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Overview

[bookmark: _GoBack]Over the last 2 decades, heavy accumulations of post-harvest crop residues have been observed in no-till fields in North Dakota (Aher et al., 2016). This generally has been promoted by a relatively short growing season (120-130 days) and a shift from small grain production to corn-soybean production systems. Aher et al. (2016) noted that more than 10 Mg/ha post-harvest crop residue had accumulated in some conservation cropping systems study crop sequences after 12 years (Table 1). An evaluation of the quality of aged (over-wintered) residues showed a range in C:N ratios of 36 to 67 which when decomposed could require 56 to 105 kg N/ha of additional fertilizer N for subsequent crops to offset potential immobilization. Although not all of the crop residue is likely to decompose over a given growing season, seasonal residue decomposition could potentially create an N “drag” on subsequent crops. A review of the literature indicated that only Montana, Wisconsin, New York, and Vermont (all Northern Tier states) provided recommendations for up to 34 kg N/ha when high levels of crop residues are present (Alghamdi and Cihacek, 2021). However, the origins of these recommendations were not clear from the literature. Moreover, contradictory to these recommendations, North Dakota has been recommending a 56 kg N/ha credit for most crops that have been under no-till culture for more than 6 years (Franzen, 2018).

During the 2013-2015 time period, we were working with ethanol distillers by products (CDS, WDGs, DDGs) to evaluate their suitability as a source of crop nutrients. Of particular interest were condensed distillers solubles (CDS), which are normally are incorporated into the dry distillers’ grains (WDGs) when destined as animal feed products. However, in the northern Great Plains, an early frost will substantially increase the yield of CDS creating an excess which cannot be easily incorporated into the DDGs and may need to be disposed of by other means (land application, land filled, etc.). In addition, periodic rail car shortages and limited onsite DDG storage may cause a backup supply of wet distiller’s grains (WDGs). Since these materials can contain significant levels of N (2-4 %) and P (~ 1 %), we conducted mineralization studies to evaluate the availability of N and P from these materials. Since these materials would be surface or shallow injected and incorporated in fields with corn and/or residue, we included residue treatments in our lab incubations.

Figure 1 shows the results of CDS and WDG incubation on yield of NH4+-N and NO3-- N with soybean residue utilizing an untreated soil as a comparison control. Figure 2 shows the results of CDS and WDG incubation with corn residue and the untreated soil as a control. In both cases, the CDS and WDG enhanced the availability of mineral N. The incubations were similarly conducted as reported by Keeney and Bremner (1966). However, both the soil plus soybean or corn residue showed reduced N mineralization (or immobilization) when compared to the soil alone.

    Table 1. Crop rotation treatments, residue weight, residue C and N, residue C:N ratio and residue N fertilizer deficit for the spring 2011 aged residue sampling. (From Aher et al., 2016)
	Crop Rotation Treatments†
	Residue Weight
	Residue C 
	Residue N 
	Residue C:N Ratio§
	Residue N Fertilizer Deficit

	
	--kg/ha--
	--kg C/ha--
	--kg N/ha--
	--------
	--kg N/ha--

	SW-WW-C-S
	10080ab‡
	4230ab
	85.3b
	49.4b
	99.7a

	SW-C-S
	9080ab
	3799ab
	77.7b
	49.4b
	88.5ab

	SW-S
	8895ab
	3660ab
	54.8bc
	36.1c
	105a

	C-S
	11768a
	5018a
	124a
	66.6a
	95.1a

	SW-WW-F-C-C-S
	8359b
	3443b
	80.6b
	54.9b
	70.1bc

	WW-CC-C-S
	7405bc
	3145b
	68.4b
	55.7b
	69.2bc

	SW-WW-A-A-C-S
	4232c
	1782c
	22.3c
	35.7c
	55.7c


   †SW-WW-C-S = spring wheat-winter wheat-corn-soybean; SW-C-S = spring  wheat-corn-   soybean; SW-S = spring wheat-soybean; C-S = corn-soybean; SW-WW-F-C-C-S = spring wheat-winter wheat-flax-corn-corn-soybean; WW-CC-C-S = winter wheat-cover crop-corn-soybean; SW-WW-A-A-C-S = spring wheat-winter wheat-alfalfa-alfalfa-corn-soybean.
    ‡Means with the same letter are not significantly different at p ≤ 0.05.
   §C:N = carbon:nitrogen ratio.
Figure 3 shows the results of the P mineralization studies that were conducted in a similar manner to the N mineralization studies. In these incubations, P was extracted by the Olsen method. Although P extracted was similar for the soil alone, soil + soybean residue, and soil + corn residue, both the soybean residue and corn residue appeared to depress the mineralization of P (immobilization) when compared to the soil alone. 
These combined observations created more questions about the interactions of crop residues and the cycling of nutrients from residues or in the presence of residues in no-till systems where heavy residue accumulations occur. Again, in reviewing the literature, we found several classical reports that indicated that additional fertilizer would be required to compensate for accumulations of residues either in conventionally tilled or no-till systems (Alghamdi and Cihacek, 2021).
Thus, we initiated and incubation study following the method of Stanford and Smith (1973) to look at N mineralization from residues of seven common North Dakota crops over a 12 week period representing a North Dakota growing season. This study was carried out on three common soils varying in texture and organic matter content with biweekly leaching to quantify NO3--N mineralized. These results are shown in Figure 4. Using the soil alone control as the baseline level of N mineralization, the three soils showed differences in the magnitude of N mineralized due to their OM content but all post-harvest crop residues generally showed N immobilization. Only winter pea and radish grown as bio-strip late season cover crops showed N mineralization due to their green condition at freeze up. We have since conducted additional studies (results not shown) that confirm our initial study.
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Figure 1. Mineral N yield for CDS and WDG in the presence of post-harvest soybean residue.
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Figure 2. Mineral N yield for CDS and WDG in the presence of post-harvest corn residue.
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Figure 3. Suppression (immobilization ?) of Olsen-extractable P due to CDS mineralization in presence of either post-harvest soybean (SB) or corn (C) residue after 56 days of incubation.

Conclusions

	The soil system is still essentially a “black box” with many processes and reactions going on simultaneously that are impacted by variability in temperature and moisture conditions. We have made several observations that illustrate our gaps in knowledge that illustrate the difficulty studying these processes:
1. A clear understanding of the crop residue decomposition processes laying on the soil surface in no-till fields and the environment in the zone of decomposition is still lacking. The difficulty of measuring N released from the decomposing residue on the surface and its fate in partitioning to the soil (or loss to volatilization as greenhouse gas) and its contribution to direct pathways between microbes and plants is still not clear in many research studies
. 2. Further research is needed to provide the data needed to support fertilizer recommendations for no-till systems in the northern Great Plains to maximize both economic return and minimize environmental risk to ground and surface waters.
3.  Soils in the field are open systems and following N changes and transitions are difficult across all seasons and even parts of a season unless we use 15N tracer methodologies which are expensive and laborious.
4.  Following reactions that occur at or across soil residue interfaces is difficult, especially under field conditions which would be necessary to get a much better indication of nutrient kinetics.

	Ongoing work by researchers in the area of soil health already have and may be able to give to give us a much clearer picture of the nutrient cycling processes we have been attempting to quantify.


[image: ]Figure 4. Mean NO3-N mineralization patterns over time for soil control, corn, flax, pea, radish, soybean, spring wheat, and winter wheat crop residue treatment for the Heimdal-Emrick (a), Fargo (b), and Forman (c) soil series and their associated incubation days. The baseline at 0 indicates the N mineralization of the soil alone relative to the N mineralization of the crop residues. (From Algahmdi et al. - in review).
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