
HOW TO S~E AlfALfA TO OBTAIN AN Aca.JRATE ~AliTY ANAlYSIS

Vern L. Marble

AbsTracT: The feeding qual iTy of alfalfa hay can be besT esTimaTed by combinIng a visual
analysis wiTh a chemical analysis. Sampl ing is The major factor affecTing the accuracy of

forage qual ity analyses. A minimum of 20 core subsamples, ta<en at random, one core per

bale, should be taken at right angles to the surface of the end of each bale, noT slanting
up, down, or sideways, and combined into one composite sample. The corIng device must

enTer The bale a minimum of 12 inches. Samples should never be divided before being ground
and Thoroughly mixed aT the laboraTory. Core samples and laboraTory samples should be
sTored in a polyeThylene freezer bag, along with the lab sheet properly idenTifying each
sample. UnaccepTable samples include alfalfa "flakes", samples obTained by using a "hay
hook", or very small core samples which obviously don'T represenT a full 20 core seT of

subsamples. Proper sampl ing procedures and all deTails relaTing To the chemical analysis

of alfalfa hay for sale in California are conTained In the University of California Leaflet

No.21457.

fiber,Ke¥words: Predicting alfalfa hay quality, Modified crude fiber, Acid detergent

Sample variation, Sampl ing method, Sampling equipment, Sample handling

I NTROOUCT ION

Alfalfa hay is the principal harvested forage produced in Cal ifornia, and is currently

providing about 70% of the total forage requirements of our dairy industry. Consumers,

particularly dairymen, but increasingly horse owners and stable managers, have long recog-

nized the desirabi I ity of growing and buying high qual ity alfalfa hay. Identification of

high qual ity lots of alfalfa hay, and the proper sampl ing of those lots will be discussed

in this paper.

VALUE OF ALFALFA QUAL ITY STAJiJAmS

In the past, alfalfa hay has been marketed for at least the last 50 years, probably

longer, on an "equivalent to USOA No.1, No.2 leafy, No.2, etc." basis In the principal

hay marketing areas. These federal hay grade standards were developed many, many years
ago, and have provided, at best, only a rough approximation of qual ity in negotiating
prices between producers and consumers. However, all federal hay grades were abandoned by
the USDA in 1987. In 1984-85, about half of the states adopted new terminology and

descriptive standards, "premium", "good", "fair", and "low or other". When these new

visual grade standards were adopted, the Association of State Departments of Agriculture,
who developed and promoted these visual standards, were contacted but refused to add chemi-

cal analysis to these standards, despite my repeated appeal to their executive office in

Washington, DC. They were of the opinion that not enough people were analyzing alfalfa hay

chemically to warrant their consideration. Of course we here In The west know differentlyl
The Cal ifornia Department of Food and Agriculture were wil , ing to I isten, and we developed

together the definitions for the four grades with their corresponding chemical analyses
that are presently in use by the California Hay Market News in quoting alfalfa hay prices

in Gal ifornia, Nevada, Utah, Oregon, and other states.

BUT I T I S tKJT E}OJGi rVISUAl INSPECTION NECESSARY

Although alfalfa consumers have long recognized the desirability of buying qual ity

alfalfa hay, many on a chemical analysis basis, growers have been less enthusiastic about

adopting meaningful qual ity standards. However, during the last 20 to 30 years, many

growers have learned that producing quality alfalfa hay will insure a quick sale and a

higher price by discriminating consumers. We all know the difficulty in arrIving at the

correct qual ity grade by simply visually estimating that qual ity. A subjective, visual

system is based on individual preferences. For example, when I was a young man attending

Utah State University, I fed beef cattle in northern Utah in partnership with my father.

My idea of qual ity alfalfa was leafy, tobacco-brown hay! My criTeria was thaT there were

never any sTems lefT In the manger thaT had to be pitched ouT inTo the feedloT and Trampled

1ExTension Agronomist, University of Gal ifornia, Davis, GA 95616
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into the manure. We now know experimentally that tobacco-brown hay has lost some of its

dlgestibll ity. particularly proteIn digesTibiliTy. Through excessive heaTing In The bale.

Another Technique had To be developed In order to more accuraTely predicT alfalfa qual iTy

than was available through visual analysis.

However, subjective visual estimates of alfalfa hay qual ity are necessary because they
allow us to more accurately predict factors that are important in palatability, and conse-

quently, Intake that are not discernible through a chemical analysis. These Include har-

vestIng conditions, which will affect the moldiness or dryness of a rot of hay, foreign
material, whIch mostly Involves weeds, and green color, which is useful In detenminlng

whether or not a lot of alfalfa has been properly cured, or rain damaged.

Likewise, chemical analysIs can only partially predIct hay quality, even though matur-

rtyand leaf Iness are the most Important In digestibility. Maturity and leafiness are much

more accurately reflected by chemical analysis than by visual inspection. When used

together, visual Inspection and chemical analysIs, It is possible to accurately predict the

feeding value and palatability of a particular lot of alfalfa. Their Intera:;1icln and value

is Indicated below for the five main hay quality factors of maturity, leaf Iness, harvest

conditions or soundness of the alfalfa lot, foreign material and green color.

,r Visual rn~pAc+fon Chemical Anal¥sis
Qualit¥ Facto

Excel
Excel

Poor
Poor

Poor

Maturity
Leaf Iness

Harvesting conditions

Foreign material
Green color

Poor
Fair

Excellent

Excellent
Excellent

CALIfORNIA DEVElOPED SYSTEM fOR ~ICTlt«; AlfAlfA HAY ~AlITY IN 195O5

fResearchers in California were the first to develop a system of predicting alfal fa hay

quality from a chemical test. In the late 19505, Drs. Jim Meyer and Glenn Lofgreen at UC

Davis found that modified crude fiber (MCF) would predict total digestible nutrients (TON)
quite accurately (R = 0.89**) and could be adapted for wide-scale use In ranking, selling

and feeding alfalfa hay. The MCF test to predict TON has been used extensively in

Cal ifornia since 1958, using 90% dry matter TON values rather than 100% TON values since

most hay will dry to about 90% dry matter over a few months. The Cal ifornia ~1CF test Is
widely known both within and wIthout the state, and among dairymen and producers.

More recent research at the University of Gal ifornia and the University of Nevada has
demonstrated the value of a newer chemical analysis, acid detergent fiber (ADF), which is

both more accurate and simpl ier, as well as less time consuming, than the old MGF test.

Procedures have been establ ished and publ ished so that either the MGF or ADF can be used to

predict TON. This information can be found In a new University of Gal ifornia publ ication

entitled wresting Alfalfa for Its Feeding Value", University of Gal ifornia Leaflet No.

21457, (also Western Regional Extension Publ ication 109) published in March 1989. This

publ ication also converts the presently used system of reporting TON on a 90% basIs to
reporting TON on either a 90% basis or 100% basis, and also describes the use of ADF to
predict TON on the same basis (Tables 1 and 2).

Nevada also offers the MCF and ADF test to predict TON, since 26.1% of Its 1988 crop

was shipped to California, as determined at our quarantine statIons located at strategic

border points. This represents 32,509 tons of alfalfa cubes plus 257,243 tons of alfalfa
hay, or 289,752 tons of a total hay production of over 1,000,000 tons. Utah Is sending us
200,885 tons, (72,392 tons of cubes and 128,495 of hay> 10.0% of their production, and

Arizona 13.0% (148,145 tons>. All told in 1988, imports of alfalfa hay and cubes Into

California constituted 688,332 tons, or an amount equal to about 9.5% of the production

within CalifornIa --a significant contribution to our alfalfa requirements. About 95% of
these imports came from Nevada, Arizona, and Utah, but 10 states and Canada sent some prod-

ucts to us in 1988 (Table 3).

Most western states now offer the Cal ifornia hay analysis system since they are mar-

keting so much hay within the state. This reduces confusion among purchasers who previous-
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Iy have had to deal with several different kinds of tests that gave different nLl!1bers. -I

bel ieve it is safe to say that rrost California dairymen and alfal fa growers know what "54%
TON" means, either In the milk bucket or in the pocketbook. Today 54% is not high enough,

and many buyers are requesting 55% TON minimum on a 90% dry matter basis, or 61% on a 100%

basis.

S~ING 1HE KEY TO OiEM I CAl ANAL YS I S

Taking an Adequa~e Sample

The val idity of the testing program rests on obtaining a representative sample that

accurately reflects the qual ity of a particular amount (called a "lot") of hay. Samples

must be taken carefully and In a prescribed manner to represent the average value of the
entire lot of alfalfa hay. Any chemical analysis offered to represent the lot is val id

only to the extent that the sample represents the entire lot. Users of the chemical test
must recognize that the true value of the lot will never be known since the value of the
sample !s only an estimate of the true value within a range, usually described as the aver-

age of the lot, plus or minus some kind of a confidence limit. Individual bales of hay

will vary in qual Ity. Sample variation is Influenced not only by the natural variation of

the hay, which can only be overcome by taking a sufficient number of samples per "lot" and

combining them Into one, but by sampl Ing methods, sampl ing equipment, and sample handling.
These will be discussed individually as follows:

1. Deflnl~lon of a nLo~n of Alfalfa

A "lot" of hay is defined as hay taken from the same cutting, at the same stage of

maturity, from the same variety, the same field, and harvested within a 48-hour period of
time. A factor that might influence the formation of individual "lots" would include rain

damaged hay, hay that contains higher amounts of grass and/or weeds, sharp and distinct
sofl differences within the same field, or hay that has been handled after cutting by dif-

ferent procedures.

2. Number of Bales to Sample

A minimum of 20 core samples. taken at random. one core per bale. should be drawn and

composited to develop one sample per "lot". Significantly fewer samples than the 20 will

not allow an accurate sample. which will represent the "lot". to be taken. This fact was
demonstrated in 1983 by Marble and Bishop (unpubl ished). who sampled the so-called "I-ton

bale" with a Penn State electric-powered drill with a 3/4 inch inside diameter cutting edge
(Table 4). In this study. only 19 bales were sampled and analyzed separately. averaging

23.71% MCF. 20.12% crude protein (CP). 1.46% calcium. and 0.20% phosphorus. When a compos-
ite sample of all 19 bales was taken. the composite values respectively were 23.30.20.60.

1.48. and 0.16. all lying within the 95% confidence I imits except phosphorus. The TON of
the 19 bale average of individual samples and the composite value are very close. well

within the plus or minus 1% TON tolerance built into the Cal ifornia fiber test to predict

alfalfa qual ity. However. notice that only five individual bale values are indicated in
Table 4. These have been selected from the 19 to illustrate the variation in chemical

analysis of individual bales. Notice bale number 15 had an MCF value of 16.6 and would
have a predicted TON of 60.2% contrasted with bale number 5 with 26.0% MCF and a predicted
TON value of 52.9. all on a 90% dry matter basis. But when the 19 individual bale samples

were averaged. the values are extremely close to the values from the composited sample. as

prevIously described.

The importance of sample size can also be demonstrated in Table 5. When the sample
size is restricted to only six bales, the plus or minus confidence limit of the lo1CF, crude
protein, or dry matter, is very high. When the total 19 bales are included, the confidence

limits are reduced by more than half, thus increasing the accuracy of the predicted TON
value. The fact that two separate sampl ing activities, separated by 22 years, are repre-

sented, gives me a great deal of confidence in the need for a 19 or 20 bcle sample size.

This table tells us that with a confidence of 95%, we can say that the true average' ies in
this confidence limit range. The chance of drawing a sample with an cverage outside the

confidence I imits is only 5%. Thus one can easily see the necessity of sampl ing enough
bales to adequately represent the "lot". The variation in error is greatly increased when
a sample size less than 19 is used. If more than 19 samples are ta<en and canposited, a

more precise prediction of qual ity can be made with a higher level of confidence. However,

the 20 bale sample is practical, gives good accuracy, is easy to remember, and is recan-

mended.

-94-



3. ~;Mlp I I ng Method

Bales ShoUld be probed In a uniform manner. The probe ShoUld be inserted Into either

end of each bale, with the probe entering at rIght angles to the surface and not slanting

up, doWn, or sideways. Sampl ing of bales must be done at random. Randomness can be Insur-

ed by sampling at various heights on the stack periodically, in a pre-set frequency, around

the entire bale stack, truck load, or row of bales in the field. Integrity on the part of

the sampler rs an absolute requirement, since it has been demonstrated that indIviduals can
select bales either to give a high TON or a lower TON, based on the appearance of the OUt-

side of the bale. Some hay analysis users have even advocated a certificatIon program for

samplers So that Integrity can be Insured.

4. Sampl ing Equipmen~ or Coring Devices

Samples should be drawn with a core sampler. Many core samplers have been developed.

Six examples are shown in Figure 1. Sampl ing equipment should not include a "hay hook" or

"flake" of a bale of hay. Only core sampler tubes, or probes, are acceptable. They must
be long enough to travel at least 12, but preferably, 18 Inches into the hay bale, and have

an Internal diameter of at least 3/8 inch. They may be made In home shops from gol f club

shafts, ski poles, be made of conduit or steel tubing, with either a sharpened or serrated
tip. They may be powered by a hand or electrIc drill. Core samplers wIth sharpened tips

must be kept sharp in order to cut through hay, particularly damp hay, without selective

sampl ing.

Marble and Curley (unpubl ished) in 1961 at U.C. Davis, Table 6, found no signIficant
differences between three very different sampling devices when tested for dry matter (DM),

MCF, and predicted TON. The Penn State sampier with a 3/4-inch diameter core, very rapidly
fi Ils a container and discourages taking the entire 20 samples. A cut-off golf club handle

was not significantly different from the probe or the Penn State sampler, and has become a

popular sampl ing tool In the western states. The 3/8-inch probe obtained a satisfactory

sample. Grab samples from the bale as it was being ground, had significantly higher DM

than all three coring devices, and was signIficantly higher in MCF than the golf culb or

3/8-inch probe, but equal to the Penn State sampler. Apparently grinding the bale gave a

significant moisture loss and also a loss of fine material from grInding whlcr increased
the MCF content and lowered the predicted TON value significantly. Other workers (Hoffman

et al., unpubl ished) in 1961 (Table 7) compared a golf club shaft, a 3/8-lnch probe driven

by an electric drill, and a 3/4-inch hand probe. No significant differences were found in

TON values among any of these sampl ing instruments. All of these sampl ing studies were

done with conventional three-wire bales.

{

For your convenience, some of the most commonly used coring devices are I isted below,
along with the address and phone number, so you can obtain more informatIon including the

current price of each probe.

Penn State Forage Sampler--an 18-lnch probe with 3/4-lnch internal diameter available

In hand brace or electric drill modes. (Nasco Farm and Ranch Catalog, Nasco West,

1524 Princeton Avenue, Modesto, CA 95354, Phone: 209/529-6957).

( 1 )

Technr-Serv E-Z Probe--a 12-inch probe with 1/2-inch internal diameter, equipped
sample collection box and electrIc drill mode. (Techni-Serv, Inc., P.O. Box

Madras, OR 97741, Phone: 503/475-2209).

with

848,

(2)

WI 53065(Oakfleld Apparatus, Inc., P.O. Box 65, Oakfield,Oakfield Hay Sampler.
Phone: 414/583-4114).

Inside diameter cutting edge.13 to 15-inch golf club shaft. 318 inch or larger

(Homemade)
(4)

Utah Hay Sampler--a 20-inch probe with 1!2-inch internal diameter and sample collec-

tion box. (Utah State Hay Sampler. P.O. Box 1141. Delta. UT 84624. Phone: 801!864-

5380).

Sampler--a 24-inch probe with 5/8-inch internal diameter and
{Forageurs Gorp., 8500 210th Street West, Lakeview, MN 54044,

sample
Phone:

Forageurs Hay
collecTion box.

612/469-2596). l
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Hay ChecHay Sampler--a 12-inch probe with 7/16-inch cutting edge, and sample
tion plastic jar. (A.M. Hodge Products, P.O. Box 202005, San Diego, CA 92120).

collec-

5. SCWIlple Handling

A 20-core sample provides a large amount of sample material, particularly if a sampler

has a 3/4-inch internal diameter. A sample should .ne..v.e:r. .Q.e. divided before J.:t .has. .b.e..e.n

ground ~ ~ ~ iha laborator~. After coring, the whole sample should be placed in a

polyethylene freezer bag and identified with sample number, name and address. The bag
should be sealed tightly so the laboratory report of dry matter "as roceived" wIll approx-

Imate the dry matter content of the lot when it was sampled. After grinding, samples may

be thoroughly mixed and subsamples taken for analysIs. Samples should be stored in a cool
place where plastic bags won't be punctured before being shipped to the laboratory. A
completed 20-core sample should weigh no less than one-half pound, or 225 grams, or It
probably doesn't include 20 core subsamples, or the shaft was not inserted far enough into

the bale.

6. Unc~ceptable Samples

Alfalfa "flakes", samples obtained by using a "hay hook", very small core samples, and

hand-mixed samples are not representative and should not be submitted for chemIcal analy-

515. Most problems involving chemical analysis of "duplicate" samples sent to different
laboratories have been traced to hand mixing and subsampllng of the cored i sample prior to

grinding. Sifting of fine leaves and stem parts cannot be avoided, and samples cannot be

considered as really being duplIcate samples when done in this way.

7. Sampling Alfalfa Cubes

Proper sampl ing of alfalfa cubes is similar to sampl ing baled alfalfa hay. A sampl ing

procedure has been developed by the University of California in conjunction with the
Car ifornia Department of Food and Agriculture. This system involves selecting 40 cubes at

random from the lot to be graded, and placing these cubes in one container for submIssion

to the laboratory for grinding and analyses.

8. Sanpllng LimiTs

Lots of baled alfalfa hay or alfalfa cubes should not exceed 200 tons. It should be

remembered that the smaller the lot, the more I ikely the sample will represent the actual

feeding value of the lot.

not cutSampl ing devices with a dull edge, or a diameter of less than 3/8 inch, may

through tough or wet stems and should not be used.

Very small samples of a few core probes cannot represent the true qual ity of the lot

and should not be submitted. A 20-core sample should weigh no less than one-half pound and

preferably three-fourths pound (225-350 grams).

LABORATORY CERTIFICATION

Different analytical procedures have been used to predict alfalfa forage qual ity in

different states and regions. Methods and terms of reporting are also variable. The
development of a national program of alfalfa forage qual ity evaluation by the National

Alfalfa Hay Testing Association has provided a mechanism to eliminate these two problems.
However, variation in individual chemical analysis between laboratories has taken longer to

resolve. At the request of the National Alfalfa Hay Testing Association, the American
Forage and Grasslands Council (AFGC) and the National Hay Association (NHAJ have volunteer-

ed to serve as umbrella organizations to sponsor the certification of laboratories through-

out the United States.

The voluntary laboratory certification program has the following objectives:

To provide a voluntary mechanism for laboratories and hay testing faci I

evaluate alfalfa hay qual ity to certify the accuracy of their procedures

detergent fiber (ADF) and crude protein (CP).

ties that

for acid
(1
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(2) To use certification of laboratories to improve qual Ity control of test

thereby increase grower confidence In the information they receive.
results and

To accomplish these objectives, a manual of instructions describing the program and

procedures to be used has been prepared. Eight homogenus alfalfa hay samples obtained from
varIous regions of the country have been prepared. A copy of the manual and subsamples are

sent to requesting laboratories four times per year. The labs run tripl icate analyses for

ADF, crude protein, and dry matter, and report these back to the Natlonar Alfalfa Hay

Quality Testing AssocIation who run the s1-atlstics using a statistical outlier test to
determine which values are outside of an acceptable range. Certified laboratories have
been defined as those falling within an acceptable range for three out of four samples

submitted per year. This has helped Immeasurably to standardize techniques among labora-

tories.

There are currently about 100 laboratories certified throughout the nation, 10 of them

n Cal ifornla.

SLMo1ARY

We have just completed the publ Icatlon of a new University of Cal ifornia Leaflet No.

21457, and Western Regional Extenlson Publ Icatlon WREP 109, entitled "Testing Alfalfa for

Its Feeding Value". This new leaflet was publ Ished about the end of December 1988, and
contains the latest procedures and recommendations that we use here In California. Some
excerpts from this bulletin have been provided in this discussion for your information in
case you don't have access to the new publication, which is available from your farm
advisor's office for $1.50. QQ .n.c.t .us.e. .1h.e.l.21.2. ~ Leaflet ~ "Alfalfa ~ TesTing".
.as. l:t 1.s. .n.Qw. ouT-of-daTe .

The changes we are recommending Include:

(1 Changing from 90% MCF and its predicted TON to a 100% value. Tables have been provid-

ed but this can be done very easily simply by dividing the TON value at 90% dry matter
by 0.9. For example, a 54% TON at 90% DM = 60% TON with the new 100% DM standard.

f
(2) Including in the publication tables for using ADF (Table I) instead of/or MCF (Table

2). ADF is an easier test to perform, requires less steps and time and therefore is

slightly more accurate.

(3) Since most alfalfa that is tested is used in dairy rations, a table to convert to net

energy for lactation (NEL) has been included for both MCF and ADF.

(4) A suggested report form has been developed (Table 8) which identifies the sample, how

many bales were sampled, and reports different quality analyses three ways: 1) as

receIved; 2) 90% DM; and 3) 100% DM basis for ADF, MCF, CP, TON, NEL, and digestible

dry matter (DDM).

(5) A hay qual ity rating system has been devised (Table 8) usIng the classifications of

premium, good, fair, and low, classified by ADF or MCF analyses, reported on a 100%

dry basis, and TDN or 90% and 100% dry matter basis.

(6) An attempt Is being made to educate chemical analysis test users to rely directly on

the chemical analysis reported, either ADF or MCF rather than transposing those values

to TON. In this way NEL can be calculated directly using the appropriate equations

listed InUCleafletNo. 21457.
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Table 1. Net energy for lactation (NEL), total dlgesti-

ble nutrients (TON) and digestible dry matter
(DDM) of alfalfa estimated from Its acid

detergent fiber (ADF) content.

(1ooi DM basis}

ADF mN NEL DOM

<%) <%> (Mcal/lb) (%>

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

67.4
66.6
65.8
65.1
64.3
63.6
62.8
62.1
61.3
60.6
59.8
59.1
58.3
57.6
56.8
56.1
55.3
54.6
53.8
53.1
52.3
51.6
50.8
50.1
49.3
48.6

.694

.686

.677

.669

.661

.652

.644

.636

.627

.619

.611

.602

.594

.585

.577

.569

.560

.552

.544

.535

.527

.519

.510

.502

.494

.485

73.3
72.5
71.8
71.0
70.2
69.4
68.6
67.9
67.1
66.3
65.5
64.8
64.0
63.2
62.4
61.6
60.9
60.1
59.3
58.5
57.7
57.0
56.2
55.4
54.6
53.8
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(Table 2. Net energy for lactation (NEL) and

total digestible nutrients (TON) of

alfalfa estimated from its modified

crude fiber (MCF) content.

(100~ DM hR-"i,,)

MCF TON NEL

<%) (%) (Mcal/lb)

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

67.4
66.5
65.7

64.8

64.0

63.1
62.2
61.4'

60.5

59.7

58.8

58.0

57.1

56.2
55.4
54.5
53.7

52.8

52.0

51.1

50.3
49.4

48.5

.694

.685

.676

.666

.656

.647

.638

.628

.618

.609

.600

.590

.580

.571

.562

.552

.542

.533

.524

.514

.504

.495

.486

t-
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Table 4. Sample varlabi Ilty of fIve factors of selected bales from 19

individually sampled. one-ton bales. All samples compared to
their mean. standard deviation from the mean, 95% confidence

level and values of one composite sample taken from the same
19 bales. Chino. Gal ifornla, September 9, 1983.

Percen+

MCF1 CP Ca P TDN1

Bale number 1

5

10

15

18

20.7

26.0

19.0

16.6

2.B Q

22.3
18.6
24.6
26.5
12 1

1.45

1.42

1.20

1.34

l.a..QQ

0.22

0.20

0.25

0.27

.Q l.Q

57.0

52.9

58.3

60.2

2Q...2

23.71 20.12 1.46 0.20 54.7219 bale average

0.63 0.039 0.006Standard deviatIon 0.66

0.078 0.0121.32 1.2695% confidence level z

23.30 20.60 1.48 0.16 54.99Composite value

IValues at 90% dry matter. All others on a dry basis.

v. L. Marble and $. E. Bishop, 1983, unpublished.

Table 5. ..

~
Effect of sample size on alfalfa hay sampl ing
variation, expressed as the 95% confIdence
I imits ~ a 19 bale average value. Data from:
Marble and Bishop, Chino, Cal ifornla, 1983

(unpubl ished), and Marble and Curley, U.C. Davis,
1961 (unpubl ished).

Percent

Chino. 1983 Davis. 1961

MCF1 CP DM MCF1Sample Size

2.32

1.85

1.58

1.40

1.28

1.18

1.10

1.&..Q1

88.59

6 Bales

8

10

12

14

16

18

19

3.04
2.42
2.07
1.84
1.67
1.54
1.44
Ll2

2.91

2.32

1.98

1.76

1.60

1.48

1.38

1...22.

2.29
1.82
1.56
1.39

1.26
1.17

1.09

J...M

20.12 31.9019 bale average 23.71

1MCF on a 90% dry basis. All others on a 100% dry basis.

l
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Figure 1. Representative coring devices for sampling alfalfa hay bales: A. Penn State

forage sampler; B. Techni-$erv E-l probe; C. sharpened golf club shaft;
D. Utah hay sampler; E. Hay chec hay sampler; F. Forageurs hay sampler.
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Table 6. ComparIsons of three hay sampl ing tools with samples from 19

ground bales. to determine dry matter (D~) and modIfied crude
fiber (~1CF). dry basIs.

"
"
~PArCen+

PredlCred
DM MCF TONSampler

A. Ground bale 90.24 a 33.42 a 52.47 a

B. Penn State 3/4" x 11" 32.15 ab 53.58 ab88.74 b

c. Golf club handle 11/32" x 13" 31.03 54.5187.25 b b b

Do Probe 3/8" x 17" 88.12 b 31.02 b 54.52 b

88.59 31.90 53.77

% cv 2.5 6.2 6.2

LSD .05 .44 1.28

Standard deviation 2.21 1.96

v. L. Marble and Ro Go Curley, 1961, UoC. Davis, Unpublished

81.07- 0.8558 MCF

fTab I e 7. Comparisons of dry matter, modIfied crude fiber and total digestible
nutrient content from samples taken with three types of sampl ing
devices. Based on 8 samples, each from 19 bale composite samples.

October 25, 1961.

Percent

Predicted

DM MCF TONSampler

53.1193.11 23.20Golf club, 3/8" diameter

92.29 23.39 52.95Probe driven by electric drill, 3/8" diameter

92.29 23.59 52.75Probe, hand driven, 3/4n diameter

92.56 23.39 52.94Mean

LSD .05
.01

0.54
0.75

ns
ns

ns
ns

0.50 0.86 0.76Standard deviation

Eo Co Hoffman, Jo C. 01 iver, V. Lo Marble and Ro G. Curley, 1961, unpubl ished.

\-
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Table 8 Suggested laboratory form for reporting chemical and nutrient values of
al fal fa.

Lab. number:

Date received:

Date sampled:

Number of bales sampled:

Total bales or tons in lotName

Address Cutting number:

Weight of original sample:

~

Laboratory Analyses Dry Matter Basis
As 90% 100%

received DM DM

87.0 90.0 100.0

26.1 27.0 30.0
21.6 22.3 24.8
17.4 18.0 20.0

Dry matter (DM), %

Acid detergent fiber (ADF), %

Modified crude fiber (CP), %
Crude protein (CP), %

Estimated Energy Values (Calculated fr.Q!!l B.Q£ QI Mill:

Total digestible nutrients (TDN), % 52.1

Net energy for lactation (NEL), Mcal/lb 0.531

Digestible dry matter (DDM), % 57.0

53.9
0.550

59.0

59.8
0.611

65.5

~

lli Qual itv RatinQ f9.r Ihli SamQle:

(ADF and MCF values on a 100% DM basis) TDN %

90% DM 100% DM

54 or more 61 or morePremium (29% ADF or less) (24% MCF or less)or

Good 52-53

Fair 50-51

(29.1 to 32% A OF) or (24.1 to 27% MCF)

(32.1 to 37% A OF) or (27.1 to 31% MCF)

(more than 37% A OF) or (more than 31% MCF) 49 or less 54 or lessLow
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