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ABSTRACT

INFLUENCE OF INPUT-INTENSIVE MANAGEMENT ON SOFT WINTER WHEAT AND
SOYBEAN GRAIN YIELD AND PROFITABILITY

By
Daniel John Quinn

Increasing grain yields, climatic variability, and commercial marketing has prompted many
wheat (Triticum aestivum L.) and soybean [Glycine max (L.) Merr.] producers to adopt input-
intensive management systems for maximum vyield. Field studies were conducted in Lansing and
Richville, MI from 2015 - 2017 investigating soft winter wheat and soybean grain yield and
economic net return in response to commonly marketed agronomic inputs applied to both
intensive (i.e., high-input) and traditional (i.e., low-input) management systems. Wheat inputs
included greater rates of nitrogen (N) fertilizer, urease inhibitor (Ul), nitrification inhibitor (NI),
plant growth regulator (PGR), foliar micronutrients, and fungicide. Soybean inputs included
poultry litter (PL), potassium thiosulfate (KTS), foliar micronutrients, and fungicide. Wheat
yield decreased 0.94 Mg ha* when N rate was reduced within the intensive system and increased
0.75 Mg ha* when fungicide was added to the traditional system in 2016. Urease inhibitor
removal from the 2017 intensive system decreased wheat yield 0.52 Mg ha* while Ul addition to
the traditional system decreased wheat yield 0.51 Mg ha. Although wheat yield occasionally
increased, no single input increased economic net return. Across all site-years, no single input
positively affected soybean grain yield or profitability. In the current study, intensive
management systems significantly decreased producer economic net return in 6 of 7 site-years.
Results suggest producers should expect few benefits from input-intensive management systems

without the presence of yield-limiting factors.
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CHAPTER 1

LITERATURE REVIEW

Wheat Classification

Wheat classifications are derived from plant physical factors such as the color of the
kernel, described as either red or white, and the hardness of the seed, described as either hard or
soft (McFall and Fowler, 2009). Michigan wheat production involves soft red and soft white
winter wheat varieties used in products such as cereals, pastries, and baked goods (Brown et al.,
2018). Soft white winter wheat has similar flour qualities as soft red winter wheat, but is
preferred by local millers due to superior flour extraction rates, color, and flavor in whole-grain
products (Brown et al., 2018). A 2011 survey determined 60% of Michigan wheat acreage

produces soft red and 40% produces soft white (Nagelkirk and Black, 2012).

The majority of wheat breeding programs dedicate more resources to red wheat (Sherman
et al., 2008). The color of the kernel outer layer, described as either red or white is controlled by
three homoeologous genes located on chromosomes 3A, 3B, and 3D (Mcintosh et al., 1998;
Sherman et al., 2008). Red color is dominant to white, with a single locus containing the
dominant allele being sufficient enough to result in a red color (Metzger and Silbaugh, 1970;
Sherman et al., 2008). Therefore, breeding for three recessive alleles resulting in a white wheat
plant is more difficult. (Metzger and Silbaugh, 1970; Sherman et al., 2008). Kernel color
genetics cause white wheat breeding difficulties, thus complicating the ability to introduce

desirable traits (Sherman et al., 2008).



Seed coat color may also influence the resistance or susceptibility to pre-harvest
sprouting (PHS) (Brown et al., 2018). Pre-harvest sprouting of wheat is defined as grain
germination prior to harvest and can result in yield and market losses due to decreased grain
weight and quality (Groos et al. 2002). Diminished grain characteristics from PHS is influenced
by early alpha-amylase activity, which is designated by low falling number (Groos et al. 2002).
Seed coat color is considered an important seed dormancy component and is controlled by the
red grain color (R) loci (R-Al, R-B1, and R-D1) located on the group 3 chromosomes (Metzger
and Silbaugh, 1970; Bassoi and Flintham, 2005). Dominant R genes producing red grain color
are directly related to the promotion of dormancy, resulting in an elevated tolerance to PHS

(Bassoi and Flintham, 2005).
Michigan Wheat Production

Wheat area harvested in Michigan equaled 230,670 ha in 2016 and 171,991 ha in 2017,
totaling 1,380,644 and 913,761 Mg of wheat grain, respectively (NASS, 2017). Total wheat
production in Michigan ranked 121" and 15" in the U.S. during 2016 and 2017, respectively
(NASS, 2017). However, Michigan growers consistently produce wheat yields that rank in the
top five annually in the U.S., with state record yield averages of 5.44 and 5.98 Mg ha™! observed
during the 2015 and 2016 growing seasons, respectively (NASS, 2017; Swoish and Steinke,
2017). Awareness of the local yield potential, in combination with spring (Apr. — Jun.) weather
volatility has motivated Michigan producers to invest in additional agronomic input applications
as insurance against environmental factors that may threaten the high wheat yield potential

(Swoish and Steinke, 2017).



Intensive Management

Intensive management relies on prophylactic applications of multiple agronomic inputs to
maximize grain yield, contrasting to a minimal input, traditional management system that
justifies applications utilizing university recommended integrated pest management (IPM)
(Beuerlein et al., 1989; Risbey et al., 1999; Rosenzweig et al., 2001; Crane et al., 2011;
Mourtzinis et al., 2016). Previous literature involving multiple input applications on wheat
suggests grain yield increases only occur in the presence of antagonistic environmental
conditions (Beuerlein et al., 1989; Harms et al., 1989; Karlen and Gooden, 1990; Mohammed et
al., 1990). Beuerlein et al. (1989) concluded positive input responses are often varietal and
environment specific. Mohammed et al. (1990) observed no winter wheat yield benefit to
increased N fertilizer, plant growth regulator, and fungicide, due to adequate water availability,
short-stature of variety used, mild climatic conditions, and absence of disease pressure. Karlen
and Gooden (1990) determined selection of disease resistant wheat varieties with good stem
strength often negate the proposed benefits of multiple inputs (Karlen and Gooden, 1990). Harms
et al. (1989) concluded intensive management practices increase wheat producer economic risk
due to unpredictable input responses. Despite often inconsistent and minimal benefits observed
from previous intensive wheat management trials, the age (> 20 yrs.) of previous trial results are
suggested as non-applicable to modern wheat production due to the availability of new product
chemistries and plant genetics. Therefore, further research is needed to understand recently
developed wheat genetic responses to new product chemistries routinely applied in modern

production.



Urease Inhibitor

Mitigation of potential N losses resulting in improved N fertilizer management is
essential for maximizing wheat yield and N-use efficiency (Raun and Johnson, 1999; Thapa et
al., 2015; Mohammed et al., 2016). Nitrogen loss caused by gaseous plant emissions, soil
denitrification, surface runoff, volatilization, and leaching, can have negative economic and/or
environmental impacts for producers (Raun and Johnson, 1999; Thapa et al., 2015; Mohammed
et al., 2016). The urease enzyme reacts with urea through the process of hydrolysis to form NHz-
N and CO; (Franzen, 2017). Urease is utilized in plants and microorganisms to manage NHz-N
movement and needs, is resistant to decay, and can continue to function within soil systems
following the death of an organism (Franzen, 2017). Ammonia released at or near the soil
surface on high-residue, high pH, low cation-capacity, and moist to drying soils has the greatest
risk of N loss from volatilization (Franzen, 2017). A urease inhibitor (UI) when applied with
urea can delay the process of urea hydrolysis, thus inhibiting N loss through NH3-N
volatilization (Manunza et al., 1999; Turner et al., 2010). One commonly used Ul is N-(n-butyl)-
thiophosphoric triamide (NBPT), which inhibits the urease reaction with urea (Mohammed et al.,
2016; Franzen, 2017). NBPT is effective on soils with a high potential for N volatilization (high
pH, coarse textured) and/or inadequate moisture to draw the urea away from vulnerable seedlings
to reduce damage from seed-placed N (Olson-Rutz et al., 2011). Spring top-dress applications of
urea + NBPT on winter wheat have shown a reduction in NH3-N losses upwards of 66% when

compared to urea alone applications (Engel et al., 2011).

Mckenzie et al. (2010) did not observe a significant wheat yield increase from using
NBPT, due to the low risk of urea-N volatilization in the region where the study was performed

(Mckenzie et al., 2010). Slaton et al. (2011) observed a 3.1% wheat yield increase when using



NBPT treated urea. Slaton et al. (2011) concluded the use of NBPT to minimize N volatilization
losses is beneficial when a suboptimal N rate is applied, or when an optimal N rate is applied
under conditions that favor N volatilization (Slaton et al., 2011). NBPT application may be most
beneficial in a no-till system, due to consistently greater urease activity caused by greater residue
accumulation (Barreto and Westerman, 1989). Although positive responses have been observed,
the majority of previous trials have determined positive NBPT yield responses in winter wheat
production are often lacking and inconsistent, due to cool soils, elevated precipitation risk, and
an overall lack of NH3-N volatilization conditions present during wheat spring top-dress timings

(Mckenzie et al., 2010; Slaton et al., 2011; Mohammed et al., 2016; Rajkovich et al., 2017).
Nitrification Inhibitor

Nitrification inhibitors (NI) delay the bacterial oxidation of NH4-N to NOs-N through
depressing the activity of Nitrosomonas bacteria in the soil (Trenkel, 2010). Negatively charged
NOs-N can be lost through leaching and/or denitrification, therefore prolonging NHs-N
availability within the soil can increase plant N-use efficiency (Trenkel, 2010). However,
prolonged NH4-N retention can increase N volatilization risk (Thapa et al., 2015). Nitrification
inhibitor applications are effective during conditions where leaching and/or denitrification losses
are sufficient to reduce crop yields (e.g. coarse textured soils watered with irrigation) (Olson-
Rutz, 2011). Producers should consider using a NI when delayed N applications are unlikely
(Warncke et al., 2009). Commonly used NIs include dicyandiamide (DCD) and nitrapyrin.

(Mohammed et al., 2016).

Regardless of placement, Rao (1996) observed increased N availability in no-till wheat
and yield increases of 26% for urea treated with DCD and 24% for urea treated with nitrapyrin

(Rao, 1996). Mohammed et al. (2016) concluded urea containing a Ul produced the greatest
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wheat yield when an NI was added due to the reduction of multiple N-loss risks, and the slow
release and synchronization of fertilizer N with crop N demand (Mohammed et al., 2016). Thapa
et al. (2015) observed a wheat yield increase with urea treated with nitrapyrin from 3.24 to 3.35
Mg ha when 168 kg N ha* was applied, but only a 3.17 to 3.18 Mg ha™! yield increase when
146 kg N ha was applied, suggesting greater N leaching risk occurs when utilizing higher N

rates.

In contrast to observed positive responses, non-significant NI responses in the presence
of above average rainfall conditions have been observed in recent literature (Barker and Sawyer,
2017; Franzen, 2017). Barker and Sawyer (2017) did not observe an agronomic benefit from NI
application on corn (Zea Mays L.) across multiple locations and conditions promoting N-loss due
to cool soil temperatures delaying bacterial conversion of NH4-N to NO3-N (Barker and Sawyer,
2017). Shammas (1986) concluded nitrification rates drop once soil temperatures are < 15°C. In
addition to cool soil temperatures, the specific microencapsulation formulation of nitrapyrin
products like Instinct® (Dow Agrosciences, Indianapolis, IN) may contribute to a lack of
response (Franzen, 2017). Specific formulation may delay release and reduce concentration of
nitrapyrin at any one time during N application, thus inhibiting any positive effects from input

application (Franzen, 2017).
Plant Growth Regulator

An important component of an intensive wheat management program is the ability to
reduce lodging (Khan and Spilde, 1992). Lodging can significantly reduce wheat grain fill by
interfering with the water and nutrient source in the plant (Knapp et al., 1987; Van Sanford et al.,
1989; Knapp and Harms, 1998). Pumphrey and Rubenthaler (1983) observed a yield decrease of

23% from lodged wheat as well as a 3-10 kg/hl decrease of test weight. Lodging can also
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decrease yield due to mechanical harvesting difficulties (Knapp et al. 1987). Plant growth
regulators (PGR) are labeled to reduce plant height, resulting in the reduction of lodging, and the
preserving of crop yield (Van Sanford et al., 1989; Knapp and Harms, 1998; Swoish and Steinke,

2017).

A common PGR utilized in U.S. wheat production is trinexapac-ethyl [4-(cyclopropyl-a-
hydroxymethylene)-3, 5-dioxo-cyclohexanecarboxylic acid ethylester] (TE) (Wiersma et al.,
2011). Trinexapac-ethyl inhibits the formation of active gibberellins causing decreased stem
elongation and strengthened stem tissues (Rademacher, 2000; Matysiak, 2006). As TE rates
increased, Wiersma et al. (2011) observed an increase in straw strength, and a decrease in
lodging severity. An application of TE at a rate of 125 g a.i. ha™ decreased plant height by 6%,
increased plant erectness by 9%, and increased straw strength by 13%, without causing crop
injury, delaying maturity, or affecting yield (Wiersma et al., 2011). Matysiak (2006) observed
TE applications at rates of 75 g a.i. ha® and 125 g a.i. ha™* significantly increase the yield of
winter wheat in one year but not the other. Yield increased from 6.32 Mg ha to 6.78 Mg ha!
and 6.87 Mg ha® for the TE rates of 75 g a.i. ha™ and 125 g a.i. ha’l, respectively (Matysiak,
2006). Lodging was also decreased when TE was applied and plant heights averaged 26.6%

shorter than untreated plots (Matysiak, 2006).
Plant Growth Regulator and Nitrogen Rate

In Michigan, N fertilizer rates have increased along with grain yield, with some
producers suggesting yield gains with 25 to 50% more N than recommended (Swoish and
Steinke, 2017). Crook and Ennos (1995) determined additional N fertilizer causes a 20%
decrease in stem strength and a 17% decrease in root anchorage strength, thus increasing the risk

of lodging. Swoish and Steinke (2017) determined PGR application decreased lodging 50 - 83%
7



compared to untreated plots, however authors determined lodging was not N rate dependent.
Producers utilizing a tall, high-yielding, intensely-managed variety, may benefit from using a
PGR, rather than basing the decision solely on greater N rates (Swoish and Steinke, 2017). At the
current Kentucky wheat N recommendation (112 kg N ha*) and at high N rates (168 and 224 kg
N hal), Knott et al. (2016) determined wheat plant height and peduncle diameter were not
significantly different following PGR application. Brinkman et al. (2014) observed little
evidence of a PGR affecting the yield of wheat when it was applied to treatments with the
highest N rate of 170 kg N ha. At seven of the nine sites, no yield effects were shown and yield
increases of 0.23 and 0.28 Mg ha™* were observed only at two of the sites (Brinkman et al. 2014).
Brinkman et al. (2014) concluded if lodging of the wheat does not occur, yield response from a

PGR will not occur.
Fungicide

Fungicides are applied to control fungal diseases of wheat, prevent yield loss, and
maximize economic return (Wegulo et al., 2012). Prophylactic application of fungicides,
regardless of the presence of disease is a common producer decision, however frequently
increases production costs and decreases profitability in the absence of disease (Orlowski et al.,
2016; Mourtzinis et al., 2017). Response and profitability of foliar fungicide applications
depends on weather conditions, pathogens present, level of pathogen intensity, fungicide
efficacy, fungicide cost and rate, fungicide application timing, variety resistance, cultural
practices, and the grain price of wheat (Paul et al., 2010; Wegulo et al., 2011). Wegulo et al.
(2012) determined average net return of a fungicide applied at the Feekes 6 in a minimal disease
year was $14.50 ha! whereas during a high disease year, average net return was $166.20 ha

(Wegulo et al. 2012). Fungicide use is recommended between the period of wheat flag leaf



appearance and the milk stage of grain development to adequately control disease (Lorenz and
Cothren, 1989). In North America, there are two major classes of fungicides used for wheat

production, the strobilurins and triazoles (Wegulo et al. 2012).

Strobiliruns are classified as quinone outside inhibitors and control fungal activity by
interfering with the energy production of the fungal cell (Vincelli, 2002; Wegulo et al., 2012).
Strobiliruns inhibit spore germination and early infection, and are effective when applied
prophylactically (Vincelli, 2002; Wegulo et al., 2012). Strobilurin fungicides have displayed
activity against a wide range of fungi species, as well as plant physiological enhancements such
as increased leaf greenness, chlorophyll content, and delayed senescence (Grossman and
Retzlaff, 1997; Bartlett et al., 2002). Mourtzinis et al. (2017) reported significant wheat yield
increases of 7.4, 10.4, and 16.8% following strobilurin fungicide applications at Feekes 9 during
years 2013, 2014, and 2015, respectively despite low disease incidence and severity (Mourtzinis
et al. 2017). Physiological benefits including photosynthetic electron transport improvement,
delayed leaf senescence, and increased photosynthetic activity have contributed to yield
increases from strobilurin fungicide applications under low disease conditions (Gooding et al.,

2000; Mourtzinis et al. 2017).

In comparison to strobilurin fungicides, triazole fungicides contain curative activity,
move through the plant systemically, and control fungal activity through the inhibition of sterol
production (Buchenauer, 1987; Wegulo et al., 2012). Triazole compounds are the largest and
most important group of systemic compounds developed for control of crop fungal diseases
caused by Fusarium spp. (Petit et al. 2012). Application of a triazole fungicide at anthesis can

significantly decrease deoxynivalenol (DON) contamination in wheat grain, specifically in



environments containing high frequencies of Fusarium head blight (FHB) (Blandino and

Reyneri, 2009).

Fusarium head blight is one of the most significant disease problems affecting wheat in
the Upper Midwest (McMullen et al., 1997; Jones, 2000). Fusarium head blight is caused
primarily by the pathogen Fusarium graminearum (Parry et al., 1995). Fusarium head blight
causes significant reductions of yield, test weight, seed quality, and price reductions due to
damaged kernels and DON contamination (McMullen et al., 1997; Jones and Mirocha, 1999;
Jones, 2000). Deoxynivalenol contamination causes significant yield losses due to a decrease in
the amount of grain produced, reduction in the grain quality due to lower test weight, and
reduction in grain market value (Tuite et al., 1990; Bai and Shaner, 1994; McMullen et al., 1997,
Parry et al., 1995; Pirgozliev et al., 2003). Methods of control with crop rotation and tillage have
been inadequate (Dill-Macky and Jones, 2000). In addition, complete tillage is not always
achievable with recently adopted minimum-till and no-till systems (Almeras et al., 1998; Jones,
2000). In order to obtain effective control of FHB, fungicides are applied directly to the grain

head of the wheat plant at the time of anthesis (McMullen et al., 1997).

Jones (2000) determined anthesis treatments of triazole fungicides significantly reduce
FHB in the field, the incidence of Fusarium spp.- damaged kernels, and DON concentration in
harvested grain (Jones, 2000). Jones (2000) observed yield increases from 2.79 Mg ha with no
fungicide to 3.27 — 3.42 Mg ha* with fungicide, with propiconazole producing the highest yield.
Deoxynivalenol concentrations were also decreased from 3.8 pug g with no fungicide to 1.6 - 2.5
ug g1, with fungicide, with tebuconazole producing the lowest DON concentration (Jones,
2000). A study containing >100 uniform fungicide trials determined every tested triazole

fungicide significantly reduced FHB and DON, with metconazole and prothioconazole
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consistently being the most effective (Paul et al., 2008). Paul et al. (2008) also concluded a wheat
variety containing moderate resistance to FHB provided greater control than a susceptible variety
receiving a fungicide application. Therefore, varietal resistance can also be an effective tool to
minimize FHB incidence (Paul et al., 2008). D’angelo et al. (2014) reported applications of
prothioconazole + tebuconazole and metconazole were able to control FHB and DON incidence
adequately when applied up to 6 days after 50% early anthesis. Paul et al. (2010) reported
triazole-based fungicides applied at anthesis resulted in a 13 to 15% wheat yield increase and a
2.5 to 2.8% test weight increase. However, the magnitude of the yield increase depends on
fungicide active ingredient, wheat variety, and FHB background in the specific area (Paul et al.

2010).

In contrast to triazole fungicides, strobilurin fungicide applications have shown poor
control of FHB (Simpson et al., 2001; Blandino and Reyneri, 2009). In addition, strobilurin
fungicides can increase DON contamination of wheat grain (Simpson et al., 2001; Blandino and
Reyneri, 2009). The increase in DON contamination may be attributed to an increased infection
from Fusarium spp. as a result of a reduction in Microdochium nivale, a pathogen involved in the
symptomology of FHB, but not the formation of DON (Simpson et al., 2001; Pirogzliev et al.,
2003; Blandino and Reyneri, 2009). Blandino and Reyneri (2009) concluded the addition of a
strobilurin when compared to a triazole-only fungicide program at anthesis did not delay

senescence of the flag leaf or increase grain yield, however did increase DON contamination.

Fungicide and Nitrogen Fertilizer

Previous trials have reported greater individual input responses under intensive
management, suggesting synergy among various intensive technologies (Brinkman et al., 2014;

Bluck et al., 2015; Ruffo et al., 2015). Disease control and enhanced fertility programs are two
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main components of an intensive wheat management program (Oplinger et al., 1985; Beuerlein
et al., 1989). Previous research has observed synergistic effects between fungicide applications
and increased N fertilizer rates (Kelley, 1993; Brinkman et al., 2014). During environmental
conditions favoring high wheat yields, Kelley (1993) determined fungicide application only
significantly increased grain yield at the high N rate of 140 kg N haX. Brinkman (2014) observed
a fungicide yield response of 0.67 Mg ha* at the low N rate of 100 kg ha and a fungicide yield
response of 0.97 Mg ha® at the high N rate of 170 kg N ha*. Results suggest fungicides
applications may result in the greatest and most consistent yield responses when accompanied
with high rates of N. (Brinkman et al., 2014). However, synergistic effect may depend on

specific environment and variety selection (Kelley, 1993; Brinkman et al., 2014).
Micronutrients

Micronutrients are suggested as being reduced in the soil due to the increased dependence
on synthetic fertilizer and increased cropping intensity with higher yielding crops (Dewal and
Pareek, 2004). Micronutrient deficiency problems have only recently been recognized due to a
rise in intensive crop management systems utilizing elevated use of N, P, and K fertilizers, new
and higher yielding varieties, liming to adjust soil pH conditions, and increased use of chemicals
to control pests and diseases (Alloway, 2008). Zinc, Mn, B, Fe, Cu, and Mo are classified as the
most important micronutrients for plants (Welch et al., 1991). Deficiencies of these nutrients are
uncommon, but when they occur yield loss can be significant (Alloway, 2008; White and

Edwards, 2008).

In Michigan, micronutrient recommendations are based on soil test, soil pH, and
likelihood of crop response at low soil nutrient levels (Warncke et al., 2009). Literature states

wheat has a low likelihood of response to the micronutrients B and Zn, and a high likelihood to
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Cu and Mn (Warncke et al., 2009; Havlin et al., 2014). Michigan B recommendations are based
only on the likelihood of crop response at low nutrient availability (Warncke et al., 2009). Boron
tends to be deficient in coarse-textured soils due to leaching (Warncke et al., 2009). Zinc
recommendations are based on soil test value and soil pH (Warncke et al., 2009). Michigan soils
with a pH < 6.5 typically contain an adequate amount of Zn to meet crop needs (Warncke et al.,
2009). Zinc deficiency is likely to occur on the alkaline mineral soils of the lake-bed regions of
eastern Michigan and on neutral to alkaline organic soils (Warncke et al., 2009). Manganese
availability decreases as soil pH increases (Warncke et al., 2009). Wheat is highly responsive to
Mn, therefore soils high in pH or soils following a liming application may express a Mn
deficiency (Warncke et al., 2009). In Michigan, Cu is typically not deficient on mineral soils
with the exception of highly acidic, sandy soils that have been heavily cropped (Warncke et al.,
2009). Soil test values containing > 0.5 ppm Cu are considered adequate for wheat growth
(Warncke et al., 2009). Mallarino et al. (2015) determined the greatest possibility for a Cu and
Mn deficiency in wheat occurs on acidic, organic, or very sandy soils for Cu and calcareous soils

(pH >7.0) for Mn.

Different methods are used to apply micronutrients such as seed priming, soil application,
and foliar application, with foliar application being the most effective (Zain et al., 2015). Bameri
et al. (2012) reported improved root growth in wheat by foliar applying micronutrients which led
to an increase in uptake of macro- and micronutrients. Boorboor et al. (2012) observed an
increase in the percentage of seed protein and yield components when micronutrients are foliar
applied in barley (Hordeum vulgare). Zain et al. (2015) determined maximum wheat height and
maximum grain yield was produced from a foliar treatment containing Fe and Mn (Zain et al.

2015). Curtin et al. (2008) observed only a significant wheat yield response to Mn and not B and
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Zn on soils deficient in all three nutrients. Gupta et al. (1976) did not observe a significant
response from B application on yield of barley and wheat. Korzeniowska (2008) reported grain
yield increases between 8.6 to 15.2% from foliar applied B on 4 of 10 wheat varieties, suggesting

B response may be variety specific.

With micronutrient application there is a fine line between adequate nutrition and
toxicity, therefore applying too much of a certain micronutrient can result in toxic effects to the
wheat plant (White and Edwards, 2008). Under Mn deficiency, Ohki (1985) observed top dry
weight, net photosynthesis, and total chlorophyll reductions in affected wheat plants, yet
excessive Mn in solution also caused reductions of the same physiological factors. Mortvedt and
Cox (1985) determined foliar applications of Cu can cause leaf burn, however damage can be
minimized by keeping application rates at 0.25 to 0.5 kg Cu ha™*. Paull et al. (1988) observed
reductions in both wheat grain yield and total dry matter with increasing concentrations of B in
the soil (Paull et al., 1988). Gupta et al. (1976) observed applications of 2.24 and 4.48 kg ha™* of

B resulted in reduced grain yield and B toxicity symptoms on the leaves of barley and wheat.
Nitrogen Management

Nitrogen supply is important in nearly all processes of a growing wheat plant and must be
available throughout the growing season in order to maximize grain yield and quality (White and
Edwards, 2008). Nitrogen fertility is a primary factor in limiting the yield of winter wheat
(Nielsen and Halvorson, 1991). Nitrogen is required for root growth, tillering, and the production
of chlorophyll (White and Edwards, 2008). Nitrogen also allows for deeper rooting of a winter
wheat plant, allowing access to water and nutrients stored deeper in the soil (Brown, 1971). In
Michigan, N rate recommendations are based on yield potential of the wheat plant (Warncke et

al., 2009). However, unrealistic yield goals can result in excess N applied, causing groundwater
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contamination, delayed maturity, and/or increased plant lodging risk (Warncke et al., 2009).
Despite the risks and lack of research support, producers attempting to further increase wheat
yields apply N rates exceeding university recommendations, reporting yield increases with

upwards of 25 to 50% more N applied (Knott et al., 2016; Swoish and Steinke, 2017).

When N rate was increased from 100 kg ha™ to 170 kg ha, Brinkman et al. (2014)
observed a grain yield increase of 0.5 Mg ha*. Brinkman et al. (2014) also determined as N rate
was increased from 100 kg ha* to 170 kg ha* the average number of heads per square meter
increased from 680 to 720 and the number of kernels per head increased from 27.0 to 29.3
(Brinkman et al., 2014). Mascagani et al. (1997) observed yield increases in wheat of 11.5% for
101 kg N ha* and only 3.8% for 138 kg N ha*. Wang et al. (2014) concluded increasing the N
fertilizer rate from 120 to 240 kg ha™* did not further increase the grain yield of wheat.
Staggenborg et al. (2003) determined maximum wheat yield following grain sorghum required
112 kg N ha't and 94 kg N hal, whereas maximum wheat yield following soybean only required
94 kg N ha! and 70 kg N ha, during 1998 and 1999, respectively (Staggenborg et al. 2003).
Higher N requirement was likely due to the increased amount of residue following grain
sorghum which may result in more N immobilization as compared to soybean residue

(Staggenborg et al., 2003).

Greater N fertility increases above-ground biomass, thus increasing transpiration
demands of the wheat plant (Ritchie and Johnson, 1990). If water in the soil is not sufficient,
water stress can occur in high-N treatments causing decreased yields (Howell, 1990). Excessive
N fertilizer will also increase the probability that a crop will lodge before harvest (Brinkman et
al. 2014). Crook and Ennos (1995) determined increasing N from a rate of 160 kg N ha™* to 240

kg N ha! weakened the stems by 20%, lowered the anchorage strength by 17%, and decreased

15



the total bending strength of coronal root systems as compared to the wheat plants grown with
the lower N rate. Literature reports lodging can decrease yields by 23%, reduce test weight,
increase harvest losses, reduce the efficiency of harvest, and increase both mycotoxins and foliar
diseases of the wheat plant (Pinthus, 1973; Pumphrey and Rubenthaler, 1983; Roth et al., 1984;

Mascagni et al., 1997; Olesen et al., 2003; Nakajima et al., 2008).

Roth et al. (1984) reported grain yield decreases at N levels above 34 kg ha*, due to
elevated disease pressure. Mascagni et al. (1997) observed an increase in leaf rust severity as N
rate increased. Across all cultivars and environments, leaf rust ratings ranged from 5.8% for 67
kg N ha® rate to 9.4% for 134 kg N ha* (Mascagni et al., 1997). Increases in disease is often
caused by humid microclimates created due to dense canopies formed near the soil surface by the
wheat plant (Tompkins et al., 1992). Nielsen and Halvorson (1991) concluded increased levels
of N had the ability to increase both above ground biomass and below ground root growth, thus
increasing light interception and soil water availability, and ultimately resulting in greater yields
during water stress conditions (Nielsen and Halvorson, 1991). However, increased production of
biomass may draw on the products of photosynthesis, leaving little to store as water-soluble

carbohydrates for translocation during grain fill (White and Edwards, 2008).

Nitrogen level can also effect micronutrient concentrations in a wheat plant (Wang et al.
2014). Wang et al. (2014) indicated fertilizer N increased the Zn, Fe, and Cu concentrations in
the grain and shoot of the wheat plant. Manganese concentrations were increased in the shoot of
the wheat plant and decreased in the grain with N fertilization due to the slowed translocation of
Mn from vegetative tissue to grain following N fertilization (Wang et al. 2014). In both growing
seasons, increasing the N rate from 120 kg ha* to 240 kg ha* increased the Zn concentration in

the grain and shoot by an extra 30% and 45.8%, respectively (Wang et al. 2014). Doubling the N
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rate had only an effect on wheat Zn concentrations and not Fe, Cu, and Mn (Wang et al. 2014).
Nitrogen nutrition in plants may contribute to the activities of transporter proteins which are
significant in facilitating micronutrient translocation from vegetative tissues to grain (Curie et al.,

2009; Waters and Sankaran, 2011).
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CHAPTER 2
SOFT RED AND WHITE WINTER WHEAT RESPONSE TO INPUT-INTENSIVE

MANAGEMENT

Abstract

Record grain yields and climate variability have increased producer interest for intensive
(i.e., high-input) wheat (Triticum aestivum L.) management. The objective of this trial was to
investigate soft winter wheat response to several agronomic inputs across intensive and
traditional (i.e., low-input) management systems. A four site-year trial was established at
Richville and Lansing, MI during 2015 and 2016 to evaluate the following inputs: higher rates of
nitrogen (N) fertilizer, urease inhibitor (Ul), nitrification inhibitor (NI), fungicide, plant growth
regulator (PGR), and foliar micronutrients. Across four site-years, intensive management did not
increase yield compared to traditional management. In addition, traditional management
increased average economic net return by $221 ha*. With a reduced N rate, Richville 2016 yield
decreased 0.94 Mg ha! within the intensive system, suggesting greater N demand with intensive
management. Due to significant Lansing 2016 stripe rust (Puccinia striiformis f. sp. tritici),
fungicide addition to the traditional system increased yield 0.75 Mg ha*. Lansing 2017 yield
decreased 0.52 Mg ha* when Ul was removed from the intensive system, yet decreased 0.51 Mg
hat when Ul was added to the traditional system. Heavy rainfall, lack of urea hydrolysis, and N
rate likely contributed to the inconsistent Ul response. The 2016 and 2017 growing seasons
produced an overall absence of adverse environmental conditions which influenced negligible

input responses. Although yield increases were observed, no single input increased net return.
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Results suggest intensive management benefits are unlikely at current wheat prices and without

the presence of yield-limiting factors.

Introduction

Interest in maximizing wheat grain yield continues to increase due to consecutive record
yield averages of 5.44 and 5.98 Mg ha™* produced during the 2015 and 2016 Michigan growing
seasons, respectively (NASS, 2017; Swoish and Steinke, 2017). Additionally, increased
awareness of climate variability combined with soil spatial inconsistencies has motivated
producers to maximize grain yield by adopting more intensive wheat management systems
(Rosenzweig et al., 2001; Kravchenko et al., 2005; Crane et al., 2011; Swoish and Steinke,
2017). Intensive management commonly involves prophylactic applications of multiple inputs as
a form of risk insurance (Mourtzinis et al., 2016). In contrast, traditional management involves
minimal input applications justified utilizing university recommended integrated pest
management (IPM) practices (Marburger et al., 2016; Mourtzinis et al., 2016). Recent studies
have examined wheat response to commonly marketed inputs including additional N fertilizer,
urease inhibitor, nitrification inhibitor, plant growth regulator, foliar micronutrients, and
fungicide (Paul et al., 2010; Wang et al. 2015; Knott et al., 2016; Mohammed et al., 2016;
Swoish and Steinke, 2017). However, few studies exist investigating wheat grain yield and
profitability in response to multiple inputs applied individually and in combination across

intensive and traditional management systems.

Over time, N fertilizer application rates have risen simultaneous with gains in grain yield

(Swoish and Steinke, 2017). Michigan growers continue to report significant grain yield

29



increases with 25 to 50% more applied N than recommended despite multiple university trials
observing a lack of increased grain yield and N use efficiency from greater N application rates
(Kanampiu et al., 1997; Knott et al., 2016; Mourtzinis et al., 2017; Swoish and Steinke, 2017).
Nitrogen fertilizer was identified as the single most important input to maximize wheat yield
(Nielsen and Halvorson, 1991; White and Edwards, 2008) with growers often perceiving yield
loss from under-application as a greater risk than the cost of over-application (Mourtzinis et al.,
2017; Rutan and Steinke, 2017). However, excessive N applications have been shown to increase
disease pressure, plant lodging, and N leaching causing ground water contamination (Kanampiu
etal., 1997; Warncke et al., 2009; Brinkman et al., 2014). Producers continue to increase N rates
for maximum wheat yield and in doing so may further increase the need for additional inputs to
mitigate otherwise preventable risks from greater N (Knapp and Harms, 1988; Knott et al., 2016;

Salgado et al., 2017; Swoish and Steinke, 2017).

Mitigation of potential N losses is essential for maximizing wheat grain yield and nutrient
efficiency (Raun and Johnson, 1999; Mohammed et al., 2016). Michigan growers often utilize
spring (i.e., March - April) top-dress applications of N using surface-applied urea or urea
ammonia nitrate (UAN) which can enhance NHs-N volatilization losses further inhibiting N
availability and uptake (Terman, 1979; Warncke et al., 2009; Warncke and Nagelkirk, 2010).
Urease inhibitors (e.g., N-(n-butyl)-thiophosphoric triamide (NBPT)) are often applied with top-
dressed urea or UAN applications to delay NHz-N volatilization and improve the functionality of
urea-based fertilizers (Mohammed et al., 2016). Early spring applied urea + NBPT applied to
winter wheat has shown nearly a 66% reduction in NH3-N losses and a 3.1% increase in grain
yield when compared to urea without NBPT (Engel et al., 2011; Slaton et al., 2011). However,

NBPT can also be detrimental to wheat growth due to increased incidence of urea leaching and
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NH4-N toxicity (Joo et al., 1991; Dawar et al., 2002; Britto and Kronzucker, 2011). Positive
NBPT vyield responses are often inconsistent and not widely reported due to cool soil
temperatures, increased precipitation frequency, or lack of NH3-N volatilization conditions
during winter wheat spring N application timings (Mckenzie et al., 2010; Grant, 2014;

Mohammed et al., 2016; Rajkovich et al., 2017).

In addition to N loss from NHz-N volatilization, soil bacterial oxidation of NHs-N to
NOs-N can result in leaching and/or denitrification N losses (Mohammed et al., 2016; Franzen,
2017). Winter wheat spring N applications in Michigan have greater risk of leaching and/or
denitrification due to spring weather volatility (Warncke et al., 2009; Steinke and Bauer, 2017).
Nitrification inhibitors, (e.g., nitrapyrin [2-chloro-6-(trichloromethyl) pyridine]) can be added
with urea or UAN to inhibit the conversion of NHs-N to NOs-N thereby reducing the risk of
leaching and/or denitrification and allowing larger quantities of N to remain higher in the root
zone (Warncke et al., 2009; Trenkel, 2010). In Canada, spring urea-based fertilizer applications
containing nitrapyrin resulted in larger pools of NHs-N for at least 8 weeks after treatment and
increased total N by 25% as compared to untreated N fertilizer (Degenhardt et al., 2016). Rao
(1996) and Mohammed et al. (2016) observed a 7 - 24% and 5 - 17 % increase in wheat yield,
respectively, following incorporation of nitrapyrin onto urea-based fertilizers. However like
NBPT, yield responses are often inconsistent as yield increases from nitrapyrin applications are
only expected in the presence of climatic N loss conditions (Liu et al., 1984; Barker and Sawyer,

2017; Franzen, 2017; Steinke and Bauer, 2017; Sassman et al., 2018).

Greater than recommended N fertilizer rates, often associated with intensive
management, combined with high wind speeds and frequency from spring weather volatility can

increase the incidence of plant lodging prior to harvest (Brinkman et al., 2014; Knott et al., 2016;
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Swoish and Steinke, 2017; Kleczewski and Whaley, 2018). Plant lodging can interfere with plant
water and nutrient uptake, increase mechanical harvest difficulties, and reduce grain fill and
yield. (Knapp et al., 1987; Knapp and Harms, 1988; Van Sanford et al., 1989). Plant growth
regulators have proven successful in the shortening of plant height resulting in reduced lodging
incidence and crop loss (Knapp and Harms, 1988; Van Sanford et al., 1989). Trinexapac-ethyl
(TE) {ethyl 4-[cyclopropyl (hydroxyl) methylene]-3, 5-dioxocyclohexane-1-carboxylate} is a
PGR labelled to decrease plant height and therefore reduce lodging susceptibility caused by wind
damage (Rademacher, 2000; Swoish and Steinke, 2017). Trinexapac-ethyl inhibits the formation
of active gibberellins resulting in decreased stem elongation and stronger stem tissues
(Rademacher, 2000; Matysiak, 2006). In Michigan, TE applications decreased lodging 50 - 83%
and increased grain yield by 5% suggesting TE may be a beneficial risk management tool for
high yielding, intensively managed wheat (Swoish and Steinke, 2017). In contrast, Kleczewski
and Whaley (2018) observed no significant yield response to TE application due to the absence
of lodging. Recent literature suggests wheat response to PGR application may be dependent upon
lodging occurrence, environmental conditions, and varietal characteristics including plant height

and stem strength (Brinkman et al., 2014; Knott et al., 2016; Kleczewski and Whaley, 2018).

Perceived increased occurrence of plant tissue micronutrient deficiencies has raised
grower interest in foliar micronutrient applications for intensively managed systems (Sutradhar
etal., 2017). The increased use of synthetic fertilizers, new and greater yielding crop genetics,
and liming to increase soil pH have all been suggested to decrease soil micronutrient
concentrations and availability (Alloway, 2008). Michigan micronutrient recommendations are
based on soil test, soil pH, and crop responsiveness at low micronutrient availability (Vitosh et

al., 1995; Warncke et al., 2009). Greater emphasis has been placed on B, Mn, and Zn

32



deficiencies throughout Michigan field crops generating grower interest in foliar applications of
these specific nutrients to correct perceived deficiencies (Vitosh et al., 1995; Warncke et al.,
2009). In B, Mn, and Zn-deficient New Zealand soils, wheat grain yield was increased following
Mn application but not Zn or B (Curtin et al., 2015). Wheat grain yield was also not increased in
China or Canada following Zn or B application to soils deficient in each nutrient (Gupta et al.,
1976; Lu et al., 2012; Wang et al., 2015). University guidelines suggest wheat as responsive to
Mn but non-responsive to B and Zn, suggesting that only a Mn application is warranted on
deficient soils (Vitosh et al., 1995; Warncke et al., 2009). Local Midwest research documenting
wheat response to applications of B, Mn, and Zn is scarce, suggesting further research is needed

to understand wheat response to micronutrient applications.

Intensive management practices often incorporate fungicide application to control disease
and prevent yield loss (Beuerlein et al., 1989; Mourtzinis et al., 2017). Fusarium head blight
(FHB) (Fusarium graminearum) affects wheat yield potential and grain quality across both soft
red and soft white winter wheat production in Michigan (McMullen et al., 1997; Jones, 2000;
Nagelkirk and Chilvers, 2016). Environmental conditions including frequent rainfall, high
relative humidity, or heavy dew coinciding with anthesis and grain fill favors disease
development (McMullen et al., 1997). Fusarium head blight infection can result in grain yield
reductions through discolored and/or shriveled kernels and reduced marketability when
deoxynivalenol (DON) mycotoxin concentrations exceed 1 mg kg™ and 2 mg kg™ for Michigan
soft white and soft red winter wheat, respectively (McMullen et al., 1997; Jones and Mirocha,
1999; Jones, 2000; Nagelkirk and Chilvers, 2016). Previous research from >100 fungicide
efficacy trials determined triazole-based fungicide applications including prothioconazole {2-[2-

(1-chlorocyclopropyl0-3-(2-chlorophenyl)-2-hydroxypropyl]-1, 2-dihydro-3H-1, 2, 4-triazole-3-
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thione} and tebuconazole {alpha-[2-(4-chlorophenyl)ethyl]-alpha-(1,1-dimethylethyl)-1H-1, 2,
4-triazole-1-ethanol} significantly reduced FHB severity, increased grain yield, and reduced
DON contamination when applied directly to the grain head during anthesis (Paul et al., 2008).
Deoxynivalenol content reductions upwards of 57% and 18-23% increases in grain yield have
been observed following triazole fungicide application (Beyer et al. 2006; Blandino et al. 2006;
Paul et al. 2010). However, frequency of positive fungicide response will depend upon varietal
resistance, climatic conditions, and pathogen presence during wheat heading through kernel

ripening (Blandino et al., 2006; Paul et al., 2010).

The objectives of this trial were to investigate soft red and soft white winter wheat grain
yield and economic net return in response to high-N fertilizer, urease inhibitor, nitrification
inhibitor, plant growth regulator, fungicide, and foliar micronutrient applications across intensive
(i.e. high-input) and traditional (i.e. low-input) production systems. An omission trial design,
previously used in Midwest corn (Zea Mays L.) and soybean research to evaluate specific
intensive management factors (Bluck et al., 2015; Ruffo et al., 2015), was used to determine
whether the elimination of a specific input from an intensive management system or the
introduction of a specific input into a traditional management system significantly affected grain

yield or economic return.
Materials and Methods

Soft Red Winter Wheat (SRWW) field trials were conducted at the South Campus
Research Farm in Lansing, M1. (42°42°37.0”N, 84°28’14.6”W) on a Capac loam soil (fine-
loamy, mixed, active, mesic Aquic Glossudalfs). Pre-plant soil characteristics (0-20 cm) included
6.4 - 7.0 pH (1:1 soil/water) (Peters et al., 2015), 27 - 47 mg kg™ P (Bray-P1) (Frank et al.,

2015), 85 - 94 mg kg K (ammonium acetate method) (Warncke and Brown, 2015), 0.6 - 2 mg
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kg B (hot-water extraction) (Watson, 1998), 36 - 37 mg kg™ Mn (0.1 M HCI) (Whitney, 1998) ,
and 0.4 - 2.1 mg kg* Zn (0.1 M HCI) (Whitney, 1998). Calcium sulfate (0-0-0-16 N-P-K-S)
was broadcast at a rate of 18 kg S ha* in 2016 and 2017 while muriate of potash (MOP) (0-0-62
N-P-K) was broadcast at a rate of 70 kg K ha* in 2017 based on soil test. Fields were previously
cropped to corn harvested for silage and tilled prior to planting. Soft White Winter Wheat
(SWWW) trials were conducted at the Saginaw Valley Research and Extension Center in
Richville, MI (43°23°57.3”N, 83°41°49.7”W) on a Tappan-Londo loam soil (fine-loamy, mixed,
active, calcareous, mesic Typic Enduaquolls). Pre-plant soil characteristics (0-20 cm) included
6.6 - 7.8 pH, 23 - 46 mg kg1 P, 124 - 150 mg kg K, 0.5 - 6 mg kg B, 16 - 43 mg kg* Mn, and
1.2 - 3.6 mg kg Zn. Fields received broadcast applied calcium sulfate (0-0-0-16 N-P-K-S) at a
rate of 18 kg S ha' in 2016 and 2017. Fields were previously cropped to dry bean (Phaseolus
vulgaris L.) and soybean in 2016 and 2017, respectively, and tilled prior to planting. Both

Lansing and Richville were non-irrigated and tile-drained.

Locations included twelve-row plots measuring 2.5 m in width by 7.6 m in length with 19.1
cm row spacing. Plots were planted with a Gandy Orbit-Air Seeder coupled with John Deere
double disk openers at a plant population of 4.4 million seeds ha™ and arranged in a randomized
complete block design with four replications. Soft red winter wheat variety ‘Sunburst’ (Michigan
Crop Improvement Assoc., Okemos, M), a short strawed, high yielding, variety was planted at
Lansing on 29 Sept. 2015 and 23 Sept. 2016. Soft white winter wheat variety ‘Jupiter’ (Michigan
Crop Improvement Assoc., Okemos, M), a short strawed, high yielding, variety was planted at

Richville on 1 Oct. 2015 and 10 Oct. 2016.

Nitrogen was applied as UAN (28-0-0) utilizing a backpack sprayer equipped with

streamer bars (Chafer Machinery Ltd, Upton, UK) at the Feekes 3 growth stage. Traditional
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management system N rates were based on Michigan State University recommendations for the
Lansing and Richville locations. Traditional N rate treatments consisted of 100.9 kg N ha and
134.5 kg N ha for SRWW and SWWW, respectively. Intensive N rate treatments consisted of a
20 percent increase from traditional N rates (121.1 kg N ha™ and 161.4 kg N ha for SRWW and
SWWW, respectively). Urease inhibitor (Agrotain Advanced, N-(n-butyl)-thiophosphoric
triamide (NBPT) [1.04 ml kgt UAN]; Koch Agronomic Services LLC, Wichita, KS) and
nitrification inhibitor (Instinct 11, nitrapyrin [2-chloro-6-(trichloromethyl) pyridine] [2.7 L ha™];
Dow Agrosciences, Indianapolis, IN) were applied with UAN at Feekes 3. Foliar micronutrient
fertilizer (Max-In Ultra ZMB, 4% Zn (EDTA), 3% Mn (EDTA), 0.1% B (boric acid) [4.7 L ha
11; Winfield United LLC, St. Paul, MN) and plant growth regulator (Palisade EC, Trinexapac-
ethyl [0.8 L ha']; Syngenta Crop Protection, Cambridge, UK) were applied at Feekes 6 using a
backpack sprayer calibrated at 140.3 L ha* with Teejet XR8002 nozzles (Teejet Technologies,
Wheaton, IL). Fungicide (Prosaro 421 SC, prothioconazole {2-[2-(1-chlorocyclopropyl0-3-(2-
chlorophenyl)-2-hydroxypropyl]-1, 2-dihydro-3H-1, 2, 4-triazole-3-thione} and tebuconazole
{alpha-[2-(4-chlorophenyl)ethyl]-alpha-(1,1-dimethylethyl)-1H-1, 2, 4-triazole-1-ethanol}[0.6 L
ha']; Bayer CropScience Research Triangle Park, NC) was applied at Feekes 10.5.1 using a
backpack sprayer calibrated at 140.3 L ha™* with Teejet tt11002 nozzles (Teejet Technologies,

Wheaton, IL). Inputs applied simultaneously at the same growth stage were tank-mixed.

Omission treatment design was used to determine specific input responses (Table 2.01).
The omission design utilized two treatment controls, one containing all applied inputs (i.e.,
intensive management strategy) and one containing none of the applied inputs (i.e., traditional
management strategy) (Bluck et al., 2015; Ruffo et al., 2015). To evaluate individual input

effects, inputs removed from the intensive management system were compared only to the
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intensive management control and inputs added into the traditional management system were

only compared with the traditional management control (Bluck et al., 2015; Ruffo et al., 2015).

Average monthly temperature and total cumulative precipitation were recorded throughout
the growing season and obtained from Michigan State University Enviro-weather (Michigan
State University, East Lansing, MI). Temperature and precipitation 30-year means were obtained
from the National Oceanic and Atmospheric Administration (NOAA, 2017). Flag leaf tissue
samples for Zn, Mn, and B concentrations and mean plant height were collected at Feekes 9 and
Feekes 10.5.4, respectively. Visual estimates of percent flag leaf area affected by foliar disease
and/or percent grain heads affected by FHB were taken two and three weeks after fungicide

application.

Grain yield was harvested from the center 1.2 m of each plot utilizing a small-plot combine
(Almaco, Nevada, I1A) on 11 July 2016 and 9 July 2017 at Lansing and 12 July 2016 and 17 July
2017 at Richville and adjusted to 135 g kg moisture. Grain sub-samples were collected from
each plot and sent to the U.S. Wheat and Barley Scab Initiative mycotoxin testing laboratory
(University of Minnesota, St. Paul, MN) and evaluated for DON quantification. Due to the
susceptibility of SWWW variety ‘Jupiter’ to pre-harvest sprouting (Brown et al., 2017),
additional grain samples were taken from SWWW plots and evaluated for alpha-amylase activity
and pre-harvest sprouting incidence. Falling number procedure (Perten Instruments, Springfield,

IL) was used to determine alpha-amylase activity of SWWW flour and determine sprout damage.

Economic profitability was assessed using input cost estimates of US$96.37-153.20,
$13.34-27.70, $28.91, $39.14, $34.60, and $44.33 ha! in 2016 and $90.96-145.55, $12.60-20.16,
$29.62, $32.79, $31.51, and $43.27 ha in 2017 for urease inhibitor, nitrification inhibitor, plant

growth regulator, foliar micronutrient, and fungicide, respectively. An additional cost of $18.53
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and $17.30 ha™* for 2016 and 2017, respectively was incorporated as an application cost for N

fertilizer, plant growth regulator, foliar micronutrient, and fungicide. Net returns were calculated
by multiplying harvest grain price estimates of $1.71 and $1.87 kg in 2016 and $1.86 and $2.08
kg™ in 2017 for soft red and soft white winter wheat, respectively, by grain yield and subtracting
total treatment cost. Product, application, and harvest grain price estimates were taken from local

agriculture retailers and grain elevators.

Site years were analyzed separately due to a significant treatment by year interaction.
Locations were analyzed separately due to different SRWW and SWWW wheat varieties and
locally recommended N rates. Statistical analyses were performed using the GLIMMIX
procedure in SAS (SAS Institute, 2012) at o = 0.10. Replication was considered a random factor
in all experiments with all other factors considered fixed. Single degree of freedom contrasts
were used to determine treatment mean separations. Authors could not contrast input responses
across both the intensive and traditional management systems due to unequal comparisons

regarding treatments containing a specific input and treatments without that input.

Results and Discussion

Environmental Conditions

Growing season (March — July) precipitation differed by -27 and 4% and -9 and 14%
from the 30-yr mean during 2016 - 2017 at Richville and Lansing, respectively (Table 2.02).
May and June 2016 cumulative rainfall was 68 and 60% below the 30-yr mean for Richville and
Lansing, respectively, likely reducing wheat grain yield potential. April 2017 rainfall was 72-

82% above 30-yr means at both locations likely resulting in some degree of N loss conditions
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(e.g., leaching and/or denitrification). March 2016 air temperatures were 3.2 and 4.9°C above
average and April 2017 air temperatures were 2.9 and 2.5°C above average at Richville and
Lansing, respectively (Table 2.02). May through July mean air temperatures were within 10% of
the 30-yr mean across all four site-years. Delayed autumn planting, site-specific soil spatial
variability, and winter injury caused by cool February and March air temperatures with minimal
snow cover contributed to the below average grain yields observed at Richville during 2017

(Table 2.03).
Intensive vs Traditional Management Systems

Across site-years, locations, and both red and white wheat varieties, grain yield was not
significantly different between the intensive management control containing all inputs and the
traditional management control containing a recommended rate of N fertilizer (Table 2.03).
Intensively-managed wheat resulted in grain yields of 7.02 and 4.34 Mg ha at Richville and
5.25 and 6.69 Mg ha! at Lansing, as compared to 6.85 and 4.34 Mg ha* at Richville and 5.43
and 6.73 Mg ha! at Lansing for traditionally-managed wheat during 2016 and 2017,
respectively. An overall lack of adverse 2016 — 2017 environmental conditions including N loss,
micronutrient deficiency symptoms, plant lodging, and disease pressure resulted in minimal and
inconsistent input responses across all site-years. Additionally, SRWW and SWWW grain DON
concentration and SWWW falling number is not presented due to a lack of FHB and pre-harvest
sprouting incidence across all site-years. Richville 2017 site-specific variability causing a yield
coefficient of variation (CV) of 42 % also likely contributed to the lack of significant input
responses during the single site-year. However, no additional N loss, micronutrient deficiency
symptoms, disease, or plant lodging were observed. Results from the current study are consistent

with previous research and support university recommended IPM principles that suggest positive
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grain yield responses are not associated with specific input applications without the presence of
yield-limiting factors (Paul et al., 2010; Wegulo et al., 2012; Knott et al., 2016; Barker and

Sawyer, 2017; Rajkovich et al., 2017; Swoish and Steinke, 2017).
Economic Net Return

Across all four site-years, intensive management averaged a $346 ha™* treatment cost with
an average break-even yield of 2.3 Mg ha* as compared to the $127 ha* treatment cost and
break-even yield of 0.8 Mg ha™* for traditional management. Traditional management containing
only a university recommended N rate significantly increased net return per hectare in three of
four site-years compared to intensive management and averaged $221 ha* greater across all four
site-years (Table 2.04). The 20% greater N rate was the only individual input to significantly
increase net return per hectare in 1 of 4 site-years. Positive economic gains were only observed
with additional N within the intensive management system. Intensive management containing
20% greater N only produced an average net return of $686 ha* compared to $891 ha™ for the
traditional treatment at Richville in 2016 (Table 2.04). Data suggest that although increased N
rates positively impacted net return in an intensive system, utilization of a traditional
management system was still more profitable. July 2016 and 2017 wheat commaodity prices
received were the lowest in the last 8 years (NASS, 2017). Producers continue to perceive yield
loss as a greater risk than profit loss (Rutan and Steinke, 2017), however at current year wheat
prices, results suggest producers should place more emphasis on profitability rather than yield

loss protection when choosing to incorporate additional inputs.
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Nitrogen Rate

A 20% greater N rate did not significantly affect yield in any site-year within the
traditional management system (Table 2.03). Previous research from both Michigan and
Wisconsin concluded optimal wheat yields were produced with N rates between 52 — 84 kg N ha
! (Bauer, 2016; Mourtzinis et al., 2017). Results from this trial concur with previous traditional
management findings that suggested negligible grain yield increases occur with above-
recommended N rates when utilizing minimal input management systems (Vaughan et al., 1990,

Bauer, 2016; Knott et al., 2016; Mourtzinis et al., 2017; Swoish and Steinke, 2017).

In contrast to the traditional system, a significant grain yield decrease of 0.94 Mg ha*
occurred at Richville in 2016 when the 20% increased N rate was reduced to the recommended N
rate (Table 2.03). A similar albeit non-significant observation occurred at Lansing within the
intensive system where yield decreased 0.58 Mg ha and 0.15 Mg ha! in 2016 and 2017,
respectively, at the lower N rate. However, the lower SRWW intensive N rate (121.1 kg N ha'l)
at Lansing may have been insufficient to produce a significant yield response. Data from this
trial suggests potential greater N fertilizer demand with intensive management (Ruffo et al.,
2015) or a potential synergistic effect between additional inputs and the greater intensive N rate
(161.4 kg N hat) associated with SWWW as compared to the lower intensive N rate (121.1 kg N
hal) associated with SRWW. However, no other input resulted in a significant yield decrease
when removed from the Richville 2016 intensive system, causing difficulty in understanding
which specific input(s) interacted with the increased N rate. Previous research observed
significant interactions between fungicide application and increased N rates (140 kg N ha™*— 240
kg N hal) regardless of disease presence presumably due to an extended photosynthetic period

associated with fungicide application (Kelley, 1993; Dimmock and Gooding, 2002; Brinkman et
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al., 2014; Mourtzinis et al., 2017; Salagado et al., 2017). Application of multiple inputs can
enhance the green flag leaf area and extend grain fill resulting in increased plant N requirement

(Mourtzinis et al., 2017; Salgado et al., 2017).

Previous reports of greater individual input responses using intensive rather than
traditional management suggests synergy may exist depending upon the various intensive input
technologies utilized (Brinkman et al., 2014; Bluck et al., 2015; Ruffo et al., 2015). University
recommended N rates are based off the assumption that N response is independent of agronomic
factors other than yield (Warncke et al., 2009; Brinkman et al., 2014). Results suggest
recommended N rates proposed by Warncke et al. (2009) have the potential to supply sufficient
available N to optimize wheat yield when utilizing a low-input, traditional management system.
However, a greater N demand may occasionally be needed for an intensive management system
due to sufficient N being the primary source for significant input interactions (Mourtzinis et al.,
2017). Significant N rate responses were inconsistent across both site-years at Richville, with
site-specific variability potentially hindering a similar 2017 response as observed in 2016.
Further research is likely needed to investigate potential synergisms between inputs and N
fertilizer as a source for interactions across additional site-years to determine whether
recommended wheat N rates require adjustment based upon specific agronomic inputs and

management practices.
Urease Inhibitor

Utilizing a urease inhibitor resulted in a significant grain yield response in 1 of 4 site-
years across both management systems (Table 2.03). Lansing 2017 grain yield significantly
decreased 0.52 Mg ha™* when Ul was removed from the intensive system and significantly

decreased 0.51 Mg ha* when Ul was added to the traditional system. In all four site-years, UAN
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was applied to minimal residue, cool spring soils with rainfall occurring within 7 days following
N fertilizer application (Table 2.05). Environmental conditions encountered across all site-years
of this study suggest a response to Ul application should not have been expected due to a lack of
volatilization N loss conditions (Warncke et al., 2009; Ma et al., 2010; Franzen, 2017). Urease
inhibitor effects may also be less likely when utilizing UAN due to only 50% urea composition

(Hendrickson, 1992).

The 2017 growing season produced April rainfall totals 82 and 72% greater than the 30-
yr mean in Richville and Lansing, respectively (Table 2.02) with Lansing experiencing the
greatest cumulative rainfall (5.3 cm) within 1 week of N application (Table 2.05). Significant
rainfall following N application at Lansing in 2017 may suggest that N fertilizer was transported
beneath the soil surface, decreasing the risk of volatilization. In addition, although non-
significant, the High-N treatment was the only other input to give a negative yield response of
0.15 Mg ha'* when removed from the intensive system at Lansing in 2017 (Table 2.03). Yield
reduction observed from Ul removal following significant rainfall within the intensive system
suggests a potential synergistic effect occurred between application of both Ul and the SRWW
intensive N rate of 121 kg N ha™. Urea is an uncharged, mobile form of N that can readily move
through the soil profile under high moisture conditions (Fenn and Miyamoto, 1981; Dawar et al.,
2011). Adding a Ul while also receiving significant rainfall may delay urea hydrolysis and
promote leaching through the soil profile beyond the wheat root system (Dawar et al., 2011).
However, current results suggest the combination of a Ul with the SRWW intensive N rate
inhibited N transformation and accounted for potential N loss by supplying additional N to the

root zone (Dawar et al., 2011; Mohammed et al., 2016).
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In contrast to a positive yield response within the intensive management system, Ul
application significantly decreased grain yield within the traditional management system at 2017
Lansing (Table 2.03). The traditional system base-N rate of 100.9 kg N ha* was the lowest
among all SRWW and SWWW treatments allowing for smaller N losses to have a greater
potential reduction of plant available N. Similar yield reductions from Ul additions have been
observed in corn where UAN+UI applications were followed with 2.9 cm rainfall within 4 days
of N application (Murphy and Ferguson, 1997). Joo et al. (1991) observed decreased recovery of
plant and soil urea-derived N in turfgrass with the addition of a Ul due to a combination of
delayed hydrolysis and 13 cm rainfall within 7 days of N application. Due to the high frequency
of Michigan’s spring rainfall events often coinciding with wheat N application timings, Ul
application is unlikely to provide a yield benefit when applied individually under traditional
management and may result in additional risk of N loss when fertilizing within recommended N
guidelines. However, intensive management practices including a Ul application with a 20%
greater N rate may enhance N availability and offset some degree of N loss, thus enhancing N-

use efficiency (Hou et al., 2006; Dawar et al., 2011; Mohammed et al., 2016).
Nitrification Inhibitor

Nitrification Inhibitor did not significantly impact wheat grain yield across any of the
four site-years (Table 2.03). Lack of significant grain yield response in 2016 was likely due to
negligible risk of N leaching and/or denitrification from below 30-yr average April rainfall at
both locations (Table 2.02). Results were consistent with previous research indicating yield
gains from NI application are not expected when below average rainfall follows N application

(Nelson and Huber, 1980; Barker and Sawyer, 2017; Franzen, 2017; Steinke and Bauer, 2017).
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April 2017 rainfall followed N fertilizer applications and was 82% and 72% greater than
the 30-yr average at Richville and Lansing, respectively, suggesting a potential for N-loss
conditions (Table 2.02). Lansing received significant rainfall (5.3 cm) within 1 week of N
application (Table 2.05). Despite significant rainfall following N application, NI application did
not affect grain yield at either 2017 location. In spite of above average rainfall, insignificant
responses to NI application following N fertilization have been observed in recent literature
(Barker and Sawyer, 2017; Franzen, 2017; Maharjan et al., 2017; Sassman et al., 2018). Barker
and Sawyer (2017) observed no soil NOs-N or corn grain yield benefits from NI application on
fine-textured, poorly drained soils receiving 10.7 cm rainfall within 1 week of N application.
Authors attributed the lack of NI response to cool soil temperatures following N application,
resulting in delayed bacterial conversion of NH4-N to NO3-N (Barker and Sawyer, 2017).
Nitrification rates significantly decrease at soil temperatures < 15°C (Shammas, 1986). Both
Richville and Lansing average soil temperatures 1 week following N application were < 9°C and
<11°Cin 2017, respectively (Table 2.05), and may provide evidence that bacterial conversion of

NH4-N to NO3-N may have been slowed or delayed, thus reducing the risk of N loss.

In addition to cool soil temperatures, the specific formulation of nitrapyrin (Instinct® I1;
Dow Agrosciences, Indianapolis, IN) used in the current study may have contributed to the lack
of response (Ferrel, 2012; Franzen, 2017; Maharjan et al. 2017). Instinct® is a polymer-
encapsulated form of nitrapyrin that is ineffective until nitrapyrin is released from the
microcapsule (Ferrel, 2012). Ferrel (2012) observed a 300% increase in soil NH4-N
concentration when utilizing the NI dicyandiamide (DCD) as compared to Instinct®. Maharajan
et al. (2017) observed no corn yield benefits to Instinct® application despite significant rainfall

occurring the day of N application and in the two weeks following N application. Previous

45



research has observed poor Instinct® performance across various cropping systems and
environmental conditions (Ferrel, 2012; Franzen, 2017; Maharjan et al. 2017; Sassman et al.,
2018), with authors attributing poor performance to inadequate nitrapyrin availability from
microencapsulation (Ferrel, 2012; Franzen, 2017; Maharjan et al. 2017). Instinct® has been
suggested to delay release and reduce concentration of nitrapyrin during N applications and may
require greater application rates than labeled to inhibit nitrification (Ferrel, 2012; Franzen, 2017;

Maharjan et al. 2017).
Foliar Zn, Mn, and B

Foliar application of Zn, Mn, and B did not affect grain yield (Table 2.03). Pre-plant soil
test data showed B deficiencies (< 0.7 mg kg™?) in 2 of 4 site-years, Zn deficiencies (Zn
requirement = [(5.0 x pH) — (0.4 x soil test Zn mg kg™)] — 32) in 3 of 4 site-years, and no Mn
deficiencies (Mn requirement = [(6.2 x pH) — (0.35 x soil test Mn mg kg™)] — 36) in any site-year
(Table 6) (Warncke et al., 2009). Tissue samples from the uppermost leaf at Feekes 9 showed
deficiencies in B (< 6 mg kg?) in 3 of 4 site-years, Zn deficiency (< 21 mg kg™?) in 4 of 4 site-
years, and no Mn deficiency (< 16 mg kg™) in any site-year (Table 2.07). Soil and tissue nutrient
analyses suggested a potential response to foliar application of B and Zn (Vitosh et al., 1995).
However, despite soil and tissue deficiencies of B and Zn, plant deficiency symptoms were not

observed across any site-year.

University micronutrient recommendations are not solely based on soil or tissue test
levels but also incorporate crop sensitivity to low micronutrient availability (Vitosh et al., 1995;
Warncke et al., 2009). Crops categorized as sensitive to specific micronutrients have a high
likelihood of response to application once soil and tissue nutrient levels drop below sufficiency

ranges, while crops categorized as non-sensitive may not respond (Vitosh et al., 1995; Warncke
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et al., 2009). Previous literature and university guidelines suggest wheat as non-sensitive to B
and Zn, yet highly sensitive to Mn (Vitosh et al., 1995; Warncke et al., 2009; Havlin et al.,
2014). Therefore, yield increases from a combined foliar application of Zn, Mn, and B to wheat
may only occur in the presence of a Mn deficiency, which was not present in any site-year.
Results are supported by Curtin et al. (2008) who only observed a significant wheat yield
response to Mn and not B or Zn on soils identified as deficient in all three nutrients. Additionally
in Chinese and Canadian soils deficient in Zn (0.5 — 0.7 mg kg*) and B (0.6 mg kg™l),
respectively, wheat grain yield was not increased following Zn or B application (Gupta et al.,
1976; Lu et al., 2012; Wang et al., 2015). Current results suggest micronutrient applications may
only be warranted once crop-sensitive micronutrients decrease below sufficiency ranges,
stressing not only the importance of soil and tissue testing, but also the use of university fertilizer

guidelines before incorporating a micronutrient application.
Plant Growth Regulator

Plant growth regulator application did not affect grain yield in any site-year (Table 2.03).
Plant height reductions were inconsistent when PGR was applied individually in the traditional
system, resulting in one significant height reduction (5.8 cm) at Lansing in 2017 (Table 2.08).
Inconsistent height reductions following PGR application has also been reported by Knott et al.
(2016). Results contradict Matysiak (2006) and Wiersma et al. (2011) who observed 27 and 6%
height reductions, respectively, following PGR application. When the PGR was removed from
the intensive system, significant plant height increases were observed in two of four site-years.
Additionally, when the foliar micronutrient was removed from the intensive system, significant
plant height increases were observed in three of four site-years, suggesting a potential synergism

between the tank-mixed application of the PGR and foliar micronutrient. Foliar micronutrient
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(Max-IN® ZMB; Winfield United, St. Paul, MN) used in this trial contains a monosaccharide
adjuvant utilized to increase plant uptake of foliar-applied Zn, Mn, and B (Boring, 2013). Results
suggest the addition of this specific adjuvant may have allowed for an elevated and more

consistent plant uptake of the PGR resulting in a greater PGR-induced plant height reduction.

Plant lodging did not occur in any of the four site-years across both soft red and soft
white winter wheat varieties and management systems including N rates of up to 161.4 kg N ha™.
Both SWWW and SRWW varieties used in this study consisted of short-strawed, high stem
strength physical characteristics (Siler et al., 2017; Michigan Crop Improvement Assoc.,
Okemos, MI) which likely contributed to the lack of lodging and grain yield response to PGR
application. Results corresponded with recent research by Swoish and Steinke (2017) who
observed yield increases from PGR application only in the presence of lodging, which was more
consistent of a taller, weaker structured cultivar rather than adoption of greater N rates. Results
suggest motives for applying a PGR may depend more upon cultivar structure, susceptibility to
lodging, and average plant height data which are evaluated and accessible through university
variety trials (Siler et al., 2017), rather than management intensification (Knott et al., 2016;

Swoish and Steinke, 2017).
Fungicide

Adding a fungicide to the traditional management system increased yield 0.75 Mg ha in
1 of 4 site-years (Table 2.03). Fungicide removal from the intensive system did not significantly
affect grain yield at either location in 2016 or 2017. Fusarium head blight did not occur in any of
the four site-years. Below average May rainfall occurred across all site-years (Table 2.02). When
rainfall is deficient during the period of wheat anthesis or growth stage F10.5.1 (i.e., May),

decreased risks of FHB infection and subsequent DON accumulation occur. Lansing 2016 was
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the only site-year to experience significant foliar disease pressure predominantly caused by stripe
rust (Table 2.09). Stripe rust, rarely prevalent in Michigan, was identified as the most significant
wheat yield reducing factor in 2016 due to strong winds out of the western and southern U.S.
aiding fungal spore dispersal and local areas receiving adequate temperature, rainfall, and
humidity for disease growth (Chen, 2005; Siler et al., 2016). Lansing received 5.6 cm greater
April — June rainfall than Richville in 2016 likely creating an advantageous environment for

stripe rust development.

Visual assessment of flag leaf infection showed removal of fungicide from the intensive
system at Lansing 2016 increased disease presence 11.3% (Table 2.09). Addition of the
fungicide to the traditional management system reduced flag leaf disease presence 15%. Data are
supported by Chen (2014) who reported controlling wheat stripe rust incidence 42 - 100% with
triazole fungicide applications, resulting in 22 — 878% grain yield increases compared to non-
fungicide plots. Additionally, Salgado et al. (2017) observed triazole fungicide treatments
applied at Feekes 10 or 10.5.1 reduced wheat leaf rust (Puccinia triticina) in Ohio from 72 —
99%. Explanation for the non-significant yield response to fungicide in the presence of disease
despite significant visual control within the intensive system at Lansing remains unclear. Disease
suppression from inputs other than fungicide including foliar applied Mn and B have occurred
and been shown to decrease rust (Puccinia spp.) incidence in wheat (Huber and Wilhelm, 1988;
Datnoff et al., 2007). Results support previous findings by Paul et al. (2010) and Wegulo et al.
(2012), suggesting greatest fungicide impact occurred only in a high disease, minimal input

environment.
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Conclusions

Trial results demonstrated little evidence that an intensive management system utilizing
prophylactic applications of multiple inputs benefits wheat yield and/or producer economic
profitability without the presence of yield-limiting factors (e.g., disease presence, nutrient-loss
conditions, and variety-specific characteristics). The 2016 and 2017 growing seasons produced
negligible and inconsistent responses from applications of urease inhibitor, nitrification inhibitor,
plant growth regulator, foliar micronutrients, fungicide, and high N management on soft red and
soft white winter wheat grain yield. Although positive yield responses from an increase in N rate,
urease inhibitor, and fungicide were observed, economic net return was not greater than a
traditional management system utilizing only a university recommended N rate at current wheat
grain prices. Results appear to provide continued support for the use of university IPM programs
which emphasize both grain yield and profitability. Producers should look to incorporate a
management system that utilizes specific techniques (i.e. crop scouting, prediction models,
varietal resistance, nutrient recommendations) to minimize and justify input applications for
specific crop requirements and maximize profitability, rather than applying a suite of inputs as

risk insurance.
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Table 2.01. Overview of omission treatment design, treatment names, and inputs applied, 2016-

17.
Agronomic Inputs Applied
Treatment  Treatment Name UI" NI PGR® Fungicide" Micro” High-N'f
1 Intensive (1) Yes Yes Yes Yes Yes Yes
2 - Ul No Yes Yes Yes Yes Yes
3 I - NI Yes No  Yes Yes Yes Yes
4 | - PGR Yes Yes No Yes Yes Yes
5 | - Fungicide Yes Yes Yes No Yes Yes
6 I - Micro Yes Yes Yes Yes No Yes
7 | - High-N Yes Yes Yes Yes Yes No
8 Traditional (T) No No No No No No
9 T+ Ul Yes No No No No No
10 T+ NI No Yes No No No No
11 T+ PGR No No  Yes No No No
12 T + Fungicide No No No Yes No No
13 T + Micro No No No No Yes No
14 T + High-N No No No No No Yes
15 Check No No No No No No

T N-(n-butyl)-thiophosphoric triamide urease inhibitor (Ul) applied at a rate of 1.04 ml kg™* UAN at F3 growth

stage.

1 Nitrapyrin nitrification inhibitor (NI) applied at a rate of 7.71 L ha'* at F3 growth stage.

§ Trinexapac-ethyl plant growth regulator (PGR) applied at a rate of 0.8 L ha* at F6 growth stage.
1 Prothioconazole + tebuconazole fungicide applied at a rate of 0.6 L ha* at F10.5.1 growth stage.
# Foliar micronutrient fertilizer containing Zn, Mn, B applied at a rate of 4.68 L ha* at F6 growth stage.

1% High-nitrogen applied at a rate of 121.1 and 161.4 kg ha* for Lansing and Richville locations, respectively.
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Table 2.02. Mean monthly temperature and precipitation® for the winter wheat growing season,
Richville and Lansing, MI, 2016-17.

Site Year Mar. Apr. May Jun. Jul. Total
____________________ - Cm o o
Richville 2016 10.1 3.3 1.6 4.0 8.8 27.9
2017 4.8 14.7 5.0 12.3 2.8 39.6
30-yrt 4.9 8.1 8.4 9.0 7.9 38.2
Lansing 2016 10.1 7.5 5.2 1.8 9.6 34.2
2017 7.6 13.2 6.5 8.4 6.7 42.5
30-yr 5.2 7.7 8.5 8.8 7.2 37.4
_________________ -°C e ————————
Richville 2016 3.6 5.6 14.8 19.7 22.6 --
2017 0.7 10.3 13.7 20.4 211 --
30-yr 0.4 7.4 13.2 18.7 20.9 --
Lansing 2016 5.6 7.5 14.8 20.3 23.0 --
2017 1.1 11.1 13.5 19.9 21.8 --
30-yr 1.7 8.6 14.3 19.8 21.9 --

T Precipitation and air temperature data were collected from Michigan State University Enviro-weather
(https://enviroweather.msu.edu/).

1 30-yr means were obtained from the National Oceanic and Atmospheric Administration
(https://www.ncdc.noaa.gov/cdo-web/datatools/normals).
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Table 2.03. Wheat grain yield for Richville and Lansing, MI, 2016-17. Mean grain yield of
intensive and traditional control treatments displayed. All other treatments display change in
grain yield from respective intensive or traditional control using single degree of freedom
contrasts.

2016 2017
Treatment? Richville Lansing Richville Lansing
----------------------------------- Mg hat ——-mmeeee

Intensive (1) 7.02 5.25 4.34 6.69
|- U -0.39 +0.40 +1.09 -0.52*
I - NI -0.32 +0.15 +1.54 +0.35
I - PGR -0.57 -0.08 +1.11 +0.32
| - Fungicide -0.56 0.0 -0.63 +0.05
| - Micro -0.17 +0.65 +1.01 +0.20
| - High-N -0.94* -0.58 +1.16 -0.15
Traditional (T) 6.85 5.43 4.34 6.73
T+UIB +0.40 -0.18 +0.03 -0.51*
T+ NI -0.32 +0.23 +0.10 -0.20
T+ PGR +0.30 +0.10 -1.22 -0.29
T + Fungicide -0.05 +0.75* +0.18 +0.07
T + Micro 0.0 +0.50 +0.13 -0.41
T + High-N -0.05 +0.23 -0.67 +0.06
Check* 4.25 4.52 2.79 3.21
Ivs. T ns' ns ns ns
CV% 11.25 1751 42.25 10.19

* Significantly different at a=0.1 using single degree of freedom contrasts.

+ N-(n-butyl)-thiophosphoric triamide urease inhibitor (Ul), nitrapyrin nitrification inhibitor (NI), trinexapac-ethyl
plant growth regulator (PGR), 20% increase in nitrogen fertilizer rate (High-N).

$Values in | w/o input rows indicate a yield (Mg ha*) change from respective intensive (1) treatment.

8Values in T w/ input rows indicate a yield (Mg ha't) change from respective traditional (T) treatment.

1 Non-significant a=0.1 using single degree of freedom contrasts.

# Non-treated check containing no fertilizer or additional inputs was not included in statistical analysis.

54



Table 2.04. Economic net return for Richville and Lansing, MI, 2016-17. Mean net return of
intensive and traditional control treatments displayed. All other treatments display change in net
return from respective intensive or traditional control using single degree of freedom contrasts.

2016 2017

Treatment® Richville Lansing Richville Lansing

---------------------------------- DR e — oo
Intensive (1) 686.14 385.31 374.74 694.06
I - UIF -38.88 +68.63 +203.79 -63.98
I - NI -24.79 +49.99 +289.65 +81.96*
I - PGR -46.13 +35.20 +220.09 +80.51*
| - Fungicide -38.05 +67.39 -43.69 +69.53
| - Micro +4.81 +124.35* +200.83 +59.55
| - High-N -118.48* -55.83 +222.57 -1.40
Traditional (T) 891.41 635.91 592.25 905.86
T+ U +45.85 -39.98 -11.99 -88.79*
T+ NI -81.60 +2.13 -45.76 -60.33
T+ PGR -15.44 -48.77 -255.94 -94.68*
T + Fungicide -73.57 +35.70 -31.57 -51.68
T + Micro -54.91 +13.82 -27.02 -110.12*
T + High-N -31.08 +17.76 -136.59 -8.69
Check? 643.16 620.38 469.67 483.49
Ivs. T * * ns' *
CV% 14.99 10.20 61.11 12.84

* Significantly different at a=0.1 using single degree of freedom contrasts.

+ N-(n-butyl)-thiophosphoric triamide urease inhibitor (Ul), nitrapyrin nitrification inhibitor (NI), trinexapac-ethyl
plant growth regulator (PGR), 20% increase in nitrogen fertilizer rate (High-N).

$Values in I w/o input rows indicate a net return (US$ ha*) change from respective intensive (1) treatment.
8Values in T w/ input rows indicate a net return (US$ ha*) change from respective traditional (T) treatment.

1 Non-significant a=0.1 using single degree of freedom contrasts.

# Non-treated check containing no fertilizer or additional inputs was not included in statistical analysis.
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Table 2.05. Mean weekly soil temperature and precipitation® following wheat N fertilizer
application, Richville and Lansing, MI, 2016-17.

Site Year Day 1-7 Day 8-14 Day 15-21 Day 22-28
_____________________________ - Cm - [p— —— R ——
Richville 2016 2.8 0.7 0.0 15
2017 2.5 3.2 0.0 1.9
Lansing 2016 2.5 3.2 0.0 1.9
2017 53 0.5 2.9 3.9
_____________________________ --°C [
Richville 2016 3.4 3.3 9.6 9.8
2017 10.2 11.0 8.9 10.0
Lansing 2016 7.3 4.5 10.0 12.3
2017 8.9 13.3 14.8 12.7

T Precipitation and soil temperature (0-5 cm) data were collected from Michigan State University Enviro-weather

(https://enviroweather.msu.edu/).
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Table 2.06. Site year and soil descriptions, soil chemical properties, and mean P, K, B, Mn, and
Zn soil test (0 — 15 cm) nutrient concentrations obtained prior to winter wheat planting, Richville
and Lansing, Ml, 2016-17.

Soil Soil Test'
Site Year Description P K B Mn Zn pH CEC
-------------- T R — cmolc kg
Richville 2016 Tappan-Londo Loam 23 150 6 43 1.2 7.8 16.7
2017 Tappan-Londo Loam 46 124 05 16 3.6 6.6 5.6
Lansing 2016 Capac Loam 27 94 2 35. 04 6.4 9.1
2017 Capac Loam 47 8 06 37 21 7.0 10.4

1P phosphorus (Bray—P1); K potassium (ammonium acetate extractable K); Zn zinc (0.1 M HCI); Mn manganese
(0.1 M HCI); B boron (hot-water extraction).
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Table 2.07. Winter wheat flag leaf B, Mn, and Zn tissue nutrient concentrations taken from non-
treated plots at Feekes 9 growth stage, Richville and Lansing, MI, 2016-17.

Tissue Micronutrient Concentration

Site Year B Mn Zn
----------------------------------- mg kg?
Richville 2016 2 20 16.5
2017 33 21.8 19.8
Lansing 2016 5 44 195
2017 9.3 22 15

1 B boron (ICP mass spectroscopy); Mn manganese (ICP mass spectroscopy); Zn zinc (ICP mass spectroscopy).
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Table 2.08. Plant growth regulator (PGR) and foliar micronutrient effects on Feekes 10.5.4 mean
winter wheat plant height, Richville and Lansing, MI, 2016-17.

Treatment
Site Year Intensive (I) 1-PGRT 1-Micro Traditional (T) T+PGR! T+ Micro
____________________ - - Cm i e
Richville 2016 719 +1.3 +1.2 73.8 +3.8 +1.6
2017 63.9 +11.6* +8.8* 70.1 -4.3 +3.5
Lansing 2016 70.5 +4.6 +8.7* 77.4 -1.3 +0.6
2017 71.8 +10.5* +7.1% 81.2 -5.8* +0.3

* Significantly different at a=0.1 using single degree of freedom contrasts.
T Values in w/o input column indicate a plant height (cm) change from respective intensive (I) treatment.
i Values in w/input column indicate a plant height (cm) change from respective traditional (T) treatment.
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Table 2.09. Effect of Feekes 10.5.1 fungicide on wheat foliar disease presence three weeks after
application, Richville and Lansing, MI, 2016-17.

Treatment
Site Year Intensive (1) | - Fungicide”  Traditional (T) T + Fungicide*
------------------------------ % leaf area affected -
Richville 2016 0.08 0.0 0.0 0.0
2017 0.0 0.0 0.0 0.0
Lansing 2016 6.8 +11.3* 21.8 -15.0*
2017 0.0 0.0 0.0 0.0

* Significantly different at 0=0.1 using single degree of freedom contrasts.

+ Values in I w/o fungicide column indicate a leaf area affected (%) change from respective intensive (I) treatment.
i Values in T w/ fungicide column indicate a leaf area affected (%) change from respective traditional (T) treatment.
8 Years and locations containing all values of 0.0 indicate years and locations that did not receive foliar disease

pressure.
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CHAPTER 3

SOYBEAN RESPONSE TO POULTRY LITTER, POTASSIUM THIOSULFATE,

FOLIAR MICRONUTRIENTS, AND FUNGICIDE

Abstract

Increased commaodity price, greater acres planted, and commercial marketing has
encouraged soybean [Glycine max (L.) Merr.] producers to adopt high-input management
systems for maximum grain yield. A three site-year trial was established in Michigan to
investigate soybean grain yield and profitability in response to poultry litter (PL), potassium
thiosulfate (KTS), foliar micronutrient, and fungicide applications across intensive (i.e. high-
input) and traditional (i.e. low-input) management systems. Poultry litter was broadcast and
incorporated prior to planting, KTS and foliar micronutrient were surface-banded and foliar
applied, respectively, at R1, and fungicide was foliar applied at R3. Across all site-years,
intensive management did not significantly increase soybean grain yield compared to traditional
management. Due to non-observable nutrient deficiencies and lack of significant plant disease
pressure during 2016 and 2017, no single input applied significantly increased grain yield. In
addition, traditional management significantly increased producer economic net return by an
average of $501 ha’. Potassium thiosulfate significantly decreased net return in 1 of 3 site-years
and PL significantly decreased net return in all three site-years due to a lack of positive yield
response and high individual input cost. Data suggest limited potential for intensive management
systems to increase soybean grain yield and profitability without the presence of yield-limiting

factors.
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Introduction

Since 2007, soybean commodity prices increased 21% compared to a 1% decrease for
corn (Zea mays L.) (NASS, 2017). During the same time period, soybean yield and total acres
planted in Michigan increased by 8 and 28%, respectively (NASS, 2017). Increased price paid,
production, and commercial marketing has encouraged soybean producers to adopt high-input
management in which a greater number of agronomic inputs are applied to maximize yield and
profitability (Gregg et al., 2015; Marburger et al., 2016; Orlowski et al., 2016). Additionally,
increased adoption of input-intensive soybean systems combined with the introduction of new
genetics have some individuals questioning older (> 20 yrs.) university nutrient recommendation
guidelines (Vitosh et al., 1995; Brooker et al., 2017). Unrealized yield potential due to perceived
nutrient deficiencies caused by elevated crop nutrient removal via greater grain yield is another
concern (Nelson et al., 2005; Bender et al., 2015; Bluck et al., 2015; Brooker et al., 2017).
However, many of the inputs being applied to combat producer concerns contain limited,

unbiased information validating the proposed benefits (Marburger et al., 2016).

Poultry litter is one input that has garnered interest due to purported soil quality and grain
yield benefits compared to commercial N, P, and K fertilizers (Adeli et al., 2005; Watts and
Torbert, 2011). Adeli et al. (2005) observed 8-10% vyield increases from at-plant PL applications
compared to commercial fertilizer due to added availability of secondary and micronutrients.
Direct manure application to soybean enhanced plant biomass, nutrient uptake, nutritional status,
and seed composition of P, K, secondary, and micronutrients (Adeli et al., 2005; Slaton et al.,
2013). In addition, continuous applications of PL may increase concentrations of soil macro- and

micronutrients, soil organic matter (SOM), soil cation exchange capacity, and decrease risk from
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soybean cyst nematode (Wood et al., 1996; Morant et al., 1997; Adeli et al., 2005; Watts et al.,

2010).

Increased acreage and grain yield, more frequent weather volatility, and soil compaction
have allowed greater opportunity for potassium (K) deficiencies to develop in soybean (Nelson
et al. 2005; Nelson and Motavelli, 2007; Nelson et al., 2010). In addition, soybean grain K
removal is greater than other grain crops causing the perception of additional K need beyond
recommended guidelines (Warncke et al., 2009; Clover and Mallarino, 2013). Inadequate
soybean K levels can decrease pods per plant, seeds per pod, seed weight, photosynthetic
assimilates, and increase soybean aphid populations (Nelson et al. 1945; Bharati et al., 1986;
Walter and Difonzo, 2007; Pettigrew, 2008). In-season K applications are marketed to provide
additional K at peak soybean uptake (Bender et al., 2015; Gaspar et al., 2017) and minimize
potential K deficiencies caused by variable soil properties, management practices, and
environmental conditions (Nelson et al. 2005). However, positive results from in-season K
fertilizer applications are often dependent on soil test K levels and the environmental conditions
present (Hag and Mallarino, 2000; Nelson et al., 2005). During drought conditions that inhibited
soybean K uptake, Nelson et al. (2005) observed increased soybean yield (0.73-0.83 Mg ha™)
from foliar K applications at the V4 and R1-R2 growth stages. In contrast, Haq and Mallarino
(2000) observed inconsistent response to in-season K fertilization due to above critical soil test K

concentrations and optimal environmental conditions allowing for adequate nutrient uptake.

Lack of atmospheric sulfur (S) deposition and increased S response in corn have growers
considering S applications to soybean (Dick et al., 2008; Kaiser and Kim, 2013). Soybean yield
response to S may be site-specific depending upon SOM content, cropping history, and

environmental factors affecting S mineralization (Kaiser and Kim, 2013). Bluck et al. (2015) did
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not observe a positive soybean yield response to S fertilization across 10 Ohio locations due to
uppermost R1 trifoliate S tissue concentrations within the sufficiency range of 2.1 to 4.0 g kg™
(Vitosh et al. 1995) and no visual S deficiency symptoms. Kaiser and Kim (2013) observed a
positive soybean grain yield response to S when SOM concentrations were < 20 g kg™. In
Michigan, Thurgood (2014) did not observe a positive yield response to S fertilization and
concluded residual soil S and mineralized S from SOM were sufficient for optimal plant growth.
Previous trials concluded that consideration of all potential S sources (i.e. SOM, residual soil S,
and S-deposition) is critical when determining soybean S needs. (Kaiser and Kim, 2013;

Thurgood, 2014).

Decreased soil micronutrient availabilities has been suggested due to more intensive
cropping systems, greater yielding varieties, and increased concentration and purity of
synthetic fertilizers (Alloway, 2004; Dewal and Pareek, 2004). In Ohio, Bluck et al. (2015)
observed a significant 0.54 Mg ha'! yield increase from Mn application due to reduced plant
availability on a dry, sandy soil. Enderson et al. (2015) and Sutradhar et al. (2017) concluded
foliar or soil applied B, Mn, and Zn individually and in combination did not significantly
increase yield across 54 locations. Mallarino et al. (2017) summarized 88 — 99 field trials from
lowa, Kansas, and Minnesota and observed one significant yield response to Mn application
and no significant responses to applied Zn and B. In Michigan, micronutrient
recommendations are based on soil micronutrient concentration, soil pH, and crop
responsiveness with soybean classified as moderate and highly responsive to Zn and Mn,
respectively (Vitosh et al., 1995; Warncke et al., 2009). Soybean Mn and Zn tissue

concentrations are considered below sufficiency at < 21 g kg™t when sampled from the upper-
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most trifoliate at R1 (Vitosh et al., 1995; Bluck et al., 2015), with both deficiencies likely to

occur on high pH, calcareous soils (> 7.0) (Warncke et al., 2009; Mallarino et al., 2017)

Despite below threshold levels of disease, growers are increasingly adopting
prophylactic fungicide applications to enhance soybean yield (Swoboda and Pedersen, 2009;
Henry et al., 2011; Mourtzinis et al., 2016). Strobilurin-based fungicides have displayed a
wide range of effectiveness against varying types of fungi and plant physiological
enhancements including increased leaf greenness, water use efficiency, chlorophyll content,
and delayed senescence (Grossman and Retzlaff, 1997; Bartlett et al., 2002). However, positive
responses to fungicide application in more recent literature have been inconsistent. Mourtzinis
et al. (2017) observed a 3.6 and 5.4% soybean yield increase with low disease incidence in
2014 and 2015, respectively. Similarly, Henry et al. (2011) and Orlowski et al. (2016) observed
soybean yield increases of 3.5 and 4.6% from pyraclostrobin applications, respectively, in the
absence of disease. In contrast, Swoboda and Pedersen (2009), Gregg et al. (2015), and Ng et
al. (2018) found no differences in soybean grain yield and yield components (i.e., pods per
plant, seeds per pod) from fungicide applications within an environment lacking disease

presence.

Until recently, few studies have examined soybean grain yield and economics in response
to specific inputs applied individually or in combination across various management systems
(Bluck et al., 2015; Marburger et al., 2016; Orlowski et al., 2016). To the authors’ knowledge, no
peer-reviewed research has examined individual and combined applications of poultry litter,
potassium thiosulfate, foliar micronutrients, and fungicide to soybean. The objective of this trial
was to investigate soybean grain yield and economic net return in response to poultry litter,

potassium thiosulfate, micronutrient, and fungicide applications across intensive (i.e. high-input)
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and traditional (i.e. low-input) production systems. An omission trial design, previously used in
Midwest corn and soybean research to evaluate intensive management factors (Bluck et al.,
2015; Ruffo et al., 2015), was used to determine whether the elimination of a specific input from
an intensive management system or the introduction of a specific input into a traditional

management system significantly affected grain yield or economic profitability.

Materials and Methods

Soybean trials were initiated at the Saginaw Valley Research and Extension Center
(SVREC) near Richville, MI (43°23°57.3”N, 83°41°49.7”W) on a non-irrigated, tile-drained
Tappan-Londo loam soil (fine-loamy, mixed, active, calcareous, mesic Typic Enduaquolls) in
2016 and at two locations including SVREC and the Michigan State University South Campus
Field Research Farm in Lansing, MI (42°42°37.0”N, 84°28°14.6”W) on a non-irrigated, tile-
drained Capac loam soil (fine-loamy, mixed, active, mesic Aquic Glossudalfs) in 2017. Fields
were previously cropped to corn (Zea mays L.) and cultivated prior to planting. Soil samples
were collected prior to planting at a 20 cm depth and analyzed for soil chemical properties (Table

3.01).

Trials were arranged in a randomized complete block design with four replications and
utilized an omission treatment design (Table 3.02) to evaluate the effects of poultry litter,
potassium thiosulfate, foliar micronutrients, and fungicide. Omission treatment designs utilize
two treatment controls, one containing all applied inputs (i.e., intensive management) and
another containing no applied inputs (i.e., traditional management) (Bluck et al., 2015; Ruffo et
al., 2015). To evaluate treatment effects, inputs are individually removed from the intensive

system and compared only to the intensive management control and individually added to the
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traditional system and only compared to the traditional management control (Bluck et al., 2015;

Ruffo et al., 2015).

Individual six-row plots measured 4.6 m x 12.2 m with a 76 cm row spacing. Plots were
planted with a six-row Monosem planter (Monosem Inc., Edwardsville, KS) on 9 May 2016 at
Richville and on 28 Apr. 2017 and 12 May 2017 at Richville and Lansing, respectively. Soybean
variety ‘Asgrow 2433’ (Monsanto Co., St. Louis, MO), was seeded in all site-years to a plant
population of 331,121 seeds ha™. Poultry litter (4-3-2 N-P-K) was broadcast and incorporated
prior to planting at a rate of 2,242 kg ha*. Potassium thiosulfate fertilizer (0-0-25-17 N-P-K-S)
was surface-banded at R1 at a rate of 28 L ha. Foliar Zn, Mn, and B (Max-In Ultra ZMB, 4%
Zn (EDTA), 3% Mn (EDTA), 0.1% B (boric acid); Winfield United LLC., St. Paul, MN) and
fungicide (Stratego YLD; prothioconazole {2-[2-(1-chlorocyclopropyl)-3-(2-chlorophenyl)-2-
hydroxypropyl]-1, 2-dihydro-3H-1, 2, 4-triazole-3-thione} and trifloxystrobin {(E,E)-alpha-
(methoxyimino)-2-[[[[1-3-(trifluoromethyl)phenyl]ethylidene]amino]oxy]methyl]-methylester};
Bayer CropScience Research Triangle Park, NC) were applied at labelled rates at R1 (4.67 L ha’
1y and R3 (0.34 L hal), respectively, utilizing a backpack sprayer calibrated at 140 L ha* with

Teejet XR8002 nozzles (Teejet Technologies, Wheaton, IL).

Leaf nutrient analysis was collected from the uppermost, fully developed trifoliate of 20
plants per plot. Average monthly temperature and total cumulative precipitation were recorded
throughout the growing season and obtained from Enviro-weather
(http://www.agweather.geo.msu.edu/mawn/, Michigan State University, East Lansing, MI).
Grain yield was harvested from the center 1.5 m of each plot using a small-plot combine
(Almaco, Nevada, 1A) on 11 Oct. 2016 at Richville and 2 Oct. 2017 at Richville and Lansing and

adjusted to 135 g kg moisture.
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Economic analysis was performed using local product cost estimates of $355.83, $34.60,
$34.60, and $42.63 ha in 2016 and $331.12, $34.60, $31.51, and $42.28 ha in 2017 for poultry
litter, potassium thiosulfate, foliar micronutrients, and fungicide, respectively. Application costs
were $18.53 and $17.30 ha! in 2016 and 2017, respectively. Application cost of $34.60 ha™ was
estimated for surface band applications of KTS in 2016 and 2017. Net returns were calculated by
subtracting total treatment cost from gross revenue (soybean cash price estimates of $0.35 kg in
2016 and $0.32 and $0.33 kg™ in 2017 for Richville and Lansing, respectively x grain yield).
Product, application, and harvest grain price estimates were received from local agriculture

retailers and grain elevators.

Results were determined significantly different between years (P > 0.10) and analyzed
separately. Replication was considered a random factor with all other factors considered fixed.
Data analysis was performed in SAS Version 9.4 (SAS Institute Inc., Cary, NC) using the
GLIMMIX procedure at a = 0.10. Single degree of freedom contrasts were used to assess
differences between treatment means. Within an omission treatment design, factors removed
from the intensive management system are contrasted only to the intensive management control
containing all inputs and factors added to the traditional management system are contrasted only

to the traditional management control containing none of the inputs (Bluck et al., 2015).

Results and Discussion

Environmental Conditions

Total growing season (May-Sept) rainfall was 13.6, 16.6, and 14.8 cm below the 30-year
mean at 2016 and 2017 Richville and 2017 Lansing, respectively (Table 3.03). May and June

2016 rainfall was 7 and 6 cm below the 30-year mean, respectively, at Richville. However, July
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rainfall was within 0.5 cm of normal and August was 4.5 cm above the 30-year mean likely
providing sufficient moisture for late soybean reproductive stages and grain fill. July and August
2017 rainfall was 6.5 cm and 3 cm below the 30-year mean, respectively, at Richville and 1.5
and 5 cm below the 30-year mean, respectively at Lansing. Dry mid-summer 2017 soil
conditions likely contributed to moderate yield reductions when compared to 2016. Air
temperatures ranged 1.1 — 3.6°C higher in every month of the growing season in 2016, while
2017 air temperatures were within two degrees of the 30-year mean at both locations.

Intensive vs. Traditional Management Systems

No significant yield differences were observed between the intensive management system
(i.e., containing all applied inputs) and the traditional management system (i.e., containing no
applied inputs) (Table 3.04). Each site-year had below average rainfall, minimal foliar disease
incidence, and a corn-soybean rotation averaging 30 g kg™t SOM with the capacity to supply
sufficient macro- and micronutrients. Environmental conditions in the current study contributed
to the overall lack of input responses since adverse conditions (e.g., disease pressure, nutrient
deficiencies) warranting specific input responses were not present. Results from the current study
are supported by recent research from Ohio, Kentucky, and Wisconsin which observed
inconsistent and overall non-significant soybean yield increases from multiple prophylactic input
applications without the presence of adverse environmental conditions including disease, insects,

and nutrient deficiencies (Bluck et al., 2015; Gregg et al., 2016; Mourtzinis et al., 2016).
Economic Net Return

Intensive soybean management containing all applied inputs required additional product
and application costs totaling $557.85 ha™ and $526.01 ha in 2016 and 2017, respectively,

compared to traditional management without the applied inputs. In addition, intensive
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management resulted in a break-even yield of 1.63 Mg ha*in 2016 and 2017 based on the at-
harvest soybean sale price of $0.34 kg in 2016 and $0.32 kg™ for both 2017 locations.
Traditional management was significantly more profitable across all three site-years (Table
3.05), with an average increased economic net return of $501.44 ha™* over intensive
management. Potassium thiosulfate significantly decreased net return in one of three site-years
while PL significantly decreased net return in all 3 site-years within both intensive and
traditional management systems. Significantly decreased net return was likely due to the lack of
positive yield response to input application and input costs. Poultry litter had the greatest cost of
all the applied inputs and was on average 8 times greater than the next expensive input (i.e.,

fungicide).

This study did not observe significant increases in economic net return from individual or
multiple input applications to soybean (Table 3.05). Without adverse environmental conditions
and/or nutrient deficiencies, producer profitability decreased. Trial results expose the associated
economic risks from applying multiple prophylactic applications of agronomic inputs and
fertilizer on soybean. In addition, trial results demonstrate the importance of utilizing university
recommended integrative pest management (IPM) principles and nutrient recommendation
guidelines to justify input applications and consider economic return (Marburger et al., 2016;
Mourtzinis et al., 2016). Economic results from this trial are supported by two recently published
soybean studies that total 117 site-years across nine states, including multiple yield environments
and grain sale prices (Marburger et al., 2016; Orlowski et al., 2016). Authors determined that a
high-input soybean system (e.g. seed treatments, foliar fungicides, foliar insecticides, and foliar
fertilizers) resulted in a 0% chance to break-even financially at current commodity prices

(Marburger et al., 2016; Orlowski et al., 2016).
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Poultry Litter

Poultry litter did not impact grain yield when removed from the intensive management
system or when added to the traditional system across all site-years (Table 3.04). Due to
atmospheric N2 fixation, yield benefits from PL application are most likely to occur from nutrient
additions other than N (Watts and Torbert, 2011; Slaton et al., 2013). Soil P and K
concentrations were above critical across all site-years (Warncke et al., 2009) (Table 3.01).
Results correspond to Swoish (2016) who did not observe a significant yield benefit to PL
application in Michigan during 2013 and 2014 on soils sufficient in P and K. Slaton et al. (2013)
observed significant soybean yield responses to PL application on sites defined as having below
critical P and K concentrations. Authors concluded from 12 locations that grain yield benefits
from PL application were strictly due to P and K fertilization and not added micronutrients or
organic components (Slaton et al., 2013). In contrast, Watts and Torbert (2011) observed
significant soybean yield increases from PL application on a fine sandy loam soil due to addition
of micronutrients from PL. Low soil Zn and B concentrations were observed in two of three and
one of three site-years, respectively (Table 3.01). However, across all site-years of this trial no
deficiency symptoms or plant tissue micronutrient deficiencies were observed (Table 3.06),
indicating plant micronutrient concentrations were sufficient (Vitosh et al., 1995; Warncke et al.,

2009).

Current results suggest limited soybean grain yield benefit from PL application on soils
with sufficient macro- and micronutrient concentrations (i.e., higher fertility sites). Despite an
overall lack of soybean yield response to PL application in this trial, PL may provide a benefit to
less productive (i.e. infertile, eroded, low SOM, low CEC) soils. In addition to macro- and

micronutrient concentrations, previous literature has shown PL to increase SOM levels, CEC, C
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and N mineralization, and soil respiration (Watts et al., 2010; Swoish, 2016), suggesting further
research may be needed to understand the potential effects of PL application on longer-term

nutrient mineralization rates and the soil microbiome.
Potassium Thiosulfate

Application of KTS did not significantly impact grain yield within either the intensive or
traditional management systems during this trial (Table 3.04). Pre-plant soil test data indicated
soil K concentrations were above critical across site-years indicating no expected response to in-
season K applications (Warncke et al., 2009) (Table 3.01). Results are supported by Mallarino et
al. (2001) who observed little to no response from in-season foliar K application with above
critical soil K concentrations. Michigan fertilizer guidelines recommend 20.1 to 25 g kg™ of K
within the uppermost fully developed trifoliate at the R1 growth stage (Vitosh et al., 1995). Plant
trifoliate samples collected at R1 prior to K fertilization were within the recommended
sufficiency range in 2 of 3 site-years (Table 3.06). Although R1 tissue samples indicated a K
deficiency at Richville in 2017, no yield response to K fertilization occurred nor were K
deficiency symptoms observed from non-treated plots. The sufficiency range for soybean K
tissue levels in Michigan was developed over two decades ago (Vitosh et al., 1995). Therefore
due to new germplasm and greater yields, the sufficiency range may need to be adjusted, but not
necessarily upwards as some practitioners’ postulate (Stammer and Mallarino, 2018). Recent
research by Clover and Mallarino (2013) and Stammer and Mallarino (2018) in lowa determined
soybean reproductive tissue K sufficiency ranges were 17.6 to 20.0 g kg and 15.6 to 22.6 g kg,
respectively, providing additional evidence that Michigan K tissue sufficiency ranges may be too
high. In combination with previous literature, results suggest growers should expect to see little

or no response to in-season K fertilization when soil and tissue K concentrations exceed critical

80



thresholds (Vitosh et al., 1995; Warncke et al., 2009; Clover and Mallarino, 2013; Stammer and
Mallarino, 2018).

Although soil test S concentrations are presented (Table 3.01), no sufficiency ranges for
soil S level are available in Michigan fertilizer recommendation guidelines (Vitosh et al., 1995;
Warncke et al., 2009). Soil S sufficiency concentrations are difficult to assess due to SO4-S
variability, leaching, soil texture, and organic matter S contributions (Hitsuda et al., 2004; Kaiser
and Kim, 2013; Franzen, 2015). Previous literature determined soybean tissue S concentrations
and SOM content were better predictors of soybean S response rather than soil S (Hitsuda et al.,
2008; Kaiser and Kim, 2013). Michigan fertilizer guidelines recommend 2.1 to 4.0 g kg™ of S
within the uppermost fully developed trifoliate at the R1 growth stage (Vitosh et al., 1995). All
plant trifoliate samples collected at R1 prior to fertilization were within the recommended S
sufficiency range (Table 3.06), likely influencing the lack of a yield response to S fertilization. In
comparison, Bluck et al. (2015) did not observe a significant yield response to calcium sulfate
application on soybean across 16 site-years in Ohio where R1 soybean tissue analysis was within
the current recommended S sufficiency range (2.1 to 4.0 g kg™). Sandy soils with low SOM (<
20 g kg are the most prone to sulfur deficiencies (Barker et al., 2005; Warncke et al., 2009;
Kaiser and Kim, 2013). Soil OM content was 30 g kg™ at Richville in 2016 and 28 and 32 g kg™
at Richville and Lansing, respectively, in 2017 (Table 3.01). Tissue R1 analysis and SOM

content suggest adequate S was available for soybean growth across site-years.

Authors are not aware of other trials examining the use of an in-season, surface-band
application of KTS applied directly at the base of the soybean plant at the R1 growth stage to

enhance K and S fertilization. However, data suggest an additional yield benefit from utilizing an
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in-season, surface-banded K and S application is negligible when adequate nutrient levels and/or
environmental conditions were present.

Foliar Zn, Mn, and B

Foliar application of fertilizer containing Zn, Mn, and B did not significantly impact
grain yield in any site-year (Table 3.04). Non-significant yield responses were consistent with
tissue samples taken from the uppermost R1 soybean trifoliate prior to fertilization which
exhibited sufficient Zn (> 21 mg kg), Mn (> 21 mg kg?), and B (> 21 mg kg) concentrations
in all site-years (Vitosh et al., 1995) (Table 3.06). Tissue concentrations indicated soybean Zn,
Mn, and B requirements were sufficient and supplemental fertilization was not needed to
maximize yield (Vitosh et al., 1995). In contrast to tissue concentrations, pre-plant soil test data
indicated low soil levels of B (< 0.7 mg kg™?) in one site-year and low Zn (i.e., deficiency defined
utilizing function [(5.0 x pH) — (0.4 x soil test Zn mg kg™)] — 32) in two site-years (Warncke et
al., 2009) (Table 3.01). However, no visual deficiency symptoms were observed suggesting that
soil critical levels may be too high.

Due to the overall absence and inconsistency of micronutrient deficiencies in Midwestern
U.S. soils, developing soil and tissue test interpretations for micronutrients are difficult
(Enderson et al., 2015; Sutradhar et al., 2017; Mallarino et al., 2017). Recent research by
Enderson et al. (2015) in lowa and Sutradhar et al. (2017) in Minnesota were unsuccessful in
developing reliable soil and tissue test sufficiency ranges for specific soybean micronutrient
concentrations as no significant responses to micronutrient fertilization occurred across 77
locations. Growers should not justify micronutrient fertilizer applications from a soil test or plant
tissue analysis alone but simultaneous use of both tools can aid in soybean micronutrient

deficiency diagnosis (Vitosh et al., 1994; Mallarino et al., 2017).
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University recommendations also define specific crop species sensitivities to low
micronutrient availability (Vitosh et al., 1994; Warncke et al., 2009). Over the last 70 years,
soybean has been classified as having a moderate to low sensitivity to Zn and B, respectively, at
low nutrient concentrations (Berger, 1949; Robertson and Lucas, 1976; Robertson et al., 1981,
Vitosh et al., 1994; Warncke et al., 2009; Mallarino et al., 2017). Therefore, soybean response to
Zn and B fertilization at low soil and/or tissue concentrations is unlikely (Vitosh et al., 1994;
Warncke et al., 2009; Mallarino et al., 2017). In support, a recent bulletin published by Mallarino
et al. (2017) summarized 99 soybean Zn trials and 88 soybean B trials from Minnesota, lowa,
and Kansas in which no soybean yield responses were observed from Zn and B fertilization at
soil test levels as low as 0.3 and 0.2 mg kg™ in Zn and B, respectively, and tissue test levels as
low as 16 and 22 mg kg™ in Zn and B, respectively (Enderson et al., 2015; Sutradhar et al.,
2017).

In contrast to Zn and B, Mn is the most common micronutrient deficiency in Michigan
(Vitosh et al., 1994; Warncke et al., 2009). Soybeans are highly sensitive to yield loss at low Mn
concentrations with deficiencies likely to occur on high pH (> 6.5) soils, (e.g. lake beds, glacial
outwashes, peats, and muck) (Vitosh et al., 1994; Warncke et al., 2009; Mallarino et al., 2017).
In the current study, Mn soil concentrations were sufficient in all site-years (Table 3.01) (i.e.,
deficiency defined utilizing function [(6.2 x pH) — (0.35 x soil test Mn mg kg™)] — 36) and tissue
concentrations exceeded > 21 mg kg (Table 3.06) (Warncke et al., 2009). Soil and plant
diagnostic results indicated supplemental Mn fertilization was not required and supported the
non-significant yield response to foliar Mn applications. Growers should consider the likelihood
of soybean responding to micronutrient applications (high, moderate, and low for Mn, Zn, and B,

respectively) when choosing to apply a foliar micronutrient application placing greater emphasis
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on Mn, followed by Zn and B in Michigan production soils (Vitosh et al., 1994; Warncke et al.,

2009).

In addition to soil and plant diagnostics and soybean micronutrient sensitivity, emphasis
on specific soil properties and/or environmental conditions where deficiencies are likely to occur
warrants consideration (Moraghan and Mascagni, 1991; Mallarino et al., 2017). For instance, Zn,
Mn, and B are influenced by soil pH with the availability of all 3 nutrients decreasing at a soil
pH > 6.5 (Moraghan and Mascagni, 1991; Vitosh et al., 1994; Alloway, 2008; Warncke et al.,
2009; Mallarino et al., 2017). Additionally, cool temperatures and soil moisture content can
inhibit microbial decomposition of SOM and plant root growth enhancing micronutrient
deficiencies (Moraghan and Mascagni, 1991; Vitosh et al., 1994; Alloway, 2008; Warncke et al.,
2009; Mallarino et al., 2017). Previous literature observed soil N and P supply, root exudates,
pathogen pressure, soil compaction, and crop rotations all influence plant micronutrient
availability (Sims, 1986; Moraghan and Mascagni, 1991; Vitosh et al., 1994; Alloway, 2008;
Warncke et al., 2009). Due to difficulties associated with predicting crop micronutrient
deficiencies, growers should utilize multiple diagnostic tools and techniques in combination with
understanding soil physical and chemical properties and site-specific environmental conditions
before adopting a micronutrient spray program (Moraghan and Mascagni, 1991; Vitosh et al.,

1994; Alloway, 2008; Warncke et al., 2009; Mallarino et al., 2017).

Fungicide

Fungicide did not significantly impact grain yield in any site-year (Table 3.04). Minimal
disease pressure due to dry weather conditions and lower relative humidities occurred across
site-years (Table 3.03). Growing season (May — Sept.) rainfall averaged 30% and 35% below the

30-yr mean at Richville in 2016 and at both locations in 2017, respectively (Table 3.03). Below
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average total growing season rainfall and below average July rainfall during soybean R1-R3
growth stages in all site-years (Table 3.03), likely caused a reduction in specific soybean
pathogen risks prevalent to Michigan (i.e., Septoria brown spot (Septoria glycines) and
Sclerotinia stem rot (Sclerotinia sclerotium)) (Cruz et al., 2010; Fall et al., 2018). In addition to
dry soil conditions, soybeans were planted in 76 cm rows which likely decreased canopy closure,
increased air movement between plants, and reduced potential humid microclimates that
encourage pathogen growth (Grau and Radke, 1984; Boland and Hall, 1988). Fungicide
application may provide greater benefits in narrow-row (< 38 cm) soybean systems which often
experience greater canopy coverage and humidity levels (Mahoney et al., 2015). The lack of
soybean response to fungicide application in the current study is supported by several other
reports which also failed to realize benefits from fungicide applications during below threshold
levels of disease (Swoboda and Pedersen, 2009; Nelson et al., 2010; Gregg et al., 2015; Ng et al.,

2018).

Although previous trials observed soybean physiological enhancements and yield
increases following strobilurin fungicide applications, (Grossman and Retzlaff, 1997; Bartlett et
al., 2002; Mahoney et al., 2015; Orlowski et al., 2016; Mourtzinis et al., 2017), results were
inconsistent across treatments and site-years (Swoboda and Pedersen, 2009; Nelson et al., 2010;
Gregg et al., 2015; Mourtzinis et al., 2016). Due to inconsistent strobilurin fungicide plant health
and yield benefits and the greater risk for strobilurin resistance development (Henry et al., 2011),
growers should be cautious when prophylactically applying fungicides, and may want to
consider university recommended IPM resources to justify fungicide applications (Henry et al.,

2011; Mahoney et al., 2015; Marburger et al., 2016; Mourtzinis et al., 2016).
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Conclusions

Application of poultry litter, potassium thiosulfate, foliar micronutrients, and fungicide
did not significantly increase soybean grain yield or producer economic net return across any
site-year of this trial. A traditional management system was significantly more profitable than the
intensive management system resulting in an average economic net return increase of $501 ha™.
Due to a lack of yield increase in this trial and high individual application and input costs,
potassium thiosulfate and poultry litter significantly decreased net returns in one and all three
site-years, respectively, within both the intensive and traditional management systems. Soybean
plants did not express any obvious nutrient deficiencies or stress from pathogen infection during
2016 and 2017. Results support the continued use of university recommended IPM programs
which stress the justification of input applications to match specific crop needs and optimize both
grain yield and profitability. Soybean producers should look to incorporate a management
system that utilizes various tools and techniques (i.e. crop scouting, disease prediction models,
varietal selection, nutrient recommendations) to minimize and justify input applications rather
than relying on prophylactic input applications as insurance against yield-limiting factors that

may or may not occur.
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Table 3.01. Soil descriptions, chemical properties, and mean nutrient concentrations (sample

depth 0 — 20 cm) obtained prior to soybean planting, Richville and Lansing, MI, 2016-17.

Soil Soil Test'
Site Year Description P K S B Mn Zn pH OM
-------------------- T L R — g kg
Richville 2016 Tappan-Londo Loam 48 182 8 16 44 6 7.1 30
2017  Tappan-Londo Loam 30 191 7 1.7 40 58 7.7 28
Lansing 2017 Capac Loam 39 117 7 06 34 29 65 32
1P phosphorus (Bray—P1); K potassium (ammonium acetate extractable K); Zn zinc (0.1 M HCI extraction); Mn

manganese (0.1 M HCI extraction); B boron (hot-water extraction).
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Table 3.02. Overview of omission trial design, treatment names, and inputs applied, 2016-17.
Agronomic Input Applied

Treatment Treatment Name Litter" KTS* Micro®  Fungicide”
1 Intensive (1) * Yes Yes Yes Yes
2 | - Litter No Yes Yes Yes
3 | - KTS Yes No Yes Yes
4 I - Micro Yes Yes No Yes
5 | - Fungicide Yes Yes Yes No
6 Traditional (T)* No No No No
7 T + Litter Yes No No No
8 T+ KTS No Yes No No
9 T + Micro No No Yes No
10 T + Fungicide No No No Yes

+ Poultry Litter (litter) pre-plant incorporated at a rate of 0.9 Mg ha™.

1 Potassium thiosulfate (KTS) surface-banded at a rate of 11.4 L ha* at R1.

§ Foliar micronutrients (micro) containing Zn, Mn, and B applied at a rate of 1.9 L ha* at R1.
{ Prothioconazole + trifloxystrobin fungicide applied at a rate of 0.14 L ha* at R3.

# Intensive system containing all agronomic inputs.

11 Traditional system containing no fertilizer or additional inputs.
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Table 3.03. Monthly cumulative precipitation” and mean daily temperature for the soybean
growing season, Richville and Lansing, Ml, 2016-17.

Site Year May Jun. Jul. Aug. Sept. Total
____________________ - Cm________________________________________
Richville 2016 1.59 4.04 8.81 13.08 5.16 32.68
2017 5.00 12.27 2.79 5.71 3.96 29.73
30-yrt 8.68 10.01 9.32 8.55 9.75 46.31
Lansing 2017 6.58 8.36 6.73 3.48 3.28 28.43
30-yr 8.45 8.89 8.28 8.38 9.22 43.22
____________________ - S —
Richville 2016 14.8 19.7 22.6 22.4 19.3 --
2017 13.7 20.4 21.2 18.2 17.9 --
30-yr 13.1 18.6 20.5 19.5 15.7 --
Lansing 2017 135 19.9 21.8 19.3 17.9 --
30-yr 14.7 20.0 22.1 21.3 16.9 --

+ Precipitation and air temperature data were collected from Michigan State University Enviro-weather
(https://enviroweather.msu.edu/).

1 30-yr means were obtained from the National Oceanic and Atmospheric Administration
(https://www.ncdc.noaa.gov/cdo-web/datatools/normals).
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Table 3.04. Mean soybean grain yield (Mg ha*) of intensive and traditional control treatments
displayed. All other treatments represent change in grain yield from respective intensive or
traditional control, Richville and Lansing, MI, 2016-17.

2016 2017 2017
Treatment® Richville Richville Lansing
----------------------------------- Mg ha —mmmmmeee e
Intensive (1)* 431 3.73 3.92
| - Litter" +0.25 -0.31 -0.45
I - KTS +0.28 -0.21 -0.29
| - Micro +0.04 -0.16 -0.11
| - Fungicide +0.10 +0.11 -0.05
Traditional (T)$ 4.46 3.58 3.59
T + Litter# -0.25 -0.01 +0.14
T+ KTS -0.19 +0.07 -0.12
T + Micro -0.01 +0.14 -0.07
T + Fungicide +0.05 +0.27 -0.06
Ivs. T ns’f ns ns

* Significantly different at a=0.10 using single degree of freedom contrasts.

T Poultry litter (litter), potassium thiosulfate (KTS), foliar applied Zn, Mn, and B (micro), and prothioconazole +
trifloxystrobin fungicide.

i Intensive system containing all agronomic inputs.
8 Traditional system containing no fertilizer or additional inputs
{ Values in | - input rows indicate a yield (Mg ha*) change from respective intensive (l) treatment.

# Values in T + input rows indicate a yield (Mg ha) change from respective traditional (T) treatment.
+1 Non-significant.
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Table 3.05. Soybean net economic return (US$ ha) in Richville and Lansing, MI, 2016-17.

2016 2017 2017
Treatment® Richville Richville Lansing
---------------------- 0T T —
Intensive (I)* 924.45 675.39 745.19
| - Litter" +458.60* +247.22% +200.21*
| - KTS +165.55% +1.54 -23.44
| - Micro -65.82 -3.69 +14.48
| - Fungicide -98.66 +96.38 +43.78
Traditional (T)S 1531.33 1152.67 1165.35
T + Litter? -460.34* -348.96* -303.62%*
T+ KTS -134.97* -46.46 -108.30
T + Micro -56.01 -3.89 -72.12
T + Fungicide -44.43 +27.01 -78.53
Ivs. T * * *

* Significantly different at a=0.10 using single degree of freedom contrasts.

T Poultry litter (litter), potassium thiosulfate (KTS), foliar applied Zn, Mn, and B (micro), and prothioconazole +
trifloxystrobin fungicide.

i Intensive system containing all agronomic inputs.

8 Traditional system containing no fertilizer or additional inputs.

{ Values in | - input rows indicate a net return (US$ ha't) change from respective intensive (1) treatment.

# Values in T + input rows indicate a net return (US$ ha't) change from respective traditional (T) treatment.
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Table 3.06. Summary of soybean uppermost trifoliate K, S, B, Mn, and Zn concentrations taken
prior to fertilization at the R1 growth stage, Richville and Lansing, MI, 2016-17.
Tissue Nutrient Concentration’

Site Year K S B Mn Zn
------------- L i (T D —

Richville 2016 255 3.0 45.0 44.8 48.3

2017 18.4 3.6 41.3 43.8 30.0

Lansing 2017 21.3 2.8 40.3 58.0 36.3

1 K potassium (ICP mass spectroscopy); S Sulfur (ICP mass spectroscopy); B boron (ICP mass spectroscopy); Mn
manganese (ICP mass spectroscopy); Zn zinc (ICP mass spectroscopy).
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