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ABSTRACT

Dry matter biomass and nitrogen (N) uptake and partitioning in the biomass can be different based on the varieties and nutrient availability. These differences can result in the wide variations in production and quality and nitrogen use efficiencies (NUE). However, there is a lack of quantitative understanding of the N uptake and partitioning in the biomass of the different varieties of potato. Lack of this understanding can lead to the lumping all the varieties as one during fertilizer applications and other N management practices. This can further lead to the leaching down of the nutrients as well as decrease in the NUE of the plants due to either excess or deficient supply of N to the plants. Therefore, quantifying and understanding these differences are important to improve N management based on the N demand of the plants, improve NUE of the crops, and decrease the N leaching out of the system. Hence the objectives of this study is to increase the fundamental understanding of the quantitative differences in N and dry matter partitioning dynamics of modern Russet varieties of potatoes at various fertilization rates and to provide evidence if the most commonly grown Russet varieties can be managed similarly or not. For this purpose, the study was conducted for two years (2020-21) on four modern Russet varieties of potato (Goldrush, Russet Norkotah, Silverton, and Russet Burbank) under two N rates (0 and 267 lbs-N/ac) at Hancock Agricultural Research Station. The in-season biomass was collected weekly or bi-weekly throughout the growing season which was then partitioned into foliage and tuber biomass. Total nitrogen (TN %) by dry combustion and dry matter biomass was measured for each sample which was then used to quantify N accumulation in the biomass. ANOVA and multiple comparison tests to compare the differences in the treatments was performed. Dry matter, N accumulation in the in-season and yield biomass was different based on the varieties, N rates, or their interactions.

INTRODUCTION

The states in the Midwest region annually rank among the top in the nation in potato production, including Wisconsin (3rd), North Dakota (6th), Michigan (7th), Minnesota (8th), and Nebraska (11th) (USDA, NASS., 2020). Wisconsin also offers the most varieties of potatoes grown in the USA. N is the most limiting nutrient in the development and growth of crop yield and quality (Bowen et al., 1999). Deficiency or excess of plant N can decrease tuber yield and quality due to premature leaf senescence, decreased leaf chlorophyll contents or delayed tuber maturation. N and dry matter accumulation and partitioning in the crop biomass depends on potato varieties (Geremew et al., 2007), nutrient and water availability, and environmental conditions (Koch et al., 2020). This can result in variations in their NUE as well (Zvomuya et al., 2002). Outside of Hornacek and Rosen (2008), there is not much information on N uptake patterns of potato in the Midwest. Based on the latest available information (https://www.potatopro.com/wisconsin/potato-statistics), Russet Burbank, Goldrush, Russet Norkotah, and Silverton Russet were the 2nd, 3rd, 4th, and 6th most popular varieties grown in Wisconsin, and they represent 16, 12, 11, and 6 percent of the acreage. Each potato has their own unique features, but direct comparison of their growth patterns and nitrogen accumulation has not been evaluated. The question remains – how different are these varieties?
Hence the objectives of this study was to increase the fundamental understanding of the quantitative differences in N and dry matter partitioning dynamics of modern Russet varieties of potatoes grown at optimum and stressed N conditions and to provide evidence if the most commonly grown Russet varieties can be managed similarly or not. 

MATERIALS AND METHODS

[bookmark: _Toc65801619]Site Description
The on-going study was conducted for two years from 2020-21 at the University of Wisconsin-Madison Hancock Agricultural Research Station (HARS; 44°8'23" N, 89°31'23" W; elevation: 328 m) in 2020-21 on Plainfield loamy sand soils (sandy, mixed, mesic, Typic Udipsamments) and will be at the participating farmer’s field on 2022. 

Sampling Design and Treatments
[bookmark: _Toc65801621]The experimental treatments consist of four most popular modern Russet varieties of potatoes grown under two N fertilization rates (0, 276 lbs-N/ac) as ammonium sulfate (NH4)2SO4) and ammonium nitrate (NH4NO3) in a randomized complete block design (RCBD) with three replications. Each replication was divided from each other by an alley of 5 ft. (2020) and 12 ft. (2021) wide. Each experimental plots were divided into four rows and the in-season samplings was conducted on second row while final harvesting on third rows of the main plots. Whereas, the “clean plots” were 25 ft. long which were only harvested at the end of the growing season from rows two and three. The fertilizers were broadcast applied three times during the growing season (25-50% at emergence, 50% at tuber initiation and 2 weeks after tuber initiation) depending on the levels of N fertilizers in the treatment plots. All the experimental plots were non-limited by all other resources and nutrients. The seed pieces (which were either cut ‘A’ size or whole ‘B’ size) were mechanically planted on 1 May (2020) and 22 April (2021) and were harvested on 28 Sept (2020) and 9 Sept (2021). The four modern Russet varieties in the study were Russet Norkotah (an early to mid-season flowering variety, determinate), Goldrush (an early-season flowering variety, determinate), Silverton (a mid to late- season flowering variety, determinate), and Russet Burbank (a late- season flowering variety, indeterminate). It is expected based on previous trials that 276 lbs-N/ac is a non-limiting application of N when split applied three times during the growing season (76 kg-N/ha at emergence as ammonium sulfate, 100 lbs-N/ac at tuber initiation and 100 lbs-N/ac 2 weeks after tuber initiation as ammonium nitrate) (Laboski and Peters., 2012). 

Experimental Measures
Between planting and harvesting the total of ten and nine weekly or bi-weekly in-season plant samplings were conducted in all the experimental plots starting from 28 days after planting (DAP) to 110 dap in 2020 and 34 dap to 111 dap in 2021 (Bélanger et al., 2001). Final harvesting was conducted at 150 dap and 140 dap in 2020 and 2021 respectively. Three to six plants were sampled during in-season sampling depending on the biomass where six plants were sampled initially, reducing it to five, four, and three plants later in the growing season as plants grow bigger (Bélanger et al., 2001). The plants were then partitioned into leaf, stem, and tuber biomass. Whereas, roots were removed from the plant body. The vines and tubers were dried at 70oC until a constant weight was obtained for determination of dry matter (DM) concentration. TN% was analyzed through Dumas dry combustion method. N uptake in the plant biomass was calculated based on the TN% concentration and dry matter in the biomass for each treatment at each sampling dates.

Data Analysis
Biomass and N uptake data was analyzed by using analysis of variance (ANOVA) test to measure the significant differences in the above ground and tuber biomass (lbs/ac), TN (%), and N accumulations/uptake (lbs-N/ac) between the treatments. All analysis was performed in R 3.6.3. We have tested the null hypothesis for all the treatments (varieties and N rates) where, H01: Mean dry matter biomass (aboveground, tuber, and total) and N uptake in the biomass is the same among all the varieties and N rates. H02: There is no interaction effects of varieties and N rates on mean biomass and N accumulation. 

RESULTS AND DISCUSSION

Dry Matter Biomass
Year 2020: There was a difference in the mean dry matter biomass partitioning between tubers and foliage biomass due to the differences in the N fertilization rates (Fig 1). Although Goldrush and Russet Burbank produced higher foliage biomass and Russet Norkotah and Silverton produced lower foliage biomass at optimum N fertilizer conditions measured up to 110 dap. However, there was no significant difference in the foliage biomass between different varieties and at different N rates. Similarly, although there was no interaction between varieties and N rates or varietal effect on tuber biomass. However, there was a significant differences between N rates on tuber biomass (p<0.018). All the varieties in an unfertilized plots produced higher tuber biomass as compared to the plants in fertilized plots up to 110 dap. There was no differences in the total biomass between varieties and N rates.
Year 2021: There was a difference in the mean dry matter biomass partitioning in the foliage and tuber biomass due to the interaction between N fertilization rates and varieties (Fig 2). There was no interaction between varieties and N rates or varietal effect alone on foliage biomass. However, there was a significant difference on foliage biomass between fertilized and unfertilized plots (p< 9.064 * 10-5) where foliage biomass was higher in the fertilized plots. There was no differences in the tuber or total biomass among all the treatments up to 111 dap.  We took only three to four plant samples and calculated biomass based on the planting density. The biomass thus collected and TN (%) in the biomass was used to measure N uptake and accumulation in the biomass. Therefore, the sampling errors must be considered in the measurements as well.
[image: ]
Fig 1: Interaction plot of Biomass~ Plant parts (foliage, tubers, and total)*N rates (0, 267 lbs-N/ac) for all the four varieties in the experiment measured in the year 2020 with 99% conf ints. AIC means Akaike’s Information Criteria and BIC means Bayesian Information Criteria.

[image: ]Fig 2: Interaction between N rates and varieties on dry matter foliage, tuber, and total plants grown in 2021 at HARS. RB = Russet Burbank, RN = Russet Norkotah, GR= Goldrush, SIL= Silverton. The effect of the interactions of N rate and variety biomass was sig at 95% conf ints. 

N Uptake in the Biomass
Year 2020: There was a difference in the N uptake and accumulation between foliage and tuber biomass due to N rates, varieties, and the interaction between plant parts and N rates. However, there was no interaction effect of varieties and N rates on foliar N uptake. Whereas, there was a significant difference on foliage N uptake among varieties (p<0.0495) and N rates (p<10-16) where N uptake was higher in the fertilized plots. Similarly, Goldrush had the highest N uptake in the foliage biomass followed by Silverton, Russet Burbank, and Russet Norkotah respectively (Fig 3). There was an effect of only N rates on N uptake in tuber (p< 0.06359) and total (p<1.921*10-11) biomass with higher N uptake under optimum fertilization up to 111 dap. 
Year 2021: There was a difference in the N uptake and accumulation between foliage and tuber biomass (Table 1). These differences were due to interaction of N rates and plant parts. However, there was a difference in the N accumulation due to the interactions between N rates and varieties. However, There was no interaction or varietal effect on foliar N uptake. However, there was a significant difference on foliage N uptake between N rates (p<2.381 *10-8) where N uptake was higher under optimum fertilization. There was no significant differences in the tuber N uptake. Whereas, there was a higher N uptake (p<3.654*10-6) in the total biomass under fertilized conditions.
[image: ]Fig 3: N uptake in the foliage biomass of the four modern Russet varieties (where RB=Russet Burbank, RN=Russet Norkotah, GR=Goldrush, and SIL=Silverton) grown under two N rates (0, 267 lbs-N/ac) at HARS in the year 202029
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Table 1: N uptake and accumulation as a function of plant parts, varieties, and N fertilization rates in the year 2021 among four modern Russet varieties in the study under two N rates
	N uptake ~ Plant parts * Varieties * N rates
	Df
	Sum Sq 
	Mean Sq 
	F value
	Pr (>F)
	 

	Plant parts
	2
	249349
	124674
	64.518
	< 2e-16 
	***

	Varieties
	3
	5858
	1953
	1.011
	0.38757
	 

	N rates
	1
	101494
	101494
	52.522
	1.37E-12
	***

	Plant parts : Varieties
	6
	4192
	699
	0.362
	0.93154
	 

	Plant parts : N rates
	2
	28359
	14180
	7.338
	713
	***

	Varieties : N rates
	3
	15884
	5295
	2.74
	0.04264
	*

	Plant parts : Varieties : N rates
	6
	2175
	362
	0.188
	0.98284
	 

	Residuals
	579
	1118865
	1932
	 
	 
	 

	Sig. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



Yield Differences among Treatments 
In the year 2020, Russet Burbank (an indeterminate, longer growing season) variety had the highest total yield (at 150 DAP) and Goldrush (determinate, a shorter growing season) variety had the lowest yield (Fig 4a). There was an effect of variety, N rates, and their interactions on N uptake where Silverton had the highest N accumulation [image: ][image: ]under optimum fertilization and Goldrush had the lowest (Fig4b). Russet Burbank,  Fig4: (a) Yield biomass (b) N accumulation in the biomass of all the varieties in the study at optimum and minimum N fertilization rates.

however had the highest N accumulation under minimum fertilization as compared to all other varieties. There was no difference in the yield biomass between Russet Norkotah and Silverton and in the N accumulation between Russet Norkotah and Burbank. The study was conducted at the research station with a history of higher mineral N fertilizer applications. Therefore, to accurately understand the varietal and N fertilization effects on dry matter biomass and N accumulation in the biomass, the experiment is recommended to be conducted in the on-farm fields as well managed under lower N fertilization application rates. 
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