefits if
soybeans are planted earlier than the current standard?
Does soybean planting date affect crop performance and best management

strategies in soybean production?
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CHAPTER II: EFFECTS OF RESIDUAL PREEMERGENCE HERBICIDE PROGRAMS
ON EARLY VERSUS NORMAL PLANTED SOYBEAN
Abstract

Variable weather patterns pose significant challenges on timely soybean planting,
prompting growers to plant earlier than the current standard. Four site-years of experiments were
conducted in Michigan to evaluate weed control and crop safety of six preemergence (PRE)
herbicide treatments in soybeans planted in early to mid-April (early) compared with soybeans
planted 4 wk later (normal). At East Lansing in 2022 (MSU-22), heavy precipitation resulted in
soil surface crusting in the early planting and reduced stand by 25% compared with the normal
planting date. In three of four site-years, soybean injury 14 d after emergence was the highest in
the early planted soybean from treatments that included flumioxazin with 18-20%. However,
when soil surface crusting occurred, high amounts of injury were observed with all PRE
treatments in early planted soybeans at MSU-22 (20-31%). Early planting resulted in higher
weed biomass in the untreated controls at POST herbicide application; however, all PRE
treatments reduced weed biomass by 73 and 67% or more in the early and normal planted
soybeans, respectively, except for s-metolachlor in the early planting date which only provided
32% reduction, due to poor common ragweed control. In all site-years, delaying PRE
applications reduced crop safety up to 8% across all treatments, and resulted in 3.3-fold more
weed biomass in the pyroxasulfone treatment. Planting soybeans early did not result in yield
differences compared with the normal planting date in three of four site-years. However, at
MSU-22 yield was 15% lower in the early compared with normal planted soybeans, and 10%
lower when PRE applications were delayed in the early planted soybean specifically. Although

poor weather and soil conditions resulted in lower stands and reduced crop tolerance of residual
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herbicides, utilizing an effective PRE treatment is beneficial for weed management, and soybean
yield in both early and normal planted soybean.
Introduction

Soybean (Glycine Max (L.) Merr.) is an important source of food, protein, and oil and
was planted on over 809 thousand hectares in Michigan in 2023, nearly double the number of
soybean hectares produced 50 years ago (USDA-NASS 2024). Over the last century in the upper
Midwest, the growing season has been lengthened by nearly 15 d due to changes in climatic
conditions (Kukal and Irmak 2018). Extreme precipitation events in the Midwest, defined as the
top 1% of heaviest rainstorms have increased by 45% since the 1950s, despite only a 14% rise in
annual precipitation (Marvel et al. 2023). These heavy precipitation events paired, with larger
farm sizes on average can lead to delayed soybean planting, prompting producers in Michigan to
start planting as early as mid-April (USDA-NASS 2023).

Planting date determines the soil conditions soybean seedlings are required to establish in
(DeWerff et al. 2015; Schmitz and Kandel 2021), the weeds they will compete with (Coulter and
Nafziger 2007), and insect and disease pressure, potentially presenting challenges when planting
soybean early. Environmental conditions such as heavy rainfall and cool air and soil
temperatures can greatly affect early-season soybean establishment. Research in Wisconsin
reported that heavy precipitation following early planting resulted in soil surface crusting,
reducing soybean stand by 50% (DeWerff et al. 2015). Additionally, these soil conditions can
delay soybean emergence leaving soybean seedlings vulnerable to bean leaf beetle (Cerotoma
trifurcta Forster) (Zeiss and Pedigo 1996) and seed corn maggot (Delia platura Meigen)
(Hammond and Cooper 1993) and diseases such as damping off or root rot from Pythium spp.

(Serrano and Robertson 2018) and Fusarium spp. (Yan and Nelson 2022), as well as sudden
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death syndrome (Fusarium virguliforme O’Donnell & T. Aoki) (Gongora-Canul and Leandro
2011).

The efficacy and crop safety of preemergence (PRE) herbicides are especially of interest
in early planted soybean in response to widespread glyphosate and other postemergence
herbicide-resistant weeds (Heap 2024). Planting soybeans earlier can result in higher weed
competition; however, an effective PRE herbicide can reduce early season weed interference, add
flexibility to postemergence (POST) herbicide application timings (Coulter and Nafziger 2007;
Oliveira et al. 2017; Reddy 2001), and limit the number of weeds subjected to POST herbicide
selection (Johnson et al. 2012; Knezevic et al. 2019). Although PRE herbicides rely on rainfall to
be incorporated into the soil (Knake et al. 1967; Mueller et al. 2014), high amounts of
precipitation can be problematic (Griffin and Habetz 1989; Salzman and Renner 1992). Soybeans
tolerance of PRE herbicides is largely due to the crops ability to rapidly metabolize them (Breaux
1986; Jaworski 1969; Taylor-Lovell et al. 2001). Cool, wet growing conditions that are often
associated with early planted soybeans create an environment conducive to high crop injury due
to increased herbicide availability (Salzman and Renner 1992) and slowed soybean metabolism
(Niekamp et al. 1999; Wise et al. 2015). Furthermore, excessive rainfall can lead to herbicide
dissipation and in turn reduced weed control (Johnson et al. 2012; Oliver et al. 1993; Priess et al.
2020). Research in Wisconsin found that sulfentrazone applied PRE reduced soybean canopy
growth at V2 by 22% compared with the untreated control, due to cool, wet environmental
conditions (Arsenijevic et al. 2021). Herbicides belonging to WSSA Group 15 are often
considered to be safer to soybean (Osborne et al. 1995) than WSSA Group 5 and 14 herbicides
(Taylor-Lovell et al. 2001) when applied PRE however, reduced crop safety has been observed in

WSSA Group 5, 14 and 15 herbicides when temperatures were cooler and high amounts of
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rainfall had occurred (Poston et al. 2008). Although early season injury is common from PRE
herbicides, it often has been reported to have no impact on soybean yield (Arsenijevic et al.
2021, 2022; Norsworthy 2004).

Soybean planting date is one of the first decisions a producer makes in the spring and has
been demonstrated to consistently affect soybean yield (Kessler et al. 2020; Oplinger and
Philbrook 1992; Robinson et al. 2009; Siler and Singh 2023). Studies throughout the Midwest
have found that planting soybeans between late April and mid-May minimizes the risk of yield
loss (De Bruin and Pedersen 2008; Mourtzinis et al. 2017; Robinson et al. 2009). Similarly,
research specific to Michigan indicates that delaying soybean planting beyond mid-May can
result in significant yield loss, with an average of 131 kg ha™! wk™! between mid-May and early
June, and 326 kg ha™! wk'! between early and late June (Siler and Singh 2023). Planting soybeans
earlier advances the onset of vegetative and reproductive stages, allowing for earlier accrual of
reproductive nodes, and induction of flowering (Bastidas et al. 2008).

As weather conditions continue to change, planting soybeans earlier than the current
standard in Michigan and throughout the Midwest could be a valuable tactic to spread out a
producer’s spring workload and limit the yield loss due to inclement weather delays in the typical
planting window. Although PRE herbicides reduce early-season weed competition and extend the
period before a POST application must be made, soybean injury is still a concern in weather
conditions associated with early to mid-April. Therefore, the objectives of this research were to
1) evaluate the effectiveness of six PRE herbicide programs in soybean planted in early to mid-
April versus 4 wk later, and 2) determine if delaying PRE herbicide applications in early planted
soybean just prior to soybean emergence would provide longer residual weed control without

increasing crop injury.
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Methods and Materials

Field experiments were conducted at the Michigan State University (MSU) farm in East
Lansing, Michigan in 2022 (MSU-22 = 42.685556° N, -84.488056° W) and 2023 (MSU-23 =
42.70515°N, -84.46886° W) and at the Saginaw Valley Research and Extension Center (SVREC)
near Richville, Michigan in 2022 (SVREC-22 =43.39472°N, -83.67861° W) and 2023 (SVREC-
23 =43.39553°N, -83.67805° W). Soybeans were planted under conventional tillage conditions.
Fields were chisel plowed in the fall and soil finished twice in the spring. Soil characteristics for
each site-year can be found in Table 2.1.

All experiments were arranged in a randomized complete block, split-plot design with
four replications. Plot sizes ranged from 3 m wide x 9 to 12 m long. The main plot factor was
soybean planting date, and the subplot factor was PRE herbicide treatment. The main plots
included two planting dates: mid-April or as soon as field soil conditions were conducive for
field operations (Early), and 4 wk after the early planting, near the regionally targeted planting
window in the second wk of May (Normal). Glyphosate, glufosinate, and 2,4-D-resistant
soybean ‘P24T35E’ or ‘P25A16E’ (Enlist E3®; Corteva Agriscience, Indianapolis, IN) were
planted in 76 cm rows with a four-row John Deere MaxEmerge2 vacuum planter (John Deere,
Moline, IL) at 370,650 seeds ha™! in 2022 and 2023, respectively. Soybean seed had a full
spectrum seed treatment including oxathiapiprolin (Lumisena® Fungicide; Corteva Agriscience,
Indianapolis, IN), penflufen + prothioconazole + metalaxyl (Evergol Energy® Fungicide; Bayer
Crop Science, St. Louis, MO), Bacillus amyloliquefaciens strain MBI 600 + Bacillus pumilus
strain BU F-33 (L-2030 G® Bio-Fungicide; BASF Corporation, Research Triangle Park, NC ),
imidacloprid (Gaucho® Insecticide; Bayer Crop Science, St. Louis, MO), and fluopyram

(ILEVO® Fungicide/Nematicide; BASF Corporation, Research Triangle Park, NC). The subplots
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included six different PRE herbicide treatments that were applied immediately after each
planting. Since soybeans have been found to require ~130 growing degree days (GDD) for
emergence to occur (Gauck 2019), four of the PRE herbicides were also applied as a delayed
PRE (DPRE) 80 GDDs (base 10 C) after planting, in the early planted soybean only. All PRE
and DPRE treatments received a POST herbicide application when the average weed height was
~10 cm tall. Herbicide applications were made with a tractor-mounted compressed air sprayer
calibrated to deliver 177 L ha'! at 207 kPa of pressure using AIXR 11003 nozzles (TeeJet
Spraying Systems CO., Wheaton, IL). Untreated as well as weed-free controls were included in
all experiments. Dates of all field operations can be found in Table 2.1. Herbicide treatments,
rates, and manufacturer information can be found in Table 2.2.

Data Collection. Soybean stand was assessed by counting the number of plants in 6 m of row
when soybean had two fully developed trifoliate leaves (V2). Soybean injury was evaluated at 14
and 28 d after crop emergence, and weed control was evaluated at the time of POST herbicide
application which occurred 8-9 and 5-7 wk after planting in the early and normal planted
soybean, respectively. Soybean injury and weed control were evaluated on a scale of 0 to 100%,
with 0 indicating no crop injury or weed control and 100 meaning complete crop and weed
death. Weed species evaluated at MSU included: common lambsquarters (Chenopodium album
L.), common ragweed (Ambrosia artemisiifolia L.), giant foxtail (Setaria faberi Hermm.), and
velvetleaf (4butilon theophrasti Medik.). At SVREC the predominant weed species was common
lambsquarters. Weed densities of the untreated controls for each planting date at the time of
POST herbicide application are listed in Table 2.3. Weed counts and aboveground weed biomass
were collected from two 0.25 m? quadrats per plot at the time of POST herbicide application and

soybean harvest. Biomass samples were placed in a 65 C dryer for 7 d and dry weed biomass
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was recorded for each sample. The center two rows of soybean for each plot were harvested
using a small-plot research combine (Massey-Ferguson 8XP, AGCO, Duluth, GA) with a 1.5-m
header. Soybean yields were adjusted to 13% moisture.

Growing degree day (GDD) and rainfall data were collected throughout the growing
season from the nearest weather station to each research location from the Michigan Automated
Weather Network (https://mawn.geo.msu.edu, Michigan State University, East Lansing, MI)
(Table 2.4).

Statistical Analysis. Statistical analysis was performed using PROC MIXED in SAS 9.4 (SAS
Institute Inc., Cary, NC). The statistical model to compare the early and normal planted soybeans
consisted of planting date, herbicide treatment, and their interactions as fixed effects.
Additionally, the model for the effects of application timing in the early planted soybean
consisted of PRE herbicide application timing and PRE treatment. Replications were used as an
error term for testing the effects of site-year. Replications and replication nested within site-year
were considered random effects when data were combined over site-years. Soybean stand, injury,
and soybean yield data were analyzed separately for MSU-22 and combined across the other
three site-years. Weed control data for all species except for common ragweed were combined
across applicable site-years. Weed biomass data at the time of POST herbicide application and
soybean harvest were combined across all site-years. Normality and unequal variance
assumptions were checked using PROC UNIVARIATE and examining the residuals' histogram,
normal probability plots, and side-by-side box plots. Further assessment of the unequal variance
assumption was conducted with Levene’s Test. When interactions were not significant, data was
combined over main effects. Treatment means were separated using Fisher’s Protected LSD at o

<0.05.
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Results and Discussion

Early-Season Soybean Establishment. Early planted soybean emerged 25-30 d after planting,
while soybean planted at the normal time emerged 11-14 d after planting (data not shown). The
effects of planting date on soybean establishment and stand were similar in all site-years except
MSU-22. At this site, soybean stand was 25% lower when soybeans were planted early compared
with those planted at normal time (Table 2.5). However, soybean stand was not different between
planting dates in the other three site-years. Differences in soybean stand between early and
normal planted soybean at MSU-22 were largely due to conditions during soybean emergence.
During the 30 d between early soybean planting and emergence, 102 mm of rainfall occurred at
MSU-22 (Table 2.4). This resulted in the development of severe soil surface crusting and poor
emergence conditions. When high amounts of precipitation occur soon after planting and
emergence is delayed by cool temperatures, the formation of a crust on the soil surface has been
reported to reduce harvest stands by 50% (DeWerff et al. 2015). Similarly, Schmitz & Kandel
(2021) observed significant stand reductions when planting soybeans earlier than the standard,
due to poor seeding and emergence conditions caused by heavy precipitation. The main effect of
PRE herbicide did not reduce soybean stand compared with the weed-free control in all site-
years. Delaying PRE herbicide applications in early planted soybean reduced soybean stand an
additional 9% at MSU-22, regardless of PRE herbicide (Table 2.6). The negative effects of
delayed PRE herbicide applications on soybean stand were not observed in the other three site-
years.

Soybean injury from PRE herbicides was dependent on planting date and herbicide
treatment (Table 2.7). At 14 d after emergence (DAE), there was a planting date by PRE

herbicide treatment interaction for all site-years. Soybean injury was the highest at MSU-22, and
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all treatments in the early planting had between 20-31% injury (Table 2.7). Averaged across the
other three site-years, soybean injury was significantly lower, but the highest injury was from
flumioxazin (20%) and metribuzin + flumioxazin (18%) in the early planted soybean. Injury 14
DAE in the normal planted soybean was minimal with 9% or less, in all site-years. By 28 DAE
soybean injury was less than 10 and 5% at MSU-22 and the other three site-years, respectively
(data not shown). Higher crop injury in the early planted soybean can be explained by cooler,
wet growing conditions compared with the normal planting date (Table 2.4). Cool, wet growing
conditions create an environment conducive for crop injury due to slower soybean metabolism,
and slower microbial degradation of soil-applied herbicides (Arsenijevic et al. 2022; Niekamp et
al. 1999). Similarly, Poston et al. (2008) reported noticeable soybean injury from s-metolachlor
(11%), metribuzin (16%), and flumioxazin (31%) when growing conditions were cool, and 78
mm of rainfall had occurred with 15 d of planting.

In the early planted soybean, delaying PRE herbicide applications further reduced crop
safety (Table 2.6). Pooled across PRE herbicides, soybean injury 14 DAE from delayed PRE
applications, was 8 and 2% higher compared with PRE at MSU-22 and the other three site-years,
respectively. Additionally, averaged across application timing flumioxazin resulted in the highest
injury 14 DAE in the early planted soybean with injury of 42% at MSU-22, and 22% at the other
three site-years. However, by 28 DAE injury from delayed PRE applications was less than 12%
at MSU-22 and less than 4% at the other three site-years (data not shown). Reduced crop safety
from delayed PRE applications can be attributed to a higher concentration of herbicide being
available for soybean uptake closer to emergence. Reduced crop safety of PRE herbicides
belonging to WSSA Group 5, 14 and 15 has been reported when applied closer to soybean

emergence (Priess et al. 2020).
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Weed Control at POST Herbicide Application.

Common lambsquarters. Common lambsquarters control at the time of POST herbicide
application was 82 and 78% in the early and normal planted soybean, respectively, averaged
across PRE herbicides (Table 2.5). The main effect of PRE herbicide treatment resulted in 92 to
97% common lambsquarters control in all treatments, except for s-metolachlor (76%) and
pyroxasulfone (83%). The main effect of application timing resulted in minimal control
differences with 2% higher control from the PRE compared with the delayed PRE herbicide
applications in early planted soybean (Table 2.8). Averaged across application timing,
flumioxazin and metribuzin provided excellent common lambsquarters control (96-97%), while
s-metolachlor and pyroxasulfone provided only 72 and 79% control, respectively. Lower control
of common lambsquarters with Group 15 herbicides in this study is similar to findings of
previous research (Odero and Wright 2013).

Common ragweed. Common ragweed control differed between MSU-22 and MSU-23 and there
was an interaction between planting date and PRE herbicide treatment at both locations (Table
2.7). Control from effective broadleaf PRE herbicide treatments (WSSA Group 5/14), at MSU-
22 ranged from 83-98% and 97-100% in the early and normal planted soybean, respectively.
Lower control in the early planting at MSU-22 could be a result of high and moderate amounts
of rainfall in April and May, encouraging herbicide dissipation and new weed emergence (Table
2.4). High amounts of precipitation can reduce herbicide persistence, resulting in reduced
residual control and more weed escapes (Johnson et al. 2012; Oliver et al. 1993; Priess et al.
2020). Interestingly, control in the combination treatment of saflufenacil + metribuzin +
pyroxasulfone, was not different between the early and normal planting dates with control of 98

and 100%, respectively. Regardless of planting date, the lowest control of common ragweed was
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observed in s-metolachlor and pyroxasulfone treatments. Though activity of WSSA Group 15
herbicides on large-seeded broadleaves is limited, pyroxasulfone provided 63 and 80% control
compared with 51 and 56% from s-metolachlor in the early and normal planting, respectively.
Similarly, previous research has indicated that pyroxasulfone provides better control of large-
seeded broadleaf species such as common ragweed and velvetleaf compared to s-metolachlor
(Geier et al. 2006; Knezevic et al. 2009). Control of common ragweed was similar in most
treatments across planting date at MSU-23 (Table 2.7). Differences in control were not present
between planting date for all effective single active ingredient PRE herbicide treatments and
greatest control was from metribuzin (76-82%) and flumioxazin (70-73%). However, control of
common ragweed was higher in the early planted soybean from tank mixes of metribuzin +
flumioxazin and saflufenacil + metribuzin + pyroxasulfone with 85 and 93% control compared
with 70 and 80% in the normal planting, respectively.

Delaying PRE herbicide applications improved common ragweed control at MSU-22 by
8% for flumioxazin and 10% for metribuzin, but reduced control of s-metolachlor by 8% and
pyroxasulfone by 20% compared with PRE applications (Table 2.8). Between planting and the
delayed PRE application 82 mm of rainfall had occurred. This may have resulted in longer
residual control of flumioxazin and metribuzin when the PRE application was delayed.
Furthermore, both metribuzin and flumioxazin have foliar activity unlike s-metolachlor and
pyroxasulfone, which may have controlled newly emerged common ragweed. In contrast, there
was no advantage of delaying the PRE herbicide application at MSU-23, where control was
reduced in all delayed treatments at this site (Table 2.8). Decreased efficacy of delayed PRE
applications at MSU-23 may be due to higher common ragweed pressure (Table 2.3) and lower

initial soil moisture when delayed applications were made (Table 2.4).
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Giant foxtail. Averaged across two site-years, giant foxtail control was higher in the early planted
soybean compared with the normal planting time for most treatments (Table 2.7). Treatments in
the early planting, that included s-metolachlor or pyroxasulfone had the greatest giant foxtail
control ranging from 95-100% at the time of POST application. Control in the normal planted
soybean was similar for pyroxasulfone (86%), however control from s-metolachlor was lower
with 88% control compared to 100% in the early planted soybean. Giant foxtail control was not
affected by the delayed PRE applications of s-metolachlor and pyroxasulfone in early planted
soybean (Table 2.8). Giant foxtail is not an early emerging species, with 50% emergence
occurring by approximately 245 growing degree days (Werle et al. 2014). These applications
were likely made and incorporated into the soil solution before any significant giant foxtail
emergence had occurred.
Velvetleaf. Overall, velvetleaf densities were low in this research (Table 2.3). Velvetleaf control
was not different between early and normal planted soybean and was greatest with treatments
that contained metribuzin (Table 2.5). However, there was an interaction between application
timing and PRE herbicide treatment on velvetleaf control (Table 2.8). Delayed PRE applications
of s-metolachlor and pyroxasulfone resulted in 5 and 14% lower velvetleaf control, respectively,
compared with PRE applications.

POST herbicide applications occurred 8-9 wk after planting (WAP) in the early and 6-7
WAP in the normal planted soybean. Weed control of large seeded broadleaf species such as
common ragweed seemed to be more responsive to varying amounts of incorporating rainfall.
MSU-22 received 60 and 39 mm of rainfall in the 7d before and after application in the early and
normal planted soybean, respectively. However, rainfall at MSU-23 7 d before and after

application was much less with 12 and 4 mm in the early and normal planting, respectively
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(Table 2.4). Stewart et al. (2010) reported PRE herbicides that rely on precipitation for
incorporation may have reduced efficacy when rainfall is low 7 d before and after application.
Furthermore, PRE herbicides have been shown to have better efficacy on large-seeded broadleaf
weeds specifically, when higher amounts of precipitation have occurred within 1 wk of
application (Taylor-Lovell et al. 2002). Although velvetleaf is a larger seeded broadleaf weed
species, pressure was relatively low therefore significant differences in control across years were
not observed. Accounting for incorporation into the soil and the general selectivity of the PRE
herbicide treatments, soil-applied herbicide programs were effective on susceptible species when
sufficient rainfall occurred.

Total Weed Biomass. Though control of individual weeds were site specific for common
ragweed, trends in total weed biomass were consistent, therefore data were combined across site-
years. Total weed biomass at POST herbicide application was 52% lower in the normal
compared with early planted soybean in the untreated control (Table 2.7). Later planting allows
for control of early emerging weed species with tillage, such as common lambsquarters and
common ragweed which were present in this research (Coulter and Nafziger 2007; Werle et al.
2014). All PRE herbicides reduced weed biomass by 73% or more in the early planting with the
exception of s-metolachlor which only reduced weed biomass by 32%. This was a result of
higher weed densities in the early planting and limited activity of s-metolachlor on broadleaf
weeds such as common ragweed, common lambsquarters and velvetleaf. Biomass reductions in
the normal planted soybean were similar across all PRE herbicides and reduced biomass by 67%
or more compared with the untreated control. Delaying PRE herbicide application in the early
planted soybean did not result in higher weed biomass reductions compared to PRE application

and provided similar reductions across application timing for all herbicides, except
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pyroxasulfone (Table 2.8). Delaying the PRE application of pyroxasulfone resulted in a 3.3-fold
increase in weed biomass. Pyroxasulfone has some activity on large seeded broadleaf weeds
(Nakatani et al. 2016) however, when applications were delayed these weed species had likely
germinated prior to herbicide incorporation resulting in common lambsquarters and common
ragweed escapes.

Weed Biomass at Harvest and Soybean Yield. The POST application of glyphosate + 2,4-D
choline reduced weed biomass at soybean harvest by 89-99% following all PRE herbicide
treatments compared with the untreated controls across soybean planting date, and PRE
application timing (Table 2.9-10).

Planting soybeans early did not result in higher yields in any site-year (Table 2.9). The
main effect of planting date influenced soybean yield at MSU-22 and was 2,868 kg ha'! in the
early compared with 3,389 kg ha™! in the normal planting date (Table 2.9). Additionally, averaged
across planting date soybean yield was 18% lower for metribuzin + flumioxazin compared with
the weed-free control. Delaying the PRE herbicide application at MSU-22 resulted in 277 kg ha!
lower soybean yield compared with the PRE application in the early planted soybean (Table
2.10). Similarly, Poston et al. (2008) reported yield losses of up to 13% due to high amounts of
crop injury, which was observed in both PRE and delayed PRE applications at MSU-22 in the
early planted soybean. In contrast, DeWerff et al. (2015) did not observe yield reductions across
planting dates even with substantial soybean stand loss when planted early. It appears that the
combination of emergence stress, PRE herbicide injury and stand loss due to initial soil surface
crusting may have acted in concert to reduce soybean yield at this location.

Soybean yield was not different between planting dates or application timing at the other

three site-years and ranged from 4,071 to 4,177 kg ha™! (Table 2.9-10). Higher soybean yield in
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the three site-years can be attributed to higher amounts of rainfall in July and August compared
to MSU-22, in which time pod and seed set occurred (Table 2.4). These results are similar to
research conducted in Wisconsin in which higher yields across years were attributed to increased
rainfall in yield impactful reproductive stages (Arsenijevic et al. 2022). The effects of planting
soybean early for higher soybean yield reported by many others was not observed in this study,
even under favorable emergence and growing conditions (Arsenijevic et al. 2022; Schmitz and
Kandel 2021). However, research conducted in Michigan reported similar findings to our results,
where planting soybean by mid-May in Michigan resulted in the highest soybean yield but did
not observe any further yield increase from planting in late April (Siler and Singh 2023).
Similarly, De Bruin and Pedersen (2008) reported higher soybean yield in lowa for soybean
planted in late April and early May compared with late May and early June. It is likely that the
lack of yield increases from planting soybean early was due to the normal planting date
occurring at near optimal time with little yield loss potential. The main effect of PRE herbicide
resulted in 451 kg ha™! lower yield in the s-metolachlor treatment compared with the weed-free,
regardless of planting date (Table 2.9). Lower soybean yield in the s-metolachlor treatment can
be attributed to the lack of broadleaf weed control from this treatment and early season weed
competition. Weed competition as early as V1 has been shown to negatively affect soybean yield
(Green-Tracewicz et al. 2012).

In conclusion, planting soybean earlier than the current standard will allow producers to
spread out their spring workload and maximize the number of days to conduct field operations.
However, extending the growing season into early April comes with risk. When heavy
precipitation occurred soon after early planting, soil crusting had a significant effect on soybean

stand. Additionally, the cool, wet soil conditions associated with planting soybeans early reduced
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the crop safety of most PRE herbicides. However, this injury did not affect soybean yield in three
of four site-years. Preemergence herbicides controlled susceptible weed species when sufficient
incorporating rainfall occurred and reduced the effects of weed competition on soybean yield.
Delaying PRE herbicide applications further reduced crop safety and did not consistently
improve residual weed control. Utilizing an effective PRE herbicide was equally important in the
early and normal planted soybean for a complete weed control program. For example, when s-
metolachlor was applied PRE in an early season environment with high pressure of large seeded
broadleaf species, weed biomass was only reduced by 32% at the time of POST herbicide
application. This resulted in 10% lower soybean yield compared with the weed-free in three of
four site-years, regardless of planting date. Planting soybeans earlier than the current standard
(i.e. early- to mid-April) will give producers an additional option to adjust to more variable
weather conditions and avoid delayed planting and the penalties associated with planting delays.
Even with increased risk for crop injury, applying an effective PRE herbicide treatment
according to the weed species present is paramount, and these applications should not be
delayed. Combining early soybean planting with a complete weed control program including an
effective PRE herbicide, followed by a timely POST application will allow producers to limit

delays in planting and optimize soybean yield and overall profitability.
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APPENDIX A: CHAPTER II TABLES

Table 2.1. Enlist E3® soybean varieties, planting dates, herbicide application dates, and soybean harvest dates for the four field

experiments.
Sites®
MSU-22 MSU-23 SVREC-22 SVREC-23

Soybean variety® P24T35E P25A16E P24T35E P25A16E
Early planting date April 21 April 12 April 20 April 13

PRE April 22 April 14 April 20 April 14

DPRE May 5 April 20 May 5 April 19

POST June 20 June 13 June 24 June 19
Normal planting date May 20 May 9 May 19 May 11

PRE May 20 May 9 May 19 May 12

POST June 28 June 23 July 7 June 19
Soybean harvest October 24 October 20 October 11 October 8
Soil series Conover loam Marlette fine sandy loam  Tappan-Londo loam Tappan-Londo loam
Soil type clay loam clay loam clay loam clay loam
Soil pH 7.4 6.8 7.9 7.5
Organic matter (%) 2.7 2.3 2.4 3.2

# Abbreviations: MSU = Michigan State University (East Lansing, MI); SVREC = Saginaw Valley Research and Extension Center

(Richville, MI); PRE = preemergence; DPRE = delayed preemergence; POST = postemergence.
® Pioneer, Corteva Agriscience, Indianapolis, IN.
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Table 2.2. Herbicide products, application rates and timings, and manufacturer information for weed control treatments.

Common name Trade name SOA*® Rates Timings Manufacturer”
kg ai or ae ha™!
s-metolachlor Dual II Magnum 15 2.14 PRE, DPRE  Syngenta Crop Protection
metribuzin Dimetric DF 5 0.42 PRE, DPRE WinField Solutions
flumioxazin Valor SX 14 0.09 PRE, DPRE Valent U.S.A. LLC
pyroxasulfone Zidua SC 15 0.15 PRE, DPRE BASF Corporation
metribuzin + flumioxazin Dimetric DF + Valor SX 5/14 0.32+0.07 PRE WinField + Valent
saflufenacil + metribuzin ~ Sharpen + Dimetric DF 14/5/15 0.02 +0.32 PRE BASF + WinField +
+ pyroxasulfone + Zidua SC +0.15 BASF
glyphosate Roundup PowerMax 3 9/4 1.35+1.06 POST Bayer + Corteva +
+ 2.,4-D choline + AMS + Enlist One + Actamaster +2% ww! Loveland

2 Abbreviations: SOA = WSSA site of action group; PRE = preemergence; DPRE = delayed preemergence; POST = postemergence;
AMS = ammonium sulfate.

® Manufacturer information: BASF Corporation, Research Triangle Park, NC; Bayer Crop Science, St. Louis, MO; Corteva
Agriscience, Indianapolis, IN; Loveland Products Inc., Loveland, CO; Syngenta Crop Protection LLC, Greensboro, NC; Valent U.S.A.
LLC, San Ramon, CA; WinField Solutions, LLC, St. Paul, MN.
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Table 2.3. Densities of weed species present at the time of POST herbicide application in the untreated controls in both soybean
planting dates for all four site-years.

Planting Date MSU-22 MSU-23 SVREC-22 SVREC-23
Early plants m
Common lambsquarters 19 11 8 50
Common ragweed 13 55 - -
Giant foxtail 47 4 - -
Velvetleaf 4 1 - -
Normal
Common lambsquarters 19 3 3 14
Common ragweed 4 12 - -
Giant foxtail 21 4 - -
Velvetleaf 1 1 - -
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Table 2.4. Monthly® rainfall, GDDs® and the 30-year mean rainfall® for the four site-years.
30-year average
MSU-22 MSU-23 SVREC-22 SVREC-23 rainfall
Month Rainfall GDD! Rainfall GDD Rainfall GDD Rainfall GDD MSU SVREC
—mm— —10C— —mm— —10C— —mm— —10C— —mm— —10C— mm

April 98 (56)° 109 (65)% 88(33) 150(99) 61 (19) 109 (70) 78 (31) 166 (100) 90 75
May 71 (25" 387 (182"  25(10) 317(242) 42 (14) 409 (201) 25(9) 343 (272) 111 87
June 62 540 18 495 55 523 38 506 96 100
July 43 651 155 645 59 644 139 628 86 93
August 65 616 152 536 76 599 150 495 88 86
September 50 409 45 412 65 420 34 407 81 98
October 45 208 127 195 50 207 66 201 79 74

Total 434 2,920 610 2,750 408 2,911 530 2,746 631 613

? Monthly GDDs and rainfall data were collected from the closest weather station in the Michigan State University Enviroweather
network (https://enviroweather.msu.edu).
® Abbreviations: GDDs = growing degree days.

¢ Monthly 30-year mean rainfall data were collected from the National Oceanic and Atmospheric Administration

(https://www.ncei.noaa.gov/access/us-climate-normals).

4 Growing degree days (GDD) minimum 10 C, maximum 30 C, and base 10 C.
¢ Rainfall after early planting.

fRainfall after normal planting.

¢ GDDs after early planting.

h GDDs after normal planting.
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Table 2.5. Main effects of soybean planting date and PRE herbicide treatment on soybean stand at V2 and weed control of common
lambsquarters and velvetleaf at the time of POST herbicide application.

Weed control

Soybean stand Common lambsquarters Velvetleaf
Main effects MSU-22 3 SY? 4 SY 2 SY
Planting date — plant ha'! %
Early 248,076 b° 284,658 82a 83
Normal 331,144 a 282,442 78 b 84
PRE herbicide
s-metolachlor 299,338 ab 285,445 76 ¢ 84 d
metribuzin 311,608 a 289,111 93¢ 98 ab
flumioxazin 289,973 ab 288,338 92 ¢ 94 ¢
pyroxasulfone 297,400 ab 282,261 83d 95 be
metribuzin + flumioxazin 291,588 ab 284,347 97 ab 98 ab
saflufenacil + metribuzin + pyroxasulfone 303,536 ab 279,884 96 bc 99 a
weed-free 270,276 be 283,530 100 a 100 a
untreated 253,162 ¢ 275,482 0f Oe
Effects (p-values)
Planting date <0.0001 0.4414 0.0008 0.6272
PRE herbicide 0.0311 0.3241 <0.0001 <0.0001
Planting date * PRE herbicide 0.5097 0.3335 0.2451 0.2672

? Abbreviations: 3 SY = SVREC-22, SVREC-23, and MSU-23; 4 SY = MSU-22, MSU-23, SVREC-22, and SVREC-23; 2 SY =
MSU-22 and MSU-23.
b Means followed by the same letter in the same column are not statistically different (a. < 0.05).
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Table 2.6. Main effects of application timing and PRE herbicide treatment on soybean stand at V2 and soybean injury 14 d after
emergence (DAE), in the early planted soybean.

Soybean stand Soybean injury
Main effects MSU-22 3 SYy? MSU-22 3SY
Application timing ——plantha! ————— %
PRE 242,721 a 285,382 24b 7b
Delayed PRE (80 GDD’s) 219,687 b 282,545 32a 9a
PRE herbicide
s-metolachlor 251,870 ab 285,109 a 26b 8b
metribuzin 264,141 a 288,641 a 23b Oc
flumioxazin 211,829 cd 287,195 a 42 a 22 a
pyroxasulfone 242,829 abc 286,342 a 21b 3¢
weed-free 227,329 cd 286,903 a Oc Oc
untreated 189,225 d 269,591 b Oc Oc
Effects (p-values)
Application timing 0.0173 0.3688 0.0209 0.0366
PRE herbicide 0.0005 0.0061 0.0001 <0.0001
Application timing * PRE herbicide 0.1208 0.8474 0.0728 0.1469

43 SY =SVREC-22, SVREC-23, and MSU-23; GDD = growing degree days (base 10 C).
® Means followed by the same letter in the same column are not statistically different (o < 0.05).
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Table 2.7. Interaction between planting date and PRE herbicide treatment on soybean injury 14 d after emergence (14 DAE), and giant
foxtail and common ragweed control, and total weed biomass at POST herbicide application.

Weed control

Giant Weed
Soybean injury Common ragweed foxtail biomass
Planting date  PRE herbicide MSU-22 3 SY? MSU-22 MSU-23 2SY at POSTP
% % —gm?—
Early s-metolachlor 25 abc’ 6b 51¢ 36 h 100 a 30b
metribuzin 21 bc 0 de 83 de 82 bc 84 cd 12 ¢
flumioxazin 3la 20 a 88 cd 73 de 83cd 5 cde
pyroxasulfone 20c 3cd 63 f 63 f 95 ab 9cd
metribuzin + flumioxazin 24 abc 18a 91 bc 85b 67 f 4 cde
saflufenacil + metribuzin + pyroxasulfone 29 ab 2 cde 98 ab 93a 99a 1de
weed-free Oe Oe 100 a 100 a 100 a Oe
untreated Oe Oe Oh Oi 0g 44 a
Normal s-metolachlor 1de 2 cde 56 fg 44 g 88 bc 6 cde
metribuzin 1de 0 cde 97 ab 76 cde 87 bc 3de
flumioxazin 9d 3cd 97 ab 70 ef 73 ef 7 cde
pyroxasulfone 1de 1 cde 80 de 65 f 86 bc 6 cde
metribuzin + flumioxazin 6 de 3 bc 100 a 70 ef 76 de 3 de
saflufenacil + metribuzin + pyroxasulfone 5de 2 cde 100 a 80 cde 79 cde 3de
weed-free Oe Oe 100 a 100 a 100 a Oe
untreated Oe Oe Oh Oi Og 21D
Effects (p-values)
Planting date <0.0001 <0.0001  <0.0001 0.0030 0.0050 <0.0001
PRE herbicide <0.0001 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001
Planting date * PRE herbicide 0.0018 <0.0001 0.0029 <0.0001 0.0008 <0.0001

& Abbreviations: 3 SY = SVREC-22, SVREC-23, and MSU-23; 2 SY = MSU-22 and MSU-23.
® Weed biomass was combined over all four site-years.
¢ Means followed by the same letter in the same column are not statistically different (o < 0.05).
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Table 2.8. Interaction between application timing and PRE treatment on weed control of common lambsquarters, common ragweed,
giant foxtail, velvetleaf, and total weed biomass at the time of POST herbicide application.

Common Common Giant Weed biomass
lambsquarters® ragweed foxtail Velvetleaf at POST
Application timing PRE herbicide 4 SYP MSU-22  MSU-23 2 SY 2SY 4 SY
% control —gm?—
PRE s-metolachlor 77 51f°¢ 36 ef 100 a 82¢c 30 bc
metribuzin 97 83d 82b 85D 96 ab 12 de
flumioxazin 96 88 cd 73c 83b 94 b S5e
pyroxasulfone 83 63 e 63 d 9% a 97 ab 9e
weed-free 100 100 a 100 a 100 a 100 a Oe
untreated 0 Oh 0g 0od Oe 44 a
Delayed PRE s-metolachlor 67 43¢ 49 99a 77d 23 cd
(80 GDD’s) metribuzin 98 93 bc 58e 63 ¢ 95 ab 5e
flumioxazin 96 96 a 65 d 68 c 99 ab 3e
pyroxasulfone 75 43 g 49 e 98 a 83¢c 39 ab
weed-free 100 100 a 100 a 100 a 100 a Oe
untreated 0 0h 0g 0d Oe 44 a
Effects (p-values)
Application timing 0.0500 0.1787 <0.0001 <0.0001 0.0133 0.3455
PRE herbicide <0.0001 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001
Application timing * PRE herbicide 0.0586 <0.0001  <0.0001 <0.0001 <0.0001 0.0006

? The main effects of application timing and PRE herbicide were significant and control of common lambsquarters was 75 and 73% in
the PRE and delayed PRE applications, respectively. Flumioxazin and metribuzin provided 96-97% control, while control from
s-metolachlor and pyroxasulfone was 72 and 79%, respectively.

®4 SY = MSU-22, MSU-23, SVREC-22, and SVREC-23; 2 SY = MSU-22 and MSU-23; GDD = growing degree days (base 10 C).

¢ Means followed by the same letter in the same column are not statistically different (o0 < 0.05).
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Table 2.9. Main effects of soybean planting date and PRE herbicide treatment on weed biomass at soybean harvest and soybean yield.

Weed biomass at harvest? Soybean yield
Main effects 48YP MSU-22 3SY
Plant date g m? kg ha!
Early 43 2,868 b° 4,177
Normal 21 3,389a 4,127
PRE herbicide
s-metolachlor 20 3,282 ab 3,998 b
metribuzin 4 3,576 ab 4,370 a
flumioxazin 5 3,602 a 4,292 ab
pyroxasulfone 12 3,679 a 4,274 ab
metribuzin + flumioxazin 5 2,944 b 4,286 ab
saflufenacil + metribuzin + pyroxasulfone 1 3,167 ab 4,432 a
weed-free 0 3,610a 4,449 a
untreated 231 1,166 ¢ 3,118 ¢
Effects (p-values)
Planting date 0.0012 0.0015 0.5810
PRE herbicide <0.0001 <0.0001 <0.0001
Planting date * PRE herbicide <0.0001 0.2908 0.0878

 The interaction of planting time and PRE treatment was significant for weed biomass. The biomass of the untreated control was 307
and 154 g m™ for the early and normal plantings, respectively. Weed biomass was reduced similarly in all other treatments.

b Abbreviations: 4 SY = MSU-22, MSU-23, SVREC-22, and SVREC-23; 3 SY = SVREC-22, SVREC-23, and MSU-23.

¢ Means followed by the same letter in the same column are not statistically different (a0 < 0.05).
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Table 2.10. Main effects of herbicide application timing and PRE herbicide treatment on weed biomass at soybean harvest and
soybean yield in the early planted soybean.

Weed biomass at harvest Soybean yield
Main effects 4 SY* MSU-22 3SY
Application timing —gm? ———kgha'
PRE 63 2,880 a 4,130
Delayed PRE (80 GDD’s) 63 2,603 b 4,071
PRE herbicide
s-metolachlor 33b° 3,121 a 4,070 b
metribuzin 3b 3,342 a 4,584 a
flumioxazin 18b 2,949 a 4,451 ab
pyroxasulfone 18b 3,270 a 4,341 ab
weed-free 0Ob 3,306 a 4,402 ab
untreated 307 a 461 b 2,756 ¢
Effects (p-values)
Application timing 0.9502 0.0225 0.6512
PRE herbicide <0.0001 <0.0001 <0.0001
Application timing * PRE herbicide 0.9891 0.5942 0.9977

# Abbreviations: 4 SY = MSU-22, MSU-23, SVREC-22, and SVREC-23; 3 SY = SVREC-22, SVREC-23, and MSU-23; GDD =
growing degree days (base 10 C).
® Means followed by the same letter in the same column are not statistically different (o < 0.05).
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CHAPTER III: IMPACT OF PLANTING DATE AND SOYBEAN ROW WIDTH ON
WEED SUPPRESSION AND YIELD
Abstract
More variable weather patterns and an increase in the length of the growing season over

the last couple of decades have prompted growers to plant soybeans earlier than the historical
standard. An experiment was conducted over three site-years to evaluate the effects of soybean
planting date, row spacing, and herbicide program on weed suppression and soybean yield. The
effect of planting date on soybean establishment was limited except when heavy precipitation
resulted in soil surface crusting, resulting in 44-52% lower stand in 19 cm rows compared with
those planted at the normal time; however, no reductions in stand were observed in soybean
planted in 38 and 76 cm rows. Weed densities and biomass at POST herbicide application were
substantially higher when soybeans were planted early compared with the normal planting time
in all site-years. Soybean planted in 19 cm rows (370,500 and 494,000 seeds ha™!) reduced weed
biomass by 29-47% compared with 76 cm rows (370,500 seeds ha!) in 2 of 3 site-years when
weeds were not controlled; however, the effects of soybean row width were not observed when a
PRE herbicide was applied. Similarly, narrow row widths resulted in more advanced canopy
development compared with 76 cm rows in 2 of 3 site-years, where soil crusting did not affect
initial soybean establishment. Regardless of row width, a PRE followed by POST herbicide
program provided the most consistent weed control. Soybean yield was 7% higher for soybean
planted in 19 cm rows at the high population compared with 76 cm rows in 2 of 3 site-years.
However, soybean planting date did not affect soybean yield when weed control was good in all

site-years. Combining narrow row widths (< 76 cm) with a complete herbicide program for an
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integrated weed management system is equally beneficial for both early and normal planted
soybeans.
Introduction

Trends surrounding production agriculture such as variable weather patterns, increasing
farm size, and pest management require growers to adapt their production practices in an effort
to maximize efficiency and profitability. Soybean (Glycine max (L.) Merr.) is an economically
important, leguminous crop that was planted on over 0.8 million hectares in Michigan in 2023
(USDA-NASS 2024). While many variables affect soybean production, timely planting is one of
the most important cultural practices that has an immense impact on soybean yield potential (De
Bruin and Pedersen 2008a; Robinson et al. 2009; Siler and Singh 2023). Planting soybean
beyond mid-May in Michigan can result in yield losses up to 326 kg ha! wk™! (Siler and Singh
2023). Although the growing season in the upper Midwest has increased by 15 d in length in the
last century, the frequency of heavy precipitation events has increased by nearly 45% since the
1950s (Kukal and Irmak 2018; Marvel et al. 2023). Thus, producers need strategies to maximize
the number of days for field operations in the spring to avoid soybean planting delays.

Planting soybeans earlier than the current standard has been shown to be a promising
strategy to avoid yield loss from planting delays and even increase the yield potential of
soybeans (Arsenijevic et al. 2022; De Bruin and Pedersen 2008a; Robinson et al. 2009; Siler and
Singh 2022). However, cool wet growing conditions associated with early planted soybean can
pose establishment risks associated with poor emergence conditions (DeWerff et al. 2015;
Schmitz and Kandel 2021), PRE herbicide injury (Arsenijevic et al. 2021; Poston et al. 2008;
Taylor-Lovell et al. 2001), soilborne diseases (Gongora-Canul and Leandro 2011; Serrano and

Robertson 2018; Yan and Nelson 2022), and increased susceptibility to pests (Hesler et al. 2018).
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Under exceptionally cool and wet growing conditions often associated with early planted
soybean, seed treatments (Siler and Singh 2023; Vosberg et al. 2017) and increased seeding rates
(Schmitz and Kandel 2021) have aided in sufficient crop establishment. In addition to increased
disease and insect pressure, increased weed interference has also been reported when soybeans
are planted earlier than the current standard (Coulter and Nafziger 2007).

Early methods of weed control were dominated by tillage and interrow cultivation, thus
soybeans were grown in 76 cm or wider rows for equipment accessibility following crop
emergence (Wax et al. 1977). However, the development and wide adoption of synthetic
herbicides provided growers added flexibility, and in turn the option to plant soybeans in narrow
rows, less than 38 cm. Precision planters are often used to plant soybean in 38 and 76 cm rows,
thus allowing for accurate seed placement and singulation. However, one concern with planting
soybeans in 19 cm rows is less precise seed placement and singulation due to wearable seed
metering components of a drill used to plant small grains (Holshouser et al. 2006). Even with
less precise seed placement, narrow row soybeans have demonstrated beneficial weed
suppression, advanced canopy closure, and increased light interception (Arsenijevic et al. 2022;
Fisher and Sprague 2023; Harder et al. 2007; Singh et al. 2023; Steckel and Sprague 2004).
Although the weed suppression benefits of narrow row soybeans are often limited when a
preemergence herbicide is utilized (Fisher and Sprague 2023), using an integrated weed
management program combining narrow row widths and a complete herbicide program is
beneficial for sustainable weed management and soybean yield (Norsworthy et al. 2012; Schultz
et al. 2015). Yield responses of soybean to narrow row widths are well documented; with much
of the research indicating that soybean planted in rows less than 76 cm wide often results in

increased soybean yield in the Midwest (De Bruin and Pedersen 2008b; Schmitz and Kandel
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2021; Singh et al. 2023). Although, poor initial soybean establishment can negate the yield
benefits of narrow row widths (Young et al. 2001).

Soybean planting date and row spacing have been shown to have a significant impact on
soybean growth, canopy development and yield. However, there is little research regarding the
effects of narrow row widths when soybean is planted earlier than the regional standard. Thus,
the objectives of this study were to compare the effects of soybean row width and herbicide
program on weed suppression and soybean yield in early versus normal planted soybean.

Methods and Materials

Field experiments were conducted at the Michigan State (MSU) Agronomy farm in East
Lansing, MI in 2022 (MSU-22 = 42.685556° N, -84.4875° W) and 2023 (MSU-23 = 42.70952°
N, -84.46609° W) and at the Saginaw Valley Research and Extension Center (SVREC) near
Richville, MI in 2023 (SVREC-23 =43.39556° N, -83.67865° W). Soybeans were planted under
conventional tillage conditions consisting of fall chisel plowed and soil finished, and soil
finished twice in the spring before each planting. Soil characteristics can be found in Table 3.1.

Experiments were arranged in a randomized complete block split-split-plot design with
four replications. Plot sizes ranged from 3 m wide x 9-12 m long. The main plot factor was
soybean planting time, the subplot factor was soybean row width system, and the sub-subplot
factor was herbicide program. The main plot consisted of two planting times: mid-April or as
soon as field soil conditions were conducive for soil cultivation and planting (Early), and
approximately 4 wk after the early planting time in early-to-mid May (Normal). The sub-plot
factor included four row width systems of 19 cm rows at 494,000 seeds ha™!, and 19, 38, and 76
cm rows at 370,500 seeds ha™'. The sub-subplots consisted of four herbicide programs, untreated

or no herbicide application, preemergence application only, preemergence followed by a
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postemergence application, and weed-free. The preemergence herbicide (PRE) was s-
metolachlor at 1.47 kg ha™! + metribuzin at 0.35 kg ha™! (Boundary 6.5 EC; Syngenta Crop
Protection, Greensboro, NC). The PRE followed by postemergence (POST) herbicide program
included s-metolachlor + metribuzin (1.47 + 0.35 kg ha!), followed by a POST application of
glyphosate (Roundup PowerMax 3; Bayer Crop Science, St. Louis, MO) at 1.35 kg ae ha™! +2,4-
D choline (Enlist One; Corteva Agriscience, Indianapolis, IN) at 1.06 kg ae ha™! + ammonium
sulfate (AMS) (Actamaster; Loveland Products, Inc., Greely, CO) at 2% w w™!, when weeds
were ~10 cm tall. The weed-free treatments were maintained by multiple applications of
glyphosate at 1.35 kg ae ha! + AMS at 2% w w..

Glyphosate, glufosinate, and 2,4-D-resistant soybean ‘P24T35E’ or ‘P25A16E’ (Enlist
E3®; Corteva Agriscience, Indianapolis, IN) were planted in 19 cm wide rows using a John
Deere 1560 no-till small grain drill, and in 38 and 76 cm rows with a split-row John Deere
MaxEmerge2 vacuum planter (John Deere, Moline, IL). Soybean seed used in this study had a
full spectrum seed treatment including oxathiapiprolin (Lumisena® Fungicide; Corteva
Agriscience, Indianapolis, IN), penflufen + prothioconazole + metalaxyl (Evergol Energy®
Fungicide; Bayer Crop Science, St. Louis, MO), Bacillus amyloliquefaciens strain MBI 600 +
Bacillus pumilus strain BU F-33 (L-2030 G® Bio-Fungicide; BASF Corporation, Research
Triangle Park, NC ), imidacloprid (Gaucho® Insecticide; Bayer Crop Science, St. Louis, MO),
and fluopyram (ILEVO® Fungicide/Nematicide; BASF Corporation, Research Triangle Park,
NC). All herbicide applications were made with a rear tractor-mounted compressed air sprayer
calibrated to apply 177 L ha''at 207 kPa of pressure using AIXR 10003 nozzles (Teelet Spraying
Systems CO., Wheaton, IL). Soybean planting, herbicide application, and soybean harvest dates

can be found in Table 3.1.

58



Data Collection. Soybean stand was estimated by counting the number of plants in 9 and 6 m of
row for 38 and 76 cm row widths, respectively, and from three 0.9 m hoop sub-samples plot™! for
19 cm rows when the majority of soybeans had two fully developed trifoliate leaves (V2).
Soybean injury from the PRE herbicide treatments was evaluated 14 and 28 d after crop
emergence on a scale of 0 to 100%, where 0 was no crop injury and 100% was complete crop
death. Weed species that were present and collected for weed biomass at MSU were common
lambsquarters (Chenopodium album L.), common ragweed (Ambrosia artemisiifolia L.), giant
foxtail (Setaria faberi Hermm.), and velvetleaf (4butilon theophrasti Medik.). At SVREC the
predominant weed species was common lambsquarters. Individual weed species were counted,
and aboveground weed biomass was harvested from two 0.25 m? quadrats plot™! at the time of
POST herbicide application and just prior to soybean harvest. Weed biomass samples were then
placed into a 65 C dryer for approximately 7 d, and dry weight was recorded in grams for each
sub-sample. Weed densities of the untreated controls of each planting date at the time of POST
are listed in Table 3.2.

Canopy closure was measured in the weed-free treatments beginning 8 and 4 wk after
planting in the early and normal planted soybeans, respectively, and measurements continued
approximately every 7-10 d until the majority of plots reached 95 percent closure. Two photos
were taken per plot using a smartphone (iPhone 13 Pro, Apple®) 1.2 m above the soil surface.
The photos were uploaded to the mobile phone app Canopeo (Oklahoma State University,
Stillwater, OK) and analyzed for percent green cover based on the ratios of R/G, B/G with
thresholds of 0.95, and the excess green index with a minimum threshold of 20 (Patrignani and
Ochsner 2015). The result of this analysis was a fractional green canopy closure ranging from 0,

or no green canopy, and 1, or 100% green canopy cover.
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Prior to harvest, 10 representative soybean plants were hand-harvested from the center
rows of each plot to evaluate yield components. Reproductive branches were separated from the
main stems and the total number of branches was recorded. Pods from the branches and main
stems were counted separately, and seeds were removed from pods using a stationary thresher
(Almaco, Nevada, I1A). Total seed count, 100-seed weight, and total seed weight were measured
and recorded for both reproductive branches and main stems in each plot. The number of seeds
plant! for both main stem and reproductive branches was calculated by dividing the total number
by 10. The removed soybean seed was adjusted to 13% moisture and added to the overall yield
for each plot. The center 1.5 m of each plot was harvested at the same time for both planting
dates when they had reached physiological maturity using a small-plot research combine
(Massey-Ferguson 8XP, AGCO, Duluth, GA). Soybean yields are reported at an adjusted
moisture of 13%.

Growing degree days (GDD) and precipitation data were collected from the nearest
Michigan Automated Weather Network weather station for each trial location
(https://mawn.geo.msu.edu, Michigan State University, East Lansing, MI) (Table 3.3).
Economic Analysis. The net profit of each treatment was calculated by subtracting the estimated
total costs including treated soybean seed, herbicides, adjuvants, and application costs from gross
income. Gross income was calculated in USD ($) ha™! at two market prices $0.37 kg™ ($10 bu™!)
and $0.55 kg! ($15 bu!). Input costs were calculated based on June 2023 price sheets from
multiple agricultural input suppliers in the Midwest. The cost of 140,000 treated soybean seeds
was estimated at $90. Herbicide application costs were included at a rate of $24.70 ha!

application™’. Total treatment costs can be found in Table 3.4.
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Statistical Analysis. Statistical analysis was conducted using Imer in R v. 4.3.2 (R Development
Core Team, 2023). The statistical model consisted of planting date, row width system, herbicide
program, and their interactions as fixed effects. Replication and replication nested within site-
year when years were combined, were considered random effects. Replications were used as an
error term for testing the effects of site-year. Data from MSU-23 and SVREC-23 were combined
over site-year, referred to as 2023 for all data except economic return, where all three site-years
were analyzed separately. Normality and unequal variance assumptions were checked by
examining the residuals' histogram, normal probability plots, and side-by-side box plots. Further
assessment of the unequal variance assumption was conducted with Levene’s Test. When
interactions were not significant data was combined over main effects. Treatment means were
separated using Tukey’s HSD at o < 0.05.

Canopy closure data were analyzed using the drc package in R v. 4.3.2 (R Development
Core Team, 2023). As selected by the mselect function lack of fit test, followed by inspection of
estimates and standard errors associated with the estimates, four-parameter Weibull 2 models
(Equation 1) were fit to average percent soybean canopy closure for each planting date and row
width system combination, regressed over the number of days after the respective planting date:

y =c+(d—c)(1 —exp(—exp(b(log(x) — log(e))))) [Eq. 1]

where y is the average percentage of soybean canopy cover, c is the lower limit fixed at 0, d is
the upper limit fixed at 100, b is the slope, x is the number of days after planting, and e is the
inflection point (Ritz et al. 2015). The time to reach 50 and 95 percent canopy closure was
determined using the ED function for each planting date and row width system combination.
Differences in days to 50 and 95 percent canopy cover between planting date and row width

systems combinations were compared based on a t-statistic (o < 0.05) using the EDcomp
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function. The two sites in 2023 were combined in the analysis based on lack of differences from
results given by the EDcomp function for planting date and row width combinations between the
two site-years.

Results and Discussion
Soybean Establishment. Environmental conditions were notably different between planting
dates and years (Table 3.3). In all site-years cooler growing conditions in April resulted in early
planted soybean emergence occurring 25-30 d after planting, while soybean planted at normal
time emerged 9-14 d after planting. While soil conditions were conducive for soybean emergence
at both sites in 2023, heavy rainfall following the early planted soybean at MSU-22 resulted in
severe soil crusting (Table 3.3). These emergence conditions led to an interaction between
planting date and row width system on soybean stand at MSU-22 (Figure 3.1). Soybean
establishment was most affected in the early planted soybean when drilled in 19 cm rows, where
stand was 27 and 29% of seeds planted in the low and high populations, respectively. Poor soil
conditions such as surface crusting have been reported to reduce soybean stands by up to 50%
(DeWerff et al. 2015). However, soybean stand in 38 and 76 cm row widths were similar across
planting dates. Decreased seed spacing has been shown to increase soybean emergence under
unfavorable soil conditions (Hyatt et al. 2007). Our observed higher soybean stand in wider row
widths (38 and 76 cm) in the early planting was likely a function of reduced seed spacing
allowing for a facilitated emergence effort. In 2023, soybean establishment was less affected by
planting date with only 5% lower stand in the early compared with normal planted soybean
(Table 3.5). Similarly, the effect of row width was less evident where the percent soybean stand
was 76% or greater for all row width systems in 2023. Soybean injury 14 d after emergence from

the PRE herbicide was limited, with the highest injury observed being 11 and 5% at MSU-22 and
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2023, respectively, in early planted soybean (data not shown). Injury in the normal planted
soybean was 4% or less in all site-years (data not shown). Cool, wet growing conditions
associated with early planted soybean can result in decreased crop safety from PRE herbicides
(Arsenijevic et al. 2022; Poston et al. 2008).

Early-Season Weed Suppression and Soybean Canopy Development. At the time of POST
herbicide application total weed biomass in the untreated controls was 16-75% and 79-93%
lower in the normal compared with early planted soybean at MSU-22 and 2023, respectively
(Table 3.6). Similarly, weed numbers in the untreated controls were higher in the early compared
with normal planted soybean at all site-years (Table 3.2). Delaying planting until initial weed
emergence occurs allows for control of early emerging weed species such as common
lambsquarters and common ragweed with tillage prior to planting (Werle et al. 2014). Lower
weed biomass in the normal planted soybean in 2023 compared with MSU-22 can be attributed
to limited precipitation observed in mid-late May and early June in 2023 (Table 3.3). At MSU-
22, row width had little effect on weed biomass at the time of POST, and the PRE herbicide
application reduced weed biomass by 51-92% and 96-100% in the early and normal planted
soybeans, respectively (Table 3.6). In 2023, early planted soybean drilled in 19 cm rows,
regardless of population reduced weed biomass by 29-47% compared with soybean planted in 76
cm rows, when weeds were not controlled. Narrow row widths have been shown to provide
better weed suppression compared with wide rows (76 cm) through advanced canopy
development and shading of the soil surface (Fisher and Sprague 2023; Harder et al. 2007; Hock
et al. 2006; Steckel and Sprague 2004). However, when a PRE was applied in the early planting
weed biomass was reduced by 95-100% and there was no effect of row width. Fisher and

Sprague (2023) reported similar findings where the addition of a residual herbicide eliminated
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the weed suppression effect of narrow row widths. Low weed numbers and the lack of
incorporating rainfall in 2023 resulted in no observed weed biomass reductions from the PRE
herbicide in the normal planted soybean.

Common lambsquarters, common ragweed, giant foxtail and velvetleaf densities were
unaffected by soybean row width (data not shown). It can be inferred that lower weed biomass
from narrow row widths was a result of increased competition and not reduced weed emergence.
These findings are similar to previous research that has reported lower weed biomass with
narrow row widths in the absence of reduced weed density (Harder et al. 2007; Rich and Renner
2007). In contrast, some research has reported reduced horseweed and common waterhemp
densities when soybeans were planted in narrow row widths (Fisher and Sprague 2023; Steckel
and Sprague 2004).

The effects of row width on weed biomass in 2023 and the lack thereof at MSU-22 can be
attributed to differences in soybean canopy development (Figure 3.2). At MSU-22, canopy
closure reached 50% 78 d after planting for the 19 cm rows planted at the high population (Table
3.7). However, soybeans drilled in 19 cm rows at the low population required 85 d compared
with 80 and 82 d for the 38 and 76 cm row widths in early planted soybean, respectively.
Although the high population of drilled soybean in 19 cm rows reached 50% closure earlier than
the low population and 76 cm rows, the presence of randomly distributed openings in the canopy
likely negated the shading benefits on weed suppression. Similarly, Harder et al. (2007) reported
delayed canopy closure in 19 cm rows when soybean populations were reduced. Soybean planted
at normal time at MSU-22 reached 50% closure 50 to 51 d after planting when planted in 38 and
76 cm rows, while 19 cm rows occurred 5-6 d and 2-3 d earlier in the high and low populations,

respectively. In contrast, canopy development in 2023 was much more uniform, a result of better
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initial soybean establishment. In the early planted soybean, 19 and 38 cm rows reached 50%
closure 77-78 d after planting regardless of population, while 76 cm rows occurred 3-4 d later
(Table 3.7). Similarly, the normal planted soybean in 19 (high and low) and 38 cm rows reached
50% closure 50-52 d after planting, 5-7 d before the 76 cm rows. Narrow row widths (19 and 38
cm) have been shown to consistently result in faster canopy closure compared with 76 cm rows
(Arsenijevic et al. 2022; Fisher and Sprague 2023; Harder et al. 2007). The lack of weed
suppression benefits observed in the normal planted soybean in all site-years is likely due to
lower weed pressure and fewer days after planting to 50% closure compared with the early
planted soybean, across all row widths.

Late-Season Soybean Canopy Development and Weed Suppression. While 50% canopy
closure is of interest for measuring effects of early season weed suppression and crop
competitiveness, 95% or near complete canopy closure can be used as a measure of crop
productivity in terms of accumulation of light, season-long competitiveness with weeds, and
suppression of weed species with extended emergence windows (Arsenijevic et al. 2022;
Schmitz and Kandel 2021). Amongst the early planted soybean at MSU-22, 38 cm rows reached
95% canopy closure 99 d after planting while both populations of 19 cm rows and 76 cm rows
occurred 103-110 d after planting (Table 3.7). In contrast, 19 and 38 cm rows, regardless of
population reached 95% closure 69 to 70 d after planting which was 10 to 11 d earlier than 76 cm
rows in the normal planted soybean. Canopy closure in 2023, was consistently faster for narrow
row widths. Early planted soybean in narrow rows (19 and 38 cm) reached 95% canopy closure
95 d after planting, while 76 cm rows required 101 d. A similar trend in the normal planting was
observed where 76 cm rows required 78 d after planting to reach 95% canopy closure which was

12 d longer than 19 and 38 cm row widths.
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Although the number of days after the respective planting date provides insight to the
relative rate of canopy development between the planting dates, calendar date is an important
aspect to consider. When maximum canopy closure occurs earlier in the growing season soybean
accumulation of light increases, which is most impactful on yield beginning in the early
reproductive stages (Andrade et al. 2002; Board et al. 1992; Schmitz and Kandel 2021). The
number of days after planting required for 95% closure were significantly lower in the normal
planting for all site-years, however calendar date of closure differed between planting date and
site-years. At MSU-22, the early planted soybean reached 95% closure between July 29 and
August 9, while the normal planted soybean ranged between July 21 and August 1. Earlier
canopy closure in the normal compared with the early planted soybean was likely due to lower
stand establishment and stressful growing conditions early in the season at MSU-22. In 2023,
narrow row widths (19 and 38 cm) achieved 95% closure July 17 across both planting dates.
However, early planted soybean in 76 cm rows reached 95% closure on July 23, 6 d earlier than
those planted at normal time. Fewer days required for canopy development in the normal planted
soybean can be attributed to warmer soil temperatures and greater GDD accumulation during
germination and early vegetative stages (Table 3.3).

At MSU-22 weed biomass at soybean harvest was not influenced by row width system
and weed biomass was reduced similarly by PRE fb. POST programs compared with the weed-
free (Table 3.8). Interestingly, in the normal planted soybean the PRE only treatment reduced
weed biomass by 62% compared with the untreated and was similar to the PRE fb. POST and
weed-free treatments. In 2023, the main effect of row width system resulted in 39% lower weed
biomass in the 19 cm high population system compared with 38 and 76 cm rows (Table 3.9).

However, when soybeans were planted in 19 cm rows at the low population weed biomass was
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similar to both 38 and 76 cm row widths. Although canopy development in 19 and 38 cm rows
progressed at a similar rate in the weed-free plots, apparently the combination of decreased row
width and higher population increased soybeans competitiveness with weeds. These findings are
inconsistent with previous research that has found soybean planted in 19 cm rows do not benefit
from increased plant populations and suppress weeds even at suboptimal populations (Rich and
Renner 2007; Schultz et al. 2015). Harder et al. (2007) reported lower weed biomass when
soybean populations were 296,000-309,000 plant ha™!, but no reductions occurred as seeding rate
was increased further. Furthermore, weed biomass was reduced similarly across planting dates by
the PRE tb. POST program (99-100%); however, no reductions were observed in the normal
planted PRE only program compared with the untreated (Table 3.8). In 2023, poor weed control
from the PRE herbicide in the normal planting can be attributed to limited incorporating rainfall
following application (Table 3.3).

Soybean Yield and Economic Return. Despite poor establishment of the early planted soybean
at MSU-22, soybean yield was not reduced compared with the normal planting when a complete
weed control program was utilized (i.e. PRE fb. POST, weed-free) and ranged from 3,450 to
3,571 kg ha'! (Table 3.8). Soybean yield was 52 and 38% lower in the untreated and PRE only
treatments when soybeans were planted early compared with normal time, consistent with
observed weed biomass and competition. The early planted soybean appeared to compensate for
lower populations with an increase in the number of seeds produced on the branches (Table
3.10). Averaged across row width system, the number of seeds plant™ on branches ranged
between 1.4 to 3.6-fold higher in the early compared with normal planted soybean in all
herbicide programs except for the untreated. Additionally, the main effect of planting date

resulted in a 5% increase in 100-weight of branch seeds in the early compared with normal
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planted soybean (Table 3.11). Furthermore, seeds plant! on the main stem were similar across
planting date and herbicide program, except for the PRE fb. POST where the early planted
soybean had 39% more compared with soybean planted at normal time. These findings are in
agreement with previous studies that have reported soybeans ability to compensate for
substantial stand reductions and produce similar yields, a result of increased plant branching
(Board 2000; Cox and Cherney 2011; Mourtzinis et al. 2021).

Soybean yield in 2023 was unresponsive to planting date when a complete weed control
program was used and ranged from 4,681 to 4,909 kg ha! (Table 3.8). Although soybean yield
was lowest in the early planted untreated soybean, the PRE only program resulted in 13% higher
yield for the early compared with normal planted soybean. The effects of row width were not
present at MSU-22; however, in 2023 yield was 7% higher when soybeans were planted in 19 cm
rows at the high population compared with 76 cm rows when averaged across planting date and
herbicide program (Table 3.9). Soybean planted at the high population in 19 cm rows had 50-
54% fewer branch seeds plant! and similar main stem seeds plant™! to 19 cm (low) and 76 cm
row widths (Table 3.11). These findings suggest that higher observed yield was likely an effect of
plant populations rather than increased individual plant performance. Previous research in lowa
reported that seeding rates above 400,000 seeds ha™! can increase soybean yield, although
population up to 44% lower can achieve 95% of total yield potential (De Bruin and Pedersen
2008b). Similarly, research in the northeastern U.S. indicated that yield potential of soybean in
19 cm rows was greatest at populations greater than 400,000 seeds ha™! (Cox and Cherney 2011).

Soybean yield was 31 to 42% higher in 2023 compared with MSU-22 when weeds were
controlled (Table 3.8). Higher yield in 2023 compared with MSU-22 can be explained by below

average rainfall at MSU-22 and above average rainfall in 2023 in the months of July and August,
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from soybean flowering through seed fill (Table 3.3). Adequate precipitation during flowering
through pod set is essential for pod development and retention, as well as during the seed fill
stage for seed size (Chen and Wiatrak 2010; Veas et al. 2022). Research in Wisconsin reported
yield differences across years as result of lower precipitation during seed fill (Arsenijevic et al.
2022). Total seed number was relatively similar across site-years, indicating that higher yield in
2023 was likely an effect of better stand establishment and increased seed weight (Tables 3.5 and
3.10). The absence of early planting yield benefits was likely due to the normal planting
occurring within the optimal planting window. This is similar to research studies throughout the
Midwest that have reported similar yield when soybean was planted from mid-April through
early to mid-May (De Bruin and Pedersen 2008a; Siler and Singh 2023). Soybean yield in this
study appeared to be more responsive to seeding rate rather than narrow rows. This is in contrast
to much of previous research that has indicated narrow rows (< 76 cm) have increased yield
potential (Cox and Cherney 2011; De Bruin and Pedersen 2008b; Schmitz and Kandel 2021;
Singh et al. 2023). However, a study in Wisconsin reported early canopy closure in 38 cm row
widths compared with 76 cm and observed no yield increase (Arsenijevic et al. 2022). Fisher and
Sprague (2023) observed higher soybean yield in 19 cm rows in two site-years, where 75%
canopy closure occurred 2.5 wk prior to 76 cm rows. The lack of observed yield benefits in
narrow row widths may be due to 95% canopy closure occurring approximately 10 calendar days
or less between row widths and planting dates.

Soybean program costs which included treated seed, herbicides, adjuvants, and custom
application ranged from $238 to 408 ha™! and $318 to 487 ha! for soybean planted at 370,500

and 494,000 seeds ha™!, respectively (Table 3.4). Although economic return was analyzed for
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soybean market prices of $0.37 kg™ ($10.00 bu!) and $0.55 kg™! ($15.00 bu'"), as expected mean
separations did not differ; therefore, reported economic returns are based on $0.37 kg™.

Economic returns were the lowest at MSU-22, a result of lower soybean yields compared
with the other two site-years (Table 3.12). The interaction of planting date and herbicide program
had similar effects on economic returns for both years at MSU (East Lansing, MI). For both
years at MSU the PRE tb. POST herbicide program resulted in the highest economic return,
regardless of planting date and ranged from $850-876 ha! and $1,338-1,380 ha™' at MSU-22 and
MSU-23, respectively. However, the PRE only program was similar to the PRE fb. POST in the
normal planted soybean at MSU-22 ($898 ha'!). When no herbicides were applied (untreated)
economic return was $256-861 ha! lower when soybean were planted early compared with
normal time across all site-years. At SVREC-23 (Richville, MI) economic return was greatest
when soybeans were planted early and PRE ($1,477 ha!) or PRE fb. POST ($1,397 ha')
programs were used. Interestingly, the untreated and PRE fb. POST had similar economic return
in the normal planted soybean at SVREC-23 of $1,268 ha™! and $1,290 ha’!, respectively.

The effect of row width on economic return was only present at MSU-23 (Table 3.9).
When averaged across planting date and herbicide program, economic returns of soybean drilled
in 19 cm rows regardless of population, were similar to both 38 and 76 cm row widths ($1,054-
1,118 ha!). However, return for soybean planted in 38 cm rows ($1,118 ha'') was 15% higher
than 76 cm rows ($968 ha™!). Overall, planting date did not affect economic return when a PRE
fb. POST program was used when multiple weed species were present. Although yield and weed
suppression were higher at MSU-23 for 19 cm rows when planted at a higher population, this did
not translate to increased economic return due to higher seed costs. In some cases, a PRE only or

untreated program produced similar or greater return than the PRE fb. POST treatment.
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However, economic returns reported here were based on one year of production and the long-
term effects of weed seed production and the implications on future weed management should be
taken into consideration.

In conclusion, planting soybeans early to mid-April will allow producers to increase the
number of days they have to conduct spring field operations. However, weather forecast, and soil
conditions should be monitored closely, to minimize the risks associated with poor emergence
and growing conditions. In the event of heavy rainfall soil crusting reduced stands, most notably
in the soybean drilled in 19 cm rows while soybean planted in 38 and 76 cm rows seemed to be
more resilient. When the PRE applications were incorporated with sufficient rainfall, they were
advantageous for both weed suppression and soybean yield. Cool, wet soil conditions often
present in early planted soybean can decrease crop safety of PRE herbicides; however, injury
was not a limiting factor in any site-year. When weeds were not controlled in 2023, soybean
drilled in 19 cm row widths provided better early season weed suppression compared with 38
and 76 cm rows, but the effects of narrow rows were negated when a PRE herbicide was used.
Weed control and soybean yield was consistently the best when a PRE fb. POST herbicide
program was utilized. Although this did not always result in the highest economic return, the
long-term effects of herbicide program on weed seed production and future management should
be considered. Nonetheless, when soybeans were planted early environmental conditions were
more challenging than those at the normal planting time, but these conditions did not result in
lower soybean yields in any site-year. Implementing a complete herbicide program in early
planted soybeans including an effective PRE followed by a timely POST application is beneficial
for initial soybean establishment, season-long weed control and crop productivity as well as

maximizing soybean yield, regardless of row width.
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APPENDIX B: CHAPTER III TABLES AND FIGURES

Table 3.1. Enlist E3® soybean varieties, planting dates, herbicide application dates, and soybean harvest dates for the three field

experiments conducted in 2022 and 2023.

Sites?
MSU-22 MSU-23 SVREC-23

Soybean variety® P24T35E P25A16E P25A16E
Early planting date April 21 April 12 April 13

PRE April 22 April 14 April 14

POST June 13 June 13 June 19
Normal planting date May 23 May 12 May 11

PRE May 23 May 12 May 11

POST June 27 June 23 June 19
Soybean harvest October 24 October 20 October 8
Soil series Conover loam Aubbeenaubbee-Capac sandy Tappan-Londo loam

loam/Colwood-Brookston loam

Soil type clay loam loam clay loam
Soil pH 7.4 6.8 7.5
Organic matter (%) 2.7 2.3 3.2

? Abbreviations: MSU, Michigan State University (East Lansing, MI); SVREC, Saginaw Valley Research and Extension Center

(Richville, MI).
b Pioneer, Corteva Agriscience, Indianapolis, IN.

76



Table 3.2. Weed species present at the time of POST herbicide application in the untreated
controls for both early and normal soybean planting dates for the three site-years.

Planting Date MSU-22 MSU-23 SVREC-23
Early plants m™
Common lambsquarters 7 111 73
Common ragweed 14 23 -
Giant foxtail 45 154 -
Velvetleaf 2 3 -
Normal
Common lambsquarters 7 9 14
Common ragweed 7 3 -
Giant foxtail 17 17 -
Velvetleaf 0 1
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Table 3.3. Monthly® precipitation, GDDs"® and the 30-year mean precipitation® for the three site-years.

30-year average

MSU-22 MSU-23 SVREC-23 precipitation
Month Precipitation GDD Precipitation GDD Precipitation GDD MSU SVREC
—mm— -base lI0C- —mm— -base10C- —mm — -base 10 C - mm

April 98 (56)° 109 (51)8 88 (33) 150 (99) 78 (31) 166 (100) 90 75
May 71 (14)f 387 (137)" 25 (10) 317 (242) 25(9) 343 (272) 111 87
June 62 540 18 495 38 506 96 100
July 43 651 155 645 139 628 86 93
August 65 616 152 536 150 495 88 86
September 50 409 45 412 34 407 81 98
October 45 208 127 195 66 201 79 74

Total 434 2,920 610 2,750 530 2,746 631 613

? Monthly GDDs and precipitation data were collected from the closest weather station in the Michigan State University

Enviroweather network (https://enviroweather.msu.edu).
® Abbreviations: GDDs = growing degree days.

¢ Growing degree days (GDD) minimum 10 C, maximum 30 C, and base 10 C.

4 Monthly 30-year mean precipitation data were collected from the National Oceanic and Atmospheric Administration

(https://www.ncei.noaa.gov/access/us-climate-normals).
¢ Precipitation after early planting.

f Precipitation after normal planting.

¢ GDDs after early planting.

h GDDs after normal planting.
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Table 3.4. Treatment costs for the four row width systems and three herbicide programs.

Treatment costs?

Untreated PRE PRE fb. POST
Row width (cm)°® USD $ ha't
19 — high 317.57 396.07 487.15
19 - low 238.18 316.68 407.76
38 238.18 316.68 407.76
76 238.18 316.68 407.76

? Treatment costs = soybean seed costs + herbicide costs + adjuvant costs + application costs.
Seed, herbicide, and adjuvant costs were calculated from multiple retailer price lists. Herbicide

application cost = $24.7 ha™! application™.

bSoybean populations were 494,000 seeds ha™! in 19 cm (high), and 370,500 seeds ha™' in 19

(low), 38, and 76 cm rows.
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Table 3.5. Main effects of planting date, herbicide program, and row width system on soybean
stand for the three site-years.

Soybean stand

Main effects MSU-22% 2023
Planting date % of planted
Early 47 77b
Normal 75 82a
Herbicide program
untreated 56 b° 76 b
PRE 64 a 8la
PRE fb. POST 64 a 79 ab
weed-free 61 ab 8l a
Row width (cm)?
19 - high 52 76 b
19 - low 54 77b
38 74 84 a
76 65 80 b
Effects (p-values)
Planting date <0.0001 <0.0001
Herbicide program 0.0227 0.0041
Row width <0.0001 <0.0001
PD*HERB 0.2782 0.0636
PD*ROW <0.0001 0.1231
HERB*ROW 0.9947 0.4681
PD*HERB*ROW 0.6187 0.5673
? There was planting date by row width system interaction on soybean stand at MSU-22, see
Figure 3.1.

®Data were combined over MSU-23 and SVREC-23.

¢ Means followed by the same letter within a column are not statistically different (o < 0.05).
4Soybean populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha in 19
(low), 38, and 76 cm rows.
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Table 3.6. Three-way interaction between soybean planting date, herbicide program, and row width system on weed biomass at POST
herbicide application for the three site-years.

Weed biomass at POST
MSU-22 2023
Planting date Herbicide program 19 cm-high® 19 cm-low 38 cm 76 cm 19 cm-high 19 cm-low 38 cm 76 cm
gm? gm?
Early untreated 88 a‘ 72 ab 42bcd 74 ab 44 be 33¢ 57 ab 62 a
PRE 14 c-f 12 c-f Sef 36 cde 2d 0d 0d 2d
PRE fb. POST? 19 c-f 6 ef 8def  13c-f 0d 1d 0d 0d
weed-free 0f 0f 0f 0f 0d 0d 0d 0d
Normal untreated 22 c-f 30 c-f 35c-f 45 be 7d 7d 4d 10d
PRE 0f 1f 0f 2ef 7d 3d 3d 7d
PRE fb. POST 0f 1f 0f 2ef 3d 3d 5d 5d
weed-free 0f 0f 0f 0f 0d 0d 0d 0d
Effects (p-values)
Planting date <0.0001 <0.0001
Herbicide program <0.0001 <0.0001
Row width 0.0134 0.0178
PD*HERB <0.0001 <0.0001
PD*ROW 0.0182 0.1876
HERB*ROW 0.3899 0.0195
PD*HERB*ROW 0.0308 0.0143

# Data were combined over MSU-23 and SVREC-23.

b Soybean populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha! in 19 (low), 38, and 76 cm rows.
“Means followed by the same letter within a year are not statistically different (o < 0.05).

4 Weed biomass was collected before the POST herbicide application had been made.
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Table 3.7. Days after planting to 50 and 95% canopy closure (+SE)® in early and normal planted
soybeans in four row width systems for the three site-years.

Planting date Row width (cm)®

Time to 50% closure

Time to 95% closure

MSU-22

2023°

MSU-22 2023

d after planting

Early 19 - high 78 (0.94) ¢ 77 (0.38)c 103 (+2.65)ab 95 (+0.94)b
19 - low 85(x0.87)a 78 (x0.36)b 105 (¥2.39)a 95 (+0.89)b
38 80 (+0.83)bc 78 (+0.36) b 99 (+2.26)b 95 (+0.87) b
76 82 (x1.00)b 81 (x0.3%9)a 110 (x2.84)a 101 (+0.94)a
Normal 19 - high 45 (+0.66)f 50 (+0.37) g 69 (x2.23)d 66 (+0.93)d
19 - low 48 (+0.65)e 51 (+0.35)f 70 (1.90)d 66 (+0.88)d
38 50 (+0.60)d 52 (+0.34) e 69 (x1.64)d 66 (+0.86)d
76 51 (x0.73)d 57 (x0.41)d 80 (+2.29)c 78 (x1.02)c

@ Abbreviations: SE = standard error.
®Soybean populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha in 19

(low), 38, and 76 cm rows.

¢ Data were combined over MSU-23 and SVREC-23.
4 Estimates followed by the same letter within a column are not statistically different (o < 0.05).
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Table 3.8. Interaction between planting date and herbicide program on weed biomass at soybean
harvest and soybean yield for the three site-years.

Weed biomass at harvest

Soybean yield

Planting date Herbicide program  MSU-22 2023% MSU-22 2023
—gm°— ——kghat——
Early untreated 449 a° 334a 1,110 ¢ 2,394 d
PRE 390 ab 187 b 2,065 b 4,472 b
PRE fb. POST 26 ¢C 2¢C 3,450 a 4,909 a
weed-free Oc Oc 3,531 a 4,882 ab
Normal untreated 297 b 222 b 2,320 b 3,901 c
PRE 112 ¢ 253 ab 3,336 a 3,948 ¢
PRE fb. POST Oc Oc 3,524 a 4,708 ab
weed-free Oc Oc 3,571 a 4,681 ab
Effects (p-values)
Planting date <0.0001 0.3729 <0.0001 0.0015
Herbicide program <0.0001 <0.0001 <0.0001 <0.0001
Row width 0.1277 0.0104 0.3412 0.0451
PD*HERB <0.0001 0.0001 0.0001 <0.0001
PD*ROW 0.8721 0.6030 0.6671 0.7924
HERB*ROW 0.4496 0.2231 0.9488 0.5127
PD*HERB*ROW 0.8962 0.9415 0.9864 0.7708

4 Data were combined over MSU-23 and SVREC-23.

®Means followed by the same letter within a column are not statistically different (o. < 0.05).
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Table 3.9. Main effect of row width system on weed biomass at soybean harvest, soybean yield, and economic return for the three site-

cars.
. Weed biomass at harvest Soybean yield Economic return®?
Main effects MSU-22 2023¢ MSU-22 2023 MSU-22 MSU-23 SVREC-23
Row width (cm)? gm? —— kg hat USD $ hat
19 - high 136 115 b*® 2,999 4,372 a 638 1,054 ab 1,266
19 - low 134 173 ab 2,744 4,210 ab 608 1,058 ab 1,277
38 184 187 a 2,892 4,284 ab 661 1,118 a 1,267
76 184 190 a 2,818 4,082 b 628 968 b 1,276
Effects (p-values)
Planting date <0.0001 0.3729 <0.0001 0.0015 <0.0001 <0.0001 0.0939
Herbicide program  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Row width 0.1277 0.0104 0.3412 0.0451 0.8702 0.0073 0.9880
PD*HERB <0.0001 0.0001 0.0001 <0.0001 0.0001 <0.0001 <0.0001
PD*ROW 0.8721 0.6030 0.6671 0.7924 0.6671 0.3587 0.9409
HERB*ROW 0.4496 0.2231 0.9488 0.5127 0.9488 0.4150 0.3529
PD*HERB*ROW 0.8962 0.9415 0.9864 0.7708 0.9864 0.2283 0.6722

* Economic return = (yield x price) — treatment costs. Crop selling price = $0.37 kg™ (§10 bu™).

® No difference in mean separation when crop selling price = $0.55 kg™ ($15 bu™).
¢ Data were combined over MSU-23 and SVREC-23.

4 Soybean populations were 494,000 seeds ha™' in 19 cm (high), and 370,500 seeds ha™ in 19 (low), 38, and 76 cm rows.
¢ Means followed by the same letter within a column are not statistically different (a0 < 0.05).
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Table 3.10. Interaction between planting date and herbicide program on number of seeds plant™ and 100 seed weight on main stem and
reproductive branches for the three site-years.

MSU-22 2023?
Planting date Herbicide program MSP BR MS BR MS BR MS BR
— no. seeds plant! — — wt 100 seeds™ (g) — — no. seeds plant! — — wt 100 seeds™ (g) —
Early untreated 42 d° 17d 145a 14.6 46 ¢ 9 16.8 16.6
PRE 58 bed 48 be 13.8a 14.0 74 a 13 17.0 16.8
PRE fb. POST 93 a 83 a 13.3 ab 13.7 77 a 15 16.8 17.0
weed-free 79 ab 65 ab 12.0b 14.2 76 a 14 17.3 17.5
Normal untreated 48 cd 7d 13.5 ab 13.1 59b 7 17.0 17.2
PRE 68 bc 18d 13.6 ab 13.8 67 ab 7 17.6 17.4
PRE fb. POST 67 bc 18d 14.1a 13.8 68 ab 13 17.1 17.3
weed-free 71 ab 20 cd 142a 13.1 69 ab 9 17.7 17.6
Effects (p-values)
Planting date 0.2136  <0.0001  0.1437 0.0057 0.1735 0.0071 0.0739 0.1519
Herbicide program <0.0001 <0.0001  0.1437 0.9807 <0.0001 0.0063 0.1250 0.0526
Row width 0.2972 0.5598 0.2172 0.9673 0.0029 0.0001 0.0306 0.6383
PD*HERB 0.0033 0.0013 0.0012 0.0795 <0.0001 0.6559 0.8802 0.8169
PD*ROW 0.0639 0.4775 0.5289 0.1439 0.8251 0.0768 0.3547 0.1115
HERB*ROW 0.6145 0.8350 0.7749 0.5616 0.2624 0.4771 0.8219 0.8117
PD*HERB*ROW 0.5065 0.9120 0.4914 0.2241 0.1010 0.8921 0.5608 0.3865

 Data were combined over MSU-23 and SVREC-23.
® Abbreviations: MS = main stem; BR = reproductive branches.
“Means followed by the same letter within a column are not statistically different (a0 < 0.05).
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Table 3.11. Main effects of planting date, herbicide program, and row width system on number of seeds plant! and 100 seed weight on
the main stem and reproductive branches for the three site-years.

MSU-22 20232
Main effects MSP BR MS BR MS BR MS BR
Planting date — no. seeds plant! —  — wt 100 seeds™! (g) — — no. seeds plant! —  — wt 100 seeds™ (g) —
Early 79 53 13.4 14.1 a° 68 12a 17.0 16.9
Normal 64 16 13.8 134b 66 9b 17.3 17.2
Herbicide program
untreated 45 12 14.0 13.6 52 8b 16.9 16.6
PRE 63 33 13.7 13.8 71 10 ab 17.3 16.9
PRE fb. POST 80 50 13.7 13.8 73 14 a 17.0 17.1
weed-free 96 42 13.1 13.8 72 11 ab 17.5 17.6
Row width (cm)?
19 - high 89 30 13.5 13.7 62b 6b 17.6 a 17.1
19 - low 65 37 13.6 13.8 68 ab 12a 17.0 ab 17.1
38 72 38 13.3 13.6 71 a 13a 169b 16.8
76 59 33 14.1 13.7 66 ab 12a 17.1 ab 17.2
Effects (p-values)
Planting date 0.2136 <0.0001 0.1437 0.0057 0.1735 0.0071 0.0739 0.1519
Herbicide program <0.0001 <0.0001 0.1437 0.9807 <0.0001 0.0063 0.1250 0.0526
Row width 0.2972 0.5598 0.2172 0.9673 0.0029 0.0001 0.0306 0.6383
PD*HERB 0.0033 0.0013 0.0012 0.0795 <0.0001 0.6559 0.8802 0.8169
PD*ROW 0.0639 0.4775 0.5289 0.1439 0.8251 0.0768 0.3547 0.1115
HERB*ROW 0.6145 0.8350 0.7749 0.5616 0.2624 0.4771 0.8219 0.8117
PD*HERB*ROW 0.5065 0.9120 0.4914 0.2241 0.1010 0.8921 0.5608 0.3865

@ Data were combined over MSU-23 and SVREC-23.

b Abbreviations: MS = main stem; BR = reproductive branches.

“Means followed by the same letter within a column are not statistically different (a0 < 0.05).

4 Soybean populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha™ in 19 (low), 38, and 76 cm rows.
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Table 3.12. Interaction between planting date and herbicide program on economic return for soybean marketed at $0.37 kg™! for the
three site-years.

Economic return®®

Planting date Herbicide program MSU-22 MSU-23 SVREC-23
USD $ ha'
Early untreated 152 c® 244 ¢ 1,012d
PRE 427 b 1,167 b 1477a
PRE fb. POST 850 a 1,380 a 1,397 ab
Normal untreated 600 b 1,105 b 1,268 bc
PRE 898 a 1,063 b 1,186 c
PRE fb. POST 876 a 1,338a 1,290 bc
Effects (p-values)
Planting date <0.0001 <0.0001 0.0939
Herbicide program <0.0001 <0.0001 <0.0001
Row width 0.8702 0.0073 0.9880
PD*HERB 0.0001 <0.0001 <0.0001
PD*ROW 0.6671 0.3587 0.9409
HERB*ROW 0.9488 0.4150 0.3529
PD*HERB*ROW 0.9864 0.2283 0.6722

* Economic return = (yield x price) — treatment costs. Crop selling price = $0.37 kg™ (§10 bu™).
® No difference in mean separation when crop selling price = $0.55 kg™ ($15 bu™).
“Means followed by the same letter within a column are not statistically different (o < 0.05)
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Figure 3.1. Interaction of planting date and row width system on percent soybean stand at MSU-
22. Soybean populations were 494,000 seeds ha™! in 19 ¢cm (high), and 370,500 seeds ha! in 19
(low), 38, and 76 cm rows.
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Figure 3.2. The effect of planting date and row width system on canopy closure starting after each planting date in early (a) and
normal (b) planted soybean at MSU-22, and early (c) and normal (d) planted soybean combined over both sites in 2023. Soybean
populations were 494,000 seeds ha! in 19 cm (high), and 370,500 seeds ha! in 19 (low), 38, and 76 cm rows.
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