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CHAPTER I. INTRODUCTION

Market utilization of grass straw, a by-product of grass seed produced predominantly in the
Willamette Valley of Oregon, has been an ongoing research priority for more than two
decades. Historically, the straw has been burned after harvest, a practice which has been
severely curtailed in recent years by the Oregon Legislature. This action motivates continued
search for viable straw residue disposal choices, more efficient straw management and
removal practices, and market utilization alternatives.

Technically, straw has a variety of potential uses including animal feed, a substitute for wood
fiber in paper and panelboard manufacture, a fuel feedstock in power plants and briquet/pellet
fuels, and as compost. To date it has not been used widely in those potential markets because
it has not competed economically with materials currently used. Its low bulk density and
degradation characteristics contribute to its disadvantage by making grass straw costly to
densify, store, and transport (Conklin et al., 1991).

As a feed source, grass straw is high in fiber content, both lignin and hemi-cellulose. These
characteristics have limited grass straw use in domestic feed markets to serve largely as an
energy and fiber source for mature non-pregnant beef cows when their usual feeds are in
short supply and expensive. Inconsistent quality also has hindered use of grass straw as
livestock feed (Chamberlain and DelCurto, 1991). Straw quality varies widely by grass seed
type, both in terms of protein and fiber content. Quality is also greatly influenced by
practices used by growers to produce it. Consequently, knowledge about each straw purchase
is important when considering grass straw as a feed source. Often, this knowledge is difficult
to obtain because straw can pass through several individuals as well as over long distances
before reaching the ultimate buyer. Lack of information is a factor limiting its use as a feed
source (Chamberlain and DelCurto, 1991). Only a small fraction of the grass straw produced
in Oregon currently is fed to livestock in-state, and only under conditions such as drought in
Eastern Oregon or high alfalfa prices. Increasing quantities of grass straw over the past
decade have been shipped to Japan, some 200,000 to 300,000 tons in 1993, where it is used
largely as a fiber roughage source to augment traditional rice straw in beef and dairy rations
(Ast, 1993).

Feeding trials and nutritional analyses of grass straw in unprocessed, processed, and
chemically treated forms have demonstrated its potential as a feed source for some livestock
when fed in a diet which meets their nutritional requirements. Numerous feeding trials with
beef and dairy cattle, sheep, and horses have been conducted over the past two decades in the
Pacific Northwest (Church, 1977; Gamroth, 1988; Guggolz, 1971; Kellems, 1985). In recent
years, feeding trials have been directed toward Eastern Oregon's range cattle industry where
greater potential for grass-straw utilization exists than has occurred to date (Chamberlain and
DelCurto, 1991).
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Harney and Malheur counties in Eastern Oregon contain large areas of high mountain flood
plain on which meadow hay is produced. This hay provides the predominant feed source for
overwintering mature beef cattle. Grass straw has been proposed as a substitute for the low
quality meadow hay. There were approximately 1.3 million beef cattle and calves on
inventory in Oregon in 1993. More than 500,000 were mature non-lactating cows of which
as many as 125,000 were located in Harney and Malheur Counties of Eastern Oregon.
(Extension Economic Information Office OSU, 1993B).

Nutrition research has shown that, in addition to overwintering mature beef cattle, grass straw
also can be fed successfully to growing animals by adding protein and energy supplements,
processing into pellet form and by ammoniation treatment. With increased concern over
access to and the cost of public rangelands, and drought conditions which prevailed for the 6-
year period from 1988 to 1993, feeding of grass straw has taken on renewed interest. From a
nutritional standpoint, there is potential for increased utilization of grass straw as feed. With
suitable economic conditions, prospects for expanding the amount of grass straw fed to
livestock appear to exist. It is those nutritional and economic conditions that this study seeks
to address.

Purpose

The purpose of this study is to determine the nutritional and economic requirements necessary
for feeding livestock predominantly grass straw rations as substitutes for existing hay rations
commonly used. Feed value and nutritional requirements associated with feeding grass straw
in three forms (long stem, pelleted, and ammoniated long-stem) are compared against the
standard feeds. The principal focus of this report is on the beef cattle industry. In particular
it is on mature beef cattle and their ability to utilize low quality roughage, and the potential
for increased utilization of Willamette Valley grass straw by the beef cattle industry in
Eastern Oregon.

Objectives 

Specific objectives of the research are:
1. To review prior research involving the nutritional and economic aspects of grass straw

as a livestock feed
2. To review the cost of providing grass straw from the Willamette Valley as a feedstock
3. To ascertain the nutritional and economic conditions necessary for grass straw to serve

as an alternative feed to native meadow hay in Eastern Oregon for mature beef cattle.
4. To evaluate the nutritional feasibility of feeding straw to beef cattle, dairy heifers,

sheep, and horses; including the extent to which feed supplements are necessary and
their effect upon ration cost

5. To analyze least-cost rations for beef and dairy cattle, when grass straw is included as
a possible feed source.
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This study is reported in the following manner. Chapter 2 reviews the nature and availability
of grass straw in Oregon. A discussion of native meadow hay, its composition, cost, and
supplements fed with it, is presented in Chapter 3. Chapter 4 provides an in-depth review of
grass straw as a livestock feed, its costs, alternative rations involving grass straw as a
substitute for meadow hay, and the nutritional and economic conditions under which grass
straw can substitute for meadow hay in feeding range livestock. A preliminary assessment of
feeding grass straw pellets to dairy heifers is presented in Chapter 5. Feeding grass straw to
sheep and horses is discussed in Chapter 6. Finally, Chapter 7 summarizes study conclusions
and recommendations.
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CHAPTER 2. GRASS STRAW IN OREGON

In 1993, 386,000 acres were devoted to grass seed production in Oregon of which 361,000
acres were located in the Willamette Valley, the predominant cool season grass producing
region in the world. Grass seed accounts for almost 40 percent of the valley's total crop
acreage and 12 percent of its value of agricultural production. Grass seed acreage increased
steadily since 1979, and only since 1991 has there been a slight decline as shown in Figure 1.
The cool season grass seed types grown in Oregon are annual ryegrass, perennial ryegrass,
tall fescue, bentgrass, fine fescue (chewings, red, hard), orchardgrass, and bluegrass (Marion
and other Kentucky varieties). Historically, perennial ryegrass and tall fescue were produced
as pasture grasses. Since passage of the Plant Variety Protection Act in 1970, a marked shift
to the development of turf-type perennial ryegrass and tall fescue by private plant breeders
has occurred for use in a rapidly expanding lawn and turf market. The result has been
development of popular proprietary turf-type varieties with greater leaf surface, shorter stems,
and more dense cover.

Figure 1. Oregon Grass Seed Acreage 1978 - 1993
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Source: Extension Economics Information Office OSU, 1993C.

The greatest potential for livestock feed, in terms of nutritional value, lies with tall fescue,
perennial ryegrass, bentgrass, and bluegrass grass seed types (Chamberlain and DelCurto,
1991). Turf-type varieties of tall fescue and perennial ryegrass generally exceed forage-type
varieties of these grass seed types in nutritional value. Forage-type varieties, however, are
useable sources of roughage livestock feed. Bluegrass is fed on a limited basis, principally in
Central Oregon, where most bluegrass is grown. Hard fescue, a relatively new variety in
Oregon, also has potential as a feed source, but accounted for only 1 percent of Oregon's
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grass seed acreage in 1993. Fine fescue, orchardgrass, and annual ryegrass have not been
recommended for feeding because of their poor feed values; especially low protein rates and
high fiber content (Chamberlain and DelCurto, 1991). Total acreage of tall fescue, perennial
ryegrass, bentgrass, hard fescue, and bluegrass in 1993 was about 230,000 acres as shown in
Table 1. Using an average straw yield per acre for each type from an earlier study (CH2M
Hill and Oregon State University, 1991), nearly 500,000 tons of straw were estimated to be
available as livestock feed from 1993 grass seed production. Some 200,000 to 300,000 tons
of grass straw were shipped as livestock feed to the Far East in 1993 with about 90 percent
going to Japan (Ast, 1993). Some 65 percent of the grass straw shipped was perennial
ryegrass, 25 percent tall fescue, and 5 percent orchardgrass and bentgrass (Ast, 1993). The
straw exported is mostly from the northern portion of the valley. Most, if not all, of the
remaining 200,000 to 300,000 tons of grass straw suitable for livestock feeding could
conceivably be utilized by Oregon livestock, given appropriate economic conditions.

Table 1. Sources of Grass Straw in Oregon as Potential Livestock Feed
by Straw Type, 1993

Straw Type Total Acresa Tons/Acreb
Tons

Available

Perennial 120,610 2.50 226,144
Ryegrass

Tall Fescue 73,420 3.75 206,494

Bentgrass 14,860 2.00 22,290

Kentucky 15,300 2.25 25,819
Bluegrass

Hard Fescue 4,255 1.75 5,585

Total 228,445 486,331

a Source: Extension Economic Information Office, 1993C
b Straw yields (Tons/Acre) are based on the average of the high and low tons

per acre listed in CH2M Hill and Oregon State University, 1991, Table 2.
Assumes a 25% loss of straw due to straw, chaff, and seed not removed in the
process of baling.

Oregon's grass seed production is concentrated in the Willamette Valley. Over 94 percent of
the state's total grass seed acreage of 386,000 is grown in the valley shown in Table 2.
Consequently, grass straw utilization in Eastern Oregon requires transhipment across the
Cascade mountain range.
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Table 2. 1993 Oregon Grass Seed Acres

County
Colonial

Bentgrass
Creeping
Bentgrass

All K.
Bluegrass

Chewings
Fescue Tall Fescue Red Fescue

Annual
Ryegrass

Perennial
Ryegrass

Orchard-
grass

Hard
Fescue Total

District 1
Benton 1,500 550 150 200 9,600 600 8,500 7,540 4,750 31,390

Clackamas --- 800 100 1,000 1,000 700 --- 1,700 300 5,600

Lane 400 350 100 100 5,500 --- 8,000 7,000 1,600 23,050

Linn 1,600 1,300 100 1,300 28,000 550 81,000 63,000 5,800 3,000 185,650

Marion 4,900 2,400 300 10,700 12,500 4,800 200 25,000 750 61,350

Multnomah--- --- --- --- --- --- --- --- 50 50

Polk 100 100 50 500 13,000 500 12,500 5,000 4,300 36,050

Washington--- --- --- --- 1,100 --- --- 700 --- 1,800

Yamhill 500 120 200 8,000 200 2,000 3,700 1,300 100 16,120

Subtotal 8,800 5,620 800 14,000 76,700 7,350 112,200 113,640 18,850 3,100 361,060

District 3
Douglas 170 50 220

Jackson 200 --- 200

Subtotal 200 170 50 420

District 4
Gilliam --- 120 70 --- --- 190

Morrow 310 610 1,030 120 --- 380 2,450

Sherman 200 --- --- --- 470 --- 670

Umatilla 1,010 800 930 450 --- 755 3,945

Subtotal 1,520 1,530 2,030 570 470 1,135 7,255

District 5
Malheur ___ ---

Union 4,490 1,100 500 2,080 60 20 8,250

Subtotal 4,490 1,100 500 2,080 60 20 8,250

District 6
230 230Crook

Deschutes --- 40 30 70

Jefferson 580 8,220 8,800

Subtotal 580 8,490 30 9,100

State Total 8,800 6,420 15,300 16,630 79,400 10,000 112,200 114,200 18,900 4,255 386,105

Source: Compiled by Extension Economic Information Office, Oregon State University, Corvallis.



CHAPTER 3. NATIVE MEADOW HAY, HISTORICAL FEED OF CHOICE FOR
WINTERING OREGON'S RANGE CATTLE

In Eastern Oregon cows graze rangelands during the late spring, summer, and early fall.
Winter feeding typically is from November through March, about 150 days. Due to
availability and cost, cattle are usually wintered with native meadow hay. Its availability is
not always assured, however. Some years are droughty. Meadow hay near Bums, Oregon
was cut and baled for winter hay, in only one of four recent years. Drought prevented hay
harvest in the other 3 years. In more "normal" years meadows may stay flooded until June
with hay harvest in July.

Native Meadow Hav Composition 

Beef cattle producers tend to perceive that all meadow hay is adequate for winter nutrition of
mature beef cattle. However, meadow hay quality depends on forage species, environment,
and maturity at harvest. Native flood meadows in the Harney Basin historically were
dominated by rushes (Juncus) and sedges (Carex), but in recent times they have become
dominated by meadow foxtail (Alopecurus pratensis), an introduced species (Angell et al.,
1993).

In 1981, 41 samples of native meadow hay from Grant County, Oregon were taken and
analyzed for feed value. An additional 55 samples were taken in Grant County between 1991
and 1993. The number of samples at each site, year sampled, and the average crude protein
for these samples are shown in Table 3.

Table 3. Crude Protein Content of Native Meadow Hay from Selected Sites in
Grant County, Oregon, 1981, 1991-1993

Area Sampled Year Number of Samples Average CP (%) CP Range (%)

Prairie City 1981 19 7.62 6.75 - 9.85
1993 12 9.25 7.98 - 11.95

John Day/Canyon City/ 1981 5 7.51 5.75 - 10.23
Mt Vernon 1991 4 5.74 5.00 - 6.26

1992 9 8.45 5.40 - 13.92
1993 16 8.74 6.49 - 10.26

Bear Valley 1981 11 7.19 6.38 - 7.88
1991 2 6.50 4.50 - 7.50
1992 6 7.30 6.89 - 8.24
1993 8 8.17 6.11 - 11.26

Izee 1981 3 7.22 6.30 - 7.75
Fox/Dale 1981 2 6.69 5.73 - 7.64
Long Creek 1981 1 7.31

1981 41 Total 7.41 Average 5.73 - 10.23

1991-93 55 Total 8.58 Average 4.50 - 11.95

Source: Pete Test and Tim DelCurto, Unpublished Research.
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Table 3 results for the 1981 samples show crude protein (CP) content ranged from a low of
5.73 percent to a high of 10.23 percent with an average CP level of 7.41 percent. Only two
samples were below 6 percent CP while two other samples were above 9 percent. The
National Research Council (1984) suggests that mature beef cattle in the winter feeding
period will require a minimum of 6 to 8 percent CP diet depending somewhat on stage of
gestation, intake, and digestibility of diet. On average, most of the samples showed meadow
hay to be marginal as an adequate CP source for wintering beef cattle. The nutritional
implication is that a significant amount of native meadow hay fed in the Harney Basin during
the 1980's required protein supplementation when fed to avoid diminished animal health or
performance.

Table 3 results from the 55 samples taken between 1991 and 1993 show a significant increase
in the CP average to 8.58 percent with an expanded CP range from 4.5 to 11.95 percent. The
highest CP levels occurred in 1993, an optimal year for hay quality. The overall increase in
CP of meadow hay appears to be the direct result of an OSU Extension meadow management
improvement program. Nevertheless, the low CP averages in some instances and low values
in the CP range indicate that ranchers in Grant County continue to produce meadow hay that
is marginal in CP level for winter feeding of mature beef cows without protein
supplementation.

Nutritional Requirements in Feeding Low Quality Roughage 

Cattle have unique nutritional needs at each stage of growth. The needs for calves, fattening
animals, lactating cows, dry cows, and bulls are each different. Feeding low quality
roughage, including native meadow hay and grass straw, will not provide adequate
performance levels for each category of animals. The nutrient and growth requirements of
young or lactating animals are such that they cannot consume enough of the long-stem
roughage to meet nutritional requirements (Chamberlain and DelCurto, 1991). For growing or
lactating livestock, feeding of such roughage supplemented with additional energy and protein
components can attain the nutritional balance and performance desired. However, the greatest
potential for feeding long stem roughage lies with the winter maintenance of mature, dry,
spring-calving cows. Ruminants can effectively utilize low-quality roughages, though they
may need some supplement.

The feeding analyses presented in this study are based on the nutrient requirements of a 1,000
pound mature, spring-calving beef cow. Mature beef cows require from 2.0 to 2.5 percent of
their body weight as daily dry matter intake depending on their stage of pregnancy (7urgens,
1993). Assuming that all forages are 90 percent dry matter, as-fed intake would range from
2.2 to 2.8 percent of their body weight (22 to 28 pounds). Therefore, an average 25 pounds
per day of as-fed intake was assumed for 1,000 pound beef cows. Readers must remember
that roughages with excessively high fiber and low digestibility may pose physical limitations
to digestion and passage which, in turn, would limit intake below 25 pounds.
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Beef cows bred for spring calving begin the winter feeding period in November, the middle
third of their pregnancy. Crude protein and energy requirements increase with each stage of
pregnancy with the highest nutrient requirements occurring during lactation as shown in Table
4. The National Research Council (NRC) CP and TDN requirements are considered as
minimal levels for animal maintenance. While the 6 to 8 percent CP may be adequate for the
first third of pregnancy, it is not for the middle and final third of pregnancy. An 8 percent
and 9 percent CP diet (DM basis) during the middle and last third of pregnancy are
considered to be more appropriate and adequate for animal maintenance and fetal growth
under a variety of local conditions.

Table 4. Summary of Minimal Crude Protein and Total Digestable Nutrient Energy
Requirements for 1,000 Pound Mature Beef Cows.

Stage a
	

Crude Protein %	 Total Digestible Nutrient %

DM Basis

Middle one-third of
pregnancy	 7.0	 48.8

Last one-third of
pregnancy	 7.9	 53.6

Lactating	 9.6	 56.6

a Data for dry, non-pregnant and first one-third of pregnancy categories are excluded as dry
cows rarely are retained in a herd and cows in the first one-third of pregnancy usually are
lactating.

Source: National Research Council, 1984, pp. 84-85.

With all beef cattle feeding regimes discussed in this study, a high quality mineral supplement
that meets the mineral requirement of 1,000 lb mature cows is assumed to be available on a
free choice basis. This implies that the amount and cost of mineral supplement is constant
regardless of the beef cattle feed ration used. Hence, the cost of mineral supplement is not
included in the beef feed ration cost comparisons in this study.

Cost of Producing Meadow Hay

The value or cost of native meadow hay is important since it provides the standard of
comparison, both nutritionally and economically. This is to say that, historically, native
meadow hay has been the least cost source of needed winter roughage for Eastern Oregon and
many western U.S. cow/calf producers.

The value of native meadow hay can be estimated in two ways. The most direct method is to
use the market value of hay in the region to establish a price. Meadow hay in Eastern
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Oregon has averaged approximately $60 per ton for the last few years. This price includes
delivery to a feeding site or storage facility.

An alternative method of valuing meadow hay is to estimate the cost of producing meadow
hay and use that cost as a proxy for market value. The cost of producing meadow hay is
equal to the cost of owning the land, managing the meadows, and harvesting the hay. Two
enterprise budgets, one for the Eastern Oregon region (Baker, Malheur, and Wallowa
Counties) and the other for the south central Oregon region (Crook, Deschutes, Grant,
Harney, Jefferson, Lake, and Wheeler Counties), were used to estimate cost and returns for
rancher production of meadow hay under a range of conditions. (Carr, McNeley, Perry,
Turner, Williams, 1995), (Hewlett, Cross, Hart, 1987). The enterprise budgets are presented
in Appendix B.1 and Appendix B.2. The budgets are based on 300-400 acres of hay
harvested annually on the owner/operator's land. The native meadow hay produces one
cutting per year with a yield of 1.5 to 3.0 tons/acre, depending upon location. Both owner
and hired labor are charged at $7.00 per hour in the 1987 budget. Owner labor is charged at
$10.00 per hour while hired labor is $7.00 per hour in the 1995 budget. Machinery and
equipment include tractors, harrow, swather, side delivery rake, baler, and hay wagon.

Total variable costs per acre were $25 and $72, respectively, for the south central and eastern
regions. This includes pre-harvest and harvest operations as well as interest on operating
capital. Fixed costs include depreciation, interest, and insurance on machinery and
equipment, property taxes, and interest on land. Total fixed cost ranged from a low of
approximately $50/acre in the south central region to a high of $100/acre for the Eastern
Oregon region. Total cost was approximately $76/acre or $50/ton with a 1.5 ton/acre yield
for the south central region. For the Eastern Oregon region, total cost was approximately
$173/acre or $58/ton with a 3.0 ton/acre yield. Given the above assumptions, a breakeven
price to produce meadow hay ranged from $50-$60/ton with an average approaching $55 per
ton. The estimated production cost is comparable to the average market price of $60 per ton,
which suggests that $60 per ton is a realistic value to place on native meadow hay.

Meadow Hay with Alfalfa Hay Supplement

Previous feeding research showed that the primary mechanism in which supplemental protein
improves ruminant performance is by increasing the intake of low-quality roughage. The
exact mechanism for such stimulation is not fully known nor understood (DelCurto, 1991).
Alfalfa hay, soybean meal, and cottonseed meal are typical supplements. Natural protein
supplements are utilized more efficiently by cattle with better animal performance than
nonprotein nitrogen supplements such as urea and biuret (DelCurto, 1991). In addition to
crude protein content, the digestibility, forage availability, production/maintenance
requirements, and other limiting nutrients must be assessed when considering a supplemental
protein source (DelCurto, 1991).

Alfalfa hay is the most commonly used source of roughage/protein supplement for native
meadow hay in Eastern Oregon. This is especially important when, as shown in Table 3,
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protein levels of native meadow hay are not high enough to meet the 8 percent and 9 percent
protein requirements for roughages fed to mature pregnant beef cows in the middle to final
stages of pregnancy. However, alfalfa hay prices can and do vary widely over time, a fact
well known by Oregon ranchers. Since 1978, alfalfa hay prices in Oregon have ranged from
a low of $53.00/ton to a high of $102.00 FOB farm gate to alfalfa hay producers. Reported
average annual prices for the 1978-1993 time period are shown in Figure 2 (Extension
Economic Information Office, 1993A). Dairy quality alfalfa hay is about $10 per ton higher
and feeder quality alfalfa hay about $10 per ton less than the quoted average annual price.
As alfalfa hay prices swing to the high side, ranchers look to alternative sources of protein to
supplement their beef cow rations. Feeder quality alfalfa hay, the type normally fed to beef
cattle, usually contains 16 to 18 percent protein.

Figure 2. Average Annual Alfalfa Hay Prices in Oregon, FOB Farm Gate to Alfalfa Hay
Producers, 1978-1993

Source: Extension Economic Information Office, 1993A.

The cost of roughage supplement is a function of the crude protein level of native meadow
hay, cost of meadow hay, and cost of alfalfa hay supplement. A simple cost table was
prepared that shows the ration costs of 8 percent and 9 percent CP diets for beef cattle in the
middle and final one-third stages of pregnancy respectively, and supplemented by feeder
quality alfalfa hay when CP levels are not met by the native meadow hay. Meadow hay is
priced at $60/ton and alfalfa hay at the average alfalfa hay producer price of $85/ton plus
$25/ton for trucking to Eastern Oregon for a total delivered price of $110/ton. The cost
comparisons are presented in Table 5 for varying CP levels of meadow hay.
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Table 5. Cost of Native Meadow Hay/Alfalfa Hay Supplemented Rations for 1000 Pound
Beef Cows in Middle/Final Pregnancy Period meeting 8 & 9 Percent CP level

Requirements on an as fed basis (90 Percent DM)

% CP
Meadow Hay

% CP
Alfalfa

8% CP Diet (Middle) 9% CP Diet (Final)

Meadow Hay
lbs/day

Alfalfa
lbs/day

Ration
Cost/Toe

Meadow
Hay lbs/day

Alfalfa	 Ration
lbs/day	 Costfrona

4 16 16.7 8.3 76.60 14.6 10.4 80.80

5 16 18.2 6.8 73.60 15.9 9.1 78.20

6 16 20.0 5.0 70.00 17.5 7.5 75.00

7 16 22.2 2.8 65.60 19.4 5.6 71.20

8 16 25 0 60 21.9 3.1 66.60

9 16 25 0 60 25 0 60

10 16 25 0 60 25 0 60

11 16 25 0 60 25 0 60

12 16 25 0 60 25 0 60

a Assumes meadow hay priced at $60/ton and alfalfa hay priced at $110/ton.

No alfalfa hay supplementation is necessary if the CP level of native meadow hay is at or
above the 8 to 9 percent CP level as shown in Table 5. For CP levels of native meadow hay
in the 4 to 7 percent CP range, some alfalfa hay supplement is needed with increasing
quantities up to 10 pounds/day, for the lowest quality meadow hays. For native meadow hay
with a CP content as low as 4 percent, the additional cost of an alfalfa hay supplement can
increase the diet cost by $15-$20/ton with a resulting total ration cost of $75-$80/ton. These
additional costs are not inconsequential. If we take a herd of 200 brood cows as an example,
during its final 60 days of pregnancy, with a 3 to 10 pound/day/cow alfalfa hay supplement
requirement, which costs $110/ton, the total additional cash outlay for such supplementation
ranges from $2,000 to $6,600 depending upon the crude protein level of the native meadow
hay.

Table 5 illustrates that simple rations consisting of meadow hay properly supplemented with
alfalfa hay are quite costly when crude protein levels of meadow hay are below 7 percent.
This has prompted Eastern Oregon livestock producers to consider alternative feeds, including
grass straw, as potential sources of feed cost savings. In the next chapter, characteristics of
grass straw are presented and the costs of feeding straw are estimated.
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CHAPTER 4. GRASS STRAW FOR RANGE CATTLE

Feeding Characteristics

Nutritional studies have shown grass straw generally to be high in cellulose, hemicellulose,
and lignin DM content, and low in CP content. The DM content of grass straw is a good
source of energy but is limited by low digestibility and palatability. Thus it is unsatisfactory,
without feed supplements, in rations for high-producing dairy cows, lactating beef cows, or
young, growing livestock that require high protein and highly digestible feeds. Even so, straw
feeding qualities may be superior to overly mature grass hays such as those produced on
some native meadows in Eastern Oregon with 6 percent to 7 percent CP as shown in Table 3,
and typically fed to dry, mature beef cows.

Development and adoption of proprietary turf-type grass seed varieties on a major scale in
Oregon during the past 15 years, particularly tall fescue and perennial ryegrass with greater
leaf generation and shorter stems, may have resulted in a higher quality straw by-product than
that from traditional pasture type grass seed varieties. Two studies by Oregon State
University (OSU), one reported in 1988 (Gamroth and Pirelli, 1988) and another completed in
1991 by the Eastern Oregon Agricultural Research Center (Stamm et al., 1993A), analyzed
the nutritional quality of several grass straw types. The 1988 study analyzed six to 18
samples each of eight grass straw types. The 1991 study analyzed straw samples of five grass
straw types from nearly 300 fields. Results of the two studies are summarized in Appendix
C.

Two features stand out from the results. One, the variability of crude protein (CP) content
within and among the grass straw types is large. The range in CP content across all grass
straw types was from a low of 1.25 percent to a high of 11.8 percent. The exceptions were
annual ryegrass, orchardgrass, and fine fescue, which had low CP mean values and lower
variability across samples. The second feature is that bentgrass, turf-type tall fescue, turf-type
perennial ryegrass, and bluegrass had higher CP mean values. Their CP levels consistently
exceeded 5 percent with ranges from about 4 to 11 percent. This is important from a feeding
perspective in that a 6 to 8 percent CP level is generally a minimum level below which
protein supplementation for mature beef cattle is necessary (Stamm et al., 1993A).

In addition to CP content, the 1991 study also measured levels of acid detergent insoluble
nitrogen (amount of unavailable nitrogen), neutral detergent fiber (content of cellulose,
hemicellulose, and lignin), acid detergent fiber (an inverse measure of digestibility), and in-
vitro DM digestibility (a measure of true digestibility of dry matter content by rumen
bacteria) (Stamm et al., 1993A). These results also showed that turf-type perennial ryegrass,
turf-type tall fescue, and bentgrass straws generally have greater nutritional value with higher
CP levels and lower fiber content than either orchardgrass or annual ryegrass. Bluegrass was
not tested in the 1991 study. The results also showed that differences in harvest dates, time
periods from swathing to baling, and precipitation did not consistently or predictably
influence nutritional levels among and within grass straw types.
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The considerable variability within and among grass straw types from the samples suggest
that livestock feeders should request an analysis of straw from individual fields to estimate
the nutrient content and feed value of grass straw being considered for purchase. Such an
analysis will determine the CP level as well as the DM content, neutral detergent fiber, acid
detergent fiber, and estimated digestibility. Several commercial labs in Oregon can perform
this analysis for about $32 per test submission s . A composite sample drawn from eight to
ten bale core samples per test is a sufficient amount. Given the current market structure of
grass straw, with brokers purchasing and selling lots of straw from many growers and fields,
a detailed analysis may not be feasible to obtain prior to purchase. In this case, analysis of
straw should still be performed so that informed feeding decisions can be made based on the
nutrient content of the purchased straw.

Results of the two OSU studies show that straws from turf type grass seed varieties in general
are preferred over pasture type grass seed varieties for animal feed because of their higher CP
levels attributed to higher leaf to stem ratios. However, a fungal endophyte (Acremonium
coenophialium) has been introduced into some proprietary turf type tall fescue (as ergovaline)
and proprietary turf-type perennial ryegrass (as lolitrem B) varieties to enhance plant
hardiness, pest resistance, and drought tolerance (Stamm et al., 1993A; Craig and Blythe,
1993). The endophyte produces a toxic alkaloid. At high levels, the endophyte generates a
toxicity that affects health of ruminant animals and horses. In severe cases the toxicity shows
classic signs of ergotism; a vasoconstriction within the extremities of animals affected,
causing ears, tail, and/or feet to slough off. More typically, the symptoms are less dramatic,
showing up as lower feed intake, lower weight gain, lower milk production, higher respiration
rates, higher body temperature, and reduced reproductive performance. Cattle have been
found to have a reduced level of blood serum prolactin. Prolactin is produced by the animal
in response to high environmental temperatures and it regulates body temperature. Under
toxic endophyte levels, cattle display rough hair coats, spend more time standing in water and
shade, and less time grazing during the heat of the day (Ball et al., 1993).

Research conducted at EOARC suggests that low-quality grass straws with endophyte levels
up to 475 parts per billion (ppb) can be fed to growing and early to mid-gestating cows
without toxicity levels reducing animal health, nutrition, or performance (Stamm et al.,
1993B). Threshold level analysis of endophyte toxicity by the OSU College of Veterinary
Medicine in November 1993 estimated the levels above which toxicity symptoms may occur
in livestock (Craig and Blythe, 1993). The results of this research are summarized in Table
6.

I See Fertilizer Guide: A List of Analytical Laboratories Serving Oregon shown in Appendix D.
Additional copies are available from the OSU Extension Service.
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Table 6. Threshold Levels of Endophyte Toxicity for Grass Straw, parts per billion.

Endophyte Toxicity Thresholds

Livestock	 Tall Fescue	 Perennial Ryegrass

(Ergovaline)	 (Lolitrem B)

Cattle	 400 - 750	 1800 - 2000

Sheep	 800 - 1200	 1800 - 2000

Horses	 300 - 500	 Not determined

Source: Craig and Blythe, 1993

A 1993 study by EOARC showed that the endophyte content of tall fescue and perennial
ryegrass straws exhibited a wide range of endophyte toxicity levels (Stamm et al., 1993A). In
the 43 tall fescue samples presented, (only data for varieties in which three or more samples
were taken is presented) endophyte levels across samples ranged from 0 to 945 ppb with a
mean of 86 ppb. In the 71 perennial ryegrass samples presented, the endophyte level ranged
from 0 to 790 ppb. Some 14 percent of the tall fescue samples had endophyte levels above
200 ppb while 42 percent of the perennial ryegrass samples contained levels greater than 200
ppb. These results suggest that the likelihood of purchasing tall fescue and perennial ryegrass
straws with endophyte levels high enough to be toxic is low but possible. Testing straw for
endophyte levels prior to purchase and feeding to prevent the risk of endophyte toxicity is
recommended. The test involves taking core samples from straw bales, which are sent to the
College of Veterinary Medicine at OSU for analysis. The cost is $35/sample with results
generally available in one to two weeks 2. Pasture-type tall fescue, pasture-type perennial
ryegrass, bentgrass, and bluegrass straws do not have endophyte, and therefore do not require
testing.

Grass straw is commonly fed in a long-stem form. Straw also can be treated chemically to
change its physical form or augmented with supplements to increase digestibility, palatability,
and animal performance. Numerous feeding trials with a number of chemical treatments
including anhydrous ammonia, urea, sodium hydroxide, potassium hydroxide, and hydrogen
peroxide have been conducted. Anderson (1973), Church and Kennick (1977), Guggolz et al.,
(1971), Kellems (1985), Kellems and Weber (1984), and Shultz and Ralston (1974) are
examples. Since the mid 1980's, the number and scope of straw treatment studies have
tapered off and the focus has concentrated on use of anhydrous ammonia. Chemicals other
than anhydrous ammonia can be effective on a small scale basis, but with the possible
exception of urea, they have not proven to be practical for large scale operations or effective
for overall animal performance. The advantage of anhydrous ammonia is that it increases the

2 For more information, call the A.M. Craig Laboratory at (503)737-6541 or write to Dr Craig's
Laboratory, Attention: Karen Walker, College of Veterinary Medicine, Oregon State University,
Corvallis, OR 97331-4802 for complete procedures and analysis submission forms.
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straw's CP content and breaks down lignin-cellulose bonds in the straw thereby increasing
digestibility (Chamberlain and DelCurto, 1991).

The physical form of long stem straw can be changed by grinding and densification into
pellet form. The result, shown by a recent EOARC feeding study, is that feed intake is
increased over long stem straw and the percent of diet digested is decreased slightly.
Reduced digestibility of pelleted straw was offset markedly by the increased intake, and this
resulted in an overall increase in digested dry matter (Barton et al., 1993).

The nutritional characteristics of grass straw range from a low quality feed, which requires
feed supplements to meet animal nutritional requirements, to a straw that can be fed with
little or no supplementation to some livestock groups. Straw can be fed in a long stem form,
chemically treated, or pelleted to enhance animal consumption and utilization potential.
Though research concerning the nutritional aspects of feeding straw to cattle, sheep, and
horses is available, knowledge of related economic factors is lacking.

Cost of Grass Straw

The market for grass straw has been mixed. In no case has all grass straw produced annually
in the Willamette Valley been marketed. In the north valley, a majority of the grass straw
goes to Japan as a livestock roughage feed, with the remainder roadsided for disposal. Its
market price at the farm gate is made up of windrowing, baling, and field removal costs by
the owner or custom operators, and storage cost by the grower. Usually, the grower provides
the straw to custom operators at no cost, but is compensated if the straw is stored on-farm. If
no market exists for the straw (the usual case in the south valley) the straw is either field
burned or roadsided for stack burn soon after summer grass seed harvest. In such cases, the
grower bears the cost of field removal, roadsiding, and disposal.

Baling

If grass straw is to be marketed, windrowing in the field followed by baling is the standard
practice. Low bulk density of grass straw requires densification in a baled form to facilitate
handling and transporting. Three baling techniques are common. One is a two-tie system
(16in x 18in x 46in) that produces a 65 pound bale; a second is a three-tie system (16in x
22in x 46in) producing a 100 pound bale; a third type is the large rectangular bale (4ft x 4ft x
8ft) weighing 900 to 1,200 pounds. Many grass seed growers rely on custom operators to
remove their grass straw. Custom rate estimates to windrow, bale, and stack in the field, at
the roadside, or in a nearby shed range from $15 to $30 per ton with the most common quote
being $20 per ton (Larry Campbell and Gale Gingrich, 1993; Hartung 1992; Gerald Phelan,
selected custom baler, 1993; Agricultural Fiber Association, 1993). Individual cost
components are $10-$13/ton for swathing and baling, $2-$3/ton for stacking and handling,
and $3.25 to transport from the field to roadside or nearby shed (Hartung, 1992). Variability
in cost is attributed to differences in size and location of grass seed operations, straw yield
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per acre, specific agreements between growers and custom balers, and production related time
constraints during the grass seed harvest season.

Some growers purchase and/or rent baling and stacking equipment. Machine ownership costs
were estimated by Mellbye in 1992 for a 1,500 acre grass seed farm. The analysis assumes
that 500 acres of grass seed are burned and 1,000 acres are baled and stacked. With an
assumed 2.2 tons/acre of usable straw, the cost to rake, bale, and stack was estimated at about
$16 per ton both for the three-tie bales and the large rectangular bales. Machine ownership
and operating costs for baling and stacking by the grower using owned equipment are
presented in Appendix E.

Storage

Storage is essential in the Willamette Valley to avoid discoloration and deterioration of grass
straw from high winter rainfall. While sales during summer months minimize straw quality
loss from rain damage, it may be necessary for the grower or custom operator to store straw
for intended sale during the winter. Storage costs range from about $3 to $10 per ton
depending upon the storage method used (AFA, 1993; Mellbye, 1993; Hartung, 1992). Three
storage methods are predominate. They are three-sided barns, tents, and tarps. These
methods are outlined in Hartung, 1992 and reproduced in Table 7.

The storage cost estimate for a three-sided barn is $7-$10 per ton. It assumes that one acre
of land, a gravel floor, access road, and loading area are required. The 15,000 square foot
barn stores approximately 1,500 tons of grass seed straw and costs $75,000 to build. A
19,000 square foot barn stores about 2,000 tons of straw and costs around $90,000 to
construct.

Tents store straw at an estimated cost of $3 to $4 per ton. This is based on the cost to
purchase and construct a tent storage area on 2/3 acre with a gravel pad to store 1,500 tons of
straw. Total cost to purchase is estimated at $38,340 with an assumed useful life of 5 years.

Tarping is the least cost option with an estimated cost of $2.50 to $3.50 per ton. Tarping a
500 ton stack of straw costs $11,850. An access road and loading pad are constructed on 1/2
acre and the tarps have an assumed useful life of 5 years. This storage method can result in
some weather damage. Storing straw in the open is not recommended as major weather
damage to an already marginal feed source will result.

Trucking

Transportation costs can make up a sizeable percentage of total cost to feed grass straw when
shipping long distances as from the Willamette Valley to Eastern Oregon. In collecting
transport cost estimates, the Burns area was considered a general destination for straw hauled
from the Willamette Valley. Costs may be slightly higher or lower than what is presented
here for more southern or easterly destinations.
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Trucking cost is dependent on the basis of the haul. Trucking straw east without a backhaul
costs $25 to $50 per ton, assuming full loads. With backhaul, costs of $12-$25 per ton are
quoted (Jerry Hall, selected hay producer, AFA, 1993; Herb Vloedman, Gerald Phelan, Andys
Custom Work, custom haulers in the valley and Eastern Oregon; Hartung, 1992).

A summary of baling, storing, and transportation costs are presented in Table 7.

Table 7. Summary of Estimated Baling, Storage, & Transportation Costs
for Grass Straw, Willamette Valley, Oregon

Average Cost Range
Operation Source $/ton $/ton

Swathing, baling,
handling, stacking

Owner 16

Swathing, baling,
handling, stacking

Custom 20 15-30

Swathing & Baling Custom 12 10-13

Handling & Stacking Custom 2.50 2-3

Transport field to barn Custom 3.25 3.25

On-farm Storage Barn 8.50 7-10

Tent 3.50 3-4

Tarp 3.00 2.5-3.5

Trucking (Local) 0-10 mi 3.25

11-25 mi 5.00

26-40 mi 6.10

41-80 mi 7.15

81-120 mi 10.72

Trucking to Eastern With Backhaul 18.50 12-25

Oregon

Without Backhaul 37.50 25-50

Total with Storage 60 31-80

Total Without Storage 45 30-70

Sources:	 AFA, 1993; Mellbye, 1993; Hartung, 1992; Campbell, Gingrich, and selected
producers, custom balers, and custom haulers, 1993.

Note the considerable variability of cost components depending upon situation and
circumstances, suggesting that the best "deal" on grass straw will require some search and
negotiation effort. The least cost choices involve summer purchase of grass straw, avoiding
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storage costs, and negotiating trucking with a backhaul. The result can be a cost for grass
straw delivered into the Bums area for about $45-$50/ton, with a range of from $30-$70/ton.
Grass straw purchased in the fall or winter will include a storage charge that adds $7-$10/ton
more to the "best" delivered price.

Feeding Grass Straw

Fed Alone

Grass straw from the Willamette Valley may qualify as a direct roughage substitute for native
meadow hay under conditions where native meadow hay has marginal CP levels of less than
8 percent and a cost to produce or buy of $60/ton. Under these conditions, straw from the
valley which, from testing, meets a minimum 6 to 8 percent CP level, meets endophyte
toxicity limits, and can be delivered F.O.B. to Eastern Oregon for less than $60/ton, would
qualify as noted by reference to Table 5. In so doing, it provides both a cost saving for a like
product and serves as a risk hedge during short production years for native meadow hay. To
the extent that native meadow hay, when tested, does not meet the 6 to 8 percent CP
minimum for mature beef cattle, some protein supplementation is necessary, as discussed in
an earlier section. The same holds true for grass straw.

Ammoniating Straw

Ammoniation of roughage feeds is common in the Midwest where fertilizer dealers readily
carry anhydrous ammonia and beef production is a predominate enterprise. Anhydrous
ammonia, a non-protein nitrogen, increases the CP content and palatability of roughage feeds,
and acts as a preservative for high-moisture materials (Sundstol et al., 1978). Ammoniation
breaks down the lignin-cellulose bonds, thereby increasing digestibility (Chamberlain and
DelCurto, 1991). In grass straws it also reduces the alkaloid content of endophyte-infected
grass straws (Campbell, 1993).

Ammoniation increases the feeding value of grass straw to that of a medium quality grass hay
by markedly increasing its CP level (Momont, Church, and Hunt, 1992). That is its principal
advantage. A 3 percent application will increase CP levels of low quality roughages by about
6 percentage units. Thus a 6 percent CP grass straw is increased to a 12 percent CP roughage
with the addition of 3 percent anhydrous ammonia.

Anhydrous ammonia may be difficult to obtain in the West and care must be taken when
handling the chemical. Straw that contains green clipping material should not be treated with
anhydrous ammonia and then fed to beef cattle as it may cause toxicity problems
(neurological problems) in mature cattle that may be passed on to calves through the dams'
milk (Corah, 1990). Likewise, other roughages with substantial amounts of soluable
carbohydrates should not be amoniated. A conservative approach would be to only consider
ammoniation if the low-quality roughage is below 6 percent CP.
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The process of ammoniation by ranchers, while requiring a number of steps, does not appear
to be particularly costly. Ammoniation treatment methods include packing round bales into
cylinder-shaped plastic bags, stretch wrapping and injecting individual bales, or covering a
stack of straw with black plastic and then injecting the chemical through perforated PVC pipe
into the enclosed bales. Stack treatment with black plastic is the most widely used technique
in the Northwest. Ammoniating a stack of three-tie or large rectangular bales allows several
tons of straw to be ammoniated at once. The stack procedure does not require the specialized
equipment needed for the first two methods.

Access to ammonia in the West is difficult, however. Few fertilizer dealers in Oregon carry
and distribute anhydrous ammonia. Currently, it is available in the Willamette Valley and
Eastern Oregon for $320 to $400 per ton. According to fertilizer dealers, ammonia delivery
charges vary from a flat rate of $7 per delivery load to $1.25 per ton (Intermountain Farmers
Association, 1993; Gapp, 1993). For purposes of this report, a cost of $400 per ton is used
and considered to include delivery charges.

The cost to purchase and transport grass straw from the Willamette Valley to Eastern Oregon
and then ammoniate the baled straw at the ranch site is estimated and presented in Table 8.
It is assumed the straw is delivered ready for chemical treatment, thus the size, location, and
spacing of the straw stacks are such that restacking is not necessary. It is also assumed the
straw will remain on the treatment site until fed. To avoid taping plastic sheets together and
to keep the straw stack a manageable size, the stack dimensions are determined by the size of
the plastic sheet covering the stack. Plastic is readily available in 40ft x 100ft sheets. A few
feet of excess plastic on all sides of the stack is necessary to seal the edges on the ground
with dirt and provide an air tight environment for the chemical reaction to take place
(Momont, Church, and Hunt). Using large, rectangular 1,200 pound bales, a stack three bales
high, nine bales long, and three bales wide (81 bales) can be covered by a 40ft x 100ft sheet
of plastic. For the three-tie bales, a stack nine bales high, eighteen bales long, and six bales
wide (972 bales) will also fit under the plastic. In both cases, the amount of straw covered is
approximately 49 tons.

The recommended application rate of anhydrous ammonia is 3 percent, or 60 pounds per ton
of DM (Momont, Church, and Hunt, 1992). At $400 per ton for ammonia, or $0.20 per
pound, the ammonia cost to treat one ton of straw is $10.80 assuming straw is 90 percent
DM. The ammonia is injected into the stack through three 12ft by lin PVC pipes. The pipes
are inserted into the center of the stack at evenly spaced intervals and the ends placed in the
stack are each sealed with a cap-fitting that costs about $0.50. Holes are drilled through the
PVC pipe every 1 foot to allow for diffusion of the ammonia gas into the straw (Momont,
1993). The PVC pipe costs approximately $12.60. The total hardware cost is $14.10, or
$0.29 per ton. Labor is charged at $5 per hour. Approximately 8 hours are required for
spreading the plastic, sealing the edges of the plastic with dirt, drilling holes in the pipe,
inserting the pipe, attaching the pipe fittings, and sealing the plastic .around the pipes with
tape. Given the above assumptions, the estimated cost to ammoniate one ton of straw is
about $14.
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Table 8. Estimated Cost of Grass Straw Delivered to Eastern Oregon Followed by
Ammoniation at Ranch Site, 1993

Descriptiona Unit Price Cost/Ton

Purchase Straw (49 Tons @ $20/ton) $980.00 $20.00

Transport Straw to Eastern Oregon 1,225.00 25.00

Anhydrous Ammonia ($400/ton @ 601bs/ton DM) 529.20 b 10.80

Plastic	 (100'x 40' 6 mil) 100.00 b 2.04

Hardware (35' of 1" PVC pipe & 3 end fittings) 14.10 b 0.29

Labor	 (Total of 8 hours of labor) 40.00 0.82

TOTAL	 $58.94

Source: a Momont, Church and Hunt; b Eastern Oregon Hardware Businesses.

Assuming direct purchase of grass straw from custom balers at $20/ton and transport at
$25/ton, a cost of $45 per ton delivered to Burns and a $14 cost per ton for treatment, the
cost of feeding a beef cow ammoniated straw is about $60 per ton, the same cost as native
meadow hay. Research at Washington State University indicates that about 50 percent of CP
derived from ammoniation is utilized effectively by the host animal (Males, 1987). Thus, a 6
percent feed ammoniated to 12 percent is probably comparable to a 9 percent CP feed.

Ammoniation has been shown to increase digestibility (energy) 8 to 15 percentage units
(Momont, 1993a) and increase feed intake in beef cattle over long stem straw (Horn et al.,
1983 cited in Momont, 1993b). Due to the limited availability of anhydrous ammonia, the
limited number of fertilizer dealers who are willing to treat grass straw, and ranchers who
either do not have complete information about ammoniation or who would prefer to purchase
feeds that do not require treatment, ammoniation of grass straw for use as beef cattle feed is
not widely practiced in Oregon. The same reasons exist for the lack of ammoniation of
meadow hay, though treating meadow hay can also significantly improve its quality.

The cost of feeding ammoniated grass straw appears to be competitive with meadow hay if
the assumed straw cost, delivery, and ammoniation costs are accurate with an approximate
$60 per ton. While the cost to ammoniate appears relatively constant, the cost of obtaining
grass straw can fluctuate considerably. Ammoniated straw having a 9 percent CP and priced
at $60 per ton is competitive with all native meadow/alfalfa hay rations where meadow hay is
less than 7 to 8 percent CP as shown in Table 5.

All of this suggests that for wintering mature, pregnant beef cows, a worthwhile economic
strategy for ranchers is first, to ammoniate their own native meadow hay in the stack, since
all costs to produce have now been incurred, if native meadow hay does not have a CP level
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of 6 to 7 percent. If hay is in short supply, buy grass straw from the valley with at least a 6
to 8 percent CP level. Ammoniate the purchased grass straw, with CP levels below 6 to 8
percent thereby substituting anhydrous ammonia for the somewhat more costly option of
supplementing with alfalfa hay.

Grass Straw/Alfalfa Hay Mix

When the CP level of native meadow hay is less than 8 percent, a diet of mixed grass
straw/alfalfa hay can be used to substitute for native meadow hay when the price of that diet
is favorable. This substitution potential is shown in Table 9 for a 1000 lb cow in the fmal
one-third of pregnancy requiring a 9 percent CP diet. The diet is made up of a 6 percent CP
grass straw and 16 to 18 percent CP alfalfa hay mix. Grass straw is priced at $45/ton and
alfalfa hay at $110/ton. The cost/ton for native meadow hay supplemented with alfalfa hay to
achieve a 9 percent CP level, taken from Table 5, is shown in column two of Table 9. The 9
percent CP grass straw/alfalfa hay ration is shown in column 3. Rations in the remaining
columns will be discussed in the next section.

Table 9. A Cost ($/ton) Comparison of Feed Rations, Including Native Meadow Hay
Supplemented with Alfalfa Hay, each of which meet a 9 Percent CP Roughage Ration
Requirement in feeding 1000 Pound beef cows in the Final One-third of Pregnancy

% CP
of Meadow Hay

9% CP
Meadow

Hay/Alfalfa
Hay Ration a

9% CP
Grass

Straw/Alfalfa
Hay Ration b

9% CP Grass Straw/
Protein/Energy Supplemented Rations

Ac B d C e D f

4 $80.80 $64.50 $71.11 $73.88 $73.02 $76.75

5 78.20

6 75.00

7 71.20

8 66.60

9 60.00

10 60.00
a Meadow hay @ Raton & Alfalfa hay @ $T1O/ton
b Grass straw @ $45/ton & Alfalfa hay @ $110/ton, Grass straw at 6% CP

A 6% grass straw supplemented with soybean meal for CP and barley for energy, See Appendix E, first
ration, for details.

d A 6% grass straw supplemented with soybean meal for CP and corn for energy. See Appendix E, second
ration, for details.

e A 6% grass straw supplemented with cottonseed meal for CP and barley for energy, See Appendix E, third

ration, for details.
A 6% grass straw supplemented with cottonseed meal for CP and corn for energy, See Appendix E, fourth
ration, for details.
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The grass straw/alfalfa hay ration is a more economical choice for all levels of native
meadow hay/alfalfa hay supplemented, up to the point where native meadow hay has a CP
level of 9 percent. The price differential of $45/ton grass straw against $60/ton native
meadow hay is the overriding factor. A diminishing of this price differential reduces the
ability of grass straw to substitute for meadow hay. The price of grass straw can be as high
as $60/ton and continue to compete with native meadow hay supplemented by alfalfa hay
where the native meadow hay has a CP level of 6 percent or less.

Grass Straw With Protein and Energy Supplement

Cattle tend to decrease their roughage intake when protein in the diet is deficient, thus
requiring an energy supplement. Consequently, feeds should be fed balanced for both protein
and energy requirements. Alfalfa is both a protein and energy source. Four supplemented
(for CP and energy) rations with their specific components are shown in Appendix F. To
assure a balanced straw ration, the energy and protein sources are combined to produce a 25
percent CP supplement measured on a DM basis. The supplements combined with straw of
CP levels ranging from 3 to 9 percent CP produce rations having 8 percent and 9 percent CP
to meet requirements for 1000 lb cows in the final one-third of pregnancy. Several feed
businesses in Eastern Oregon and Idaho were contacted to determine an average price per ton
for the corn, barley, cottonseed meal, and soybean meal. The prices for these commodities
are based on bulk purchases and include delivery charges to the Burns area in Eastern
Oregon. They are listed as footnotes in Appendix F. The price of grass straw in the ration
was assumed to be $45/Ton. A comparison of Appendix F with Table 5 for a 9 percent CP
diet is summarized in Table 9 for each of the four rations. Feeding grass straw with
energy/protein supplements to achieve a 9 percent CP diet is competitive with meadow
hay/alfalfa hay supplement ration only when the CP levels of native meadow hay are equal to
or less than 6 percent. However, feeding a grass straw/alfalfa ration in all cases is
considerably less costly than any of the grass straw protein/energy supplemented diets.

Straw Pellets

Pelleting of roughage feeds has become relatively common, largely as a mechanism to reduce
unit transport costs, provide ease of feeding, and provide a balanced ration for specific
livestock needs. There are several grass straw pellets available on the market. Knowing
pellet ingredients is important to ensure feeding a balanced ration. Some pellets contain
binders such as molasses to hold the material together. Binders offer nutritional benefits but
may cause shipping and storage problems due to the increased moisture content.

Research at EOARC has shown that feeding pelleted grass straw to beef cattle results in feed
intake and total digested DM greater than that from feeding long-stemmed grass straw.
Feeding pelleted tall fescue grass straw can increase feed intake for beef cattle by 30 percent
over non-densified long-stem straw (Barton et al., 1993). Straw pellets mixed with alfalfa
pellets increased intake over long stem straw alone by 50 percent. A combined straw/alfalfa
pellet increased intake some 57 percent above long stemmed straw. These results indicate
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that cattle may consume straw/alfalfa pellets more readily than non-pelleted rations. The
basis for the higher intake levels appears to be due to a faster rate of digestion, increased feed
passage through the digestive system, and improved palatability.

The cost of feeding a straw/alfalfa pellet, similar to that used in the EOARC feeding trial, is
outlined here. Such a pellet is available commercially in Oregon. Crude protein levels
available range from 8 to 16 percent. The pellet contains only straw and alfalfa, no binder.
Pellets with 8 to 10 percent CP are intended for beef cattle while higher CP content pellets
are intended for horse feed. Approximate composition of the pellets include 5.5 to 7.5
percent CP perennial ryegrass and/or tall fescue, and 17 to 22 percent CP alfalfa. The pellets
are about 3/4in in diameter and 2in in length and are relatively soft.

In Eastern Oregon, the frozen winter terrain allows for feeding pellets directly on the ground.
If ground feeding of pellets is not appropriate, use of feed troughs or a feed wagon may
suffice. Supplements are not needed except for a vitamin and mineral supplement fed free
choice, as done with all other rations discussed in this study.

Purchase prices for 8 percent and 9 percent CP pellets in the Willamette Valley in late 1993
were $94 and $98.25/ton respectively. Purchase prices are subject to change as the prices of
feed components change to the manufacturer. Delivery charges vary with distance. From
Portland to Burns, the delivery charge is currently $30/ton resulting in $124 and $128/ton
prices FOB Burns for 8 percent and 9 percent CP pellets respectively.

Pellets are significantly more expensive per ton than other feed sources treated in this study.
However, increased DM intake, increased digested DM, and reduced feed wastage by the
cattle provide offsetting factors. Using the EOARC research estimates where straw/alfalfa
pellets increased intake by 30 percent over long-stem hay or straw, this translates to about a 7
pound intake increase over the 25 pound as fed intake level for a 1000 lb cow, or 32 pounds
total intake. Translating this with a conservative feed reduction requirement of only 30
percent, or 9 pound reduction from 32 pounds, results in a 23 pound feed requirement using
pellets to equilibrate to 25 lb of long-stem hay. If fed straw/hay pellets, which require only
231b/day/cow, the cost/cow/day is: $125/ton or $0.0625 cents/pound x 231b/cow/day =
$1.44/cow/day for 8 percent and 9 percent CP pellets. The cost of feeding $60/ton meadow
hay with 251b/day is $0.75/cow/day. If native meadow hay is below the 8 to 9 percent CP
minimum, conversion of the cost/ton calculations in Table 5 with alfalfa hay supplement
results in feed cost/cow/day of $0.90-$1.00 to feed meadow hay and alfalfa. The $1.40-
$1.45/cow/day rate of feeding pellets is not competitive with the $0.75-$1.00/cow/day rate of
feeding native meadow hay with or without alfalfa hay supplement. The principal reason is
that native meadow hay, which serves as the primary component of the beef cow ration, is a
low cost component that other feed substitutes count to compete with economically.

Based on current prices, therefore, pelleted grass straw does not appear to be an economically
viable alternative as a winter feed source for mature beef cattle. However, pelleted grass
straw based rations may be more competitive in growing beef cattle rations targeted for
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weaned steers/heifers. In a recent feed trial at EOARC, weaned heifers maintained body
condition and gained weight on pelleted grass straw rations, whereas, animals on identical
non-pelleted rations displayed a loss in body condition and negligible weight gain (Table 10).

Table 10. Weight and Body Condition Changes of Weaner Heifers Consuming Differing
Forms of Tall Fescue Straw During an 84-Day Winter Feeding Period

Squaw Butte Experiment Station, Burns, Oregon

Period

Unprocessed
straw

+ alfalfa

Straw pellets
+ alfalfa

Straw/alfalfa
pellets

Standard
Error

Initial
weight, lbs 530.9 541.9 548.7 8.20
body condition 4.44 4.57 4.43 .09

0-84 days
wt change, lbs 14.6 69.1 67.5 2.99
condition change -.59 .04 .0 .13

Total Feed Intake, lbs/day 11.87 15.30 15.72

Straw Intake, lbs/day 8.89 11.60 11.79

Feed: Gain Ratio,
lbs feed/lb gain 68.3 18.60 19.56

Comment: No difference was observed between pelleted straw treatments (P > .10). Pelleted straw products
promoted greater gains (P < .01; .81 lbs/hd/day vs. .17 lbs/hd day) and maintained condition better (P < .01) than
heifers consuming straw hay. Straw intake was improved by greater than 30% with the pelleted straw products.

Source: DelCurto, Tim. 1994. Unpublished Research.

The improvement in growing heifer performance and feed conversion appears to be mediated
through dramatic increases in feed intake and intake of total digestible nutrients. Therefore,
while pelleted grass straw does not appear to be an economically viable feed source for
mature, non-lactating beef cattle, it may be viable for growing and lactating beef cattle where
higher intakes of digestible nutrients are required. This topic will receive further nutritional
and economic evaluation.

Least Cost Rations

A direct cost comparison of grass straw rations and typical feeds as done in previous sections
using native meadow hay as the standard of comparison is one means of analyzing the use of
grass straw as a feedstuff. Another means of studying the economics of feeding grass straw
is to use a linear programming (LP) computer algorithm model to search and identify least-
cost feed rations using typical feeds in which grass straw is one of the ration ingredients.
With known feed cost and nutritional component information, LP programs identify the feed
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ration that meets animal nutrition requirements and does so at the least possible feed cost.
The LP computer program called Professional Nutritionist for Beef and Dairy is used in this
study to generate least-cost beef cow rations under different pricing scenarios (Linn and
Plegge, 1987).

Least cost rations for two beef cows, one in the middle third of pregnancy and the other in
the last third, are generated. Feeds included in the model with their total digestible nutrient
(TDN), crude protein (CP), and cost levels are presented in Table 11. The minimum TDN

Table 11. Composition and Cost of Feed Sources Used in the Beef Linear Program
Model, 1993

Feed
TDN

(% DM) a
CP

(% DM) a
Cost/Ton

(as fed basis)

Meadow Hay 54 6 $ 60
Meadow Hay 57 7 60
Meadow Hay 60 8 60
3% Grass Straw 40.0 3 45
4% Grass Straw 43.4 4 45
5% Grass Straw 47 5 45
6% Grass Straw 50.5 6 45
7% Grass Straw 54 7 45
8% Grass Straw 57.5 8 45
9% Grass Straw 60 9 45
Alfalfa Hay 58 16 110
Barley 84 13.5 120
Corn 88 9.3 135
Soybean Meal 85 49 350
Cottonseed Meal 78 45 320
8% Pellets 51.5 8 124
9% Pellets 52 9 128

a All feeds are assumed to be 90% DM.

and CP requirements for the two beef cattle types are presented in Table 12. These rations
are balanced on, or meet minimal requirements set for, DM intake, CP intake, and digestible
energy for mid gestation and late gestation 1,000 lb beef cows. Three separate iterations of
the LP model are made, one each for meadow hay at 6 percent, 7 percent, and 8 percent CP
levels and priced at $60/ton to serve as the benchmark other rations must reach to enter the
least cost ration. No vitamin or mineral supplements are included, as with earlier components
of the study, since they are fed free choice for all rations.
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Table 12. Crude Protein (CP) and Total Digestible Nutrient (TDN) Requirements for
1000 Pound Beef Cattle in Middle and Late Pregnancy Stages Used in the Beef Linear

Program Model

TDN	 CP
Gestation Period	 (% DM) a	 (% DM) a

Middle Pregnancy	 49	 8

Late Pregnancy	 54	 9

a All feeds are assumed to be 90% DM.

Professional Nutritionist allows DM intake levels to be set by the user. All feeds are
assumed to be 90 percent DM. As noted earlier, most feed will equilibrate to about 90
percent DM after prolonged storage (Jurgens, 1993). Therefore, a minimum of 22.5 lbs of
DM intake per day (90 percent of the 25 lbs used as an as-fed intake level in this study) is
used as the basis for determining least cost beef rations.

The results of the least cost analysis are presented in Table 13 where rations are substituting
for meadow hay at 6 percent, 7 percent, and 8 percent CP for beef cows in the middle
pregnancy stage. Table 14 represents the late pregnancy stage.

Looking first at Table 13 for beef cows in mid-pregnancy requiring an 8 percent CP diet, the
LP results show the least cost ration to include some 50 to 100 percent straw when the CP of
native meadow hay is as low as 6 percent CP. In such cases, some alfalfa hay is used to
supplement the grass straw when it has 7 percent or less CP. The relatively low cost of grass
straw, $45/ton vs $60/ton for native meadow hay, becomes the overriding factor with
significant ration cost savings when CP levels of grass straw are 6 percent or higher. For
meadow hay of a 7 percent CP quality, grass straw begins to substitute when it has a CP level
of 5 percent or higher. For meadow hay with 8 percent CP quality, grass straw substitutes
only at CP levels of 6 percent or higher. In all three cases, grass straw provides important
cost savings in the ration when its CP level is 7 percent or higher. For beef cattle in the final
one-third of pregnancy, the LP results are shown in Table 14. Results are similar to those in
Table 13 with the exception that supplemental alfalfa hay plays a larger role to meet the
higher CP requirements for the late pregnancy animal. Additionally, ration cost savings in
using grass straw do not begin to be of importance until its CP level is 7 percent or higher.
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Table 13. Linear Program Generated Least Cost Rations for Beef Cows in Middle Pregnancy under Varying Crude Protein (CP) Levels for Grass straw and Native meadow nay, i993

6% CP Meadow Hay 7% CP Meadow Hay 8% CP Meadow Hay

Least Cost Component Least Cost Component Least Coat Component

Straw CP Ration Quantity Percent of Total Ration Cost Ration Quantity Percent of Total Ration Cost Ration Quantity Percent of Total Ration Coat

(%) Component lbs/day Ration SIton Component lbs/days Ration $/ton Component lbs/day Ration $/ton

3 Straw 13.2 53.1% Meadow Hay 22.2 88.9% Meadow Hay 25.0 100.0% $60.00

Meadow Hay 9.0 11.0% Alfalfa bay 2.8 11.1% $6536
Alfalfa Hay 2.8 35.9% $70.00

4 Straw 15.8 634% Meadow Hay 22.2 88.9% Meadow Hay 25.0 100.0% $60.00

Meadow Hay 1.0 3.9% Alfalfa Hay 2.8 11.1% $65.56
Alfalfa 8.2 32.7% 366.83

5 Straw 18.2 72.7% Straw 18.2 72.7% Meadow Hay 25.0 100.0% $60.00

Alfalfa Hay 6.8 273% $62.73 Alfalfa Hay 6.8 21.3% $62.73

6 Straw 20.0 80.0% Straw 20.0 80.0% Straw 20.0 80.0%

Alfalfa Hay 5.0 20.0% 358.00 Alfalfa Hay 5.0 20.0% $58.00 Alfalfa Hay 5.0 20.0% $58.00

7 Straw 22.2 88.9% Straw 22.2 88.9% Straw 22.2 88.9%

Alfalfa Hay 2.8 11.1% $52.22 Alfalfa Hay 2.8 11.1% $52.22 Alfalfa Hay 2.8 11.1% $52.22

8 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00

9 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00

Table 14. Linear Program Generated Least Cost Rations for Beef Cows in Final Pregnancy Period under Varying Crude Protein (CP) Levels for Grass Straw and Native Meadow Hay,

1993

6% CP Meadow Hay 7% CP Meadow Hay 8% CP Meadow Hay

Least Cost Component Least Coat Component Least Cost Component

Straw CP Ration Quantity Percent of Total Ration Cost Ration Quantity Percent of Total Ration Cost Ration Quantity Percent of Total Ration Cost

(%) Component lbs/day Ration 3/ton Component lbs/days Ration $/ton Component lbs/day Ration 3/ton

3 Straw 7.7 30.6% Meadow Hay 194 77.8% Meadow Hay 21.9 87.5%

Meadow Hay 7.5 30.2% Alfalfa Hay 5.6 22.2% $71.11 Alfalfa Hay 3.1 12.5% $66.25

Alfalfa Hay 9.8 39.2% $75.00

4 Straw 9.1 36.6% Meadow Hay 19A 77.8% Meadow Hay 21.9 87.5%

Meadow Hay 6.5 26.1% Alfalfa Hay 5.6 22.2% $71.11 Alfalfa Hay 3.1 12.5% $66.25

Alfalfa 9.4 37.3% 373.17

5 Straw 11.4 455% Straw 11.5 46.1% Meadow Hay 21.9 87.5%

Meadow Hay 5.0 20.0% Meadow Hay 5.4 21.4% Alfalfa Hay 3.1 12.5% $66.25

Alfalfa Hay 8.6 34.5% 370.45 Alfalfa Hay 8.1 323% $69.32

6 Straw 17.2 68.9% Straw 15.1 605% Straw 15.2 60.9%

Alfalfa Hay 6.7 26.6% Meadow Hay 2.7 10.6% Meadow Hay 2.8 114%

Batley 1.1 4.5% $65.68 Alfalfa Hay 7.2 28.9% $65.40 Alfalfa Hay 6.9 27.7% $64.73

7 Straw 19.4 77.8% Straw 19.4 77.8% Straw 19.4 77.8%

Alfalfa Hay 5.6 22.2% $59.44 Alfalfa Hay 5.6 22.2% $59.44 Alfalfa Hay 5.6 22.2% $59.44

8 Straw 24.3 973% Straw 24.3 973% Straw 24.3 97.3%

Cottonseed Meal .7 2.7% $52.43 Cottonseed Meal .7 2.7% $52.43 Cottonseed Meal .7 2.7% $52.43

9 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00 Straw 25.0 100.0% $45.00



The range in opportunity prices, prices necessary to compete with least cost feed components
for feeds considered in the LP analysis, are shown in Table 15. A comparison with current
market prices of feed components in Table 11 show the relative competitiveness of the
various feed components in order to compete with native meadow hays. As noted earlier,
from Tables 13 and 14, grass straw becomes the predominant least cost feed component in the
rations, both for mid-and late pregnancy cows when grass straw with at least 6 percent CP
can be obtained and fed. Alfalfa hay shows up as the important protein supplement feed
source both when native meadow hay and/or grass straw falls below the 8 to 9 percent CP
level required for the beef cows. This comes as no surprise to Eastern Oregon ranchers who
historically have purchased alfalfa hay as their supplemental source of protein when needed.
Only in very limited cases were the energy (barley, corn) and the protein (soybean and
cottonseed meals) supplements competitive, again consistent with usual rancher usage. The
least competitive feed components for mature beef cattle rations were the 8 percent and 9
percent CP pellets. Their market price (value) would have to be in the $60 to $75/ton range
to enter any least cost ration. A return to Table 11 shows the difficulty. The combination of
low TDN, low CP, and high cost/ton, relative to the other feed ration components, simply do
not permit the pellets to be competitive.

Table 15. Opportunity Prices ($/ton) as Reported by the Linear Program Necessary for
Potential Feed Ration Components to Compete with the Least Cost Ration Components

Shown in Tables 9 & 10 in Feeding 1000 Pound Mature Pregnant Beef Cows

With Available Meadow Hay of:

Feed Component 6% CP 7% CP 8% CP

3% CP Grass Straw $45 $38 $29

4% CP Grass Straw 45 43 35

5% CP Grass Straw 45 45 41

6% CP Grass Straw 45 45 45

7% CP Grass Straw 45 45 45

8% CP Grass Straw 45 45 45

9% CP Grass Straw 45 45 45

16% CP Alfalfa Hay 45 - 110 45 - 110 45 - 110

Barley 45 - 120 45 - 96 45 - 94

Corn 45 - 77 45 - 73 45 - 68

Soybean Meal 45 - 225 45 - 293 45 - 316

Cottonseed Meal 45 - 320 45 - 320 45 - 320

8% CP Pellets 45 - 70 45 - 66 45 - 60

9% CP Pellets 45 - 75 45 - 71 45 - 66

29



Summary

Grass straw can be an economically and nutritionally viable feed substitute for native meadow
hay in overwintering mature beef cattle under several conditions. Grass straw can be a direct
feed substitute when its CP level is equal to or greater than the CP level of the native
meadow hay it is expected to replace, and its delivered cost to ranchers is equal to or less
than the estimated $60/ton cost of producing native meadow hay. Forage ammoniation
appears to be attractive, although its use has been rare. In its use, the most economic strategy
for ranchers would appear to be to ammoniate their own stacked meadow hay if its CP level
is less than 6 or 7 percent. This is then followed by ammoniation of grass straw if its CP
level is equal to or less than 7 percent. Next in cost is feeding grass straw supplemented with
alfalfa hay whenever the CP level of grass straw exceeds 7 percent. This is a more attractive
option than feeding low CP level meadow hay supplemented with alfalfa hay owing to the
decided price (cost) advantage of grass straw over meadow hay. Grass straw supplemented
both by protein (soybean meal) and energy (grain) components to assure a 9 percent CP level
was not competitive. Feeding straw pellets with 8 or 9 percent CP were not competitive
when evaluated solely in respect to mature beef cattle. Their low TDN, low CP, and high
cost per ton relative to other feed input choices did not make them competitive.

Comparing ration costs in Table 5 with those from Tables 13 and 14, important cost savings
in use of grass straw occur in all cases where grass straw has CP levels of at least 6 percent.
Returning again to a 200 cow brood herd example used in CHAPTER 3, these cost savings
range from a low of about $300, when meadow hay has an 8 percent CP level, to a high of
$5,400 when meadow hay has a CP level of only 4 percent, with the savings coming from
reduced alfalfa hay purchases by substitution with grass straw.
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CHAPTER 5. GRASS STRAW FOR DAIRY CATTLE

The potential for feeding long stem grass straw to dairy cattle is limited due to production
and growth requirements, and is generally considered impractical. Even ammoniated straw is
not of high enough quality to be fed to dairy cattle.

By condensing straw into pellets, the expected increased straw intake, based on the results of
the EOARC trials treated in the previous section, may be adequate to meet some stages of
dairy livestock nutritional requirements (Barton et al., 1993). The most likely possibility is
feeding pelleted grass straw to heifers older than 6 months of age and up to a few weeks
before calving. Feeding straw pellets to calves younger than 6 months is not recommended
for nutritional and growth requirements. Dairy cows during the last few weeks prior to
calving are placed on a special diet with straw rations not appropriate for use during this
time.

Grass Straw-Alfalfa Hay Pellet - A Preliminary Assessment

A complete ration dairy pellet was developed jointly by OSU's Department of Animal
Science and a straw-pellet manufacturer. A feeding trial is being conducted at OSU in which
a pellet developed specifically for use in the experiment at OSU and made up of 60 percent
grass straw, 20 percent alfalfa, 20 percent cereal byproduct, and minerals to meet NRC
requirements, is fed. The estimated cost FOB Corvallis is $112 per ton in bulk. In this
study, costs for feeding and storage facilities are ignored since the pellets can be fed in most
existing dairy facilities. Until the feeding trial is completed and summarized, actual feed
intake and animal performance are unknown.

To provide a preliminary comparison of the cost of feeding the complete-ration pellet with the
cost of diets typically recommended to dairy producers in Oregon, the composition and cost
of three typical dairy rations were obtained from two dairy consultants and are outlined in
Appendix G (Randall, 1993; Winsryg, 1993). Each of the three "typical" rations are
commonly recommended by the dairy consultants. The first diet is based on grain company
A's milk replacer, calf starter and 14 percent and 16 percent CP concentrates. Alfalfa hay
and company A's dry cow feed are also included in the diet. The second diet is also by grain
company A. It is similar to the first diet except it utilizes grass silage in place of some
alfalfa. The third diet is from grain company B. This diet uses company B's milk replacer,
14 percent and 16 percent CP concentrates, alfalfa hay, and timothy grass hay. The CP of the
14 percent and 16 percent concentrates from company A and B are equivalent, but the total
digestible nutrients (TL)N) of company B's concentrates are higher than that of the company
A's. Prices for the feed components in each ration are shown with each diet in Appendix G.

The special dairy pellet ration is shown as ration four in Appendix G. It would be used only
after heifers are older than 6 months and up to the final one-third of pregnancy. For the first
6 months of age, the heifers on trial are fed a milk replacer and calf starter grain ration at
OSU's dairy facilities. From the age of 6 months to 25 months the pelleted feed, being a
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complete dairy ration, would be the sole component of the diet. The pellets would not be fed
the last three weeks before calving. For purposes of this preliminary cost estimate, the
quantity of pellets consumed was estimated using the average DM intake from the other three
typical diets for each of the feeding periods. This assumes that the pellets would provide
equivalent animal performance as the other 3 diets during the 6-25 month period they are
used. The average CP and TDN for feed components in each of the four rations are shown in
Table 16. The NRC minimum requirements for animals within each of the two age groups is
shown in Table 17. Grain company A and B rations meet or exceed the minimum CP and
TDN levels recommended by the NRC. The pellets are formulated with approximately 13
percent CP. Without complete analysis of the pellets, the actual TDN is unknown and is
estimated to be 54 percent.

Comparing the costs to feed a dairy heifer from 6 months to just prior to calving, the most
inexpensive rations are the two from grain company A. Ranking third is the pellet diet.
Because the grain company A and B diets greatly exceed the nutrient content of the pellets, a
direct comparison of these feeding programs based only on price and not performance is not
appropriate. Hence, the need for a feeding trial.

Least Cost Rations 

SPARTAN, an LP computer algorithm model, is used in this analysis for a least-cost dairy
heifer ration to determine when, and at what price, the complete dairy ration pellets will enter
a least-cost ration (VandeHaar et al., 1992). An average age and weight heifer will be used
to represent the average nutritional requirements of two heifer classes, one an 11-month old
(6-15 months of age or 450-850 lbs) and the other a 19-month old (15-25 months of age or
850-1300 lbs). The feeds used in this model and their prices include all of the feeds in the
rations recommended by the two dairy consultants and the complete dairy ration straw pellet.
The prices for each feedstuff are based on September 1993 market values. Information for
the two 14 percent and the two 16 percent CP concentrates were obtained for respective grain
company's A and B.

The feed components and their prices are shown in Table 16. The nutritional requirements
for the 11 month heifer, shown in Table 17, are based on a Holstein heifer weighing 650 lbs
and gaining an average of 1.5 lb/day. The DM intake is estimated at 2.2 percent of the
animal's body weight or an average of 14.5 lbs DM/day (NRC, 1989). The CP requirement
according to NRC (1989) range from 12 to 15 percent for this group and TDN from 61 to 67
percent. The nutritional requirements for the 19 month heifer, shown in Table 17, is based on
a Holstein heifer weighing 1,100 lbs and gaining an average of 1.5 lb/day. The DM intake is
estimated 2.2 percent of the animal's body weight or an average of 24.2 lbs DM/day. The CP
requirement according to NRC (1989) range from 12 to 14 percent for this group and TDN
from 60 to 62 percent. Rations were formulated based on a maximum amount of DM intake
and a minimum percentage of CP and TDN (Table 17).
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Table 16. Composition and Cost of Feed Sources Used in the Dairy Heifer Linear
Program Model, 1993

Feed
TDN

(% of DM) a
CP

(% of DM) a
Cost/Ton
(as fed)

Cost/Ton
(of DM)

Alfalfa hay 63.0 20.0 $120 $133

Timothy hay 61.0 15.0 90 100

Grass silage (35% DM) 62.0 12.0 25 71

Company A concentrate (14%) 77.7 15.2 150 167

Company A concentrate (16%) 79.2 17.7 167 186

Company B concentrate (14%) 83.0 15.2 180 200

Company B concentrate (16%) 83.0 17.7 210 233

Pellets (12%) 54.0 13.0 112 124

a All feeds are assumed to be 90% dry matter (DM) except grass silage which is 35% DM.

Table 17. Crude Protein (CP) and Total Digestible Nutrient (TDN) Requirements
for Dairy Heifers Used in the Linear Program Model, 1993

DM Intake	 TDN	 CP
Heifer Age	 (lbs)	 (% DM)	 (% DM)

11 months (6 - 15 months)	 14.5	 64	 14.0

19 months (15 - 25 months)	 24.2	 61	 14.0

The least cost rations generated by the SPARTAN Linear Program for an 11-month old heifer
is shown in Table 18 for three alfalfa hay price levels. The ration composition was stable
within the range of $90 to $135/ton for alfalfa hay. The ration consisted of about 3 lbs of
alfalfa hay, about 1.5 lbs of a 14 or 16 percent CP grain mix and 28-29 lbs of grass silage.
Under the DM intake assumptions and nutrient requirements listed in Table 17, in no case did
the complete dairy ration straw pellet enter the formulation. The price at which pellets would
enter the least cost ration (between $28 and $47/ton) was substantially below its quoted
market price of $112 per ton. The difficulty of the pellet to compete in diets with a 64
percent TDN requirement can be noted from Table 16. Its low TDN and high cost relative to
alternative feeds available do not make it competitive.
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Table 18. Linear Program Generated Least Cost Rations for Dairy Heifers (Age 11
Months and 650 Lbs) Under Varying Alfalfa Hay Prices

Alfalfa
Price

Ration Components As Fed
Lbs/Day $/Day

S/Ton Pellets would
enter the ration

$90 Alfalfa 3.3 .64 28
Grain Company A (14%) 1.8
Grass Silage 28.3

$120 Alfalfa 2.8 .68 40
Grain Company A (16%) 1.7
Grass Silage 29.8

$135 Alfalfa 2.8 .71 47
Grain Company A (16%) 1.7
Grass Silage 29.8

The least cost rations generated by the SPARTAN Linear Program for 19-month old heifers is
shown in Table 19. Approximately 4 lbs of alfalfa hay was included in the ration until the
cost reached $135/ton. Timothy hay and grass silage met most of the nutrient requirements in
all of the rations. Least cost rations for the $90 and $120 formulations exceeded the 14
percent CP and 61 percent TDN, whereas the $135 alfalfa formulation was closer to the
amount of nutrients required. Therefore, the pellets would enter the ration at a higher price of
the $90/ton alfalfa level because it would come closer to meeting, without exceeding, the
nutrient requirements. Feed costs per day are higher for the older animals due to the
increased intake requirement. Although the pellet was not competitive in this ration, the
potential for inclusion in older heifer diets is more likely than in younger heifer diets if
processing cost could be decreased, the TDN or CP increased, and evidence of increases in
DM intake could be demonstrated.

Table 19. Linear Program Generated Least Cost Rations for Dairy Heifers (Age 19
Months and 1,100 Lbs) Under Varying Alfalfa Hay Prices

Alfalfa Ration Components As Fed $/Day $/Ton Pellets would
Price Lbs/Day enter the ration

$90 Alfalfa 3.7 $1.02 $87
Timothy Hay 9.4
Grass Silage 34.5

$120 Alfalfa 3.7 1.08 80
Timothy Hay 9.4
Grass Silage 34.5

$135 Timothy Hay 18.0 1.09 73
Grass Silage 23.1
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Preliminary Results of Pellet Dry Matter Intake Experiment

A total of 36 heifers from two age groups, 7-14 months and 15-23 months of age, were fed
either a control diet of 72:22 grass silage and alfalfa hay (DM basis), or a grass straw
complete-feed pellet of 60 percent straw, 20 percent alfalfa, and 20 percent cereal by-
products. The control diet was 61 percent TDN and 14 percent CP and the pellets were 54
percent TDN and 13 percent CP. The diets were designed with the assumption that the
pellets would be consumed at levels higher than the usual estimate for dairy heifers of 2.2
percent DM of body weight. Beef cattle increased intake by 57 percent when fed a
straw/alfalfa pellet compared to long stemmed straw (Barton, 1993A).

The anticipated increase in DM intake in heifers fed the pellets did not occur. The younger
heifers consumed 2.2 percent DM of their body weight, and therefore were deficient in TDN
(Table 20). The older heifers fed the pellets consumed 1.9 percent DM of their body weight,
and were also energy deficient.

This experiment is still in progress, with a digestion trial and a three month performance trial
to follow. The estimate of 54 percent TDN for the pellets is highly speculative and a more
accurate estimate will be made following the digestion trial. The pellets for this experiment
were designed to use as much grass straw as possible. In order to adequately feed heifers,
pellets could be reformulated to contain higher amounts of CP and TDN by decreasing the
grass straw and increasing the alfalfa or cereal grain components.

Table 20. Comparison of Nutrient Requirements and Nutrient Intake for Heifers on
Control and Pellet Diets by Age Group, OSU, 1994.a

7 to 14 month old heifers b 15 to 23 month old heifers c

Nutrient NRC d CTR e Pellet f NRC d CTR e Pellet f

DMI, Ib/d 16.4 18.7 15.9 28.4 25.9 22.4

DMI, %BW 2.2 2.5 2.2 2.4 2.1 1.9

CP, lb/d 2.0 2.6 2.0 3.4 3.7 2.8

TDN, lb/d est. 10.3 11.3 8S 16.1 15.7 12.0

Ca, lb/d .05 .17 .14 .06 .23 .20

P, lb/d .04 .07 .05 .04 .1 .07

a Numbers in bold are over 5% deficient compared to NRC requirement.
b 7 to 14 month old heifers = Average weight of 750 lb, 1.5 lb/d expected gain.
c 15 to 23 month old heifers = Average weight of 1200 lbs and 1.5 lb/d expected gain.
d NRC (1989) = Nutrient requirements for large framed heifers.
e CTR = Control diet of 72:22 grass silage:alfalfa hay diet.
f Pellet = 60% fescue straw, 20% alfalfa, 20% cereal by-products.
Source: Carroll, Diane, 1994. Unpublished research.
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CHAPTER 6. GRASS STRAW FOR SHEEP AND HORSES

Grass straw generally is not fed to sheep because of low palatability and digestibility. The
sheep production cycle and nutritional demands of growing and producing lambs is not
suitable for feeding low quality roughages during the winter or spring lamb weaning period.
Pasturing of sheep during the winter and spring months in the valley on grass seed lands is
the predominant feed source. Sheep usually lamb in late winter and their nutritional needs
during gestation and lactation exceed those available from even high quality grass straws.
Sheep require a CP level of 9.4 percent of total DM intake for animal maintenance and about
15 percent during lactation. As lambs are weaned, they require high energy and high protein
diets during this important growth period. For these reasons, the potential for feeding
untreated grass straw to sheep is very limited (Church and Kennick, 1977).

In the mid 1970's, a straw feeding trial with pelleted straw rations was conducted at OSU
(Church and Kennick, 1977). The research suggested that moderate to medium levels of
straw could be used in pelleted rations for finishing lambs. Currently, the straw/alfalfa pellets
referred to earlier are not manufactured to meet sheep feed specifications, both in terms of
nutritional requirements and pellet size, nor are they competitive with the other feeds
available. Pelleting is costly, and with sheep production currently being a low profit margin
enterprise, pellets can't compete with the present feeding practice of winter grass seed field
grazing and protein supplement clearly is not attainable.

Feeding trials with mature horses conducted by the OSU Department of Animal Science show
grass straw can be a satisfactory roughage source in rations for mature horses doing light
work (Schurg, 1977). Currently, few horses in Oregon are fed grass straw. Small amounts of
bluegrass are fed in Central Oregon for those with access to bluegrass straw near Madras.
Some bluegrass straw pellets are produced and sold for horse feed in that area. Also, long-
stem bluegrass straw is fed free choice with alfalfa and grass hay to horses during the winter
months (Jacks, 1993). In these cases, straw costs are low, limited to baling and local
shipping costs.

Feeding trials have shown that light working horses can subsist on grass straw without
harmful health effects (Schurg, 1977). Therefore, it would be possible to increase feeding of
grass straw to mature horses, economics aside, particularly for increased utilization of
Willamette Valley straw. Since medium to heavy working horses require higher energy feed
than that provided by grass straw alone, the straw-use potential is limited to light working
horses.
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Endophyte is a concern for sheep and horses. Toxicity levels for these animals are shown in
CHAPTER 3. If tall fescue or perennial ryegrass are to be fed, testing for endophyte is
highly recommended.

The potential for increased utilization of grass straw by sheep and horses appears limited.
Principle impediments for use by horses are probably concern for "hay belly" and a
perception that straw is not a good feed.
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CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

For Oregon's range cattle industry, native meadow hay has been the primary feed source for
overwintering cattle. Flooding and drought have not always assured its supply. Additionally,
its sometimes low crude protein (CP) level has not always provided nutritional adequacy for
the overwintering of pregnant beef cows. Historically however, it has been the most
economical choice for meeting winter feeding requirements. Sometimes, it was supplemented
with purchased alfalfa hay when crude protein levels did not meet the 8 or 9 percent CP level
required by the pregnant beef cows.

Oregon's grass straw has feeding properties similar to meadow hay. This allows grass straw
to be considered as a potential substitute for meadow hay when economic conditions favor its
use. This study serves to identify those conditions. Grass straw is high in dry matter (DM)
but variable in digestibility, palatability, and CP level depending upon grass straw type.
Straws from bentgrass, turf-type tall fescue, turf-type perennial ryegrass, and bluegrass
typically have higher CP levels, from 5 to 11 percent, and higher digestibility than other grass
straw types. Potential endophyte toxicity is noted for some grass straw types. As a
significant volume of grass straw in the Willamette Valley is not marketed, it is generally
possible to acquire grass straw for the cost of custom field swathing, baling, roadsiding, and
trucking to Eastern Oregon. The most desirable option involves summer purchase of grass
straw directly from the field and trucking with a backhaul. The result can be grass straw
delivered to Eastern Oregon within a cost range of $30 to $70/ton.

The conditions which make grass straw an attractive alternative to meadow hay for
overwintering mature beef cattle follow.

• Grass straw is a direct economic substitute for meadow hay when meadow hay
is likely to be in short supply, CP level of grass straw is equal to or greater than
the CP level of native meadow hay, and when delivered cost to ranchers of
grass straw is equal to or less than the estimated $60/ton cost of producing
native meadow hay. Testing grass straw for adequate CP level and endophyte
content are necessary.

• Purchase of grass straw with less than 7 percent CP, then ammoniating it at
ranch site appears an economically attractive option, but requires verification of
the ammoniation process and its costs.

• Purchase of grass straw with less than 7 percent CP supplemented with alfalfa
hay, is a more attractive choice than feeding $60/ton meadow hay supplemented
with alfalfa hay when grass straw can be purchased and delivered to Eastern
Oregon in the $45-$50/ton range.

• Grass straw supplemented both with protein and energy supplements is not
competitive with grass straw-alfalfa hay supplementation.

• Grass straw-alfalfa hay pellets of 8 to 9 percent CP was not competitive with
other feed choices. While increased forage intake and reduced feed wastage
were positive factors, overall low TDN, low CP, and high cost/ton of pellets
relative to other available feed inputs were the overriding factors.
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Several recommendations to Eastern Oregon ranchers emerge from this study. First,
investigation into the feasibility of renovating existing meadow hay lands is encouraged,
especially where CP levels generated consistently are less than 9 percent. This may be an
attractive choice, except on flood meadows. Second, investigation into ammoniation of the
rancher's own native meadow hay in the stack is suggested if CP levels are below 6 percent.
The process appears to be economical, but should be tested on a case by case basis. The
effectiveness of ammoniation is dependent upon greater response with low quality roughage
of less than 6 percent CP and may cause health (toxicity) problems when ammoniating grass
straw with greater than 6 percent CP containing soluble sugars (Corah, 1990). Third, grass
straw from the Willamette Valley should be investigated as a substitute for native meadow
hay. Under specific conditions stated above, it can serve as an economically attractive
substitute for native meadow hay and provides considerable cost savings in winter feeding
programs particularly when meadow hay CP levels are low, meadow hay availability is
inadequate, and alfalfa hay prices are high.

The limitations of feeding long stem grass straw to dairy cattle has been well documented,
limited principally by high production and growth requirements. However, recent interest has
been expressed in pelletizing straw after mixing with some alfalfa hay and a cereal by-product
to increase the straw CP level. Feeding dairy heifers straw pellets from age 6 months to
within a few weeks of calving was briefly analyzed in this study. While a grass straw/alfalfa
hay pellet at 8 to 9 percent CP is nutritionally feasible, its high cost relative to alternative
feed sources made it far from being competitive. Silage was the predominant and overriding
low cost feed source in the rations analyzed. To be competitive, grass straw/alfalfa hay
pellets will have to enhance their composition of TDN and CP levels to be near that of alfalfa
hay and do so without substantial cost increases. This is a difficult to achieve as alfalfa hay
is a major ingredient in the pelletized feed and the process of pelletizing contributes some
$30/ton or so to its overall high cost.

The use of Willamette Valley straw to feed horses and sheep is limited. Sheep production is
not capable of efficiently utilizing straw due to the yearly production cycle and animal
nutritional needs. Horses are currently being fed some bluegrass straw, but utilization of
large quantities of valley straw are unlikely due to nutritional needs, transportation costs, and
availability of other feeds around the state.
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Appendix B.1. Enterprise Budget: Native Hay, Eastern Oregon Region

Entevrise Budget
Native Hay, E ern Oregon Region
John Williams, Extension agent. Wallowa County,
Jay Carr. Extension agent. Baker County.
Scott McNeley, Undergraduate student,
Greg Perry, Associate Professor, and
Brenda Turner, Graduate research assistant,
Oregon State University 

This enterprise budget estimated the typical costs and
returns of producing native hay in Northeastern Oregon. It
should be used as a guide to estimate actual costs and is not
representative of any particular ranch. The major assump-
tions used in constructing this budget are discussed below.
Assistance provided by area producers is greatly appreci-
ated.

Land
• This budget is based on 300 acres of hay harvested

annually. The hay stand is entirety native grass, with no
establishment required. The hay is typically harvested once
per year, with a yield of 3 tons per acre. In addition, there is
normally some regrowth on the meadows which is leased as
pasture for grazing livestock.

Labor
Almost all the labor is provided by the owner/operator,

and is included as a noncash cost of $10 per hour. Hired
labor to drive equipment during harvest is included as a cash
cost of $7 per hour.

Capital
Costs of capital are charged at a rate of 8 percent for

current and intermediate capital provided by the owner. This
rate represents a real interest rate calculated by subtracting
the inflation rate from the current borrowing rate.

A detailed breakdown of machinery values used in this
budget are shown in Table 1. April 1994 replacement values
for machinery are used. To represent the mix of new and
used equipment an individual farms, this budget assumes all
the machinery is half depreciated in the production year.
Estimated machinery costs are shown in Table 2.

Operations
The meadows are pasture harrowed in April. Irrigation

ditches are checked, cleaned and maintained at this time. A
custom cost of $500 per year, or $1.67 per acre, has been
included for ditch maintenance. The meadows are fertilized
in May with 60 lbs of nitrogen per acre by a custom applicator
at a cost of $3.50 per acre. Irrigation water costs $5 per
acre.

Results
The economic costs and returns of native hay production

are summarized by operation. Harvest variable costs
account for $28.64 per acre of $9.56 per ton.

Cash fixed costs of $53.58 per acre includes machiney
and equipment insurance and land lease. Noncash costs
included depreciation and interest on machinery and equip-
ment, totalling $47.30 per acre. The net projected return
over all listed costs is $27.30 per acre.

EM XXXX, March 1995

Machinery and Equipment
Three tractors are used in the operation, with the 75 hp

and a 95 hp tractor, equipped with farmhand loaders. The 75
hp tractor is used to drag meadows, clean ditches, cut hay,
and to haul hay. The 95 hp tractor is used to bale hay and to
haul hay. A 40 hp tractor is used to rake hay. Cutting is
done with a 12' pull type swather. A big round baler is used
for baling.

OREGON STATE UNIVERSITY EXTENSION SERVICE
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	EM XXXX Enterprise Budget
ECONOMIC COSTS and RETURNS

Eastern Oregon Region
Native Hay, 300 acres ($/acre) 

DRAFT
Your

GROSS INCOME Description Quantity Unit $ / Unit Total Returns

Aftermath Pasture
Native Hay

1.333
3.000

aum
ton

15.00
60.000

20.00
180.00
ATM

Total GROSS Income

VARIABLE COST Description Labor Machinery Materials Total Your Cost
0.79
1.28
0.00
3.16
0.00

0.00
0.00
1.67
0.00

21.50

2.50
2.49
1.67
5.97

21.50

Farm Pickup
Drag Meadows
Custom Ditch Maintenance
Clean Ditches
Fertilize

1.71
1.21
0.00
2.81
0.00

Nitrogen	 60.00 lb x 0.30	 18.00
Fertilizer Application 1.00 ac x 3.50., 3.50

Flood Irrigate 1.07 0.00 5.00 6.07

Water	 1.00 ac x 5.00 . 5.00 37.70 
Tota

HARVEST
Swath
Rake
Bale

2.12
1.41
3.03

5.04
1.35
5.58

0.00
0.00
4.75

7.16
2.76

13.35

Twine	 0.25 box x 19.00 = 4.75
Haul & Stack

Total HARVEST

2.12 3.30 0.00 5.41
28.69

2.93
Operating Capital Interest 0.00 0.00 2.93

Total VARIABLE COST
71.82

GROSS INCOME minus VARIABLE COST
128.18
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	EM XXXX Enterprise Budget

ECONOMIC COSTS and RETURNS
Eastern Oregon Region

Native Hay, 300 acres ($/acre) , FT
FIXED COST Description Unit Total Your Cost

CASH Cost
Machinery & Equipment Insurance acre 3.58
Land lease acre 50.00

53.58Total CASH Cost

NONCASH Cost
Machinery & Equipment Interest & Depreciation acre 47.30

Total NONCASH Cost 47.30

Total FIXED Cost 100.88

Total of ALL Cost 172.70

NET PROJECTED RETURNS 27.30
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	EM =XX Enterprise Budget

Table 1. Machinery Cost Assumptions

Machine .	 Size
List

Price

Current
Market
Value

Salvage
Value

Useful
Life

Remaining
Life

Annual
Use

Old Tractor 40 hp $18,500 $12,025 $5,550 10,000 hr 5,000 hr 55 hr
Loader Tractor 75 hp 47,000 30,550 14,100 10,000 hr 5,000 hr 275 hr
Loader Tractor 95 hp 52,000 33,800 15,600 10,000 hr 5,000 hr 83 hr
Pull Swather 12 ft 18,000 10,800 3,600 2,000 hr 1,000 hr 75 hr
Ditcher 3,500 2,100 700 2,000 hr 1,000 hr 70 hr
Drags 20 ft 1,500 900 300 2,000 hr 1,000 hr 30 hr
Hay Wagon 2,500 1,500 500 3,000 hr 1,500 hr 75 hr
Round Baler 18,000 10,800 5,400 2,000 hr 1,000 hr 75 hr
Side Deliver Rake 4,500 2,700 900 2,000 hr 1,000 hr 50 hr
Pickup 3/4 ton 20,000 13,000 6,000 100,000 mi 50,000 mi 2,100 mi

Table 2. Machinery Cost Calculations

Machine Size
Fuel & Repair &	 Depr. &	 Total

Lube	 Maint interest insurance	 Cost
or Miles
per acre Variable Fixed	 Total

Old Tractor 40 hp $2.00 $2.23 $25.99 $2.00 $32.22 0.18 $0.78 $5.13	 $5.91
Loader Tractor 75 hp 3.75 5.81 13.21 1.02 23.78 0.92 8.75 13.03	 21.78
Loader Tractor 95 hp 4.74 6.29 51.57 3.98 66.58 0.28 3.04 15.27	 18.31
Pull Swather 12 ft 0.00 7.67 22.89 1.44 32.00 0.25 1.92 6.08	 8.00
Ditcher 0.00 1.10 4.59 0.30 5.99 0.23 0.26 1.14	 1.39
Drags 20 ft 0.00 0.31 4.59 0.30 5.21 0.10 0.03 0.49	 0.52
Hay Wagon 0.00 0.71 1.53 0.10 2.34 0.25 0.18 0.41	 0.58
Round Baler 0.00 7.67 22.89 1.44 32.00 025 1.92 6.08	 8.00
Side Delivery Rake 0.00 2.42 7.96 0.54 10.92 0.17 0.40 1.42	 1.82
Pickup 3/4 ton 0.09 0.03 0.23 0.04 0.38 7.00 0.79 1.83	 2.63

Total $18.05 $50.88 $68.94

Extension Service, Oregon State University, Corvallis. O.E. Smith. director. This publication was produced
and distributed in furtherance of the Acts of Congress of May 8 and June 30. 1914. Extension work is a
cooperative program of Oregon State University. the U.S. Department of Agriculture, and Oregon counties.

Oregon State University Extension Service offers educational programs, activities, and materials-without
regard to race, color, national origin, sex, or disability-es required by Title VI of the Civil Rights Act of
1964. Title IX of the Education Amendments of 1972, and Section 504 of the Rehabilitation Act of 1973.
Oregon State University is an Equal Opportunity Employer.  

	 Costs per Hour or Miles -	 Costs per Acre-
- Variable-	 Fixed	 Hours
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Appendix B.2. Enterprise Budget: Native Hay, South Central Oregon Region

Enterprise Budget
Native Hay, Lakeview Area
John Hewlett. graduate research assistant.
Tim Cross. Extension economist, and
Ralph Hart. Extension agent/Union county.
Oregon State University_ EM 8336. June 1987
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This enterprise budget estimates the typical costs
and returns of producing native hay forfeed in the
Lakeview area of south central Oregon. It should be
used as a guide to estimating actual costs and is not
representative of any particular farm. The major
assumptions used in constructing this budget are
discussed below. Assistance provided by area
producers is greatly appreciated.

Land
This budget is based on 400 acres of hay harvest-

ed annually and the land is valued at $350 per acre.
Property taxes are $6.00 per acre. The hay stand is
entirety native grass, with no establishment required.
The yield is typically 1 cutting per year of 1.5 tons of
hay per acre..
Labor

" 141 labor is provided by the owner/operator,-and is
included as a noncash cost of $7.00 per hour.
Capital

Opportunity costs of capital are charged at a
Med 6 percent forcunent, intermediate, and long
tenn capital provided bythe owner. Opportunity costs
=treated as noncash expenses.
Machinery and Equipment

A75 hp tractor is used 220 hours per year to bale •
and haul hay. A50 hp tractor is used 170 hours per
yearto no:mule/0 bales, rake hay, and harrow. -
Cutdogisdonevalliaselt-propelled 12 ft swather. A
tarattandloader is used during hautng. Baling Is done
%van square balerusing 2-tie twine.	 -

. Adetaled breakdown of machinery valuet used In
thisbudget is shown In table 1. December, '1986
replacement costs are used, assuming the machinery .
Isbell depreciated. Estimated machinery costs are
shown in table 2.

Operations
Irrigation ditches are checked and repaired in the

spring at a cost of $50 per acre for materials. The pasture
is harrowed in April with a 50 hp tractor and a 10 ft. harrow,
at a rate of 9 acres per hour.

Hay is cut in June and July, at a rate of 4 acres per
hour. Raking hay is done at 6 acres per hour using a 10
ft. side delivery rake. Four acres per hour are covered
during baling.

A bale accumulator is used prior to hauling at a rate of
7.acres per hour. Hay is hauled an average of 1 mHe from
field to stack, and 50 tons perday maybe hauled using
the farmhand loader.

Budget	 z.
Page 2 shows the iconomic costs and returns of

native hay production summarized byoperation. Costs
are also broken down by stage of production. Preharvest
variable costs are calculated as $2.49 peracre, or$1.66
-perton. Harvest variable costs account for $21.14 per
acre, or $14.09 perton.

Cash fixed costs consist of machinery and equipment
insurance and property taxes on land. Noncash costs
include depredation and interest on machinery and
equipments and opportunity costs of land ownership at 6
percent interest.



Unit Total	 Your cost

Acre •	 1.36
Acre	 6.00

AXED COST Description 
CASH Cost

Machinery & Equipment Insurance
Pioperly Taxes - Land

	  EM 8336 Enterprise Budget

ECONOMIC COSTS and RETURNS
SOUTH CENTRAL OREGON REGION

NATIVE HAY

GROSS INCOME Description Quantity Untt S/UnIt Total	 Your Cost

50.00

Materials

75.00NATIVE GRASS HAY
Total GROSS Income

VARIABLE COST Description

1.50	 Ton

Labor	 Machinery

75.00"

Total	 Your Cost

1.06PREHARVEST
- Ditch Maintenance 0.56 0.00 0.50

Misc. materials 1.00 Ac x	 0.50 1.43Spring Harrowing 0.86 0.57 0.00

Total PREHARVEST 2.49
HARVEST

Cut Hay 1.93 2.71 0.00 4.64
2.30Rake Hay 1.28 1.01' . 0.00
7.69Bal t93 2.87. 2.90

BaEn4gaYTwine 0.17Box x 16.80 1.87Accumulate BalesHaul Hay
1.10
221	 .

0.77
233

z..
Alt

0.00
0.00 4.44

Total HARVEST 4,5.., 21.14

Oper. Capital Interest 	 0.82

Total VARIABLE COST 	 24.44.

GROSS INCOME minus VARIABLE COST	 5056

Total CASH Cost	 726

NON-CASH Cost
Silathinecy & *atent - interest & NxeciationLand interest Charge ($350 @ )

ToteINCN4;ASH Cost
Tote) ROM Cost

Total d ALL Cost
NEI:PROJECTED RETURNS

Brook-Even Price, Total Variable CostBrock-Even Pnoe, Total Cost

Acre	 23.68
Acre	 21.00

44.68.
5204
7649
-149- :

$ 1620 Der son
$ 50.98 per ton

49



	  EM 8336 Enterprise Budget

Machine Size

Table 1.	 Machinery Cost and Use Assumptions.

Current
List	 Market	 Salvage	 Useful

Price	 Value	 Value	 Ufe
Remaining

Ufe
Annual

Use

Loader Tractor 50 hp $13,500 $ 8,775 $ 4,050 10,000 hr 5,000 hr 170.00 hr
Loader Tractor
Swather
Bale Accumulator
Baler

75 hp
12 h

15,500
26.000
2.500

18,000

10,075
18,200
1,250
.9,900

44,650
10.400

0
1,800

10,000 hr
1,500 hr

600 hr
1,000 hr

5,000 hr
750 hr
300 hr
500 hr

220.00 hr
100.00 hr
60.00 hr

100.00 hr
Farmhand Loader
Harrow 10 ft

3,200
1,000

1,840
500

480
0

2,400 hr
450 hr

1.200 hr
225 hr

120.00 hr
45.00 hr

Hay Wagon 3,500 2.013 525 2,400 hr 1,200 hr 120.00 hr
Side Delivery Rake 10 ft 4,000 2,200 400 700 hr 350 hr 70.00 hr

Table 2. Machinery Cost Calculations

Machine Size

Costs per Hour
- Variable -	 - Fixed

Fuel & Repair 	 Depr.&
Lube	 Maim.	 Interest Insurance

-
Total
Cost

Z-.. Hours
acre

-Costs per Acre -
Variable	 Fixed	 Total

Loader Tractor
loader Tractor
Swathe(
Bide Acamtbiator
Baler
Farmhand Loader
Harrow

Ms= Rake

50 hp
75 hp

12 ft

10 ft
10 ft

$2.50
3.75

-	 2.89.
0.00
0.00
0.00
0.00
0.00

• 0.00

$1.32
1.52
7.96
0.38
4.40
0.64
0.14
0.06
1.06

$8.44
7.49

31.06
3.52

18.08
2.27
1.88
4.69
5.57

$0.52
0.46
1.82
0.21
0.99
0.15
0.11
0.17
0.31

$12.78
13.21
43.73
4.10

23.47
3.06.
2.12
4.92
6.94

0.42
0.55
0.25
0.14
0.25
0.30
0.11

.0.30
0.17

$1.60
2.90
2.71
0.05
1.10
0.19
0.02
0.020
0.18

$3.76 $5.37
4.37	 .7.27
8.22	 10.93
0.52	 0.57
4.77	 5.87
0.73	 0.92
0.22 ' 024
1.46	 1.48
1.00	 1.18

Total $8.77 $25.04 $33.82

Ede:talon Service, Oregon State University. Corvallis, O.E. Smith. director. This publicationwas produced and
clisinibuted infurtherimoeoftheActs of Congress ofMay8 andJtme SO. 1914. Extensionvork is a cooperative
pmgram of Oregon State Urdversity, the U.S. Department ofAgriculture, and Oregon ccamtkm.

OregonState University ExtensionService offers educational programs, activities, and materials-without mend to
race, color, national otigb2, sex, or disability as rewired byTitieVI ofthe Mit Rights Act of 1964, Title1Xof the
BducationAmendments of 1972, and Section 504 of the Rehabilita tion Act of 1973. Oregon State Universityls an
Equal Opportunity Employer.
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Appendix C. Nutrition Analysis of Grass Straw by Grass Seed Type

Bentgrass Tall Fescue
(Forage &
Turf-type)

Annual
Ryegrass

Orchardgrass Perennial
Ryegrass

(Forage & Turf-
type)

Perennial
Ryegrass

(Turf-type)

Perennial
Ryegrass

(Forage-type)

Pine Fescue,
Chewings &

Red

Bluegrass

1988 OSU Study

Number of Samples 18 7 12 15 NA 15 14 11 6
Crude Protein (CP)

Range (%) 3.26-10.55 ' 4.84-6.44 2.65-5.90 3.05-7.65 NA 4.20-11.80 2.5-7.15 1.25-5.05 4.95-9.45
Mean (%) 5.15 5.65 3.72 4.83 NA 6.66 4.85 3.08 7.67

1991 EOARC Study

Number of Samples 26 122 5 5 136 NA NA NA NA
Harvest Factors

Harvest Date Aug. 4 July 12 July 8 July 22 NA NA NA NA
Swath to Baling 19.9 20.7 9.5 11.5 233 NA NA NA NA
Precipitation ° 1.2 0.7 0.5 0.6 NA NA NA NA

Crude Protein (CP)
Range (%) 3.9-7.0 3.7-8.9 4.3-5.2 3.7-5.7 3.6-9.4 NA NA NA NA
Mean (%) 5.4 5.6 4.7 4.8 5.3 NA NA NA NA
Standard Deviation 0.91 0.90 0.35 0.95 0.88 NA NA NA NA

Acid Detergent Insoluble
Nitrogen

Range (%) 13.1-25.3 7.3-20.7 12.6-22.8 15.6-21.4 5.1-23.0 NA NA NA NA
Mean (%) 16.6 12.8 16.4 15.5 NA NA NA NA
Standard Deviation 2.69 2.63 4.17 3.03 NA NA NA NA

Neutral Detergent Fiber
Range (%) 56.6-76.3 62.1-76.6 65.3-80.5 64.3-70.6 60.5-74.2 NA NA NA NA
Mean (%) 63.7 67.9 72.8 68.2 65.8 NA NA NA NA
Standard Deviation 3.71 3.19 6.97 2.75 2.79 NA NA NA NA

Acid Detergent Fiber
Range (%) 34.1-40.8 39.9-52.9 41.8-52.0 46.2-49.9 37.9-49.0 NA NA NA NA
Mean (%) 37.9 43.8 47.8 47.2 41.6 NA NA NA NA
Standard Deviation 1.68 2.50 4.84 132 2.05 NA NA NA NA

Invitro Dry Matter
Digestibility

Range (%) 47.7-593 36.2-62.4 463-56.4 46.1-50.7 43.5-613 NA NA NA NA
Mean (%) 55.0 53.9 51.1 48.7 55.5 NA NA NA NA
Standard Deviation 3.24 4.14 3.86 1.87 3.28 NA NA NA NA

' The sample with a CP reading of 10.55 was from an irrigated field of Penncross bentgrass in which the straw was taken as a hay crop. Penncross will not survive the field normal practice of open burning as done with Highland bentgrass. Fewer than 2000
acres of Pennctoss bentgrass are grown.

o Precipitation was a measure of exposure of the residues between swathing and baling/storage.
Source: For 1991 EOARC study, Stamm et al., 1993A; for 1988 study, Gamroth and Pirelli, 1988.



Appendix D. Fertilizer Guide

Fertilizer
Guide

FG 74
Revised September 1993

A List of

ANALYTICAL LABORATORIES
SERVING OREGON

Soil testing and plant analysis aid commercial growers, gardeners, and homeowners in making decisions about
fertilizing or applying soil amendments. This fertilizer guide lists a variety of laboratories serving Oregon, and
provides specific information about laboratory services.

To compile this information, the OSU Extension Service requested information from laboratories providing
services for Oregon and adjacent areas. The mention of these laboratories does not constitute endorsement by
the Oregon State University Extension Service, nor should exclusion be interpreted as criticism of any service.
Another source of information about commercial laboratories is the yellow pages of your local telephone directory.

Laboratories wishing to be added to this list should write John Hart, Extension Soil Science Specialist,
Department of Crop and Soil Science, Ag. & Life Sciences Building 3017, Oregon State University, Corvallis, OR
97331-7306, or call (503) 737-5712. This list will be revised annually. For additional or revised copies of this
information, visit your local county office of the OSU Extension Service or write Publications Orders, Agricultural
Communications, Oregon State University, Admin. Services A422, Corvallis, OR 97331-2119, (503) 737-2513.
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A & L WESTERN AGRICULTURAL
LABORATORIES X X X X X x X x X X

1311 Woodland Ave., Suite 1 (1)
Modesto, CA 95351.4732 (2)
209/529-4080

AGRI-CHECK, INC.
323 Sixth Street X X X X X x X X X X X

P.O. Box 1705
Umatilla, OR 97882

(1)
( 2)

5031922-4894
1-800-537-1129

x X X X x X X xAGRI-TEST, INC.
2043 Kimberly Road X
P.O. Box 4 (1)

Twin Falls, 10 83303-0004
208/734-2303
ANALYTICAL LABORATORY AND
CONSULTANTS X X X X X X X X

361 W. 5th Avenue (1)
Eugene, OR 97401 (2)
503/485-8404 or 800/262-5973

Comments
Certified professional agronomist on staff.
Techniad support for agronomy, horticul-
ture, nursery golf course, and landscape.
Manure, compost, fertilizer, and dodge
testing. California DHS cert. for drinking
water and envier analysis. Certified
forage testing labccarocy.

Certified by: Hatt Forage Testing
Assn, Washington State Univ., Soil
Conservation Service. Industrial
wastes, sludge, manure. Environmental
testing, wetland mitigation, nursery.
forestry.

Industrial and animal wastes, sludges,
plant toxins, fertilizer analysic general
chemistry, plant tissue, feeds, water,
soil, irrigation scheduling.

Certified in Oregon, Washington, and
Idaho for drinking water analysis. We
also analyze irrigation water.
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ANTECH
501 NE Thompson Mill Rd.
Corbett, OR 97019

X x x X X x
(1)

x X x x x
Commodities testing, microbiology,
nutrient analysis, pesticide residues,
and soil analysis.

503/695-2135 (2)

WILLIAM F. BLACK SOIL TESTING Chemical and physical soil tests.
503 N. Gardner
P.O. Box 31
Burlington, WA 98233
2061757-6112

E
W

E
W

x x x
(1)

x x x Fertilizer recommendations for all field
crops, landscaping, nursery, green-
house. Fertilizer and lime analysis.
Specific gravity, dry matter, moisture
content, etc.

BRAUN INTERTEC NORTHWEST,
INC.
5405 N. Lagoon
P.O. Box 17126
Portland, OR 97217-0726
503/289-1778 Fax 5031289-1918

S X X X X
(1)
(2)

X X X X
Full-service laboratory offering testing
capabilities in chemistry, metallurcr,
construction materials, NDE,
geotechnical, pavement, and environ-
mental fields. 	 Also providing
engineering and consulting for special
projects.

BROOKSIDE LABORATORIES, INC ,r 2cEars3E2E3E3c x Manures-,Nat'l Alfalfa Hay Testing Assn.
certified, environmental and hazardous

308 S. Main Street
New Knoxville, OH 45871
419/7534191153-2448

(1) waste analysis, complete soil physical

courses.
testing (USGA procedures) for golf 

CASCADE ANALYTICAL, INC. X X X X% X X X
Sludge and hazardous waste analysis;
lime material analysis, contract

3019 G.S. Center Road
Wenatchee, WA 98801
509/S62-1888	 Fax 509/662-8183

(1)
CA

-
research. DOE accredited, waste
water. Certified by Dept. of Health.
(Fortner* Stensilt Testing Lab)

CENTURY TESTING
LABORATORIES, INC.
P.O. Box 1174

X X X X X X
(1)

X X X x
Environmental, hazardous waste, feed,
soil, irrigation and drinking water
analysis laboratory.	 ulti-state
aocreditations, certified

M
 under USEPA

Bend, OR 97709 CO CU' Lab Program, and by Nat'l Alfalfa
503/382-6432 • Hay Testing Association.

CH2M BILL Environmental, hazardous waste, and
Redding Environmental Laboratory
5090 Caterpillar Road
Redding, CA 96003

X X X X X X
M

X X I agricultural analysis' in water, waste water,
soil, sludge, and plant tissue samples.

916/244-5227

COFFEY LABORATORIES, INC. Comprehensive environmental lab offering
soil, f, feed and water testing. Rapid

12423 NE Whitaker Way
Portland, OR 97230

X X X X X X
(1)

X X X X X NM analy
orage

sis of hay. Fertilizer analysis,
pesticide/herbicide residue analysis.

503(254-1794 (2) Certified under Nat'l Alfalfa Hay Testing
Fax: 503/254-1452	 . .

.

Association. tfiaobiologiatl, miaoecopc,
and nutritional analysis.

COLUMBIA LABORATORIES

_ - ' Comprehensive pesticide/herbicide
residue analysis of crops, water and

P.O. Box 40
Corbett, OR 97019
503/695-2287

X X X X

•

X X
(1)
(2a

X X I soil; environmental, microbiological and
nutritional analysis, specializing in
fresh produce pesticide analysis.
Certified for JAS Mark and by the
Japanese govt. for food ingredients.

DATACHEM LABORATORIES, INC. Environmental and hazardous waste
Sorenson Research Park X X X X X X X X X testing and III analysis. EPA Contract
960 West LeVoy Drive
Salt Lake City, UT 84123-2547

Lab, AIHA, CDC accredited. NIOSH
primary contract lab. Mixed waste
radioactive chemistry capability.

800/356-9135

DATA LAB Analysis of drinking water (certified by Stet
Route 1, Box 129
Colfax, WA 99111

ENExxxx
(1)

III of Wash.), waste and irrigation water, soils,
plant.oc tissue, and feeds. Accredited by WA
ru of Fmlniro Arrieultund and

509/397-3478
	

(2)	 environmental analysis of soil and water.
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DELLAVALLE LABORATORY, INC. Accredited by California Dept. of Health
inargank drinking water

1910 W. WC:61141r, Suite 110
Fresno, CA 93728-1298

X X X X X X
(1)

X X X X X Servicesfix
and waste water analyses. Irrigation
scheduling, soil reclamation, fertilizer

209/233-6129 (2) mgmt. and :elated services available.

FPL, ENVIRONMENTAL Pesticides, herbicides, drinking water,
FOOD PRODUCTS LAB, INC. XXX XXX X X X g wade water. HPLC, GC, AA, microbiol-

12003 RE. Ainsworth Circle, Suite 105 (1) or/-

Portland, OR 97220 (2)
503/253-9136

HARVEY LABORATORIES Systems analysis program for soils, plant

P.O. Box 686 X X X X X I X I tissue, water, manure.

Patterson, CA 95363 (1) •
209892-9661 or 209/531-6184

HDHS ANALYTICAL SERVICE
P.O. Box 249
Bay City, OR 97107
503/377-2250

X X X X
Certified by National Forage Testing
Association. Wet chemistry procedures.
2A hour turn-around time. Postage paid
sample bags. Veterinary and nutrition
consulting.

LAUCKS TESTING LABORATORY
Complete environmental analyses
including hazardous waste and sewage

940 South Harney Street XX XXXXX X X I sludge. Certilcations/accreditstions
Ecology, Wa.

Seattle, WA 98108
206/767-5060	 Fes 767-506

(1)

CO

include Wa. Dept. d
DSHS, USDA, Wa. Dept. of Agriculture.
USEPA contract lab program analYses.

NEILSON RESEARCH CORP.
245 S. Grape Street
Medford, OR 97501-3123

X X X X X X
(1)

X X X X X
Specialize in complete environmental,
hazardous wase, and sewage sludge
testing. Certified by EPA and State of
Oregon.

503/770-5678 (2)

NORTHWEST AGRICULTURAL Soil and plant analysis. Fertilizer

CONSULTANTS
2545 West Falls
Kennewick, WA 99336

XX.XXX
(1)
(2)

XX x recommendation. Water analysis,
nematode bioassay. Certified WA
D.O.IL, WSU soil and plant =change
program.

509/783-7450

OREGON STATE UNIVERSITY
Central Analytical Laboratory E I I I I

Formerly Soil Testing Laboratory and
Horticulture Plant Analysis laboratory.
Located in new Agriculture and life

Ag & Life Sciences Bldg., Rm 3079
Corvallis, OR 97331-7306
503/737-2187 Soil samples

W (1) Sciences Building. Plant samples accepted
July Sept. Soil samples accepted
throughout the year.

503/737-5716 Plant samples

PENINSU•LAB Comprehensive field/lab nematode, pest
Fertilizerand disease evaluation.

5795 NE Minder
Poulsbo, WA 98370
206/297-3295 or 1-800-635-6866

XX X X X x x recommendations for small fruits and
landscaping, soil microorganism evert,
compost evil. and contract research_

SOIL & PLANT LABORATORY INC. On-aite field calls. Manure analysis.
St.)

P.O. Box 1648 X X X X X X X Lab at P.O. Box 153 (352 Mathew
CA 95052.0153

Bellevue, WA 98009-1648 (1) Santa Clara,
408/7270330

206/7464665 Fa.c 562-9531
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SOILTEST FARM CONSULTANTS,
INC. X X X X X S X X X

Certified by Nat'L Alfalfa Hay Testing
Assoc., Wash. State Univ., WA State Dept.

Health	 WA State Dept.	 Ecology;of	 and	 of
2925 Wapato Drive
Moses Lake, WA 98837
509/765-1622

(1) Montana and Western States soil
exchange program, irrigation scheduling,
effluent and environmental testing,
manure and sewage sludge analysis.

SOUTHERN OREGON ANALYTICAL Thane and soil analysis; nematode

22109 Stateline Roa
P.O. Box R

SW X X X X X
sampling and mapping; irrigation
scheduling. Forage analysis-Certified by

ti	 Utah ng Association.ForageNat'l.'Nat	 Testing
Merrill, OR 97633
503/798-5112	 Fax 503/798-5114

E State Univ. soil and tissue referee
program. Also serve N. California.

STUKENHOLTZ LABORATORY INC.
Addison Avenue Eas X X X X X X X X X X X

Irrigation scheduling. Manure and
sludge analysis. Fertilizer and plant
tissue analysis. Research.

Box 353	 .
Twin Falls, ID 83303-0353 (1)

208/734-3050 or 1-800-759-3050 (2)

Fax 208/734-3919

TWISS ANALYTICAL LABORATORY •
Irrigation water analysis, tissue analysis.
WA DOH drinking water analysis, WA St.

7865 NE Day Road West X X X X X X II I Dept. of Ecology accreditation; bacteria-
Bainbridge Island, WA 98110 (1) logical testing.
206/7805109 (2)

UNIVERSITY OF IDAHO
Analytical Laboratory x x x x x x x x x

Irrigation and drinking water analysis,
tissue analysis, fertilizer analysis, and

Holm Research Center (1)
pesticide and herbicide analysis.

Moscow, ID 83843 (2)
208/885-7081

USAg ANALYTICAL SERVICES Contract Research. Fertilizer analysis.

1320A E. Spokane Street X X X I X X X X X Irrigation water analysis. Quality
Assurance. All Western States. WA

Pasco, WA 99301 (1) D.O.H... drinking water analysis - NO3
509/547.3838	 FAX 509/547-8645 (2) only.

WESTERN LABORATORIES, INC. X X X X X X X X X
Certified by National Alfalfa Hay Testing
Associa' tion.

P.O. Box 1020
Parma, ID 83660

(1)

800/658-3858

WOOD'S SOIL ANALYSIS LAB Thirty years in the lab business, working
Rt. 3, Box 134B
Mini-a-Lum Roa

E E x x
(1)

x with crops and soils of Eastern Oregon
and Washington.

Milton-Freewater, OR 97862
503/938-7446

* E, W, S or N indicate portion of a state_
(1) indicates testing of irrigation water, (2) indicates testing of drinking water.

A listing of laboratories approved by the Oregon Health Division for drinking water analysis can be obtained by contacting the
Oregon Health Division, Drinking Water Systems, P.O. Box 14450, Portland, OR 97214-0450, or call 503/731-4010 or 5031731-4009.

Prepared by John Hart, Extension Soil Scientist, and Lois Lessert, Office Specialist, Department of
Crop and Soil Science, Oregon State University, Corvallis, OR.
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Appendix E. The Cost to Bale and Stack Grass Straw with Equipment Owned by the Grower'

3-Tie Bale	 Large Rectangular Bale

Bale	 Stack	 Bale	 Stack

Tractor & 3-	 Bale	 Tractor & Truck &
Units	 tie Baler	 Wagon	 Baler	 Forklift

Inputs

Machine
Size	 hp	 120	 90	 160	 300
Fuel Type	 1 or 2	 2	 2	 2	 2
Purchase price	 $	 52000	 70000	 70000	 46000
Salvage value	 $	 15600'	 21000	 21000	 13800
Life	 hrs	 5000	 4500	 5000	 3000
Annual use	 hrs	 350	 250	 350	 150

Implement
Size	 ft	 pto	 pto
Purchase Price	 $	 25000	 65000	 rented
Salvage value	 $	 7000	 125000
Life	 hrs	 25000	 2500
Annual use	 hrs	 250	 150
Capacity	 acres/hr	 4	 7	 7	 9
Twine (other)	 $/yr	 5980	 3000	 4320

Parameters

General
Lube multiplier 	 Ag Eng	 0.15	 0.15	 0.15	 0.15
Insur. multiplier 	 Ag Eng	 0.01	 0.01	 0.01	 0.01
Interest rate	 %	 12 %	 12 %	 12 %	 12 %
Labor	 $/hr	 7	 7	 7	 7

Machine
Gas cost	 $/gal	 1.2	 1.2	 1.2	 1.2
Diesel cost	 $/gal	 1.2	 1.2	 1.2	 1.2
Fuel multiplier	 Ag Eng	 0.083	 0.083	 0.083	 0.083
Current value	 Calc	 33800	 45500	 45500	 29900
Remaining life	 Calc	 2500	 2250	 2500	 1500
RC #1	 Ag Eng	 0.024	 0.024	 0.024	 0.024
RC #2	 Ag Eng	 1.5	 1.5	 1.5	 1.5
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3-Tie Bale

Bale	 Stack

Large Rectangular Bale

Bale	 Stack

Units
Tractor & 3-

tie Baler .
Bale

Wagon
Tractor &

Baler
Truck &
Forklift

Implement
Current value Calc 16000 38750
Remaining life Calc 1250 1250
RC #1 Ag Eng 0.222 0.222
RC #2 Ag Eng 1.4 1.4

Costs per Hour

Machine
Fuel $11.91 $8.93 $15.88 $10.50
Lube 1.79 1.34 2.38 1.58
Repairs 3.06 3.88 4.12 2.08
Labor 7.00 7.00 7.00 7.00
Insurance 0.97 1.82 1.30 1.99
Depreciation 7.28 10.89 9.80 10.73
Interest 11.15 21.19 15.01 23.28
Total 43.15 55.05 55.49 57.16

Implement
Repairs 8.82 22.61 rented
Input 23.92 20.00
Insurance 0.64 2.58
Depreciation 7.20 21.00
Interest 7.25 29.74
Total 47.83 95.93

Operation
Cost Per Hour 90.98 55.05 151.42 85.96
Cost Per Acre 22.75 7.86 21.63 9.55

Total

Bale & Stack
Cost Per Hour 146.03 237.38
Cost Per Acre 30.61 31.18

Rake?
Cost Per Acre 3.63 3.63

Total Rake, Bale, & Stack/ton $15.56 $15.82

Based on a 1,500 acre farm, 1,000 acres baled, and 2.2 tons of straw/acre.
2	 Raking once on all acres at $25.41/hour, or $3.63/acre.

Source: Mellbye, 1992
Appendix F. Cost of Grass Straw Rations Supplemented by Energy/Protein Components in Meeting
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8 to 9 percent CP Levels in Feeding 1000 Pound Pregnant Beef Cows

8% CP diet 9% CP Diet

% CP
Straw'

Straw
lbs/day

Protein
Supplement

lbs/day

Energy
Supplement

lbs/day

Total
Ration
Cost
Won

Straw
lbs/day

Protein
Supplements

lbs/day

Energy
Supplement

lbs/day

Total
Ration
Cost
Won

Soybean meal and Barleyb

3 19.31 2.2 3.5 82.64 18.17 2.7 4.2 90.15

4 20.23 1.9 2.9 76.55 18.99 2.4 3.7 84.71

5 21.25 1.5 2.3 69.80 20.06 1.9 3.0 77.64

6 22.37 1.0 1.6 62.41 21.05 1.5 2.4 71.11

7 23.58 0.6 0.9 54.36 22.2 1.1 1.7 63.49

8 25.00 0.0 0.0 45.00 23.52 0.6 0.9 54.79

9 25.00 0.0 0.0 45.00 25.00 0.0 0.0 45.00

Soybean meal and Come

3 19.31 2.4 3.3 83.77 17.87 3.1 4.0 95.23

4 20.22 2.0 2.8 77.60 18.76 2.7 3.5 88.95

5 21.25 1.6 2.2 70.61 19.83 2.3 2.9 81.41

6 22.35 1.1 1.6 63.04 20.90 1.8 2.3 73.88

7 23.60 .06 0.8 54.55 22.15 1.3 1.6 65.09

8 25.00 0.0 0.0 45.00 23.48 0.7 0.9 55.67

9 25.00 0.0 0.0 45.00 25.00 0.0 0.0 45.00

Cottonseed meal and Barley°

3 19.30 2.5 3.2 84.98 18.17 3.0 3.9 92.95

4 20.23 2.1 2.7 78.50 19.05 2.6 3.4 86.72

5 21.24 1.6 2.1 71.40 19.99 2.2 2.8 80.12

6 22.36 1.2 1.5 63.56 21.01 1.7 2.3 73.02

7 23.60 0.6 0.8 54.84 22.21 1.2 1.6 64.55

8 25.00 0.0 0.0 45.00 23.53 0.63 0.8 55.34

9 25.00 0.0 0.0 45.00 25.00 0.0 0.0 45.00
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8% CP diet 9% CP Diet

% CP
Straw'

Straw
lbs/day

Protein
Supplement

lbs/day

Energy
Supplement

lbs/day

Total
Ration
Cost
Won

Straw
lbs/day

Protein
Supplements

lbs/day

Energy
Supplement

lbs/day

Total
Ration
Cost

$/ron

Cottonseed meal and Corn

3 19.30 2.6 3.1 86.18 18.17 3.1 3.7 94.34

4 20.23 2.2 2.6 79.49 19.08 2.7 3.2 87.78

5 21.24 1.7 2.0 72.14 20.01 2.3 2.7 81.10

6 22.35 1.2 1.4 64.12 21.02 1.8 2.2 76.75

7 23.60 0.6 0.8 55.11 22.23 1.3 1.5 65.06

8 25.00 0.0 0.0 45.00 23.52 0.7 0.8 55.70

9 25.00 0.0 0.0 45.00 25.00 0.0 0.0 45.00

Assumed price of $45/ton
° Assumed soybean meal price of $350/ton and CP of 49%

Assumed barley price of $120/ton and CP of 9.5%
Assumed corn price of $135/ton and CP of 8%

d • ssA umed cottonseed meal price of $320/ton and CP of 45%
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Appendix G. Costs of 4 Rations in Feeding Dairy Heifers, Birth to Calving at 26 Months

Heifer Age (in Days)

Price/Ton	 0-120	 121-180	 181-450 451.759 760-780
Ration Total

Land O'Lakes Diet 1

Milk Replacer	 $1,387	 75 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs $52.01

Calf starter grain, 18% CP, 73% TDN 	 290	 350 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs 50.75

Grain, 14% CP, 69% TDN	 150	 0 lbs	 0 lbs	 945 lbs 1545 lbs 0 lbs 186.75

Grain, 16% CP, 71% TDN	 167	 0 lbs	 240 lbs	 120 Has 0 lbs 0 lbs 30.00

Alfalfa Hay, 20% CP	 90	 200 lbs	 480 lbs	 2970 lbs 6180 lbs 525 lbs 466.98

Dry Cow Vigor	 380	 0 lbs	 0 lbs	 0 lbs 0 lbs 25 lbs 4.75

Minerals	 300	 0 lbs	 7.5 lbs	 33.75 lbs 38.63 lbs 2.63 lbs 12.38

TOTAL (5/Period)	 $111.76	 $42.73	 $209.59 $399.77 $28.77 $803.61

DM intake/day '	 10.9	 13.6 22.6 23.7

Cost per day, averaged over 579 days (or from 6 months to 25 months + 1 week of age) $1.05.

Cost per day, averaged over 780 (or 26 months) $1.03

Land ()Takes Diet 2

Milk Replacer	 1,387	 75 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs $52.01

Calf starter grain, 18% CP, 73% TDN 	 290	 350 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs 50.75

Grain, 14% CP, 69% TDN	 150	 0 lbs	 0 lbs	 945 lbs 1545 lbs 0 lbs 186.75

Grain, 16% CP, 71% TDN	 167	 0 lbs	 240 lbs	 120 lbs 0 lbs 0 lbs 30.00

Alfalfa Hay, 20% CP	 90	 200 lbs	 300 lbs	 2295 lbs 4481 lbs 525 lbs 352.02

Grass Silage	 25	 0 lbs	 300 lbs	 2970 lbs 5562 lbs 0 lbs 109.08

Dry Cow Vigor	 380	 0 lbs	 0 lbs	 0 lbs 0 lbs 25 lbs 4.75

Minerals	 300	 0 lbs	 7.5 lbs	 33.75 lbs 38.63 lbs 2.63 lbs 12.38

TOTAL (5/Period)	 $111.76	 $38.33	 $215.89 $391.98 $28.77 $797.74

DM intake/day	 9.7	 14.6 23.1 23.7

Cost per day, averaged over 579 days (or from 6 months to 25 months + 1 week of age) $1.05

Cost per day, averaged over 780 (or 26 months) $1.02
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Purina Diet

Milk Replacer	 $1,360	 50 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs $34.00

Grain, 14% CP, 75% TDN 	 180	 120 lbs	 285 lbs	 1905 lbs 2010 lbs 126 lbs 400.14

Grain, 16% CP, 75% TDN 	 210	 165 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs 17.33

Alfalfa Hay, 20% CP	 90	 255 lbs	 300 lbs	 2500 lbs 4950 lbs 0 lbs 360.23

Timothy Grass Hay, 15% CP 	 90	 0 lbs	 0 lbs	 0 lbs 585 lbs 315 lbs 40.50

TOTAL (S/Period)	 $73.60	 $39.15	 $283.95 $428.47 $27.02 $852.19

DM intake/day '	 8.8	 14.7 22.1 19.8

Cost per day, averaged over 579 days (or from 6 months to 25 months + 1 week of age) $1.23

Cost per day, averaged over 780 (or 26 months) $1.09

Pellet Diet

Milk Replacer	 $1,360	 50 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs $34.00

Calf starter grain	 200	 100 lbs	 0 lbs	 0 lbs 0 lbs 0 lbs 10.00

Grain, 16% CP	 167	 270 lbs	 300 lbs	 0 lbs 0 lbs 0 lbs 47.50

Alfalfa Hay, 20% CP	 90	 150 lbs	 372 lbs	 0 lbs 0 lbs 525 lbs 47.12

Minerals	 300	 () lbs	 0 lbs	 0 lbs 0 lbs 2.63 lbs 0.39

Pellets	 112	 0 lbs	 0 lbs	 4300 lbs 7750 lbs 0 lbs 674.80

TOTAL ($/Period)	 $73.25	 $41.74	 $240.80 $434.00 $24.02 $813.81

DM intake/day	 10.1	 14.3 22.6 23.7

Cost per day, averaged over 579 days (or from 6 months to 25 months + 1 week of age) $1.17

Cost per day, averaged over 780 (or 26 months) $1.04

' All DM calculations assume 90% DM in grains, hay and pellets, and 35% DM in silage.
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