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ABSTRACT
The Red River Valley of North Dakota and Minnesota contributes with half of the nation’s sugarbeet (Beta vulgaris L.) production. Interseeding cover crops within sugarbeet has the potential to reduce the impact of soil disturbances. Field experiments were conducted to evaluate the impact of cover crop interseeding time and species on sugarbeet root yield, sugar content, and economic profitability during 2018 -20 growing seasons. Cover crops were first interseeded in June and second interseeding was done in late June or early July. Four cover crops species, Austrian pea (Pisum sativum L.), winter rye (Secale cereale L.), winter camelina [Camelina sativa (L.) Crantz], and brown mustard (Brassica juncea L.), were examined. First interseeding resulted in significantly higher cover crop biomass than second interseeding. Based on three yr. average, amount of biomass production had the following sequence, pea (836 lb. ac-1) = rye (749 lb. ac-1) = brown mustard (597 lb. ac-1) > camelina (329 lb. ac-1). Pea reduced sugar concentration compared to other species. Early interseeding with rye and pea resulted into economic loss by -$209 ac-1 and -$299 ac-1 in 2019 and 2020, respectively over the without cover crop treatment. Interseeding cover crop requires careful consideration of planting time and species; early interseeding with pea might result into economic loss due to reduction in sugar concentration.
INTRODUCTION
The Red River Valley (RRV) of North Dakota and Minnesota is a major sugarbeet production region in the United States. In the northern Great Plains, wind erosion causes significant soil loss from agricultural fields. Due to conventional tillage practices, soils have less residue cover after sugarbeet harvest in the fall, and the soil is exposed to wind and water erosion. In the spring, severe damage due to wind blast of soil particles can cause sugarbeet stand loss. Cover crops have the potential to reduce the impacts of soil erosion, improve nutrient use efficiency by reducing nutrient loss, fixing nitrogen, and improving soil quality (Chatterjee and Clay, 2016; Kaye and Quemada, 2017). Interseeding cover crops before harvest increases the likelihood of cover crop establishment and growth (Wilson et al., 2013; Belfry and Van Eerd, 2016). Interseeding cover crops can accumulate more biomass than fall-seeded cover crops and thus have more potential to reduce soil losses (Blanco-Canqui et al., 2015). However, the success of cover crop stand establishment depends on the growing season and cultivar characteristics.
The most commonly grown cover crops fall into three main botanical families: grasses (Poaceae), legumes (Fabaceae), and plants in the Brassicaceae family, henceforth brassicas, with different benefits and management considerations for each family. It is crucial to select a cover crop that provides benefits without a negative effect on the cash crop yield. Brassicas can scavenge nutrients (Ruark et al., 2018; Gruver et al., 2019) and suppress weed (Iqbal et al., 2020), whereas grasses such as oat (Avena sativa L.) and rye (Secale cereale L.) are known for soil building and scavenging soil nutrients (Appelgate et al., 2017). Legume cover crops are most often selected for biological N2 fixation, which may reduce N inputs required for the subsequent crop (Liang et al., 2014). Therefore, it is critical to compare cereals, brassicas, and legumes on sugarbeet root yield, sugar content, and economic profitability.
Planting time of cover crops play a major role in determining the performance of the following crop. Some cover crop species require an early planting time for fall growth, whereas winter annual species focus on spring growth the following season can be planted later in the fall. The choice of the cover crop may largely depend on the planting time and the desired benefit and cost. For example, rye is chosen for its large quantities of biomass production and the ability to establish well with later planting time. Therefore, this study's goal was to determine the effect of interseeding on cover crop biomass and sugarbeet yield and quality. It was hypothesized that the interseeding of cover crops would improve sugarbeet yield and quality. Two interseeding time, early vs. late, and four cover crop species: (i) winter rye (Secale cereale L.), ii) winter camelina [(Camelina sativa L.) Crantz], iii) winter Austrian pea (Pisum sativum L.), and iv) brown mustard (Brassica juncea L.), were compared. Influence of planting time and cover crop species were examined based on (i) cover crop- biomass production, (ii) sugarbeet yield, (iii) sugar content, (iv) recoverable sugar, and (v) economic profitability, after planting and before harvest.
MATERIALS AND METHODS
[bookmark: _GoBack]Field trials were conducted at Ada, MN (47.327˚N,96.394˚W) during 2018-20 growing seasons (Table 1). The experiment was laid out in a randomized complete block design (RCBD) with factorial arrangement of four different cover crops species and two interseeding times and check (no cover crop) treatments. Four cover crops species were winter rye cv. ND Dylan, winter camelina cv. Joelle, winter Austrian pea, brown mustard cv. Kodiak, Mighty Mustard ™. Nine treatments were pseudo-replicated four times. Individual treatment plots measured 11 ft wide and 30 ft long. Each plot contained six sugarbeet rows spaced 22 inch apart. Crystal 093, a glyphosate tolerant sugarbeet cultivar, was planted at the rate of 59,975 plants per ac-1. Sugarbeet seed was planted to a 2 inch depth with a six row John Deere row crop planter (John Deere, Moline, IL). 

Cover crops were interseeded at two different times i.e. early (first interseeding) and late (second interseeding) (Table 1). Pea and rye were interseeded at 20 lb. ac-1, mustard at the rate of 10 lb. ac-1, and camelina at the rate of 6 lb. ac-1. Cover crop seeds were using a V-shaped hoe with two blades 5.9 inches apart to make a parallel furrow to simulate planting with a commercial inter-seeder.
For the weed control, glyphosate (n-phosphono methyl glycine) at the rate of 0.74 kg a.i. ha–1 (formulation 25 mL L–1) and ammonium sulfate (Class Act, Winfield Solutions, LLC Shoreview, MN) at 10 mL L–1 were sprayed on the third week of May to the second week of July each year. Similarly, to control cercospora leaf spot (Cercospora beticola) in sugarbeet, three fungicides, difenoconazole, thiophanate methyl and pyraclostrobin were applied on the first and second week of August at the rate of 512 mL L–1, 555 mL L–1, and 730 mL L–1, respectively. 
Table 1. Experiment details and initial soil properties of 0-6 inch depth during 2018-20 growing seasons 
	Parameters
	2018
	2019
	2020

	Previous crop
	Spring Wheat
	Spring Wheat
	Spring Wheat

	Texture
	sandy clay loam
	sandy clay loam
	loam

	pH
	8.4
	7.6
	8.2

	NO3-N (lb. N ac-1)
	8.3
	14.4
	33.3

	OM (%)
	2.4
	3.1
	2.2

	Beet planting
	7-May
	13-May
	11-May

	Beet harvesting
	26-Sep
	16-Sep
	17-Sep

	1st interseeding
	21 Jun
	13 Jun
	18 Jun 

	2nd interseeding
	11 Jul
	24 Jun
	26 Jun


Above ground cover crop biomass was measured before sugarbeet harvest. Biomass was collected from a 2×2 sq ft quadrat per plot. Cover crop biomass was clipped at the soil surface and dried at 140˚F until a consistent weight was achieved and then weighed to obtain dry weight. For sugarbeet yield, the center two rows of each plot were mechanically harvested during the third week of September, discarding the roots at each end of the harvest row to eliminate any alley effects. A sub-sample of 15-20 sugarbeets were analyzed to determine sugar concentration at American Crystal Sugar Quality Tare Lab, East Grand Forks, MN. Recoverable sugar yield was calculated by multiplying yield with recoverable sugar (sugar – sugar loss to molasses) percentage. Economic return was calculated using the following equation,
Return ($ ac–1) = Yield (ton ac–1) × (sugar % – sugar loss to molasses %) × Price ($ ac–1) + Agricultural products ($ ac–1) – Operation cost ($ ac–1)			
Information regarding price, revenue from agricultural products and operation cost of the respective growing season was collected from personal communication with American Crystal Sugar Inc. personnel (Joe Hastings, Agronomist).
Data were analyzed statistically first with nine treatments (four cover crop species × two interseeding time and control) and also factorial randomized complete block design excluding control with four replications. The effect of cover crop interseeding on yield was analyzed using RCBD. The procedure general linear model (GLM) of the Statistical Analysis System 9.4 (SAS Inc., Cary, NC) was used for analysis of variance of all data. Each location per year combination was defined as an environment and was considered random effect, while cover crops and interseeding timing were considered fixed effects. Probabilities equal to or less than 0.05 were considered significant for main effects and interactions. The least significant difference (LSD) test was used to separate differences between treatment means if analysis of variance indicated the presence of such differences.
RESULTS AND DISCUSSION
Cumulative growing season (April-Sep) rainfall was 13.5-inch, 17.1-inch, and 15.4-inch for 2018, 2019, and 2020, respectively. In 2018, it started out warmer and drier than 30-year average in May (+7˚F) and June (+2˚F). Precipitation was below average for the majority of the growing season. In 2019, planting was delayed for almost two weeks compared with the normal growing season due to wet soil conditions from spring snow melt. However, rainfall was below average in May (-0.8-inch) and June (-1.8-inch), but above average from July (+0.4-inch) throughout the growing season. Similar trend was observed in 2020 but it received higher rainfall in August than other two years.
Considering all three-growing seasons, interseeding time and species on cover crop biomass, sugarbeet root yield, sugar concentration and recoverable sugar yield are presented in Table 2. Interseeding time and species both had significant effect on cover crop biomass. Early interseeding produced three times more biomass than late planting. Higher biomass with early interseeding can attributed to less competition for sunlight and less canopy closure than at the time late interseeding (Crowley et al., 2018). Austrian pea had the highest biomass yield and camelina had the lowest yield, Pea produced similar biomass to rye, and rye had similar biomass to mustard. Biomass production had the following sequence, pea=rye=mustard>camelina. 
Table 2. Mean and ANOVA for cover crop biomass (lb ac-1), sugarbeet yield (ton ac-1), sugar concentration (%), and recoverable sugar yield (ton ac-1) of interseeded cover crops at Ada, MN over three-year 
	Source of variation
	df
	Cover crop 
biomass‡
	Sugarbeet 
root yield
	Sugar 
Concentration
	Recoverable 
sugar yield

	
	
	(lb. ac-1)
	(ton ac-1)
	(%)
	(ton ac-1)

	Interseeding time (I)
	
	
	
	
	

	Early
	
	941.9 a
	 28.9 b † 
	16.7 a
	4.6 b

	Late
	
	313.5 b
	   32.7 a
	16.5 b
	5.1 a

	p value
	1
	<0.0001
	<0.0001
	0.0146
	<0.0001

	Cover crop species (CC)
	
	
	
	
	

	Austrian Pea
	
	835.9 a
	30.9
	16.5 b
	4.8

	Brown Mustard
	
	596.8 b
	30.4
	  16.6 ab
	4.7

	Camelina
	
	329.3 c
	31.9
	   16.5 ab
	4.9

	Rye
	
	  748.6 ab
	30.2
	 16.7 a
	4.7

	p value
	3
	<0.0001
	ns
	0.0453
	ns

	Interactions
	
	
	
	
	

	I*CC
	3
	<0.0086
	ns
	0.0061
	ns

	Year*I
	2
	<0.0001
	<0.0001
	0.0466
	<0.0001

	Year*CC
	6
	<0.0001
	ns
	ns
	ns

	Year*I*CC
	6
	  0.0393
	ns
	0.0493
	ns

	Coefficient of Variation, %
	
	48.6
	9.77
	1.78
	9.71


† Values followed by different letters indicate significant difference (Tukey, P<0.05) within each source of variation. ns = non-significant
‡ Cover crop biomass accumulation is only accounting for above ground plant biomass at the time of harvest.
Early interseeding significantly reduced the sugarbeet root yield than late interseeding, but the selection of species had no effect on sugarbeet root yield. Early interseeding also reduced sugar concentration and recoverable sugar yield. Cover crop species had significant effect on sugar concentration but not on recoverable sugar yield. Rye had the highest sugar concentration, only significantly higher than pea.
Economic return and difference from control for cover crop interseeding time and species are presented in Table 3. In 2018, interseeding time and species had no effect on economic return. Interseeding had significant on return in 2019 and 2020. In 2019, late interseeding with mustard had the highest return, on the contrary, early interseeded mustard had the lowest return. These results indicate same species could have positive or negative on return depending on interseeding time. Early interseeded- rye and pea also reduced the economic return compared to no cover crops. In 2020, treatment without cover crop had the highest economic return, but significantly higher than only early interseeded pea. 
Table 3. Effect of interseeding time and cover crop species on economic return ($ ac-1), and relative profit over control ($ ac-1) for three growing seasons
	Planting
	Cover crop
	2018
	2019
	2020

	
	
	Return
	Diff.
	Return
	Diff.
	Return
	Diff.

	
	No cover crops
	$1,425
	
	 $906 ab†
	
	$1,013 a
	

	Early
	Rye
	$1,452
	+27
	 $737 cd
	-209
	$843 ab
	-170

	
	Camelina
	$1,513
	+88
	 $903 abc
	-44
	$887 ab
	-126

	
	Pea
	$1,522
	+97
	 $774 bcd
	-172
	$713 b
	-299

	
	Brown mustard
	$1,584
	+159
	 $664 d
	-283
	$872 ab
	-140

	Late
	Rye
	$1,545
	+120
	 $942 ab
	-4
	$947 a
	-65

	
	Camelina
	$1,509
	+83
	 $986 a
	+39
	$873 ab
	-140

	
	Pea
	$1,511
	+86
	 $938 ab
	-9
	$947 a
	-65

	
	Brown mustard
	$1,541
	+116
	$1,019 a
	+72
	$819 ab
	-193

	
	LSD0.05
	ns
	
	115
	
	200
	


† Means with different letters were determined to be significantly different at P < 0.05 using the LSD test.
Three-year on farm trials indicated that cover crop interseeding earlier than third week of June could reduce sugarbeet root yield and recoverable sugar yield, particularly under pea probably due to removal of nitrogen in biomass. Two out of three years, early interseeding with pea resulted to a significant economic loss compared to without cover crop treatment. Selection of planting date and species are critical for the successful adoption of cover crop in sugarbeet. This study did not determine the costs of ecosystem services like soil, nutrient and water conservation provided by cover crop; inclusion of these benefit might encourage growers for interseeding. 
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