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ABSTRACT

The establishment and overwintering success of winter wheat (Triticum aestivum L.) are determining yield factors in Michigan. The objective of this study was to evaluate soft red winter wheat (SRWW) grain and straw yield in response to autumn applied starter fertilizer, spring nitrogen (N), and varietal stature. A two-year randomized complete block split-plot design study with four replications was established in Lansing, MI examining three autumn starter fertilizer rates and three spring nitrogen (N) rates on both a short- and tall-statured SRWW variety (i.e., ‘Flipper’ and ‘Red Dragon’). Main plots included a no (0 lbs A-1), mid (125 lbs A-1), and high (250 lbs A-1) rate of 12-40-0-10S-1Zn. Subplots consisted of spring-applied N (28-0-0) at low (50 lbs A-1), base (100 lbs A-1), and high (150 lbs A-1) application rates. In 2020, an autumn starter and spring N interaction affected both grain and straw yield. The low starter, high N treatment increased yield 31.4 bu A-1 and 21.4 bu A-1 as compared to the no starter, high N treatment for ‘Flipper’ and ‘Red Dragon’, respectively. In 2021, autumn starter fertilizer and spring N interacted to affect both grain and straw yield in SRWW variety ‘Flipper’ with both mid- and high-autumn starter rates combined with low spring N exceeding the yield of the no starter and high N treatment. Main effects of mid- and high- autumn starter increased grain yield 17-21 bu A-1and straw yield 0.34-0.46 T A-1 in ‘Red Dragon’. Increased tiller counts and plant height due to autumn starter affected straw yield across site years. Low pre-plant residual nitrate concentrations, inclusion of sulfur, and timely autumn planting likely resulted in the positive grain and straw yield response to autumn starter fertilizer observed in this study.
INTRODUCTION
Increases in wheat (Triticum aestivum L.) grain and straw yield along with heightened awareness of soil spatial variability have motivated growers to focus on season-long soil nutrient availability. Michigan produces some of the nation’s greatest wheat yields averaging between 75-81 bu A-1 in 2020-2021 (USDA-NASS, 2020-2021). As the demand for wheat straw increases (e.g., livestock bedding, feed, and biofuel) management strategies to optimize both grain yield and straw production are critical to the economic return for Michigan growers.  
Previous studies indicate a positive correlation between wheat yield and biomass production. For maximum production, methods of determining N fertilization rates in winter wheat are based on fixed N removal rates per unit of produced grain and projected yield goals (Lukina et al., 2001). Nitrogen deficiency during establishment may result in reduced tiller counts and growth rates setting limitations on grain yield and biomass production before initiating primary development (Zhang et al., 2020). Application of autumn starter provides greater nutrient availability during early crop development stages thus impacting yield potential (Nkebiwe et al., 2016; Steinke et al., 2021). To promote autumn tillering and stand establishment, 25 lb N A-1 may be utilized in Michigan winter wheat production (Warncke et al., 2009). Autumn starter recommendations are impacted by residual soil nitrate levels which may depend crop rotation diversity and frequency (Mourtzinis et al., 2017).
Variety selection is an important management strategy for achieving high yielding grain and straw. Tall wheat varieties are better suited for stressed environments due to improved emergence and harvestability. However, selecting varieties less susceptible to lodging and shattering is important to both grain and straw production (Klein, 2007). Although, short statured varieties are often overlooked for straw production, responses to input manipulation have overcome limitations specific to wheat variety and environmental conditions (Beuerlein et al., 1989; (Karlen & Gooden, 1990).

MATERIALS AND METHODS
Trials were conducted in Lansing, MI on a Conover loam soil with pre-plant soil characteristics (0-8 inch depth) including 6.8-7.0 pH, 42-99 ppm P, 91-99 ppm K, 7-8 ppm S, and 3.1-3.8 ppm Zn. Fields were previously cropped to corn (Zea mays L.) in 2020 and 2021 and tilled prior to planting. Individual plots measured 8 ft. in width by 25 ft. in length with a 7.5 in. row spacing. A randomized complete block split-plot design with four replications was used to evaluate three autumn starter (12-40-0-10S-1Zn, MicroEssentials SZ (MESZ)) rates, three spring N (28-0-0) rates, and two varietal statures (Table 1). Main plots consisted of three rates of autumn starter fertilizer while sub-plots consisted of three spring N rates. The untreated check containing no fertilizer or additional inputs was not included in statistical analysis.
SRWW ‘Flipper’, a short-statured, high disease tolerance, early maturing variety and SRWW ‘Red Dragon’, a tall-statured, high-yielding, mid maturing variety (Michigan Crop Improvement Assoc., Okemos, MI) were selected to evaluate autumn starter implications on plant height, yield, and biomass production. Studies were seeded on 8 Oct. 2019 and 21 Sept. 2020. Grain yield was harvested from the center 3.75 ft. of each plot utilizing a small plot combine (Kincaid 8XP) on 13 July 2020 and 14 July 2021 and adjusted to 13.5% moisture. Harvest cost of grain was US$30.29 and US$33.44 A-1 and baling of straw was US$12.46 and US$11.98 A-1 in 2020 and 2021, respectively. Net returns were calculated by multiplying grain price ($4.75 and $6.27 bu-1 in 2020 and 2021, respectively) by grain yield, straw price ($140.00 T-1 in 2020 and 2021) by straw yield, subtracting total treatment and harvest cost. Harvest costs were estimated from the Michigan State University Extension Custom Machine and Work Rate Estimates. Product, grain, and straw estimates were taken from local agriculture retailers, grain elevators, and producers. 
RESULTS AND DISCUSSION

[bookmark: _Hlk62487495]Autumn starter fertilizer and spring N interacted to affect both grain and straw yield in SRWW in 2020 (Table 3 & 4). The mid-starter, high nitrogen and mid-starter, base nitrogen treatment resulted in an increase of 31.4 bu A-1 and 15.6 bu A-1, respectively, as compared to the no starter, high nitrogen treatment with varieties ‘Flipper’ and ‘Red Dragon’ (Table 3 & 4). In addition, grain yield increased in ‘Red Dragon’ with the low autumn starter, base nitrogen treatment exceeding the yield of the no starter, high nitrogen treatment (Table 4). Straw yield increased for ‘Flipper’ with the mid starter, low N treatment exceeding the yield of the no starter, high N treatment (Table 3). Straw yield increased in ‘Red Dragon’ with mid-starter, base N exceeding the yield of no starter, base N (Table 4). Addition of autumn starter increased plant height of SRWW with both low autumn starter and high autumn starter applications as compared to no autumn starter (Table 2).
	In 2021, autumn starter fertilizer and spring N interacted to affect grain yield, straw yield, and plant height in short-statured SRWW variety ‘Flipper’ (Table 2 & 3). The high starter, low nitrogen treatment resulted in an increase of 22.5 bu A-1 as compared to the no starter, high nitrogen treatment (Table 3). No significant difference was observed in straw yield between mid autumn starter, base or high N as compared to no autumn starter, base or high N treatments (Table 3). However, straw yield increased 0.89 T A-1 with the high autumn starter, low N treatment as compared to no autumn starter, low N treatment in 2021 (Table 3). Increased straw yield was not directly attributed to changes in plant height as no significant differences occurred between zero, mid, or high autumn starter, base N treatments (Table 2). Main effects of autumn starter increased both grain and straw yield in tall-statured SRWW variety ‘Red Dragon’ 17.2 bu A-1 and 0.34 T A-1, respectively in 2021 (Table 4). 
Results from 2020 indicate application of above recommended spring N did not compensate for the lack of autumn applied starter fertilizer. This was further confirmed in 2021 grain yield results of ‘Flipper.’ Soil nitrate concentrations were 3.5 and 5.9 ppm, respectively, in 2020 and 2021 well below the 10 ppm threshold (Alley et al., 2009) to indicate a probable yield response. The interaction between sulfur and nitrogen has shown to impact wheat biomass and grain yield by improving the nitrogen use efficiency when no sulfur deficiency is present (Salvagiotti & Miralles, 2008). Pre-plant soil S levels were 7-8 ppm across 2020 and 2021 with < 3% OM, and no history of S application within 2-3 years. The pre-plant Bray P-1 phosphorus concentrations of 42 and 99 ppm were above the critical soil test P values (i.e., 25 ppm) indicating reduced likelihood of a yield response to phosphorous application (Warncke et al 2009).
Results from SRWW varieties ‘Flipper’ and ‘Red Dragon’ agree with (Steinke et. al, 2021) who observed a grain yield decrease of 18.7 and 37.5 bu A-1 when autumn starter fertilizer was removed from enhanced management and a grain yield increase from 17.4 and 25.9 bu A-1 when autumn starter was added to traditional management. In 2020, straw yield for the mid starter, high nitrogen treatment was 46 and 37% greater than no starter, high nitrogen treatment in ‘Flipper’ and ‘Red Dragon,’ respectively. In 2021, addition of autumn starter resulted in a 24% increase in straw yield in ‘Red Dragon.’ No significant difference was observed in straw yield and plant height between mid and high autumn starter rates across three of four site-years or grain yield in all four site years. This suggests that the mid-autumn starter rate was sufficient but not excessive and may improve grower profitability as compared to the greater starter fertilizer application rates. Low pre-plant residual nitrate concentrations, inclusion of the sulfur component, and timely autumn planting likely resulted in the positive grain and straw yield response to autumn starter fertilizer observed. Be sure to consider a pre-plant nitrate test as part of a proactive approach to address soil variability. Autumn starter can help winter wheat “Start Right to Finish Well” for optimal grain and straw production but responses will be field- and site-specific.


Table 1. Overview of split plot trial design, treatment names, and inputs applied to soft red winter wheat, Lansing, MI  2020 and 2021.
	
	
	------Autumn Starter and Spring Nitrogen (N) Applied------

	Treatment
	Treatment Name 
	Rate†
12-40-0-10S-1Zn
	Rate‡  
UAN (28%)

	[bookmark: _Hlk62158758]1
	Mid Starter, Base N
	125 lb A-1
	100 lb A-1

	2
	Mid Starter, High N
	125 lb A-1
	150 lb A-1

	3
	Mid Starter, Low N 
	125 lb A-1
	50 lb A-1

	4
	High Starter, Base N
	250 lb A-1
	100 lb A-1

	5
	High Starter, High N
	250 lb A-1
	150 lb A-1

	6
	High Starter, Low N
	250 lb A-1
	50 lb A-1

	7
	No Starter, Base N
	    0 lb A-1
	100 lb A-1

	8
	No Starter, High N
	    0 lb A-1
	150 lb A-1

	9
	No Starter, Low N 
	    0 lb A-1
	50 lb A-1

	10
	Check
	
	


[bookmark: _Hlk86055464]† Autumn starter (12-40-0-10S-1Zn) applied as top-dress application 15 Oct. 2019 and 6 Oct. 2020.
‡ Spring nitrogen (UAN 28%) applied at green-up 20 Mar. 2020 and 23 Mar. 2021.


Table 2. SRWW mean plant height ‘Flipper’ & ‘Red Dragon’.
	
	2021
	
	      2020
	      2020
	2021

	Treatment
	Flipper
	Treatment
	Flipper 
	Red Dragon
	Red Dragon

	
	
	
	
	
	

	No Starter, Low N 
	67.8 c †
	No Starter 
	73.4 c
	82.7 b
	77.9 b

	No Starter, Base N
	71.6 a
	Mid Starter
	77.7 b
	88.7 a
	82.6 a

	No Starter, High N
	68.8 bc
	High Starter
	79.2 a
	90.3 a
	83.7 a

	Mid Starter, Low N 
	72.6 ab
	Pr > F
	< 0.01
	< 0.01
	=0.01

	Mid Starter, Base N
	71.5 ab
	
	
	
	

	Mid Starter, High N
	72.6 a
	Low N 
	74.7 b
	83.1 b
	77.2 b

	High Starter, Low N
	72.5 a
	Base N
	77.9 a
	89.7 a
	83.1 a

	High Starter, Base N
	71.2 ab
	High N
	77.7 a
	89.0 a
	83.9 a

	High Starter, High N
	71.6 ab
	Pr > F
	< 0.01
	< 0.01
	< 0.01

	Check‡ 
	58.2
	
	
	
	

	Pr  > F
	= 0.06
	Check‡ 
	57.7
	62.0
	63.1


† Values followed by the same lowercase letter are not significantly different at α=0.1
‡ Untreated check containing no fertilizer or additional inputs was not included in statistical analysis.


[bookmark: _Hlk86154205]Table 3. SRWW mean grain and straw yield ‘Flipper’.
	[bookmark: _Hlk62338619]Treatment 
	2020
	2021

	
	Grain Yield
	Straw Yield
	Grain Yield 
	Straw Yield

	
	----Bu A-1----
	----T A-1----
	----Bu A-1----
	----T A-1----

	No Starter, Low N 
	88.5 e †
	1.16 f 
	90.6 ef
	1.07 c

	No Starter, Base N
	107.3 d
	1.60 de
	98.3 de
	1.38 bc

	No Starter, High N
	101.3 d
	1.02 f
	88.6 f
	1.36 bc

	Mid Starter, Low N 
	105.7 d
	1.50 e
	106.7 bcd
	1.48 bc

	Mid Starter, Base N
	123.2 c 
	1.92 c 
	104.0 cd
	1.66 ab

	Mid Starter, High N
	132.7 ab
	1.88 c
	113.8 ab
	1.54 ab

	High Starter, Low N
	108.3 d
	1.76 cd
	111.1 abc
	1.96 a

	High Starter, Base N
	129.3 bc
	2.10 b
	105.6 bcd
	1.52 b

	High Starter, High N
	141.7 a
	2.32 a
	118.0 a
	2.00 a

	Check‡ 
	53.0 
	0.66
	43.7
	0.53

	Pr  > F
	= 0.06
	< 0.01
	= 0.04
	= 0.04


[bookmark: _Hlk62430195][bookmark: _Hlk62343714][bookmark: _Hlk86154500]† Values followed by the same lowercase letter are not significantly different at α=0.1
‡ Untreated check containing no fertilizer or additional inputs was not included in statistical analysis.


Table 4. SRWW mean grain and straw yield ‘Red Dragon’.
	[bookmark: _Hlk62478154]2020 
	2021 

	Treatment
	Grain 
	Straw 
	Treatment
	Grain 
	Straw 

	
	-Bu A-1-
	-T A-1-
	
	-Bu A-1-
	-T A-1-

	No Starter, Low N 
	84.3 d †
	1.45 e
	No Starter 
	71.4 b
	1.07 b

	No Starter, Base N
	97.3 bc
	1.49 e
	Mid Starter
	88.6 a
	1.41 a

	No Starter, High N
	89.7 cd
	1.50 e
	High Starter
	92.3 a
	1.53 a

	Mid Starter, Low N 
	86.9 d
	1.60 e
	Pr > F
	< 0.01
	= 0.04

	Mid Starter, Base N
	105.3 ab
	2.08 cd
	
	
	

	Mid Starter, High N
	111.1 a
	2.37 ab
	Low N 
	64.9 b
	1.00 a

	High Starter, Low N
	92.2 dc
	1.72 de
	Base N
	92.4 a
	1.48 a

	High Starter, Base N
	106.5 ab
	2.32 bc
	High N
	94.9 a
	1.53 a

	High Starter, High N
	111.1 a
	2.57 a
	Pr > F
	< 0.01
	< 0.01

	Check‡ 
	51.4
	0.84 
	
	
	

	Pr  > F
	= 0.07
	< 0.01
	Check‡ 
	40.8
	0.58


† Values followed by the same lowercase letter are not significantly different at α=0.1
‡ Untreated check containing no fertilizer or additional inputs was not included in statistical analysis.
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