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Summary
Previous research has found that sweet corn stover can provide 70 to 77 lbs/ac N with a C:N of 32:1 to 35:1.  Sweet corn stover may therefore supply an N credit to any subsequent crop.  However, because sweet corn is typically harvested in August, much of that N may be lost if a cover crop is not planted after harvest.  The objective of this two-year study is to determine the N credit for field corn from a previous crop of sweet corn with and without a cover crop of rye planted after the sweet corn crop, compared to using soybeans or field corn as the rotation crop.  In each of four blocks, four whole plots were planted in 2017 (in Field 1) and, in a separate field (Field 2), in 2018 with one of four crops:  (1) field corn, (2) soybeans, (3) sweet corn, and (4) sweet corn with a rye cover crop planted after harvest. In the field started in 2017, field corn was planted in 2018 in every plot, and each plot was divided into subplots receiving N as urea at planting at six rates:  0, 50, 100, 150, 200, and 250 lbs/ac N, all applied preplant in the spring.  The results reported here are the set-up year in each field and the field corn year in Field 1.  Rotation crop yields were higher in 2018 than 2017, probably due to a cold, wet spring in 2017.  In Field 1, the rye cover crop contained about 50 lbs/ac N with a C:N of about 14:1 at the time it was disked in in May 2018.  In both fields, field corn produced more stover, but with a lower N concentration (0.6%) and higher C:N (73:1) than the other rotation crops.  Soybean straw had a lower N concentration (1.0%) and higher C:N (50:1) than sweet corn stover (1.5% N, 30:1 C:N).  In each year, the amount of N removed from the field at harvest was highest with soybeans (174 lbs/ac N, on average), followed by field corn (100 lbs/ac N), then sweet corn (38 – 39 lbs/ac N).  In contrast, the amount of N left in the field in above-ground stover or straw was lowest for soybeans (42 lbs/ac N, on average), with field corn and sweet corn leaving similar amounts of N to each other (about 45 – 65 lbs/ac N).  In Field 1, the end-of-season soil NO3-N concentration (0-2 feet) was highest in plots planted with sweet corn without rye, and the concentration in soybean plots had converged with that of sweet corn plots without rye by the following spring.  However, in Field 2, the end-of-season soil NO3-N was lowest in plots planted in sweet corn without rye.  In the field corn season in Field 1, yield, N concentration, and N content per acre of all above-ground tissues increased with the application rate of N, as expected, except that cob tissue also had high N concentrations at the lowest N rates (0 and 50 lbs/ac N).  Field corn yield, N concentration, and N content per acre and end-of-season soil NO3-N were all consistently higher in plots previously planted in sweet corn, with or without rye, than plots previously planted in field corn.  Plots planted in soybean were similar to field corn plots in stover yield, stover N concentration, and stover N content per acre, but similar to sweet corn plots in grain yield, grain N content per acre, and end-of-season soil NO3-N.  The EONR in plots previously planted in field corn was far higher (248 lbs/ac N) than those calculated for plots previously planted in sweet corn (178 lbs/ac N) or soybeans (160 lbs/ac N), and sweet corn with rye had a lower EONR than sweet corn alone (162 lbs/ac N).  Overall, our results, based on one year of data, indicate that sweet corn provides an N credit to a subsequent field corn crop that is similar to or slightly smaller than the N credit provided by soybeans.  In addition, the difference in the N credit between sweet corn and soybeans based on EONR analysis was closed when the rye cover crop was planted, indicating that the cover crop may increase the N credit that sweet corn provides.  

Background
	Based on our previous research, sweet corn stover can contain 70 to 77 lbs/ac N with a C:N between 32:1 and 35:1 when N was applied at a rate of 120 lbs/ac.  These results suggest that incorporating sweet corn stover into the field after harvest may provide an N credit for field corn grown the following season.
	The objective of this study is to assess the effect of soil-incorporated sweet corn stover, relative to field corn and soybean stover (which have C:N ratios of >50:1 and 30-50:1, respectively), on the N response of field corn grown the following season.  We hypothesize that sweet corn, unlike field corn, will provide an N credit for field corn grown the following year, that this N credit will be smaller than that of soybeans, and that a rye cover crop will conserve some N from sweet corn stover that would otherwise be lost.  In this report, we report on the amount of N and the C:N of the stover of field corn, soybean, sweet corn, and sweet corn followed by rye grown in two fields, one in 2017 (hereafter, “Field 1”) and one in 2018 (“Field 2”), as well as the N response of field corn in 2018 following each of these crops in Field 1.	

Materials and methods
	The study is being conducted on Nicolett-Webster clay loam soils at the Southern Research and Outreach Center in Waseca, MN.  The previous crop in each field was field corn.  Selected soil characteristics from each field both before and after rotation crops were grown are presented in Table 1.
	Treatments were applied in a randomized complete block split-plot design with treatments as summarized in Table 2.  In each field, 16 whole plots, each 126 feet long and 30 feet wide, were each planted with one of four crops in 2017 (Field 1) or 2018 (Field 2):  field corn, soybeans, sweet corn, or sweet corn followed by winter rye.  The cultivars planted were Nutech 5F-503AM blend at 34,237 seeds/ac (field corn), Asgrow AG1733 at 151,050 seeds/ac (soybeans), and Syngenta GSS1477 at 23,702 seeds/ac (sweet corn).  N was applied to the corn plots in the rotation-crop year as urea (46-0-0) at 170 lbs/ac for field corn plots and 140 lbs/ac for sweet corn plots.  Soybeans did not receive urea.  Urea applications for the rotation-crop year were made on May 5, 2017, in Field 1 and May 18 and 25, 2018 (field corn and sweet corn, respectively) in Field 2.  In Field 1, field corn and sweet corn were planted on May 8, 2017, and soybeans were planted on May 11, 2017.  In Field 2, field corn was planted on May 18, 2018, with soybeans on May 24 and sweet corn on May 25.  At planting in 2017, 7.5 lbs/ac N and 25.7 lbs/ac P2O5 were applied to the field corn and sweet corn plots as 6.5 gal/ac ammonium polyphosphate (10-34-0).  No starter was applied in 2018.  Between June 6 and 15, 2017, areas in the Field 1 sweet corn plots that had poor emergence due to cold, wet conditions were hand-planted to target population density.  This was not necessary in 2018.  Harvest dates were October 18 – 22, 1917, and October 23, 2018, for field corn; August 15 in each year for sweet corn; and October 19, 2017, and October 24, 2018, for soybeans.  Sweet corn plots without rye were chisel plowed following the sweet corn harvest.  Sweet corn plots with rye were not chisel plowed.  The rye cover crop in the sweet corn/rye plots was planted in late August in 2017 and early September in 2018 using a no-till drill.  The rye planted in 2017 was disked on May 10, 2018, treated with glyphosate on May 15, and disked again on May 18.  Steps in the rye crop’s management are illustrated in Figures 2 through 9.
	In the second year of planting in Field 1, field corn was planted in every whole plot, and each whole plot was divided into six subplots receiving 0, 50, 100, 150, 200, or 250 lbs/ac N as urea at planting.  All plots received 60 lbs/ac P2O5, 60 lbs/ac K2O, and 15 lbs/ac S as a blend of triple superphosphate, MOP, and gypsum on May 16, 2018. The field corn was planted and urea fertilizer applied on May 21 and harvested on October 23.
	Yield from each crop except rye was determined in a five-foot-wide strip 42 feet long in the center of each subplot.  Rye yield was estimated from six, one-square-foot areas in each whole plot.  In the sweet corn and field corn plots, stover yield and tissue N concentrations were measured in six representative plants per subplot.  In the soybean plots, whole plants (including seeds) were collected from eight linear feet of row (a 20-square-foot area) to determine whole-plant yield, N concentration, and N uptake.  Seed N concentrations were measured for a subsample of the seed yield sample and used to calculate N uptake into the seed.  Straw yield and N uptake were estimated by subtracting the values for seed from the values for whole plants, and straw N concentration was estimated by dividing the estimate for N uptake by the estimate for dry yield.  Soil samples were collected from the top two feet of each main plot following field corn harvest (November 7).  Samples were air dried, ground, and analyzed for nitrate-N.  
	Results for the rotation years in the two fields were analyzed as functions of field, rotation crop, their interaction, and block using the MIXED procedure in SAS 9.4, with denominator degrees of freedom calculated by the Kenward-Roger method.  Pairwise comparisons between treatments were made using the LSMEANS statement with the /DIFF option.  Results for the field corn year in Field 1 were analyzed as functions of previous crop, N rate, their interaction, and block using the same methods applied to the rotation year data.  The economically optimum N rate (EONR) was calculated by plotting crop revenue per acre (crop yield times November 2018 prices for each crop) minus N cost per acre (N application rate per acre times the November 2018 per-pound cost of N as urea) as a function of the application rate of N for field corn following each rotation crop.  A quadratic equation was fitted to the data for each previous crop, and the point of the curve where additional N no longer increased net crop revenue (crop revenue minus N cost) was calculated for each curve.  This point was identified as the EONR.

Results and discussion
Rotation crops
	Yields for field corn, soybeans, and sweet corn in each year are presented in Table 3.  All three crops had higher yields in 2018 than 2017.  This difference is probably due to colder, wetter spring conditions in 2017 compared to 2018.  The yield, N content, N uptake, and C:N of winter rye residues in the corn-rye plots of Field 1 as of May 8, 2018, are presented in Table 4.  The N content of the aboveground rye residue was about 50 lbs/ac, and the C:N was about 14:1, indicating that winter rye has good potential to sequester N in a form that is fairly accessible to microbial decomposition.
	Stover yield, N uptake, and soil N results for all three rotation crops are presented in Table 5.  Most of the variables measured showed significant year*crop effects, though some of the differences among crops were consistent between the two years even when the interaction was significant.  Field corn produced more stover than other crops in both years, especially in 2017 (Field 1).  Soybeans produced more stover than sweet corn with or without subsequent rye in 2017 (when sweet corn growth establishment was impacted by the cold, wet spring), but the opposite was true in 2018.  In both years, sweet corn had a higher stover N concentration than soybean, which had a higher concentration than field corn, while the reverse was true of stover C:N.  In 2018, stover N concentration was higher in plots planted in sweet corn without rye than sweet corn with subsequent rye.  In 2017, stover C:N was higher in plots planted in sweet corn without rye than sweet corn with subsequent rye.  These effects are not attributable to the presence of rye, since rye was not planted until after the sweet corn harvest.
In both years, little N was removed from the sweet corn plots at harvest compared to the field corn and soybean plots.  More N was removed with the soybean harvest than the field corn harvest in both years, but much of this N was the result of N fixation.  Soybean straw contained less N per acre than the residues of field corn or sweet corn, with the difference being more pronounced in 2018 than 2017.
In 2017, the plots planted in sweet corn without rye had the highest soil NO3-N concentrations at the end of the season by far, while the soybean plots had higher residual soil NO3-N concentrations than the plots planted in sweet corn with rye.  In 2018, the plots planted in sweet corn without rye had lower residual soil NO3-N concentrations than those planted in other crops, with the differences compared to field corn or sweet corn with rye being statistically significant at α = 0.1.  The low residual soil nitrate in sweet corn plots in 2018 is difficult to explain.  Additional NO3-N samples will be taken in the spring of 2019.   In Field 1, the effects of crop on end-of season soil NO3-N carried over into the following spring (2018), except that plots planted in soybeans had similar concentrations to those planted in sweet corn without rye.

Field corn N response
Results for the second year in Field 1, when field corn was planted in all plots and subplots were treated with differing rates of N, are presented in Table 4.  If different rotation crops (planted in 2017) provide different N credits to the subsequent field corn crop (planted in 2018), field corn should reach peak yield at lower N rates in plots where the previous crop provided a larger N credit.  This might be detected as a significant crop*N rate interaction.  However, significant interactions were only detected for cob N concentration and the amount of N per acre in cob tissue.
Field corn yield, tissue N concentration, and tissue N content per acre were all higher in subplots that received higher rates of N, as expected.  The one exception was cob tissue N concentration, which was highest in the zero-N control plots and lowest in the plots receiving 100 lbs/ac N.
Field corn stover yield, N concentration, and N content per acre were higher in the plots where field corn followed sweet corn or sweet corn with rye than in plots where field corn followed field corn or soybeans.  Grain yield and N content per acre were lower in plots where field corn followed field corn than any other rotation crop.  End-of-season soil NO3-N concentration was also lowest in the plots where the previous crop was field corn.  These results all indicate that the baseline available soil N in plots where the rotation crop was field corn was much lower than in plots where the rotation crop was sweet corn or soybeans.  Based on the results for field corn stover yield, N concentration, and N content per acre, a sweet corn rotation crop may even provide more N to the subsequent field corn crop than a soybean rotation crop does, though with little or no benefit to grain yield or grain N concentration.

Economically optimum N rate
	Results for economically optimum N rate (EONR) assessments based on Field 1 data are presented in Figure 1.  The plots planted in field corn in 2017 had lower field corn yields and a higher EONR than those planted in other crops.  Plots planted in sweet corn without rye in 2017 had a somewhat higher EONR than those planted in soybeans or sweet corn with rye.  Based on these results from one year, compared to field corn, sweet corn provides a substantial N credit to a subsequent field corn crop, and this credit can be increased by following sweet corn with a winter rye cover crop, so that the total N credit is similar to that provided by soybeans.  Additional research over two more years is needed before a definitive N credit for sweet corn and sweet corn with subsequent rye can be provided with confidence.  

Conclusions
[bookmark: _GoBack]	Based on our results for Field 1, which was planted in rotation crops in 2017 and in field corn fertilized at a range of N rates in 2018, sweet corn stover clearly provides an N credit to a subsequent field corn crop.  Whether this N credit was as large as that provided by soybeans, and whether planting a cover crop of winter rye after sweet corn harvest increased the N credit, depended on the analysis.  Based on the statistical analyses of yield and N uptake variables as functions of rotation crop and N application rate, sweet corn provides a similar N credit to soybeans, and the rye cover crop has little effect.  However, the EONR analysis indicates that sweet corn may provide a somewhat smaller N credit than soybeans, while planting a subsequent rye cover crop makes up the difference.  The rye cover crop held approximately 50 lbs/ac N in its aboveground tissues with a C:N of about 14:1, and plots that had sweet corn without rye had higher soil NO3-N concentrations than plots where rye was planted in both fall and spring after corn harvest.  These results suggest that it is likely that rye served to both sequester and release N for the 2018 field corn crop and reduce N losses to leaching between sweet corn harvest and field corn establishment. This study will be repeated to refine the N credit from sweet corn and effects of a rye cover on that credit.  
	 
Table 1.  Selected soil characteristic in each study field both before the rotation crop was grown (spring of the first year the field was included in the study) and after it was harvested (spring of the following year for Field 1; fall of the rotation crop year for Field 2).





Table 2.  Treatments applied to whole plots in year 1 and subplots in year 2 to each of the two fields included in the study.  Subplot treatments have not yet been applied to Field 2.





Table 3.  Yields of the four rotation crops planted in year 1 in each field.  Sweet corn with subsequent rye was treated no differently from sweet corn with no rye.




Table 4.  Dry yield, N content, N uptake, and C:N ratio of the winter rye crop grown after sweet corn in the rotation crops planted in 2017 (Field 1).






Table 5.  Stover yield, N concentration, and C:N; amounts of above-ground plant tissue N removed from or left in the field after harvest; and soil NO3-N and NH4-N concentrations at the end of the season and (for Field 1) the following spring for each rotation crop planted in the first year each of the two fields was included in the study.  Data from the plots with sweet corn + rye were collected before the rye was planted.





Table 6.  Field corn yield, tissue N concentration, and tissue N per acre and end-of-season soil NO3-N and NH4-N concentrations in Field 1 in the year N treatments were applied to the subplots.
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Figure 1.  Field corn crop revenue in Field 1 in 2018 as a function of the application rate of N, used to calculate the economically optimum N rate (EONR).  The data for each prior rotation crop was fitted with a quadratic function and the peak of the function was identified as the location where the change in crop revenue minus N cost with a change in N rate equaled zero.  The N rate at which this occurred is given as a number adjacent to an arrow indicating the location of the curve peak.  This model assumes that field corn sells for $3.66 per bushel and urea for $0.17 per pound (actual November 2018 prices).  Error bars indicate the standard error of the mean.
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Figure 2. Sweet corn following mechanical harvest, August 15, 2017.  No other field operations were performed between harvest and planting rye. (Photo credit Charlie Rohwer)
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Figure 3. Grain drill used to plant rye. (Photo credit Charlie Rohwer)
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Figure 4.  Harvested sweet corn field planted with winter rye.  Rye is emerging – September 7, 2017. (Photo credit Charlie Rohwer)
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Figure 5. Rye growth on October 10, 2017. (Photo credit Charlie Rohwer)
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Figure 6. Rye cover crop April, 10, 2018. (Photo credit Charlie Rohwer)
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Figure 7. Rye cover crop April 25, 2018.  (Photo credit Charlie Rohwer)
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Figure 8. Rye cover crop May 8, 2018 just prior to disking on May 10.  The rye was then sprayed with glyphosate on 15 May and disked again on May 18. (Photo credit Charlie Rohwer)
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Figure 9. Rye cover crop killed with glyphosate followed by disking May 18, 2018. Field corn was planted May 21, 2018.  (Photo credit Charlie Rohwer)

Microsoft_Excel_Worksheet2.xlsx
Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1



				Crop		2017 (Field 1)		2018 (Field 2)

				Field corn		157 ± 16 bu/ac grain at 15.5% moisture		183 ± 19 bu/ac grain at 15.5% moisture

				Soybeans		48.2 ± 6.8 bu/ac at 13% moisture		62.7 ± 2.7 bu/ac at 13% moisture

				Sweet corn, no rye		4.6 ± 1.4 T/ac green ears		6.0 ± 0.5 T/ac green ears

				Sweet corn, subsequent rye		4.4 ± 0.9 T/ac green ears		6.4 ± 0.4 T/ac green ears





Rye



				Residue dry yield		Residue % N		Residue N uptake		Residue C:N

				1618 ± 372 lbs/ac		3.21 ± 0.38		51.1 ± 7.3 lbs/ac		13.8 ± 1.4





Year1N



				Field		Rotation-crop year		Rotation crop		Stover dry yield (lbs·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1, Field 1 only)				Following spring soil NH4-N (mg·kg-1, Field 1 only)

				1		2017		Average of all		5308				1.35		a		40		b		95				59		a		154				4.1		b		6.1				.				.

				2		2018		Average of all		5238				0.94		b		52		a		100				48		b		148				6.7		a		6.0				.				.

				Effect of year (P-value)						0.6866				<0.0001				<0.0001				0.1354				0.0013				0.2522				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		8843		a		0.63		c		73		a		139		b		56		ab		195		b		5.0		b		6.1				.				.

								Soybeans		4075		b		1.03		b		50		b		174		a		42		c		216		a		5.3		b		6.2				.				.

								Sweet corn		4237		b		1.51		a		31		c		38		c		62		a		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		3936		b		1.42		a		29		c		39		c		54		b		93		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				0.0013				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		10298		a		0.65		e		70		b		175		b		67		a		242		a		2.8		cd		6.0				3.9		b		6.8

								Soybeans		4235		de		1.18		b		40		d		151		c		50		bc		202		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		3416		fg		1.78		a		26		e		28		f		61		a		88		e		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		3282		g		1.80		a		21		f		26		f		59		ab		85		e		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		7389		b		0.61		e		77		a		103		d		45		c		148		c		7.1		a		6.2				.				.

								Soybeans		3915		ef		0.88		d		59		c		196		a		34		d		230		a		6.9		ab		5.9				.				.

								Sweet corn		5057		c		1.24		b		37		d		48		e		63		a		112		d		5.8		b		5.5				.				.

								Sweet corn + rye		4590		cd		1.04		c		36		d		53		e		49		bc		102		de		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						0.0001				<0.0001				0.0324				<0.0001				0.0501				<0.0001				<0.0001				0.9525				N/A				N/A





Year2N



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N (%)												Tissue N (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake
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Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1



				Crop		2017 (Field 1)		2018 (Field 2)

				Field corn		157 ± 16 bu/ac grain at 15.5% moisture		183 ± 19 bu/ac grain at 15.5% moisture

				Soybeans		48.2 ± 6.8 bu/ac at 13% moisture		62.7 ± 2.7 bu/ac at 13% moisture

				Sweet corn, no rye		4.6 ± 1.4 T/ac green ears		6.0 ± 0.5 T/ac green ears

				Sweet corn, subsequent rye		4.4 ± 0.9 T/ac green ears		6.4 ± 0.4 T/ac green ears





Rye



				Residue dry yield		Residue % N		Residue N content		Residue C:N

				1618 ± 372 lbs/ac		3.21 ± 0.38		51.1 ± 7.3 lbs/ac		13.8 ± 1.4





Year1N



				Field		Rotation-crop year		Rotation crop		Stover dry yield (lbs·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1)				Following spring soil NH4-N (mg·kg-1)

				1		2017		Average of all		5308				1.35		a		40		b		76		b		59		a		135		b		4.1		b		6.1				.				.

				2		2018		Average of all		5238				0.94		b		52		a		100		a		48		b		148		a		6.7		a		6.0				.				.

				Effect of year (P-value)						0.6866				<0.0001				<0.0001				<0.0001				0.0013				0.0131				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		8843		a		0.63		c		73		a		100		b		56		ab		156		b		5.0		b		6.1				.				.

								Soybeans		4075		b		1.03		b		50		b		174		a		42		c		216		a		5.3		b		6.2				.				.

								Sweet corn		4237		b		1.51		a		31		c		38		c		62		a		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		3936		b		1.42		a		29		c		39		c		54		b		93		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				0.0013				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		10298		a		0.65		e		70		b		98		c		67		a		165		c		2.8		cd		6.0				3.9		b		6.8

								Soybeans		4235		de		1.18		b		40		d		151		b		50		bc		201		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		3416		fg		1.78		a		26		e		28		e		61		a		88		ef		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		3282		g		1.80		a		21		f		26		e		59		ab		85		f		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		7389		b		0.61		e		77		a		103		c		45		c		148		c		7.1		a		6.2				.				.

								Soybeans		3915		ef		0.88		d		59		c		196		a		34		d		230		a		6.9		ab		5.9				.				.

								Sweet corn		5057		c		1.24		b		37		d		48		d		63		a		112		d		5.8		b		5.5				.				.

								Sweet corn + rye		4590		cd		1.04		c		36		d		53		d		49		bc		102		de		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						0.0001				<0.0001				0.0324				0.0020				0.0501				0.0146				<0.0001				0.9525				N/A				N/A



















































Year2N



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N (%)												Tissue N (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake
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Field

Rotation-

crop year

Rotation crop

1 2017 Average of all 1.35a 40b 76b 59a 135b 4.1b

2 2018 Average of all 0.94b 52a 100a 48b 148a 6.7a

Field corn 8843a 0.63c 73a 100b 56ab 156b 5.0b

Soybeans 4075b 1.03b 50b 174a 42c 216a 5.3b

Sweet corn 4237b 1.51a 31c 38c 62a 100c 6.6a

Sweet corn + rye 3936b 1.42a 29c 39c 54b 93c 4.6b

Field corn 10298a 0.65e 70b 98c 67a 165c 2.8cd 3.9b

Soybeans 4235de 1.18b 40d 151b 50bc 201b 3.8c 6.5a

Sweet corn 3416fg 1.78a 26e 28e 61a 88ef 7.5a 6.4a

Sweet corn + rye 3282g 1.80a 21f 26e 59ab 85f 2.2d 3.1b

Field corn 7389b 0.61e 77a 103c 45c 148c 7.1a

Soybeans 3915ef 0.88d 59c 196a 34d 230a 6.9ab

Sweet corn 5057c 1.24b 37d 48d 63a 112d 5.8b

Sweet corn + rye 4590cd 1.04c 36d 53d 49bc 102de 6.9a
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Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1



				Crop		2017 (Field 1)		2018 (Field 2)

				Field corn		157 ± 16 bu/ac grain at 15.5% moisture		183 ± 19 bu/ac grain at 15.5% moisture

				Soybeans		48.2 ± 6.8 bu/ac at 13% moisture		62.7 ± 2.7 bu/ac at 13% moisture

				Sweet corn, no rye		4.6 ± 1.4 T/ac green ears		6.0 ± 0.5 T/ac green ears

				Sweet corn, subsequent rye		4.4 ± 0.9 T/ac green ears		6.4 ± 0.4 T/ac green ears





Rye



				Residue dry yield		Residue % N		Residue N content		Residue C:N

				1618 ± 372 lbs/ac		3.21 ± 0.38		51.1 ± 7.3 lbs/ac		13.8 ± 1.4





Year1N



				Field		Rotation-crop year		Rotation crop		Stover dry yield (lbs·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N content (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1)				Following spring soil NH4-N (mg·kg-1)

				1		2017		Average of all		5308				1.35		a		40		b		76		b		59		a		135		b		4.1		b		6.1				.				.

				2		2018		Average of all		5238				0.94		b		52		a		100		a		48		b		148		a		6.7		a		6.0				.				.

				Effect of year (P-value)						0.6866				<0.0001				<0.0001				<0.0001				0.0013				0.0131				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		8843		a		0.63		c		73		a		100		b		56		ab		156		b		5.0		b		6.1				.				.

								Soybeans		4075		b		1.03		b		50		b		174		a		42		c		216		a		5.3		b		6.2				.				.

								Sweet corn		4237		b		1.51		a		31		c		38		c		62		a		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		3936		b		1.42		a		29		c		39		c		54		b		93		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				0.0013				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		10298		a		0.65		e		70		b		98		c		67		a		165		c		2.8		cd		6.0				3.9		b		6.8

								Soybeans		4235		de		1.18		b		40		d		151		b		50		bc		201		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		3416		fg		1.78		a		26		e		28		e		61		a		88		ef		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		3282		g		1.80		a		21		f		26		e		59		ab		85		f		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		7389		b		0.61		e		77		a		103		c		45		c		148		c		7.1		a		6.2				.				.

								Soybeans		3915		ef		0.88		d		59		c		196		a		34		d		230		a		6.9		ab		5.9				.				.

								Sweet corn		5057		c		1.24		b		37		d		48		d		63		a		112		d		5.8		b		5.5				.				.

								Sweet corn + rye		4590		cd		1.04		c		36		d		53		d		49		bc		102		de		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						0.0001				<0.0001				0.0324				0.0020				0.0501				0.0146				<0.0001				0.9525				N/A				N/A



















































Year2N



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N concentration (%)												Tissue N content (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake












image6.emf
Field corn 4945b 6726b 0.47b 24b 76b 112c 4.11b

Soybean 5056b 8609a 0.48b 25b 97a 134b 5.61a

Sweet corn 5440a 8843a 0.55a 30a 101a 145a 5.63a

Sweet corn with rye 5637a 8336a 0.53a 31a 97a 139ab 5.49a

0 4287d 2180d 5580c 0.39d 0.54a 0.96d 17e 12cd 54e 83e

50 4798c 2365c 6893b 0.41d 0.50b 0.98d 20d 12d 68d 100d

100 5367b 2580b 8841a 0.46c 0.47c 1.10c 25c 12d 98c 135c

150 5658a 2601b 8945a 0.55b 0.49bc 1.20b 31b 13bc 108b 152b

200 5654a 2633ab 9222a 0.58b 0.51ab 1.20b 33b 13ab 111b 157b

250 5852a 2692a 9289a 0.63a 0.51ab 1.27a 37a 14a 118a 168a

0 0.59a 14abc

50 0.52bcde 12efgh

100 0.43f 11h

150 0.46ef 12defgh

200 0.56ab 14ab

250 0.52bcde 13abcd

0 0.53abcde 12efgh

50 0.54abc 13bcdef

100 0.46ef 12cdef

150 0.49bcdef 13cdefg

200 0.47def 12abcde

250 0.55ab 15cdefg

0 0.53abcd 12cdefgh

50 0.48cdef 12defgh

100 0.48cdef 13bcdef

150 0.52abcde 14abcd

200 0.50bcde 14abc

250 0.52abcde 14ab

0 0.50bcde 11gh

50 0.47cdef 11fgh

100 0.50bcde 12bcdefg

150 0.50bcde 13bcde

200 0.51bcde 13abcd

250 0.47def 13abcde

<0.0001

0.0010

0.1514

3549

5163

7285

7581

8229

8548

6248

7780

9105

8981

9397

9481

7456

9818

9357

9525

9649

5271

7173

9156

9860

Yield (lbs·ac

-1

)

Tissue N concentration (%)

0.2282

<0.0001

0.6649

2419

2535

2582

2498

5870

6419

0.6051

4744

4964

4909

5530

5521

5657

4071

4615

2565

2642

2786

2310

0.40

0.41

0.49

0.2792

<0.0001

<0.0001

NH

4

-N

End of season soil N (mg·kg

-1

)

Total Grain Cob Stover

Tissue N content (lbs·ac

-1

)

0.57

0.65

0.66

0.0732

0.0136

0.8438

0.57

0.52

0.56

0.41

0.42

NO

3

-N Grain Cob Stover Grain

5565

5463

5812

6094

5285

5715

5414

5236

Stover

0.38

0.43

0.44

0.53

0.62

0.63

9737

9480

7253

Cob

Average of all

Average of all

Field corn

Soybean

Sweet corn

Sweet corn 

with rye

Effect of crop (P-value) 0.0204

<0.0001

3713

4336

Effect of N rate (P-value)

5708

5924

4622

5277

Effect of Crop*N rate (P-value)

2199

2373

2654

2673

2619

2693

2073

2235

2493

2576

2533

2606

2138

2375

2483

2477

2692

2589

2739

2684 0.68

0.39

0.37

0.40

0.46

0.53

0.64

42

0.51

0.51

0.51

0.49

0.1345

<0.0001

21

30

34

37

41

19

22

34

38

1.10

0.1486

1.00

0.94

1.04

1.16

1.18

1.26

0.92

0.97

1.07

1.22

1.19

1.28

0.99

1.00

1.15

1.19

1.27

0.94

1.02

1.15

1.25

1.21

1.26

1.11

1.13

1.14

1.22

0.0440

0.0002

0.6197

13

13

13

12

<0.0001

<0.0001

0.2751

15

16

20

26

29

36

15

20

23

32

28

28

29

19

<0.0001

0.0015

0.2084

35

49

76

88

98

108

58

70

98

120

116

121

72

75

113

111

116

122

49

80

105

113

114

120

0.0005

<0.0001

0.2185

64

77

106

126

141

157

85

103

133

165

155

165

103

108

155

158

166

177

79

113

145

0.0744

0.1026

0.6608

4.49

4.98

5.21

5.08

5.83

5.67

3.51

4.91

3.59

3.88

4.71

4.07

4.21

5.24

6.02

6.03

5.23

5.45

4.90

6.15

6.04

5.44

6.71

6.24

4.22

4.56

5.78

160

165

175

0.5768

0.8986

0.3750

6.22

6.90

5.91

5.87

5.91

6.03

5.19

5.02

5.82

7.30

5.41

5.33

6.84

6.03

5.98

6.10

5.76

6.34

5.68

Previous crop

N rate (lbs·ac

-1

)

5.71

7.09

6.32

7.18

6.08

5.44

5.62

6.30

5.54

5.97

5.95

6.38

5.77

6.01

5.79

6.12

6.18

5.80


Microsoft_Excel_Worksheet5.xlsx
Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1



				Crop		2017 (Field 1)		2018 (Field 2)

				Field corn		157 ± 16 bu/ac grain at 15.5% moisture		183 ± 19 bu/ac grain at 15.5% moisture

				Soybeans		48.2 ± 6.8 bu/ac at 13% moisture		62.7 ± 2.7 bu/ac at 13% moisture

				Sweet corn, no rye		4.6 ± 1.4 T/ac green ears		6.0 ± 0.5 T/ac green ears

				Sweet corn, subsequent rye		4.4 ± 0.9 T/ac green ears		6.4 ± 0.4 T/ac green ears





Rye



				Residue dry yield		Residue % N		Residue N content		Residue C:N

				1618 ± 372 lbs/ac		3.21 ± 0.38		51.1 ± 7.3 lbs/ac		13.8 ± 1.4





Year1N



				Field		Rotation-crop year		Rotation crop		Stover dry yield (lbs·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N content (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1)				Following spring soil NH4-N (mg·kg-1)

				1		2017		Average of all		5308				1.35		a		40		b		76		b		59		a		135		b		4.1		b		6.1				.				.

				2		2018		Average of all		5238				0.94		b		52		a		100		a		48		b		148		a		6.7		a		6.0				.				.

				Effect of year (P-value)						0.6866				<0.0001				<0.0001				<0.0001				0.0013				0.0131				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		8843		a		0.63		c		73		a		100		b		56		ab		156		b		5.0		b		6.1				.				.

								Soybeans		4075		b		1.03		b		50		b		174		a		42		c		216		a		5.3		b		6.2				.				.

								Sweet corn		4237		b		1.51		a		31		c		38		c		62		a		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		3936		b		1.42		a		29		c		39		c		54		b		93		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				0.0013				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		10298		a		0.65		e		70		b		98		c		67		a		165		c		2.8		cd		6.0				3.9		b		6.8

								Soybeans		4235		de		1.18		b		40		d		151		b		50		bc		201		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		3416		fg		1.78		a		26		e		28		e		61		a		88		ef		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		3282		g		1.80		a		21		f		26		e		59		ab		85		f		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		7389		b		0.61		e		77		a		103		c		45		c		148		c		7.1		a		6.2				.				.

								Soybeans		3915		ef		0.88		d		59		c		196		a		34		d		230		a		6.9		ab		5.9				.				.

								Sweet corn		5057		c		1.24		b		37		d		48		d		63		a		112		d		5.8		b		5.5				.				.

								Sweet corn + rye		4590		cd		1.04		c		36		d		53		d		49		bc		102		de		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						0.0001				<0.0001				0.0324				0.0020				0.0501				0.0146				<0.0001				0.9525				N/A				N/A



















































Year2N



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N concentration (%)												Tissue N content (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake
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pH

2017 Spring Soybean 21 - 30 153 - 171 4.4 - 5.0 6.4 - 6.6

Field corn 7 - 19 123 - 174 4.3 - 5.7 6.4 - 6.7

Soybean 12 - 36 145 - 173 4.2 - 5.5 6.4 - 7.2

Sweet corn 35 - 56 135 - 201 4.6 - 5.1 6.2 - 6.4

Sweet corn + rye 18 - 27 157 - 188 4.3 - 5.3 6.5 - 7.2

2018 Spring Soybean 32 - 50 264 - 328 4.6 - 5.8 6.2 - 6.8

Field corn 17 - 36 277 - 420 4.0 - 5.4 6.1 - 6.9

Soybean 26 - 41 292 - 400 4.6 - 6.1 6.1 - 6.4

Sweet corn 29 - 38 252 - 384 4.2 - 5.6 6.1 - 6.5

Sweet corn + rye 24 - 51 299 - 376 4.1 - 6.2 6.1 - 6.8

Pre-plant soil test results
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Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1yield



				Field		Year		Crop		Stover dry yield (T·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1, Field 1 only)				Following spring soil NH4-N (mg·kg-1, Field 1 only)

				1		2017		Average of all		2.7		b		1.47		a		40		b		95				72		a		167				4.1		b		6.1				.				.

				2		2018		Average of all		2.8		a		1.09		b		52		a		100				61		b		161				6.7		a		6.0				.				.

				Effect of year (P-value)						0.0797				<0.0001				<0.0001				0.1354				0.0072				0.2906				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		4.0		a		0.63		d		73		a		139		b		56		b		195		a		5.0		b		6.1				.				.

								Soybeans		2.0		c		1.03		c		50		b		174		a		42		c		216		b		5.3		b		6.2				.				.

								Sweet corn		2.1		c		1.51		b		31		c		38		c		62		b		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		2.8		b		1.94		a		29		c		39		c		105		a		145		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				<0.0001				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		4.3		a		0.65		f		70		b		175		b		67				242		a		2.8		cd		6.0				3.9		b		6.8

								Soybeans		2.1		e		1.18		d		40		d		151		c		50				202		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		1.7		f		1.78		b		26		e		28		f		60				88		e		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		2.5		d		2.25		a		21		f		26		f		111				137		e		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		3.7		b		0.61		f		77		a		103		d		45				148		c		7.1		a		6.2				.				.

								Soybeans		2.0		ef		0.88		e		59		c		196		a		34				230		a		6.9		ab		5.9				.				.

								Sweet corn		2.5		d		1.24		d		37		d		48		e		63				112		d		5.8		b		5.5				.				.

								Sweet corn + rye		3.1		c		1.62		c		36		d		53		e		100				153		d		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						<0.0001				<0.0001				0.0324				<0.0001				0.1335				<0.0001				<0.0001				0.9525				N/A				N/A





Year2yield



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N (%)												Tissue N (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake
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Subplot treatments 

in year 2

Crop

N applied

1 

(lbs·ac

-1

)

N applied (lbs·ac

-1

)

Field corn 170 0

Soybeans 0 50

Sweet corn 140 100

Sweet corn plus rye 140 150

200

250

1

 N applied as urea (46-0-0) before planting.

Whole plot treatments in year 1


Microsoft_Excel_Worksheet1.xlsx
Initial soil



				Field		Year		Sample time		Previous crop		Pre-plant soil test results

												Bray P (mg·kg-1)		K               (mg·kg-1)		Organic matter     (%, LOI)		pH

				1		2017		Spring		Soybean		21 - 30		153 - 171		4.4 - 5.0		6.4 - 6.6

						2018		Spring		Field corn		7 - 19		123 - 174		4.3 - 5.7		6.4 - 6.7

										Soybean		12 - 36		145 - 173		4.2 - 5.5		6.4 - 7.2

										Sweet corn		35 - 56		135 - 201		4.6 - 5.1		6.2 - 6.4

										Sweet corn + rye		18 - 27		157 - 188		4.3 - 5.3		6.5 - 7.2

				2		2018		Spring		Soybean		32 - 50		264 - 328		4.6 - 5.8		6.2 - 6.8

						2018		Fall		Field corn		17 - 36		277 - 420		4.0 - 5.4		6.1 - 6.9

										Soybean		26 - 41		292 - 400		4.6 - 6.1		6.1 - 6.4

										Sweet corn		29 - 38		252 - 384		4.2 - 5.6		6.1 - 6.5

										Sweet corn + rye		24 - 51		299 - 376		4.1 - 6.2		6.1 - 6.8





Treatments



				Whole plot treatments in year 1				Subplot treatments in year 2

				Crop		N applied1 (lbs·ac-1)		N applied (lbs·ac-1)

				Field corn		170		0

				Soybeans		0		50

				Sweet corn		140		100

				Sweet corn plus rye		140		150

								200

								250

				1 N applied as urea (46-0-0) before planting.





Year1yield



				Field		Year		Crop		Stover dry yield (T·ac-1)				Stover % N				Stover C:N				Tissue N removed from field (lbs·ac-1)				Tissue N left in field (lbs·ac-1)				Total tissue N (lbs·ac-1)				End-of-season soil NO3-N (mg·kg-1)				End-of-season soil NH4-N (mg·kg-1)				Following spring soil NO3-N (mg·kg-1, Field 1 only)				Following spring soil NH4-N (mg·kg-1, Field 1 only)

				1		2017		Average of all		2.7		b		1.47		a		40		b		95				72		a		167				4.1		b		6.1				.				.

				2		2018		Average of all		2.8		a		1.09		b		52		a		100				61		b		161				6.7		a		6.0				.				.

				Effect of year (P-value)						0.0797				<0.0001				<0.0001				0.1354				0.0072				0.2906				<0.0001				0.9303				N/A				N/A

				Average of both				Field corn		4.0		a		0.63		d		73		a		139		b		56		b		195		a		5.0		b		6.1				.				.

								Soybeans		2.0		c		1.03		c		50		b		174		a		42		c		216		b		5.3		b		6.2				.				.

								Sweet corn		2.1		c		1.51		b		31		c		38		c		62		b		100		c		6.6		a		5.4				.				.

								Sweet corn + rye		2.8		b		1.94		a		29		c		39		c		105		a		145		c		4.6		b		6.5				.				.

				Effect of crop (P-value)						<0.0001				<0.0001				<0.0001				<0.0001				<0.0001				<0.0001				0.0017				0.5264				0.0266				0.8802

				1		2017		Field corn		4.3		a		0.65		f		70		b		175		b		67				242		a		2.8		cd		6.0				3.9		b		6.8

								Soybeans		2.1		e		1.18		d		40		d		151		c		50				202		b		3.8		c		6.5				6.5		a		7.9

								Sweet corn		1.7		f		1.78		b		26		e		28		f		60				88		e		7.5		a		5.3				6.4		a		6.8

								Sweet corn + rye		2.5		d		2.25		a		21		f		26		f		111				137		e		2.2		d		6.5				3.1		b		7.9

				2		2018		Field corn		3.7		b		0.61		f		77		a		103		d		45				148		c		7.1		a		6.2				.				.

								Soybeans		2.0		ef		0.88		e		59		c		196		a		34				230		a		6.9		ab		5.9				.				.

								Sweet corn		2.5		d		1.24		d		37		d		48		e		63				112		d		5.8		b		5.5				.				.

								Sweet corn + rye		3.1		c		1.62		c		36		d		53		e		100				153		d		6.9		a		6.5				.				.

				Effect of year*crop (P-value)						<0.0001				<0.0001				0.0324				<0.0001				0.1335				<0.0001				<0.0001				0.9525				N/A				N/A





Year2yield



				Previous crop		N rate (lbs·ac-1)		Yield (lbs·ac-1)												Tissue N (%)												Tissue N (lbs·ac-1)																End of season soil N (mg·kg-1)

								Stover				Cob				Grain				Stover				Cob				Grain				Stover				Cob				Grain				Total				NO3-N				NH4-N

				Field corn		Average of all		4945		b		2419				6726		b		0.47		b		0.51				1.10				24		b		13				76		b		112		c		4.11		b		5.97

				Soybean				5056		b		2535				8609		a		0.48		b		0.51				1.11				25		b		13				97		a		134		b		5.61		a		5.95

				Sweet corn				5440		a		2582				8843		a		0.55		a		0.51				1.13				30		a		13				101		a		145		a		5.63		a		6.38

				Sweet corn with rye				5637		a		2498				8336		a		0.53		a		0.49				1.14				31		a		12				97		a		139		ab		5.49		a		5.77

				Effect of crop (P-value)				0.0204				0.2282				0.0010				<0.0001				0.8438				0.1345				<0.0001				0.6197				0.0015				0.0005				0.0744				0.5768

				Average of all		0		4287		d		2180		d		5580		c		0.39		d		0.54		a		0.96		d		17		e		12		cd		54		e		83		e		4.49				6.01

						50		4798		c		2365		c		6893		b		0.41		d		0.50		b		0.98		d		20		d		12		d		68		d		100		d		4.98				5.79

						100		5367		b		2580		b		8841		a		0.46		c		0.47		c		1.10		c		25		c		12		d		98		c		135		c		5.21				6.12

						150		5658		a		2601		b		8945		a		0.55		b		0.49		bc		1.20		b		31		b		13		bc		108		b		152		b		5.08				6.18

						200		5654		a		2633		ab		9222		a		0.58		b		0.51		ab		1.20		b		33		b		13		ab		111		b		157		b		5.83				5.80

						250		5852		a		2692		a		9289		a		0.63		a		0.51		ab		1.27		a		37		a		14		a		118		a		168		a		5.67				6.22

				Effect of N rate (P-value)				<0.0001				<0.0001				<0.0001				<0.0001				0.0136				<0.0001				<0.0001				0.0002				<0.0001				<0.0001				0.1026				0.8986

				Field corn		0		3713				2073				3549				0.39				0.59		a		1.00				15				14		abc		35				64				3.51				6.90

						50		4336				2235				5163				0.37				0.52		bcde		0.94				16				12		efgh		49				77				4.91				5.91

						100		4909				2493				7285				0.40				0.43		f		1.04				20				11		h		76				106				3.59				5.87

						150		5530				2576				7581				0.46				0.46		ef		1.16				26				12		defgh		88				126				3.88				5.91

						200		5521				2533				8229				0.53				0.56		ab		1.18				29				14		ab		98				141				4.71				6.03

						250		5657				2606				8548				0.64				0.52		bcde		1.26				36				13		abcd		108				157				4.07				5.19

				Soybean		0		4071				2199				6248				0.38				0.53		abcde		0.92				15				12		efgh		58				85				4.21				5.02

						50		4615				2373				7173				0.43				0.54		abc		0.97				20				13		bcdef		70				103				5.24				5.82

						100		5285				2654				9156				0.44				0.46		ef		1.07				23				12		cdef		98				133				6.02				7.30

						150		5715				2673				9860				0.57				0.49		bcdef		1.22				32				13		cdefg		120				165				6.10				5.41

						200		5414				2619				9737				0.52				0.47		def		1.19				28				12		abcde		116				155				5.76				5.33

						250		5236				2693				9480				0.56				0.55		ab		1.28				29				15		cdefg		121				165				6.34				6.84

				Sweet corn		0		4744				2310				7253				0.41				0.53		abcd		0.99				19				12		cdefgh		72				103				6.03				6.03

						50		4964				2477				7456				0.42				0.48		cdef		1.00				21				12		defgh		75				108				5.23				5.98

						100		5565				2692				9818				0.53				0.48		cdef		1.15				30				13		bcdef		113				155				5.45				5.71

						150		5463				2589				9357				0.62				0.52		abcde		1.19				34				14		abcd		111				158				4.90				7.09

						200		5812				2739				9525				0.63				0.50		bcde		1.22				37				14		abc		116				166				6.15				6.32

						250		6094				2684				9649				0.68				0.52		abcde		1.27				41				14		ab		122				177				6.04				7.18

				Sweet corn with rye		0		4622				2138				5271				0.40				0.50		bcde		0.94				19				11		gh		49				79				4.22				6.08

						50		5277				2375				7780				0.41				0.47		cdef		1.02				22				11		fgh		80				113				4.56				5.44

						100		5708				2483				9105				0.49				0.50		bcde		1.15				28				12		bcdefg		105				145				5.78				5.62

						150		5924				2565				8981				0.57				0.50		bcde		1.25				34				13		bcde		113				160				5.44				6.30

						200		5870				2642				9397				0.65				0.51		bcde		1.21				38				13		abcd		114				165				6.71				5.54

						250		6419				2786				9481				0.66				0.47		def		1.26				42				13		abcde		120				175				6.24				5.68

				Effect of Crop*N rate (P-value)				0.6051				0.6649				0.1514				0.2792				0.0732				0.1486				0.2751				0.0440				0.2084				0.2185				0.6608				0.3750



Field corn	0	50	100	150	200	250	0.59079999999999999	0.52129999999999999	0.4259	0.46210000000000001	0.55530000000000002	0.51649999999999996	Soybean	0	50	100	150	200	250	0.52800000000000002	0.53879999999999995	0.46250000000000002	0.48899999999999999	0.46910000000000002	0.5484	Sweet corn	0	50	100	150	200	250	0.53380000000000005	0.4788	0.4783	0.52329999999999999	0.49730000000000002	0.52229999999999999	Sweet corn with rye	0	50	100	150	200	250	0.50270000000000004	0.47	0.501	0.50460000000000005	0.50590000000000002	0.4657	N rate





Cob % N









Field corn	0	50	100	150	200	250	13.690099999999999	11.590400000000001	10.5901	11.8345	14.045199999999999	13.4148	Soybean	0	50	100	150	200	250	11.566800000000001	12.7783	12.237399999999999	13.011799999999999	12.2308	14.641400000000001	Sweet corn	0	50	100	150	200	250	12.2027	11.8622	12.830500000000001	13.516500000000001	13.6349	14.0031	Sweet corn with rye	0	50	100	150	200	250	10.7448	11.144600000000001	12.4068	12.9377	13.322100000000001	12.964399999999999	N applied





Cob N uptake
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Crop 2017 (Field 1) 2018 (Field 2)

Field corn

157 ± 16 bu/ac 

grain at 15.5% 

moisture

183 ± 19 bu/ac 

grain at 15.5% 

moisture

Soybeans

48.2 ± 6.8 

bu/ac at 13% 

moisture

62.7 ± 2.7 

bu/ac at 13% 

moisture

Sweet corn, 

no rye

4.6 ± 1.4 T/ac 

green ears

6.0 ± 0.5 T/ac 

green ears

Sweet corn, 

subsequent 

rye

4.4 ± 0.9 T/ac 

green ears

6.4 ± 0.4 T/ac 

green ears


