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Objective: 	The overall objective of this project is to research the impact of various cover crop species and crop rotations on corn yield, and cover crops’ ability to offset nitrogen and other macro nutrient fertilizer inputs. 

Location: 			Tidewater Agricultural Research and Extension Center

Summary of 2nd year results (2025 Proposal Report)
	The growing season of 2025 was good for corn in general in the Tidewater Region, however the soil type in the field where the cover crop study is located is very compacted resulting in corn yields that were below other studies implemented with strip-tillage. The cover crop biomass and nutrient uptakes are found in Table 1 for the spring of 2025, which was the first year of cover crops in this study. Of the nine different mixes and systems with cover crops dry biomass was significant with hairy vetch having the highest total biomass followed by the 
Table 1: Cover crop system dry biomass and nutrient accumulation prior to Summer 2
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kitchen sink (multi-specie mix) mix. The lowest biomass accumulation was the no-till + fallow (Rotation 2) (Table 2). Only the hairy vetch cover was the only cover crop mixture to accumulate over 100 lb N per acre (145 lb N per acre) and over 200 lb K2O per acre in the above ground biomass (Table 2). 
	There were also winter wheat and soybean systems in the study where there were no treatment differences. The soybean (both full-season and double crop) averaged 55 bushels per acre, while the winter wheat averaged 60 bushels per acre. For the full-season soybeans, deer feeding pressure resulted in replanting thus the similar yields to double crop soybeans during the 2025 growing season. 
	There were large differences to N application rates across the crop rotations/cover crop treatments during the 2025 growing season. Figure 1 has the base line corn grain yield response to N application rates at the trial initiation in 2024. In 2025, hairy vetch had the highest grain yields at the 0 lb N per acre rate and was twice as high as the nearest other system which was the “Kitchen Sink” mix (Figure 3). Only the conventional tillage with 200 lb N per acre approached yield levels to the hairy vetch cover crop in 2025. No other cover crop/cropping rotation reached 
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Figure 1: Initial corn grain of site in response to N application rates in 2024. 

even the grain yield of hairy vetch at 0 lb N per acre (Figure 3). Cereal rye cover was the only cover crop that had a linear response to N application rate during 2025, which is indicative to N being immobilized by the high CN ratio of cereal rye at termination (Figure 3). All fallow and cereal rye 0 lb N per acre grain yields were 25% of hairy vetch during for the 2025 growing season. 
	The response to various cover crops in 2025 is indicative to the response observed in similar cotton studies. The 2025 study is a textbook case to demonstrate the potential for leguminous cover crops to supply N, even in environments where high yield potential is not achievable. This is just the beginning of this research trial and it will be interesting to see how this response changes in the years to come. 
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Figure 2: Corn grain yield for various N application rates following single species and cover crop mixes in 2025. (8,000 kg/ha = 128 bu/ac).


2026 Research Proposal
 Justification 
Drastic increases in fertilizer costs have greatly impacted the profitability of corn production in Virginia. In 2022, we saw an average of $1.11/lb. of nitrogen and K2O; which were an 80% and 56% increase in the average price of bulk urea and potash, respectively, when compared to 2021 averages (USDA-AMS, 2023). While fertilizer prices have come down in 2023, they are still above pre-Ukraine war averages in 2021. In 2023, we saw an average of $0.76/lb. of nitrogen and $0.80/lb. of K2O, which were still a 24% and 12% increase in the average price of bulk urea and potash, respectively when compared to 2021 averages. The on-going volatility in the global market has future projections of fertilizer prices remaining at historically high prices (The Fertilizer Institute, 2022). 
Cover crops were shown to reduce required fertilizer inputs, especially in regards to nitrogen, when utilizing legume cover crop species like hairy vetch (Finney et al., 2016; Norris et al., 2020). Employing cover crop mixtures of both legume and non-legume species can minimize the inherent tradeoffs between N supply and N retention services these cover crops provide when planted in monocultures (Finney et al., 2016, 2017; White et al., 2017). Furthermore, highly leachable nutrients like potassium [on low cation exchange soils (CEC); i.e. sandy loam and loamy sands of the Coastal Plain] can be mined from deep within the soil profile by cover crops and released from cover crop biomass to the concurrent corn crop that growing season (Sharma et al., 2018). Previous results suggested that utilizing cover crops can greatly reduce or even eliminate the need for additional nitrogen fertilizer (Wolters, 2019), but further research is still needed before making recommendations to Virginia corn producers and to further investigate the cycling of potassium and other macronutrients in the corn rotation.
Background
China recognized the benefits of cover crops as far back as 1134 B.C. (Joffe, 1955) and farmers since have incorporated these soil saving rotational plants into their production systems. Even George Washington implemented cover crops into his crop rotation at Mount Vernon, referring to them as “crops grown to replenish the soil” and was one of our nation’s earliest cover crop promoters (Groff, 2015). According to a summary by Reeves (1994), cover crops must meet the following factors in order to earn merit: 1) be easy to establish, 2) have a rapid growth rate to provide ground cover quickly, 3) produce a sufficient quantity of dry matter for maintenance of residues, 4) be disease resistant and not act as a host for disease-causing organisms, 5) be easy to kill, and 6) be economically feasible.
In the Mid-Atlantic, many types of cover crops are valued and can be used readily in production systems (Schonbeck and Morse, 2006). Generally, two main “types” of winter cover crops are used that include grasses and legumes, although brassicas can be used if hard pans are present or pest management characteristics resulting from isothiocyanate production during desiccation are desired (Reeves, 1994; Treadwell et. al., 2010). Legumes are “lower residue” cover crops, that through symbiotic relationships with bacteria fix valuable N from the atmosphere and can aid in nutrient management programs by acting as an organic nutrient source. However, grasses tend to have root systems that recover nutrients from deep in the soil profile and provide more biomass than legumes. Combining both legumes and high C:N ratio grasses will produce high biomass while maintaining C:N ratios favoring mineralization of N in biomass. This will aid in biomass decomposition and nutrient cycling in crop rotations. Other cover crops, such as rapeseed, introduce species which can penetrate deep into the soil profile with its root system.
Procedure
 To meet the objectives of this project, we will evaluate impacts of various cover crops and crop rotations on corn yield in our long-term cover cropping systems research plots at the Tidewater Agricultural Research and Extension Center (TAREC). This research site was established in the spring 2024 to observe the effects of 12 different crop rotations on soil health and cash crop yields. The study has a 2-year repeating crop rotation, as seen in Table 1. Each crop rotation is replicated 4 times. Following 2024 corn harvest, cover crops were planted on September 2024. In 2025, five treatments will be planted in corn with these being our continuous corn treatments. Within the corn management systems, five N application rates will be applied and will be 0, 50, 100, 150, and 200 lb N per acre. On the remaining seven cover crop systems either will be full-season or double crop soybeans. Other than summer crops all other management strategies will follow Virginia Cooperative Extension recommendations. 
	Aboveground cover crop and weed biomass samples will be collected at termination, 1-3 days prior to corn planting, four 0.125 m2 samples per plot. Dry biomass weights will be recorded, and these samples will be analyzed for both macro- (%N, P, K, Ca, Mg, S) and micronutrients (ppm-B, Zn, Mn, Fe, Cu), as well as total carbon. Additionally, at corn planting, soil samples will be taken in each main plot at 0-6 and 6-12 inches; and analyzed for soil pH, as well as other general crop macro and micronutrients. Soil moisture samples will be collected with a handheld soil moisture probe to evaluate the impact of cover crops, crop rotation, and tillage method on soil moisture throughout the corn growing season.
Corn growth and development will be visually monitored, and notes taken on any abnormalities, diseases, etc. Normalized Difference Vegetation Index (NDVI) measurements will be taken multiple times throughout the growing season with a multispectral camera on an unmanned aerial vehicle (UAV) to evaluate corn greenness and health. Plant tissue samples will be taken (corn ear leaf at R1) and analyzed for the following macro- (%N, P, K, Ca, Mg, S) and micronutrients (ppm-B, Zn, Mn, Fe, Cu). At maturity, corn will be harvested, yield calculated at 15.5% moisture, and the grain analyzed for macro- and micronutrients. Additionally, similar measurements and samples will be collected from the wheat and soybeans grown in treatments 6-12, in 2025, to evaluate nutrient cycling for the following corn crop. Results will be compiled into extension publications and presented to growers during winter meetings in 2025/2026.
Personnel and Facilities 
This project will be based at the Tidewater AREC in Suffolk Virginia. This project will require the labor of post (Ms. Chessie Beery, MS student and Extension faculty/staff (Dr. Hunter Frame and Mr. Billy Taylor), various farm workers, and summer technicians to establish plots, collect and analyze soil and tissue samples, harvest, data analysis, and reporting. The Tidewater AREC has laboratory facilities for nutrient sample preparation, sample analysis for carbon, nitrogen, potassium, and sulfur, and necessary tractors, combines, spraying equipment, and other necessary resources to complete this project. 
Other Entities
 We will contract with private laboratories to analyze cover crop, corn, and corn grain biomass for macro- and microelements as private laboratories can conduct the work cheaper than Virginia Tech labs.
 
Source of Other Funds 
Private industry sponsored research funds will be used to pay tuition for the graduate student working on this project along with other non-allowable indirect charges (electricity, equipment, vehicle expenses, etc.).  


Budget: 	Graduate Student Stipend			$18,098
		Graduate Fringe				$  1,683
		
		Materials and Supplies 			$  2,000
		Contractual Services				$  3,750

		Total						$25,531

Submitted by:
Signature:[image: ]

Printed Name: William Hunter Frame 
Title: Field Crop Agronomist/Associate Professor
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Table 2. Description of the Eastern Shore AREC long-term cover cropping systems 2-year rotation. In Summer 1 (2023/2025), all treatments were/will be planted in corn and split plot design will be implemented to incorporate variable N sidedressing rates. 

	Treatment
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Description
	Baseline A: All corn, tilled, no CC
	Baseline A2:  
All corn,       no-till,         no CC
	All corn, grass CC, High C:N
	All corn, legume CC, Low C:N
	All corn, diverse CC, Mid-C:N
	Baseline B: Corn/FSSB, no CC
	Vetch/
Corn, Rye/FSSB
	Baseline C: Corn/W/ DCSB, 
no CC
	Vetch/Corn/Wheat
/DCSB
	Low C:N Mix/Corn/ Wheat/
DCSB
	Cover Crop Mixes, Corn/FSSB
	VA DCR Cost Share, Cereal Rye Rotation

	Winter 1
	Fallow
	Fallow
	Rye
	Vetch
	9sp Mix
	Fallow
	Vetch
	Fallow
	Vetch
	High N Fixer 2 Mix
	N Cycler 2 Mix
	Rye

	Summer 1 
(2023/2025)          
	Corn (tilled)
	Corn
	Corn
	Corn
	Corn
	Corn
	Corn
	Corn
	Corn
	Corn
	Corn
	CornSo

	Winter 2
	Fallow
	Fallow
	Rye
	Vetch
	9sp Mix
	Fallow
	Rye
	Wheat
	Wheat
	Wheat
	Residue Maker 2 Mix
	Rye

	Summer 2 (2024/2026)          
	Corn (tilled)
	Corn
	Corn
	Corn
	Corn
	Full Season Soybean
	Full Season Soybean
	Double Crop Soybean
	Double Crop Soybean
	Double Crop Soybean
	Full Season Soybean
	Full Season Soybean









Table 3. Eastern Shore AREC long-term cover cropping systems, cover crop seeding rates.






	Cover Crop Treatment Name
	Grasses
	Brassicas
	Legumes
	Forbs
	Total Seeding Rate

	
	Black Oats
	Triticale
	Cereal Rye
	Forage Radish
	Rapeseed
	Austrian Winter Pea
	Crimson Clover
	Hairy Vetch
	Phacelia
	

	
	—————————————————————  lb. acre-1 —————————————————————

	Rye
	
	
	112
	
	
	
	
	
	
	112

	Vetch
	
	
	
	
	
	
	
	20
	
	20

	Kitchen Sink
	10
	10
	10
	1
	1
	10
	3
	4
	1
	50

	Residue Maker 2
	
	
	55
	
	2
	20
	
	
	
	77

	N Cycler 2
	15
	
	
	
	2
	
	20
	
	
	37

	High N Fixer 2
	
	
	22
	
	2
	30
	
	12
	
	66
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Crop Rotation Dry Biomass Cover Crop Nutrient Accumulation (kg ha') C:N Ratio
kg/ha N P,O; K,0 Mg Ca S
1 994 cd* 10c 15cd 26¢ Ib Scd 1.1 bed 28.1
) 590d 8¢ 12d 25¢ Ib 6 be 1.3 abe 27.0
3 1,548 cd 22¢ 25cd 52¢ 2b 2de 0.8d 29.0
4 3,982 a 154a 68a 204 a 10a 9a 1.7a 10.6
5 3,046 ab 80b 47 ab 131b 7a 9a 1.4 ab 16.8
6 557d Tc 9d 16 ¢ b 4 cde 1.1 bed 28.3
7 2,024 be 28¢ 30 bed 65¢ 2b 2e 0.8d 30.5
11 1,994 be 27 ¢ 34 be 68 ¢ 2b 2@ 0.9 cd 31.2
12 1,305 cd 17¢ 21 cd 42¢ Ib 2e 0.8d 32.8

*~ Means with the same letter within columns are not significantly different at alpha = 0.05.
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