No-till and Cover Crops Influence Soil Health and Nitrogen Rate and Timing Recommendations: Early Results
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INTRODUCTION
Changes in soil health may increase or decrease the amount of N fertilizer required to optimize crop yields. Research is currently on-going in South Dakota working to determine the relationship between soil health and subsequent corn N fertilizer requirements in no-till and cover cropping management systems. In addition to working on improving N recommendations for corn, other projects are evaluating whether current N recommendations are accurate for oats and the effect of a plant growth regulator (Palisade EC (trinexapac ethyl)) to reduce height and lodging of oat.

Another area of focus for soil fertility research has been the comparison of single- and split-N applications in corn. Corn is normally planted in April or May and annual precipitation is typically at its highest from March to June in South Dakota. This abundant early season precipitation often exceeds evapotranspiration and the soils capacity to store water. These conditions combined with limited N uptake by young corn lead to N fertilizer applied early in the season being susceptible to denitrification or leaching (Randall et al., 2003a; b; Randall and Vetsch, 2005; Minnesota Pollution Control Agency (MPCA), 2013; Struffert et al., 2016). It is near the V6 corn development stage when corn starts to grow rapidly and taking up larger amounts of water and nutrients (Ritchie et al., 1996). The potential for water and N losses after V6 is greatly diminished because of the high uptake of water and nutrients (Jokela and Randall, 1997; Randall et al., 2003a; Ma et al., 2003). One strategy to reduce the risk of N loss early in the season is to apply N fertilizer in amounts and at timings that closely match the water and N uptake pattern for corn (Dinnes et al., 2002; Gehl et al., 2005; Jones and Olson-Rutz, 2011). To match the N uptake patter of corn, a small amount of N is applied early in the season and the rest at one or more later times when the plant is taking up larger amounts of N. This can improve fertilizer use efficiency (increase grain yield and/or lower fertilizer rate), also lowering negative environmental impacts. In addition, more soil and weather information is available (from pre-plant application timing until in-season application) to adjust the N rate accordingly when the majority of the nutrient is applied in-season. The objective of this research was to determine the effectiveness of split N applications in improving corn yield and fertilizer use efficiency compared to single pre-plant N applications.






METHODS, RESULTS, AND DISCUSSION

CORN
Nitrogen Fertilizer Rate
During the 2018 growing season, N rate trials were conducted at seven locations throughout eastern South Dakota with N rates that ranged between 0 and 240 lbs ac-1. The 0–2-ft soil NO3–N levels of these sites ranged from 40–110 lbs ac-1 and grain yields from 42–278 bu ac-1, (Figure 1). Two locations did not respond to added N fertilizer while the remaining sites increased by 38–72 bu ac-1. At those sites that corn grain yield responded to N fertilization, the optimal N rate ranged from 75–181 lbs N ac-1. If a price to corn ratio of 0.1 was used determine the economic optimal N rate then N rate requirements decreased to 68–145 lbs N ac-1 (reduction of 7–36 lbs N ac-1). The response to N fertilizer was also compared across sites by converting grain yield to relative yield (Figure 1). Using the relative yield approach, grain yield response to N plateaued between 200 and 230 lbs ac‑1 of soil plus fertilizer N levels for all but one responsive site (Figure 2). At the NERF2 site, maximum grain yield was achieved with 148 lbs ac-1 soil plus fertilizer N. 

Using the current South Dakota N recommendation equation (1.2*yield goal – preplant NO3–N (0-24 in.) – legume credit + no-till credit), current N recommendations were within an average of 34 lbs ac-1 of the actual optimal N rate. There were two sites that were much larger than the average. The two Chelsea sites, which are in the north central part of South Dakota where rainfall can limit grain yield had the largest differences between the recommended and actual optimal N rates. Chelsea East did not respond to N but had a recommendation of 73 lbs ac-1 and Chelsea West had a recommendation of 81 lbs ac-1 but required 181 lbs ac-1. All other sites, which were in the eastern part of South Dakota where rainfall less often limits grain yield the N recommendation were within 34 lbs ac-1 of the actual optimal N rate. These results demonstrate that for the eastern part of South Dakota the current N recommendation system may be adequate. However, once rainfall starts to become more of a limiting factor the current N recommendation system needs improvement. More N rate trials are being conducted across several environments in South Dakota and data from these experiments will be used to further improve N fertilizer rate recommendations.


Figure 1. Grain yield (a) and relative grain yield (b) response to at-planting N fertilizer rates or total N rates (Fertilizer N plus soil NO3–N) at 7 seven locations in South Dakota during the 2018 growing season.

Cover Crop Nutrient Cycling in South Dakota (preliminary summary, 2017-2018)
Producer fields with cover crops were located and no cover plots were randomly established in 4 replications by spraying out the cover crops at emergence and keeping the plots clean throughout the fall season. Soil NO3–N from the 0–6 and 6–24 in. soil depths were obtained prior to fall soil freezing and prior to spring planting of either corn or soybeans (Tables 1 and 2). A producer’s field was located in which 3 cover crop blends and a control were established in 4 replications in a randomized complete block design with cover crops as strips across the reps and N rates randomized within the cover crop strips (Figure 2). The cover crop blends were a control with no cover crop, grass (90% grass and 10% broadleaf), broadleaf (90% broadleaf and 10% grass) and a 50:50 blend of grass and broadleaf cover crop species. The cover crop species were oats, barley, foxtail millet, sorghum sudan, radish, turnip, pea, and lentil. Nitrogen was applied as a surface broadcast of SuperU (Koch Agronomic Services, Wichita, KS) at planting in rates of 40, 80, 120, 160 and 200 lbs N ac-1. The previous crop was winter wheat. 

The addition of cover crops reduced soil NO3–N in the fall but increased it in the spring (Table 1). Corn and soybean grain yields were not influenced by cover crops in 5 on-farm trials in 2018 (Table 2). Soil nitrogen rate increased corn grain yield in all cover crop blends (Figure 2). Corn grain yield response to nitrogen in the control and grass cover crop was less when compared to the broadleaf and 50:50 blend cover crop treatments. These differences are not explained at this time because more soil analysis of the micro-biome and other soil health parameters are needed in combination with more field sites that are ongoing.

	Table 1. Influence of cover crop on fall and spring soil nitrate, South Dakota (2017-2018)

	
	No Cover Crop
	Cover Crop

	
	Fall 2017
	Spring 2018
	Fall 2017
	Spring 2018

	
	------------------------------- lbs ac-1 -------------------------------

	Nitrate-N (0–6 inch)
	17.9 a
	7.86 B
	6.5 b
	24.6 A

	Nitrate-N (6–24 inch)
	49.9 a
	18.5 B
	21.5 b
	55.1 A

	N=40, Statistical comparisons by sample depth and timing.  Lower case letters used to compare fall soil NO3–N by sample depth and no cover/cover. Upper case letters used to compare spring soil NO3–N by sample depth and no cover/cover.


	Table 2. Influence of cover crop on corn and soybean yield in farmer fields in South Dakota during 2018.

	Cover
	Beresford
	Salem
	Garretson
	Madison
	Clark

	Crop
	corn
	corn
	corn
	soybeans
	soybeans

	
	------------------------------------ bu ac-1 -----------------------------------

	No
	206.2
	200.2
	208.8
	69.6
	60.5

	Yes
	214.5
	203.2
	203.0
	68.3
	59.8

	Stat. Sig.
	no
	no
	no
	no
	no
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Figure 2. Influence of cover crop blend on corn grain yield response to N fertilizer rate at Garretson, SD in 2018.



Nitrogen Fertilizer Application Timing
New research has been started in 2018 to compare pre-plant N application and early season split N application strategies in three different precipitation and temperature regions of SD. Total N rates ranged from 0 to 240 lbs N ac-1. For the split treatments 40 lbs N ac-1 was applied pre-plant, and the remainder of N was applied at either V3 or V5 growth stages. All treatments used broadcast applied urea.

Two of the three locations showed 7 to 13 bu ac-1 yield advantage across applied N rates when delaying the majority of the N was applied at the V3 or V5 growth stage relative to applying the full rate of N prior to planting (Figures 3–5). The N rate that maximized yield response or reached the plateau yield ranged from 93 lbs N ac-1 up to 220 lbs N ac-1 among treatments and locations. N rate maximizing corn yield did not follow consistent patterns when N application timings were compared. These results demonstrate that splitting up N applications can increase grain yield, but only minimally. More site-years are needed to understand under what soil and weather conditions single or split N application should be used to optimize corn grain yield.  

[image: ][image: ]








Figure 4. Yield response to N rate and N application timing in 2018 near Brookings, SD
Figure 3. Yield response to N rate and N application timing in 2018 near South Shore, SD
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Figure 5 Yield response to N rate and N application timing in 2018 near Beresford, SD


OATS
Nitrogen response trials were conducted with six nitrogen rates (0, 20, 40, 60, 100 and 140 lbs ac-1) at two locations (SDSU Southeast and Northeast Research Farms near Beresford and South Shore, South Dakota). The effect of a plant growth regulator (Palisade EC (trinexapac ethyl)) on oat height and lodging was also evaluated at these sites. The pre-plant soil test results plus soybean legume credit (40 lbs ac-1) was approximately 84 lbs ac-1  at Beresford and 96 lbs ac-1 at Southshore. Nitrogen was applied as Urea at planting. A split plot design was used with N treatment as the main factor and growth regulator the split factor. All treatments were arranged in Randomized Complete Block (RCB) design with three replicates. The plot size was 15’ x 30’. The variety ‘Hayden’ was planted on April 23rd in Beresford and April 30th in Southshore. The plant growth regulator was applied at 14 oz ac-1 at Feekes 6 (first node stage) growth stage at both locations. At harvest, we measured height and determined the lodging score (percent lodged plants) for each plot. 

At Southshore, yields were significantly affected by N rates but not by the plant growth regulator (Figure 6). Although, the inclusion of the plant growth regulator did generally increase oat yield compared to without. This result likely occurred because the plant growth regulator reduced lodging and improved harvest efficiency (data not shown). Oat yield averaged from 108–159 bu ac-1 and yield was optimized between 90–140 lbs ac-1 of total N (pre-plant soil NO3–N + fertilizer N). The current recommended N rate for the Southshore site with a yield goal of 159 bu ac-1 was 206 lbs ac-1. This research study indicates that the current recommendation is over-estimating oat N fertilizer recommendations and needs to be reevaluated. 
 

Figure 6. Average Oat Yields under Various Nitrogen levels and Plant Growth Regulator ‘Palisade’ at SDSU NE Research Farm in 2018.

At Beresford, N rate significantly affected oat yield by reducing it as N rate increased until the 120 lbs ac-1 rate when yield began to increase again (Figure 7). It is unclear what caused this yield response pattern. Oat yield ranged from 54–94 bu ac-1, which was extremely low compared to the Southshore location. Reduced yield may have been caused by the delay in planting (April 30th) and extremely warm May temperatures Beresford experienced in 2018. The application of the plant growth regulator did effect the height and lodging of the oats. The Palisade showed significant effects on height and lodging, but did not clearly influence the total available N rate needed to optimize oat yield. The continuing research efforts to update N recommendations for oats in conjunction with a plant growth regulator will help improve our understanding of how to improve current oat recommendation with and without a plant growth regulator.  



Figure 7. Average Oat Yields under Various Nitrogen levels and Plant Growth Regulator ‘Palisade’ at SDSU SE Research Farm in 2018.


An N response only study was conducted at three other locations in 2018 (Aurora, Arlington, and Salem). All locations were planted to ‘Hayden’ except Arlington where the variety ‘Goliath’ was planted. The grain yields in Arlington, Aurora, and Salem ranged from 155–161 bu ac-1, 112–139 bu ac-1, and 65–105 bu ac-1, respectively. The Aurora location was remarkably low yielding due to weed pressure and severe storms in quick succession in mid-July (close to harvest), resulting in all plots being completely lodged at harvest. In the majority of these sites, the pre-plant NO3–N credit + soybean credit were enough to optimize yield. However, the current N recommendations were more than this credit, providing further evidence that N rate recommendations in South Dakota for oats need to be reevaluated.
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Figure 1. Cover crop blend influence on corn grain yield
response to N rate at Garretson SD during 2018.
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