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ABSTRACT

Summer annual forages are costly to implement but can provide quality grazing when cool-season perennial forages are less productive. Increasing botanical diversity may increase system productivity, thereby improving economic efficiency. However, there is debate as to whether annual legumes supply associated grasses with fixed N, leading to uncertainty regarding N application rates to legume containing summer annual forage mixtures. This experiment supplied three summer annual forage treatments (monoculture, simple mixture, and complex mixture) with N rates of 0, 50, 100, 150, or 200 lb N/A across four environments. No difference in yield occurred between forage treatments (p>0.06) in all environments, and yield showed a linear response to N in three out of four environments (p<0.01). Unfortunately, stands were dominated by one or two species, leading to suppression of legumes. From an economic standpoint, producers are recommended to plant monocultures or simple mixtures of morphologically and developmentally compatible species, as less aggressive species increase seed cost without increasing yield. Nitrogen rate recommendations of legume-containing summer annual swards cannot be made based on this experiment due to poor legume establishment in these mixtures.

INTRODUCTION

	Summer annual forages have the potential for higher production and nutritive value during the summer months when perennial cool-season pastures are often less productive (Tracy et al., 2010). However, annual pastures incur establishment costs every year, leading many to conclude the enterprise is a “breakeven proposition at best” (Ball et al. 2007). Increasing yield potential and reducing production costs may increase attractiveness of summer annual forage systems to producers. One way to accomplish these goals is by increasing botanical diversity, because diverse plant communities may more efficiently utilize resources, leading to increased productivity (Minns et al., 2001).
	While including legumes into perennial pastures often helps reduce N inputs, there is debate as to whether or not annual legumes ‘share’ fixed N with neighboring plants (Fujita et al., 1992; Layek et al., 2018). The objective of the current experiment was to determine the impact of N rate on total biomass production and individual species components of simple and complex mixtures of summer annual forages. 

MATERIALS AND METHODS

This study was conducted in two locations in 2018 and 2019. Soil series were a Maury silt loam (fine, mixed, active, mesic Typic Paleudalfs) and a Zanesville silt loam (fine-silty, mixed, active, mesic Oxyaquic Fragiudalfs) (Soil Survey Staff, 2019) in Lexington, KY (38.128, -84.498) and Princeton, KY, (37.101, -87.854) respectively. A randomized complete block design (field position as a blocking factor) with four replications and a two-factor factorial treatment arrangement was utilized for this study. Factors of interest were forage mixture complexity and nitrogen application rate (0-200 lb N/A). Forage mixture complexity consisted of three treatments: 1) a summer annual grass monoculture (control), 2) a three species simple mixture and 3) an eleven species complex mixture. Mixtures were inoculated with a peat-based multi-species inoculant (Link Cover Crop Inoculant, La Crosse Seed, La Crosse, WI). Species, cultivars, and seeding rates used can be found in Table 1. 

Table 1. Forage Species, Cultivars, and Seeding Rates.

	Mix
	Scientific Name
	Variety
	 Seeding Rate (lb/A)

	Monoculture
	
	
	

	Sudangrass
	Sorghum bicolor (L.) Moench ssp. drummondii (Nees ex Steud.) de Wet & Harlan
	AS9302
	50

	Simple
	
	
	

	Sudangrass
	See above
	
	25

	Pearl Millet
	Pennisetum glaucum (L.) R. Br.
	Wonderleaf
	5

	Soybean
	Glycine max (L.) Merr.
	Large Lad
	25

	
	
	Total
	55

	Complex
	
	
	

	Sudangrass
	See above
	
	14

	Pearl millet
	See above
	
	4

	Crabgrass
	Digitaria ciliaris (Retz.) Koeler and
Digitaria sanguinalis (L.) Scop.
	Red River and Quick-N-Big
	1

	Corn
	Zea mays L.
	AgriGold 115 day
	10

	Soybean
	See above
	
	10

	Cowpeas
	Vigna unguiculate (L.) Walp.
	Red Ripper
	10

	Korean lespedeza
	Kummerowia stipulacea (Maxim) Makino
	VNS
	4

	Sunn hemp
	Crotalaria juncea L.
	VNS
	2

	Forage rape
	Brassica napus L.
	T-Raptor
	1

	Daikon radish
	Raphanus sativus L.
	SF Select
	2

	Sunflower
	Helianthus annuus L.
	Peredovik
	2

	
	
	Total
	60



Nitrogen as ammonium nitrate was hand applied in split applications for each treatment. The 50, 100, and 150 lb N/A treatments received 50 lb N/A at planting. The 100 and 150 lb N/A received 50 lb N/A following the first harvest, and the 150 lb/A treatment received 50 lb N/A following the second harvests. Forty percent (80 lb N/A) of the N rate needed for the 200 lb N/A treatment was applied each at planting and after the first harvest, with the remaining 20% (40 lb N/A) applied after the second harvest.
Plot area was sprayed twice with 2 qt glyphosate/A, with approximately two weeks between applications. Plot area was fertilized according to soil test results to meet warm-season forage fertility requirements (Ritchey & McGrath, 2018). Plots were planted into conventionally prepared seedbeds approximately one month following last herbicide application, in late June 2018 and early June 2019, using a small plot walk-behind cultipack-type seeder (Carter Manufacturing, Brookston, IN). Harvest occurred three times each year when plants reached approximately 75-100 cm, leaving seven inches residual after the first and second harvests, and three inches of residual after the final harvest. Forage samples were dried in a forced air oven for 7 days.
Data were analyzed using SAS 9.4 software (SAS Institute, Cary, NC). The general linear model procedure was used to generate ANOVA tables and means were separated using Fisher’s protected least significant difference post hoc test. Year x location interactions occurred, and data is presented by ‘environment’: Lexington 2018, Princeton 2018, Lexington 2019, and Princeton 2019. Regression analyses were performed using the REG procedure on the appropriate model which was selected based on the best fit (significant p-value and highest R2 value). A significance level of α = 0.05 was used for all analyses.

RESULTS AND DISCUSSION

Climate
Climate data was obtained from weather stations in the Kentucky Mesonet network (Bowling Green, KY) and compared to the most recent 30-year climate normals (1981-2010; NOAA National Centers for Environmental Information, Ashville, NC). From May to October (growing season), Lexington had nearly 40 cm greater rainfall in 2018 and 13 cm greater rainfall in 2019 than the 30-year average of 60 cm. Temperatures during the growing season in Lexington were approximately one degree warmer in both years than the 30-year average of 20.5 °C. Temperature and rainfall throughout the growing season for Princeton in 2018 and 2019 were similar to the long-term average of 62 cm and 22.0 °C. Rainfall in both locations was above average in September 2018 and far below average in September 2019.
Dry Matter Yield
	In three out of four environments, mixture complexity did not affect annual DM production (Princeton 2018 = 3560 lb DM/A; Lexington 2019 = 5190 lb DM/A; and Princeton 2019 = 6490 lb DM/A; p > 0.06). In Lexington 2018 (p < 0.001), the simple mixture had greatest annual forage DM production (5350 lb DM/A), followed by the complex mixture (5050 lb DM/A), and the monoculture (4510 lb DM/A).
	For all environments, N rate impacted annual forage DM production (p < 0.001). In all but Lexington 2018, annual forage DM production increased in a linear trend as N rate increased (Princeton 2018: y = 12.89x + 2032, R² = 0.55, p < 0.001; Lexington 2019: y = 12.94x + 3484, R² = 0.59, p < 0.001; Princeton 2019: y = 19.61x + 4053, R² = 0.68, p < 0.001). In Lexington 2018, annual forage DM production peaked near 100 lb N/A and then declined (y = -0.0698x2 + 17.58x + 3805, R² = 0.31, p < 0.001). 
Botanical Composition
	Monocultures had little weed pressure and averaged 98% sudangrass. Simple mixtures averaged 73% sudangrass, 24% pearl millet, 1% soybean, and 3% weeds. Complex mixtures were comprised of 62% sudangrass, 22% pearl millet, 9% crabgrass, 2% corn, and 1% each of soybean, weeds, cowpea, sunflower, sunn hemp, and Korean Lespedeza. Daikon radish and forage rape were not present. 
Similar to the current results, in three- and four-way summer annual mixtures, Bybee-Finley et al. (2016) also showed no increase in yield of intercropping systems over the highest producing monocrop in the northeastern USA. Their plots were also dominated by summer annual grasses with a relatively low legume component. It is believed that early emergence and canopy closure of grasses promoted competitive dominance over the slower development of dicotyledonous species which lead to reduced functional diversity of swards in both mixtures.  
Nutritive Characteristics
	Few consistent trends of forage mixture complexity on nutritive characteristics were reported across environments. No response of crude protein to mixture occurred for any environment (p > 0.09). However, lignin content of monocultures was always lower than complex mixtures (p < 0.001) and 30-h neutral detergent fiber digestibility was always higher in monocultures as compared to complex mixtures (p < 0.02).
	Nitrogen affected several nutritive parameters, and the following responses reported compare no N application to the 200 lb N/A treatment. Nitrogen increased crude protein and total digestible nutrients by approximately 2-4 and 0.8-4.5 percentage units (p < 0.001), respectively, in all environments. Neutral detergent fiber (p < 0.001) and 30-h neutral detergent fiber digestibility (p < 0.04) decreased by 1-2.5 percentage units with N application in three out of four environments. Lignin only responded to N in one environment, where it increased by approximately 0.4 percentage units (p < 0.001).
	Differences in parameters between mixtures and between low and high rates of N occurred at a small magnitude and may not be biologically significant. Kilcer et al. (2002) also found only small differences between some sudangrass forage quality parameters in response to N fertilization.
Implications
The positive relationship between N rate and yield was to be expected, and was similar to the results of Tofinga (1990), who concluded that N was the strongest determinant of yield and quality of grass-legume intercrops. Although generally not observed in the current study, increasing species diversity has often been linked to increased biomass production in annual grass-legume mixtures around the world (Nadeem et al., 2009; Sharma et al., 2009; Basaran et al., 2017). 
During the first harvest, crabgrass was minimally present, but proportions increased at each successive harvest (data not shown), likely due to increased light availability following defoliation of taller species. Although management of this experiment did not include grazing, animals have been observed lowering their heads to graze smaller statured species amid a mixed pasture including sorghum-sudangrass and pearl millet (personal observation). Crabgrass also regularly “fills in” thin spots in perennial pastures and may be a beneficial addition to summer annual mixtures. 
	Bybee-Finley et al. (2016) recommends matching species with similar plant heights and growth rates in intercropping systems to limit competition for sunlight. Additionally, the authors of the current study recommend using reduced seeding rates of tall growing grasses in mixtures if species diversity is to be targeted. This would allow for more resources, particularly sunlight, to be partitioned to slower, or lower growing species such as crabgrass and legumes.
The additional species in the complex mixture were selected to increase functional diversity, rather than performance, and unfortunately some species selected were not as competitive or well-adapted to experimental sites and did not contribute significantly to sward biomass. As agriculture production relies on economic efficiency, planting less competitive species in a mixed sward would not be advised, especially if management strategies will not favor them. This could lead to an increased seed cost without a substantial production benefit.
Unfortunately, forage nutritive characteristics in the current study were often inadequate to support nutrient requirements of lactating or growing cattle (data not shown). However, other studies with sudangrass (Tracy et al., 2010), pearl millet (Schmidt et al., 2013; Harmon et al., 2019), and crabgrass (Ogden et al., 2005; Beck et al., 2007) have shown cattle to gain weight when grazing these mixtures. These forages may provide higher quality nutrition to ruminant animals if grazed at a younger physiological state, as state of maturity is the biggest factor affecting forage quality. 
Weigelt et al. (2009) concluded that increasing biodiversity had an even stronger effect on biomass production of perennial grassland communities as compared to increasing management (N fertilization and mowing). Results from the current study found that in three out of four environments there was no improvement in biomass yield by increasing biodiversity, and positive responses to N application were observed. This indicates that where annual agricultural mixtures are dominated by grass species, N is a stronger driver of biomass production as compared to increased biodiversity.
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