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Species selection is a complex process that forage producers and land managers 

face. Accurate tools and educational materials are needed to help make the decision 

process easier. Crop simulation models are one tool that could be utilized to predict yield 

and potential financial return of various species. Two crop simulation models, IFSM and 

ALMANAC, were evaluated and compared using historical variety trial yield data from 

grass and alfalfa sites of the Central Oregon Agricultural Research Center. Results 

indicate that additional research is needed to create a crop simulation model that is 

sufficiently accurate for central Oregon’s growing conditions. 

Extension publications dealing with species selection typically provide 

generalized guidance rather than location-, intended use-, and management-specific 

recommendations. Comprehensive, integrated educational materials are needed for the 

complex process of species selection. Adult learning theories were used to design an 

educational module about species selection for the International Forage and Grasslands 

Curriculum. Following the development of learning objectives, content and assessments 

were created using the learning objectives as a guide. This module will allow forage 



 

producers to learn more about the complex process of species selection and become more 

knowledgeable about which species should be utilized in their operations.  
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Improving the Forage Species Selection Process through Research and Teaching 
Projects. 

 
Chapter 1: Introduction 
 
1.1 Forages: the foundation of sustainable forage-livestock systems.  

1.1.1 Global Forage Resources 

  Grasslands are terrestrial ecosystems with a plant community dominated by 

herbaceous vegetation (FAO, 2015a). They are utilized as a feed source for livestock, 

provide habitat for wildlife, and protect soil and water resources. Grasslands cover 26% 

of the world’s land area and 70% of agricultural lands, contributing to the livelihoods of 

over 800 million people globally (FAO, 2015b).  

1.1.2 United States Forage Resources 

 Forage resources in the United States include intensively managed pastures and 

croplands in the humid temperate regions and extensively managed rangelands in the arid 

and semi-arid areas of the central and western United States (Hannaway et al., 2011). 

There are approximately 249 million hectares (614 million acres) of grassland pasture 

and rangeland in the United States, comprising 27% of the total land area (Nickerson et 

al., 2011 and Figure 1). Additionally, there are 165 million hectares (408 million acres) of 

cropland, some of which is used for pasture, or conserved as hay or silage (Nickerson et 

al., 2011). In 2013, over 23 million hectares (57 million acres) of hay were grown in the 

US resulting in more than 123 million tonnes (135 million tons) with a value of $20 

billion (USDA-NASS, 2015a). Forages are utilized by over 95 million cattle and sheep, 

17 million dairy cows, and nearly 4 million equines (horses, ponies, donkeys, mules, and 

burros) (USDA, 2014b). In 2012, livestock in the US contributed $182 billion in 
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agricultural sales, 45.5% of the $400 billion total (USDA, 2014b). 

 

 

1.1.3 Oregon’s Forage Resources  

  In Oregon, forages from rangelands, hill-lands, improved pastures, and croplands 

provide the foundation for the second largest agricultural enterprise in the state – cattle 

and calves, with a value of over $669 million dollars (USDA-NASS, 2014). In addition, 

hay, silage, and pasture provide at least half of the feed units for dairy cattle which 

produce milk valued at $532 million. Sheep and goats consume 80-100% of their feed in 

the form of forages adding more than $23 million dollars to the total (Figure 2). 

Figure 1: Non-federal grazing lands in the United States in 2007 (USDA-NRCS, 2015a). 
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 Hay production is Oregon’s third highest agricultural commodity with a value of 

over $630 million dollars and silage has a value of over $21 million dollars (Figure 3). 

Figures 3 and 4 show a comparison of hay and silage to other agricultural commodities in 

Oregon. Forage derived from pasturelands is marketed through livestock and does not 

appear in agricultural sales statistics. In 2013, 161,874 hectares (400,000 acres) of alfalfa 

produced over 1.6 million tonnes (1.8 million tons) of hay resulting in a farm-gate value 

of $369 million dollars (USDA-NASS, 2014). In addition, there are currently 3,781,201 

hectares (9,343,553 acres) of permanent pasture and rangeland and 472,300 hectares 

(1,167,078 acres) of woodlands that provide forage and browse, habitat, cover, and 

nutrients for scores of wildlife species and livestock (USDA, 2014a). Conservation 

practices using forage grasses, legumes, and other forbs reduce soil erosion, filter water, 

and improve soil health. Although difficult to account for financially, these ecosystem 

services are highly valued by society. 

Figure 2: Oregon livestock value ($ millions); Total = ~1.5 billion (OAIN, 2013). 
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Figure 4: Oregon agriculture commodity sales for 2012 (OAIN, 2013). 
 

Figure 3: Oregon agricultural sales in 2012 (OAIN, 2013). 
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1.2 Educational and Research Needs for Proper Management 

Significant growth in the number of small acreage land owners has increased the 

need for educational programs for producing and effectively utilizing forages and 

improving land stewardship. Each land-type and land-use presents management 

challenges with respect to balancing short-term economic benefit and long-term 

sustainability. Increasing economic pressures and environmental concerns necessitate a 

comprehensive assessment of Oregon’s sustainable forage production potential and tools 

to assist in managing each region and use, according to its biological capacity.   

Due to its importance in the process of establishing long-lived, highly productive 

forage stands, appropriate species selection should be a focus of research and 

development of educational materials. With the increased use of computers and 

accessibility of software, crop simulation models have become more widely available as 

tools for designing and implementing various management strategies and predicting 

changes in profitability and environmental impact.  

This thesis is divided into two chapters, one focusing on research and the second 

focusing on teaching. Chapter 2 focuses on research and is entitled "Evaluating IFSM and 

ALMANAC crop simulation models for predicting yield of orchardgrass (Dactylis 

glomerata L.) and alfalfa (Medicago sativa L.) in central Oregon." This chapter compares 

two crop simulation models for their ability to accurately predict the yield of these two 

widely grown species. Additionally, land managers, and those who advise them, need to 

have a solid understanding of the principles behind forage species selection. Chapter 3 

focuses on the teaching aspect of the project and is entitled "Creating a Species Selection 

Module for the International Forage and Grasslands Curriculum." This chapter describes 
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the process of creating an educational module that focuses on selecting optimally suitable 

forage species.   

1.3 Overview of Chapter 2 

Crop simulation models are designed to describe crop growth and development 

based on climatic, edaphic, and management inputs. Accurate predictions of harvest 

dates, yield, and quality would make them useful in the species selection process. 

Evaluating two readily available models for their ability to accurately predict forage yield 

with site-specific climate, soil, and management information will help guide decisions 

about including these tools in the species selection process and in predicting landscape-

level productivity.  

1.3.1 Production Potential (Biological Capacity-based Decision Making) 

One of the difficult decisions facing grassland managers is the question of 

livestock numbers and “rational” grazing strategies. Globally, economic well-being is 

often perceived on the basis of livestock numbers whereas sustainable, ecological well-

being depends on managing livestock numbers based on the biological capacity of the 

land. Seldom is the balance achieved, with the vast majority of decisions being made in 

favor of short-term economic returns which invariably damage the grasslands due to 

exceeding their biological capacity for production. 

Two broad regional groupings for Oregon’s potential forage productivity can be 

defined based on climate: (1) the more highly productive, higher rainfall, moderate 

temperature areas and (2) the lower production potential, semi-arid and arid regions that 

support extensive forage-livestock systems. Further subdivisions of production potential 

regions can be developed by including soil-based factors and irrigation. 
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1.3.2 Forage Species Selection 

 Identifying appropriate forage species for specific environments and predicting 

their seasonal production potential are essential components of developing and managing 

sustainable forage-livestock systems. In Oregon, diverse topography, climate, and soils 

complicate forage species selection. Current methods used to match forage species with 

their optimal environment depend on a limited number of experimental field trials and 

experience of farmers and university specialists. New methodology is needed to 

accurately predict species suitability and their yield potential. Emerging technologies 

such as computer-based tools are now available to quantify climate and soil tolerances 

and simulate yield across the landscape. 

1.3.3 Previous Work 

  Selecting the optimum forage species or combination of species for the intended 

use and location requires detailed information on species characteristics and the location's 

climate and soils. Historically, plant species suitability maps were generalized; hand-

drawn and based primarily on average annual minimum temperature. The USDA 

PLANTS database provides maps of species occurrence but does not offer species 

quantitative characteristics information that is needed to select an appropriate species 

(USDA-NRCS, 2015b). In contrast, the PRISM Environmental Model uses detailed and 

accurate climate grids for the US combined with statistical and crop simulation modeling 

to produce suitability maps (Halbleib et al., 2012). Other important US work has included 

university extension publications, the National Resources Conservations Service (NRCS) 

Forage Suitability Groups, and a few internet-accessible species selection tools. 
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1.3.3.1 University Extension Publications 

  Traditionally, forage producers have referred to university extension publications 

as a source of plant species information for their area. Typically, however, these 

publications are not highly detailed or farm-location specific. They most often rate 

species as excellent, good, fair, or poor for either a broad geographic area within the state 

or for the entire state. An example of this is an extension publication by Iowa State 

University (Barnhart, 2011). This publication on selecting forage species lists factors that 

influence species selection, such as drought tolerance, intensity, harvest or grazing, and 

soil pH level, and provides a rating for each factor for common forages species grown in 

the state. Thus, they do not provide specific recommendations, only information about 

the species and sometimes yield trial data from experiment station locations. 

1.3.3.2 NRCS Forage Suitability Groups 

  The NRCS has been working for decades on developing pasture and forage 

suitability groups.  Early work focused on pasture groups, while current work is based on 

ecological sites for rangelands and forage suitability group descriptions for pasturelands 

(USDA-NRCS, 2003). Forage suitability group descriptions provide information to assist 

with conservation planning on livestock operations that grow forage crops using soil and 

plant science as a basis (USDA-NRCS, 2008). To date, detailed reports are available for 

areas within North Dakota, South Dakota, Nebraska, Texas, and Hawaii (USDA-NRCS, 

2010). Information is provided as an interpretive report which includes a list of adapted 

species, physiographic features, climate and soil features, yearly forage production 

estimates based on management practices, graphs of production during the growing 

season, and management implications. However, this work has not been completed for all 
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of the US; and forage suitability groups have not been mapped. The earliest anticipated 

completion of units that can be mapped by NRCS is 2017 or 2018 (K. Ogles, personal 

communication, 2015). 

1.3.3.3 Forage Species Selection Tools 

 The Cornell Forages Species Selector (http://forages.org/index.php/tools2/36-

forage-species-selector-cat) and the Penn State Forages Selection Tool 

(http://www.forages.psu.edu/selectiontool/state/42.html) are web-based forage species 

selection tools. Each has been developed for use in their respective geographical areas 

(New York and Pennsylvania).  

 Cornell’s ‘Forages Species Selector’ is made up of several programs which access 

numerous databases to provide forage species suggestions for New York State, taking 

into consideration both the available soil type and the intended forage use (Cornell 

University, 2015). Soil type can be selected from a list, or the program can estimate soil 

type based on zip code, county, and basic soil characteristics. Species recommendations 

are provided with estimates for annual yield. For pasture use, estimates are provided for 

monthly production as well as annual totals.  

 The Penn State ‘Forages Selection Tool’ allows Pennsylvania farmers to select 

their county and city/borough/township through a graphical user interface that combines 

political and aerial maps to identify a specific field and soil type, specific management 

(pasture, hay/silage, conservation), intended use (livestock type), drainage (artificial or 

natural), and pH (Penn State, 2015). The tool then provides a list of recommended, 

acceptable, and un-tested species, with estimated annual yields for tested species.  
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 Limitations of these two applications include lack of transparent selection 

rationale, no access to the database of species characteristics, and focus on a specific 

geographical region that is non-extensible to other areas. Thus, although there are 

currently available general extension publications on forage species selection and a few 

internet-based tools for selecting species, these publications and web-based tools have 

several limitations; they: (1) do not lend themselves to more general global application, 

(2) are not easily extended to other species or characteristics or regions, (3) do not 

provide transparent rationale for recommendations, (4) do not map recommended species 

with easy visualization of a wider area, and (5) do not provide yield estimates that are 

based on validated crop simulation models, which would provide seasonal profiles and 

annual totals.  Thus, an improved approach is needed for optimal forage species selection. 

1.3.4 Project Overview 

 It is hypothesized that if quantitative tolerances of forage species and livestock 

consumption are accurately defined, and sufficiently detailed gridded spatial layers of the 

important climate and soil factors are created or obtained, then species suitability and 

seasonal potential productivity and grazing capacity can be modeled and mapped 

accurately.  

 To test this hypothesis, two forage-producing locations in central Oregon were 

selected to evaluate our ability to predict annual yield of two key forage species, alfalfa 

and orchardgrass. The following research questions were developed to guide the model 

evaluation work:  

1. What are the required model inputs for climate, soil, and management information 

and are these data available for the important forage-growing regions of Oregon? 
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2. What are the plant parameter model inputs and can they be adequately estimated? 

3.  How well do model predictions compare with observed yield data? 

4. Would this location-specific evaluation be extensible to a statewide, landscape-

level approach? 

  The main objective of this study was to develop a methodology that can be used 

to estimate Oregon’s forage production potential and seasonal yield profile and livestock 

carrying capacity.  This required: (i) modeling and mapping the suitability of key forage 

species grown in Oregon, based on quantitative estimates of climate, soil, and 

management factors; (ii) predicting the potential total and seasonal production profile of 

these forages through calibrating forage crop simulation models from existing data and 

validating estimates from on-going experiments; and (iii) developing methods for 

calculating the livestock carrying capacity based on nutritional requirements to assess 

current and future forage-livestock system scenarios. 

 Anticipated outcomes of using these technologies, historical data, and expert 

knowledge are: (1) detailed and accurate forage suitability zones for Oregon’s key 

forages species, (2) accurate estimates of forage species seasonal and annual yield, and 

(3) assessment of Oregon’s ability to meet livestock nutritional needs. This 

fundamentally improved process of species selection will lead to more frequent 

establishment success, improved plant persistence, higher yields and forage quality, and 

decreased feeding costs for Oregon’s farmers and ranchers.  Extending these benefits to 

include other species and geographic regions of the world will be possible with accurate 

quantitative information on species and spatial data layers. 
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1.3.5 Literature Review 
 
1.3.5.1 Orchardgrass 

 Dactylis glomerata L., commonly known as orchardgrass or cocksfoot, is a 

perennial cool-season grass. It belongs to the Poaceae family and the Poeae tribe. 

Orchardgrass is used primarily as forage for livestock, either as pasture or hay, but is also 

used for erosion control and wildlife habitat (Bush et al., 2012). Outside the US, 

orchardgrass is typically referred to as cocksfoot due to the shape of its panicle 

inflorescence. It is called orchardgrass in the US because it was found to grow well under 

trees in orchards (Miller, 1984). 

History: According to Moore (2003), orchardgrass originated in Eurasia and is 

considered native to western and central Europe (Miller, 1984). It is suspected that 

orchardgrass was introduced in the US prior to 1760 by colonists that settled along the 

Atlantic coast. Thus, it has been growing in the US for over 200 years. It was grown 

initially on the Atlantic coast prior to gaining more widespread national acceptance in 

1940 (Miller, 1984).  

Importance: Orchardgrass is found throughout the world but has a particularly 

significant economic importance in Oregon due to the concentration of seed production 

(Van Santen and Sleper, 1996). In Oregon, orchardgrass hay, silage, and haylage are 

commonly produced. However, the USDA does not report statistics for specific types of 

grass hay, only reporting categories such as “Alfalfa,” “Timothy, Clover, Grasses,” and 

“Wild” (USDA-NASS, 2015c). This makes it difficult to estimate the value of 

orchardgrass as a conserved forage. However, in 2013 over 36 million hectares (89 

million acres) of hay and haylage were produced in the US with a production value of 
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nearly $23 billion (USDA-NASS, 2015d). Orchardgrass is also widely grown in pastures 

and used for grazing, but no statistics are available for the area planted or production 

value. 

Area of Adaptation: Orchardgrass can be grown on all continents and in every state of 

the US (Van Santen and Sleper, 1996; Bush et al., 2012). Figure 5 shows the areas where 

orchardgrass has been found growing in the US and Canada. Figure 6 shows where 

orchardgrass has been found in Oregon.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. USDA PLANTS Database map of Dactylis 

glomerata L. in the US (USDA-NRCS, 2015d). 
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Orchardgrass can be grown with or without irrigation, but it grows best when it 

receives at least 635 mm (25 in) of annual precipitation (Hannaway et al., 1999). 

However, it has been reported that it can grow with as little as 280 mm (11 in) of 

precipitation (Bush et al., 2012). It is best suited for moderately well-drained to 

excessively drained soils because it does not perform well in flooded soils (Hannaway et 

al., 2004; USDA-NRCS, 2003). It grows well on shallow to deep soils that range from 

clay to gravely loam with a pH of 5.8 to 7.0 (Bush et al., 2012; USDA-NRCS, 2003). 

 Because of its climatic tolerances and growth characteristics, orchardgrass is 

favored by some for forage over other grass species. For example, it is more tolerant of 

heat and drought than other grass forages species such as perennial ryegrass, timothy, and 

Kentucky bluegrass due to its extensive root system (Hannaway et al., 2004). It is also 

more shade tolerant than most forage grasses (Moore, 2003). Orchardgrass grows best 

Figure 6. USDA PLANTS Database map of Dactylis glomerata L. in Oregon  
(USDA-NRCS, 2015d). 
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when daytime temperatures are around 23°C (73°F) and nighttime temperatures are 

around 12°C (54°F) (Miller, 1984). It is more winter hardy than perennial ryegrass (Van 

Santen and Sleper, 1996), but less so than tall fescue (Hannaway et al., 1999).  

Uses: Typically, orchardgrass is planted as part of a mixed grass-legume pasture or 

grown alone for hay, haylage, or silage. It grows well with forage legumes such as alfalfa 

(Medicago sativa L.), birdsfoot trefoil (Lotus corniculatus L.), and white clover 

(Trifolium repens L.) and with cool season grasses, including ryegrasses (Lolium species) 

and tall fescue (Schedonorus arundinacus (Schreb.) Dumort.) (Hannaway et al., 1999). 

Hay yields of 13.5-15.7 tons hectare-1 (6-7 tons acre-1) of dry matter are possible with 

proper fertility and defoliation management and adequate soil moisture from precipitation 

or supplied as irrigation or sub-irrigated deep soils. At higher elevations, reduced 

temperatures and short growing seasons, limit yields to an average of 11.2 tons hectare-1  

(5 tons acre-1) (Hannaway et al., 2004). In addition to forage, cultivars with dwarf growth 

habits are often used as a cover crop in orchards. It has also been used to reduce soil 

erosion due to its extensive root system and for wildlife forage and habitat (Bush et al., 

2012). 

1.3.5.2 Alfalfa 

 Medicago sativa L., commonly known as alfalfa or lucerne, is a forage crop with 

vast importance in the United States and most of the world. It belongs to the legume 

(Fabaceae) family. Alfalfa is an important feed used for livestock because of its high 

nutrient content, widely used as a forage crop because of its high yields, rapid recovery 

after defoliation, ability to withstand climatic stressors, and benefits it provides to the 

environment (Hanson, 1988).  
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History: Alfalfa was the first forage crop to be domesticated around 5000 B.C, (Muller et 

al., 2003; Bolton et al., 1972). According to Barnes et al. (1988), alfalfa was brought to 

the eastern US in 1736 but was not successfully grown, mainly because of the soil 

characteristics (low pH and poor drainage). However, during the 1850s alfalfa was 

introduced to the western United States where it was able to be successfully grown since 

it was more adapted to the dry climate, higher pH, and irrigated, well-drained soils. With 

improved cultivars developed by plant breeders, more areas of the United States were 

able to successfully produce alfalfa. By 1854, approximately 809,371 hectares (2 million 

acres) were grown and by 1954, production area had grown to over 12 million hectares 

(30 million acres). Between 1954 and 1988, alfalfa acreage remained between 10.5 and 

11 million hectares (26 and 27 million acres). Most recent estimates indicate 7,152,009 

hectares (17,673,000 acres) of alfalfa were grown in the US in 2013, resulting in 

57,217,000 tons of hay, valued at over $10.8 billion (USDA-NASS, 2015b).  

Importance: Alfalfa is often referred to as the “Queen of Forages” because of its 

remarkable importance and agronomic traits (Barnes et al., 1988). It is the most important 

forage crop in the world due to its high rate of biological nitrogen fixation and its high 

protein, vitamin, mineral, and digestible energy content for livestock. It is also used as a 

honey crop and for soil improvement due to its deep roots and nitrogen fixing ability 

(Hannaway and Larson, 2004). Additionally, leaf meal from alfalfa is often utilized to 

enrich baby food and other special diet foods (USDA-NRCS, 2002). 

Area of Adaptation: Alfalfa is found throughout the US (USDA-NRCS, 2002). Figure 7 

shows that alfalfa is grown throughout the US and Canada. Figure 8 shows where alfalfa 

has been found in Oregon.  
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Figure 7. USDA PLANTS Database map of Medicago 
sativa L. in the US (USDA-NRCS, 2015c). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Alfalfa is widely adapted to various climates due to the development of cultivars in 11 

fall dormancy and 6 winter survival index classes (Barnes, et al., 1988; National Alfalfa 

and Forage Alliance, 2015). In general, growth will initiate at temperatures between 8 

and10°C (46-50°F) and stop around 35°C (95°F) with the optimal day/night temperature 

being 27/21°C (80/70°F) (Hannaway and Larson, 2004). Its tolerance of soil conditions is 

more narrow, requiring near neutral soil pH (>6.1, optimum of 6.8, <8.5), at least 

moderately well-drained soil conditions, and minimally saline soils [1.5–3 dS/m 

(millimhos/cm)] (USDA-NRCS, 2003). Alfalfa may grow in locations with a soil pH 

below 6.0 however, growth and persistence are poor. James (1989) found that when 

alfalfa was grown in central Oregon on soils with a pH below 6.5, yield and crude protein 
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Figure 8: USDA PLANTS Database map of Medicago 
sativa L. in Oregon (USDA-NRCS, 2015c). 

 
 

decreased. Nodulation also decreased, by nearly three-fold, when pH was less than 6.0 

compared to higher pH soils. 

 

 

 

 

  

  

 

 

 
 
 
 
 
 
 
1.3.5.3 ALMANAC Model 
 

The Agricultural Land Management Alternative with Numerical Assessment 

Criteria (ALMANAC) model is a process-oriented crop simulation model developed by 

the Agricultural Research Service (ARS) of the USDA. This model simulates crop 

growth, competition, light interception by leaves, biomass accumulation, partitioning of 

biomass into grain, water use, nutrient uptake, and growth constraints such as water, 

temperature, and nutrient stress (USDA-ARS, 2014a). Field data were used to determine 

plant parameters for improving simulations. Functions for water balance, nutrient 
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cycling, and plant growth are the same as those in the EPIC model developed by 

Williams et al. in 1984 (Kiniry et al., 1992; Williams et al., 1984). 

Inputs: Inputs needed for this model are soil information and weather data as well as 

tillage operations, such as planting and harvest dates, and crop parameters. Soil inputs 

can be uploaded from the NRCS soil data website (USDA-NRCS, 2015e). Weather 

information can be uploaded through the model or manually added using various weather 

services, such as the National Oceanic and Atmospheric Administration (NOAA; 

http://www.noaa.gov/) or AgriMet (http://www.usbr.gov/pn/agrimet/). Required inputs 

include daily maximum and minimum temperature, rainfall, and solar radiation. Inputs 

for tillage operations include drainage improvements, irrigation, fertilization, furrow 

diking, and liming. Simulations can be performed on single or multiple years of weather 

data. 

Uses: The ALMANAC model has been applied to many crop prediction and natural 

resource problems including biomass yield prediction, species suitability based on 

location, optimal harvest time, management effects on competing species, and the 

landscape (USDA - ARS, 2014a). ALMANAC also simulates seasonal distribution and 

annual variations of yield, nutrient and water cycling, and management impacts on plants 

(USDA-ARS, 2014a).  

Kiniry et al. (1996) used ALMANAC to predict forage yields over a range of soil 

and climate conditions for switchgrass (Panicum virgatum L.). Yields of Alamo 

switchgrass from six different sites in Texas were compared to simulated yields.  

ALMANAC over-predicted by 0.36 tons ha-1 (0.16 tons acre-1) in 1993 and 0.72 tons ha-1 

(0.32 tons acre-1) in 1994. One-cut systems were over-predicted by 0.09 tons ha-1 (0.04 
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tons acre-1) whereas two-cut systems were over-predicted by 1.28 tons ha -1 (0.57 tons 

acre-1). These researchers concluded that ALMANAC shows promise as a management 

and prediction tool for Alamo switchgrass.  

Subsequently, ALMANAC was used to simulate annual biomass production of 

various grass communities on diverse range sites in Texas. Kiniry et al. (2002) compared 

annual grass yield predictions to the USDA NRCS published values for each of the 

rangeland ecological sites. These published values are divided into "normal," "favorable," 

and "unfavorable" annual production based on yield. Comparisons of predicted vs. 

observed values were made for 50 simulation years. The "favorable" annual production 

values were compared to the mean of the 10 years with the highest yields and 

"unfavorable" annual production values were compared to the mean of the 10 years with 

the lowest yields. The yields of the simulated data were based on one harvest at the end 

of the growing season. These researchers found that for "average" years, simulations 

were very similar to published data. For the highest yielding sites, the difference between 

simulated and actual data was 0.1 tons ha-1 (0.045 tons acre-1) per year. The lower 

yielding sites, fewer than 2 tons ha-1 (0.89 tons acre-1), also differed from the expected 

mean by 0.1 tons ha-1 (0.045 tons acre-1). The remaining sites had a difference of 0.05 

tons ha-1 (0.022 tons acre-1) when compared to the simulation. Researchers concluded that 

the ALMANAC model has the potential to be a valuable tool for use in range 

management to compare productivity of different grass species in diverse sites. 

A third study was conducted by Kiniry et al. (2005) to evaluate the ALMANAC 

model at five sites in the southern United States. Multi-year field data for Alamo 

switchgrass was compared to simulations from the ALMANAC model. Researchers used 
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three years of data from two sites in Texas, one in Arkansas, one in Louisiana, and seven 

years of data from an additional site in Texas. Mean measured yield (tons ha-1) for all the 

locations was 15.5 ± 3.45 (SD) (6.9 tons acre-1 ± 1.54) and the mean simulated yield (tons 

ha-1) was 15.2 ± 3.57 (6.8 tons acre-1 ± 1.59). Mean simulated yields varied by less than 

2% when compared to the mean measured yields. While this model predicted long-term 

data well, it was not as accurate for predicting year-to-year yield variability. 

Johnson et al. (2011) evaluated ALMANAC's accuracy by comparing it to NRCS 

Ecological Site Description data for sites in Nevada, Utah, and California. Two sites, 

with similar plant communities, but different climate and soils, were compared. Predicted 

yields agreed with yields measured by NRCS.  ALMANAC's ability to model a 

community of species was also evaluated. Four sites in the Great Basin region of 

California were used, each with different plant communities but similar soils. Simulated 

yields were within the average yields measured by the NRCS. Authors concluded that 

ALMANAC was capable of accurately simulating forage production at sites with 

different climate, soil, and plant communities. 

ALMANAC has also been used in evaluating the effects of climate change, soil 

erosion potential, risk assessment, input management decisions, species competition, and 

conservation practices (USDA-ARS, 2014a). A group of researchers in China used 

ALMANAC to study how climate change affects wheat production in the North China 

region (Rong et al., 2013). ALMANAC simulations were compared with 30 years of 

historical winter wheat yield data. Results varied depending on the year and zone. In 

general, simulated average yields were higher than actual yields for the three zones 

analyzed. However, from 1989 to 2000, measured yields were higher, by approximately 1 
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ton ha-1 (0.45 tons acre-1), than simulated yields in the Northern zone. Researchers 

concluded that an increase in temperature will have a positive affect on yield while a 

decrease in sunshine will have a negative affect. It was also concluded that yield 

differences between the zones may be due to the level of economic development in those 

areas. 

1.3.5.4 IFSM 

The Integrated Farm System Model (IFSM) is a process level simulation 

developed in the 1980’s by USDA ARS scientists to model dairy farms (Rotz et al., 

1989). It was further developed to be capable of simulations for beef animals and crop 

farms (USDA-ARS, 2014b). Now, major environmental impacts, production costs, and 

farm profitability can be simulated. This model is reported to be a useful tool for 

integrating the complex processes that affect livestock production and comparing 

differences that occur due to management changes (Rotz, 2015).  

Inputs: All farm components, including crop production, feed use, and nutrient cycling, 

are simulated on a process level to allow for the integration of the components so major 

interactions, both biological and physical, can be represented (Rotz, 2015). These 

components are simulated on a daily time step using multiple years of weather data. 

Prediction of the growth and development of crops, such as alfalfa, grass, and corn, also 

consider soil water, nitrogen availability, ambient temperature, and solar radiation 

(USDA-ARS, 2014b). Three parameter files (farm, machinery, and weather) are required 

for simulations. The farm file contains data on crop production and management, animal 

and herd characteristics, and prices of farm inputs and outputs. The machinery file 
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contains data for all machinery used on the farm. The weather file contains long term 

historical weather data for a specified location.  

Output: Four files are available for output; summary, report, optional, and parameter 

tables (Rotz, 2015). Summary tables provide average performance, environmental 

impact, costs, and returns for the years simulated. Extensive output information, 

including information shown in summary tables, is provided in report tables. Optional 

tables provide a more in-depth analysis of how the components are functioning. 

Parameter tables provide a summary of the input parameters for a given simulation. 

Uses: The IFSM is typically used to simulate livestock and crop production systems for 

factors such as profitability, greenhouse gas emissions, and yield prediction. Recently, 

the IFSM has been used by researchers to simulate grass production, different feed 

strategies to increase profitability on dairy farms, strategies to minimize greenhouse gas 

emissions on dairy farms, and the environmental impacts of beef production (Corson et 

al., 2007a; Corson et al., 2007b; Rotz et al., 2014; Dutreuil et al., 2014; Hoshide et al., 

2011).   

Corson et al. (2007a) simulated biomass production and nutritive value [crude 

protein (CP), neutral detergent fiber (NDF), and in vitro true digestibility (IVTD)] of 

grazed switchgrass using four years of field data. Three simulations were conducted for 

each year to demonstrate the effect of uncertainty of the model predictions in initial and 

post-grazing biomass. Of 13 predicted seasonal yields, seven were within ±33% of 

observed yield mean values. The first three years were under-predicted by 23%, 32%, and 

38%, respectively, while the final year was over-predicted by 51%. Three of the nine 

simulated CP values were within ±25% of observed value means. Neutral detergent fiber 

 



24 
  
and IVTD were within ±12% and ±16% of the mean of observed values. Results also 

showed that as biomass increased, the optimum nitrogen concentration decreased and that 

over-predictions of CP were likely caused by under-predictions of yield. Two possible 

explanations for differences in yield and CP include weather variability and the model 

being unable to accurately simulate particular growth mechanisms. Additionally, the 

IFSM does not have the ability to account for yield loss due to lodging or leaf disease, 

which were observed for two of the experimental years. Researchers concluded that the 

IFSM had difficulty accurately predicting seasonal distribution of yield, CP, and total 

annual yield, but was able to predict NDF and IVTD more accurately. 

The IFSM was also used to simulate yield of a temperate, multiple-species 

pasture. Corson et al. (2007b) evaluated a pasture consisting of orchardgrass (Dactylis 

glomerata L.), white clover (Trifolium repens L.), and chicory (Cichorium intybus L.) in 

Pennsylvania during 2002 and 2003. Net herbage accumulation (NHA), CP, NDF, and 

botanical composition were simulated and compared to observed values. Total annual 

NHA was predicted within 5%. However, the NHA of each growth period was predicted 

less accurately, with only half of the predictions within ±20% of observed values. Crude 

protein and NDF were more accurately predicted, with all three of the CP predictions 

within ±15% of observed values and 2 of the three NDF predictions were within ±9%.  

Under-predictions of growth occasionally led to over-estimates of CP and under-

estimates of NDF. This may be because CP and NDF are not independent of predicted 

biomass due to the relationship with maturity. In general, observed botanical composition 

agreed with predictions. Overall, predictions of total annual NHA, within-season 
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botanical composition, and most of the predictions for within-season nutritive value, were 

within ±15% of the observed values. 

 In addition to simulating plant growth, the IFSM has been used to simulate dairy 

and beef production systems and evaluate environmental components. Rotz et al. (2014) 

estimated the environmental footprint of beef production systems at the US Meat Animal 

Research Center (MARC) in Clay Center, NE. Feed production and use, energy use, and 

production costs for 2011 were compared with predicted values. Long-term carbon, 

energy, water, and reactive nitrogen footprints from current practices were simulated over 

twenty-five years. All aspects of production that were simulated were compared to 

MARC records. The IFSM accurately simulated the production system used at the 

MARC. Estimates of crop yield, energy use, and production costs were all within 1% of 

actual values. Additionally, the IFSM simulated data, including carbon, energy, and water 

footprints, for different production systems, provided an estimate of the overall 

environmental footprint for beef produced at the MARC.  

 Dutreuil et al. (2014) used the IFSM to assess different feeding and manure 

management strategies on greenhouse gas emissions and profitability of three production 

systems. All farm components were simulated on a daily time step for a 25 year period. A 

single soil type, medium clay loam, was used for all simulations. Twenty seven 

conventional farms, 30 grazing farms, and 69 organic farms were surveyed and results 

were scaled to the average land area. Three individual scenarios (A, B, C) and two 

combinations (AC, BC) were used for the conventional farm and three individual 

scenarios (D/G, E/H, F/I) with two combinations (DF/GI, EF, HI) were used for both the 

grazing farm and organic farm. Both profitability and greenhouse gas emissions were 
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evaluated for all scenarios and farm types. Results indicated that conventional farms 

could decrease greenhouse gas emissions and increase profit, if lactating cows were 

allowed to graze.  The combination of grazing lactating cows, plus changing manure 

management, increased profit while decreasing greenhouse gas emissions. For grazing 

farms, the baseline scenario was the best balance of increasing profit and decreasing 

greenhouse gas emissions. Organic farms could decrease greenhouse gas emissions while 

maintaining profitability by increasing the amount of concentrates fed, provided that 

resulting milk yield also increased by 10%. Overall, increasing milk production would 

decrease greenhouse gas emission per kilogram of milk produced. Thus, it is possible to 

decrease total greenhouse gas emissions while maintaining or increasing profitability. 

Using the IFSM, researchers were able to determine which feeding and manure 

management strategies were most profitable while reducing greenhouse gas emissions. 

 Hoshide et al. (2011) evaluated dairy farm profitability with IFSM using different 

feeding strategies. Organic dairies with 30, 120, and 220 milk cows were fed three 

different diets labeled "low," "medium," and "high" based on the intensity of equipment 

required to feed those diets. The "low" diet was grass-based with concentrated feed 

purchased; the "medium" diet was corn silage and grass-based forage with concentrated 

feed purchased; and the "high" diet was corn and small grain silage plus grass-based 

forage and included both purchased and farm-grown concentrated feed. Prior to running 

the full simulation, researchers verified that simulated mean yield for corn silage and 

winter wheat were similar to the mean of yields observed on research plots at adjacent 

farms.  These researchers concluded that smaller, organic dairies would be more 
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profitable feeding a "low" diet while the largest dairy farms would be more profitable 

feeding one of the corn-based diets. 

1.4 Overview of Chapter 3 
 

A forage species selection module is being created as one module within the 

International Forage and Grasslands Curriculum. Principles of problem-based learning 

were used to design the module and Bloom's Taxonomy was used to guide the creation of 

the learning objectives and appropriate assessments (Barrows and Tambyln, 1980a; 

Bloom et al., 1956). The learning objectives were then used to guide content 

development. In addition, because this curriculum is being designed for an adult 

audience,  principles of andragogy and adult learning theories were also utilized. 

1.4.1 Learning Theories 

Andragogy is defined as "the art and science of helping adults learn" (Knowles, 

1980). Using this definition, Malcolm Knowles developed an andragogical model which 

includes six assumptions about adults learners based on how they differ from learners in 

the pedagogical stage. These assumptions include: (1) the learner needs to know why 

they are learning something; (2) as a person matures, self-concept moves from a 

dependent personality to a more self-directed personality; (3) experience, both amount 

and kind, accumulates as a person ages and this becomes a rich resource for learning; (4) 

readiness to learn is brought forth by necessity; (5) learner has a problem-centered 

learning orientation rather than subject-centered; and (6) motivation is internal rather than 

external (Knowles et al., 2012). The conclusion is that learning differences between 

children and adults need to be addressed when designing educational materials for adults. 
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1.4.1.1 Problem-based learning 

 Problem-based learning is ideal for individualized learning (Barrows and 

Tambyln, 1980a). This method presents students with a problem first and then allows 

them to learn the information needed to solve the problem in their own way. Barrows and 

Tambyln (1980a) summarized the process of problem-based learning as follows: 

"1. The problem is encountered first in the learning sequence, before any 
preparation or study has occurred. 
2. The problem situation is presented to the student in the same way it 
would present in reality. 
3. The student works with the problem in a manner that permits his ability 
to reason and apply knowledge to be challenged and evaluated, 
appropriate to his level of learning. 
4. Needed areas of learning are identified in the process of work with the 
problem and used as a guide to individualized study. 
5. The skills and knowledge acquired by this study are applied back to the 
problem, to evaluate the effectiveness of learning and to reinforce 
learning. 
6. The learning that has occurred in working with the problem and in 
individualized study is summarized and integrated into the student's 
existing knowledge and skills."  
 
Problem-based learning is beneficial because it allows the student to learn what 

they need and not spend time on studying what they already know. This is especially 

important for adult audiences, since they likely have previous knowledge of the subject. 

Additionally, it is beneficial if a student takes on the problem first because the 

information learned is likely more memorable, will seem more relevant, and will better 

meet the learner’s personal needs (Barrows and Tambyln, 1980b).   

1.4.1.2 Bloom's Taxonomy 

 Bloom et al. (1956) developed a taxonomy for classifying educational objectives 

based on cognitive processes. This taxonomy consists of the following levels: knowledge, 

comprehension, application, analysis, synthesis, and evaluation. These are organized to 
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start with more concrete ideas that are easily recalled to more abstract ideas that require a 

higher level of evaluation (Nilson, 2010). Bloom's Taxonomy is a useful tool to guide the 

development of learning outcomes because it allows for specific outcomes to be created 

at different cognitive levels. This is beneficial since it will help students move through 

different learning stages. They can start with basic recall of the information learned and 

then proceed to using that information to synthesize and evaluate more abstract problems. 

Once learning objectives have been created they can then be used to create assessments 

that test the students' understanding of the material. 

1.4.2 International Forage and Grasslands Curriculum 

The forage species selection educational module will be one topic within an 

international curriculum for forage production and management currently under 

development. This curriculum will serve as a comprehensive information source for 

forage-related classes or as supplementary teaching materials for students and faculty in 

the area of forage production and management. The project is being coordinated with two 

proficiency certification programs within the fields of forage and grassland management 

and agronomy; the American Forage & Grassland Council’s “Certified Grassland 

Professionals” program (also linked with the Soil and Water Conservation Society) 

(http://www.afgc.org/cfgp.php) and the American Society of Agronomy’s Certified Crop 

Adviser program (https://www.certifiedcropadviser.org/) through identifying core 

competencies required and methods for teaching these skills.  

The International Forage and Grasslands Curriculum project will develop and 

provide online access to instructional materials specifically designed for college-level 
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introductory classes. Its use will lead to greater awareness, a more accurate understanding 

of grassland forages and livestock systems, subsequent improved land management, and 

economic and nutritional well-being of learners.  

The overall goals of the curriculum are to help learners develop proficiency in 

fundamental concepts of forage production systems, become knowledgeable about 

forage-related topics, gain experience in integrating concepts of plants, soils, and animals 

into a forage/livestock production system, and appreciate the past, present, and future 

impact of forages on society. One of the unique features of this curriculum is that it will 

provide students with a global, culturally relevant perspective of forage production which 

will stimulate their ability to develop sustainable, site specific forage production systems. 

The curriculum is being developed by experts in various fields including forages 

and grasslands, instructional design, nutrition and environmental health, and graphic 

design and journalistic editing. All instructional segments will be reviewed by the 

development team, working with regional and topical experts. Regional advisors will 

provide reviews of topic materials to ensure that significant regional differences are 

considered and included. Topical experts will develop the initial drafts of each module 

according to the template provided by instructional design specialists.  

After completion, this curriculum will provide both instructor and student 

materials. Content, under the instructor materials, will help instructors teach a forage and 

grasslands class using a variety of teaching methods. Examples of instructor materials 

includes PowerPoint slide decks for each topic, suggested teaching methods, class 

activities, section review questions, sample quiz/exam questions, and laboratory activity 
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ideas. Student materials will include materials that reinforce and illustrate key concepts 

and enable students to review and test their knowledge level on each topic.  

To provide a comprehensive Forage & Grasslands Curriculum, 22 modules are 

planned. Topics will include: Introduction to Forages, Grasslands of the World, Important 

Forages in the World, Grasses, Legumes, Plant Identification, Forage Species Selection, 

Establishment, Weeds, Management/Physiology, Fertilization, Biological Nitrogen 

Fixation, Grazing, Mechanically Harvested Forages, Irrigation, Quality and Testing, 

Breeding, Forage-livestock Systems, Miscellaneous Forages, Economics of Forages, 

Environmental Issues of Forages, and Grass-based Health. Each topic will provide an 

Overview, Pre-Test, Learning Objectives, Summary, Section Review Questions, Exam, 

Images, and References. 
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Chapter 2: Evaluating IFSM and ALMANAC crop simulation models for predicting 
yields of orchardgrass (Dactylis glomerata L.) and alfalfa (Medicago sativa L.) in central 
Oregon. 
 
Abstract 

Species selection is a complex process and forage producers need tools that can 

assist them in the decision process. There are numerous extension documents available 

that discuss species selection, but they provide only recommendations, not yield 

predictions. Two crop simulation models, IFSM and ALMANAC, were evaluated to 

determine their accuracy and potential to be used to simulate crop yield of forage crops. 

Experimental conditions from variety trials conducted at two different sites of Oregon 

State University's Central Oregon Agricultural Research Center were compiled and used 

to set model parameters. Historical yield data from these trials were then compared to 

simulations by both models. Results indicate inadequate accuracy and the need for further 

forage crop modeling research to develop modeling approaches better matched to western 

US hay production systems. 

2.1 Introduction 
Forages are one of the highest value agriculture commodities in Oregon. Hay 

ranks third with a value of over $630 million dollars, and silage has a value of over $32 

million dollars (OAIN, 2013). The combined value of all forages (hay, silage, cropland 

pasture, and hill-land pasture) approaches $1 billion, exceeding even nursery and 

greenhouse crops ($745 million), and cattle and calves ($669 million), commodities 

which are typically listed as number one and two, respectively, since all forages are not 

listed together in official statistics (Figure 1) (USDA-NASS, 2014). 
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While hay production is found throughout the state, it is particularly important in 

central Oregon. Irrigated alfalfa and various grasses (orchardgrass and tall fescue 

predominately) are grown for dairy, beef, and horse markets.   

Oregon’s diverse topography, climate, and soils (Figures 2-5) complicate the 

forage species selection process. Financial pressures and sometimes limited water for 

irrigation make it important to select the highest yielding, most appropriate forage species 

for the area where it will be grown.  

One way to assess which forage species is optimal for a specific environment is 

with crop simulation models. These models predict yield based on climate, soil, and 

management information providing potentially valuable guidance to increase profits and 

decrease the environmental impact through improving output:input ratios for irrigation, 

fertilization, and pest management.  
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Figure 1. Value ($ dollars) of Oregon's various forages (USDA-NASS, 2014).     
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Figure 2: National elevation data set shaded relief of Oregon (USGS, 2013). 

Figure 3: Average Oregon annual precipitation (1981-2010)  
(PRISM Climate Group, 2014). 
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Figure 4: Average Oregon annual extreme minimum temperature (1976-2005) 
(USDA-ARS, 2015). 

  
Figure 5: Soil orders found in Oregon (Noller, 2014). 
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Several process-based crop simulation models have been developed in various 

parts of the world including DairyMod (http://imj.com.au/dairymod/), Agricultural 

Production Systems Simulator (APSIM; http://www.apsim.info/), Farm Assessment Tool 

(FASSET; http://www.fasset.dk), and GrazPlan (http://www.grazplan.csiro.au/) (Snow et 

al., 2014). In the United States, the USDA Agricultural Research Service (ARS) has 

developed two crop production models; the Agricultural Land Management Alternative 

with Numerical Assessment Criteria (ALMANAC; http://www.ars.usda.gov/ Main/ 

docs.htm?docid=16601) model and the Integrated Farm System Model (IFSM; 

http://www.ars.usda.gov/Main/docs.htm?docid=16601).  

Due to their open access and availability of support from developers and other 

colleagues, IFSM and ALMANAC were chosen to evaluate their potential for accurately 

predicting the yield in central Oregon of two forage species widely grown for hay. Both 

of these models are process-level crop simulation models (Rotz, 2015; USDA-ARS, 

2014b). Orchardgrass and alfalfa were chosen as the forage species to simulate due to 

their global importance and widespread use in the region as hay crops. 

2.2 Materials and Methods  
 
2.2.1 Simulation models 
 
2.2.1.1 IFSM 

The Integrated Farm System Model (IFSM) was initially developed in the 1980’s 

by USDA ARS scientists to model dairy farms (Rotz et al., 1989). It was further 

developed to be capable of simulations for beef animals and crop farms (USDA-ARS, 

2014b). Now, major environmental impacts, production costs, and farm profitability can 

be simulated. This model has been used to integrate the complex processes that affect 
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livestock production and to compare differences that occur due to management changes 

(Rotz, 2015). The IFSM is typically used to simulate livestock and crop production 

systems for factors such as profitability, greenhouse gas emissions, and yield prediction.   

 All farm components, including crop production, feed use, and nutrient cycling, 

are simulated on a process level to allow for the integration of the components so major 

interactions, both biological and physical, can be represented (Rotz, 2015). These 

components are simulated on a daily time step using multiple years of weather. Prediction 

routines for growth and development of crops, including alfalfa, grass, and corn, also 

consider soil water, nitrogen availability, ambient temperature, and solar radiation 

(USDA-ARS, 2014a). Three parameter files (farm, machinery, and weather) are required 

for simulation. 

2.2.1.2 ALMANAC 

The Agricultural Land Management Alternative with Numerical Assessment 

Criteria (ALMANAC) model is a process-oriented crop simulation model developed by 

the Agricultural Research Service (ARS) of the USDA (USDA-ARS, 2014b). This model 

simulates crop growth, competition, light interception by leaves, biomass accumulation, 

partitioning of biomass into grain, water use, nutrient uptake, and growth constraints such 

as water, temperature, and nutrient stress. ALMANAC has been applied to many crop 

prediction and natural resource problems including biomass yield prediction, species 

suitability based on location, optimal harvest time, management effects on competing 

species, and the landscape (USDA-ARS, 2014b). This model can also simulate seasonal 

distribution and annual variations of yield, nutrient and water cycling, and management 

impacts on plants.  
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 Inputs needed for this model are soil information, weather data, tillage operations, 

and crop parameters. Soil inputs can be uploaded from the NRCS soil data website 

(USDA-NRCS, 2015). Weather information can be uploaded through the model or 

manually added using various weather services, such as the National Oceanic and 

Atmospheric Administration (NOAA) or AgriMet. Required weather inputs include daily 

maximum and minimum temperature, rainfall, and solar radiation. 

2.2.2 Forage species 
 
2.2.2.1 Orchardgrass 

Dactylis glomerata L., commonly known as orchardgrass or cocksfoot, is a 

perennial cool-season grass. It belongs to the Poaceae family and the Poeae tribe. 

Orchardgrass is used primarily as forage for livestock either as pasture or hay, but is also 

used for erosion control and wildlife habitat (Bush et al., 2012).  Orchardgrass is found 

throughout the world but has a particularly significant economic importance in Oregon 

due to seed production (Van Santen and Sleper, 1996). In Oregon, orchardgrass hay, 

silage, and haylage are commonly produced. However, the USDA does not report 

statistics for specific types of grass hay, only reporting categories such as “Alfalfa,” 

“Timothy, Clover, Grasses,” and “Wild” (USDA-NASS, 2015b). This makes it difficult 

to estimate the value of orchardgrass as a conserved forage. However, in 2013 over 36 

million hectares (89 million acres) of hay and haylage were produced in the US with a 

production value of nearly $23 billion (USDA-NASS, 2015c). Since orchardgrass is a 

popular forage grass for northern and transition zone climates, it may represent 10-15% 

of the total hay and haylage produced. 
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2.2.2.2 Alfalfa 

 Medicago sativa L., commonly known as alfalfa or lucerne, is a forage crop with 

vast importance in the United States and most of the world. It belongs to the legume 

(Fabaceae) family. Alfalfa is an important feed used for livestock because of its high 

nutrient content, and is widely used as a forage crop because of its high yields, rapid 

recovery after defoliation, ability to withstand climatic stressors, and benefits it provides 

to the environment (Hanson, 1988). In the United States, 7,152,009 hectares (17,673,000 

acres) of alfalfa were grown in 2013, resulting in 52,015,454 tonnes (57,217,000 tons) of 

hay, valued at over $10.8 billion (USDA-NASS, 2015a). During the same year in 

Oregon, 161,874  hectares (400,000 acres) of alfalfa produced over 1.6 million tonnes 

(1.8 million tons) of hay resulting in a farm-gate value of $369 million dollars (USDA-

NASS, 2014).  

2.2.3 Experimental data 
Historical data from two trials sites (Powell Butte and Madras) that are part of the 

Central Oregon Agricultural Research Center (Figure 6) were used to compare with 

simulated yields. Central Oregon is within ecoregion 11 of the EPA’s classification 

system (Figure 7) (Thorson et al., 2003). This region is referred to as the Blue Mountain 

region and 11n is specifically designated as the Deschutes River Valley, the location of 

the two experimental sites. This area is characterized by nearly level terrain with 

elevations ranging from 610 to1219 m (2000-4000 ft). Soil are typically mollisols or 

entisols with an ardic temperature regime and mesic moisture regime. Mean annual 

precipitation is typically 203-305 mm (8-12 in) with 70 to 140 mean annual frost free 

days. January minimum temperature is -9°C (16°F) with a maximum of 2°C (36°F) and 
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July minimum temperature is 6°C (43°F) with a maximum of 27°C (80°F). Naturalized 

vegetation found in this ecoregion includes sagebrush, bitterbrush, wheatgrass, and Idaho 

fescue. Land is suitable for arid-tolerant range species, improved, irrigated pasture 

species, and irrigated crops such as grass seed, winter wheat, potatoes, and alfalfa hay 

(Thorson et al., 2003). Site specific climate and soil characteristics are shown in Table 1. 

 

  

 

 Management parameters (fertilization rates, irrigation application rates, and 

harvest dates) and yield data were collected from research records at both trial locations. 

Orchardgrass and alfalfa were harvested three times a year in Powell Butte and four times 

in Madras. The measured yield of orchardgrass was the average of 12 varieties in Powell 

Butte and 14 varieties in Madras. The measured yield of alfalfa was the average of 11 

varieties in Powell Butte and 17 varieties in Madras. These data were provided to each of 

Figure 6. Oregon Agricultural Experiment Station locations; COARC-P 
and COARC-M represent the Powell Butte and Madras locations 
 (OSU-CAS, 2012). 
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the models to represent the conditions and resulting yields at each location. Data for each 

location are summarized in Tables 2-5. 

 

 
 
Table 1: Climate and soil characteristics for alfalfa and orchardgrass data sets simulated 
by ALMANAC and IFSM. 
 
 Powell Butte, OR Madras, OR 
Climate   
Latitude 44.25°N 44.68°N 
Longitude 120.95°W 121.15°W 
Elevation - m (ft) 974 (3200) 744 (2400) 
Average Annual  
rainfall - mm (in) 

 
270 (10.64) 

 
265 (10.45) 

Average Temperature - °C (°F) 6 (42.7) 8.7 (47.7) 
Soil   
Soil type Redmond ashy sandy loam 

(Vitritorrandic Haploxerolls) 
Madras loam (Aridic 
Argixerolls) 

NRCS Soil Series OR 654 OR 620 
Soil depth - cm (in) 84 (33) 67 (27) 
Plant available water 0.15 cm/cm 0.16 cm/cm 

 

 

Figure 7: Ecoregions of Oregon; Powell Butte and Madras Experiment 
Stations are within zone 11n (Thorson et al., 2003). 
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Table 2: Management parameters for orchardgrass trials in Powell Butte, OR. 
 
  2004 2005 2006 2007 
Soil test results         
  pH [6.35] 6.6 6.3 5.4 
  P (ppm) - 27 48 28 
  K (ppm) - 139 301 158 
Nutrients applied         
  N - kg ha-1 (lb acre-1) 349.4 (312) 344.9 (308) 294.5 (263) 264.3 (236) 
  P - kg ha-1 (lb acre-1) 50.4 (45) 47 (42) 0 (0) 0 (0) 
  K - kg ha-1 (lb acre-1) 134.4 (120) 369.5 (330) 0 (0) 0 (0) 

Initial DM - kg ha-1 (lb acre-1) 
794.2 

(709.2) 
815.6 

(728.3) 
676.6 

(604.2) 
605.9 

(541.1) 
Irrigation         
  Irrigation - mm (in) 815.3 (32.1) 812.8 (32) 960.1 (37.8) 883.9 (34.8) 

  
Rainfall during irrigation 
season - mm (in) 114.3 (4.5) 119.4 (4.7) 96.5 (3.8) 66 (2.6) 

  Total irrigation - mm (in) 929.6 (36.6) 
932.2 
(36.7) 

1056.6 
(41.6) 950 (37.4) 

Harvest date         
  Cut 1 14-Jun 8-Jun 20-Jun 21-Jun 
  Cut 2 4-Aug 3-Aug 10-Aug 8-Aug 
  Cut 3 22-Sep 28-Sep 27-Sep 27-Sep 
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Table 3: Management parameters for orchardgrass trials in Madras, OR. 

  2004 2005 2006 2007 
Soil test results         
  pH [7.2] 6.8 6.9 6.5 
  P (ppm) - 23 17 27 
  K (ppm) - 254 224 228 
Nutrients applied         
  N - kg ha-1 (lb acre-1) 442.3 (395) 436.7 (390) 346 (309) 339.3 (303) 
  P - kg ha-1 (lb acre-1) 147.8 (132) 187 (167) 191.5 (171) 187 (167) 
  K - kg ha-1 (lb acre-1) 0 (0) 71.7 (64) 80.6 (72) 71.7 (64) 
Initial DM-kg ha-1 (lb 
acre-1) 744.8 (665.1) 558.8 (499) 516.3 (461.1) 508.6 (454.2) 
Irrigation         
  Irrigation - mm (in) 1191.3 (46.9) 1173.5 (46.2) 1242.1 (48.9) 1089.7 (42.9) 

  

Rainfall during 
irrigation season - mm 
(in) 134.6 (5.3) 162.6 (6.4) 91.4 (3.6) 68.6 (2.7) 

  
Total irrigation - mm 
(in) 1325.9 (52.2) 1336 (52.6) 1333.5 (52.5) 1158.2 (45.6) 

Harvest date         
  Cut 1 24-May 3-Jun 7-Jun 14-Jun 
  Cut 2 6-Jul 12-Jul 13-Jul 17-Jul 
  Cut 3 11-Aug 16-Aug 17-Aug 16-Aug 
  Cut 4 8-Nov 16-Oct 12-Oct 15-Oct 
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Table 4: Management parameters for alfalfa trials in Powell Butte, OR. 

    2004 2005 2006 2007 
Soil test results         
  pH [6.25] 6.7 6.6 6.4 
  P (ppm) - 33 39 24 
  K (ppm) - 183 227 133 
Nutrients applied         

  
P - kg ha-1 (lb 
acre-1) 49.3 (44) 44.8 (40) 0 (0) 60.5 (54) 

  
K - kg ha-1 (lb 
acre-1) 132.1 (118) 

370.7 
(331) 0 (0) 80.6 (72) 

Irrigation         

  
Irrigation - mm 
(in) 

833.1 
(32.8) 

749.3 
(29.5) 955 (37.6) 828 (32.6) 

  

Rainfall during 
irrigation season 
- mm (in) 114.3 (4.5) 114.3 (4.5) 96.5 (3.8) 66 (2.6) 

  
Total irrigation - 
mm (in) 

947.4 
(37.3) 

863.6 
(34.0) 

1051.6 
(41.4) 

894.1 
(35.2) 

Harvest date         
  Cut 1 14-Jun 8-Jun 19-Jun 20-Jun 
  Cut 2 22-Jul 24-Jul 27-Jul 1-Aug 
  Cut 3 8-Sep 8-Sep 12-Sep 14-Sep 
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Table 5: Management parameters for alfalfa trials in Madras, OR. 

    2004 2005 2006 2007 
Soil test results         
  pH [7.1] 6.7 6.8 6.0 
  P (ppm) - 18 12 22 
  K (ppm) - 257 227 173 
Nutrients applied         

  
P - kg ha (lb 
acre) 0 (0) 0 (0) 151.2 (135) 

126 
(112.5) 

  
K - kg ha (lb 
acre) 0 (0) 0 (0) 0 (0) 0 (0) 

Irrigation         

  
Irrigation - mm 
(in) 

1191.3 
(46.9) 

1140.5 
(44.9) 

1148.1 
(45.2) 

1071.9 
(42.2) 

  

Rainfall during 
irrigation season 
- mm (in) 134.6 (5.3) 162.6 (6.4) 91.4 (3.6) 68.6 (2.7) 

  
Total irrigation - 
mm (in) 

1325.9 
(52.2) 

1303 
(51.3) 

1239.5 
(48.8) 

1140.5 
(44.9) 

Harvest date         
  Cut 1 26-May 2-Jun 9-Jun 13-Jun 
  Cut 2 8-Jul 14-Jul 12-Jul 16-Jul 
  Cut 3 11-Aug 15-Aug 15-Aug 15-Aug 
  Cut 4 25-Oct 12-Oct 11-Oct 11-Oct 
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2.2.3.1 IFSM 

The Integrated Farm System Model did not provide a weather file for Powell 

Butte or Madras, OR, so weather files were created for each location by the model 

developer and used for these simulations. Soil information was obtained from the Web 

Soil Survey for each trial site (USDA-NRCS, 2015). This information was then used to 

update soil parameters. 

2.2.3.2 ALMANAC 

 Soil data was made available to ALMANAC by loading a SSURGO dataset 

downloaded from the NRCS Web Soil Survey (USDA-NRCS, 2015). A data set was 

provided for each location. Once the dataset was loaded, latitude and longitude were 

automatically provided to ALMANAC. Weather data were automatically generated by 

ALMANAC based on the simulation location. 

2.3 Results 
 
 The average measured yield of orchardgrass per year was 11-21 tons ha-1 (5-10 

tons ac-1) in Powell Butte and 10-20 tons ha-1 (4-9 tons ac-1) in Madras (Tables 6 and 8 

and 7 and 9, for IFSM and ALMANAC, respectively). The average measured yield of 

alfalfa per year in Powell Butte was 15-19 tons ha-1 (6-9 tons ac-1) and 17-23 tons ha-1 (8-

10 tons ac-1) in Madras (Tables 10 and 12 and 11 and 13, for IFSM and ALMANAC, 

respectively). Measured yield for alfalfa was averaged from varieties with a fall 

dormancy ranking of four. 

 At Powell Butte, for both orchardgrass and alfalfa, the first harvest had the 

highest yield and subsequent cuttings decreased in yield. Similarly, at Madras, the first 

harvests generally had the highest yields except in 2004 and 2005 for orchardgrass. In 
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both 2004 and 2005 the yield of the fourth cutting of orchardgrass was slightly higher 

than the third cutting.  

2.3.1 IFSM 

The simulated yield for IFSM is the average post-harvest yield simulated over 25 

years. This gave an average simulated yield for orchardgrass of 7-9 tons ha-1 (3-4 tons  

ac-1)  a year in Powell Butte and 6-9 tons ha-1 (2-4 tons ac-1) in Madras (Tables 6 and 7). 

At both locations, yield was highest for the first cutting and then decreased for 

subsequent cuttings. In Madras, the fourth simulated cutting was significantly lower than 

the mean observed yield. 

Alfalfa had an average simulated yield of 10-13 tons ha-1 (4-6 tons ac-1) a year in 

Powell Butte and 10-13 tons ha-1 (4-6 tons ac-1) in Madras (Tables 10 and 11). Similar to 

the results for orchardgrass, the highest yield in both locations was for the first cutting; 

subsequent cuttings had lower yields. The fourth simulated cutting in Madras for alfalfa 

was also significantly lower than the mean observed yield. 

2.3.2 ALMANAC 

 The predicted yield for ALMANAC represents a one year simulation. 

Orchardgrass yield ranged between 3.5 and 3.7 tons ha-1 (1.5-1.6 tons ac-1) per year in 

Powell Butte and 3.5-4 tons ha-1 (1.5-2 tons ac-1) in Madras (Tables 8 and 9). Predicted 

alfalfa yield was 1.8-2.5 tons ha-1 (0.8-1.1 tons ac-1) a year in Powell Butte and 1.5-2.2 

tons ha-1 (0.7-1 tons ac-1) in Madras. All of the simulated values were significantly lower 

than the measured yield. 

 The first cutting simulated yield for orchardgrass in Powell Butte was the lowest 

yield, the second cutting was the highest, and the third cutting was between the yield of 

 



48 
  
the first and second. The results of orchardgrass yield in Madras are more complicated. 

For 2004- 2006, the first cutting was the lowest and the third cutting was the highest, with 

cuttings two and four were in between. In 2007, the first cutting was the lowest, the 

second cutting was the highest. The yield of the third cut was similar to the second cut, 

1.31 tons ha-1 (0.58 tons ac-1) compared to 1.37 tons ha-1 (0.61 tons ac-1), respectively. 

Similarly, the yield of the fourth cut was nearly the same as the first cut, 0.65 tons ha-1 

(0.29 tons ac-1) compared to 0.61 tons ha-1 (0.27 tons ac-1), respectively. 

 The simulated yield for alfalfa in both locations was highest for the final cutting 

of the season (the third cutting for Powell Butte and the fourth cutting for Madras). For 

both locations, the lowest yield was the first cutting and the yield of the additional 

cuttings were somewhere between the yield of cut one and cut four. The exception to this 

was for Powell Butte in 2007. While the first cutting had the lowest yield, the second 

cutting had the highest, and the third cutting was just lower than the average of the first 

and second. 
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Table 6: Powell Butte, OR - Mean simulated yield from IFSM and mean measured yield 
of orchardgrass in tons ha-1 (tons ac-1). 
 

  
Simulated mean 
N = 25 SD 

Measured mean 
N = 12 SD 

2004 Cut 1 4.11 (1.83) 2.61 (1.16) 8.97 (3.99) 0.76 (0.34) 
2004 Cut 2 2.54 (1.13) 0.92 (0.41) 6.45 (2.87) 0.29 (0.13) 
2004 Cut 3 1.01 (0.45) 0.99 (0.44) 4.09 (1.82) 0.31 (0.14) 
2004 total 7.66 (3.41) 2.88 (1.28) 19.51 (8.68) 0.81 (0.36) 
          
2005 Cut 1 4.25 (1.89) 2.43 (1.08) 9.42 (4.19) 0.85 (0.38) 
2005 Cut 2 2.88 (1.28) 1.24 (0.55) 5.93 (2.64) 0.72 (0.32) 
2005 Cut 3 1.53 (0.68) 1.08 (0.48) 3.30 (1.47) 0.40 (0.18) 
2005 total 8.65 (3.85) 2.63 (1.17) 18.65 (8.30) 1.28 (0.57) 
          
2006 Cut 1 3.60 (1.60) 2.90 (1.29) 7.73 (3.44) 0.85 (0.38) 
2006 Cut 2 2.47 (1.10) 0.63 (0.28) 4.85 (2.16) 0.27 (0.12) 
2006 Cut 3 1.15 (0.51) 0.81 (0.36) 1.98 (0.88) 0.13 (0.06) 
2006 total 7.19 (3.20) 2.72 (1.21) 14.54 (6.47) 0.90 (0.40) 
          
2007 Cut 1 3.96 (1.76) 2.67 (1.19) 5.37 (2.39) 0.43 (0.19) 
2007 Cut 2 2.22 (0.99) 0.65 (0.29) 3.60 (1.60) 0.25 (0.11) 
2007 Cut 3 1.26 (0.56) 0.90 (0.40) 2.72 (1.21) 0.22 (0.10) 
2007 total 7.42 (3.30) 2.63 (1.17) 11.69 (5.20) 0.74 (0.33) 
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Table 7:  Madras, OR - Mean simulated yield from IFSM and mean measured yield of 
orchardgrass in tons ha-1 (tons ac-1). 
 

  
Simulated mean 
N = 25 SD 

Measured mean 
N = 14 SD 

2004 Cut 1 3.51 (1.56) 1.82 (0.81) 7.78 (3.46) 0.49 (0.22) 
2004 Cut 2 2.76 (1.23) 0.45 (0.20) 4.67 (2.08) 0.18 (0.08) 
2004 Cut 3 1.44 (0.64) 0.36 (0.16) 3.46 (1.54) 0.27 (0.12) 
2004 Cut 4 0.04 (0.02) 0.27 (0.12) 3.55 (1.58) 0.25 (0.11) 
2004 total 7.78 (3.46) 1.93 (0.86) 19.46 (8.66) 0.74 (0.33) 
          
2005 Cut 1 4.38 (1.95) 1.30 (0.58) 6.56 (2.92) 0.67 (0.30) 
2005 Cut 2 2.16 (0.96) 0.63 (0.28) 2.88 (1.28) 0.27 (0.12) 
2005 Cut 3 1.30 (0.58) 0.29 (0.13) 3.01 (1.34) 0.20 (0.09) 
2005 Cut 4 0.49 (0.22) 0.88 (0.39) 3.28 (1.46) 0.29 (0.13) 
2005 total 8.31 (3.70) 1.73 (0.77) 15.75 (7.01) 0.97 (0.43) 
          
2006 Cut 1 4.02 (1.79) 2.11 (0.94) 5.53 (2.46) 0.72 (0.32) 
2006 Cut 2 1.91 (0.85) 0.43 (0.19) 2.67 (1.19) 0.18 (0.08) 
2006 Cut 3 1.30 (0.58) 0.34 (0.15) 2.58 (1.15) 0.16 (0.07) 
2006 Cut 4 0.65 (0.29) 0.88 (0.39) 2.16 (0.96) 0.18 (0.08) 
2006 total 7.89 (3.51) 2.54 (1.13) 12.94 (5.76) 0.85 (0.38) 
          
2007 Cut 1 3.15 (1.40) 2.81 (1.25) 5.51 (2.45) 0.54 (0.24) 
2007 Cut 2 1.48 (0.66) 0.45 (0.20) 1.62 (0.72) 0.18 (0.08) 
2007 Cut 3 0.99 (0.44) 0.27 (0.12) 1.93 (0.86) 0.18 (0.08) 
2007 Cut 4 0.63 (0.28) 0.94 (0.42) 1.89 (0.84) 0.22 (0.10) 
2007 total 6.22 (2.77) 2.90 (1.29) 10.94 (4.87) 0.83 (0.37) 
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Table 8:  Powell Butte, OR - Simulated yield from ALMANAC and mean measured yield 
of orchardgrass in tons ha-1 (tons ac-1). 
 

  
Simulated yield 
N = 1 

Measured mean 
N = 12 

SD 

2004 Cut 1 0.62 (0.28) 8.97 (3.99) 0.76 (0.34) 
2004 Cut 2 1.79 (0.80) 6.45 (2.87) 0.29 (0.13) 
2004 Cut 3 1.11 (0.49) 4.09 (1.82) 0.31 (0.14) 
2004 total 3.51 (1.56) 19.51 (8.68) 0.81 (0.36) 
        
2005 Cut 1 0.42 (0.19) 9.42 (4.19) 0.85 (0.38) 
2005 Cut 2 1.98 (0.88) 5.93 (2.64) 0.72 (0.32) 
2005 Cut 3 1.20 (0.53) 3.30 (1.47) 0.40 (0.18) 
2005 total 3.60 (1.60) 18.65 (8.30) 1.28 (0.57) 
        
2006 Cut 1 0.88 (0.39) 7.73 (3.44) 0.85 (0.38) 
2006 Cut 2 1.76 (0.78) 4.85 (2.16) 0.27 (0.12) 
2006 Cut 3 1.03 (0.46) 1.98 (0.88) 0.13 (0.06) 
2006 total 3.67 (1.63) 14.54 (6.47) 0.90 (0.40) 
        
2007 Cut 1 0.94 (0.42) 5.37 (2.39) 0.43 (0.19) 
2007 Cut 2 1.65 (0.73) 3.60 (1.60) 0.25 (0.11) 
2007 Cut 3 1.04 (0.46) 2.72 (1.21) 0.22 (0.10) 
2007 total 3.63 (1.62) 11.69 (5.20) 0.74 (0.33) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



52 
  
Table 9:  Madras, OR - Simulated yield from ALMANAC and mean measured yield of 
orchardgrass in tons ha-1 (tons ac-1).  
 

  
Simulated yield 
N = 1 

Measured mean 
N = 14 

SD 

2004 Cut 1 0.21 (0.09) 7.78 (3.46) 0.49 (0.22) 
2004 Cut 2 0.98 (0.44) 4.67 (2.08) 0.18 (0.08) 
2004 Cut 3 1.46 (0.65) 3.46 (1.54) 0.27 (0.12) 
2004 Cut 4 0.94 (0.42) 3.55 (1.58) 0.25 (0.11) 
2004 total 3.59 (1.60) 19.46 (8.66) 0.74 (0.33) 
        
2005 Cut 1 0.33 (0.15) 6.56 (2.92) 0.67 (0.30) 
2005 Cut 2 1.32 (0.59) 2.88 (1.28) 0.27 (0.12) 
2005 Cut 3 1.58 (0.70) 3.01 (1.34) 0.20 (0.09) 
2005 Cut 4 0.77 (0.34) 3.28 (1.46) 0.29 (0.13) 
2005 total 3.99 (1.78) 15.75 (7.01) 0.97 (0.43) 
        
2006 Cut 1 0.37 (0.16) 5.53 (2.46) 0.72 (0.32) 
2006 Cut 2 1.26 (0.56) 2.67 (1.19) 0.18 (0.08) 
2006 Cut 3 1.54 (0.69) 2.58 (1.15) 0.16 (0.07) 
2006 Cut 4 0.68 (0.30) 2.16 (0.96) 0.18 (0.08) 
2006 total 3.85 (1.71) 12.94 (5.76) 0.85 (0.38) 
        
2007 Cut 1 0.60 (0.27) 5.51 (2.45) 0.54 (0.24) 
2007 Cut 2 1.37 (0.61) 1.62 (0.72) 0.18 (0.08) 
2007 Cut 3 1.31 (0.58) 1.93 (0.86) 0.18 (0.08) 
2007 Cut 4 0.65 (0.29) 1.89 (0.84) 0.22 (0.10) 
2007 total 3.92 (1.74) 10.94 (4.87) 0.83 (0.37) 
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Table 10:  Powell Butte, OR - Mean simulated yield from IFSM and mean measured 
yield of alfalfa in tons ha-1 (tons ac-1).  
 

  
Simulated mean 
N = 25 SD 

Measured mean 
N = 11 SD 

2004 Cut 1 4.90 (2.18) 1.87 (0.83) 7.87 (3.50) 0.38 (0.17) 
2004 Cut 2 3.55 (1.58) 1.15 (0.51) 6.20 (2.76) 0.38 (0.17) 
2004 Cut 3 2.99 (1.33) 1.51 (0.67) 4.67 (2.08) 0.22 (0.10) 
2004 total 11.42 (5.08) 2.56 (1.14) 18.76 (8.35) 0.65 (0.29) 
          
2005 Cut 1 5.08 (2.26) 1.15 (0.51) 6.63 (2.95) 0.40 (0.18) 
2005 Cut 2 4.36 (1.94) 0.61 (0.27) 5.62 (2.50) 0.27 (0.12) 
2005 Cut 3 2.97 (1.32) 1.33 (0.59) 4.79 (2.13) 031 (0.14) 
2005 total 12.38 (5.51) 1.75 (0.78) 17.03 (7.58) 0.45 (0.20) 
          
2006 Cut 1 5.46 (2.43) 0.56 (0.25) 6.56 (2.92) 0.38 (0.17) 
2006 Cut 2 3.51 (1.56) 0.85 (0.38) 5.84 (2.60) 0.29 (0.13) 
2006 Cut 3 2.22 (0.99) 1.69 (0.75) 4.54 (2.02) 0.45 (0.20) 
2006 total 11.19 (4.98) 1.98 (0.88) 16.92 (7.53) 0.83 (0.37) 
          
2007 Cut 1 5.24 (2.33) 1.62 (0.72) 5.73 (2.55) 0.36 (0.16) 
2007 Cut 2 3.89 (1.73) 0.94 (0.42) 6.04 (2.69) 0.16 (0.07) 
2007 Cut 3 1.96 (0.87) 1.51 (0.67) 3.87 (1.72) 0.18 (0.08) 
2007 total 11.08 (4.93) 2.45 (1.09) 15.64 (6.96) 0.40 (0.18) 
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Table 11:  Madras, OR - Mean simulated yield from IFSM and mean measured yield of 
alfalfa in tons ha-1 (tons ac-1).  
 

  
Simulated mean 
N = 25 SD 

Measured mean 
N= 17 SD 

2004 Cut 1 4.74 (2.11) 0.63 (0.28) 7.10 (3.16) 0.31 (0.14) 
2004 Cut 2 3.87 (1.72) 0.52 (0.23) 6.45 (2.87) 0.27 (0.12) 
2004 Cut 3 3.10 (1.38) 0.72 (0.32) 4.83 (2.15) 0.16 (0.07) 
2004 Cut 4 0.38 (0.17) 0.90 (0.40) 4.07 (1.81) 0.31 (0.14) 
2004 total 12.09 (5.38) 1.37 (0.61) 22.45 (9.99) 0.67 (0.30) 
          
2005 Cut 1 4.79 (2.13) 1.15 (0.51) 6.74 (3.00) 0.34 (0.15) 
2005 Cut 2 4.04 (1.80) 0.45 (0.20) 5.55 (2.47) 0.34 (0.15) 
2005 Cut 3 2.88 (1.28) 1.08 (0.48) 3.75 (1.67) 0.34 (0.15) 
2005 Cut 4 0.58 (0.26) 0.83 (0.37) 3.03 (1.35) 0.29 (0.13) 
2005 total 12.29 (5.47) 2.02 (0.90) 19.08 (8.49) 1.01 (0.45) 
          
2006 Cut 1 5.15 (2.29) 1.12 (0.50) 7.46 (3.32) 0.65 (0.29) 
2006 Cut 2 3.39 (1.51) 0.74 (0.33) 4.18 (1.86) 0.36 (0.16) 
2006 Cut 3 2.83 (1.26) 0.88 (0.39) 3.80 (1.69) 0.29 (0.13) 
2006 Cut 4 0.81 (0.36) 0.94 (0.42) 2.58 (1.15) 0.29 (0.13) 
2006 total 12.16 (5.41) 2.11 (0.94) 18.02 (8.02) 1.39 (0.62) 
          
2007 Cut 1 4.16 (1.85) 2.11 (0.94) 8.00 (3.56) 0.27 (0.12) 
2007 Cut 2 3.30 (1.47) 0.38 (0.17) 4.81 (2.14) 0.34 (0.15) 
2007 Cut 3 2.67 (1.19) 0.81 (0.36) 2.72 (1.21) 0.25 (0.11) 
2007 Cut 4 0.67 (0.30) 0.83 (0.37) 3.17 (1.41) 0.20 (0.09) 
2007 total 10.79 (4.80) 2.38 (1.06) 18.09 (8.05) 0.79 (0.35) 
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Table 12:  Powell Butte, OR - Simulated yield from ALMANAC and mean measured 
yield of alfalfa in tons ha-1 (tons ac-1).  
 

  
Simulated yield 
N = 1 

Measured mean 
N = 11 SD 

2004 Cut 1 0.13 (0.06) 7.87 (3.50) 0.38 (0.17) 
2004 Cut 2 0.60 (0.27) 6.20 (2.76) 0.38 (0.17) 
2004 Cut 3 1.11 (0.49) 4.67 (2.08) 0.22 (0.10) 
2004 total 1.84 (0.82) 18.76 (8.35) 0.65 (0.29) 
        
2005 Cut 1 0.07 (0.03) 6.63 (2.95) 0.40 (0.18) 
2005 Cut 2 1.14 (0.51) 5.62 (2.50) 0.27 (0.12) 
2005 Cut 3 1.21 (0.54) 4.79 (2.13) 031 (0.14) 
2005 total 2.42 (1.08) 17.03 (7.58) 0.45 (0.20) 
        
2006 Cut 1 0.24 (0.11) 6.56 (2.92) 0.38 (0.17) 
2006 Cut 2 0.80 (0.36) 5.84 (2.60) 0.29 (0.13) 
2006 Cut 3 1.01 (0.45) 4.54 (2.02) 0.45 (0.20) 
2006 total 2.06 (0.92) 16.92 (7.53) 0.83 (0.37) 
        
2007 Cut 1 0.28 (0.12) 5.73 (2.55) 0.36 (0.16) 
2007 Cut 2 1.17 (0.52) 6.04 (2.69) 0.16 (0.07) 
2007 Cut 3 0.99 (0.44) 3.87 (1.72) 0.18 (0.08) 
2007 total 2.44 (1.09) 15.64 (6.96) 0.40 (0.18) 
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Table 13:  Madras, OR - Simulated yield from ALMANAC and mean measured yield of 
alfalfa in tons ha-1 (tons ac-1).  
 

  
Simulated yield 
N = 1 

Measured mean 
N = 17 SD 

2004 Cut 1 0.03 (0.01) 7.10 (3.16) 0.31 (0.14) 
2004 Cut 2 0.32 (0.14) 6.45 (2.87) 0.27 (0.12) 
2004 Cut 3 0.39 (0.17) 4.83 (2.15) 0.16 (0.07) 
2004 Cut 4 1.50 (0.67) 4.07 (1.81) 0.31 (0.14) 
2004 total 2.23 (0.99) 22.45 (9.99) 0.67 (0.30) 
        
2005 Cut 1 0.05 (0.02) 6.74 (3.00) 0.34 (0.15) 
2005 Cut 2 0.48 (0.21) 5.55 (2.47) 0.34 (0.15) 
2005 Cut 3 0.50 (0.22) 3.75 (1.67) 0.34 (0.15) 
2005 Cut 4 0.94 (0.42) 3.03 (1.35) 0.29 (0.13) 
2005 total 1.97 (0.88) 19.08 (8.49) 1.01 (0.45) 
        
2006 Cut 1 0.06 (0.03) 7.46 (3.32) 0.65 (0.29) 
2006 Cut 2 0.25 (0.11) 4.18 (1.86) 0.36 (0.16) 
2006 Cut 3 0.34 (0.15) 3.80 (1.69) 0.29 (0.13) 
2006 Cut 4 0.81 (0.36) 2.58 (1.15) 0.29 (0.13) 
2006 total 1.46 (0.65) 18.02 (8.02) 1.39 (0.62) 
        
2007 Cut 1 0.10 (0.04) 8.00 (3.56) 0.27 (0.12) 
2007 Cut 2 0.34 (0.15) 4.81 (2.14) 0.34 (0.15) 
2007 Cut 3 0.31 (0.14) 2.72 (1.21) 0.25 (0.11) 
2007 Cut 4 0.74 (0.33) 3.17 (1.41) 0.20 (0.09) 
2007 total 1.50 (0.67) 18.09 (8.05) 0.79 (0.35) 
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2.4 Discussion 
 
 The IFSM underestimated yield for orchardgrass and alfalfa in both locations. 

Orchardgrass yields in Powell Butte were underestimated by 34.43 tons ha-1 (15.34 tons 

ac-1) and 29.84 tons ha-1 (12.85 tons ac-1) in Madras over the four year period.  Alfalfa 

yields in Powell Butte were underestimated by 22.31 tons ha-1 (9.93 tons ac-1) and 30.09 

tons ha-1 (13.4 tons ac-1) in Madras over the four year period. 

 The ALMANAC model also underestimated yields for orchardgrass and alfalfa in 

both locations. Orchardgrass yields in Powell Butte were underestimated by 50.84 tons 

ha-1 (22.62 tons ac-1) and 43.6 tons ha-1 (19.40 tons ac-1) in Madras over the four year 

period. Alfalfa yields were underestimated by 59.47 tons ha-1 (26.46 tons ac-1) in Powell 

Butte and 70.10 tons ha-1 (31.19 tons ac-1) in Madras over the four year period.  

 Neither model was able to accurately predict the yield of alfalfa or orchardgrass at 

either location in central Oregon. In general, the IFSM better predicted the yield of 

orchardgrass in Madras and alfalfa in Powell Butte. The fourth cutting at Madras showed 

a greater difference between simulated mean and measured mean yield than the other 

three cuttings. Corson et al. (2007) reported that IFSM, as well as other models they 

evaluated, had more difficulty predicting yield of switchgrass as the number of harvests 

per year increased. This would help explain why the IFSM was better able to predict 

yield of the first three cuts and had a harder time accurately predicting the yield of the 

fourth cut. Another possibility for the low yield of the fourth cutting could be due to the 

fact that the fourth cut is done approximately one month later than the third cutting. Both 

water availability and the number of growing degree days would be decreased for the 

fourth cutting in comparison to the previous three cuttings.  
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2.5 Conclusion 
 

Evaluation of the IFSM and ALMANAC for orchardgrass and alfalfa production 

in Powell Butte and Madras, Oregon revealed that simulated yield was considerably 

underestimated when compared to the mean measured yield of historical variety trial 

data. To be a useful tool for producers, parameters in both models would need to be 

adjusted to accurately simulate the growing conditions in central Oregon. The 

improvement of both models should be done using species specific growth parameters 

determined in Oregon. Additionally, further collaboration with model developers would 

help researchers in Oregon determine which parameters were likely causing the 

underestimation of yield.  

 If forage producers in central Oregon use one of these models to simulate yield 

they need to understand that potential yields will likely be underestimated for their 

specific locations. At this time, it is not recommended that either IFSM or ALMANAC 

be used to assist forage producers in Oregon with the process of forage species selection.  
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Chapter 3: Creating a Species Selection Module for the International Forage and 
Grasslands Curriculum. 
 
Abstract 

Species selection is a complex process that forage producers face when trying to 

decide which forage crop to plant. Educational materials are needed that provide 

information about the many integrated factors affecting species selection. Information 

currently available provides generalized guidelines rather than site-specific 

recommendations.  Principles of andragogy and adult learning theories were utilized to 

design a species selection module for the International Forage and Grasslands Curriculum 

relevant to an adult audience. Bloom's Taxonomy was used to create learning objectives 

and assessments and principles of problem-based learning were used to guide content 

creation. This module will provide forage producers and their advisors with information 

necessary to choose appropriate forage species for forage-livestock systems and soil 

improvement programs. 

3.1 Introduction 
 

Grasslands are terrestrial ecosystems with a plant community dominated by 

herbaceous vegetation (FAO, 2015a). They are utilized as a feed source for livestock, 

provide habitat for wildlife, and protect soil and water resources. Grasslands cover 26% 

of the world’s land area and 70% of agricultural lands, contributing to the livelihoods of 

over 800 million people globally (FAO, 2015b). 

Significant growth in the number of small acreage land owners and increasing 

financial pressures on commercial producers has increased the need for educational 

programs for producing and effectively utilizing forages and improving land stewardship. 
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Each land-type and land-use presents management challenges with respect to balancing 

short-term economic benefit and long-term sustainability. It is important that land 

managers and those who advise them have a solid understanding of the principles behind 

forage species selection. 

A forage species selection module is being created as one module within the 

International Forage and Grasslands Curriculum. The curriculum is being created by 

experts throughout the world and focuses on fundamental principles of forage production 

and soil improvement. This international project expands on the work initiated with the 

National Forage & Grasslands Curriculum (Hannaway et al., 1999). The International 

Forage and Grasslands Curriculum project will develop and provide online access to 

instructional materials specifically designed for college-level introductory classes. The 

focus of this curriculum is to provide students with an understanding of what forage crops 

are, why they are important, how to grow and manage them for optimal productivity, and 

their varied uses in livestock systems. The curriculum will also include the following 

topics: Introduction to Forages, Grasslands of the World, Important Forages in the World, 

Grasses, Legumes, Plant Identification, Forage Species Selection, Establishment, Weeds, 

Management/Physiology, Fertilization, Biological Nitrogen Fixation, Grazing, 

Mechanically Harvested Forages, Irrigation, Quality and Testing, Breeding, Forage-

livestock Systems, Miscellaneous Forages, Economics of Forages, Environmental Issues 

of Forages, and Grass-based Health. 

 For adult learners, it is important to provide a clear focus on practical 

applications. Thus, a problem-based learning approach was used to design the module. 
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This approach allows students to learn what they need and not spend time studying what 

they already know. This is especially important for students with a farm/ranch 

background with previous knowledge of the subject. Additionally, it is beneficial if 

students familiarize themselves with the related problem initially because the information 

learned is likely to be more memorable, will seem more relevant, and will better meet the 

learner’s personal needs (Barrows and Tambyln, 1980).   

 Bloom's Taxonomy was used to guide the creation of the learning objectives and 

appropriate assessments. Bloom et al. (1956) developed a taxonomy for classifying 

educational objectives based on cognitive processes. This taxonomy consists of the 

following levels: knowledge, comprehension, application, analysis, synthesis, and 

evaluation. Bloom's Taxonomy is a useful tool to guide the development of learning 

outcomes because it allows for specific outcomes to be created at different cognitive 

levels. For this project, the learning objectives were used to guide content development.  

3.2 Process 
 
3.2.1 Module Design 

 A problem-based learning approach was used in developing this module. This 

method presents students with a problem first and then allows them to learn the 

information needed to solve the problem in their own way, ideal for individualized 

learning. An initial case study was created and will be presented at the beginning of the 

module. The student will then use the questions from the case study to find the 

information within the module that they need to answer the questions. 
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3.2.2 Learning Objectives 

Using Bloom's Taxonomy as a guide, the following learning objectives were 
created.   
 

After completing the species selection module, students will be able to: 

• List and describe the major factors, such as climate, soil, and management goals, 

that influence species selection 

• Explain the importance and benefits of choosing appropriate species 

• Compare and contrast C3 and C4 forage species with respect to suitability 

• Create a flow chart illustrating the steps of species selection 

• Choose appropriate species to plant and defend their choices based on the 

scientific, economic, and social aspects of the scenario being addressed 

 Each of the learning objectives tests the student's understanding of the material 

presented. The first objective asks the student to "List and define." This tests the student's 

knowledge and comprehension of the topic. The second objective asks the student to 

"Explain" which also tests their comprehension. Increasing in complexity, the third 

learning objective asks the student to "Compare and Contrast."  This learning objective is 

testing the student's analysis. The forth learning objective asks the student to "Create" 

which tests their synthesis. The fifth and final learning objective covers both the 

application level and evaluation level of Bloom's Taxonomy by asking the student to 

"Choose and defend."  

3.2.3 Content 

 Content for this module was developed by defining the factors that influence 

species selection. These factors fall into three broad categories; location, purpose, and 
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management. Within these broad categories there are more specific factors that will 

impact species selection. After defining the different factors, content was created for 

each, including text, diagrams, and images. 

3.2.4 Assessment 

 Using the Learning Outcomes defined in section 2.1, suggested assessment 

activities were developed to assess student learning. These include: case studies, quiz and 

exam questions, and a project. 

 Supplementary case studies, developed using examples from producers around the 

world, will provide students with additional opportunities to apply the information they 

have learned. Example quiz and exam questions will test students on their knowledge of 

factors affecting species suitability, major types of forage species, and their ability to 

match appropriate species with a given location. An example project was created that has 

students developing a management plan for a forage production operation, starting with 

the goals of the operation and forage species selection. Completion of this project will 

enable students to demonstrate their ability to apply what they have learned about species 

selection. This will also give students the opportunity to process the importance of what 

they have learned. The project is designed to reinforce the thought process needed prior 

to planting a forage crop and provide students with the opportunity to apply what they 

have learned to their specific operation. 

3.3 Results 

 Components of this educational module include learning objectives, content, and 

sample assessments for the topic of species selection. These materials will now be 
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developed into an online module with assistance from an instructional design team. Once 

the online module has been developed, international consultants will be engaged to make 

the materials accessible (involving language translation and inclusion of important 

cultural components) for students, land managers, and advisors in Mandarin and Spanish-

speaking countries. 

3.4 Discussion 

 Developing the knowledge and skills required for selecting forage species 

appropriate to the many, varied, and integrated climatic, soil-based, intended-use, and 

management-level conditions is a daunting proposition. Most university and extension 

educational materials side-step the issue by providing general guidelines rather than site- 

and condition-specific recommendations.  This project chose to address the issue through 

collaboration; combining the skills of topic experts with educational design and media 

specialists to meet this academic need.  

 Topic experts from a variety of geographical, climatic, and vegetation-type areas 

in several countries have been engaged to work with education specialists using the 

current, instructionally sound techniques and the most interactive delivery methods 

available. The result will be up-to-date, scientifically sound information about forage 

species and their appropriate use, presented with excellent supplemental materials from 

subject matter experts, appropriate text, instructor guidelines, and a logical, 

comprehensive topic scope and sequence. 

Due to the complex nature of this topic and the necessity to collaborate with 

numerous individuals in various parts of the world, this project has come with its share of 

challenges.  
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1) Integration of this module with other modules within the International Forage and 

Grasslands Curriculum will require careful attention to the relative merits of 

logical instructional sequence vs. freedom for learners to start anywhere and 

address any topic of their choosing. 

2) Since many of the subject matter experts are research or extension scientists, there 

is little time or administrative encouragement for developing skills in instruction. 

This slows the development process and places additional burden on the 

instructional design team and media experts.    

3) Finally, developing a complex instructional module is a departure from the norm 

for instructional development teams. Developing a common understanding for the 

achievable scope of the project is challenging, since each necessarily integrated 

subsection could be perceived as a module in itself.     

3.5 Conclusion 
 Upon completion of this online module, forage producers (and those who advise 

them) will be able to use this module to learn more about forage species selection. By 

completing this module, producers will have the knowledge and skills necessary to 

choose appropriate forage species to increase their profits and improve their financial and 

environmental sustainability. This module may also be utilized by educators teaching 

forage production as a supplementary resource for students or as a stand-alone learning 

module for this topic.  

 Through feed-back provided by users, this online, interactive version of the forage 

species selection module for the International Forage and Grasslands Curriculum will 
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continue to be improved by the team of instructional design specialist and forage experts. 
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Chapter 4: Conclusions and Recommendations 
 

Species selection is a complex process and forage producers need tools and 

educational materials that can assist them in the decision process. There are numerous 

extension documents available that discuss species selection but they only provide 

recommendations, not predictions of yield. Additionally, they only briefly touch on the 

importance of appropriate species selection and the reasoning behind choosing the right 

species. Two crop simulation models, IFSM and ALMANAC, were evaluated to 

determine their accuracy and potential to be used to simulate crop yield of forage crops. 

Historical yield data from two Oregon State University experiment stations in central 

Oregon were compiled and compared to the yields simulated by both models. Evaluation 

of these models indicates the need for further forage crop modeling research to develop 

modeling approaches better matched to western US hay production systems. 

Educational materials are also needed that provide information about the many 

integrated factors affecting species selection. Principles of andragogy and adult learning 

theories were utilized to design a species selection module for the International Forage 

and Grasslands Curriculum relevant to an adult audience. Bloom's Taxonomy was used to 

create learning objectives and assessments; and principles of problem-based learning 

were used to guide content creation. This module will provide forage producers and their 

advisors with information necessary to choose appropriate forage species for forage-

livestock systems and soil improvement programs. 

Forage producers will continue to look for research-based information on species 

selection as the need to produce livestock more economically- and in environmentally-
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sound ways increases. Development of online education materials is a starting point since 

access to web-based resources are easily available. However, more research and time 

needs to be spent on improving tools that can help with the forage species selection 

process. Future research should be focused on validating forage species growth 

parameters used by crop simulation models. Additional research should also include 

using GIS-based modeling and mapping techniques to allow more precise matching of 

location and appropriate species selection. 
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Appendix A 
 
Case Study 
 
John Smith just purchased 200 irrigated acres in Madras, Oregon. He has lived in Madras 
for the past 10 years and knows that the area receives an average of 10-12 inches of 
rainfall per year. He also knows that the average temperature is 47.7°F with an average 
low temperature of 26°F in January and an average high temperature of 86°F in July. 
 
John's goal is to produce high quality hay that can be marketed to the dairy and horse 
industries. This is the first time John was tried to grow forage for hay and isn't sure where 
to start. What does he need to know before deciding what to plant? 
 
John was advised to take soil samples on the property before he decided which species to 
plant. Based on the soil test results he found out that the soil is a loam with a pH of 6.8 
and a CEC of 20 meq/100g. The soil test also showed that the potassium level is 250 
ppm, phosphorus level is 25 ppm, nitrate-N is 43 ppm, and boron is 0.5 ppm.  
 
What would be the optimal species for John to plant? 
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Appendix B 
 
Example Quiz and Exam Questions 
 
The following questions are appropriate to use to test students' knowledge of species 
selection. 

1. List three major factors that affect species selection. 

2. Compare and contrast climate and weather.  

3. Explain the importance and benefits of choosing the appropriate species to plant. 

4. List four key C3 forages species and four key C4 forage species. 
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Appendix C 

Project 

Part 1 - Operation Details 

1. Choose a location for your operation. This can be anywhere you want it to be! Be 
sure to include information about the area - climate, location within the state, other 
agriculture produce in area, etc. 

2. Hay, silage, or grazing - choose how you want to manage your forage based on the 
end product that you want. 

3. Give details about your operation - this does not have to be a real location, feel free to 
make it up. Be sure to include number of acres, what has been grown previously on 
the ground, soil type, and any other features (creek, trees, slope...) 
 

Part 2 – Putting It Together 
1. Create a management plan for your operation. Start with planting your forage crop 

(your ground is currently bare but you are going to start growing forages, where do 
you start?). 

2. Here are some example questions that should be answered: 
a. What species are you going to plant? Why did you choose those species? 

Why are they appropriate for your operation? 
b. How are you going to establish the forage? Be sure to describe the whole 

process of establishment. 
c. What is the climate? How does that affect which species you will plant? 

How does that affect how you will manage the forage? 
d. What type of fertilizer will you use and why? How often will you apply it? 
e. How will you manage weeds? What are some barriers to weed 

management that you might encounter (think about this in relation to what 
species you planted)? 

f. If you choose grazing, be sure to include at minimum, what type of 
livestock will be grazing, the life stage of the livestock, and how many 
livestock you will have. Why does this matter? 

g. How often will you cut the forage for hay/silage or graze the forage? Why 
does this matter? How might different species be affected by various 
defoliation practices? 

 


