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Abstract

:

Eastern gamagrass (Tripsacum dactyloides) is a highly productive, highly palatable native grass tolerant to both drought and flooding. It has frequently shown great response to nitrogen (N) applications, but the responses of southern native ecotypes in upland and bottomland sites have yet to be reported. The objectives were to measure the responses of long-established eastern gamagrass with different N application rates in two bottomland hay pastures and two upland grazed sites, and to measure the N responses for six diverse ecotypes in a common garden. A randomized block design was used with ecotype as the main block and fertilizer rate as the subplot. In the long-established sites, 75 N peak yields were not statistically different to those of 0 N, while upland yields across the season were consistently higher for 150 N but varied for the bottomland. The common garden ecotypes had no significant difference in yield between treatments when averaged across years. Roaring Springs showed the most consistent and greatest benefit to additional N, more than doubling the dry weight of the control. All remaining ecotypes, however, had more modest responses. Eastern gamagrass responds inconsistently to applications of 75 N, whereas most applications of 150 N generally result in higher yield, though significant increases are not guaranteed.
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1. Introduction


Fertilizer application is the primary means of increasing forage production once highly productive native perennial grasses are established in dryland situations. Increased forage production in response to the nitrogen fertilization of productive perennial grasses such as switchgrass (Panicum virgatum L.), prairie cordgrass (Spartina pectinata Link, PCG), and giant miscanthus (Miscanthus × giganteus) has been well documented [1,2,3]. The high cost of nitrogen fertilizers has, however, made estimates of plant nutrient responses especially important as producers consider the economic viability of such applications.



The highly productive, warm-season native grass eastern gamagrass (Tripsacum dactyloides) (hereafter referred to as EG) has also shown large responses to applied nitrogen (hereafter referred to as N). Brejda et al. [4] showcased that dry matter in a three-year-old and a six-year-old stand of PMK-24 (now known as ‘Pete’) EG more than doubled in response to fertilizer in two of the three years in northern Missouri. Douglas [5] and Brakie [6] also showed that the dry matter of four southern ecotypes of EG in eastern Texas more than doubled in response to fertilizer application. Heggenstaller et al. [7] demonstrated that the dry matter of ‘Pete’ EG increased by 51% and 107% when N fertilizer was applied at 220 kg/ha two years following planting in Iowa. In Kansas, Moyer and Sweeney [8] found that N fertilizer applications of up to 200 kg/ha to ‘Pete’ EG resulted in 48% to 131% yield increases relative to zero for plots 15 to 23 years old. ‘Pete’ EG dry matter production has also been shown to increase by an average of 25% relative to zero one to three years after seeding in Wisconsin, when Coblentz [9] applied N at 202 kg/ha. There has even been some evidence of nitrogen fixation with EG [10].



EG has an optimal N application rate of 32–181 kg N/acre/year depending on precipitation [11]. Its nutrient requirements and ability to thrive without added fertilizer is extremely desirable. EG also can be applied to plots with other grasses, especially in a stratified block, without a difference in forage production [12]. The high price of nitrogen (N) fertilizer has made improved grasses such as coastal bermudagrass (Cynodon dactylon Pers.) costly as they require considerable fertilizer inputs to remain productive.



EG is ideal for grazing and hay production in the eastern half of the United States. It is highly productive, but its high palatability has caused it to be overgrazed and it has disappeared over much of its range [13,14]. Although EG’s crude protein content varied throughout the year, it surpassed a sorghum × sudangrass hybrid (Sorghum bicolor × S. bicolor var. sudanense) and provided more animal days per hectare for heifers [15,16]. Its nutritional value peaks in May and, when managed with rotational grazing, it can produce 7973 to 17,618 kg of forage per ha [15]. Fertilized coastal bermudagrass is also more palatable than unfertilized grass and it loses palatability with age [17].



Thus, there were two objectives of this study. The first was to measure the responses of long-established eastern gamagrass with different application rates among two bottomland hay pasture sites and two upland grazed sites. The second objective was to look at the N responses for six diverse ecotypes of EG in plots of a common garden.




2. Materials and Methods


2.1. Long-Established Sites


Sites in this study were all long-established and named based on their growing location. The bottomland sites designated Frank (owned by J. Frank Monk) and Gordon (owned by Gordon Goebel) are located near Bellville, Texas (Table 1). These two sites are harvested for hay two to four times each year depending on precipitation, and occasionally flood (Figure 1). Gordon’s site is within the largest known natural stand of EG with records indicating it has been in existence since before the Civil War (personal communication). Frank’s site is within the same floodplain but has been established for over 10 years and planted from seeds from the local source. The upland sites designated Jim (owned by Jim Kiniry) and Ronnie (owned by Ronnie Scala) are located in central Texas near Moody and Oscar, respectively (Table 1). While these two sites were grazed prior to this experiment, electric fences were installed to keep livestock out of the plots for the duration of this study. Jim’s and Ronnie’s EG sites were planted from seed at least 10 years prior to this study with ‘Texas Sue’ EG.



Experiment plots were established in February 2019 using a randomized block study design with 3 replications. Each within-block treatment was 5 m × 5 m with 2.5 m gaps between treatments and replicated blocks. A synthetic dry fertilizer of 19N-5P-9K was applied throughout the study period. Nitrogen addition treatments included a control, or 0 N applied (here after referred to as 0 N), 75 N, and 150 N lbs/ac (0, 84, 168 kg/ha). All four sites were fertilized in the spring of 2019. Both Frank’s and Gordon’s bottomland sites were treated on 8 February 2019. In the uplands, fertilizer was applied on 6 February 2019 at Jim’s site, and on 26 February 2019 at Ronnie’s site. In 2020, fertilizer application and data collection were deferred due to the global pandemic. In 2021, Frank’s and Gordon’s fertilizer treatments were split into 3 applications: early season (1 April 2021), mid-season after the first cutting (27 July 2021), and late season after the second cutting (8 September 2021). Jim’s site had a single early-season fertilizer application, just as in 2019, on 7 April 2021. Ronnie’s site was not fertilized in 2021 due to some remaining COVID-19 complications, and therefore only has data for 2019.



Soil samples at the long-established sites were taken before fertilization treatments were applied and at the end of each season. The soil cores of the top 16 cm were from each replication of each treatment. This was sent in-house to Dr. Rick Haney’s lab at the Grassland, Soil, and Water Research Laboratory at USDA-ARS, and off to the Soil, Water, and Forage Testing Laboratory at Texas A&M University for analysis of CO2-C, water-extractable N, and water-extractable C to determine soil health [18]. The soil health method as outlined in Haney et al. [18] utilizes a Seal Analytic rapid flow analyzer to determine the nitrogen present. Plant biomass sampling occurred a minimum of three times in the growing season. Bottomland sites were harvested at the beginning of the season, just prior to each hay cutting, and at the end of the season. A 0.5 m × 0.5 m sample was harvested in each replication in each treatment for all the long-established sites. Plant material was then dried in a 60 °C forced-air oven for at least 48 h or until a uniform weight was achieved. Plant N concentrations were determined using the total Kjeldahl digestion procedure by the Soil, Water, and Forage Testing Laboratory at Texas A&M University.




2.2. Ecotypes Plot


The USDA-ARS Grassland, Soil and Research Laboratory in Temple, Texas, has a common garden of nearly 300 ecotypes of EG gathered from across the eastern US (Table 1) [19]. In 2019, the fertilized treatment ecotypes plot was established from transplants of 6 ecotypes (Table 2). Each ecotype had 3 replications and 2 treatments with 5 plants per replication 1 m apart. The 6 ecotypes were chosen based on morphological differences [19]. Two of the ecotypes have upright leaf structures and broad leaf widths (Bryan and Jackson), two have intermediate structures and widths (Bellville and Roaring Springs), and two have intermediate structures and narrow leaf widths (Stampede and WNWR). These 6 ecotypes also contain each type of ploidy measured in the large collection (Table 2) [19]. Heights also vary in these ecotypes, ranging from close to 100 cm (WNWR) to nearly the tallest canopy in the collection at 170 cm (Jackson).



Two fertilizer treatments were applied to these ecotypes: 0 N and 150 N. Dry 19N-5P-9K fertilizer was applied once, early in the season each year on 8 March 2019, 14 April 2021, and 28 March 2022. Soil samples were obtained from the ecotypes plot before treatments were applied on 8 March 2019 and before a weed barrier was laid down. No additional soil samples were taken due to the weed barrier. Soil data are, therefore, not shown.



Each fall from 2020 to 2022, one representative whole plant was harvested above ground from each replication in each treatment. Samples were dried in a 60 °C forced-air oven for at least 48 h or until a uniform weight was achieved, and then weighed. Soil was also sent off for N analysis as described above.




2.3. Statistical Analysis


Across both the long-established sites and the ecotypes plot, there were no outliers and no transformations were necessary. One-way ANOVA models were used to test the difference between N treatment, site, and year by total peak biomass for the long-established sites. EG dry weight and weed yield across time were also analyzed using a one-way ANOVA by N treatment and habitat type. Across ecotypes, we used a one-way ANOVA to determine any differences between N treatments. Means were separated using the Tukey HSD procedure and treatments were considered significant if p < 0.10. All analyses were performed in JMP (SAS 2024).





3. Results


3.1. Long-Established Sites


Among the four long-established sites, in 2019, the 150 N treatment resulted in an average increase of 49% in dry weight at peak harvest relative to 0 N (Table 3). The 75 N showed an inconsistent response relative to 0 N at peak harvest in 2019, with three of the four cases being less than the 0 N. Average peak biomass yield in 2019 for 75 N was 11% less than the 0 N treatment. Peak biomass harvest data for 2019 were from the second harvest for Frank and Gordon (bottomland), and the third harvest for Jim and Ronnie (upland). These dates had statistically significantly higher yields than the other harvest dates (p < 0.0001). In 2021, the 150 N treatment showed an average increase of 64% at peak harvest relative to the 0 N (Table 3). The 75 N treatment showed an average increase of 41% at peak harvest in 2021. Peak biomass harvest data for 2021 were from the second harvest for the bottomland and the final harvest from Jim.



The total growing season dry weight for each site increased with any addition of fertilizer from 11% to double the control, excluding the 75 N in 2019 at Gordon’s and Jim’s. The increases in yields averaged across the season at all long-established sites for 75 N and 150 N were 5% and 45% in 2019, and 35% and 55% in 2021, respectively.



The statistical analysis showed that the 150 N treatment resulted in significantly higher biomass when compared to the 75 N or 0 N treatments across all years (p = 0.0037; Figure 2). There were no differences between the 75 N and 0 N treatments. Peak biomass was also found to be somewhat higher in the upland than in the bottomland sites over all years. Specifically, only Frank’s was statistically shown to have lower biomass (p = 0.0023; Figure 3). There were no statistical differences in peak biomass between the years (p = 0.3143).



3.1.1. Long-Established Sites’ 2019 Results


The long-established sites behaved similarly in growth rates and fertilizer treatments. When combined by treatment and sites, the yields were statistically significantly different across time (p < 0.0001). The bottomland sites initially had a large increase in biomass from the 150 N application. After haying, they had a smaller response, and Gordon had lower yields in the treated plots. After the second hay cutting, the regrowth was even lower. By the fourth and fifth harvests, no treatment effects occurred (Figure 4).



The average for 0 N in the uncut upland EG sites showed over three times higher peak biomass than the average of the hayed bottomland sites. The growth curve was also more consistent as biomass increased over the entire season. The nitrogen treatments for the upland sites showed mixed results, but 150 N was always higher than 0 N (Figure 5).



The plant nitrogen content for the long-established bottomland sites initially responded 50% more to the nitrogen treatment with 150 N than the 0 N treatment. The season average for Frank’s 150 N treatment was 32% higher than the 0 N treatment. Just as the biomass showed little treatment effects at the end of the season, the same was true of plant nitrogen content (Figure 6). Gordon’s showed no treatment effects after the second harvest.



The plant nitrogen content in the long-established upland sites declined across the season. The percent N in plants was very similar among the treatments for both upland sites (Figure 7).



The spring of 2019 had a high influx of weeds, which seemed to be exacerbated by the addition of fertilizer. This non-significant effect indicated that when all sites and harvests were combined by treatment, weed yields were higher as N treatments increased (0 N = 88.3 g/m2; 75 N = 128.5 g/m2; 150 N = 146.5 g/m2; p > 0.10).



The average bottomland weed yields increased with the addition of N (0 N = 41.9 g/m2; 75 N = 66.4 g/m2; 150 N = 54.5 g/m2). By the end of the season, most of the weeds were gone after all treatments in the bottomland sites (Figure 8). Weed yield in the bottomland sites was statistically different across time (p < 0.0001). The effects of hay cutting and weed increase were factors that contributed to the decision to split fertilizer applications to after hay cutting in the 2021 bottomland sites.



Weeds in the long-established upland sites were present all season, but were only significantly different across time (p = 0.0132). At these sites that were not cut for hay, more fertilizer tended to produce more weeds on average (0 N = 149.6 g/m2; 75 N = 201.0 g/m2; 150 N = 261.4 g/m2) (Figure 9). The fertilized plots had a higher percentage of weeds present in all but the first two harvests at Ronnie’s. Those exceptions were very close to the percentages in the 150 N plots (84% vs. 83% of total biomass, and 51% vs. 40% of total biomass). However, the percentage of weeds in the total biomass of the uplands did decrease as the season progressed.




3.1.2. Long-Established Sites 2021 Results


In 2021 at Frank’s, the 150 N treatment was consistently higher than the 0 N treatment. An increase in growth for 75 N was observed after the second and third fertilizer applications at Frank’s. Gordon’s only had positive responses to both N treatments at the initial and final harvests, though some increase in growth occurred for all treatments after each of the two cuttings. For both bottomland sites, 75 N was still unpredictable with yields both above and below the control (Figure 10).



In 2021, Jim’s EG dry weights seemed to increase across the entire season with both fertilizer treatments yielding above the control (Figure 11).



The plant nitrogen concentration at Frank’s had no consistent increases in percent N due to the applied N (Figure 12). Gordon’s site had no consistent increase in plant nitrogen concentration due to the applied N until the last three harvests.



Jim’s EG N concentration steadily declined across the season (Figure 13). It also did not show consistent increased plant nitrogen concentration due to fertilizer treatment effects.



Weeds were not a factor in 2021 even though previously they had been prolific in 2019.



Soil nitrate was analyzed before and after each season and increased across the board from pretreatment, excluding Frank’s 150 N in the 2021 season (Table 4).





3.2. Ecotypes Plot


The EG ecotype responses to N additions were inconsistent throughout the three years of this study (Table 5). There were no statistical differences in peak biomass between N treatments (p > 0.10) or between years (p > 0.10). However, there were trends within ecotypes (p < 0.0001). Roaring Springs showed increases every year. Stampede showed increases in two of the three years. The other four ecotypes appeared to not benefit from added N, each with only 1 year with yield higher than the control. Averaging all years, three out of six ecotypes had increased yields with the addition of nitrogen.



Roaring Springs was the only ecotype where the yield after 150 N was higher than 0 N every year. One ecotype yielded higher with N application in 2 of the 3 years, while two ecotypes only had this effect in the first season, and two ecotypes only yielded higher with N application in the final season. Averaging dry weight across the three years, Roaring Springs’ yield was over two times greater with the application of fertilizer while the other ecotypes showed minor increases or yielded less than the control.



There were statistically significant differences in peak biomass by ecotypes (p < 0.0001; Figure 14). The broad-leaved Bryan (3x) and Jackson (4x) were significantly higher than the narrow-leaved Stampede (2x) and WNWR (2x). Bryan (3x) also had significantly higher peak biomass than Bellville (2x). Roaring Springs was not significantly different from any ecotype, possibly because it had intermediate morphology, and is polyploid like the large Bryan and Jackson.



Most ecotypes seemed to have had higher plant nitrogen concentrations in the 150 N than the 0 N treatment. In 2021, the 0 N dry weight for Jackson and WNWR was greater than the 150 N, but that trend did not carry over to the plant nitrogen concentration. Jackson’s and Bryan’s early-season 0 N was higher than 150 N, but the same was not true for the late season (Figure 15).





4. Discussion


For all four long-established sites, adding 75 N may not be worth the cost of application as this treatment was no different than the 0 N fertilizer control across years and sites, in yield, plant nitrogen content, and soil nitrate. These data show that 150 N produces significantly higher EG yields at the long-established sites when compared to the control or 75 N treatments. When comparing the long-established sites to the long-established site from Moyer and Sweeney [8], our total site average yields of 150 N peak biomass (49% in 2019 and 64% in 2021) fit within their reported findings for 200 N treatment (48% and 131%). However, a year-by-year, site-by-site, or total-season average comparison suggests that yield increases are more modest or can even decrease. It is interesting how the bottomland hayed sites lost all their weeds over time, but the upland uncut fields did not. There is not an obvious reason why our long-established sites did not see a consistent, significant increase in yield when N was applied. We speculate that 2019 increased the nutrient availability for weeds, thereby inducing increased competition with EG. However, when weeds were not a factor in 2021, and there was higher annual precipitation (Table 1), we also saw inconsistent yield increases after nitrogen applications. The 150 N application in 2019 in the bottomland showed an instant increase in yield compared to 0 N, which then declined over the season as N was used. The upland 2019 150 N application showed a slower increase across the season. In 2021, Frank’s and Jim’s 150 N treatment was consistently higher than the control, while Gordon’s was not. Also, 75 N was not significantly different than the control in 2019 or 2021. Therefore, in these long-established sites, if one is to apply fertilizer, use 150 N, though a significant yield increase is not guaranteed.



Increased yield, however, may not be substantial in all situations, and may also increase the weed amount in the yield, as we have shown in Figure 8 and Figure 9. For a good stand of EG only, no fertilizer is necessary. This is especially true in the upland where the addition of fertilizer increased the percentage of weeds. In the bottomland where EG is cut for hay several times a year, the first cutting would be less useful to sell if marketing this as a bale of pure EG. In all long-established sites, the time of year most beneficial to harvest when using 0 N would be at the end of summer (third or fourth sampling above). This is when the biomass was the greatest, and the percentage of weeds was less than 15% at the control across all four sites. In the bottomland sites, Frank’s had the highest 150 N yield benefits when combining haying with three fertilizer treatments, while Gordon’s only had yield benefits in the first two harvests regardless of whether fertilizer was applied once or split into three applications. In the upland sites, 150 N did produce an increase in yield compared with 0 N. Plant nitrogen concentrations did not benefit from the addition of fertilizer in the upland, excluding initial application, and appeared to decline over the season. In the bottomland, hay cutting increased plant percent nitrogen. Frank’s saw a fertilizer effect on plant nitrogen for most of 2019 but not in 2021 until the end of the season. Gordon’s saw a fertilizer effect on plant nitrogen in the early season of 2019, but then not again until late in the season of 2021. Soil nitrates increased after the growing season, and in general with fertilizer application.



In the EG ecotypes plot, only half of the ecotypes had a three-year average with an increase in yield relative to the control. There were no statistically significant differences in peak biomass yield between treatments. Roaring Springs showed the most consistent and greatest benefit from additional N inputs, more than doubling the dry weight of the control. However, all remaining ecotypes had more modest responses, ranging from an increase of 23% (Stampede) to a decrease of 25% (Jackson) relative to 0 N. This is less than previous papers’ reported yields for 1–6-year plots, with applications of 200 N increasing yields by 25% to more than double that of 0 N [4,5,6,7,9]. Plant nitrogen concentrations for the EG ecotypes declined over the season. The 150 N treatment resulted in the highest plant nitrogen compared with the 0 N, excluding the early-season samples from Bryan and Jackson. Again, 150 N may be applied to increase yields, but for the ecotypes tested here, this is typically not worth the growers’ expenses as there was not a significant increase in yield. Roaring Springs did see a large consistent increase, thus would benefit from N application paired with an end-of-season harvest. Every ecotype is suited for a different purpose; while some may be larger than others, note the variability in yields between the ecotypes shown in Figure 15; these morphological traits, the different leaf widths, or ploidy levels may be adaptations for the plants to better survive in their regions. More research is needed.




5. Conclusions


Excluding the one large harvest from Frank’s in 2019 (see Table 3), the average EG peak yield response to the 150 N treatment was 37% greater than that to 0 N overall; the long-established sites increased by 57%, with the bottomlands increasing by 45%, the uplands by 69%, and the ecotypes plot increasing by 17%. However, the ecotypes did not all perform well, with three of the six averaging 150 N yields below those of the control, one of the six ecotypes decreasing yield in 1 of the 3 sample years, and four ecotypes underperforming in 2 of the 3 sample years. Application of 150 N was not statistically different than 0 N for the ecotypes. The long-established sites did not consistently yield higher throughout the season, so timing harvest for peak yield and decreased weeds is important. The 75 N treatment averaged only a 15% increase with three of four long-established sites below the dry weight of the control for year 1, and only Jim’s upland site greater than the control in the final year. Overall, fertilizing with 75 N is not advised as it is not statistically different than 0 N; while 150 N may produce increased yield, the reasons for the variations in results are still unknown. Now, growers of eastern gamagrass can consider these factors when making decisions regarding the use of fertilizer, as it may not provide the desired results in all situations.
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Figure 1. Treatment plots at Gordon’s site within the largest known natural stand of EG; 11 September 2019; Bellville, TX. 
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Figure 2. Mean comparisons of peak biomass (g/m2) by nitrogen treatments at long-established sites (n = 63). Letters indicate statistically significant differences. 
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Figure 3. Mean comparisons of peak biomass (g/m2) by long-established sites (n = 63). Letters indicate statistically significant differences. 
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Figure 4. EG dry weights from long-established bottomland sites with hay cutting in 2019. 
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Figure 5. EG dry weights from long-established upland sites that were not cut for hay in 2019. 
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Figure 6. Plant nitrogen content from long-established bottomland sites with hay cutting in 2019. 






Figure 6. Plant nitrogen content from long-established bottomland sites with hay cutting in 2019.



[image: Agronomy 14 00907 g006]







[image: Agronomy 14 00907 g007] 





Figure 7. Plant nitrogen content from long-established upland sites that were not cut for hay in 2019. 
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Figure 8. EG and weed dry weights at the long-established bottomland sites in 2019. 
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Figure 9. EG and weed dry weights at the long-established upland sites in 2019. 
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Figure 10. EG dry weights from long-established bottomland sites with hay cutting in 2021. One fertilizer treatment was applied before the season; the other two shown in the season were in conjunction with haying. Hay cutting immediately preceded the fertilization dates. 
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Figure 11. EG dry weights from long-established upland sites that were not cut for hay in 2021. 
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Figure 12. Plant nitrogen content from long-established bottomland sites with hay cutting in 2021. Hay cutting immediately preceded the fertilization dates. 
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Figure 13. Plant nitrogen content from long-established upland sites that were not cut for hay in 2021. 
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Figure 14. Mean comparisons of peak biomass (g/m2) by ecotype (n = 94). Letters indicate statistically significant differences. 
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Figure 15. EG ecotypes plant nitrogen concentrations in early and late seasons in 2021. 
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Table 1. EG site descriptions where N treatments were applied. Precipitation is in mm.






Table 1. EG site descriptions where N treatments were applied. Precipitation is in mm.





	
Site

	
Latitude, Longitude

	
Soil Name

	
Soil Description

	
Annual Precipitation




	

	

	

	

	
2019

	
2020

	
2021






	
Frank

	
29.905733, −96.252083

	
Trinity clay

	
Very-fine, smectitic, thermic Typic Hapluderts

	
807

	
865

	
1144




	
Gordon

	
29.898967, −96.236583




	
Jim

	
31.239535, −97.371378

	
Heiden clay

	
Fine, smectitic, thermic Udic Haplusterts

	
612

	
796

	
707




	
Ronnie

	
31.027004, −97.245005

	
Heiden–Ferris complex




	
Temple

	
31.045327, −97.345555

	
Houston Black clay











 





Table 2. Description of EG ecotypes from the Temple, Texas, collection.






Table 2. Description of EG ecotypes from the Temple, Texas, collection.





	Ecotype
	Origin Coordinates
	Closest City
	County
	State
	Ploidy





	Bellville
	29.910744, −96.250814
	Bellville
	Austin
	TX
	2x



	Bryan
	30.743083, −96.497133
	Bryan
	Robertson
	TX
	3x



	Jackson
	28.90000, −96.53000
	Edna
	Jackson
	TX
	4x



	Roaring Springs
	33.85768, −100.85152
	Roaring Springs
	Motley
	TX
	4x



	Stampede
	31.28295, −97.44733
	Stampede
	Bell
	TX
	2x



	WNWR
	34.74290, −98.62850
	Meers
	Comanche
	OK
	2x










 





Table 3. Long-established sites’ EG peak harvest date dry weights relative to 0 N.






Table 3. Long-established sites’ EG peak harvest date dry weights relative to 0 N.





	

	
0 N

	
75 N

	
150 N




	
2019

	
g/m2

	
g/m2

	
% of 0 N

	
g/m2

	
% of 0 N






	
Frank

	
151

	
194

	
128

	
742

	
490




	
Gordon

	
460

	
360

	
78

	
730

	
159




	
Jim

	
413

	
277

	
67

	
604

	
146




	
Ronnie

	
572

	
480

	
84

	
819

	
143




	
Average

	

	

	
89

	

	
149 *




	
2021

	

	

	

	

	




	
Frank

	
200

	
196

	
98

	
279

	
142




	
Gordon

	
188

	
188

	
100

	
250

	
133




	
Jim

	
431

	
937

	
224

	
966

	
218




	
Average

	

	

	
141

	

	
164








* The 2019 average of 150 N relative to 0 N did not include the 490% value.













 





Table 4. Soil nitrate (NO3-N) for long-established locations in kg/ha.






Table 4. Soil nitrate (NO3-N) for long-established locations in kg/ha.





	

	
2019

	
2019

	
2021

	
2022

	
First Year




	

	
Initial Soil

	
End of Season

	
Pretreatment

	
Spring

	
NO3-N Increase






	
Frank

	

	

	

	

	




	
0 N

	
0.42

	
4.07

	
2.03

	
5.29

	
3.65




	
75 N

	
2.54

	
7.18

	
4.64

	
-

	
4.63




	
150 N

	
1.54

	
4.24

	
2.77

	
1.46

	
2.70




	
Average

	
1.50

	
5.16

	
3.14

	
3.38

	
3.66




	
Gordon

	

	

	

	

	




	
0 N

	
4.38

	
12.28

	
0.82

	
1.11

	
7.90




	
75 N

	
7.92

	
13.47

	
1.26

	
-

	
5.56




	
150 N

	
2.91

	
16.23

	
1.57

	
1.12

	
13.31




	
Average

	
5.07

	
13.99

	
1.22

	
1.11

	
8.92




	
Jim

	

	

	

	

	




	
0 N

	
2.30

	
6.94

	
1.71

	
-

	
4.63




	
75 N

	
1.14

	
7.08

	
2.22

	
-

	
5.94




	
150 N

	
0.75

	
6.47

	
2.15

	
-

	
5.72




	
Average

	
1.40

	
6.83

	
2.03

	
-

	
5.43




	
Ronnie

	

	

	

	

	




	
0 N

	
0.79

	
3.17

	
-

	
-

	
2.38




	
75 N

	
0.47

	
2.07

	
-

	
-

	
1.60




	
150 N

	
0.72

	
3.78

	
-

	
-

	
3.06




	
Average

	
0.66

	
3.01

	
-

	
-

	
2.35




	
All Sites

	

	

	

	

	




	
0 N

	
1.98

	
6.62

	
1.52

	
3.20

	
4.64




	
75 N

	
3.02

	
7.45

	
2.70

	
-

	
4.43




	
150 N

	
1.48

	
7.68

	
2.16

	
1.29

	
6.20




	
Average

	
2.16

	
7.25

	
2.13

	
2.24

	
5.09











 





Table 5. EG ecotype average yearly dry weight (g/m2) by nitrogen treatment.






Table 5. EG ecotype average yearly dry weight (g/m2) by nitrogen treatment.





	

	
2020

	
2021

	
2022

	
Average




	

	
Dry Wt

	
150 N/0 N

	
Dry Wt

	
150 N/0 N

	
Dry Wt

	
150 N/0 N

	
Dry Wt

	
150 N/0 N






	
Bellville 0 N

	
1116

	
1.01

	
997

	
0.91

	
1900

	
0.58

	
1285

	
0.83




	
Bellville 150 N

	
1124

	

	
912

	

	
1104

	

	
1042

	




	
Bryan 0 N

	
1659

	
1.31

	
2620

	
0.48

	
1834

	
0.94

	
1818

	
0.91




	
Bryan 150 N

	
2174

	

	
1257

	

	
1668

	

	
2251

	




	
Jackson 0 N

	
1605

	
0.39

	
1878

	
0.70

	
1954

	
1.17

	
1812

	
0.75




	
Jackson 150 N

	
629

	

	
1307

	

	
520

	

	
819

	




	
Roaring Springs 0 N

	
492

	
3.12

	
1271

	
1.41

	
1181

	
2.27

	
981

	
2.27




	
Roaring Springs 150 N

	
1536

	

	
1797

	

	

	

	
1667

	




	
Stampede 0 N

	
421

	
1.60

	
412

	
1.14

	
637

	
0.94

	
490

	
1.23




	
Stampede 150 N

	
676

	

	
470

	

	
598

	

	
581

	




	
WNWR 0 N

	
736

	
0.94

	
1140

	
0.36

	
467

	
1.82

	
781

	
1.04




	
WNWR 150 N

	
689

	

	
407

	

	
851

	

	
649
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