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ABSTRACT
	Prairie strips are a new conservation practice currently implemented in 11 Midwest US states. Prairie strips reduce runoff, increase soil health, retain sediment and nutrients, increase biodiversity and have no effect on surrounding crop yield. Due to the comprehensive improvements to soil health under prairie strips, growers and researchers are interested in rotating them on 10-15 year cycles.  We have little-to-no knowledge on the effects of planting crops in soil that was formerly a prairie strip. Here we plant soybeans into soil that has previously been prairie for 13 years, and monitor plant and soil responses including: soybean nodule counts, nodule size, leaf greenness, crop stand counts, soil nitrate, and soil erosion.  
We showed that planting soybean into a terminated and tilled prairie strip had minimal effect on individual soybean growth or leaf greenness compared to tilled cropland.  However, former prairie strips did have effects on soybeans and soils.  Soybean stand counts were lower in former prairie strip soils compared to tilled cropland, but nodule size was larger. Soil under previous prairie was more stable, eroded less, had lower soil nitrate concentrations, and greater microbial biomass than cropland soils.  Planting into recently terminated prairie strips lowers soybean stand count but might have benefits to individual crops, and has soil benefits that extend into the following growing season. Overall, rotating prairie strips across a crop field shows potential to spread the soil benefits but lowers soybean stand count, and thus likely yield, after the first year of termination.

INTRODUCTION
Prairie strips (PSs) are a new management practice that is rapidly gaining popularity in the Midwest US. One of the benefits of PSs are their flexibility, allowing numerous configurations within a watershed, allowing a farmer to customize the conservation to their land. Including PSs has these positive environmental effects compared to a cropland with no PS: 67% reduced nitrate export 1, 90% reduced phosphorus export 1, and 96% reduced sediment export 2. Prairie strips also have additional benefits including 37% reduced total water runoff 3, and increasing total nitrogen (TN) and SOC by 100% and 37% respectively4. 
Since the publication of much of this research, PSs have become popular across the Midwest and over 11,000 acres of PSs are planted across 11 states5. Prairie strips are now also a part of the USDA Conservation Reserve Program’s (CRP) CLEAR initiative6. This growing trend in PSs demonstrates the demand for conservation and evidence of the benefits.  However, looking to the future, many of these acres may not remain in PS and be returned to row crops, as evidence with changes in CRP land when crop prices are high7. 
Due to the fragility of conservation practices and interest in rotating PSs throughout a watershed, we asked the question, how will crop yield and soil be affected by cultivating a former PS? More specifically we asked 1) how does land previously under PS affect new crop health (measured as SPAD), 2) how does land previously under PS affect the quantity and size of soybean nodules, and 3) how prior land, previously under PS but now cropped, affect soil health?  To answer these questions, we used a long-term (13-year), paired-watershed PS study in Jasper County, Iowa.

MATERIALS AND METHODS
Site Characteristics and Experimental Design
The study was located on the Neal Smith National Wildlife Refuge (NSNWR 41° 33’ N;93°16’ W), a 3000-ha complex managed by the U.S. National Fish and Wildlife Service. In 2007, a watershed PS experiment was established within NSNWR. These watersheds are planted with Soybeans at 38 cm row spacings and maize at 91 cm row spacings. 
For this study we selected PSs in three paired watersheds, where the paired treatments included the PS treatment and a no-till, corn-soybean cropland control with no PS (i.e., PS vs. cropland). These watersheds were digitally mapped using a 3×3 m2 digital elevation model (DEM, ARCGIS Pro) and used to produce plan curvature and flow accumulation maps. Cropland locations were selected by similarity to PS locations in flow accumulation and plan curvature. Prairie strips were terminated in late April using glyphosate then tilled shallowly in early May. Tillage was performed using an off-set disk set to a depth of 10 cm. Tillage was completed in 3-5 passes. Control cropland locations were also tilled similarly. Additionally, sample locations were selected 3 m above and below the tilled sections at each sample location in the tilled section. 
Soybean Collection and Analyses
Soybean (Glycine max L. mer) stand counts were assessed at each data point within all treatments. Soybeans were planted in 38 cm rows, thus at each sample point (n=9) a 2.64 m transect was used to count soybean emergence. Entire soybean plants were collected at the V3-V5 stage. Two plants were collected at each sample location within the tilled prairie strip and tilled cropland sections (n=3). Plants were taken to the lab where aboveground biomass was removed and dried at 50 ℃ and weighed. We measured root nodule count and size  using the Soybean Nodule Acquisition Pipeline (SNAP)8. Soil Plant Analysis and Development (SPAD) meter readings were taken at the R2/R3 stage to assess leaf greenness as a proxy for plant health9. SPAD readings were taken at each sample point within the PS and tilled cropland treatments: 3 m above, within, and 3 m below the tilled strip treatment (n=9). At each sample point SPAD readings were taken on 10 different plants, the 10 readings were then averaged to a single value for that sample location. 
Soil Sampling and Analyses
We collected soil samples at the same time and locations as the plant samples. Four soil cores were taken on each side of the collected plants from 0-15 cm depth. Two plant samples were associated with each sample point within the tilled treatments and the correlating eight soil cores were composited together for each sample point (n=3). In the lab, soils were sieved to less than 2 mm. Microbial biomass was analyzed using the chloroform fumigation10, samples were then extracted using 0.5 M K2SO4 and analyzed for total organic C using a TOC analyzer. Nitrate and ammonium were analyzed with a spectrophotometer11. 
We deployed erosion pads on May 14th and the final collection was on July 26th. The erosion pads were located 3 m above the tilled strip, within the tilled strip, and 3 m below the strip of both cropland and PS watersheds (n=9). This configuration was used in PS and cropland watersheds. Additionally, pads were place in no-till (NT) watersheds in a similar arrangement but without a tillage treatment (n=9). Pads consisted of two layers of nylon mesh that were 15 × 15 cm12. Pads were laid flat on the soil and held in position with wood stakes. Pads were collected after 5 cm of rainfall occurred. Erosion rates were averaged per pad for the collection period. 

RESULTS AND DISCUSSION
Prior land-use had a significant effect on soybean stand counts (Table 1, Fig. 1). Soil that had formerly been PSs decreased stand counts by 36% compared to the cropland, tilled cropland. Above and below the former PS were not significantly different. Prior land-use had no effect on aboveground soybean seedling biomass, SPAD meter readings, and soybean nodule count nor size (Table 2). 
Prior land-use significantly affected soils (Table 3). Prairie strips significantly increased microbial biomass C and N by 60 % and 123 % respectively (Fig. 3). Consequently, the PS also had a lower microbial biomass C:N ratio by 29%. Nitrate was significantly reduced under the former PS when compared to the cropland by 37% (Table 3, Fig. 4). Ammonium was increased significantly under the terminated PS by 416% (Fig. 4). These findings suggest that soil formerly under PS had more microbial biomass and reduced the mobile form of plant-available N (Fig. 4).  
Soil erosion was affected by treatment, position relative to the PS and the interaction of treatment and position (Table 3, Fig. 5). No-till cropland, on average, reduced erosion compared to tilled soils by 18%. Prairie strips reduced erosion by 24% and 37% compared to both no-till and tilled cropland respectively. Despite also being tilled, the soil directly under former PS, reduced erosion rates by 66% and 88% compared to both no-till and tilled cropland respectively (Fig. 5). 
Conclusion
With increased interest of using prairie strips (PSs) and need to rotate out of them, we wanted to test the effect of prior prairie strip on crop production and soils. Planting into terminated PSs lowered soybean stand counts but had no other observable negative effect on individual soybean plants. We will have crop yield data at the end of the year to confirm final effects on productivity.
Soils under terminated PSs maintained elevated nutrient availability, increased microbial biomass, and reduced erosion during first year under soybeans. We propose to measure how long these soil benefits will persist. This will allow us to better understand the long-term effects of rotating PSs throughout a field.

ACKNOWLEDGEMENTS
This project was made possible by the Fish and Wildlife Service. Thank you to Lisa Schulte-Moore, Matt Helmers, Matt Liebman and Gary Van Ryswyk for establishing and maintaining the STRIPS I project for the last 13 years. Thank you to Jessica Nelson for advising with the erosion pad portion of the experiment.

References
1.	Zhou, X. et al. Nutrient removal by prairie filter strips in agricultural landscapes. J. Soil Water Conserv. 69, 54–64 (2014).
2.	Helmers, M. J. et al. Sediment Removal by Prairie Filter Strips in Row-Cropped Ephemeral Watersheds. J. Environ. Qual. 41, 1531–1539 (2012).
3.	Hernandez-Santana, V. et al. Native prairie filter strips reduce runoff from hillslopes under annual row-crop systems in Iowa, USA. J. Hydrol. 477, 94–103 (2013).
4.	Pérez-Suárez, M., Castellano, M. J., Kolka, R., Asbjornsen, H. & Helmers, M. Nitrogen and carbon dynamics in prairie vegetation strips across topographical gradients in mixed Central Iowa agroecosystems. Agric. Ecosyst. Environ. 188, 1–11 (2014).
5.	University, I. S. Science-Based Trials of Rowcrops Integrated with Prairie Strips. https://www.nrem.iastate.edu/research/STRIPS/ (2021).
6.	USDA-FSA. Conservation Reserve Program. 1–2 (2019) doi:10.4135/9781412953924.n235.
7.	Secchi, S., Tyndall, J., Schulte, L. A. & Asbjornsen, H. High crop prices and conservation: Raising the stakes. J. Soil Water Conserv. 63, (2008).
8.	Jubery, T. Z. et al. Using Machine Learning To Develop A Fully Automated Soybean Nodule Acquisition Pipeline (SNAP). Plant Phenomics 1–25 (2020) doi:10.1101/2020.1012.336156.
9.	Vollmann, J., Walter, H., Sato, T. & Schweiger, P. Digital image analysis and chlorophyll metering for phenotyping the effects of nodulation in soybean. Comput. Electron. Agric. 75, 190–195 (2011).
10.	Brookes, P. C., Landman, A., Pruden, G. & Jenkinson, D. S. Chloroform fumigation and the release of soil nitrogen: A rapid direct extraction method to measure microbial biomass nitrogen in soil. Soil Biol. Biochem. 17, 837–842 (1985).
11.	Doane, T. A. & Horwáth, W. R. Spectrophotometric determination of nitrate with a single reagent. Anal. Lett. 36, 2713–2722 (2003).
12.	Hsieh, Y. P., Grant, K. T. & Bugna, G. C. A field method for soil erosion measurements in agricultural and natural lands. J. Soil Water Conserv. 64, 374–382 (2009).




Tables
Table 1 Prior land-use effect on crop health
	Crop Health Metric
	Effect
	Df
	F-statistic
	p-value

	Stand Counts
	treatment
	1
	2.32
	0.202

	
	position
	2
	36.22
	<0.001

	
	treatment:position
	2
	21.47
	<0.001

	Aboveground Biomass
	treatment
	1
	0.27
	0.613

	SPAD Meter
	treatment
	1
	0.73
	0.406

	
	position
	2
	0.60
	0.555

	
	treatment:position
	2
	0.02
	0.976



Table 2 Prior land-use on nodules of Soybean plants
	Nodule Metric
	Effect
	Df
	F-statistic
	p-value

	Total Nodules
	treatment
	1
	0.10
	0.767

	Nodules on Tap Root
	treatment
	1
	0.37
	0.547

	Nodule Size
	treatment
	1
	4.17
	0.109

	Nodules per Plant
	treatment
	1
	0.10
	0.762



Table 3 Prior land-use effect on soil 
	Soil Metric
	Effect
	Df
	F-statistic
	p-value

	Gravimetric Water Content
	Treatment
	1
	34.57
	0.004

	Microbial Biomass C
	Treatment
	1
	35.40
	0.004

	Microbial Biomass N
	Treatment
	1
	90.54
	<0.001

	Microbial Biomass C:N
	Treatment
	1
	15.05
	0.018

	Salt-extractable Organic C
	Treatment
	1
	0.21
	0.674

	Salt-extractable Total N
	Treatment
	1
	0.88
	0.363

	Salt-extractable Organic N
	Treatment
	1
	0.22
	0.645

	Nitrate
	Treatment
	1
	21.03
	<0.001

	Ammonium
	Treatment
	1
	23.18
	0.009

	Inorganic N
	Treatment
	1
	0.37
	0.577

	Erosion
	Treatment
	2
	4.72
	0.014

	
	Position
	2
	3.25
	0.046

	
	Treatment:Position
	4
	9.80
	<0.001






Figures
[image: ]1) Stand counts for soybean plants at R2/R3 stage. Counts are reported in plants per hectare (n = 9). The tillage strip in the prairie strip treatment has a stand count reduction of 36% compared to the cropland. 2-3) Microbial biomass carbon and biomass nitrogen (n = 9). Microbial biomass C is elevated 60% and microbial biomass N is elevated 123% compared to the cropland. 4-5) Nitrate and Ammonium in the tillage strip of each treatment (n=9). Soil Nitrate in the prairie strip was 37% lower that the cropland. Ammonium is increased 416% under the prairie strip compared to the cropland. 6) Mean soil erosion measured by mesh pads from May 12th to July 26th (n=9). Treatments include: 1) a treatment that was never tilled (No-Till), 2) a cropland strip that was previously no-till but tilled in 2021 (Cropland), and 3) a prairie strip that was terminated and tilled in 2021 (Prairie Strip). Prairie strip tillage strips eroded 88% less that cropland tillage strips and 66% less than no-till watersheds
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