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Goal 1 as stated in proposal: Evaluate weed establishment from livestock implemented grazing heights.

The results from the livestock implemented grazing heights were combined with results from a simulated grazing event.  In addition to a thesis chapter the results were shared with farmers at mettings/conferences.
Grassworks LLC Annual Meeting, Wisconsin Rapids, Wisconsin, February 20, 2010.  Presentation title:  Benefits of increasing grazing height on weed suppression in management-intensive rotational grazing systems in Wisconsin.
Weed Science Society of America Annual Conference, Denver, CO, February 2010.  Presentation title:  Benefits of increasing grazing height on weed suppression in management-intensive rotational grazing systems in Wisconsin.

Title

Effects of increasing grazing height on establishment of burdock (Arctium minus), Canada thistle (Cirsium arvense) and plumeless thistle (Carduus acanthoides) in management-intensive rotational grazed pastures.

Abstract
[bookmark: _GoBack]	Management intensive rotational grazing has many benefits to livestock production, but weeds can infest fields and cause reductions in forage quantity, quality and animal performance.  Common burdock (Arctium minus), Canada thistle (Cirsium arvense) and plumeless thistle (Carduus acanthoides), are common pasture weeds in Wisconsin that require management to avoid these adverse impacts. Experiments were established at two sites to determine if increasing grazing heights from fall through spring would reduce emergence and survival of burdock, Canada thistle, and plumeless thistle from seed. Canada and plumeless thistle seedling density was higher in treatments that were grazed to 5 cm in the fall and early spring compared to other treatments at one site.  In September, weed seedling survival was minimal, which prevented detections of differences between treatments.  Regression analysis demonstrated that this reduction was related to increased intercepted photosynthetic active radiation by forage in April.  Total forage yield was reduced when grazing heights were increased from the 5 cm to the 25 cm treatment.  However, no differences in total biomass were observed in the treatments with varying residual heights compared to the 15 cm treatment.  Increasing grazing heights in the fall and spring did reduce biomass in November at one site and in May at both sites, but resulted in increased biomass in June compared to other treatments. Forage quality was also reduced by increasing grazing heights, but differences were lower than desired values only in June.  Results suggest that increasing grazing heights can reduce emergence of Canada thistle and plumeless thistle, but can also result in reduction in forage quantity and quality at certain grazing events during the year.

Introduction
	Management-intensive rotational grazing (MiRG) continues to increase as a management practice for livestock production.   Although pastures are competitive with annual weeds, biennial and perennial weeds can become a problem in the upper Midwestern United States, decreasing production and animal performance (Seefeldt, Stephens, Verkaaik, & Rahman, 2005)  Weed management by broadcasting herbicides, while typically the most cost efficient approach, is not commonly conducted in MiRG as legumes are an important component to these pastures and this use would reduce populations (Sellers, Vendramini, & Newman, 2007).  In addition, many MiRG pastures are under organic management where few herbicides are available and rarely used.  As a result, few tools exist to control identified problem weeds in pastures in Wisconsin (Renz, 2006).
Previous research demonstrated that manipulating light interception can decrease establishment of biennial weeds, by preventing their emergence (Kruk, Insausti, Razul, & Benech-Arnold, 2006).  This concept has recently been validated in a MiRG system where burdock rosette density was reduced 61-67% by increasing the residual height of forages to 15-20 cm in the fall through summer (Schmidt & Renz, 2010).  This reduction in burdock density was found to be related to light interception, with areas with high light interception in the early spring (April) resulting in fewer burdock rosettes (Schmidt & Renz, 2010).  However, increasing the grazing height can reduce forage quantity in the fall and spring grazing events.  Forage quality was also found to be impacted in the summer by treatments that suppressed burdock.  
As these impacts could reduce implementation, focus group meetings with key stakeholders (e.g. farmers, extension agents, state agency staff) were held in 2009 to determine if treatments could be modified to limit these effects.  Results from 2009 research were presented and a discussion was facilitated with attendees to develop treatments to test in 2009-10.  The group selected treatments based on practicality and potential to reduce forage yield and quality losses.  Additionally the group recommended studies be conducted utilizing livestock to implement treatments on a range of common pasture weeds.  Based on the results from the focus group we developed experiments in 2009 to test if 1) identified implementable grazing management techniques reduced emergence and survival of Canada thistle, plumeless thistle, and burdock, 2) if canopy light interception is associated with weed seedling density, 3) determine the effect of treatments forage quantity and quality, and 4) measure if the weed seedling response is similar when treatments are implemented by livestock.  


Materials and Methods
Simulated Grazing Trial 
 Field experiments were conducted from the fall of 2009 through the summer of 2010 at Badger Agricultural Research Station and Franbrook Research Farm in Prairie du Sac and New Glarus Wisconsin, respectively.   Additional field sites included Krusengrass Dairy Farm and Lancaster Research Station in Delavan and Lancaster, WI, respectively.  All sites had been pastures for > 5 years and were dominated by cool season grasses.  Details of each site are summarized in Table 1.
All studies conducted at Badger and Franbrook used simulated grazing (clipping) to implement treatments.  While environmental and physical factors can respond differently in grazed versus clipping areas (Schmidt 2010), the use of simulated grazing allowed us to vary the canopy and resulting light interception in specific levels that are similar to grazed situations.  This controlled manipulation of residual height allowed us to test our hypothesis on a range of treatments.  These experiments could not have been conducted at these locations with livestock because of economic and infrastructural limitations (Kirby, Hanson, Krabbenhoft, & Kirby, 1997; Rinella & Hileman, 2009).











Table 1: Soil type and forage species composition for simulated grazing trial (Badger and Franbrook) and livestock grazing trials (Krusengrass and Lancaster).

	[bookmark: OLE_LINK1]
	Badger
	Franbrook
	Krusengrass
	Lancaster

	Soil Type
	Richwood silt loam 
	Arenzville silt loam 
	McHenry silt loam 
	Fayette silt loam 

	Forage species
	Kentucky bluegrass 
(Poa pratensis),
tall fescue (Festuca arundinacea)
	meadow fescue (Festuca elatior),
perennial rye (Lolium perenne),
orchard grass (Dactylis glomerata) Kentucky bluegrass 
(Poa pratensis)
	Orchard grass (Dactylis glomerata), Kentucky bluegrass (Poa pratensis)
	Tall fescue
(Festuca arundinacea), orchard grass
(Dactylis glomerata)



Five simulated grazing treatments were established at each site in November of 2009 and maintained throughout 2010 in a randomized complete block design with four replications. Plots were 6 by 6 meters and fenced to separate treatments from active grazing in nearby fields.  Treatments compared grazing to 5, 15, and 25 cm at each grazing interval with two focus group implementable treatments with varying heights over-time (see Table 2 for detailed timeline for each treatment).  Treatments consisted of clipping grass, removing clipped biomass and leaving a specified residual height. 












Table 2:  Clipping timeline for simulated grazing trial.

	
	Residual Grazing Height (cm)

	Treatment
	Nov 2009
	May 2010
	June 2010
	July 2010
	Aug 2010

	5 cm
	5
	5
	5
	5
	5

	5f-5sp-15su
	5
	5
	15
	15
	15

	15 cm
	15
	15
	15
	15
	15

	15f-25sp-15su
	15
	25
	15
	15
	15

	25 cm
	25
	25
	25
	25
	25



Each plot was cut to the treatment height, and then allowed to re-grow during the rest period until the next simulated grazing event. The simulated grazing was conducted as close as possible to actual grazing timing for rotationally grazed pastures in study sites’ region, but length of rest period varied throughout the season based on plant growth. To ensure adequate weed pressure, 600 pure live seeds/m2 of burdock, Canada thistle and plumeless thistle were broadcast into the plots in November 2009.   
Weed density was assessed in June of 2010 to determine weed seedling emergence and in September to determine weed seedling survival by placing two 0.5m2 quadrats in each plot and counting burdock, Canada thistle and plumeless thistle rosettes that had germinated in 2010.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Intercepted Photosynthetic Active Radiation of forages (iPAR) was calculated from measurement of PAR taken from an AccuPAR model LP-80 ceptometer with integrated probe and microcontroller. Three readings were averaged above canopy and three below canopy from five locations within each plot at each site before and after simulated grazing to represent the range of PAR seen in each treatment. The amount of light the pasture intercepted (iPAR) was calculated using the following equation (Colquhoun, Konieczka, & Rittmeyer, 2009):

% light interception (iPAR) = 
((above canopy PAR – below canopy PAR)/above canopy PAR) x 100

iPAR readings were taken at each grazing event from November 2009 through August of 2010. Readings were also taken in early April, before grazing had been initiated to accurately document iPAR following snow melt and prior to any weed or grass growth in the spring. Treatments were initially implemented in November 2009 and approximately every 30 days from May through August 2010.
Forage biomass was measured at each grazing event by collecting forage from four randomly placed 0.125m2 quadrats in each plot.  Within each quadrat forages were harvested to the treatment height, collected, dried, and weighed to determine yield for various treatments and timings.
The forage biomass collected was used to determine forage quality using near infrared spectrometry (NIRS System Model 6500 Instrument) with a wavelength range of 800 to 2500 nanometers (Corson, Waghorn, Ulyatt, & Lee, 1999). Relative forage quality is determined using the following equation (Undersander & Moore, 2002):

Relative Forage Quality (RFQ) = (DMI, % of BW) * (TDN, % of DM) / 1.23

Where:  DMI = dry matter intake
	  BW = body weight
	  TDN = total digestible nutrients
Livestock trial
	Field experiments to assess if similar results would be observed if livestock implemented treatments were conducted from the fall of 2009 through the summer of 2010 at Lancaster Agricultural Research Station and Krusengrass Dairy Farm.  Details of each site are summarized in Table 1.
	Four grazing heights were established at each site in November of 2009 and maintained throughout 2010 in a randomized complete block design with four replications.  Plots were 5 x 5 meters and located within one paddock at each farm.   Cattle were allowed to graze the entire paddock to approximately 15 cm at each grazing interval. Due to the small size of plots we were unable to utilize livestock to graze treatments to 5 cm residual heights, therefore forage was clipped similar to the simulated grazing trials. We compared consistently grazed heights of 5 and 15 cm at each grazing event with treatments where grazing height was altered from fall to spring. Variable grazing height treatments included a 5 cm fall height that was increased to 15 cm in the spring through summer and a fall height of 15 cm that was reduced in only the first spring grazing event to 5 cm (Table 3).  All treatments were implemented based on plant development, or when forages recovered sufficiently to implement grazing heights.


Table 3: Grazing timeline for livestock trial.

	
	Residual Grazing Height (cm)

	Treatment
	Nov 2009
	May 2010
	June 2010
	July 2010
	Aug 2010

	5 cm
	5
	5
	5
	5
	5

	5f–5sp–15su
	5
	5
	15
	15
	15

	15 cm
	15
	15
	15
	15
	15

	15f-5sp-15su
	15
	5
	15
	15
	15



	At Lancaster Research Station 600 pure live burdock seeds/m2 were broadcast into plots in November 2009.  Krusengrass Farm had high burdock seed density already present in the seedbank so no additional weed seed was added.  Weed density counts were conducted in June and September 2010 by placing two 0.5 m2 quadrats randomly within each plot and counting individual burdock rosettes.
	PAR readings were taken at each grazing interval following treatment implementation and also in April before livestock grazing had begun.  The same equation as in the simulated grazing trial was used to determine iPAR values at each grazing event.

Statistical Analysis
Weed densities, iPAR, forage biomass and forage quality at each simulated grazing event were subject to analysis of variance (ANOVA) at each time interval for each site separately. In addition forage biomass was summed across grazing events and additionally analyzed with ANOVA. Student’s t-test at p < 0.05 was used for mean separations when appropriate with each of these variables. Linear least squares regression analyses were also utilized to compare the relationship between weed density and iPAR. Significance of slopes from 0 were tested using an F-test (p<0.05). 

Results and Discussion
Weed response to simulated grazing
Weed density was assessed in June of 2010 to determine burdock, Canada thistle and plumeless thistle emergence and survival.  Burdock did not germinate at any of the locations regardless of treatments therefore differences in emergence and survival was not tested.  Weed counts in June were combined for the 5 cm and 5f–5sp–15su treatments because prior to weed counts there were no differences between treatments at this timeframe.  In June at Badger a 100% reduction in Canada thistle seedling density was observed in treatments that left 15 or 25 cm of residual height in the fall and spring compared to treatments that left the 5 cm of residual forage (Table 4).  Plumeless thistle seedling density at Badger was also reduced with 67% reduction from treatments that left 15 or 25 cm compared to 5 cm of residual forages (Table 4).  These results are similar to those found in other studies where emergence of thistle seedlings was negatively correlated with pasture canopy density (Wardle, Nicholson, & Rahman, 1992).  Although numeric differences were seen between treatments at Franbrook and they were similar to those observed at Badger, no significant differences were detected.  These data indicate that increasing grazing height to at least 15 cm in the fall and in May is sufficient to decrease both Canada and plumeless thistle emergence, compared to treatments that leave 5 cm of residual material.  It is not known why we could not detect differences at Franbrook.  Possibly the increased number of forage species present at Franbrook (4 species) compared to Badger (2 species) may have provided some additional suppression as others (Biondini, 2007) have documented increased species richness to be involved in preventing weed establishment.  
Weed seedling survival was assessed in September 2010 to determine if seedlings that emerged survived throughout the grazing season.  A majority of the emerged weed seedlings did not survive through to September and differences between treatments could not be determined (data not shown).  Although variable, 43% and 44% higher than normal rainfall occurred in June and July of 2010 in Wisconsin (Young, 2010). While typically Wisconsin pastures experience reduced growth and competitiveness during this timeframe (Carlassare & Karsten, 2002), this was not observed in 2010 and forage species remained productive and competitive throughout the summer.   It has been documented that forage species recover more quickly in typical rainfall years (Bryan et al., 2000), and we believe this increase in plant growth gave the forage a competitive advantage over the weed seedlings, causing high levels of mortality.







Table 4. Canada thistle and plumeless thistle rosette density in June 2010 as a result of simulated grazing treatments at Badger and Franbrook.a	

	
	Canada thistle and plumeless thistle density (plants/m2)                  in June 2010

	
	Badger
	Franbrook

	Treatments
	Canada
Thistle
	Plumeless thistle
	Canada
thistle
	Plumeless thistle

	5 cm
	
1.5 a

	
4.5 a

	1.5
	1.5

	5f–5sp-15su
	
	
	
	

	15 cm
	0 b
	1.5 a
	1
	1.5

	15f–25sp–15su
	0 b
	0 b
	0
	0.5

	25 cm
	0 b
	0 b
	0.5
	0.5

	p-value
	0.03
	<0.01
	ns
	ns


a Means within a column followed by the same letter are not different according to Students t-test at P< 0.05

Light Interception
Light interception varied between treatments just prior to each grazing event.  In April, when weed seeds are beginning to emerge, iPAR at Badger in the treatments grazed to 5 cm averaged 56% compared to higher grazed treatments where values were over 85%.  However, at Franbrook, where there was lower weed emergence we did not see differences in April iPAR values between treatments and values were 14% higher than Badger, levels that have been shown to suppress burdock (Schmidt & Renz, 2010) (Figure 1). While iPAR values at Badger in the 5 cm treatments did increase by May, emergence of these species of concern in pastures has already occurred (Luschei). By June, the 5 cm treatments had consistently lower iPAR than all other residual heights.  This pattern continued throughout the rest of the summer.  In contrast the iPAR values of treatments with 15 cm or more residual height remained above 80% at both sites.   This demonstrates that leaving at least 15 cm of forage in the fall through the spring will provide consistently higher light interception compared to lower residual treatments, especially in the early spring when most pasture weeds emerge in pastures in Wisconsin. 

















Figure 1: Intercepted photosynthetic active radiation (iPAR) prior to simulated grazing events at Badger and Franbrooka.
[image: Badger b]
[image: Fran b]
a Means with similar letters within months are not different according to Students t-test at P< 0.05

iPAR was reduced differentially immediately after applying treatments.  Leaving 5 cm of residual forage resulted in 23-62% of light interception, while treatments that left additional forage intercepted substantially more light.  For example, treatments that left 25 cm of residual height consistently intercepted 90% or more of the light throughout the season (Figure 2).  Treatments with lower residual heights the previous grazing event did intercept less light than treatments that were continuously grazed to the same heights.  This is evident in 5f–5sp–15su treatment as summer iPAR values remained less (6-30%) than the 15 cm continuous treatment (Figure 1).  Others have also suggested that previous grazing height can alter canopy development and closure of the canopy in future grazing events (da Silva et al., 2009). The 15 cm, 15f-25sp-15su and 25 cm treatments all stayed above 66% iPAR throughout the growing season.




















Figure 2: Intercepted photosynthetic active radiation (iPAR) immediately following simulated grazing events at Badger and Franbrooka.
[image: Badger a]
[image: Fran a]
a Means with similar letters within months are not different according to Students t-test at P< 0.05
Relationship between iPAR and weed emergence

To account for the iPAR variability within treatments we compared June Canada and plumeless thistle density with April iPAR, regardless of treatments. Linear least squares regression analysis showed a significant negative relationship between iPAR and thistle density at Badger (Figure 3), but not Franbrook (data not shown).  At Badger we found that when 51% and 57% of the light is intercepted in April (typical for 5 cm treatment), 1.3 Canada thistle and 4.2 plumeless thistle plants/m2 are predicted, while increasing the light intercepted to 88% in April (typical for 15 cm and 25 cm treatments) decreased Canada and plumeless thistle density 97% and 81%, respectively.  The fact that both sites did not show this trend indicates that site-specific factors may affect this relationship.  We believe management of the pasture, especially aspects that can affect early season growth of forages in the spring to be an important aspect in weed establishment in pastures.   For example, the 5 cm treatment at Franbrook intercepted 27% more light than the same treatment at Badger (Figure 1).  This agrees with other recommendations that promote the selection of the proper forage specie(s) that grow rapidly in the spring and appropriate management of these forages as a critical first step in weed management in pastures (Kruk, et al., 2006; Tozer et al., 2008).










Figure 3: Linear regression of April Intercepted photosynthetic active radiation of forages (iPAR) and June Canada thistle and plumeless thistle density at Badger.


Weed response to livestock grazing
Differences in burdock emergence between treatments could not be detected at either site.  At Lancaster, no seedlings emerged in any treatments; this prevented us from comparing differences between treatments.   While Krusengrass farms had seedlings emerge, no differences between treatments were detected between treatments or across iPAR in April (Table 5).  The lack of differences at this site could be due to many factors, but this site was grazed early in the spring (April 28th) compared to other sites (May 8-May 15).  This is during the typical timeframe for burdock emergence in Wisconsin (Luschei) and the decreased iPAR (25-34%) from all treatments likely resulted in emergence and establishment of seedlings.  Future research should evaluate the effect of grazing timing on emergence of burdock and other pasture weed seedlings.

Table 5: Burdock rosette density in June 2010 as a result of simulated grazing treatments at Krusengrass Dairy Farm.a	

	Treatments
	Burdock seedlings/m2 (SE)

	5 cm
	2 (1.15)

	5f–5sp–15su
	2.25 (1.30)

	15 cm
	1 (0)

	15f-5sp-15su
	0.25 (0.25)

	p-value
	NS


a Means within a column followed by the same letter are not different according to Students t-test at P< 0.05

Biomass
The 5 cm continuous treatment was the most productive treatment in total biomass at both sites.  However, differences in yield were seen between treatments within season.  While differences were variable, generally treatments grazed to 5 cm had 75% and 50-90% more biomass compared to treatments grazed to 15 cm and 25 cm respectively, in November and May, with the exception of Franbrook in November where no differences in biomass were detected.  Increasing the grazing height in the spring did affect productivity in June as the 15f-25s-15su treatments had higher biomass compared to all other treatments.  By July neither site demonstrated differences in biomass.  Our data indicate increasing the grazing height from fall through the early spring, as demonstrated by 15 cm, 15f-25sp-15su and 25 cm grazing treatments (best thistle suppression), would result in a 37% decrease in total forage quantity throughout the grazing season compared to the 5 cm grazing treatment at Badger only (Figure 4).  However, the 15f-25sp-15su treatment did not differ in total biomass compared to the 5f–5sp–15su or 15 cm treatment at Badger and did not differ from the 5 cm treatment at Franbrook.  This suggests that site-specific management may also determine the degree to which forage in the fall and spring would be sacrificed to obtain weed seedling suppression.

Figure 4: Total dry matter yield of forage in grams/m2 at Badger and Franbrook in 2010a.


a Means with similar letters within months are not different according to Students t-test at P< 0.05


Quality
Desired relative forage qualities (RFQ) are reported to be from 120 for a cow calf pair to 150 for a lactating dairy cow (Undersander, Albert, Cosgrove, Johnson, & Peterson, 2002). In November, Badger had low RFQ values between 80 and 90, while Franbrook had higher values (between 113 and 135), neither site had differences between treatments (Tables 6 and 7).  By the first spring simulated grazing event the RFQ values at both sites were within the desired range for lactating cows with the exception of the 15f-25sp-15su and 15 cm treatments that had RFQ values of 146 and 149, respectively.  We believe lower simulated grazing treatments induced the grass to tiller and result in the higher RFQ values as others have observed low grazing to promote new leaf growth (Cullen, Chapman, & Quigley, 2006) that has a higher RFQ value (Paine, Undersander, & Casler, 1999).  The lower RFQ values of the 15f-25sp-15su and 25 cm simulated grazing treatments in June through August at both sites were likely a result of increased stem tissue which is known to decrease RFQ (Karn, Berdahl, & Frank, 2006).  The effects of increasing grazing heights to 15 or 25 cm reduced forage quality to below optimal values for beef and/or dairy systems in June and July as these treatments had significantly lower RFQ than treatments grazed to 5 cm.









Table 6. Relative Forage Quality throughout the grazing season at simulated grazing events at Badger.a

	
	Relative forage quality at Badger in 2010a

	Treatments
	November
	May
	June
	July
	August

	5 cm
	83
	153
	121 b
	140 a
	141 bc

	5f–5sp-15su
	
	
	145 a
	137 a
	147 ab

	15 cm
	90
	150
	114 c
	127 b
	138 bc

	15f–25sp–15su
	87
	150
	97 e
	117 bc
	151 a

	25 cm
	84
	163
	104 d
	113 c
	137 c

	p-value
	NS
	NS
	<0.01
	<0.01
	0.02


a Means within a column followed by the same letter are not different according to Students t-test at P< 0.05

Table 7. Relative Forage Quality throughout the grazing season at simulated grazing events at Badger.a

	
	Relative forage quality at Franbrook in 2010a

	Treatments
	November
	May
	June
	July
	August

	5 cm
	117
	196 a
	140 a
	165 a
	149 bc

	5f–5sp-15su
	
	
	125 a
	166 a
	160 a

	15 cm
	120
	197 a
	119 ab
	159 a
	155 ab

	15f–25sp–15su
	129
	149 b
	125 a
	151 a
	151 ab

	25 cm
	135
	146 b
	102 b
	126 b
	141 c

	p-value
	NS
	0.01
	0.02
	<0.01
	0.02


a Means within a column followed by the same letter are not different according to Students t-test at P< 0.05



Conclusion
	Our data demonstrate retaining at least 15 cm of residual height in the fall through the first grazing period in spring (May) can decrease Canada thistle and plumeless thistle emergence compared to treatments that grazed to 5 cm in the fall and spring.  Increased light interception, particularly in the early spring (April), appears to be associated with suppression of these thistles, similar to previous studies with burdock (Schmidt & Renz, 2010). Although these thistles can emerge, these populations can be outcompeted by forage, especially in years of good pasture growth (Bryan, et al., 2000).  Although increasing grazing heights to 15 cm has the potential to reduce forage quantity at specific grazing events, total forage quantity was only reduced at one site when increasing the residual height to 15 cm.  Forage quality may be reduced with higher grazing heights, but this reduction was only observed in June and July. Due to the failure of burdock emergence in our livestock trial, future research is needed to determine how consistent this observed result is when utilizing livestock to implement treatments.  
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AccuPAR model LP-80 ceptometer, Decagon Devices, Pullman, WA
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Goal 2 as stated in proposal: Measure differences in germination timing and rate between low and high residual grazing treatments.

These data were used as an appendix to my thesis ,as well as presented to local farmers at a Research Farm Field Day.
Arlington Research Station Pest Management Field Day, Arlington, WI, July 2010.  Presentation title: Weed emergence timing and management implications in perennial grass systems compared to traditional row crop systems.

Title

Weed seed germination trial at Arlington Research Station, Arlington, WI.

Weed management in pastures can be difficult, as weeds germinate throughout the growing season and there are few options for control when both legumes and grasses are desired.   Additionally, weed germination timing studies in the past have focused on cropping systems where the soil does not have cover in the spring when seeds are germinating.  This experiment was set up to determine when burdock (Arctium minus), Canada thistle (Cirsium arvense) and plumeless thistle (Cardus acanthoides) germinate in two different pasture situations, 5 cm residual height and 20 cm residual height, compared to a bare ground system.
Field experiments were conducted from the fall of 2009 through the summer of 2010 at Arlington Agricultural Research Station.  The common forage species at Arlington were perennial ryegrass (Lolium perenne) and tall fescue (Festuca arundinacea). The soil type at Arlington is a Ripon silt loam (Fine-​​silty, mixed, superactive, mesic Typic Argiudolls) soil. 
Three residual grazing heights were established in October of 2009 and maintained throughout 2010 in a randomized complete block design with four replications. Plots were 1 by 1 meter.  Treatments consisted of clipping grass with a sickle bar mower, removing clipped biomass and leaving a residual height of 5 cm (extreme grazing), or 20 cm (light grazing). A bare ground treatment was also included for comparison. Each plot was cut to the treatment height, and then allowed to re-grow during the rest period until the next simulated grazing event. The simulated grazing was conducted as close as possible to actual grazing timing for rotationally grazed pastures in study sites’ region, but length of rest period varied throughout the season based on plant growth. To ensure adequate weed pressure, 450 pure live seeds/m2 of locally collected burdock were broadcast into the plots in October 2009.    
Weed seedling emergence was estimated several times from May through October by placing a ¼ m2 quadrat within the plot and counting and removing all seedlings.

















Figure 1: Burdock germination rates at Arlington Research Station in 2010.  Blue shading indicates when weedometer.net predicts germination.



Figure 2: Canada thistle germination rates at Arlington Research Station in 2010.  Blue shading indicates when weedometer.net predicts germination.



Figure 3: Plumeless thistle germination rates at Arlington Research Station in 2010.  Blue shading indicates when weedometer.net predicts germination.




Weed seedling emergence began later than predicted by the weedometer in all treatments, with the exception of burdock, where the 5 cm and 20 cm treatments germinated later than the bareground treatment.  Weeds in pastures may germinate later than weeds in row cropping systems.  Therefore, weed management practices should be tailored to ensure efficacy in these situations.
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p<0.01
0.0	36.8087150796141	85.91544330954542	77.76023988695948	52.1654991952032	89.3790112419189	53.52394917368674	86.64396515247114	87.62318141186427	92.94287645407988	58.65900625396731	94.52006228746035	54.3546392354699	53.9005991098317	90.38938202674026	87.04349121985898	89.13539875562505	65.7822622851214	89.7826154601074	57.15550765664233	91.44540735381925	3.1	2.0	0.0	0.0	2.0	0.0	2.0	0.0	0.0	0.0	0.0	0.0	0.0	2.0	0.0	0.0	0.0	2.0	0.0	0.0	0.0	iPAR April
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Forage biomass at Badger 2009-2010a
5 cm	A
A
A
A
A
Nov	May	Jun	Jul	Aug	Total	201.1875	103.1	83.3	82.8	144.0	614.3874999999994	5 f - 5 sp - 15 su	A
A
C
B
B
Nov	May	Jun	Jul	Aug	Total	221.5875	101.05	25.45	65.6	86.15	499.8374999999997	15 cm	B
B
B
B
BC
Nov	May	Jun	Jul	Aug	Total	47.835	43.7	57.7	66.85	82.55	298.635	15 f - 25 sp - 15 su	B
B
A
B
B
Nov	May	Jun	Jul	Aug	Total	73.8724999999999	10.5	92.25	81.75	98.2	356.5725	25 cm	B
B
BC
NS
B
C
Nov	May	Jun	Jul	Aug	Total	17.685	10.7	43.8	62.15	82.85	217.185	g/m2

Franbrook forage biomass 2009-2010a
5 cm	A
B
A
A
Nov	May	Jun	Jul	Aug	Total	108.3925	99.75	44.2	29.85	60.95	234.75	5 f - 5 sp - 15 su	NS
A
C
B
BC
Nov	May	Jun	Jul	Aug	Total	166.385	106.7	13.4	12.75	37.7	170.55	15 cm	B
B
A
BC
Nov	May	Jun	Jul	Aug	Total	74.37499999999998	37.05	61.67500000000001	28.25	63.45	190.425	15 f - 25 sp - 15 su	C
A
NS
A
AB
Nov	May	Jun	Jul	Aug	Total	95.525	9.25	90.26	41.55	68.9	209.95	25 cm	C
B
AB
C
Nov	May	Jun	Jul	Aug	Total	21.0125	12.05	51.72000000000001	32.45	54.85	151.075	g/m2

Burdock germination rates
Bareground	A
A
A
A
A
A
A
A
A
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B
B
B
B
B
B
B
B
38826.0	38841.0	38855.0	38869.0	38890.0	38903.0	38918.0	38951.0	38987.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	plants/m2

Canada thistle germination rates
Bareground	A
A
A
A
A
A
38826.0	38841.0	38855.0	38869.0	38890.0	38903.0	38918.0	38951.0	38987.0	0.0	0.0	5.0	10.0	16.0	19.0	20.0	20.0	22.0	5 cm	A
A
A
A
A
A
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B
B
B
B
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Plumeless thistle germination rates
Bareground	38826.0	38841.0	38855.0	38869.0	38890.0	38903.0	38918.0	38951.0	38987.0	0.0	0.0	1.0	3.0	3.0	3.0	3.0	3.0	4.0	5 cm	38826.0	38841.0	38855.0	38869.0	38890.0	38903.0	38918.0	38951.0	38987.0	0.0	0.0	4.0	5.0	6.0	6.0	6.0	6.0	7.0	20 cm	38826.0	38841.0	38855.0	38869.0	38890.0	38903.0	38918.0	38951.0	38987.0	0.0	0.0	0.0	0.0	0.0	1.0	1.0	1.0	1.0	plants/m2
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