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Research in Progress
Forage production from corn grown with perennial clover or annual grass companion crops.  John H. Grabber.

In addition to reducing nitrate and soil losses from cropland, greater use of companion crops (cover crops and living mulches) could enhance yields of corn-silage based production systems. In a replicated multi-year study in southern Wisconsin, Roundup-Ready corn was grown for silage with Kura-clover living mulch or with a cover crop of June-interseeded red clover followed by one year of clover production. These corn-clover rotations were compared to continuous corn silage grown with cover crops of June-interseeded Italian ryegrass, September-seeded winter rye, or no cover crop. Cover crops were seeded with a no-till drill. Each year, manure slurry was surface applied on a phosphorus basis to plots in early November or mid April. No additional nitrogen was applied to the corn-clover rotations but continuous corn plots received additional fertilizer at planting in early May to supply 180 kg/ha of available nitrogen. In 2003 (dry summer), dry matter yields of corn silage were greatest with red clover (23.0 Mg/ha), intermediate with kura clover, winter rye and no cover (20.6 to 21.4 Mg/ha), and lowest with Italian ryegrass (18.4 Mg/ha). In 2004 (wet spring, cool summer), corn silage yields were greatest with red clover and kura clover (19.3 to 20 Mg/ha), intermediate with rye and no cover (17.7 to 18.8 Mg/ha), and lowest with Italian ryegrass (16.6 Mg/ha). In 2005 (dry spring and early summer), corn silage yields with red clover (22.1 Mg/ha) far exceed yields with kura-clover living mulch and other cover crop systems (14.1 to 16.3 Mg/ha). By late October, growth of companion crops was greatest for Italian ryegrass (0.9 to 1.5 Mg/ha) but biomass was insufficient to justify a harvest. In early May, growth of winter rye (2.9 to 3.5 Mg/ha) exceeded other companion crops, possibly justifying a harvest before corn planting, but this could leave inadequate residue for limiting soil erosion.  In the year following corn, total 3-cut yields of red clover were greater than kura clover in 2003 (11.4 vs. 8.6 Mg/ha) and in 2005 (12.7 vs. 7.9 Mg/ha). Production year yields of red clover established in corn were comparable to conventionally established stands grown in adjacent small plot trials. Herbicide suppression and in-row killing of kura clover during corn production depressed yields of kura clover the following year, especially in the 1st cutting, but rhizome growth thickened stands and improved yields as the growing season progressed. Yields of both clovers were similar in 2004 (8.3 Mg/ha) even though red clover was reseeded in April due to drought-induced failure of interseedings the previous summer. Timing of manure application generally had little affect on yields but fall application enhanced spring growth of winter rye, Thus far, interseedings of red clover with corn have yielded the most forage but additional work is needed to make this system more practical and reliable.   

Completed research

Vadas, P.A., and P.J.A. Kleinman. 2006. Effect of methodolgy in estimating and interpreting water-extractable phosphorus in animal manures. J. Environ. Qual. 35: 1151-1159.

Manure water-extractable phosphorus (WEP) data are used in indices and models to assess P transport in runoff. Methods to measure WEP vary widely, often without understanding the effect on how much P is extracted. We conducted water extractions on five dairy, swine, and poultry manures to assess single and sequential extractions, drying manures, solution to solid (cm3 g21) extraction ratios, and P determination method. We found little difference in WEP of single or sequential extractions. Increasing extraction ratio from 10:1 to 250:1 resulted in more WEP recovered, but in a diminishing fashion so that ratios of 200:1 and 250:1 were not significantly different. Patterns of increased

WEP with extraction ratio varied with manure type, presence of bedding material, and drying treatment. Fresh and air-dried manures had similar patterns, but differed substantially from oven-dried (90_C) manures. The differential effect of oven-drying on WEP was greatest for dairy and poultry manure, and less for swine manure. We analyzed water extracts colorimetrically before and after digestion, to examine the potential effect of P determination by inductively coupled plasma (ICP) spectroscopy. Digested extracts always contained more P. For manures with bedding, drying decreased the difference in P measured before and after digestion. The opposite was true for manures without bedding.

Results highlight the influence of methodology on manure WEP measurement and caution needed when comparing data across studies using different WEP methods. Overall, our results point to a need for a standard manure water extraction method.



Vadas, P.A. 2006. Distribution of phosphorus in manure slurries and its infiltration upon application to soils. J. Environ. Qual. 35: 542-547. 

Computer models help identify agricultural areas where P transport potential is high, but commonly used models do not simulate surface application of manures and P transport from manures to runoff. As part of an effort to model such P transport, we conducted manure slurry separation and soil infiltration experiments to determine how much slurry P infiltrates into soil after application but before rain, thus becoming less available to runoff. We applied dairy and swine slurry to soil columns and after both 24 and 96 h analyzed solids remaining on the soil surface for dry matter, total phosphorus (TP), and water extractable inorganic (WEIP) and organic (WEOP) phosphorus. We analyzed underlying soils for Mehlich-3 and water-extractable P. We also conducted slurry separation experiments by sieving, centrifuging, and suction-filtering to determine which method could easily estimate slurry P infiltration into soils. About 20% of slurry solids and 40 to 65% of slurry TP and WEIP infiltrated into soil after application, rendering this P less available to transport in runoff. Slurry separation by suction-filtering through a screen with 0.75-mm-diameter openings was the best method to estimate this slurry P infiltration. Measured quantities of manure WEOP changed too much during experiments to estimate WEOP infiltration into soil or what separation method can approximate infiltration. Applying slurries to soils always increased soil P in the top 0 to 1 cm of soil, frequently in the 1- to 2-cm depth of soil, but rarely below 2 cm. Future research should use soils with coarser texture or large macropores, and slurry with low dry matter content (1–2%). 



Vadas, P.A., B.E. Haggard, and W.J. Gburek. 2005. Predicting phosphorus in runoff from manured field plots. J. Environ. Qual. 34:1347-1353. 


Dissolved inorganic P transport in surface runoff from agricultural soils is an  environmental concern. Computer models are used to assess the risk of P transport but rarely simulate P in runoff from surface-applied manures. Vadas et al. (2004) proposed a model to predict P in runoff from manures, which we tested using field-plot data. We first updated the model to include more laboratory data relating water to manure ratio to manure P released during water extractions. We verified the ability of this update to predict P release from manure to rain using data of Sharpley and Moyer (2000). We tested the updated model using field-plot and soil-box data from three manure runoff studies. The model accurately predicted runoff P for soil boxes, but underpredicted runoff P for field plots. Underpredictions were caused by runoff to rain ratios used to distribute P into runoff or infiltration. We developed new P distribution fractions from the same laboratory manure water extraction data to replace runoff to rain ratios. Calculating P distribution fractions requires knowing rainfall rate and times that runoff begins and rain stops. Using P distribution fractions gave accurate predictions of runoff P for soil-box and field-plot data. For all data, we observed empirical relationships between measured runoff to rain ratios and P distribution fractions, and also between runoff to rain ratios and a degree of error in original predictions, calculated as (measured runoff P/predicted runoff P). Original underpredictions of runoff P can be improved by either calculating P distribution fractions from runoff to rain ratios or adjusting runoff to rain ratios based on their observed error. Using a new, independent field-plot runoff data set, we verified the updated model either with P distribution fractions calculated from runoff to rain ratios or with error-adjusted runoff to rain ratios. Future work should test the model at larger field or watershed scales and at longer time scales.

Vadas, P.A., P.J.A. Kleinman, and A.N. Sharpley. 2005. Relating soil phosphorus to dissolved phosphorus in runoff: A single extraction coefficient for water quality modeling. J. Environ. Qual. 34:572-580. 

Phosphorus transport from agricultural soils contributes to eutrophication of fresh waters. Computer modeling can help identify agricultural areas with high potential P transport. Most models use a constant extraction coefficient (i.e., the slope of the linear regression between filterable reactive phosphorus [FRP] in runoff and soil P) to predict dissolved P release from soil to runoff, yet it is unclear how variations in soil properties, management practices, or hydrology affect extraction coefficients. We investigated published data from 18 studies that determined extraction coefficients using Mehlich-3 or Bray-1 soil P (mg kg1), water-extractable soil P (mg kg1), or soil P sorption saturation (%) as determined by ammonium oxalate extraction. Studies represented 32 soils with a variety of management conditions. Extraction coefficients from Mehlich-3 or Bray-1 soil P were not significantly different for 26 of 31 soils, with values ranging from 1.2 to 3.0. Extraction coefficients from water-extractable soil P were not significantly different for 17 of 20 soils, with values ranging from 6.0 to 18.3. The relationship between soil P sorption saturation and runoff FRP (g L1) was the same for all 10 soils investigated, exhibiting a split-line relationship where runoff FRP rapidly increased at P sorption saturation values greater than 12.5%. Overall, a single extraction coefficient (2.0 for Mehlich-3 P data, 11.2 for water-extractable P data, and a split-line relationship for P sorption saturation data) could be used in water quality models to approximate dissolved P release from soil to runoff for the majority of soil, hydrologic, or management conditions. A test for soil P sorption saturation may provide the most universal approximation, but only for noncalcareous soils.



Vadas, P.A., R.D. Harmel, and P.J.A. Kleinman. 2006. Transformations of soil and manure phosphorus after surface application of manure to field plots. Nut. Cycling Agroeco. (In review). 

Transfer of phosphorus (P) from surface-applied manures to runoff is an important source of pollution, but few studies have closely monitored P dynamics in manure, soil, and runoff through time. We monitored manure and soil P over 14 to 17 months in field experiments in Texas and Pennsylvania, USA following dairy and poultry manure surface application. Manure was applied to porous fabric that enabled discrete sampling of both manure and underlying soil.  Manure mass consistently decreased while manure total P was fairly constant through time. Manure water extractable P decreased rapidly for the first two months, likely due to rainfall leaching, but then maintained stable concentrations thereafter, with other forms of manure P gradually transformed to water extractable form. Soil P from the upper 2 cm rapidly increased after manure application in association with manure leaching by rain. After 2 to 3 months, soil P peaked and either remained constant or gradually declined. Similar trends occurred at 2-5 and 5-10 cm, but with lesser magnitudes. At 10-15 cm, soil P changed little over time. In Pennsylvania, naturally occurring runoff from 0.7 by 1.3-m plots without and without manure was also monitored. Runoff dissolved P concentrations were greatest for the first event after manure application and decreased steadily through time, but remained greater than P concentrations from control plots, and were always well related to manure water extractable P. This study reveals that management practices for water quality protection must consider the potential for manure P transformations to contribute dissolved P to runoff long after manure is applied.

Vadas, P.A., T. Krogstad, and A.N. Sharpley. 2006. Modeling phosphorus transfer between labile and non-labile soil pools: Updating the EPIC model. Soil Sci. Soc. Am. J. 70: 736-743.  

Phosphorus transfer from agricultural soils to surface waters is an important environmental issue. Commonly used computer models like EPIC have not always been appropriately updated to reflect our improved understanding of soil P transformations and transfer to runoff. Our objectives were to determine if replacing EPIC’s constant sorption and desorption rate factor (0.1) with more dynamic rate factors can more accurately predict changes in soil labile P on addition to and depletion of P from soils. From published data, methods were developed to easily determine dynamic sorption and desorption rate constants from soil properties. These methods were tested with data

from new soil P incubation experiments where changes in soil labile P after P addition to and depletion from nine U.S. soils were measured. Replacing constant 0.1 P sorption rate factors with dynamic factors improved prediction of soil labile P with time after P additions but more so for high-clay than low-clay soils. EPIC’s constant 0.1 P desorption

rate factor greatly underpredicted soil P desorption. Increasing the constant to 0.6 improved predictions, whereas dynamic P desorption rate factors most accurately predicted P desorption. Soil P simulations showed that replacing constant P sorption and desorption rate factors with dynamic ones may change dissolved P loads (kg ha21)

in runoff for common soil, cropping, and runoff scenarios by only 1 to 8% in the long term but by 8 to 30% in the short term. These improvements are recommended given the simplicity of making EPIC’s sorption and desorption rate factors dynamic.



Vadas, P.A., A.P. Mallarino, and A.M. McFarland. 2006. The importance of sampling depth when testing soils for their potential to supply phosphorus to surface runoff. SERA-17 Policy and Management workgroup position paper. Available at http://www.sera17.ext.vt.edu/Documents/ Soil_Sampling_Depth_for_P.pdf. Verified 6/2006.

Soil-test phosphorus (P) results are an inherent part of agricultural nutrient management, both agronomically and environmentally (Thom and Sabbe, 1994). Historically, soil testing has been conducted for agronomic production, but is now being used as an environmental parameter to assess the risk of P transport in runoff. Interest in environmental soil sampling has been evolving since only the late 1980s and early 1990s (Sharpley and Menzel, 1987; Sims, 1993). While the relationship between soil P and runoff P has been well researched and discussed since then, a clear statement on the importance of sample depth in environmental soil testing for P has not been put forward. Agronomic soil samples are usually taken from 0-15 to 0-20 cm deep, where a large proportion of the active root zone is. Surface runoff in most cases interacts with only the top few cm of soil. Therefore, the issue of sampling depth is important when using soil-test P results for environmental purposes. This position paper presents the current scientific understanding of the effect of sampling depth during environmental soil P testing and recommends appropriate environmental soil sampling practices.

Vadas, P.A., W.J. Gburek, A.N. Sharpley, P.J.A. Kleinman, P.A. Moore, Jr., M.L. Cabrera, and R.D. Harmel. 2006. A new model for surface application of animal manure and manure phosphorus transformation and loss in runoff. J. Envrion Qual. (In review).

The transport of P in runoff from agricultural land is often an environmental concern. An important source of P runoff is surface-applied manures, but computer models used to assess P transport rarely simulate rarely simulate the process of release and transport of P in surface applied manures. We developed a new model to address this limitation. The model operates on a daily basis and simulates manure application to soil, dividing manure P into water-extractable and stable pools, while letting some manure P infiltrate into soil if a slurry is applied. Manure dry matter decomposes, and manure stable P pools decompose into water-extractable pools with time. Manure dry matter and P are assimilated into soil to simulate bioturbation and freeze-thaw activity. A quantity of water-extractable P is leached from manure when it rains, and a portion of leached P can be transferred to surface runoff. Most manure P leached into soil by rain remains in the top 2 cm, while some leaches deeper. This 2-cm soil layer can contribute P to runoff via desorption. Data from field studies in Texas, Pennsylvania, Georgia, and Arkansas were used to build and validate the model, confirming that it accurately simulates daily changes in manure dry matter, manure and soil P pools, storm-by-storm P concentrations in runoff, and cumulative P loads in runoff. Therefore, our manure P runoff model represents an important modification for larger models used to assess agricultural P loss. One particular value of the model is that it identifies which sources of P (soil or manure) are dominant contributors of P to runoff. This can help target management practices most effective in mitigating P loss.

Vadas, P.A., 2006. Predicting dissolved phosphorus in runoff from surface-applied fertilizers. J. Environ. Qual. (In review).

Dissolved P in runoff from surface-applied inorganic fertilizers can be relatively great, but commonly-used computer models often do not simulate direct transfer of fertilizer P to runoff. A simple, empirical model was thus developed to predict P in runoff from surface fertilizers. Required data include the amount of fertilizer P applied, the percentage of water soluble P in fertilizer, and the amount of rainfall and runoff. The model calculates the concentration of water soluble fertilizer P dissolved in all rainfall. It then multiplies this dissolved fertilizer P concentration by an empirical parameter based on the ratio of runoff to rainfall to calculate a concentration of dissolved P in runoff. Testing this model with runoff data from 14 independent studies validated that the model can accurately predict P in runoff in the first rainfall and runoff event after surface application of fertilizer. The proposed model was found to poorly predict dissolved P in runoff from flood-irrigated fields because the empirical runoff to rainfall factor failed to accurately represent flood-irrigation hydrology. It was found that dissolved P in runoff from flood-irrigation after a surface application of P fertilizer can be predicted by calculating the concentration of all water soluble fertilizer P dissolved in all applied flood water, and then multiplying this concentration by 0.6. However, the model for flood irrigated systems need to be validate with independent data. These simple models for predicting dissolved P in runoff from surface-applied fertilizers for rain-fed and flood-irrigation systems represent potentially important improvements for field or watershed scale models that simulate agricultural P loss to the environment.

Powell, J.M., McCrory, D.F., Jackson-Smith, D.B., and Saam, H. 2005. Manure collection and distribution on Wisconsin dairy farms. J. Environ. Qual. 34:2036-2044.

Manure management plans require knowing the amount of manure produced, collected and available for land-spreading. Whereas much information is available to calculate manure production, little is known about the types and amounts of manure actually collected on typical dairy farms. This study of fifty-four representative Wisconsin dairy farms showed significant regional, housing and herd size differences in collection of manure from lactating cows, dry cows and heifers.  Significantly (P<0.05) less manure is collected in the hilly southwest (56% of total annual herd production) than in the undulating south central (72%) or the flat northeast (68%) regions. Collection of lactating cow manure is significantly (P<0.05) lower from stanchion (66% of total annual production) than free-stall (89%) housing, and significant (P<0.05) positive relationships were found between the number of lactating cows a farm keeps and the percent manure collected.  Average annual manure nitrogen (range of 116–846 kg N ha-1) and phosphorus (range of 24-158 kg P ha-1) loading rates in areas where manure goes uncollected was highest in un-vegetated barnyards followed by vegetated and partially vegetated outside areas.  Once uncollected manure was accounted for, average annual loading rates on cereal cropland ranged from 128-337 kg ha-1 of manure N, and from 45-139 kg ha-1 of manure P. Compared to adjacent cropland, the accumulation of uncollected manure has vastly increased soil test P, potassium (K) and organic matter levels in outside areas. Manure management on Wisconsin dairy farms with small to medium herds might require assistance in managing manure in outside confinement areas to reduce the risk of impairing surface and ground water quality.

Powell, J.M., D.B Jackson-Smith, M. Mariola and H. Saam. Validation of feed and manure management data collected on Wisconsin dairy farms. 2006 J. Dairy Sci. 89:2268-2278.

An on-farm study of fifty-four representative Wisconsin dairy farms was conducted to evaluate the influence of biophysical and socioeconomic factors on overall feed, fertilizer, and manure nutrient use. This report validates (1) how well data on cow diets, feed analyses and milk production reflected established feed-milk-manure relationships; and (2) how well farmer-recorded data on manure spreading reflected literature values of manure nitrogen (N) and phosphorus (P) excretion, collection and loss. Calculated feed N and P use efficiencies (18-33% and 18-35%, respectively) fell within ranges expected for dairy farms. This suggested that our on-farm methods of data collection provided reliable information on relationships between N and P intake, secretions in milk, and excretion in manure. On stanchion farms, there were no differences (P<0.05) between farmer estimates (kg farm-1) of manure P collected (1140) and spread (1210), or what would be calculated from the literature (1340). On free-stall farms, there were no differences in amounts of manure P collected (2889), spread (2350), or literature estimates (2675). Manure P applications (kg/ha) to tilled cropland would be similar (P<0.05) using either farmer estimates of manure collected and spread, or literature estimates. The data provided a fairly accurate snap-shot of Wisconsin industry practices, as well as fairly accurate information on the range of feed and manure management practices on individual dairy farms. Improvements to data collection methods would require increased skill and training of both farmers and those responsible for assisting farmers in on-farm data collection and analyses. 

Powell, J.M., Wattiaux, M.A., Broderick, G.A., Moreria, V., and Casler, M.D. Dairy diet impacts on fecal chemical properties and nitrogen cycling in soils. 2006. Soil Sci. Soc. Am. J. 70: 786-794.

Availability of manure nitrogen (N) to crops is mitigated by many factors including manure type and composition. Whereas relationships between dairy diets, milk production, manure N excretion, and urine N losses as ammonia have been documented, very little information exists on how diets impact fecal carbon (C), N content and partitioning, and how these factors impact fecal N mineralization and plant N uptake after application to soil. Feces from 24 to 63 dairy cows (Bos taurus) fed fourteen typical diets were incubated aerobically in a sandy loam and two silt loam soils, and soil inorganic N (IN) was determined periodically during a 365 d period. Feces from twelve of the fourteen diets were applied to the same soils and oat (Avena sativa L.), sorghum (Sorghum bicolor L. Moench) and sorghum ratoon dry matter (DM) and N uptake were determined over a 155 d period. Feces from cows fed alfalfa (Medicago sativa L.) silage (AS)-based diets generally lead to higher soil IN levels than soils amended with feces from corn  (Zea mays L.) silage (CS)-based diets, especially in soils amended with feces from CS-low protein (LP) diets; feces from AS-based diets increased plant DM and N uptake; after application to a silt loam, feces from high protein (HP) diets resulted in greater soil IN levels than feces from LP diets; and feces from LP diets did not impact soil IN but decreased plant DM and N uptake. C:N ratios of applied feces were found to be significant predictors of plant DM and N uptake. There appears to be a range of dietary options that satisfy nutritional requirements of high-producing dairy cows and produce feces having differential effects on soil N mineralization and plant N uptake after application to soil.
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Research in Progress:
Integrating livestock into a sustainable cropping system: The Dudley Smith Initiative.  B.F. Tracy, D. Faulkner, G. Bollero, and A. Slivis.

This experiment was established at the Dudley Smith Farm, a 225 acre study site in Christian County, Illinois.  It explores how integrating livestock production on different types of pasture and with annual row crop production affects the ecology, economics and local communities in and surrounding Christian County, Illinois.  The system involves beef cattle grazing on three types of pasture.  In the spring, summer and fall, cattle graze cool season and native warm season grass pastures.  Following harvest of row crops (oats and corn) cattle graze cropland pastures of corn residues and cover crops during the winter.  The goal of this system is to increase between pasture diversity to ensure that cattle have a high quality forage base year round.  Economically, this should benefit the producer since there is no reliance of external feed sources (e.g., hay), which is a major barrier to profitable beef cattle production.  Cash received for grain crops and calf sales should also help to increase the profitability of the enterprise.  Data has been collected on crop yields, soil compaction, carbon and nitrogen cycling since 2003.  Economic data has also been complied.  Phase II of this project begins in 2007.  

Integration of warm-season and cool season pastures in a rotationally stocked grazing system.  B.F. Tracy and D.B. Faulkner.

In the midwest, low production of cool season forages in summer limits the size and profitability of cattle operations.  To manage this forage deficit, producers can integrate warm season grasses (C4 photosynthesis pathway) into cool season grazing systems.  Warm season grasses are more drought tolerant and grow better under high temperatures than cool season forages.  As a result, warm season grasses can produce valuable forage during mid summer or unusually long dry periods.  Producers can plant either annual or perennial warm season pastures in grazing systems.  Both types of warm season pasture have advantages and disadvantages.  Until we have directly compared annual and perennial warm season pastures, we cannot make informed recommendations to producers which may work best integrated within a cool season grazing system.   
The overall objective of this project is to evaluate productivity and economics of annual and perennial warm season pastures integrated within cool season forage grazing systems.  The experiment has been established at the University of Illinois Orr Center Beef Unit located in Baylis, IL.  In 2004 and 2005, three pastures were planted to perennial (e.g., Eastern gamagrass) or annual (sorghum) warm season grasses (6 pastures total).  In the experiment, six beef cow-calf groups graze six cool season pastures until mid summer.  As forage becomes limiting on cool season pasture, cattle groups are moved to either annual or perennial warm season pastures.  Forage yield and quality, cattle performance, weed abundance and basic soil properties will be compared among the systems.  Economics of the two systems will be compared.  One season of preliminary data was collected in 2005.  Two more years of data collection are expected.
The effect of small grain cover crops on yield of corn in northern Illinois.  J.A. Morrison, E. Nafziger, J. Church, and L. Paul

The primary goal of this study (initiated in fall 2004) is to compare the performance of two small grains (winter rye [Secale cereale L.] and winter wheat [Triticum aestivum L.] as cover crops seeded in the fall (following soybean) and to document their impact on corn grain yield the following year.  Secondly, yield and quality of the small grains as forage crops will be measured at different intervals in the spring.  The study is being conducted at the Northern Illinois Agronomy Research Center, Shabbona (DeKalb County).  The study consists of four treatments Roundup® applied 30, 20, and 10 days prior to corn planting (May 6), and tillage 2 days before planting, each replicated five times.  Prior to each treatment, the yield and quality of rye and wheat is determined.  Corn is planted no-till, except for the tillage treatment (2 days before planting).  Two years (2005 and 2006) of small grain forage yield and quality (relative feed value) have been collected.   

Using Illinois Forages Based on Pasture Based System. J. Sexten and E.Ballard.


Objective of study is to compare and contrast the relative economic value of integrating grazing animal systems into a conventional short-term crop rotation system.  There are several alternative technologies available that can increase animal performance, with reduced input costs of forage-based systems and their impact on crop production systems.  Another aspect is year around grazing systems for different livestock species.  Plant and economic grazing results has been collected at the U of Illinois, Dudley Smith Farm, Schuette Corporation Beef Farm,  Becherer Sheep Farm  Steve Schwoerer dairy farm, and John Hebert Beef Stocker grazer from November 1, 2003 to current date.

Completed Research:
Pasture and cattle responses in rotationally stocked grazing systems sown with increasing levels of species richness. B.F. Tracy and Dan B. Faulkner.
Increasing species richness of temperate pastures beyond one or two forage species could improve grazing system productivity.  An experiment in western Illinois, USA, was initiated in August 2001 to test this idea.  The main study objective was to determine how pastures sown with increasing levels of species richness would affect herbage yield and cow-calf performance.  Three seed mixtures that contained 3, 5 or 8 forage species were sown into 3-6 ha pastures.  Mixtures were replicated three times and rotationally stocked with beef cow-calf groups.  Herbage mass and accumulation were estimated using a rising plate meter method and weight gain evaluated cow-calf performance.  We also evaluated forage quality indices and changes in forage species composition.  After pasture establishment in 2001, herbage mass was marginally higher (P = 0.15) in 8 species mixtures (98 g m-2 ) compared with 3 species mixes (43 g m-2 ).  Once grazing started, pasture mix had no effect on herbage responses or stocking rate (P > 0.05).  Cow-calf performance was also unaffected by pasture mix, although average daily gain (ADG) was higher in 2003 (P < 0.05).  Cow and calf ADG averaged 0.33 kg d-1 and 1.17 kg d -1, respectively, in 2003 compared with 0.05 kg d-1 and 1.01 kg d-1 in other years.  Cattle performance appears more affected by stocking rate and forage availability.  Management that focuses on these variables rather than pasture species richness may better optimize grazing system performance.

Shifts in grassland invasibility: the interactive effects of soil resources, disturbance, composition and invader size. I. J. Renne, B. F. Tracy, and I.A. Colonna
There is an emerging recognition that invasibility is not an intrinsic community trait but is a condition that fluctuates from interactions between environmental forces and residential characters.  Elucidating the spatiotemporal complexities of invasion requires inclusion of multiple, ecologically variable factors within communities of differing structure.  Water and nutrient amendments, disturbance and local composition affect grassland invasibility but no study has simultaneously integrated these, despite evidence that they frequently interact.  Using a split-plot factorial design, we tested the effects of these factors on the invasibility of C3 pasture communities by smooth pigweed Amaranthus hybridus L., a problematic C4 forb.  We sowed seeds and transplanted 3-week old seedlings of A. hybridus into plots containing monocultures and mixtures of varying composition, subjected plots to water, soil disturbance and synthetic bovine urine (SBU) treatments and measured A. hybridus emergence, recruitment and growth rate.  Following SBU addition, transplanted seedling growth increased in all plots but differed among legume and nonlegume monocultures and mixtures of these plant types.  However, SBU decreased the number and recruitment rate of emerged seedlings because high residential growth reduced light availability.  Nutrient pulses can therefore have strong but opposing effects on invasibility, depending on when they coincide with particular life history stages of an invader.  Indeed, in SBU-treated plots, small transplanted seedling height differences early on produced large differences in their final biomass.  All facilitative effects of small-scale disturbance on invasion success diminished when productivity-promoting factors were present, suggesting disturbance patch size is important.  Precipitation-induced invasion resistance of C3 pastures by a C4 invader was partly supported.  In grazed grasslands, these biotic and environmental factors vary across scales and interact in complex ways to affect invasibility, thus a dynamic patch mosaic of differential invasion resistance likely occurs in single fields.  We propose that disturbance patch size, grazing intensity, soil resource availability and resident composition are inextricably linked to grassland invasions and comment on the utility of community attributes as reliable predictors of invasibility.  Lastly, we suggest temporal as well as spatial coincidences of multiple invasion facilitators dictate the window of opportunity for invasion.  

Disturbance persistence in managed grasslands: shifts in aboveground community structure and the weed seed bank. I. J. Renne and B. F. Tracy

The length of time and form in which disturbances persist in systems depends on the intensity and frequency of disturbance and on the abilities of resident species to recover from such events.  In grazed grasslands, trampling by large mammalian herbivores can periodically facilitate weed establishment by exposing patches of bare ground but whether an intense soil disturbance event results in a temporary increase in weed abundance or a persistent weed problem remains unclear.  In May 2002, cattle trampling following heavy rain caused severe damage to nine-month old, rotationally grazed, cool-season pastures.  In September 2002, we compared the aboveground composition of paddocks (i.e., fenced pasture sections) that were heavily disturbed to those that received no damage.  Relative to undisturbed paddocks, the relative cover of forage species was 17% lower in disturbed paddocks, and weed species and bare ground relative cover was 61% and 100% higher.  By September 2004, paddock types did not differ in all aboveground community components.  However, the abundance and species richness of weed seeds in the soil seed bank averaged 82% and 30% higher in disturbed paddocks between 2003 and 2004.  These findings indicate that a spatially extensive, intense soil disturbance event may soon become undetectable in aboveground pasture structure but can persist as an augmented weed seed bank.  Because of high weed seed bank longevity, disturbances to formerly disturbed pastures would likely result in higher weed recruitment than in those which lack previous disturbance.  Disturbance history may thus be a useful predictor of weed abundance following subsequent
disturbance.  Based on empirical data supporting this proposition, we recommend that grassland managers explicitly incorporate disturbance history into dynamic management planning and do not rely exclusively on aboveground characters to evaluate the invasion status or colonization potential of an area by undesirable plants.  We emphasize that the ecological legacies of past soil disturbance events can not only influence the contemporary patterns and processes of grasslands, but importantly, affect their compositional trajectories following subsequent perturbation

Poultry production on pastures of differing forage species composition. B. Lubchansky, and B.F. Tracy

Pasturing poultry in portable, bottomless pens offers producers a potentially profitable venture that is compatible with other farm activities and requires relatively small startup investment.  Grazing poultry on diverse forage mixtures may have production value, but little work has investigated this issue.  An objective of this study was to compare chicken performance, plant responses and soil fertility in two pastured poultry systems that differed in plant diversity.  The two systems involved pasturing poultry on either monoculture alfalfa or diverse pastures sown with various grasses, legumes and other broadleaf forbs.  We found that pasture type had little effect on chicken growth or forage yields.  Poultry growth appears to be more dependent upon the available grain ration rather than pasture composition.  Diverse forage mixtures, however, did help suppress weeds better than alfalfa.  Poultry grazing had rapid effects on soil fertility levels, which indirectly improved forage quality.  Overall, our results suggest production systems that combine pastured poultry with diverse forage mixtures may have longer-term benefits.  These benefits result from effective weed suppression without the use of herbicides and nutrient recycling that may help sustain future forage yields without external fertilizer inputs.  

Soil respiration dynamics in an integrated livestock and grain crop agroecosystem. Y. Zhang, B.F. Tracy

Vegetation composition and grazing by livestock have significant effects on soil respiration rate.  An objective of this study was to determine how different cropping systems and livestock grazing might influence soil respiration rates in an integrated livestock and grain crop agroecosystem.  Soil respiration rates were measured using a LiCor 6400 11 times from May to December 2004 and 2005 in two row crop systems and two pasture types at the Dudley Smith research farm in central Illinois. The row crop systems consisted of a conventional corn-soybean rotation and a small grain-corn rotation with cover crops that were grazed during winter. The two pasture types consisted of cool season grasses and native, warm season grasses. Corresponding environmental variables and soil microbial biomass were also measured.  Soil respiration rates in all pastures and cropping systems was highest in spring and declined to almost zero in winter. The average soil respiration rates were 2.95, 2.41, 2.85, and 3.37 µmol CO2 m-2 s-1 for cool-season pasture (CSP), warm-season pasture (WSP), continuous corn (CC), and cropland pasture (CLP), respectively. In 2005, mean respiration rates were  3.69, 3.33, 2.18 and 2.43 µmol CO2 m-2 s-1 for the four respective agroecosystems.  In 2004, respiration rates were higher in the small grain-corn rotation in spring. This cropping system had cover crops that were grazed by cattle during the winter. Cover crops and manure inputs by cattle may have contributed to a larger labile carbon pool that stimulated decomposition and soil respiration during this period.  In 2005, cool season grass pastures had the highest soil respiration rates especially in spring and fall.  Differences between the two years was most likely related to precipitation, which was significantly lower in 2005 relative to 2004. 

Peer Reviewed Publications 2005-2006:

Tracy, B.F. and I.J. Renne. 2005. Re- infestation of endophtye-infected tall fescue (E+) in renovated endophyte-free (E) pastures under rotational stocking. Agronomy Journal 97:1473-1477.

Skinner, R.H., M.A. Sanderson, B.F. Tracy, C.J. Dell.  2006.  Above- and belowground productivity and soil carbon dynamics of pasture mixtures. Agronomy Journal 98:320-326.

Renne, I.J., B.F. Tracy and I.A. Colonna. 2006. Grassland invisibility: environmentally driven opportunities, nutrient-induced reversals and its shifting mosaic structure. Ecology


(In Press).

Renne, I.J. and B.F. Tracy.  2006. Disturbance persistence in managed grasslands: shifts in aboveground community structure and the weed seed bank. Plant Ecol. (In Press).
Tracy, B.F. and D.B. Faulkner.  2006.  Pasture and cattle responses in rotationally stocked grazing systems sown with differing levels of species richness.  Crop Sci. (In Press).

Abstracts and Proceedings 2005-2006
Renne, I.J. and B.F. Tracy.  2005.  Timing and intensity of disturbance interact with disturbance history to affect grassland weed invasions.  Ecological Society of America Abstr. p. 531
Tracy, B.F. and I.J. Renne.  2005.  Persistence of endophtye-infected tall fescue (E+) in renovated endophyte-free (E-) pastures.  American Forage and Grassland Council Abstr. p.71.
Sulc, R.M. and  B.F. Tracy.  2005.  Integrated crop-livestock systems in humid, cool temperate environments of North America. Agronomy Abstr. # 145-2. CD-ROM.
 Zhang, Y. and B.F. Tracy. 2005. Soil respiration dynamics in an integrated livestock and grain crop agroecosystem.  Agronomy Abstr.  #162-11. CD-ROM.
Tracy, B.F. 2005. Soil compaction in cropland pastures used for winter grazing. p. 450. In XX International Grassland Congress. Wageningen Academic Publishers. The Netherlands. 
Tracy, B.F. 2005.  Forage and livestock productivity on pastures of differing plant diversity. p. 640. In XX International Grassland Congress. Wageningen Academic Publishers. The Netherlands.
Peer-reviewed Publications since 2003
Frank, D.A., D. Evans and B.F. Tracy.  2004.  The role of ammonia volatilization in  SEQ CHAPTER \h \r 1controlling the natural  15N abundance in a grazed  grassland.  Biogeochemistry 68:169-178.

Tracy, B.F. and M.A. Sanderson. 2004. Relationships between forage plant diversity and weed invasion in pasture communities.  Agric. Ecosyst. Environ. 102:175-183. 

 Renne, I.J., B.G. Rios, J.S. Fehmi and B.F. Tracy.  2004.  Low allelopathic potential of an invasive forage grass on native grassland plants: a cause for encouragement?  Basic Appl. Ecol.  SEQ CHAPTER \h \r 15:261-269.

 SEQ CHAPTER \h \r 1Tracy, B.F. and M.A. Sanderson. 2004.  Productivity and stability relationships in mowed pastures of varying species composition. Crop Sci. 44: 2180-2186.

Sanderson, M.A., R.H. Skinner, D.J. Barker, G.R. Edwards, B.F. Tracy, and D.A. Wedin. 2004.  Plant species diversity and management of temperate forage and   grazing land ecosystems. Crop Sci. 44:1132-1144. 

 SEQ CHAPTER \h \r 1Sanderson, M.A., R.R. Schnabel, W. Curran, W.L. Stout, D. Genito, and B.F. Tracy. 2004.  Burning and glyphosate differentially affect forage biomass and seed yields of switchgrass and big bluestem.  Agron. J.  96:1688-1692.

Tracy, B.F., I.J. Renne, J. Gerrish, and M.A. Sanderson.  2004.  Effects of plant diversity on invasion of weed species in experimental pasture communities. Basic Appl. Ecol. 5: 543-550.
Abstracts since 2003
Lubchansky, B, and B.F. Tracy. 2004.  The agricultural and ecological functioning of a system integrating pastured poultry and raised-bed vegetable production.  Agron. Abstr. # 3458. CD-ROM.

Tracy, B.F.  2004.  Forage production in rotationally grazed pastures of


differing diversity.  Agron. Abstr. #4924. CD-ROM.

Renne, I.J. and B.F. Tracy.  2004.  Factors affecting pasture invasibility: the effects of  
nutrient pulses, water availability, cattle trampling and forage species 
composition.  Ecological Society of America Abstr. p.423.

Azpiroz,C., B.F. Tracy, R.L. Mulvaney, and S.A. Khan. 2004. Grazing corn stover by 
cattle to promote soil nitrogen mineralization.  Agron. Abstr. #6311. CD-ROM.
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Research in Progress:
Objective 2: 

Evaluate strip-tillage against other soil and water conservation tillage system goals of:   erosion control, water quality, and crop production for this Karst topography
Long-term tillage and crop rotation effects on yield and soil carbon changes: Mahdi Al-Kaisi and Mark Hanna
This experiment was established at eight sites across the state of Iowa including one site in Northeast Iowa at Nashua in 2002. The objectives of this study are to evaluate the impact of five tillage systems including, no-tillage, strip-tillage, chisel plow, deep-tillage, and moldboard plow on corn and soybean yields and soil carbon changes with corn-corn-soybean and corn-soybean rotations.  This experiment established as a long-term tillage study by dividing the state into five major regions according to soil and climate conditions in order evaluate the site specific effect of tillage systems on crop production and soil quality parameters.  The Northeast Iowa site is highly related to objective 2 of this regional project of Non-glaciated soil formation.  In addition to the yield and soil carbon evaluation of these sites, economical analysis will be conducted on crop response to different tillage systems.  The soil carbon changes are evaluated on bi-yearly basis by taking soil samples for soil organic carbon change, bulk density, and microbial biomass of all tillage systems of the two crop rotations.  Preliminary results of yield response and economic returns are summarized for the past three years

Completed Research:
Integrated tillage, N source and N rate effects on corn response and N and P use in North east Iowa:  Mahdi Al-Kaisi, M. Hanna, and George Cummins 
This study was established in 2002-2004.  The objectives of the experiment were to: 1) evaluate the response of corn to different tillage systems, N source, and N rates, 2) evaluate the economic return of corn with different tillage and N sources, and 3) evaluate the impact of different tillage and sources on N and P use efficiency and potential N losses to groundwater.  The three tillage systems used in this study were, No-tillage, strip-tillage, and chisel plow.  The two N sources were liquid swine manure and commercial fertilizer at the N rates of 0, 75, 150, and 225 lb N/acre.  We evaluated grain yield, dry biomass, soil NO3-N, corn stalk NO3-N, grains’ total P and total N concentration, nitrate leaching by using suction tubes, soil bulk density, and other supportive data for all tillage and N sources.  Corn yield response was not significantly different for all tillage systems and N sources.  The tillage system showed more differences in corn response than soybean.  Tillage system showed differences in NO3-N build up in soil with chisel plow was the greatest.  Nitrogen and P uptake was inconsistent with all tillage systems.  The study also showed that liquid manure is as effective as the commercial N and has economic advantage in corn production with all tillage system.

Comparative influence of tillage and N timing on crop response, soil environment, and water use:  Mahdi Al-Kaisi and Mark Licht.

This study was conducted in 2001 to 2002 at the Agronomy Research Farm near Ames and the Northeast Research Farm at Nashua.  The objective of this study were: 1) to evaluate the effect of strip-tillage on corn productivity as compared with conventional tillage and no-tillage systems,  2) evaluate the effect of strip-tillage on soil moisture, temperature, and penetration resistance, and 3) evaluate the impact of strip-tillage and N timing on the N availability and N use efficiency.  The study was conducted at two sites with two different soil and climate conditions.  Several field measurements and data collection were conducted including soil sampling at different soil depths, soil water leachate at 4 ft using suction tubes, soil nitrate at different depths, dry biomass for plant analysis at different growth stages, grain yield, soil temperature from April to mid June, soil moisture at different depths through the soil profile, and weather data through the growing season.  The experiment conducted at the two sites with different timing of N application for strip-tillage for corn in a corn soybean rotation.  The study was conducted as a complete randomized block design with split plot arrangement.  Findings of this study showed that strip-tillage has no significant advantage over no-tillage or chisel plow in both locations. The advantage strip-tillage had over no-tillage was early in the season in improving corm emergence due to improvement in soil temperature by 1.4-2.0 oC over no-tillage. Strip-tillage showed no significant advantages in improving plant N uptake, water use efficiency or reducing N leaching over no-tillage regardless of the timing of tillage and N implementations. 

The Following activities are relative to objective 2 of NC-1012 regional proposal: 

“Evaluate strip-tillage against other soil and water conservation tillage system goals of:   erosion control, water quality, and crop production for this Karst topography.” 

Refereed Journals articles:

1. Kwaw-Mensah, D. and M. Al-Kaisi. 2006. Effects of tillage, nitrogen source and rate on corn response in corn-soybean rotation. Agron. J. 98:507-513. 

2. Al-Kaisi, M., X. Yin, and M. Licht. 2005. Soil carbon and nitrogen changes as affected by tillage system and crop biomass in a corn-soybean rotation. Applied Soil Eco. J. 30:174-191. 

3. Licht, M. and M. Al-Kaisi. 2005. Corn response, N uptake, and water use in strip-tillage as compared with no-tillage and chisel plow. Agron. J. 97:705-710.  

4. Al-Kaisi, M. and X. Yin. 2005. Tillage and crop residue effects on soil carbon and CO2 emission in corn-soybean rotations. J. Environ. Qual. 34:437-445.  

5. Al-Kaisi, M., X. Yin, and M. Licht. 2005. Soil carbon and nitrogen changes as influenced by tillage and cropping systems in some Iowa soils. Agric. Ecosys. Environ. J. 105:635-647.  

6. Licht, M. and M. Al-Kaisi.  2005.  Strip-tillage effect on seedbed soil temperature and other soil physical properties.  Soil Tillage Res. J. 80:233-249.  

Abstracts:

1. Al-Kaisi, M., M. Licht, and D. Kwaw-Mensah. 2005. Scale comparison and nitrogen management effects on corn yield response.  Agronomy Abstracts, Madison, WI. ASA Annual Conference, Salt Lake, Utah, Nov. 6-10.

2. Al-Kaisi, M., M. Licht, H. Hanna, M. Helemers, S. Padgett, and M. Duffy. 2005. Iowa Learning Farm: Educational concept for promoting conservation systems.  Agronomy Abstracts, Madison, WI. ASA Annual Conference, Salt Lake, Utah, Nov. 6-10.

3. Al-Kaisi, M., M. Licht, and X. Yin. 2005. Agricultural production practices effect on soil carbon dynamics and carbon dioxide emission. Third USDA Symposium on Greenhouse Gases and Carbon Sequestration in Agriculture and Forestry, Baltimore, Maryland. March 22-24.
4. Al-Kaisi, M., and D. Kwaw-Mensah. 2005. Integrated conservation tillage and N management effects on soil productivity.  Ag. and Environment Conference Proceedings, Ames, IA. March 8-9.

5. Al-Kaisi, M., and X. Yin. 2005. Tillage effects on soil carbon dioxide emission in corn-soybean rotation.  Ag. and Environment Conference Proceedings, Ames, Iowa. March 8-9.

6. Wilson, H. and M. Al-Kaisi. 2005. Nitrogen fertilization effects on CO2 emission and microbial biomass in corn-soybean rotation.  Ag. and Environment Conference Proceedings, Ames, IA. March 8-9.

Peer Reviewed Extension Publications:

1. Al-Kaisi, M.M., H.M. Hanna, and M.A. Licht. 2005. Manure and tillage management. PM-1901g, 6pp., Extension Publication Service, Iowa State University, Ames, IA. 
2. Al-Kaisi, M.M. and M.A. Licht. 2005. Tillage, manure management, and water quality. PM-1901h, 6pp., Extension Publication Service, Iowa State University, Ames, IA.
3. Al-Kaisi, M.M. and M.A. Licht. 2005. Tillage management and soil organic matter. PM-1901i, 6 pp., Extension Publication Service, Iowa State University, Ames, IA. 
Selected Outreach Activities Related to Conservation Systems Promotion In Iowa:
News releases / articles

Conservation Reserve Program workshops offered. News Release, 30 January 06.

Build an exit plan at CRP event. Wallaces Farmer, 1 February 06.

Conservation Reserve Program workshops offered. Integrated Crop Management Newsletter, 13 February 06.

Stop soil erosion this spring. Wallaces Farmer, 1 February 06.

Conservation Reserve Program workshops offered. News Release, 10 March 06.

Saving energy in field operations. McCormick newsletter, 1 February 06.

Tillage system research. CSI Partnership Matter newsletter, March 06.

Is tillage needed for your soybean crop? ICM newsletter, 3 April 06.

Don’t bury field’s treasure. Wallaces Farmer, 1 May 06.

Can residue be managed successfully with no-till? ICM newsletter,15 May 06.

Conservation Reserve Program Seminar Offered June 15. New Release, 30 May 06.

Presentations/Posters
Crop Clinic, Iowa Falls, presentation “Role of Conservation Systems in Improving Water Quality”, 27 January 06.
Crop Advantage Series, 14 presentations on role of conservation systems in improving soil carbon and water quality statewide, January 06.

Crop Fairs with Iowa Corn Growers, presentation statewide, “ Conservation Systems and Energy Use” January 06.
Options following CRP workshop, presentations, 21 & 23 February 06.
Agriculture and the Environment conference, 6 presentations on conservation systems as a symposium organized by Mahdi Al-Kaisi and Matt Helmers, 7 March 06.
Options following CRP workshop, presentation, 20 March 06.

Conservation systems role in sustaining productivity and soil quality. Grandview College presentation, Des Moines, 20 March 06.

Equipment to make no-tilagel successful and profitable. No-tillage Meeting, Sheldon, 31 March 06.
Conservation Minutes
The Conservation Minutes are developed to cover current conservation system issues.  The Conservation Minutes are sent out to over 89 AM and FM radio station as well as posted on the web page as both script and audio files.

Conservation Reserve Program. 13 March 06.

Save Soil, Save Energy. Make Money. 20 March 06.

Consider Wind Erosion. 27 March 06.

Healthy Soil for Healthy Yields. 3 April 06.

Roles of Conservation Practices. 17 April 06.

Protecting Iowa’s Water Quality. 24 April 06.

Non-point Source Pollution. 1 May 06.

Managing Sedimentation. 8 May 06.

Grass Waterways. 22 May 06.

Reducing Soil Erosion. 29 May 06.

Deciding on row cultivation. 5 June 05.
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Yield and Silage Characteristics of Kura Clover, Winter Wheat, and Mixtures in Spring.  Francisco Contreras-Govea, Ken Albrecht, and Rich Muck. 

Kura clover (Trifolium ambiguum M. Bieb.) grown in monoculture is difficult to harvest mechanically because of its decumbent growth habit, and legumes in general have poor ensiling characteristics. This study was conducted to assess forage yield and nutritive value of kura clover-winter wheat (Triticum aestivum L.) mixtures, evaluate kura clover silage characteristics and determine if mixing with winter wheat improves its usefulness as a silage crop. ‘Cardinal’ winter wheat was sown in monoculture and into an ‘Endura’ kura clover sward in autumn at two locations and in two years, and harvested at wheat boot and milk stages the following spring. Sole kura clover was harvested at the same time as winter wheat and mixtures. In addition, two mixtures of kura clover with winter wheat were created at each harvest by blending desired proportions from crops grown in monoculture. The mixture of kura clover with winter wheat yielded 7.4 Mg DM ha-1 while sole kura clover yielded 3.4 Mg DM ha-1 and sole winter wheat 9.05 Mg DM ha-1. However, kura clover yield in the binary mixture (3.1 Mg DM ha-1) was similar to sole kura clover. Neutral detergent fiber and acid detergent fiber concentrations were 49% and 28%, respectively, lower in kura clover than winter wheat and intermediate in mixtures. Fermented mixtures had similar pH to sole winter wheat (pH 3.9 vs. 3.8) and lower than sole kura clover (pH 4.1). The proportion of total nitrogen recovered as non-protein nitrogen in ensilage was 9% lower in kura clover and in mixtures than in winter wheat. Water-soluble carbohydrate (WSC) concentrations of wilted forage were higher in the mixture than sole kura clover (157 vs. 105 g kg-1 DM), and the mixtures had lower WSC than sole winter wheat (198 g kg-1 DM). Lactate concentration was 13% higher in silage from mixtures than sole kura clover. Spring forge production of kura clover-winter wheat mixtures was greater than sole kura clover, possessed adequate nutritive value for high producing livestock, and mixture silage characteristics were better than sole kura clover.

Forage Production and Nutritive Value of Oat  in Autumn and Early Summer.  Francisco Contreras-Govea and Ken Albrecht.

Oat (Avena sativa L.) grown for forage in the northern USA usually is sown in spring and harvested in early summer, with rapid decline in quality after boot stage. This study was conducted to determine if there are differences in forage yield and forage quality between summer sown-autumn harvested and spring sown-early summer harvested oat, and to determine whether seasonal effect is similar among oat cultivars that vary in maturity classification. Oat was sown in summer 2001 and spring 2002 at two locations in Wisconsin and harvested in autumn and early summer respectively. Oat sown in Aug. produced 6.7 Mg ha-1 of forage when harvested 77 days later, about 1.0 Mg ha-1 less than that obtained from spring sown oat harvested 77 days after sowing. Autumn forage yield was similar among oat cultivars due to decreasing day length and temperature. Maturation of summer-sown oat was delayed, resulting in 10 to 15% less neutral detergent fiber, 18% greater digestibility, and 250% greater water soluble carbohydrate (WSC) concentration than spring-sown oat. High WSC levels are of particular importance since oat forage harvested in autumn will likely be stored as silage due to poor drying conditions in autumn. Differences in forage quality among cultivars and between spring and autumn oat forage are associated with maturity differences. Oat sown in late summer, and especially the leafy, late maturing cultivar ForagePlus, can supplement high quality forage production in autumn. 

Utilization of Kura Clover-Reed Canarygrass Silage vs. Alfalfa Silage by Lactating Dairy Cows.
K. Kammes, G. Heemink, K. Albrecht and D. Combs
Twenty lactating Holstein cows were used in a replicated cross-over design to compare DMI and milk production from diets containing kura clover (Trifolium ambiguum Bieb.)-reed canarygrass (Phalaris arumdinacea L.) or alfalfa (Meticago sativa L.). Forages were harvested, ensiled in horizontal plastic bags, and allowed to ferment at least 60 days prior to start of the feeding experiment .  The NDF contents of Kura clover-reed canarygrass silage (KRS) and alfalfa silage (AS) were 47.3% and  37.3%, respectively.   KRS silage was approximately 40 % Kura clover and 60 % reed canarygrass.  Treatments were TMR formulated with either: 1) 60% of total DMI (dry matter intake) as AS or 2) 60% of total DMI as KRS.  Experimental periods were 28 d with the first 14 d for diet adaptation and the last 14 d for measurement of intake and milk production.  Milk samples were collected four times from both AM and PM milkings during the last 7 d of each period.  Dry matter intake was higher (P < 0.05; 24.2kg vs 22.9 kg) and 4% FCM tended to be higher (P < 0.1;   32.8kg vs 30.9 kg)  for cows fed AS than KRS.  Milk fat  (3.60 %) and milk true protein (3.16 %) did not differ due to treatment.  Milk urea nitrogen content of milk was higher (P < 0.01) when cows consumed AS (16.5 mg/dl) than KRS (13.4 mg/dl).  Cows consumed more NDF from forage (6.5 kg vs 5.4 kg) and more digestible NDF from forage (4.2 kg vs 2.4 kg) when fed KRS diets than AS diets.  Although KRS diets were higher in NDF than AS diets, cows were able to produce similarly when fed diets containing approximately 60% forage.  

Maize silage production in a kura clover living mulch.  Ken Albrecht and Agustina Sabalzagaray
Cropping systems that improve soil conservation and reduce nitrogen fertilizer inputs for mixed crop and livestock enterprises are needed to improve environmental and economic sustainability.  Our objectives were to determine whether established kura clover (Trifolium ambiguum M. Bieb.) could serve as a living mulch and nitrogen source for no-till maize (Zea mays L.) silage production. Maize was no-till sown into kura clover that had been either killed (control) or suppressed with herbicides in two Wisconsin (USA) locations over 3 years. Maize grown in kura clover living mulch was fertilized with from 0 to 84 kg ha-1 nitrogen and the control treatment with 84 kg ha-1.  Maize silage yield (dry matter basis) ranged from 9.8 to 20.5 t ha-1 over six environments, and adequate suppression of the living mulch resulted in no yield loss in the mulch compared to the control system. Silage yield in kura clover living mulch did not respond to nitrogen fertilizer application over six environments, indicating that maize silage nitrogen requirements were fully met by the suppressed kura clover.  In all environments, kura clover recovered to full production by June the year following maize production.

Silphium perfoliatum (cup plant) silage for growing cattle
Silphium perfoliatum L. is a perennial plant native to the tallgrass prairie areas.  Previous research suggested rate and extent of digestion in vitro was similar to that of alfalfa (40-50% NDF range).  However, gains were reduced in developing heifers when the cup plant silage replaced alfalfa silage at a level of 60%.  Three experiments were conducted in which corn silage was replaced with either 30% or 60% cup plant silage.  In Experiment 1, calf-fed steers receiving corn silage were heavier than those fed the 60% cup plant silage diet after 110 d.  ADG was greater for corn silage diet compared to 60% cup plant diet for all periods and the entire trial.  Feeding 30% cup plant silage allowed for intermediate gains near 2.7 lb lb/d.  Including cup plant silage at the 30% level did not alter DM intake.  However, cattle receiving the 60% cup plant diet had intakes significantly lower than the other two treatments.  Feed to gain was impacted by diet with the corn silage>30% > 60% cup plant silage treatment.  During Experiment 2, yearling steers and heifers were offered the same diets for 60 days.  Results revealed similar trends in performance levels as Experiment 1 with ADG rankings of CS>30%>60%.  Differences between the performance for the 30% and 60% were not significant for this shorter duration.  Unlike Experiment 1, DM intakes were similar for all treatment diets.  When DM intake was expressed as a percentage of body weight, cattle consuming 60% cup plant were greater than the other two treatments opposite of that observed in Experiment 1.  Feed efficiency followed similar trends to Experiment 1.  Experiment 3 investigated diet DM, OM and NDF digestibility.  Corn silage diets were more digestible for all variables measured than either diet with cup plant.  These trials indicate that cup plant silage may serve as an alternative forage source in growing rations for cattle.  Inclusion at levels greater than 30% may hinder performance.

Effect of breed and supplement on pasture finished steers


Forty-eight steers were rotationally grazed to investigate the response of supplement and breed on performance and carcass characteristics of pasture finished steers.  Supplement treatments included 1) pasture only (GRASS), 2) pelleted alfalfa (ALF), 3) 67% soyhulls + 33% distillers grains (DS), and 4) 67% distillers + 33% distillers + monensin sodium (RDS).  Supplements were offered at a rate of up to 9 lbs/d.  Breed types included Normande and Conventional crossbred beef steers.  Thirty-six steers were harvested at the end of the grazing season and carcass data collected following a 48-hr chill.  Steers receiving DS and RDS were significantly heavier at harvest than GRASS with ALF being intermediate.  Supplementation with DS and RDS increased hot carcass weight, dressing percentage, fat color (more yellow), longissimus muscle area, and backfat.  Normande influenced steers had higher a dressing percentage, larger longissimus muscle area less backfat than conventional steers while the degree of marbling was similar.  These preliminary results suggest that DS and RDS is a palatable supplement that provides a source of highly digestible fiber and protein with nearly no starch.  Additionally, Normande steers appear to be an ideal breed for pasture finishing systems as performance was similar to conventional steers and carcass traits were equal to or better than the conventional steers.  This trial is being repeated during 2006.

Strategic Phosphorus Supplementation of the Beef Cow Herd:  Demonstration
In an effort to demonstrate the importance of forage testing with respect to mineral supplementation, the Lancaster cow-calf herd has been utilized to examine the impacts of a strategic phosphorus supplementation protocol.  The cow herd is managed as a single herd post-weaning and receive a trace mineralized salt mixture which contains no phosphorus.  At calving, the herd is offered a mixture of trace mineralized salt and dicalcium phosphate to obtain a 6% phosphorus level.  This is offered to herd up to breeding.  At breeding, the herd is split into two smaller herds.  One herd continues to receive the phosphorus mineral supplement and the other group receives only trace mineralized salt.  Forage samples from the pasture, crop residues, and harvested forage will analyzed and reported against the respective animals requirements.  Cows are weighed and body condition scored at breeding and weaning and calves are weighed at same time points.  Breeding success and calving interval are also being monitored.
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