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Abstract
	Feedback from farmers who had been in no-till crop production for over twenty years indicated that crop production could be maintained at high levels with a reduction in N rate from the universally recommended rates. Nitrogen rate studies in spring wheat/durum, corn and sunflower have confirmed that N rates can be reduced when a farm is under continuous long-term no-till production. A portion of the N credit may be uptake of N by microorganisms, thereby reducing the amount of N exposed to leaching or denitrification losses. Recently, paired sampling from long-term no-till fields and neighboring conventionally-tilled fields indicate that at least part of the credit is due to much greater activity of asymbiotic N-fixing organisms in long-term no-till fields.

Introduction
	In 1995 at my first Manitoba-North Dakota Zero Tillage meeting I had the privilege of meeting several of the original no-till pioneers from North Dakota and the region. They began no-till production in the early- to mid-1970’s in a desperate attempt to save their soils from complete destruction by wind erosion. Through trial and error, and establishing a network of like-minded farmers to discuss their experiments and practices, they successfully transitioned to profitable no-till production of small grains, sunflower, annual legumes, corn and other crops.
	After initial introductions, they told me that they did not follow North Dakota State University Extension N recommendations anymore. They related that after several years of no-till production, they found that they could reduce N rates. They had reduced them so much that they no longer paid any attention to NDSU recommendations. The idea of N reduction due to long-term no-till production stayed with me for 15 years until there were enough modern N rate trials accumulated to test them.

A long-term no-till N credit for spring wheat/durum production
The data set for revision of spring wheat/durum wheat N recommendations included fifty archived sites from 1969-1991, and fifty sites from 2005-2010. Sixty-eight datasets included tillage information. The datasets were divided into long-term no-till, which was defined as 6 years or more continuous no-till production, and conventional till, which was tillage during the year that exceeded 2 inches in depth. Nearly all of the conventionally-tilled sites were tilled to at least 6 inches in depth through plowing or chisel plowing, followed by additional use of a disc or field cultivator. In eastern North Dakota, there were 31 sites with conventional tillage and 19 sites under no-till production. The N rate corresponding to 50 bushels per acre in conventional tillage was 200 lb N per acre, compared to an N rate in long-term no-till of 140 lb N per acre (Figure 1). In western North Dakota, 10 conventional till sites were compared to the yield response in 8 long-term no-till sites. A yield of 30 bushels per acre required 80 pounds N per acre in conventional till sites compared to about 30 pounds N per acre in long-term no-till sites (Figure 2). Considering the response of wheat protein to N rate, which is an economic consideration in North Dakota, the overall N credit from to the N recommendation in long-term no-till was 50 pounds N per acre. This credit is published in the NDSU spring wheat and durum fertility circular https://www.ag.ndsu.edu/publications/crops/fertilizing-hard-red-spring-wheat-and-durum-1/sf712.pdf and in the N calculator for wheat online https://www.ndsu.edu/pubweb/soils/wheat/ and in Iphone and Android mobile N calculator apps.




Figure 1. Comparison of yield response of spring wheat and durum in eastern North Dakota to N rate in conventional tillage (top) and long-term no-till (bottom). 



Figure 2. Comparison of yield response of spring wheat and durum in western North Dakota to N rate in conventional tillage (top) and long-term no-till (bottom). 

The long-term no-till credit in North Dakota corn recommendations
 A total of 130 N rate studies were evaluated. Most were generated from North Dakota N rate studies from 2010-2014, but N rate experimental data were also included from southern Manitoba, northwest Minnesota, and the northern tier of counties in South Dakota. The oldest data was from 1998. All of the corn N rate data from western North Dakota was long-term no-till, since it is difficult to grow corn in a conventional till system from the arid western region of the state. In the east, N recommendations were categorized according to either high clay texture (>38% clay) or medium texture, which is all other textural classes. Since yields achieved in the studies varied greatly due to environment, usually available water, data are best analyzed as the effect of N rate on relative yield. Greatest yields were achieved in the conventional till sites with an N rate of about 250 pounds N per acre (Figure 3). For the long-term no-till sites, greatest yield was achieved with an N rate of about 175 pounds N per acre. The N recommendation for corn are also dependent on price of corn and cost of N, so the N credit for long-term no-till ranges from about 40 to 80 pounds N per acre depending on the economics of the year. The N recommendations may be found at https://www.ag.ndsu.edu/publications/crops/soil-fertility-recommendations-for-corn, the online calculator at https://www.ndsu.edu/pubweb/soils/corn/, or the mobile apps for Android and Iphones.
 

Figure 3. Comparison of eastern North Dakota/south Manitoba, northern South Dakota and northwest Minnesota medium textured site corn yield responses in conventional till (top) and long-term no-till sites (bottom), with corn yield normalized within each site.



Long-term no-till credit in North Dakota sunflower recommendations
From 2014 through 2017, 28 N rate experiments were conducted in North Dakota, with some sites under long-term no-till management and others in conventional tillage systems. The data indicated that it required less N to maximize sunflower yield in long-term no-till than under conventional tillage. Maximum sunflower yield in long-term no-till sites was achieved with 250 pounds N per acre, whereas about 300 pounds N per acre were required under conventional tillage. The economic-based N recommendations result in far less N due to the shallow N response relationships and decreased oil/greater lodging with increasing N rate; however, N recommendations for long-term no-till production are always less than those for conventional tillage. The recommendations may be found at https://www.ndsu.edu/fileadmin/soils/pdfs/SF713__Fertilizing_Sunflower.pdf or they are available as an N calculator online at https://www.ndsu.edu/pubweb/soils/sunflower/ , or in the N calculator app for Iphones and Android phones.



Figure 4. Comparison of the effect of N rate on normalized sunflower yield under conventional till (top) and long-term no-till (bottom). 
Possible reasons for the long-term no-till N credit
Nitrogen is limiting to microbial populations as well as plants and crops (Liu et al., 2016). When N is made available through chemical fertilization in a preplant or at-planting application, microbes have the ability to take up N before plants are established to take it up, and the microbes through their uptake may be able to protect the N from leaching or denitrification loss. Microbial biomass is more abundant in long-term no-till soils than soils under conventional tillage (Helgason et al., 2009). 
More recently, the role of asymbiotic N-fixing organisms was investigated in long-term no-till fields and in neighboring conventional till soils (Franzen et al., 2019). Ten of twelve paired sites were higher in asymbiotic N-fixation activity in the long-term no-till soils compared to the conventional till soils. The data indicated that perhaps one-third of the no-till N credit may be due to the activity of these organisms to independently fix N.
 
Summary
In North Dakota, N rate studies in spring wheat/durum, corn and sunflower consistently indicate that crops grown under long-term (6 years or more continuous) no-till require less N for maximum yield than crops grown under conventional tillage. Although part of the reason for the N credit may be the uptake of applied N by a greater no-till microbial biomass, another established reason is the greater activity of asymbiotic N-fixing organisms under long-term no-till. The reduced requirement for N may serve as an additional incentive to persuade growers to adopt more soil conserving practices, such as strip-till or no-till depending on their cropping system.
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Eastern Medium Texture Conventional Till Sites, Including S Manitoba, Northern Sites in South Dakota, NW Minnesota, Normalized Corn Yield WIthin Site vs Total Known Available N
YldNorm	y = -6E-06x2 + 0.003x + 0.5831
R² = 0.5016
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Normalized Corn Yield Within Site


Eastern Long-Term No-Till Corn Yield, 
Normalized vs Total Known Available N
YldNorm	y = -5E-05x2 + 0.0173x - 0.5434
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Normalized Corn Yield Within Site


Eastern North Dakota Sunflower, Conventional Till
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Normalized Sunflower Yield



Eastern North Dakota Sunflower, Long-term No-till
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Normalized Sunflower Yield



Eastern North Dakota Conventional Tillage
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Wheat Yield, bushels per acre


Eastern North Dakota Long-term No-Till
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Wheat Yield, bushels per acre


Western North Dakota Conventional Tillage
yld	y = -0.0007x2 + 0.1904x + 18.888
R² = 0.156
20	50	80	110	10	40	70	100	20	50	80	110	37	57	77	97	117	137	34	54	74	94	114	134	13	33	53	73	93	113	13	33	53	73	93	113	25	55	85	115	17	47	77	107	40	60	80	100	120	140	24.734000000000002	31.543299999999999	33.435600000000001	33.435600000000001	25.032	35.447099999999999	39.946899999999999	43.359000000000002	34.448799999999999	35.938800000000001	35.149099999999997	31.945599999999999	26.119700000000002	29.218900000000001	34.761699999999998	37.920499999999997	39.812800000000003	41.72	18	25	31	34	31	29	27	33	33	35	36	37	18	23	24	27	31	28	11.324	16.687999999999999	19.071999999999999	19.891500000000001	12.814	17.358499999999999	20.636500000000002	22.201000000000001	13.2	13.3	21.5	22.7	24	23.8	Total Known Available N, pounds per acre

Wheat Yield, bushels per acre


Western North Dakota Long-term No-Till
yld	y = -0.0007x2 + 0.2601x + 23.085
R² = 0.1924
50	90	130	170	210	50	90	130	170	210	50	90	130	170	210	50	90	130	170	210	70	115	160	205	34	64	94	124	154	184	135	165	195	225	255	285	111	141	171	201	231	261	38	39	42	44	49	32	36	39	39	41	35	35	48	48	49	33	38	38	39	38	60	67	72	69	25.7	33.1	36.1	38.200000000000003	36.6	39.299999999999997	36.5	43.4	41.1	34.1	39	37.5	49.8	57.1	57.5	57.9	58.3	56.9	Total Known Available N, pounds per acre

Wheat Yield, bushels per acre


