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SUMMARY 

This paper constitutes a report from the For- 
age Analysis Subcommittee of the Hay Market- 
ing Task Force organized by the American For- 
age and Grassland Council and presents a pro- 
posal for the establishment of  market hay 
grades. The need for hay standards that will 
more adequately express feed Value in forages 
and that will communicate this value among 
agricultural scientists, agri-business clientele, 
and producers has long been recognized world 
wide. The Forage Analysis Subcommittee sur- 
veyed United States scientists working with for- 
age quality and animal nutrition to obtain a 
concensus of  opinion relative to more precise 
techniques for evaluating forage quality. Subse- 
quently, research data were collected on forage 
samples from widely differing climates in the 
United States. Samples included the following 
species: alfalfa - Medicago sativa L.; smooth 
bromegrass - Bromis inermis Leyss.; orchard- 
grass -- Dactylis glomerata L.; reed canarygrass 
- Pbalaris arundinacea L.; tall rescue - Festuca 
arundinacea Schreb.; 'Pangola' digitgrass - D/g/- 
taria decumbens  Stent.; bahiagrass - Paspalum 
no ta tum Fliigge; and 'Suwannee' bermudagrass 
- Cynodon Dacty lon (L.) Pers. The relation- 
ships of  acid detergent fiber with in vivo digest- 
ible dry matter and neutral detergent fiber with 
dry matter intake are reported. A relative feed 
value based upon digestible dry matter intake as 
an estimate of digestible energy intake is pro- 
posed for evaluation of all forages. Five hay 

1 Invitational paper presented as part of the Sym- 
posium on Pastures and Forages, held during the An-  
nual Meeting of the ASAS at Madison, Wl, July 23 to 
27, 1977. 
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sion, Madison; Staff Scientist, National Program Staff, 
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culture, Beltsville, Maryland; and Professor of Dairy 
Science, College of Agricultural and Life Sciences, 
University of Wisconsin-Madison, respectively. 

grades and one sample grade 3 for all legumes 
and grasses are proposed by the committee. 
Key Words: Acid Detergent Fiber, Forage Qual- 
ity, Infrared Reflectance, Market Hay Grades, 
Neutral Detergent Fiber, Relative Feed Value.) 

INTRODUCTION 

Hay is one of  North America's most widely 
grown crops. Nearly 62 million acres of  hay 
were harvested in 1975 with production of  
more than 131 million tons and values in excess 
of  $6.5 billion. Yet, buying and selling hay is 
still largely a "guessing" game. Less than 1% of 
the hay crop is federally graded, and most of 
the 27 million tons of  hay marketed each year 
in the United States is purchased on trust be- 
tween buyer and seller. 

Present United States hay grades depend on 
visual examination only, and there is often little 
relationship from place to place between price 
and visual measurements of  quality such as leaf- 
iness, steminess and color. Even the majority of  
farmers and ranchers who grow and use most of  
their hay need better guidelines as to its true 
nutrient value. The eye and nose cannot always 
detect the quality differences that effect rate of 
gain or milk production. 

HAY MARKETING TASK FORCE 

In 1972 the American Forage and Grassland 
Council (AFGC) formed a Hay Marketing Task 
Force to: a) identify hay marketing problems, 
b) determine problem priorities and possible 
practical solutions, and c) develop specific 
recommendations for action. A Forage Analysis 
Subcommittee was charged with establishing a 
system for pricing hay based on some realistic 
measurements of  feed value. Numerous reports 
have been prepared and talks presented based 
on the Subcommittee's findings. (Barnes, 1975, 
Barnes et al., 1977; Moore et al., 1975; Roh- 
weder et al., 1976a,b,c). 

In 1974 the Forage Analysis Subcommittee 
surveyed United States scientists working with 

3 See tables  7 and 8. forage quality and animal nutrition t o  obtain a 
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concensus of  opinion relative to more precise 
techniques for evaluating forage quality. Three 
basic methods of estimating in vivo digestibility 
are in use today:  1) the digestion trial - which 
is a direct and accurate method of  analyzing 
material consumed and excreted by a test ani- 
mal but which is lengthy and costly; 2) the in 
vitro rumen fermentation technique; and 3) 
newer chemical methods which more adequate- 
ly characterize the constituents in feeds. 

Most scientists working with forage quality 
and livestock nutrition believed that  data from 
the in vitro technique most closely approxi- 
mates energy availability or digestibility in for- 
ages as measured in vivo. The two-stage in vitro 
rumen fermentation technique (Tilley and 
Terry, 1973) has been shown to be superior to 
other in vitro systems; however, it is doubtful  
the technique will become widely adopted for 
routing use. 

Many chemical assays have been proposed to 
estimate herbage quality and its relationships to 
animal performance. The majority of  the re- 
spondents indicated that  the acid-detergent 
fiber (ADF) and neutral-detergent fiber (NDF) 
analyses proposed by Van Soest (Barnes, 1973; 
Goering and Van Soest, 1970) were the chemi- 
cal assays of  choice to estimate in vivo dry mat- 
ter digestibility and dry matter  intake, respec- 
tively. This analytical system divides the or- 
ganic matter  of  plants into cell walls and cell 
contents through the use of  detergents, table 1. 
The nutritional availability of  cell contents is 
almost complete, averaging 98%. Fraction A 
(cell contents) includes substances for which di- 
gestive enzymes exist in the digestive tracts of  
all animals. Fraction B (cell wails) include sub- 
stances that  are digested to a significant extent 
only in animal species possessing important  gas- 
trointestinal fermentation capabilities. The cell 
wail portion of  a forage affects the volume a 
feed will occupy in the digestive tract, a princi- 
pal factor limiting consumption by animals. 

Forages such as tropical grasses and very ma- 
ture forages are high in non-digestible compo- 
nents which in turn affect digestibility of other 
components  to the point that  animals have dif- 

ficulty obtaining adequate nourishment f rom 
the amount  they are physically able to con- 
sume. Animals fed such forage are often unable 
to produce milk or gain weight economically. 

The Forage Analysis Subcommit tee  subse- 
quently obtained forage samples with known 
analytical data from a number  of  locations to 
determine the precision of the above relation- 
ships. Data, including acid-detergent fiber and 
neutral-detergent fiber analyses, as well as in 
vivo digestible dry matter  and dry matter  intake 
measurements were obtained from Wisconsin, 
Indiana, Pennsylvania and Florida (Barnes, 
19754; Krueger, 1967; Lema, 1972; Moore et 
aL, 1970; Moore, 1975; Ventura et aL, 1975). 
Species included were: alfalfa - M e d i c a g o  
sativa L.; smooth bromegrass - Bromis inermis 
Leyss.; orchardgrass - Dactylis glomerata L.; 
reed canarygrass - -  Pbalaris arundinacea L.;tall  
rescue -- Festuca arundinacea Schreb.; 'Pangola'  
digitgrass - Digitaria decumbens Stent.; bahia- 
grass Paspalum notatum Fliigge; and 'Suwan- 
nee'  bermudag(ass - Cynodon dactylon (F.) 
Pers. The relationships of acid-detergent fiber 
to in vivo digestible dry matter  (DDM) and neu- 
tral-detergent fiber to dry matter  intake (DMI) 
were estimated by regression analysis. F-tests 
were used to test the significance of each com- 
ponent  in the equations. 

Hay grades for legumes, legume-grass mix- 
tures, and grasses based on organoleptic s char- 
acteristics including maturity,  percent leaves 
(Lee and Smith, 1972; Smith, 1973; Waiters, 
1971), color, percent foreign material, and free- 
dom from damage are proposed. Typical chemi- 
cal concentration and animal performance char- 
acteristics for each grade are listed. A digestible 
dry matter  intake (DDMI) value as an estimate 
of  digestible energy intake (DEI) is proposed. 
The digestible dry matter  intake concept differs 
from the Nutritive Value Index proposed by 
Crampton et aL (1960) in that  it is not based 
on a standard forage. Values in this paper ex- 
press actual intake of digestible dry matter  by 
sheep and are highly correlated with digestible 
energy intake. 

4Barnes, R. F. 1975. Private communication, AR 
66, p 38-40. 

s Organoleptic is defined as affecting or making an 
impression upon one or more org~s of special sense 
and used in subjective testing; i.e., sight, feel, Odor, 
flavor. 

RESULTS AND DISCUSSION 

The concentrations of  acid-detergent fiber 
and neutral-detergent fiber in alfalfa grown in 
Florida are comparable to the concentrations 
for each factor in alfalfa grown in Wisconsin, 
Indiana, Pennsylvania at similar stages of  matu- 
rity, table 2. However, the crude protein (CP) 
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TABLE 2. TYPICAL CHEMICAL COMPOSITION OF CRUDE PROTEIN (CP), ACID-DETERGENT FIBER 
(ADF), AND NEUTRAL-DETERGENT FIBER (NDF) IN ALFALFA, TEMPERATE GRASSES, AND 
SUBTROPICAL GRASSES GROWN IN FLORIDA, INDIANA, PENNSYLVANIA AND WISCONSIN 

North South 

Species and maturity CP ADF NDF CP ADF NDF 

A. Alfalfa 
1. Bud-first flower > 19 <31 <40 25-30 30-32 33-41 
2. F.F.-mid-bloom 17-19 13-35 40-46 19-27 34-37 40-47 
3. Mid-full bloom 13-16 36-41 46-51 22 35 42 
4. Post bloom + <13 >41 >51 17-18 37-41 >51 

B. Grasses a 
2. Veg-Boot b > 18 <33 <55 18-19 32-33 64-69 
3. Boot-early head c 13-18 34-38 55-60 8-18 34-40 64-79 
4. Head-milk d 8-12 39-41 61-65 6-11 39-43 70-80 
5. Dough +e <8 >41 >65 4-9 39-47 71-81 

aNorth-Smooth bromegrass, orchardgrass, reed canarygrass and tall fescue. 

bSubtropical-'Pangola' digitgrass and bermudagrass-2 to 3 weeks. 

CSubtropical--Bahiagrass--2 weeks; 'Pangola' digitgrass and bermudagrass-4 to 6 weeks. 

dSubtropical-Bahiagrass-4 to 6 weeks; 'Pangola' digitgrass and bermudagrass-8 weeks. 

esubtropical-All 10 weeks. 

concen t ra t ion  was higher in alfalfa grown in 
Flor ida at all stages o f  matur i ty .  Crude prote in  
and acid de tergent  f iber  concent ra t ions  in tem- 
perate  and subtropical  grass species are compa-  
rable at selected stages of  ma tu r i ty  or  age; how- 
ever,  neutra l -detergent  f iber  concen t ra t ions  in 
subtropical  grasses are higher than in t empera t e  
grasses. It appears that  this di f ference is primar- 
ily due to increased hemicel lulose  concent ra-  
t ion  in the  subtropical  species, table 3 (Moore 
and Mott ,  1973). 

Crude prote in  concen t ra t ion  is correla ted 
with  dry ma t t e r  digestibil i ty and wi th  its own  

digest ibi l i ty in legumes;  however ,  crude prote in  
concen t ra t ion  does  no t  sat isfactori ly es t imate  
digest ibi l i ty in grasses (Lema,  1972;  Marten e t  
al., 1975).  Crude prote in  concen t r a t ion  also 
may  no t  sat isfactor i ly  es t imate  digest ibi l i ty o f  
legumes  and grasses when  grown across a broad 
range of  c l imatic  condi t ions .  Studies c o n d u c t e d  
in Wisconsin and Minnesota  (Marten,  1970;  
Smith,  1969, 1970,  1975;  Vough  and Marten,  
1971) showed tha t  crude prote in  concent ra-  
t ions in alfalfa, t i m o t h y ,  and oats increased at 
warmer  t empera tu res  while dry ma t t e r  digest- 
ibi l i ty remained constant .  

TABLE 3. CONCENTRATION OF CRUDE FIBER (CF), NEUTRAL-DETERGENT FIBER (NDF), ACID- 
DETERGENT FIBER (ADF), HEMICELLULOSE, AND LIGNIN IN TEMPERATE AND TROPICAL 

GRASS SPECIES-PERCENT a 

Species CF NDF ADF Hemicellulose b Lignin 

Temperate 
Avg 25.8-34.8 50.1-66.6 27.6-38.3 22.5-28.3 2.8-6.4 
Overall 18-40 34-73 18-46 16-27 1-11 

Tropical 
Avg 28.5-35.6 61.4-74.6 31.7-40.7 29.7-33.9 3.3-6.7 
Overall 18-47 45-85 21-57 24-28 2-11.5 

aMoore and Mott, 1973. 

bDifference between neutral-detergent fiber and acid-detergent fiber (NDF-ADF). 

Downloaded from https://academic.oup.com/jas/article-abstract/47/3/747/4698544
by George W. Hopper Law Library user
on 19 June 2018



SYMPOSIUM 751 

Digestible Dry Matter. Acid-detergent fiber 
is the assay of choice to estimate digestibility 
and the analysis often indicates the digestibility 
of cell walls as well as cell solubles. Acid-deter- 
gent fiber concentrat ion is highly correlated 
with in vivo digestible dry mat ter  in alfalfa, 
temperate  grasses, and subtropical  grasses. Mea- 
surement of  this correlation in several trials is 
shown in table 4-. 

Equations derived from the data summarized 
in table 2 for predicting in vivo digestible dry 
mat ter  from acid-detergent fiber concentrat ion 
as developed from regression analyses are 
shown in table 5. In all cases the use of  curvi- 
linear regression equations improved the predic- 
t ion of  in vivo digestible dry mat ter  compared 
to simple linear regressions. 

Results from this s tudy are confirmed by 
trials conducted in Wisconsin and Minnesota. 
Lema (1972) showed that  acid-detergent fiber 
may not  improve the abil i ty to predict  in vivo 
digestible dry mat ter  in pure legume forages 
(ADF: r = --.83 CP: r = .82); however, it mark- 
edly improved the abil i ty to estimhte digestibil- 
i ty in grasses (ADF:  r = --.93, CP: r = .77). Mar- 
ten et al. (1975) in Minnesota showed that  acid 
detergent fiber was the best chemical predictor  
of in vivo digestible dry mat ter  in corn and sor- 
ghum silages, r = - . 7 8  and r = - . 8 9 ,  respec- 
t ive ly .  

Dry Matter Intake. Neutral-detergent fiber is 
the chemical assay of choice to estimate volun- 
tary intake. Neutral-detergent fiber concentra- 
t ion has the highest correlation with voluntary 
intake of  forages, which is a function of  the 

rate of  digestion, which in turn influences the 
rate of  passage and ul t imately the amount  of 
forage the animal can consume. 

The correlation of  neutral-detergent fiber 
concentrat ion with dry mat ter  intake ranged 
from r = - . 3 2  to r = - . 9 4  table 4, and varied 
with species and location.  In general, the corre- 
lation was lower with subtropical  species com- 
pared to temperate  species. This correlation was 
improved by  combining locations, but  the cor- 
relation decreased when bahiagrass and 'Suwan- 
nee' bermudagrass were included. Data from 
Lowery et al. (1968) indicates that  in vivo di- 
gestible dry mat ter  and dry mat ter  intake for 
Coastcross I bermudagrass are higher than for 
either 'Coastal '  bermudagrass and 'Suwannee'  
bermudagrass. Therefore, the relationship in ta- 
ble 4 may be changed as addit ional  data are in- 
cluded. This relationship is now being studied. 

Equations derived from the data summarized 
in table 2 for predicting dry mat ter  intake from 
neutral-detergent fiber concentrat ion are shown 
in table 5. The use of  curvilinear regression 
equations also improved the abil i ty to predict  
dry mat ter  intake in all forages compared to 
simple linear equations except  when 'Suwan- 
nee' bermudagrass was included. These correla- 
t ion values are in line with data  published by 
British scientists (Jones and Bailey, 1974; Jones 
and Waiters, 1978; Osbourn et al., 1970). Addi- 
tional data on temperate  and subtropical  spe- 
cies is needed to evaluate this relationship 
across a broader  range of  species, varieties, and 
growing conditions.  

Furtber Analysis o f  Data. Subsequent to  the 

TABLE 4. CORRELATION (R) OF ACID-DETERGENT FIBER (ADF) WITH DIGESTIBLE DRY MATTER 
(DDM) AND NEUTRAL-DETERGENT FIBER (NDF) WITH DRY MATTER INTAKE (DMI) FROM 

SEVERAL TRIALS CONDUCTED IN THE U.S. 

Species Location ADF:DDM NDF :DMI 

Alfalfa Wisconsin R --- -.83 R = -.48 
Wisconsin, Indiana, Pennsylvania -.84 -.75 
Florida -.91 -.44 
Combined -.82 -.62 

Grasses a Wisconsin -.93 -.46 
Grasses b Wisconsin, Indiana, Pennsylvania -.73 -.94 
Bahiagrass Florida -. 90 -. 32 
'Pangola' digitgrass Florida -.92 -.92 
Bermudagrass Florida -.87 -.47 
Grasses c Combined -.76 -.76 

aSmooth bromegrass, orchardgrass, and reed canatygrass. 

bsmooth bromegrass, orchardgrass, reed canawgrass, and tall fescue. 

CSmooth bromegrass, orcbardgrass, reed canarygrass, tall fescue, 'Pangola'-digitgrass, and bahiagrass. 
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,original analysis by the Subcommittee, data 
have been obtained on 19 species and mixtures 
from 12 states. Intake information also has 
been obtained for cattle. The analysis of these 
data is not complete; however, analyses on this 
expanded sample confirms the relationships re- 
ported in this paper. Single assays appea~ to do 
as well as combinations of assays in predicting 
digestible dry matter and dry matter intake. 
Dry matter percentage combined with neutral- 
detergent fiber appears to improve the ability 
to predict dry matter intake. This observation 
needs further study. 

Digestible Dry Matter Intake. Both digest- 
ible energy concentration and voluntary intake 
of digestible energy should be considered when 
assigning the "optimum" feeding value to a hay 
or silage. Analyzing for digestible dry matter in- 
take can provide more effective guidelines that 
will lead to higher production and gain, more 
efficient use of feeds, lower costs, and greater 
profits. The analyses also can serve as effective 
means for evaluating and pricing hay. 

It has been proposed that the acid-detergent 
fiber analysis more adequately evaluates in vivo 
digestible dry matter and energy availability in 
forages than other chemical assays. The neutral- 
detergent fiber analysis provides the best indi- 
cation of dry matter intake for legumes and 
grasses by the animal. A combination of both 
analyses can provide an estimate of digestible 
dry matter intake for a forage as follows: 

DDM (%) is inversely related to ADF con- 
centration, i.e., DDM decreases as 
ADF increases. 

DMI (g/kgW "Ts) is inversely related to 
NDF concentration, i.e., DMI de- 
creases as NDF increases. 

DDMI (g/kgW'7S) is a function of 
DDM • DMI. 

100 

Application of Fiber Analyses and Digestible 
Dry Matter Intake to Hay Marketing. Hay is big 
business in the United States with nearly 131 
million tons produced annually. Twenty per- 
cent or 27 million tons are sold off the produc- 
ing units as cash hay. Wide variations in the per- 
centage sold as cash hay exists among states. 
For example, in Arizona and california, 78 and 
74%, respectively, of all hay produced was sold 
off the form where produced; while Wisconsin, 
the largest hay producer with 10.6 million tons, 
sells only 8% off the farm. 

Nine states have indicated that a hay market- 
ing program is in some stage of development; 
however, California is the only state with a sys- 
tem based on chemical evaluation. Hay inspec- 
tions nationally are based on the federal hay 
grade standards set forth in the Agricultural 
Marketing Act of 1946. In 1975 less than 300 
inspections were made nationwide. While the 
federal hay grades reflect quality differences, 
they are not based on quantitative measure- 
ments. There is a need to develop hay grades 
that more precisely reflect feed value. 

The new hay standards proposed by The 
Forage Analysis Subcommittee are described in 
tables 6, 7 and 8. Legumes, grasses, and legume- 
grass mixtures are evaluated on a continuum 
permitting a calculation of feeding value for all 
types of plants. Both organoleptic character- 
istics and representative chemical analyses are 
used to establish five grades with one sample 
grade. The grades are based on advancing stages 
of maturity and are designed to represent mea- 
surable differences in animal response. 

The knowledge that the intake potential for 
hay can be just as important as digestibility led 
to a combination of these two factors to give an 
estimate of digestible dry matter intake or rela- 
tive feed value. It is an expression of overall for- 
age quality and estimates the relative intake of 
digestible energy when forage is the only source 
of dietary energy and protein. The formulas 
used to calculate relative feed value are present- 
ed in table 6. They were derived from regres- 
sion analyses of intake and digestibility of dry 
matter data for forages of known composition 
that were fed to sheep, table 5. The relative 
feed value is calculated by dividing the esti- 
mated digestible dry matter by 40 times 100 to 
provide a common base across all possible for- 
ages. This establishes full bloom legumes as the 
base hay. These values indicate that the best 
pure grass hays appear to grade no higher than 
Grade 2 relative to legume hays with mature 
grass hays grading as low as Grade 5. Relative 
feed values range from over 140% for early cut 
legumes to less than 83% for mature grass hays. 
Assuming a base price of $60 per short tonne 
for mature legumes (Grade 4), hay prices would 
range from over $85 per short tonne to less 
than $50 per short tonne. 

The proposed grades are described by the 
representative stage of maturiw; leafiness; 
color; amount of foreign material; freedom 
from mold, musty odor, dust, and other dam- 
age; typical chemical composition values for 
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754 ROHWEDER, BARNES AND JORGENSEN 

crude protein, acid-detergent fiber, and neutral- 
detergent fiber; and relative feed values. Typical 
values for legumes and predominantly legume ,o 
mixtures are presented in table 7 and for grasses 
and predominantly grass mixtures in table 8. 

Computerized Analytical and Ration Balanc- <> 
ing Programs. Hay dealers report that much of _~ 
their hay is purchased one day and sold the 
next. Time does not allow them to obtain a lab- 
oratory analysis to estimate forage quality. .~ 
Therefore, most hay that is sold is not evalu- < 
ated properly unless done so by the producer, z 
Recently, Norris et al. (1976) reported the de- m 
velopment of a near-infrared reflectance tech- 
nique for the rapid prediction O f forage compo- 
sition and animal responses to forages. It is pro- ~. ~0 
posed by Shenk et al. (1976) that remote infra- ~ 
red reflectance instruments placed at strategic m < 
locations (hay marketing centers, feed stores, = 
extension offices, etc.) can be attached to a ~ 
computer network system. These remote instru- ~ 
ments would be small and simple to operate ~ v- 
with the capability of analyzing a hay sample ~ Z 
for moisture, crude protein, acid-detergent ~ m ~ 
fiber, and neutral-detergent fiber and predicting :~ ~, 
relative feed value. The procedure would begin Q 
by taking a core sample from a lot of hay, ~ 
grinding it in a small grinder, and placing the ~< 
forage in an appropriate sample holder on the z ,~ 
remote instrument. The central computer, via ~ 
telephone, would reall from memory the appro- ~ 
pilate calibration curves for the specific remote ~ a: 
instrument involved, since these may differ ~. 
from one instrument to another. As a safeguard ~ ~, 
to insure proper instrument operation, the re- ~ 
mote instrument operator would visually esti- ~ ~ 
mate the hay quality by indicating a number 1 ~ 
to 6, corresponding to the proposed hay mar- ~ 
keting standards, on the remote instrument. ~ 
This would serve as a guide to the range of each ,~ 
chemical constituent to be obtained from the >, 
sample. Then the reflectance data would be col- 
lected automatically from the sample, analyzed 
by the central computer, and the chemical corn- m 
ponent of the hay displayed on the remote in- 
strument. The time involved for analyzing w 
should not exceed two minutes. If the chemical e~ 
composition does not accurately compare with 
the visual grade given by the remote instrument ~. 
operator, the warning light would flash indicat- 
ing the sample should be rerun to make sure the ,6 
remote instrument is not in error. This system .~ 
could be used anywhere a suitable telephone 
outlet can be obtained. Considerable develop- v- 
mental and educational work remains to be 
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done to perfect this system as described. 
Such a computerized system also provides 

the opportunity to enter the data automatically 
into ration balancing and production account- 
ing systems such as Dairy Herd Improvement. 
With increasing necessity to improve feed effi- 
ciency in livestock, the digestible dry matter in- 
take concept offers new opportunities to pro- 
vide not only an indication of  nutritive value 
but also a value for intake. In some systems it 
will take a small amount of effort to program in 
the new information. In others it may be more 
difficult. However, additional information is 
needed to perfect the concept. Properly de- 
scribed forage samples with known crude pro- 
tein, acid-detergent fiber, neutral-detergent 
fiber, and in vivo digestible dry matter and dry 
matter intake are urgently needed. 

CONCLUSIONS 

1. The digestible dry matter intake tech- 
nique described offers new opportunities in for- 
age and feed evaluation. It provides a more pre- 
cise evaluation of the feed value of  forage. A 
measure of  intake also is provided. 

2. The technique has immediate application 
in more effective grading and pricing of  market 
hay. Legume, legume-grass mixtures, and grass 
hays can be evaluated and priced on one con- 
tinuum. 

3. The technique also offers new opportu- 
nities in computerized ration balancing pro- 
grams. 

4. However, the technique is in an evolution- 
ary state. The committee has developed the 
technique with a limited number (350)o f  sam- 
ples on eight species from four states in diverse 
climates. 

5. The commit tee  urgently requests data on 
legume and grass species from our colleagues in 
other states to refine the hay grades and the 
technique for ration formulation. The following 
data are needed: acid-detergent fiber, neutral- 
detergent fiber, in vivo digestible dry matter, 
and dry matter intake per unit metabolic 
weight on legumes, grasses, and mixtures com- 
monly fed to livestock and at several stages of  
maturity. In vitro data cannot be used because 
the data are difficult to interpret. Infromation 
is needed on silages as well as hays. If samples 
are available where in vivo digestible dry matter 
and dry matter intake is known but where acid- 
detergent fiber and neutral-detergent fiber 
analyses are not available, make this known to 
Dr. Dwayne A. Rohweder, Extension Agrono- 
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mist, 153 Moore Hall, Agronomy Department, 
University of  Wisconsin, Madison, Wl 53706. 
We will a t tempt  to analyze the samples and 
complete the data. 

6. Forage samples with known acid-deter- 
gent fiber, neutral-detergent fiber, in vivo di- 
gestible dry matter, and dry matter intake 
analyses are urgently requested. These samples 
will be used to perfect the infrared reflectance 
technique portion of  this project. Notify Dr. 
Robert F. Barnes; National Program Staff; Plant 
and Entomological Sciences; ARS-USDA; Belts- 
viUe, MD 20705. 

7. The committee urgently requests that in 
future research digestible energy intake data be 
collected on forages being used in feeding 
studies with livestock and furnished to the 
authors. These research data will be coupled 
with experience on a continuing basis to perfect 
present standards. 

8. In April 1975, the Subcommittee co-spon- 
sored a Hay Quality and Analysis Roundtable 
at Beltsville, Maryland, which/set the stage for 
the development of  two important programs. 
At the same meeting the use of infrared reflec- 
tance for estimating chemical composit ion of 
forage samples was first reported. The informa- 
tion present has been subsequently published. 
The potential for such instrumentation con- 
tinues to be promising. 

The merits of revising the Federal hay grades 
were considered, and a decision was made to 
pursue the establishment of  new hay standards 
based upon chemical composition as related to 
animal response data. The present Federal hay 
;rades were authorized by the Agricultural Mar- 
keting Act of  1946 and were last revised in the 
Handbook of Official Hay and Straw Standards 
in 1949. At present, the functions associated 
with the inspection and standardization of  grain 
�9 ~nd hay have been transferred from the Agricul- 
tural Marketing Service to the Federal Grain In- 
pection Service (FGIS). The FGIS was estab- 
ished by PL94-582 as of  November 1976. To- 
day there are only a half dozen qualified hay in- 
pectors in the United States. A new approach 

~ppears appropriate at this time. 
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