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Introduction
Soils in the coastal plain of the mid-Atlantic region USA are sandy in texture, many were farmed and tilled intensely for more than a century, and now have low organic matter (OM) and poor soil quality. Soil quality can be improved by reducing disturbance caused by tillage and by adding OM back into the soil via innovative crop rotations (Gruver and Weil, 2007; Nakajima et al., 2016). Cover crops, or other crops treated as cover crops, can add OM back to the soil system, sorb nutrients that might otherwise be lost to the environment, and may ultimately change soil physical structures (Reicosky and Forcella, 1998; Nakajima et al., 2016). The objective of this study is to quantify system changes after a 3-year high-residue cover cropping system was introduced to low OM sandy loam soils. After 3-years we evaluated: 1. aerial cover crop biomass produced, 2. resulting nitrogen (N) and sulfur (S) fixation and uptake from cover crops; 3. soil compaction at depth; and 4. maize (M; Zea mays) yield.  

Materials and Methods
In Fall 2014, we established a cover crop system focused on the traditional M-wheat (W; Triticum aestivum)-soybean (S; Glycine max) grain system with 12 cover crop treatments following intensively tilled potatoes (Solanum tuberosum) in Painter, Virginia, USA on sandy loam soils (coarse-loamy, mixed, semiactive, thermic Typic Hapludults). Each system had different cover crops with varying modes of action (legume, grass, and brassica) and all systems were no-tilled, except treatment 1. Species included in system were: M, cereal rye (R, Secale cereale), hairy vetch (V, Vicia villosa), 9-species mix (9C), 3 species mix (3C), summer mixes (SM), a perennial mix (P), along with fallow (F) plots. Established systems labeled as winter 1 – summer 1 – winter 2 – summer 2 – winter 3 – summer 3 included: 1. F-M-F-M-F-M and tilled; 2. F-M-F-M-F-M; 3. R-M-R-M-R-M; 4. V-M-V-M-V-M; 5. 9C-M-9C-M-9C-M; 6. F-M-F-S-F-M; 7. V-M-R-S-V-M; 8. F-M-W-S-F-M; 9. 3C-S-W-SM-3C-M; 10. 3C-SM-3C-S-3C-M; 11. W-SM-3C-SM-3C-M; and 12. PM-PM-PM-PM-PM-M. In year 3, each rotational treatment was divided into subplots and fertilized with 0, 56, 112, and 168 kg N ha-1 to test for N cycling and potential fertilizer supply within the system. Cover crops were terminated at 100% heading/flowering in late April to allow optimal biomass production and N fixation. The overall experimental design in year 3 was a strip plot design in a factorial arrangement of main plots comprised of cover crop system with subplots as maize N. All plots were replicated four times and means separated using p = 0.10. 

Results and Discussion
In spring 3 at desiccation, system #11 (W-SM-3C-SM-3C-M) had highest biomass (10,087 kg biomass ha-1) and most N uptake and assimilation (274.1 kg N ha-1) (Table 1). Inversely, the monoculture M system that was no-tilled with no cover crops had lowest aerial biomass (1,030 kg biomass ha-1) and N accumulation (32.3 kg ha-1). Overall cover crop N fixation and accumulation can be expressed by a linear relationship where: y = 0.0274B + 3.513, where y = kg N ha-1 uptake/fixation and B = kg biomass ha-1 (R2 = 0.94). When no N fertilizer was applied, highest M yield occurred when legumes were in the cropping system (rotations #4, 7, and 9), as expected, indicating N fixation and cycling over years. Lowest yields occurred when no cover crops were included (rotations #1, 2, 6, 8) and for monoculture R cover crop systems (rotation #3) due to higher C:N ratios in biomass and soils (data not shown). Sulfur accumulation was highly correlated to aerial drymatter produced, as expected. In these S poor sandy loam systems with little atmospheric deposition, it is interesting to note the amount of S scavenging possible. Cover crops can recover and protect soil S from being lost from the system. Soil compaction measurements varied from root limiting pressures in a wide range that spanned 7.0 to 20.3-cm deep (Table 1). Soil resistance likely varied greatly from soil water content differences (data not shown). Rotations with greater soil resistance at shallower depths also had low cover crop biomass production, N and S assimilation, and low M yield (rotations #6 and 8, for instance).   

	Table 1. Impact of cover crop system rotations on cover crop biomass, N and S accumulation, maize yield, and soil compaction at maize planting in year 3 for sandy loam soils. 

	
	Cover crop
	
	

	Rotation
	biomass†
	N Accum.
	S Accum.
	Maize‡
	Compaction¶

	---#---
	----------------------kg ha-1----------------------
	---cm---

	1. F-M-F-M-F-M
	1,168 k
	36.0 k
	4.0 k
	3,701 cd  
	12.1 bcd

	2. F-M-F-M-F-M
	1,030 l
	32.3 l
	3.6 l
	2,133 d
	9.3 bcd

	3. R-M-R-M-R-M
	4,039 g
	112.6 g
	12.1 g
	3,450 cd
	12.7 bcd

	4. V-M-V-M-V-M
	4,936 f
	136.6 f
	14.6 f
	9,786 a
	16.5 ab

	5. 9C-M-9C-M-9C-M
	7,029 c
	192.4 c
	20.5 b
	5,144 bc
	20.3 a

	6. F-M-F-S-F-M
	1,264 j
	38.5 j
	4.2 j
	1,756 d
	7.0 d

	7. V-M-R-S-V-M
	3,518 h
	98.7 h
	10.6 h
	10,539 a
	14.4 abc

	8. F-M-W-S-F-M
	1,994 i
	58.0 i
	6.3 i
	2,635 d
	7.0 d

	9. 3C-S-W-SM-3C-M
	7,091 b
	194.1 b
	20.7 a
	9,849 a
	16.5 ab

	10. 3C-SM-3C-S-3C-M
	5,159 e 
	142.5 e
	15.2 e
	5,583 bc
	11.0 cd

	11. W-SM-3C-SM-3C-M
	10,087 a
	274.1 a
	19.1 c
	7,151 b
	15.2 abc

	12. PM-PM-PM-PM-PM-M
	6,259 d
	171.9 d
	18.3 d
	5,081 bc
	10.8 cd

	†Aerial biomass dried to a constant weight in spring 3.
‡No-fertilizer check plots in summer 3. 
¶Depth to digital penetrometer resistance of 350 PSI at field capacity in spring 3.



Conclusion
[bookmark: _GoBack]In conclusion, plant growth and soil parameters varied greatly within rotations after 3 years of study implementation on these low OM and historically highly tilled sandy loam soils. Many different rotational strategies had positive impacts on M yield and soil resistance measurements. As expected, including legumes in the production system’s rotation had a positive impact on N cycling and allowed crops to persist with less need for inorganic fertilizer applications. We look forward to continuing this project for another 3-year crop rotation cycle to better understand soil and crop parameter changes over time. 
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