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1. Research in progress.

Evaluation of mono and binary mixtures of red clover, white clover, kura clover, perennial ryegrass, festulolium, tall fescue and orchardgrass under rotational grazing Nasser Al-Ghumaiz,  R. H. Leep, D.H. Min.  

Our objective is to determine the adaptability of four grass species and three clover species in several distinct Michigan climates.  Stand persistence, yield, and palatability were evaluated at the following locations: W. K. Kellogg Biological Station in Hickory Corners, the Lake City Experiment Station in Lake City, and the Upper Peninsula Experiment Station in Chatham.  Multiple cultivars of orchardgrass (Dactylis glomerata L.), perennial ryegrass (Lolium perenne L.), tall fescue (Festuca arundinacea Schreb.), and festulolium (X Festulolium loliaceum Huds.), red clover (Trifolium pratense L.), white clover (Trifolium repens L.), and kura clover (Trifolium ambiguum Bieb.) were used.  Grasses and legumes were rated as monocultures and as binary mixtures.  Winter injury was determined visually in late April.  Ground cover was determined visually in May and again in October; at these times visual ratings for percent clover were also taken for the binary mixture treatments.  To determine how the variety performance under grazing pressure, cattle were used for forage harvest.  As cattle were grazing, the plots were visually rated for palatability.  Results from all locations showed perennial ryegrass were the least winter hardy.  Winter injury for all grasses and legumes was the greatest at Lake City, where there is the least snow cover with cold temperatures.    In the first two years of the experiment, festulolium had the greatest total yield and perennial ryegrass had the lowest total yield.  During years 3 to 5, tall fescue resulted in the highest dry matter yield followed by orchardgrass with festuloliums and perennial ryegrasses showing lower yields.  During the summer slump, tall fescue and orchardgrass were the highest yielding respectively.  Perennial ryegrass and orchardgrass were the most palatable while tall fescue was the least palatable in the grass monoculture.  In the coculture, the orchardgrass mixtures were slightly more palatable than perennial ryegrass mixtures.  This could be because orchardgrass had the greatest percentage of clover of all the cocultures, while perennial ryegrass had the least.  The legumes all had equal palatability ratings.  Red clover was the most winter hardy and highest yielding of the legumes, while kura clover was the least winter hardy (showing signs of frost heaving) and the lowest yielding. After three years, most of the red clover had died.  White clover provided the greatest amount of ground cover.  Both white clover and kura clover have resulted in good stands after 5 years.
Evaluation of (Yellow flowered alfalfa) Medicago sativa ssp. falcata for Sustainable Hay and Grazing Systems in Michigan

Objectives:  1) To evaluate growth habits of Medicago falcata under Michigan environmental conditions.   2) To compare yield and quality of Medicago falcata with Medicago sativa varieties under hay and grazing management.
Progress:  Soil tests were obtained from trial areas prior to establishment in the fall of 2004 and all tested soil parameters were at optimal levels. Despite dry conditions, three trials were established May 27, 2005 including: a variety trial, binary mixture trial, and a binary mixture grazing trial. The variety trial is composed of five falcata cultivars, two sativa cultivars and one birdsfoot trefoil cultivar and is managed for hay production. The binary species trial to be used for grazing evaluations includes falcata, sativa and birdsfoot trefoil with pasture and hay-type grasses (pasture: meadow fescue, timothy, orchardgrass / hay: hybrid brome and timothy). In addition, observational trials were seeded which include each of legumes included in the previous trials. These plots will be allowed to grow until the end of the year so plant height and forage quality sampling can be monitored season-long. These data will be used to model the suitability of falcata for nesting birds and also determine forage quality with increasing maturity. Raptor (imazamox) and Poast Plus (sethoxydim) were applied where needed to control weeds.  High infestation of yellow foxtail (Setaria glauca) in the binary mixture trail reduced the stands of seeded grass. Additional grass was inter-seeded in this trial to increase grass density, however, we will not know if this is successful until spring. Potato leafhopper (PLH) pressure was high in July and August and hopperburn and height differences were evident. Sativa cultivars and those with a lower percentage of falcata in the population had the highest evidence of hopperburn.  The variety trial was harvested for yield in 2005 SD201,  a variety selected from South Dakota resulted in the highest dry matter yield. The SD201 cultivar showed excellent resistance to potato leafhopper and appeared to have a greater leaf:stem ratio than any other alfalfa cultivar. Birdsfoot trefoil appeared to have a similar ratio, but birdsfoot trefoil’s decumbent growth habit makes harvesting it for hay more difficult. Frost tolerance of falcata is also greater than sativa cultivars. 
Fitness of three types of big bluestem and three types of switchgrass in southwest lower Michigan  D. Hudson, R.H. Leep, T. Dietz, D.H. Min
When choosing a forage variety it is essential that the chosen variety be tolerant to the biotic and abiotic stresses of the location where it will be planted, and that it will provide adequate forage quantity and quality.  Big bluestem and switchgrass types vary in their fitness to a given region based on their origin and the selection criteria used in the process of variety development.  In this study we planted three varieties each of switchgrass and big bluestem that were believed to be generally fit to the environment of southwest Lower Michigan. Establishment year data are: seedling counts, visual estimates of foliar herbicide/disease damage, weed counts, weed control estimates, stem counts, and botanical composition.  In year two we will collect data on: foliar disease damage, forage dry matter, forage quality, botanical composition, and stem counts.

Productivity of three pasture grazing systems for yearling steers in southwest-lower Michigan D. Hudson, R.H. Leep, T. Dietz, D.H. Min

Southwest-lower Michigan pastures are typically highly productive until mid-June when pasture productivity drops dramatically until late summer.  In many states, producers have used warm season grasses to fill the mid-summer gap, increasing pasture system productivity and animal weight gain.  No formal grazing trials have been performed to evaluate steer performance on switchgrass or big bluestem pasture systems in Michigan.  This study evaluates steer performance on three pasture systems: 1) a cool season grass/legume system; 2) a system with two-thirds of the pasture area planted to cool season grasses and legumes and one-third of the area planted to switchgrass; 3) a system with two thirds of the pasture area planted to cool season grasses and legumes and one third of the area planted to big bluestem.  

The cool-season grass/legume portions of this study have already been established.  The big bluestem and switchgrass portions of the systems were planted last year and seedling counts were taken.  Grazing began in the spring of 2003.  
We are collecting data on: forage quality, forage dry matter available, forage dry matter intake, average daily steer weight gain, average seasonal steer weight gain, and total animal weight gained per hectare per system. At the end of three years study we can make the following conclusions:
1. Average daily gain (ADG) did not differ among treatments, ranging between 1.34 and 1.38 kg/animal/day between treatments.  The CS-only treatment accumulated more animal unit grazing days per hectare (AUGD ha-1) over the entire grazing season, as well as during three of six specific time intervals.  Both the CS-SG and the CS-BBS treatments had more uniform grazing day (GD) distributions over time than did the CS-only treatment.  The CS-only treatment averaged more GD ha-1  and AUGD ha-1 than either of the other treatments, as well as having a higher average total animal weight gain ha-1 over the course of the grazing season.  
Spring and summer of 2004 were unusually wet, which contributed to extraordinary cool season pasture growth and carrying capacity.  Potential benefits of including SG or BBS in pasture systems are expected to be realized in hotter and drier conditions. There is no difference in average daily gain between steers which graze typical Michigan pastures (cool-season grass and legumes only) and those which spend part of the grazing season on switchgrass (SG) or big bluestem (BBS) pastures and the remainder of the season on typical Michigan pastures.

2. Pastures which do not include SG or BBS accumulate significantly more animal unit grazing days (AUGD) per hectare than pasture systems which include them.

3. Pastures which do not include SG or BBS produce more kilograms of body weight gain per hectare per year than pasture systems which include them.

4. Optimal management of SG and BBS for pasture is likely not compatible with optimal management of SG and BBS pastures for wildlife habitat.

5. Grazing dates recommended by the NRCS for BBS and SG pastures may allow songbirds to nest successfully, but most likely would result in poor forage quality, poor forage utilization, and lower rates of livestock gain than if the pastures were managed for optimal livestock performance.

Forage Brassica Grazing Trial Using Lambs  Doo-Hong Min, Ben Bartlett, and Chris Kapp
The objective of this study was to evaluate the effectiveness of forage turnip and rape for extending the grazing season using lambs in the Central Upper Peninsula of Michigan. Two varieties of forage rape (Barnapoli and Interval) and turnip (Barkant and Pasja), respectively, were seeded on August 4, 2003. Each variety has 4 paddocks and there were 12 and 15 lambs in forage rape and turnip, respectively, due to different herbage yield per acre. Grazing started from October 20 to November 3, 2003 and forage rape and turnip were grazed for 11 and 14 days, respectively. Herbage dry matter yield for top biomass averaged 0.92 tons per acre and ranged from 0.71 to 1.17 tons per acre. Due to severe summer drought this year, herbage yield was low and both forage turnip and rape started to grow late August. Although there was no significant difference in yield between forage turnip and rape, the highest yielding variety was Pasja forage turnip from New Zealand. In general, dry matter yield of top biomass and average daily gain of lambs were not affected by varieties in forage brassicas (turnip and rape) although forage turnip (mean 1.05 DM ton/A) tended to have higher dry matter yield than forage rape (mean 0.80 DM ton/A). Pounds of body weight gain per acre in forage turnip varieties (i.e., carrying capacity), however, were significantly higher than forage turnip varieties when lambs were used for this grazing trial in the Upper Peninsula. This can be attributed to lower herbage yield of forage rape than turnip, resulting in higher carrying capacity (pounds of body weight gain per acre) of turnip than rape in this trial. It’s not certain, however, whether this trend will be the same if soil moisture condition was optimum for plant growth. 

Legume-Grass Mixture Trials in the Upper Peninsula of Michigan. D.H.Min, R.H. Leep, and C. Kapp. 

Forage legume-grass mixture trials were conducted at four locations (Chatham, Delta county, Ontonagon county, and Chippewa county) in the Upper Peninsula of Michigan to determine the best performing co-culture combination. For example, birdsfoot trefoil, red clover, and kura clover were seeded with either perennial ryegrass or festulolium (a cross between meadow fescue and either perennial ryegrass or Italian ryegrass) in both Chippewa and Ontonagon counties (heavy textured soil), respectively. In both Chatham and Delta county (light textured soil), alfalfa, red clover, and kura clover were seeded with either perennial ryegrass or festulolium.  Each location in the UP region showed different yield results and this indicates that it’s important to plant the forage legume-grass mixture that is suitable for specific soil type and climatic condition. In 2002, red clover-perennial ryegrass mixture significantly out-yielded alfalfa-perennial ryegrass, kura clover-festulolium, and kura clover-perennial ryegrass in Chatham. In Delta county, herbage yield of alfalfa-festulolium was significantly lower than the other co-cultures. Unlike Chatham and Delta county, there was no yield difference among legume-grass mixture treatments in both Chippewa and Ontonagon counties. 
Silage Quality of Corn and Forage Soybean using Manure and Compost Doo-Hong Min, Kurt Thelen, Brad Fronning, and Chris Kapp
The objective of this study was to compare the silage quality of two different types of forages, i.e., corn and forage soybean. This was part of a carbon sequestration project in annual cropping systems at the Upper Peninsula Experiment Station in Chatham. There were three different treatments (control; side-dressed nitrogen fertilizer, manure; liquid dairy manure, and compost; beef compost) and silage samples were stored in mini-silos and fermented for about 3 months. Interestingly, total digestible nutrients (TDN) of forage soybean were pretty close to corn silage, which had lower crude protein content and higher fiber contents than forage soybean silage. There was no difference in net-energy for lactation, growth, and maintenance between corn and forage soybean silages. However, corn silage had lower pH resulting in higher lactic acid and lower butyric acid than forage soybean. In this study, silage quality in both corn and forage soybean was not affected by either manure or compost. 
Effects of Annual Forage Crops and Growth Stages on Dry Matter Yield and Silage Quality in the Upper Peninsula of Michigan. D. H. Min*, C. J. Kapp, and R. H. Leep, Crop and Soil Science, Michigan State University, East Lansing, MI, 48824, USA

Since growing perennial forage crops is sometimes challenging due to unfavorable weather conditions, poor soil types, and short handed labors in some areas of the Upper Peninsula region, it is important to plant annual forage crops as supplemental or emergency crops. In particular, annual forage crops can play an important niche role in a forage system by providing forages in the form of silage, grazing, or green-chop. By assessing the suitable annual forage crops in different regions of the Upper Peninsula of Michigan, livestock producers will be able to save their feed cost and make the farming system more sustainable and profitable. No extension or demonstration work has been done to evaluate the annual forage crops such as  forage oats, peas, spring triticale, and/or combinations of a couple of crops as a silage crop for livestock in the Upper Peninsula of Michigan. 

Objectives:

 1) To assess the effectiveness of annual forage crops as a silage crop to be grown in the Upper Peninsula climatic and soil conditions.

  2) To determine the optimum stage of maturity for annual forage crops to have high yield and forage quality.

Treatments 

Spring Triticale (ST) : 120 lb/acre

·  Forage Oats (FO) : 100 lb/acre

·  Peas + Spring Triticale (PT) : 150 lb/acre

·  Peas + Forage Oats (PO) : 150 lb/acre

Harvest Maturity

    Boot, Head, Milk, and Dough

Measurements:

·  Forage Dry Matter Yield

·  Silage Quality : crude protein, acid detergent fiber, neutral detergent fiber, in vitro dry      matter digestibility, lactic acid, and acetic acid

Results and Discussion

 On average over the cuttings, forage oats had significantly higher yield than peas + oats and peas + triticale. As the stage of maturity proceeded, the forage yield increased over the annual forage species. In both boot and heading stages, forage oats and peas + oats had significantly higher forage yield than peas + triticale and spring triticale.  At the milk stage, spring triticale had significantly higher forage yield than other species. In contrast to other stages, there was no yield difference in dough stage across the species. 

Crude protein and in vitro dry matter digestibility decreased as the stage of maturity proceeded while acid detergent fiber and neutral detergent fiber increased with increasing maturity from boot to milk stage. Lactic acid content decreased as the stage of maturity proceeded within spring triticale and peas + triticale. In boot stage, forage oats had significantly lower lactic acid content than spring tricale while peas + forage oats had significantly higher than spring triticale. In head stage, forage oats had significantly lower lactic acid content than other forage crops while peas+ forage oats had significantly higher acetic acid than other treatments. Peas + forage oats and peas + spring triticale had significantly higher acetic acid than spring triticale and forage oats. Treatments having peas (PO and PT) had significantly higher ammonia-nitrogen than other treatments without peas (ST and FO) at all stages of maturity except the boot stage (data not shown).   In summary, when forage yield and silage quality of annual forage crops are considered at the same time, forage crops with peas can affect harvesting stage. Harvesting forage oats and spring triticale without peas at the boot and head stages is optimum. With peas, harvesting can be delayed up to milk stage to have optimum yield and silage quality.

GLYPHOSATE RESISTANT ALFALFA ESTABLISHMENT SYSTEMS. S. Ann McCordick, James J. Kells and Richard H. Leep, Graduate Student, Professor, and Professor, Department of Crop and Soil Sciences, Michigan State University, East Lansing, MI 48824.

Glyphosate resistant alfalfa offers new weed control options for alfalfa establishment.  Field studies were conducted in 2004 and 2005 in East Lansing, MI to determine the effect of establishment method and weed control method on forage production, forage quality and alfalfa stand establishment.  Seeding methods included clear seeding and companion seeding with oats.  Herbicide treatments included glyphosate, imazamox or imazamox + clethodim, and no herbicide.  Glyphosate injury was minimal, short-lived and no longer evident at the first harvest in 2004.  No glyphosate injury was observed in 2005.  Weed control with glyphosate was more consistent than imazamox or imazamox + clethodim.  In 2004, total seasonal forage yield was the highest where no herbicide was applied in the oat companion crop and was reduced where a herbicide was applied in both establishment systems.  In 2005, seeding method or weed control method did not affect total seasonal forage production.  Glyphosate resistant alfalfa established by clear seeding methods yielded the highest alfalfa dry matter in both years.  Imazamox injury at the first harvest reduced alfalfa yield in the clear seeded system in both years. When no herbicide was applied, alfalfa yield was higher in the clear seeded system.  The oat companion crop suppressed alfalfa yield significantly in both years.  Alfalfa established with an oat companion crop had a lower weed biomass than the clear seeded system where no herbicide was applied in both years.  In 2004, forage quality in the first harvest was reduced where an oat companion crop was used.  In 2005, forage quality was lower where a herbicide was not applied in both establishment systems.  At the final harvest of the establishment year, forage quality was similar where a herbicide had been applied.  Alfalfa plant density in the fall of the establishment year was not affected by establishment method or weed control method in either year.  Weed biomass was reduced in the year following establishment where a herbicide was applied in the 2004 establishment year.  However, there were no significant differences in alfalfa yield, forage quality and alfalfa stand density observed in the year after establishment.  
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Boring, Timothy. 2005. Integration of Potato Production, Dairy Forage and Manure Management Systems- Nitrogen Dynamics and Agronomic Implications.  Thesis for the Degree of M.S. Michigan State University
DeYoung, James D. 2006. Dairy Forage Cropping Best management Practices: A Comparison of Yield, Forage Quality, Soil Carbon Sequestration, and Greenhouse Gas Emissions.  Thesis for the Degree of M.S. Michigan State University.
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