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ABSTRACT

[bookmark: _Hlk82782832][bookmark: _Hlk83988413][bookmark: _Hlk82538611][bookmark: _Hlk83298377]Spring Michigan weather variabilities and earlier planting dates may provide opportunities for starter fertilizer to affect soybean (Glycine max L) early season dry matter production while also decreasing the time interval for nutrient accumulation (i.e., lag-phase). However, starter fertilizer timing impacts on inhibiting biological N fixation (BNF) are not well known. Two trials were established near Lansing, MI to examine the effects of starter fertilizer and multiple nitrogen (N) application timings across two planting dates in both irrigated and non-irrigated environments on nodulation, biomass, N accumulation, grain yield, and expected profitability. Studies were arranged as randomized complete block split-plot design containing four replications. Main plots consisted of two planting dates (23 April and 17 May) while sub-plots evaluated six fertilizer strategies including: no fertilizer, 25 lb. N, 60 lb. P2O5, and 15 lb. S A-1 (12-40-0-10S with 46-0-0) applied two inches to the side and two inches below the seed (2x2) at planting, 25 lb. N, 60 lb. P2O5, and 15 lb. S A-1 ( 12-0-0-26S with 10-34-0) applied 2x2 at planting, 100 lb. N A-1 (46-0-0)  broadcast and pre-plant incorporated, 100 lb. N A-1 (28-0-0) band applied along each row at V4, and 100 lb. N A-1 (28-0-0) band applied along each row at R2. Data collection and preliminary discussion may include bi-weekly canopy coverage, NDVI at V4, R1 and R5, biomass accumulation at V4, R2, R6, and R8, 15N analysis at R2 and R6, R4 nodulation, R8 pod counts, and grain yield. Results will assist growers with determining when N-fixation begins and the impact of nutrient application strategies across irrigated and non-irrigated soybean environments.  

INTRODUCTION
More frequent occurrences of spring weather variability may provide opportunities to influence early-season dry matter and nutrient accumulation by reducing the lag-phase of soybean growth and account for potential delays in biological N fixation contributions to the plant. Earlier planting dates may offer additional opportunities for Michigan soybean growers to capitalize on a longer growing season and maximize investment in nutrient application strategies. 
The benefits of early planting to Michigan soybean growers may outweigh the risks in some years. Despite the risk of up to 1 bu/A/day yield loss with a post-May 10 planting date, earlier planting dates have obstacles (Hankinson et al., 2015). Soybeans rely on a combination of soil mineral N and biological N fixation to satisfy plant N requirements and the percentage from each source will vary with soil temperatures, soil moisture, soil physical properties, soil nutrient concentrations, and genetics (Chang et al., 2015). Early season Michigan planting conditions are frequently cool but may be wet or dry. Cool soil temperatures will often restrict root growth, inhibit soil microbial activity, and impede nutrient mineralization. Thus, earlier soybean planting dates may be subject to more sub-optimal growing days and display differential responses to nutrient application as compared to an optimal planting date under warmer soil conditions. Investigating this aspect as part of a larger management regime will generate useful nutrient application data for those growers pursuing earlier planting dates.
Avoiding reductions to seed quality and ensuring grain yield of current higher-yielding varieties may be two reasons 44%, 43%, and 69% of Michigan soybean acres are fertilized with either N, P, or K, respectively (Purucker & Steinke, 2020). Biological N fixation and soil N have the potential to satisfy grain N requirements in yields <67 bu/A and will also provide 95-97% of maximum yield when soil P, K, and micronutrients are above critical levels (Purucker & Steinke, 2020; Warncke, Dahl & Jacobs, 2009). However, at-plant sub-surface fertilizer applications may increase both early and late season nutrient availabilities and help account for minimal biological N fixation contributions prior to growth stage V2-V4. Additionally, staggering the N application timing may address the knowledge gap as to when N -fixation begins in earnest under Michigan growing conditions. Lack of soil moisture due to 4-8 week mid-to-late-summer periods without rainfall have hindered soybean production potentials. Regardless of whether nutrient transport is dependent upon mass flow (N) or diffusion (P, K), water is still required to move nutrients within the soil profile. Recent research has demonstrated up to an 11% yield increase to N applications but ranged from no effect in stressful environments where yield potential was <40 bu/A to as much as a 13 bu/A increase in greater yield potential environments (>85 bu/A). Comparing similar nutrient application strategies across irrigated and non-irrigated systems and multiple planting dates will provide vital management information for Michigan soybean growers moving forward.

MATERIALS AND METHODS
	Field studies initiated in Lansing, MI with planting dates of 23 April 2021 and 17 May 2021 on irrigated and non-irrigated Conover Loam soil. Both fields were autumn chisel plowed following corn and field cultivated in the spring prior to planting with a Monosem six row vacuum planter. Plots were 15 ft. wide by 40 ft. long and utilize a four-replication randomized complete block split-plot design. The whole plot factor was planting date (early and normal planting timings) with 6 subplot factor fertilizer strategies. At the irrigated site, the irrigation was supplied by a Micro Rain traveling irrigation unit. This was used to supplement around two inches of additional water prior to reproductive stages and three inches of water during and following reproductive stages. Grain yield was harvested by a small plot harvester (Kincaid 8XP) from rows 4 & 5 for a total harvest area of 200 ft2 per plot.
	Aboveground biomass was sampled at V4, R2 and R6. The R2 and R6 collections are collected for testing of 15N natural abundance. Five feet of one row is sampled by cutting plants at ground level. The number of plants and weight of the five feet is recorded, as well as five whole plants and five stem-only samples. Two soil samples are then pulled from each plot, 0-8” & 8-24”. A non-fertilized corn plot is also sampled for a non-leguminous comparison. The subsamples are weighed, dried, and ground for analysis. This will determine how much nitrogen comes from the environment, biological nitrogen fixation, and the various treatments. 

RESULTS AND DISCUSSION
	Preliminary data suggests as planting date was delayed from April 23 to May 17 grain yield decreased 4.3 bushels A-1 at the irrigated site and 3.0 bushels A-1 at the non-irrigated site. Total dry matter accumulation was influenced by planting date, but not fertilizer application at either the irrigated or non-irrigated sites. The early plant timings produced the greatest TDM with increases of 27.7% at the irrigated site and 24.4% at the non-irrigated site when compared to May planting. Although the May planting had a more efficient dry matter accumulation or harvest index, it did not correlate to yield as the April planting had significantly greater yield. Nodulation was significantly greater in the April planting. Across fertilizer treatments, nodulation counts were generally reduced in applied N treatments (Table 1). Pending 15N isotope testing results could provide further insight to whether applied N and changes in nodulation relate to yield. Planting date did have significant effect on net economic return at the irrigated site implying that under the current conditions of this study yield potential from planting early could outweigh the climactic variability encountered during this time. The non-fertilized control treatment increased profitability while all other treatments decreased due to increasing fertilizer costs and lack of unrealized yield gains at the irrigated and non-irrigated site. In the above critical nutrient concentration field environments tested in 2021, preliminary data suggest that pre-plant, at planting, and in season fertilizer applications did not result in greater yield or profitability across irrigated and non-irrigated soybean systems. 










Table 1. Average nodule count per plant, Irrigated and non-irrigated, Lansing MI, 2021
	Treatment
	Irrigated
	Non-irrigated

	Planting date
	_____________Nodules per plant _____________

	    23 April
	93.54 a †
	87.72 a

	    17 May
	73.47 b
	56.44 b

	P > F 
	0.08
	0.05

	Fertilizer
	
	

	    None
	86.15 a
	94.08 a

	    Dry 2x2
	93.05 a
	76.18 ab

	    Liquid 2x2
	88.03 a
	68.45 b

	    PPI N
	73.15 a
	58.75 b

	    V4 N
	71.53 a
	69.70 b

	    R2 N
	89.13 a
	65.33 b

	P > F
	ns ‡
	0.08

	† Values followed by the same lowercase letter are not significantly different at α=0.1
‡ ns, not significant.
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