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FARM BUSINESS ORGANIZATION CONSIDERATIONS

John E. Moore
Extension Economist

The Ohio State University

The farm business generally has a different relationship to the family and to
the methods used to control resources involved in the business than most nonfarm
units. In many cases, the family is much closer to the day-to-day operations and to
the strategic short and long-term planning decisions.

The traditional philosophy held by farmers has been to gain control of resources
by the individual proprietor route as soon as possible. Most nonfarm businesses have
placed more emphasis on gaining control through multi-ownership (partnerships, corpo-
rations, leasing, renting, etc.)

When a family relationship is closely connected to the business, many problems
can develop which were not anticipated in the beginning. The form of business arrange-
ment, whether it be father-son, brother-brother, uncle-nephew, grandfather-son-grand-
son, or other arrangement, can contribute to many uncertainties unless dedicated plan-
ning takes place.

Once a family business arrangement is decided upon, the parties involved must
determine the type of operating arrangement which best meets the goals of those con-
cerned. The agreement must be effectively carried out and have provisions for adjust-
ment to changing conditions which are certain to occur.

Changing Tenure, Capital, and Labor Patterns

Capital invested in farmland represents more than two-thirds of the total assets
in the farming sector. The control of farm real estate, via ownership or rental, sig-
nificantly influences income distribution, intergenerational transfer, and farm
consolidation.

Trends in Ohio show the percent of farm operators who own all the land they
farm is decreasing. The percent of operators who own no land and rent all the land
they farm is also decreasing. But the percent who both own and rent is on the in-
crease. In 1969, approximately 35% of the farm acres in Ohio were rented. Of this
total, 58% were rented by part-owners. Ninety-one percent of the rented acres were
owned by nonfarm landlords. Table 1 further delineates the tenure situation in Ohio
in 1969.

Evidence suggests the majority of the nonfarm or nonresidence landlords are
either retired farmers, members of farm families, or closely associated with agri-
culture through the small rural communities in whi ;h they live (1). This suggests
that the nonresident landlord is an outside investor in the farm business, but is not
synonomous with the Wall Street type of investor.



TABLE 1.--Percent of Farm Operators in Economic Classes I-V Holding
Farmland in Ohio in the Different Tenure Classes in 1969,

Tenure
Class

Full
Owner

Part
Owner

Full
Tenants

Percent of Farms
Held by

53.1

31.6

15.3

Percent of Farm
Land Held by

38.1

45.1

16.8

Percent of Total
Value of Land
Buildings Held

34.1

47.1

18.8

Market
and
by

Source: Agricultural Economic Report No. 249, USDA, Economic
Research Service, Feb. 1974.

Competition in modern farming has forced the rapid adoption of new technology.
This in turn resulted in larger size units, increased amounts of inputs purchased off
the farm, and greater demands for top-notch production and financial management.

Competent and continuous labor is a key factor in farming. The days of cheap
farm labor are over and the competition of nearby industries means farming must offer
equal wage opportunities to skilled and competent labor. Higher quality labor is
necessary to operate the bigger equipment and more specialized livestock programs.

Bigger Farms in the Future

The continuous growth in the size of the farm unit seems essential for success.
However, unit efficiency comes first, and then volume. So larger units will certainly
require that managers keep more complete and accurate records for analysis and use
this information in making decisions. As farms become larger, experiences and obser-
vations of the farm unit itself will become increasingly more important sources of
information.

Size is not necessarily measured in the number of acres farmed, but more logically
measured by more gross income or products produced per man. Productivity per man is
the key size factor. The family farm will be bigger, more specialized, and more inten-
sified. There may be more contracting or subletting of more of the farming operations
to others.

The top farm tenants are making considerably more growth by keeping their money
invested in effective operating capital rather than being overly concerned in the
ownership of land. However, the sale of land by conditional sales or land contracts
has been increasing during the last 10 years. This is a way of gaining control with
low equity, but it brings some complications for the low equity capital operator.

Estate planning is more critical than a generation ago. It involves more atten-
tion to the aspects of gaining control and accumulating capital, covering risks through
adequate insurance, and finally, expediting an inter-generation transfer plan to pre-
vent terrific shrinkage of an operator's life savings by estate settlement costs.



The type of farm business organization selected can aid in meeting resource con-
trol objectives as well as inter-generation transfer needs.

Types of Farm Business Organizations

is
The choice of the type of business organization

a very important decision and should be made only
after carefully weighing advantages and disadvantages
of all alternatives. Both short and long-run plan-
ning must be involved to prevent making decisions
based on emotion, imitation, or short-time advantage
in a law. Regardless of how the business is organized,
it has to be big enough to productively employ the
available labor, management, machinery, etc., for
maximum efficiency and for a competitive standard
of living for all concerned.

Below are some basic principles to follow in selecting a business organization
farm:

1. Each partner or individual involved should be compensated on the basis of
his contribution of resources to the business.

2. Manager or managers should plan for minimizing uncertainties and maximizing
efficiencies in both the short run and the long run.

3. The organization should provide for a method of obtaining adequate operating
capital and ways of gaining control of additional resources most economically.

4. The income produced by the business should be commensurate with the initial
and continuing cost of the organization.

Interest in multi-ownership types of business organization (partnerships, corpora-
tions, and trusts) is growing in Ohio due to the need for: a) more capital, b) main-
taining competent and continuous labor, and c) lowering overhead costs caused by
inadequate use of machinery, buildings, etc.

Sole proprietorship, although not considered as sophisticated as other forms,
still has considerable merit under certain conditions and should not be underestimated
or overlooked. Each type will be discussed, listing the advantages and disadvantages,
with specific emphasis on management implications.

Sole Proprietorship or Self-Proprietorship

This type refers to a farmer who owns, manages, assumes all risks, and receives
all profits from the business.

Advantages;

1. No cost of organization and easy to form.

2. Fewer government regulations and restrictions generally than on the multi-
ownership types.

3. All management decisions rest with the owner.



4.^ Free to work around the clock or take the day off without consultation or
permission from others involved.

5. Planning major and minor changes rests with the owner.

6. Problem of disagreement among owners cannot arise.

7. Financing less complicated and more easily understood.

Pi sadvan ta gres;_

1. Insufficient finances for an efficient business sometimes occurs.

2- Unable to specialize (jack-of-all-trades).

3. Less available time for management decisions and analyses than other types
of organization.

4. Greater uncertainty about continuation of the business in case of accident
or other reasons for becoming incapacitated.

5. Inter-generation transfer generally more difficult.

Partnership

When two or more persons agree to carry on a business together as co-workers for
profit, a business partnership organization is formed.

Advantacfes

1. Opportunity to pool capital and management for more efficiency.

2. Aids in solving the problem of the lack of competent and continuous labor.

3. Opportunity for a young farmer to gain control of resources and enter farming.

4. The junior partner can gain in knowledge of production and financial manage-
ment practices from the senior partner.

5. Opportunity for specialization of management as well as production skills.

6. Lends itself to partial inter-generation transfer.

7. Opportunity to increase efficiency, particularly by lowering overhead costs
per unit of production. Machinery and buildings might be used more intensively.

Disadvantages

1. Need for compatibility, mutual respect, and understanding between partners
and families.

2. Considerable sacrifice in some cases by father or senior partner of already
accumulated resources. These could be rented out and then he could take life easier
and still have adequate income. However, in some cases the junior partner and his
family sacrifice considerably if no plans are made for them to grow into the business.
Partnership in labor only can be a disaster.



3. Partnership sometimes means expansion of the business, borrowing more money,
reducing personal expenditures, and working more years than senior partner had
anticipated.

4. Philosophies of the senior and junior partners sometimes differ as to the
amount of debt, risk, and money needed to maintain desired standard of living.

5. Death or serious accident sometimes terminate a partnership because of poor
planning and nothing in writing.

6. Each partner is fully liable for the other's actions in line of business.

7. Many partnerships do not have an adequate insurance program and other legal
arrangements designed to meet disasters.

Corporations

A corporation is an artificial being created under state law. It is a separate
business entity distinct from its owners, who are called shareholders because they
own shares or interests in the corporation. The major characteristic of the corporate
form of business organization is this sharp line of distinction between the business
and the owners. The corporation is a separate legal person as well as a separate tax-
payer unless shareholders are qualified and elect to be taxed like a partnership
(known as a Sub Chapter S or Pseudo Corporation).

Ad vantages^

1. Ease of property transfer or effective vehicle for inter-generation transfer.

2. Pooling of capital and management for improved efficiency.

3. Death does not terminate business in most cases.

4. Provides opportunity for specialization as with partnership.

5. Limited individual liability -- a shareholder is not responsible for debts
of the corporation beyond his equity in the corporation, unless he has signed a note
as an individual.

6. A corporation may have certain income tax advantages depending on such factors
as the income earned, the tax bracket of the owners, and whether the corporation can
qualify for Sub Chapter S treatment. Dividends received by a retired worker are con-
sidered investment income and do not reduce social security benefits. Employee fringe
benefits (such as health and accident insurance) are tax deductible, whereas they are
not deductible for a sole-proprietor.

Pi sadvantages:

1. A more formal and complex organization with more reports due quarterly and
annually, especially to the Secretary of State's office.

2. Initial costs to establish a corporation are more than for other forms of
organization.

3. Additional state taxes: either annual franchise tax of 5 mills on the net
worth or state income tax on net earnings starting at 4%, whichever is higher,
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4. Legal and/or accounting help generally is needed quarterly and annually to
assist in filing all reports required*

Trusts^

A trust (2) is a written agreement by which an owner of property transfers his
title to a trustee for the benefit of persons called the beneficiaries. The trustee
may be a person or persons, a corporation, or a combination of the two. The trust
takes over as designated in tfu* trust document. It could be at death (testamentary
trust) or during the life of the omier*

Advantages ;__

1. A trustee nay be » better manage i than the beneficiaries. This is especially
true for minors and inexperienced adults , Many corporate trustees furnish expert
management. This ippliei. to both farmland ^ind to funds to be invested in securities.

2. The life of a trurt^e us lally lasts for the period provided in the trust
agreement. Death of a trustee 01 beneficiary will not terminate the trust unless
provided in the trust*

1. A poor trustee way be selected. Nothing can make up for an incompetent
trustee. Therefore, the creator of the trust must exercise sound judgment in the
selection. If expert management is desired, the trustee should be selected on the
basis of management ability, honesty ̂  and integrity rather than the relationship to
the individual.

Regardless of the form of business organization the farm decision maker chooses,
he must continually evaluate the most profitable method to gain control of machinery,
land, and other resources. The form of organization can assist in this regard, but
renting, leasing, partial partnership, custom hire, and exchange of labor and/or
machinery may be other resource control possibilities,

There is no one best business organization for all farms. In this day of rapidly
increasing costs and appreciation of farm properties, one should re-evaluate his type
of organization to see if it is meeting the objectives as far as growth, management
and labor needs, and income security of parents and family. The children who have
agreed to stay on the farm or other children who have contributed substantially to
parents' welfare should be compensated for their contribution before equal distribu^
tion is made to all children.

A more objective choice in selecting a type of business organization will be
made if the long-run management implications are studied as well as the specific
advantages and disadvantages pertinent to the operation*

There is no substitute for taking the time to plan both in the short and long
run. Conserving as much as possible of the gross income as net profit is currently
very important, but the sad fact is that too many farmers don't take seriously enough
the long-run problem of the shrinkage of their estate by settlement costs. Help can
be obtained from area extension farm management agents to become more knowledgeable
in selecting an appropriate type of business organization and alternatives in the
estate planning process.
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STATUS OF LACTATION

K. Larry Smith, L. B. Willett, D. R. Redman, and F. L. Schanbacher
Departments of Dairy Science and Veterinary Science

A new technique for hormone-Induced lactation was first reported in the 1971
Dairy Research Summary, Following this initial report, hundreds of inquiries were
received from dairymen, veterinarians, scientists from other institutions, and phar-
maceutical industries indicating an immediate widespread interest in the technique
and its field application. All inquiries have been answered by explaining the pro-
cedure in detail, providing published scientific information, and offering specula-
tive discussion as to possible reasons for success or failure.

In almost every inquiiy, the dairyman and/or veterinarian want to induce lac-
tation in a problem breeder in hopes that pregnancy will occur at a later date,
avoiding immediate culling of the cow. The magnitude of such inquiries indicates
that there is a need for a technique which will quickly and efficiently induce lac-
tation in cows and heifers*

At present the authors are not recommending the use of hormone-induced lactation
to help alleviate reproductive problems for several reasons. First, the treatment
requires the injection of the steroid hormones 17B-estradiol and progesterone. Thus
the treatment must be granted approval by the Food and Drug Administration (FDA) be-
fore it can be routinely used in animals providing food products. Second, this work
has been done with the naturally occurring steroids. There is no commercially avail-
able product on the market which duplicates the experimental procedure. This is due
in part to lack of FDA approval and to the fact that pharmaceutical companies are
reluctant to market an unpatented product which would require the great expense
associated with gaining FDA approval.

Thus, a major thrust of the present research effort is to obtain data relative
to consumer safety of the product from hormone-induced lactations and safety of the
treatment to the cow. Both the route and rate of clearance of injected 17B-estradiol
and progesterone are being investigated. Particular emphasis is being given to de-
termining the role of the mammary gland as an excretory pathway for steroids. In
other words, how much of the injected 17B-estradiol and progesterone is appearing in
the milk of treated cows—a matter of legal concern to FDA. With vagazsd to safety
to the cow, it has been determined that following treatment c0ws*can become pregnant
and give birth to normal healthy calves. However, increased esttus activity for a
period of 2 to 3 weeks post-treatment has been observed in many of the cows. Thus,
investigations are continuing to determine both short-term and long-term effects of
treatment on the normal physiology of the cow.

In addition to research with regard to safety, another major area of investiga-
tion is treatment efficacy* At present, the treatment is only 60% successful and
resulting lactations seldom equal expected production for natural lactations. Attempts
are being made to define not only the proper levels and ratios of hormones to induce
lactation, but also the basic biochemistry of the initiation process at the cellular
level of the mammary gland. Enzymes and other proteins are being used as tools to
evaluate the response of the involuted mammary gland to various hormone levels and
combinations* These tools are capable of evaluating more quickly and thoroughly the
efficacy of a particular treatment, and extended lactation periods are not needed to
make critical evaluations.



To summarize the current situation, the following points are emphasized:

1. FDA approval has not been granted and precludes recommending immediate
application at the farm level.

2. OARDC cannot sell or otherwise make available to dairymen or veterinarians
the hormones needed to induce lactation.

3. All published information relative to the technique of hormone-induced
lactation will be provided to any interested party.

4. At present, the treatment results in a successful lactation approximately
60% of the time. These cows produce an average of 70% of expected normal
production.

5. The technique will induce lactation in both heifers and cows, and treated
animals can become pregnant following treatment.

6. To date, no altered 17B-estradiol and/or progesterone injection schedule
nor the addition of other hormones has resulted in a more successful treat-
ment than that originally described.

7. Pertinent data are being gathered regarding treatment safety to both the
consumer and the animal. This data should allow FDA to arrive at a decision
with regard to possible approval for field use.

8. Basic studies on the biochemistry of the initiation of lactation in the
bovine are continuing and should result in improved treatment efficiency.



CONCENTRATION OF LACTOFERRIN IN MILK AND CHANGES DURING BOVINE MASTITIS

K. Larry Smith, R. J. Harmon* L. C. Ferguson, and F. L. Schanbacher
Departments of Dairy Science and Veterinary Science

Lactoferrin is an iron-binding protein found in milk and other external secre-
tions of the cow, Lactoferrin has been shown to be bacteriostatic by virtue of its
ability to chelate iron and thus, in secretions such as milk, may function as an
important constituent of the natural defense mechanism of the mammary gland. In
this regard, it has been reported that the involuted mammary gland is particularly
resistant to infection. Studies at OARDC have shown that lactoferrin is a major
protein constituent in the fluid of the nonlactating mammary gland.

The bacteriostatic properties of the protein, together with findings of high
concentrations of lactoferrin in the gland during a period of known resistance to
infection, have stimulated interest in the involvement of lactoferrin in bovine
mastitis.

To investigate the role of lactoferrin in mastitis, a preliminary study was con-
ducted to determine the concentration of lactoferrin in the milk of 80 quarters from
20 lactating cows. Foremilk samples were collected prior to the morning milking.
Somatic cell numbers were determined with the Wisconsin mastitis test (WMT). The
proteins lactoferrin, a-1actalbumin, and blood serum albumin (BSA) were quantitated
by the technique of electroimmunodiffusion developed in this laboratory. The results
of this experiment are in Table 1.

The mean lactoferrin concentration in milk from individual quarters of 20 lacta-
ting cows with a mean cell count of 250,000 cells/ml, was 0.35 mg./ml» The concentra-
tion of lactoferrin in these 80 quarters ranged from 0.07 to 1,33 mg./ml. In general,
quarters with damaged or abnormal teat ends had the higher cell counts and the higher
lactoferrin levels. The mean concentrations of a-lactalbumin (synthesized in the
mammary gland) and BSA (a normal blood serum protein} were 2.01 and 0.29 mg./ml.,
respectively (Table 1).

Statistical correlations between whey protein concentrations, cell counts, and
physiological factors such as stage of lactation were determined. The results show

TABLE "1.—Mean Whey Protein Concentrations and Mean Cell Count of Milk From
Individual Quarters of Lactating Cows.*

Mean

S.E.f

Range

Cells/ml.

250,000

± 45,000

50,000-2,000,000

Lactoferrin

0.35

± 0.05

0.07-1.33

mg./ml .
Lactalbumin

2.01

± 0.10

1.06-3.00

Blood Serum Albumin

0.29

± 0.04

0.09-1.89

^Determined from 80 quarters of 20 cows,
"'"Standard error.



that lactoferrin concentration is significantly related (P < .05J to cell count, BSA
concentration, stage of lactation, and milk production. In general, higher concen-
trations of lactoferrin were associated with higher cell counts and higher concen-
trations of blood serum albumin. In addition, as the length of lactation increased,
higher concentrations of lactoferrin were found, and the lower the level of milk pro-
duction the higher the concentration of lactoferrin. Analyses also revealed that as
cell count increases, the concentration of BSA increases, but the concentration of
a~lactalbumin decreases.

A second experiment was conducted to determine the effects of clinical mastitis
on the concentration of lactoferrin. The infected and noninfected control quarters
of five clinical coliform and six Gram + infections were sampled on days 1 (day of
first signs of clinical infection), 3, 5, 10, and 15. The concentration of lacto-
ferrin was determined for both the infected and noninfected control quarters. The
results are in Table 2,

Statistical analysis of the data in Table 2 revealed a highly significant dif-
ference (P < .005) between the mean lactoferrin concentration of infected vs. non-
infected quarters and between coliform vs. Gram + infections. The data clearly show
that lactoferrin levels are elevated in infected quarters and that maximum lacto-
ferrin concentration occurs 3 days after the first clinical signs of infection. In
addition, lactoferrin levels are significantly higher in coliform-infected quarters
than in Gram + infected quarters. This probably reflects the fact that the coliform
infections were more severe than in Gram + infections.

TABLE 2.—Mean Lactoferrin Concentrations During Natural Cases of Mastitis,

Type of
Infection

Gram +
(n=6)

Coliform
(n-5)

All
Infections
(n-11)

Days Postinfection
Quarter

Infected

Uninfected
Control

Infected

Uninfected
Control

Infected

Uninfected
Control

1

0.66
± 0.19

0.17
± 0.06

0.63ab**
± 0.14

0.19
± 0.07

0.66ab

± 0.11

0.16
± 0.04

3

1.06*
± 0.35 ±

0.13
± 0.05 ±

2.74t acf
±1.41 ±

0.53
± 0.29 ±

1.891" acd
± 0.68 ±

0.34
± 0.14 ±

5

0.81
0.35

0.14
0.06

2.42f

1.25

0.29
0.11

1.591"
0.62

0.23
0.06

10

0.39
± 0.09

0.12
± 0.05

bde ] 21 cc^
± o!35

0.26
± 0.12

bef 0.80ce
± 0.20

0.19
± 0.06

15

0.35
± 0.09

0.14
± 0.05

0.66ef
± 0.19

0.12
± 0.02

0.51df
± 0.10

0.12
± 0.03

^Concentrations in ing./ml.» mean ± standard error.
*f"Mean significantly different from control (P<.01).
*Mean significantly different from control (P<.06).
**Values within a row with same superscript (abcdef) significantly different
(P<.05).
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Lactoferrin concentration in the noninfected control quarters by Gram + infec-
tions showed almost no change over the 15-day period of observation, while the con-
centration in noninfected control quarters of coliform infections more than doubled
on day 3. Unlike Gram + infections,, the coliform infections were almost always ac-
companied by a strong systemic reaction. This could account for the elevated levels
of lactoferrin in the control quarters of coliform-infected cows,

It is interesting to note that the mean lactoferrin level in all 11 control
quarters for the entire experiment never exceeded the normal concentration of lacto-
ferrin (0.35 mg./ml.) determined in the first experiment and shown in Table 1. These
data raise the question of whether or not these 11 cows became infected due in part
to the low level of lactoferrin present.

While the precise biological function of lactoferrin in normal or diseased
tissue is still in question, these studies show that there is increased lactoferrin
production in the bovine mammary gland in response to mastitis. Thus, the ability
to identify and quantitate the protective proteins will help define their role in
mammary protection and may in the future enable scientists to predict the potential
degree of resistance or susceptibility of a cow to mastitis. Research efforts to
answer these questions are underway at OARDC.



RESPONSE OF THE BOVINE MAMMARY GLAND TO MASTITIS INFECTIONS

F. L. Schanbacher, R. J. Harmon, and K. Larry Smith
Department of Dairy Science

The primary factors which cause concern over mastitis are the milk production
lost (either temporarily or permanently) as a result of infection and the decreased
marketability of the milk. These losses are a direct result of tissue trauma and
injury produced by mastitis infections which can ultimately result in the loss of
secretory tissue or alteration of milk composition. The extent to which the secre-
tory tissue is damaged or altered by an infection will probably govern the return of
an animal to productivity. The prompt activation of the tissue defense and protec-
tive mechanisms may well determine whether an infection will cause significant tissue
damage and loss of production.

One of the mastitis research goals at OARDC has been to better define the defense
and protective mechanisms present in the mammary gland and how they operate. This
enables researchers to better understand the responses of the mammary tissue to an
infection and to assess the extent these responses are either resisting further in-
fection or reflecting tissue damage. To that end, the milk protein and enzyme com-
position of mammary secretions have been utilized as markers of mammary function in
mastitis studies. Results from these studies indicate that the mammary gland does
indeed undergo specific responses to infection. Furthermore, certain responses ap-
pear similar to the mechanisms activated during involution or lactogenesis.

One of the first events observed after mammary infection is the disruption of
milk secretion itself. This is evidenced by decreased concentration of the major
milk whey protein a~lactalbumin, as well as by reduced milk yield. The depression
of secretory function is most pronounced at the point of maximum infection severity.

In addition to the declining secretory activity* at the same time there is a
disruption of tissue integrity so that an infusion of blood components is seen. The
concentration of blood components such as serum albumin and IgG immunoglobulin in the
milk increases with increasing severity of infection, reaching a maximum at the point
of most intensive infection. The leakage of blood serum components past the secretory
cell barriers of the mammary gland may enhance the passive immunity of the mammary
gland by increasing the immunoglobulin concentrate in the secretion.

Following the administration of antibiotics at the peak of infection, the infec-
tion subsides. There is also a decrease in the blood serum albumin concentration
in the milk, indicating that the integrity of the tissue is being restored and thus
preventing leakage of blood proteins into the milk. The concentration of a-lactal-
bumin begins to increase at about this same time, suggesting that secretory activity
is restored along with tissue integrity.

Although blood proteins, such as serum albumin, disappear soon after an infec-
tion, the decline in immunoglobulin concentration is not as marked. In fact, IgG
immunoglobulin remains elevated in milk long after the blood serum albumin has declined,
This suggests that the relative persistence of IgG after an infection is due to some-
thing other than leakage alone and may represent either selective transport of IgG by
the mammary cell or local synthesis.

In addition to the changes in permeability barriers and secretory activity of
the tissue, there are other changes as well. One of these is in the milk concentra-
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tion of the antibacterial protein lactoferrin. Prior to or early in mammary infection,
the lactoferrin concentration is quite low. However, as infection progresses, there
is a marked increase in the lactoferrin concentration of the secretion. This occurs
at about the same time as the decline in secretory activity and the loss of tissue
integrity. Previous studies suggest that an increase in lactoferrin concentration is
a measure of mammary involution. Thus, the increased lactoferrin concentration due
to an infection may indicate that the first general response of the mammary cell to
infectious trauma is an attempt to undergo temporary involution and thus stop secre-
tion This may assist in fighting infection by virtue of decreasing the nutrient
supply to the invading bacteria. Furthermore, the increased concentration of a bacte-
riostatic protein, such as lactoferrin, may directly retard bacterial growth.

Several events are triggered in the mammary gland as a result of its infection.
The success of overcoming the infection may well depend on the proper activation of
those responses during an infection. Particularly important in eliminating an infec-
tion may be the increased production of antibacterial systems such as lactoferrin, IgG,
etc. However, it now appears that the mammary gland also responds by ceasing milk
secretion. Thus, the return to full production depends on: 1) how much tissue was
permanently damaged, and 2) how effectively the undamaged tissue returns to the
secretory state. A better understanding of the system involved may well lead to a
better control of mastitis infections, and also to reducing production losses due to
infections.
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TOP-GRAZING ALFALFA PROVIDES PROTEIN FOR DAIRY COWS

H. R. Conrad and R. W. Van Keuren
Departments of Dairy Science and Agronomy

Now is the time for alfalfa. Alfalfa looks better than ever. What other crop
can give 1600 Ib. of crude protein per acre? There is no need for nitrogen fertilizer
to produce that 1600 Ib. of protein or fuel for harvesting if carefully grazed, and
no need to replant for 3 years. This is what Ohio's top-grazing system has to offer.

Several years of experience with high-producing cows at the OARDC show that care-
fully managed pasture forages produced in small paddocks for grazing may be used
successfully in meeting the protein needs of dairy cows in the summer feeding program.
The most productive combination to date has been alfalfa overseeded with ladino clover

The objective of the short-term paddock system is to provide a continuing supply
of high-protein, immature forage for cows to graze throughout the summer. This means
keeping the forages in the growing or vegetative stage and assures that the grazed
forage will be highly digestible.

In 1971 and 1972, a combination of alfalfa and ladino clover was used. Essen-
tially, a top-grazing procedure was employed and cows were removed from a paddock
when forage was 8 to 10 inches high. This level of grazing was accomplished by com-
bining parts of both rotation and strip-grazing methods into the short-term paddock
system. Short grazing periods of 3 to 4 days were used. Pasture plots (1.5 acres)
were divided by electric fencing.

High dry matter silage which was cut for harvesting the third week in May was
fed to other cows selected as experimental control and kept in the barn for the sum-
mer feeding period. Supplemental feed consisted of about 13 Ib. of grain concentrate
and 12 to 20 Ib. of corn silage daily. The grain concentrate consisted of corn, oats,
and minerals.

A summary of results for milk production of cows grazing alfalfa-ladino clover
pastures is in Table 1. Results obtained previously (1967-1969) with alfalfa-brome-
grass pastures also are included. Highest milk yields were obtained with cows grazing
pastures containing mostly alfalfa. In each case, the average milk production was
comparable to that obtained in barn feeding experiments. Highest milk yield for an
individual cow has been 98 Ib. per day.

iMean lactation day for the milk yields in Table 1 was 145 days. The experiments
were initiated between May 1 and May 8 and terminated Sept. 10. Since declines in
milk yield (persistency) were essentially linear and ranged between 0.13 and 0.17 Ib.
per day, it may be concluded that an average of 45 to 55 Ib. of 4% fat-corrected
milk (FCM) can be sustained in cows on alfalfa pastures.

A major objective of this study was to produce high-protein forage. An analysis
of protein consumption is in Table 2 for 1971, along with stocking rates and amounts
of supplemental feed eaten. It is noteworthy that slightly more than 1600 Ib. of pro-
tein were consumed on each acre grazed. Its value was estimated to be $253 when soy-
bean meal was costing $144 per ton. It is doubtful if a more economical system could
be devised for harvest of this amount of protein.



TABLE 1.— Milk Production of Cows Grazing
Similar Forages Fed as Silage.

High-Protein Herbage Compared with

Year and
Location

Average
Daily
Milk

(4% FCM)
Decline
in Milk
(Ib./day)

Type of Forage

1971 Wooster

1971 Wooster

1967 Wooster

1967 Wooster

1967 Wooster

1968 Wooster

1968 Wooster

1968 Castalia

1968 Castalia

1968 Wooster

1969 Wooster

1969 Wooster

53.8

54.5

43.1

48.0

46.1

40.6

45.4

51.6

50.8

48.6

54.6

46.7

0.17

0.15

0.22

0.08

0.06

0.47

0.16

0.13

0.11

0.20

0.14

0.13

Pasture: alfalfa-ladino

Silage: alfalfa, harvested May 22

Pasture: bromegrass and alfalfa,
with bromegrass predominating

Silage: alfalfa-bromegrass, with
alfalfa predominating --
harvested May 18 to May 20

Silage: alfalfa-bromegrass with
alfalfa predominating --
harvested May 31 to June 2

Pasture: bromegrass and alfalfa,
with bromegrass predominating

Pasture: alfalfa-bromegrass, with
alfalfa predominating

Pasture: alfalfa-mixed grass, with
alfalfa predominating

Soilage: alfalfa-mixed grass, with
alfalfa predominating

Silage: alfalfa-bromegrass, with
alfalfa predominating --
harvested May 26

Pasture: alfalfa-bromegrass,
equivalent amounts

Silage: alfalfa-bromegrass, with
bromegrass predominating

*Forage provided 60% of the ration; the remainder was furnished as grain
concentrate (20% of dry matter) and corn silage (20% of the dry matter).
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Bloat is a common problem in cows on legume pastures. In these studies, poloxa-
lene (the bloat-preventing surfactant) was added to the concentrate ration so that
each cow received between 10 and 20 grams daily. Bloat was not seen in any cows.

A second problem is maintaining electrical fencing. In wet weather, electrical
shorts to ground were numerous. But for those who are willing to spend the time
necessary for keeping the fences in order, top-grazing offers one of the best ways
to harvest high-protein alfalfa.

Using alfalfa hay pellets with corn silage has worked well. In current experi-
ments, coarsely ground alfalfa pellets purchased from Ohio Blenders in Toledo are
being used. These pellets were produced from alfalfa ground through a 3/8-inch hammer-
mill screen and pelleted through a 3/8-inch die.

A two-lactation switchover trial is in progress with lactating cows. Alfalfa is
being fed either in the form of 3/8-inch pellets made from dehydrated alfalfa or long-
cut alfalfa hay as a partial source of roughage. About 25% of the daily dry matter
intake is alfalfa. Another 25% of the dry matter intake is furnished from corn silage
and 50% from grain concentrate. This experiment has been underway for 18 months.
Records have been completed for 13 305-day lactations.

Milk yields and feed intake are reported in Table 3. On the basis of the high
milk yield, it seems obvious that the coarsely chopped alfalfa pellets (3/8-inch chop)
will effectively substitute for alfalfa hay in rations which also include a substan-
tial amount of corn silage. The presence of corn silage is important in order to
maintain normal milk fat test. It is noteworthy that normal milk fat percentages and
high total milk fat yields were maintained for each cow. Feed intake was commensurate
with the high milk yields.

TABLE 3.—Lactation Studies with Cows Fed Either Alfalfa Hay or Pelleted
Coarsely Chopped (3/8-inch) Dehydrated Alfalfa as 25% of Ration,

Source of Alfalfa

Alfalfa Pellets

Alfalfa Hay

No. of
Cows

7

7

Dry Matter
Intake
(lb.)

14,187

14,048

Milk
Produced*

(lb.)

18,899

18,135

Milk
(lb.)

728

666

Fat
(X)

3.9

3.7

*Actual 305-day 2x daily.
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PACKAGING HAY IN STACKS AND LARGE BALES FOR DAIRY COWS

H. R. Conrad, R. W. Van Keuren, H. M. Keener, W. E. Gill, and L. E. Drew
Departments of Dairy Science, Agronomy, and Agricultural Engineering

As dairy cows supply the nation's milk, providing substantial amounts of food
protein and calcium as well as numerous other less scarce nutrients, economic con-
siderations and world demand for cereal grain will cause maximization of the amounts
of roughage in dairy cow rations. Thus, production, preservation, evaluation, and
utilization of high-quality forage as sources of efficiently used protein and energy
for high-producing cows are areas of research which should be continued.

The high cost of protein supplement for dairy cows represents a major proportion
of the total cost of feeding high-producing cows. High-protein forage, whether grazed
or harvested for confined feeding, offers a means of minimizing costly protein supple-
ments. Dairy cows may be stimulated to produce maximally with only 17% cereal grain
in the diet, provided the forage (legume-grass) contains 20% crude protein equivalent.
But forages often lose from 10 to 40% of their nutrient content by the time they are
fed.

This type of feeding can be advanced in Ohio by developing improved systems of
production, harvesting, and storage of high-protein forages aimed at the specific
needs of the dairy cow--i.e., provide 3 to 4 kilograms (kg.) of crude protein daily
while maintaining voluntary feed intake at 22 to 25 kg. dry matter. An important con-
sideration in increasing the amounts of forages used in livestock rations should be
the use of different crops (legumes and grasses), harvested in the vegetative stage
by methods independent of weather, and preserved in a physical form best suited for
efficient utilization by high-producing cows.

A current area of interest includes large-package forage handling. The first
method investigated was packaging forages in large, high-density bales. The first
high-density bales containing 800 to 1200 Ib. of dehydrated alfalfa were made in
1963. These bales were made with an upright baler and tied with wire over a partial
cardboard cover. A forklift was used to handle the bales.

New equipment for packaging and handling forages has appeared recently on the
market. These machines provide an increase in capacity with a decrease in labor.
Although used mostly in beef operations, dairymen are showing increased interest in
these new systems of forage handling. The equipment makes several kinds and sizes
of packages, including large round bales and portable hay stacks. These machines
were used in studies on hay handling and feeding studies with dairy cows. Experi-
ments to date have dealt with gross losses of dry matter and effects on digestibility.
There remains a large area of research to determine the specific nutrient losses and
to consider how this equipment might fit a dairy feeding program for providing high-
protein forage to high-producing cows.

In using the loose hay stacks (StakHand), the alfalfa was physically separated
with hand forks into the edible part vs. the completely molded and wet-decayed part.
A dry matter loss (spoilage) curve was then developed which indicated that the upper
limit with the stacker in Ohio would be about 22% without preservatives (Fig. 1).
With the stacks stored outside, the use of chemical preservatives was not effective
in preventing heat or mold formations after rains. Rather, the most important factor
in using the stacker was forming the stack properly with the "press" and baffle board.
In the best formed stacks, spoilage was 6% to 8%. In stacks with depressions in the
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TABLE 1.— Comparative Studies on
Cows.

Harvesting Methods for Alfalfa With Lactating

Stakhand
Jerseys Ho

Total
Dry Matter

4% FCM

Milk Fat

Milk Protein

12

15

0

0

(kg. /day)

.3

.8

.68

.45

Hay
1 steins

17.3

21.9

0.82

0.63

Jerseys

13

16

0

0

(kg

.8

.6

.70

.48

Silage
Hoi steins

./day)

18

22

0

0

.6

.4

.85

.63

Hay
Jerseys

12

15

0

0

(kg.

.5

.9

.68

.51

Bales
Hoi steins

/day)

19

22

0

0

.3

.5

.84

.64

*A11 cows were fed alfalfa to grain in a 3 to 2 ratio. The grain consisted of
corn, oats, and minerals.

thatch area, spoilage ranged from 9% to 14%. The stacks were exposed from 5 to 8
months under conditions of heavy to normal rainfall. Generally, operators press the
stack about 5 to 7 times as it is being formed, but pressing up to 15 times has been
reported to produce a better stack.

Alfalfa in stacks has been fed to dairy cows as 60% of the total ration and com-
pared to alfalfa silage and conventional bales of alfalfa harvested from adjacent plots,
The results are in Table 1. No important differences in milk yield, milk fat, or milk
protein were seen. These studies will be repeated for at least 2 additional years.

Further studies are in progress to observe losses between conventional size
bales and large hay packages. The extent of mold formation and heating in the bales
will be related to the distribution of the preservatives, bale densities, arid applica-
tion rate of the chemicals,

90

80

70

560

5Q

! 30i

20

10

FIG. 1.— Dry matter losses increased at an
increasing rate above moisture contents of 22%.

10 20 30 40
Moisture of Time of Stacking
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ALFALFA'S VALUE IN DAIRY RATIONS

J. W. Hibbs and H. R. Conrad
Department of Dairy Science

The value of alfalfa in the dairy ration is dependent on three factors: 1) its
digestible nutrient content, 2) how completely these nutrients can be utilized from
the total ration, and 3) the relative value of other feeds which can be used to
supply these nutrients. Thus, the recent increases in costs of other feeds make high
quality alfalfa worth relatively more to dairymen than in past years.

The nutrient content of alfalfa is well known. It is especially high in protein
and calcium and is a good source of both macro and micro mineral elements needed by
rumen organisms for normal rumen function.

The major factor affecting feeding value of alfalfa and other legumes and grasses
is the reduction of digestibility and rate of digestion reflected in lower voluntary
intake which occurs with advancing forage maturity. (This was reported in Ohio
Report, 1961, 46:39.)

The research showed that alfalfa-brome forage dry matter declined in digesti-
bility an average of 0.26% per day (1.8% per week) between the prebud stage on May 17
when it was 66.8% digestible and the mature stage on June 28 when it was only 55.8%
digestible (Table 1).

During this same 6-week period, 4% FCM (fat-corrected milk) production dropped
from 42.5 Ib. per day to 19.5 Ib. per day in Jersey and Holstein cows fed this for-
age free choice, green-chopped from the same field with only about 3 Ib. of concen-
trate per day. The drop in milk production was a reflection of the reduced diges-
tible forage intake, which declined from 23.0 to 14.7 Ib. per day per 1,000 Ib. of
body weight during this same 6-week period. During this period, fecal dry matter
remained fairly constant, despite the changes in digestibility and intake.

Based on calculations using Ohio digestion trial data (Journal of Dairy Science,
1964: 47:54), it was found that rate of digestion is the factor primarily concerned
in determining how much a cow can eat in a 24-hour period when ration dry matter
digestibility is below about 65% and indigestible residue (fecal dry matter) is
limiting intake. Above about 67% ration digestibility, factors other than indiges-
tible residue govern intake.

It was found that cows fed average high roughage dairy rations excreted an aver-
age of 10.7 Ib. of indigestible dry matter per 1,000 Ib. of body weight per day in
the feces. Thus, dry matter intake, when digestibility is below about 67%, can be
predicted by using Equation I if body weight and ration digestibility are known.

A 1,400-lb. cow fed a 65% digestible high roughage dairy ration would therefore
be able to consume 42.8% of ration dry matter in a 24-hour period. For any given

EQUATION I

Total Dry Matter Intake =- Body Weight (Ibj x 107 Ib. Fecal Dry Matter
1,000 Ib 1—Percent Digested

(expressed as decimal)
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high roughage ration, the average factor of 10.7 per day per 1,000 Ib. of body
weight for fecal dry matter will vary somewhat depending on the rate of digestion.

Thus, in high-producing cows fed high roughage rations, rate of digestion of
the forage as it relates to the ability of cows to consume feed is a major limiting
factor on milk production. Perhaps the best measure of forage quality is digestible
dry matter intake or digestible energy intake per day adjusted for metabolic size
(body weight0"75). This combines both digestibility and rate of digestion and takes
into account the size of the animal. It should also be pointed out here that the
grasses, even when percentage digestiblity may be similar to alfalfa, have a slower
rate of digestion resulting in lower voluntary intake. When finely ground forages are
fed, rate of passage is increased independent of rate of digestion. This results in
higher intake than when the same forage is fed unground.

When high quality alfalfa is the only source of roughage, both the protein and
calcium contents of the ration are apt to exceed the needs even of high-producing
cows. Therefore, alfalfa finds its most efficient use when fed in combination with
other feeds which are deficient in these nutrients. It is for this reason that feed-
ing high quality alfalfa to supply much of the protein and calcium, along with corn
silage and concentrates to supply much of the needed energy and phosphorus, has
proven to be such a successful feed combination for high-produeing cows.

The data in Table 2 illustrate the extent to which high protein alfalfa can be
utilized in rations for high-producing cows to save grain and protein supplement,
both of which have markedly increased in price in recent months.

Feeding corn silage or grass forage with high quality alfalfa is also a way to
avoid the noninfectious diarrhea which often occurs when high quality alfalfa is fed
as the only forage. This type of diarrhea appears when the alfalfa ash content is
high and apparently is due to the osmotic action of the high mineral level in the
lower gut. When this occurs, no evidence of irritation is seen in the large intes-
tine and colon on postmortem examination. The problem is easily overcome by feeding
some grass hay or corn silage, both of which are lower in mineral content.

Table 3 shows the digestible protein and net energy content of various feeds
and forages and illustrates the effects of stage of maturity of the forages on these
important nutrients. As the alfalfa-brome forage matured, the protein content de-
clined rapidly from 21.9% on May 17 to 10.0% on June 21. This resulted in a drop
from 338 Ib. of digestible protein per ton to 116 Ib. per ton. Net energy during
this same 6-week period declined from 1,240 to 760 megacalories (Meal) per ton, and
nonprotein net energy declined from 742 to 586 Meal per ton. These data emphasize
the fact that high quality forage makes a major contribution to the energy needs of
livestock in addition to its high protein content.

The dollar value of forages must be considered in terms of the relative cost of
other feeds which can be used to supply protein and energy in dairy rations. The
basis for the derivation of formulas for calculating the value of a pound of diges-
tible protein and a megacalorie of nonprotein net energy was^described in OMo
Report, November-December 1968 (53:6, 90-91).

Mathematically stated, the formula for calculating the value of 1 Ib. of diges-
tible protein in forages and other feeds when soybean meal costs $200 per ton and
corn costs $100 per ton is shown in Formula I. The value of 1 Ib. of digestible pro-
tein was calculated by dividing the value of 100 Ib. of soybean meal minus the value
of the pounds of corn containing the amount of nonprotein net energy in 100 Ib. of
soybean meal by the pounds of digestible protein ascribable to the difference in cost

-23-





FORMULA I

(100 Ib. x $0.1000) — (33UJ2Jb. x J0.0500) = $.2332 per Ib,

35.78 Ib. digestible protein

FORMULA II

(33.112 Ib. x $0.0500) — (1.623 Ib. x $0.2332) = $0 0523 per Meal
24.42 megacalories non-protein N.E.

between 100 Ib. of soybean meal and the amount of corn containing the amount of non-
protein net energy in 100 Ib. of soybean meal.

Thus, when corn costs $100 per ton and soybean meal costs $200 per ton, 1 Ib.
of digestible protein is worth 23.3f.

The value of 1 Meal (thrm) of nonprotein net energy was calculated as shown
mathematically in Formula II by dividing the value of the pounds of corn containing
the amount of nonprotein net energy in 100 Ib. of soybean meal minus the value of
the digestible protein in this amount of corn (using the value of a pound of diges-
tible protein as calculated in Formula I) by the megacalories (Meal) of nonprotein
net energy (N.E.) in 100 Ib. of soybean meal.

Thus, when corn costs $100 per ton and soybean meal costs $200 per ton, a mega-
caloric (therm) of nonprotein net energy is worth 5.2$. Both formulas may be ad-
justed to fit any price combination by inserting the desired dollar values for corn
and soybean meal.

Table 4 shows the changes in dollar value of the digestible protein and non-
protein net energy in the forages as they mature, and in other feeds when corn is
worth $100 per ton and soybean meal is worth $200 per ton. In using these dollar
values, it is assumed that the feeds are completely consumed in a balanced ration.

The declines in protein and energy with advancing maturity are reflected in the
dollar values. For instance, on May 17 the digestible protein in a ton of alfalfa-
brome forage is worth $78*82 and the nonprotein net energy is worth $38.81, By
June 21, 6 weeks later, the digestible protein value had declined to $27.07 and the
non-protein net energy to $30.65. The decline in total value of the digestible pro-
tein and nonprotein net energy during this 6-week period was from $117.63 to $57.70
per ton.

When the declines in digestibility and nutrient content of forages with advanc-
ing maturity are considered, along with the effects of these changes on milk produc-
tion and dollar value in relation to other feeds, the importance of harvesting when
the forage is immature cannot be overemphasized. This is especially important when
the forage is to be fed to high-producing cows or if the expense of additional pro-
cessing, such as dehydration, pelleting, wafering, etc., is to be justified.
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TABLE 4.--Value of the Digestible Protein and Nonprotein Net Energy in Forages
and Other Feeds When Corn Costs $100 per Ton and Soybean Meal Costs $200 per Ton.

Alfalfa
Pre-bloom
Early bloom
Full bloom

Alfalfa-Brome
Pre-bud
Bud
Early bloom
Mid -bloom
Full bloom
Late bloom

Corn Silage
Milk
Dough
Late dent
Dough + urea

Harvest
Date,

Wooster

5/18
6/3
6/15

5/17
5/24
5/31
6/7
6/14
6/21

(10 Ib./ton)

Corn and Cob Meal

Corn (shelled)

Soybean Meal (44%)

Value of
Dig. Protein

per Ton*

dollars

93.28
78.82
61.57

78.82
65.76
52.70
44.31
35.91
27.05

22.85
19.12
17.26
38.25

18.19

22.85

174.43

Value of
Nonprotein N.E.

per Ton*

dollars

34.00
25.21
24.58

38.81
36.82
36.92
35.56
35.20
30.65

63.60
59.52
59.10
59.52

69.25

77.14

25.52

Total Value
per Ton*

dollars

127.28
104.03
86.15

117.63
102.58
89.62
79.87
71.11
57.70

86.45
78.64
76.36
97.77

87.44

99.99

199.95

Dehy-100
(2/3 Alfalfa Meal, 1/3 Urea)
(100%)

417.43 18.88 436.31

*When corn costs $100 per ton and soybean meal costs $200 per ton.
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COVERINGS FOR CORN SILAGE IN BUNKER SILOS1

D. E. Pritchard and H. R. Conrad
Department of Dairy Science

For several years, many farmers who use corn silage In their livestock feeding
programs have relied upon bunker silos or above-ground stacks for storing silage.
These types of structures have been an economical method of storing silage.

Often, though, farmers experience problems in getting an airtight seal on the
surface of the silage to avoid spoilage and waste. Many different approaches of
providing a seal have been tried, but most farmers have relied upon covering the
silage with plastic. If the plastic is managed properly, it can be very effective
in preventing surface spoilage. However, if a farmer doesnft get an airtight seal
around the bottom of the plastic, or If he doesn't fasten the plastic to prevent
flopping In the wind and tearing, or If other events happen which allow air to get
under the plastic, the surface of the silage will spoil and the plastic covering
will have been less than completely effective.

When no covering of any type Is used, often as much as 12 Inches of the surface
silage will be spoiled and have very little nutritional value. Most farmers will
usually remove the spoiled material and spread It on their land as they would manure.
When this is done, considerable amount of potential feed has been lost. If spoilage
occurs in a stack or bunker which has been covered with plastic, the amount of spoil-
age is usually of little consequence, and the farmer mixes the spoiled silage with
the good silage as he feeds it.

Since using plastic as a covering is a considerable bother, and since this past
year it was not available in many localities, an alternative covering procedure was
desired and prompted these studies.

In the second week of September 1972, three corn silage stacks were made at the
OARDC Dairy Center. Their approximate dimensions were 14 feet wide at the base,
10 feet wide at the top, 90 feet long, and 5 feet high.

Half of stack No. 1 served as a control and was covered with plastic upon com-
pletion. The other half of the stack received a covering of liquid molasses in two
different applications. The molasses was pumped onto the surface directly from a
delivery truck. The first application was applied 1 day after completion and the
second was made 4 days after completion. About 0.9 gallon per square foot of sur-
face was applied at each application. Rain began falling about 1 hour after the
first application, and about 1/3 inch fell during the following hour. This caused
some of the molasses to be diluted and run off the stack. Thus, the first applica-
tion did not soak into the surface as well as planned. No rain fell for several days
after the second application and the molasses applied at that time soaked Into the
top 4-6 inches of silage quite satisfactorily.

The molasses-treated surface served as an excellent place for flies to lay their
eggs. Maggot activity was considerable for a period of time. About 4-5 Inches of
the surface was decayed dried material which had limited feeding value. The next
2-3 Inches of silage was quite caramelized as the molasses did a satisfactory job of
sealing and preserving the silage. No silage was discarded when the stack was fed
to dry dairy cows in January 1973. Virtually all the silage fed was eaten.

lThe authors are grateful to Landmark, Inc., for supplying the molasses, and to
International Mineral Chemical Corp. for supplying the Dynafos and Dynamate.
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Although the control end of stack No. 1 was covered with plastic, some surface
spoilage still resulted. This resulted from air leakage under the plastic as the
stack was being fed* While the amount of spoilage was very minimal in this small
stack, it could be extensive in a large stack being fed at a slower rate.

Stack No. 2 was covered the day following completion with two different mineral
treatments. Half of the top received 1-2 inches of ground feeding grade limestone.
The other half received 1-2 inches of Biofos mineral which contained about 22% phos-
phorus and 13% calcium. These materials were applied by carrying bagged material
onto the surface and manually spreading it. On a large stack or bunker, this would
be very laborious. The rain was very effective in packing these mineral treatments.
The packed material dried and subsequent rainwater drained off the surface as it
does off concrete. In fact, the surface became hardened, and when the stack was fed
in late January 1973, most of the mineral materials broke into large stone-sized
chunks. Because of the size of the chunks, cattle refused to eat them, and the origi-
nal idea of the surface sealer also serving as a mineral additive to the silage was
not fully realized. The silage beneath the mineral sealers was preserved very satis-
factorily and there was essentially no spoiled material.

In the third stack, the commercial product ChemStor was added to the silage as
it was unloaded onto the stack. ChemStor contains 80% proprionic and 20% acetic
acids. It has been shown by several workers that these organic acids do a very sat-
isfactory job of preserving silage. The acid was applied at the rate of 12 Ib. per
ton of green silage material. Immediately after the stack was completed, it was cov-
ered with plastic. This was done to keep rain and snow from diluting the acid and
eliminating its preservation qualities. When the stack was fed in December, the
silage was found to be in excellent condition.

The dry matter percent, consumption, and digestibility data for the various
silages were determined and are in Table 1. The consumption and digestibility data
were obtained by feeding the various silages to dry dairy cows. The cows received
the corn silage free choice. They also received free-choice hay and 2 Ib. of a grain-
protein mix daily per animal.

These data show all the silages were wetter than most dairymen make. However,
it is desirable to have corn silage put into a stack or bunker with a lower dry matter
level to obtain a better pack and prevent spoilage. Daily consumption data show all
the silages to be good feeds which were readily eaten by dry cows. Likewise, the
digestibility data show the silages to be highly digestible. Silage in the mineral-
covered stack had a slightly lowered digestibility because of the added minerals, but
total amount of dry matter digested was comparable to the other silages because of the
higher amount consumed daily.

TABLE 1.—Corn Silage Dry Matter Percent, Average Daily Consumption, and
Digestibility as Affected by Stack Covering.

Dry Matter Average Daily Dry Matter
Stack Covering (%) Consumption (Lb.) Digestibility

Plastic -- Control
Molasses
Limestone and Biofos
Plastic -- Propionic
Acid Preserved

25.0
26.3
29.3

29.0

54
56
59

54

68.5
69.6
63.9

68.7
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The experience gained from this study led to the conclusion that the use of
limestone and dicalcium phosphate as surface sealers had potential if a method could
be devised to prevent the minerals from setting-up so hard.

One approach considered was adding ground corncobs to the minerals. This was
done on a trial basis during the summer of 1973 and seemed to work satisfactorily.
So a field trial was planned that fall with a cooperating dairyman with bunker silos.

The farmer was planning on adding 10 Ib. of urea per ton of green material. To
balance the calcium, phosphorus, magnesium, and sulfur requirements of the cows which
would be fed the corn silage along with a grain protein mix, a mixture of several
mineral supplements and ground corncobs was developed. The mixture contained by
weight 14*8% ground corncobs, 25.8% calcium carbonate (feeding grade ground lime-
stone), 51.8% dicalcium phosphate (Dynafos), and 7.6% Dynamate, which is a combination
of potassium and magnesium sulfates. The surface sealer-mineral supplement material
was applied to one-half the surface of a 45 by 90-foot bunker on Oct. 18, 1973, 1 day
after filling the bunker. The material was dumped into piles on the silage with a
tractor loader and spread manually to a depth of about 1-1/2 inches,

After a few weeks when the silage had fermented, the surface of the covering
was filled with small holes about 3/4 inch in diameter. It is assumed that the corn-
cobs caused the mineral mixture to remain loose enough in texture to allow some rain-
water to seep through the mineral layer into the silage. The calcium carbonate,
which was carried with the rainwater, probably reacted with the acids of the silage
to produce carbon dioxide. This escaping gas in turn probably caused the hole-marked
surface.

The silage in this bunker was fed to dairy cows in January and February 1974.
The dairyman noted that on the control end of the bunker, which had no surface cover-
ing or sealer of any type, there were 10 to 12 inches of spoiled material. But only
3 to 5 inches of spoiled silage had developed under the mineral mixture covering. So
a significant reduction in silage spoilage resulted from the covering.

The other purpose of the mineral mixture sealer was to serve as a mineral supple-
ment. This was not totally realized. The corncobs had become soaked with moisture
and froze during the winter weather. As the silage was removed from the bunker, the
surface sealer broke into large frozen lumps and the dairy cows were able to consume
only a small amount. The farmer noted that if he had fed the silage in nonfreezing
weather, the mineral mixture would probably have been distributed quite satisfactorily
in the corn silage and totally consumed by the cows.

After 2 years of trials with various types of horizontal silo covers, these
summary comments can be made:

1. Molasses as a sealer can be quite satisfactory if applied immediately after
completing the silo. Spoiled material will be minimal and can be fed.

2. The use of organic acids will prevent spoilage if the silage is kept cover-
ed. This means using a plastic covering, and so adding an acid is not an
alternative to using plastic.

3. Mineral supplements as covers require careful management. No satisfactory
method has been found yet where the mineral covering will prevent silage
spoilage in all climatic conditions and still be useable as a feed supple-
ment.
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WILTED GRASS SILAGE ADDITIVES

D. E. Pritchard and H. R. Conrad
Department of Dairy Science

Dairymen have been encouraged to grow corn for silage and alfalfa for hay or
wilted silage for many years. With these two crops, a dairyman would be producing
most of the energy and protein needs of his cattle.

During the past few years, however, many dairymen have seen their alfalfa stands
disappear because of insect damage and weather conditions. Alfalfa fields have been
replaced on many farms with stands of one or more types of grasses. In this process,
a legume was replaced by grasses which contained about 50°o less protein. This meant
more protein had to be purchased.

To increase the protein equivalency of corn silage, many dairymen are adding
urea or some other form of nonprotein nitrogen at the time of ensiling. With the
readily available source of fermentable carbohydrates in the silage, the added NPN is
chemically bound and effectively used by ruminants to synthesize protein. A study
was conducted to determine if the wilted grass silage which many dairymen are now
making could also have a supplemental source of protein equivalency (urea) added to
it at the time of ensiling to increase its feeding value.

On June 17, 1973, orchardgrass which had been wilted for about 30 hours was
finely chopped. The chopped material was too dry to make good silage and so water
was added. The resulting material averaged 44.5% dry matter, which is about as dry
as a farmer should let his meadow crop get before chopping and still expect good
quality silage to develop. The chopped material had the treatments shown in Table 1
added to it, and the treated silage was sealed in 55-gallon drums.

The molasses and dry ground ear corn were used as additives to learn if they
would be satisfactory sources of fermentable carbohydrates. A certain level of fer-
mentable carbohydrates is needed in silage for the silage to undergo a fermentation.
Since grasses are low in carbohydrates, an added source was supplied.

The drums of silage remained sealed until Sept. 19, 1973. When opened, they
were examined for mold development, smell, and appearance. A sample of each was
taken for dry matter, organic acid, and crude protein content analyses.

TABLE 1.--Treatments Added toWi1 ted Orchardgrass Silage.

Number Treatment

1 Control - No additives
2 0.5% urea, equivalent to 10 Ib. per ton green silage
3 4% dry molasses, equivalent to 80 Ib. per ton green

silage
4 0.5% urea plus 4% dry molasses
5 10% dry ground shelled corn, equivalent to 200 Ib. per

ton green silage
6 0.5% urea plus 10% dry ground shelled corn
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TABLE 2.--Dry Matter, Organic Acids* and Crude Protein Contents of Treated,
Wilted Orchardgrass Silage.

Treatment
Dry Matter
(Percent)

Organic Acids
(Percent)

Crude Protein
(Percent)

Butyric Acetic Lactic

Control
Urea
Molasses
Urea and Molasses
Corn
Urea and Corn

44
42
47
43
45
46

0.33
0.30
0.21
0.38
0.27
0.14

0.31
0.67
0.19
0.45
0.37
0.73

0.47
1.07
1.10
0.96
1.23
1.24

10.61
14.35
9.69
14.75
11.03
14.31

All drums had a limited amount of surface mold development. This was caused by
air leaks and incomplete air evacuation from the drums before sealing. Below the
surface mold, the silage for all six treatments appeared to be good quality feed, and
each treatment had a good fermented smell.

The dry matter, organic acids, and crude protein analyses data are shown in
Table 2.

As expected, the added urea increased the crude protein equivalency content by
about 4 percentage points. Urea, molasses, and com all enhanced lactic acid produc-
tion in the experimental silages. This indicates that a good fermentation occurred
in all silages. These results suggest that any or all of these materials might be
used as additives to grass silages low in protein.
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COATINGS FOR SILOS CONTINUE TO BE EFFECTIVE BARRIERS TO PCB'S

L. B. Wlllett
Department of Dairy Science

Between 1941 and 1970, many silos in Ohio and neighboring states were treated
with a coating material called Cumar.1 This coating contained the polychlorinated
biphenyls (PCB's) called Aroclor 1254 (Monsanto). The PCB's from this silo coating
are dissolved by the silage juices and PCB residues migrate into the silage,

When the contaminated silage is fed to cows, the PCB residues accumulate in the
body fat and are excreted in the milk* The Food and Drug Administration has estab-
lished a temporary tolerance for PCBfs of 0.1 parts per million (p.p.m.) for whole
milk. If this tolerance is exceeded, the milk can no longer be marketed.

In 1971, a research program was initiated to develop methods of decontaminating
silos which had previously been treated with Cumar and were therefore contaminated
with PCB's. The results of the preliminary laboratory studies to determine if various
coating materials would form barriers to PCB residues were reported in 1972 (Research
Summary 59). The coatings which provided the most effective barriers to the residues
were then applied to dairy farm silos known to be contaminated with PCB's.

The preliminary results of these trials, which were reported in 1973 (Research
Summary 69), were very encouraging. The barrier coatings effectively reduced the
residues appearing in the silage. However, these results did not indicate whether
these barrier coatings would continue to be effective when the silo was used con-
tinually.

Study of the effectiveness of the coatings has continued in those silos previ-
ously treated with barrier coatings; additional silos have also been coated. Table 1
summarizes the average concentrations of PCBfs in silo wall scrapings and silages
collected before and after treatment with a barrier coating. All of the silage
samples were collected adjacent to the silo walls at approximately 2-week intervals.

Silos 1 and 4 were both cleaned by wire brushing the wall surfaces and then were
recoated with hydraulic cement with an acrylic bonder.2 Silo 1 has been filled alter-
nately with grass and corn silages a total of four times. Silo 4 has been filled once
with grass silage since recoating.

Silo 2 was cleaned with high pressure water (500 p.s.i.) and then recoated with
water-carried epoxy,^ The top 13 feet of this silo remained uncoated. This silo was
filled three times with corn silage.

Silo 3 was also cleaned with high pressure water and then was recoated with a
furfuryl resin coating.4 This silo was filled half full with grass silage. When the
grass silage was emptied, it was filled with corn silage.

*The silo coating called Cumar which contains PCBrs should not be confused with
Neville R-16-A resin which has the same name.

2Thoroseal and Acryl 60 -- Standard Dry Wall, Inc., Miami, Fla.
3009 Epoxy ~ Action! Plastic, Inc., Charlotte, Mich.

^Silenzcrete -- Universal Cooperatives, Alliance, Ohio.
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All of the barrier coatings have provided an effective reduction in the concen-
tration of PCB's in the silages and have maintained their effectiveness with continued
use. All of the coatings have remained bonded to the silo walls without evidence of
failure.

The hydraulic cement coating was the most effective of the three materials evalu-
ated on dairy farm silos. The average concentrations of PCB residues in silages from
the hydraulic cement-coated silos were about five to six times lower than from the
silos protected with epoxy or furfuryl coatings. However, all three coatings reduced
the PCB's in silage sufficiently to keep contamination of milk below the actionable
level.

It has been determined that dairy cows deposit between 11 and 22% of the PCB's
they consume into the milk. Therefore, under most dairy feeding systems, the con-
centration in silage adjacent to the silo walls would need to exceed 5 p.p.m. (dry
matter basis) before the temporary tolerance would be approached. The effectiveness
of the barrier coatings is further verified as the PCB concentrations in milk pro-
duced on the farms with these silos have all declined below the tolerance level.

The performance of the barrier coatings in these silos will continue to be moni-
tored. The performance of new barrier coatings on silos with the Cuinar coating intact
also will be evaluated in the future.
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SHOULD YOU VACCINATE?

James E. Jones
Department of Veterinary Science

The word vaccinate in Jennerfs day meant to inoculate a human with cowpox virus
in order to prevent smallpox. Obviously, the term has changed in meaning through
time and now denotes inoculation of humans or animals with a specific virus, bacterium,
vaccine, or bacterin to prevent a specific infectious disease. In other words, the
intent is to immunize the animal.

Inoculation is the introduction of live (virulent or attenuated by many different
methods) or killed microorganisms (bacteria or virus), infective material, or other
substances into or onto tissues of healthy animals. These substances may produce a
mild form of the disease, followed in most cases by an increased ability to resist
or overcome infection by that specific disease organism. This ability is often called
immunity. The introduction of the material into the body can be accomplished many
ways. These include denuding or scarification of the skin (as with smallpox vaccina-
tion), subcutaneous or intramuscular injection by using a needle (as with tetanus shots^
introducing into the mouth or in water or feed (as with oral polio immunization), and
inhalation into the respiratory tract (chickens).

Each antigen has an advantageous route for its administration. An antigen is the
substance (vaccine, bacterin, or the like) which when introduced into an animalfs
body causes production of antibodies by the animal!s defense mechanism. Protective
antibodies assist the other defense mechanisms of the body to exert a destructive or
controlling action on bacteria and other infectious or harmful agents.

Successful vaccination depends on many factors, not the least of which is the
reaction of a healthy animal to this stimulus. An adequate plane of nutrition, as
well as freedom from severe parasitism, other disease processes, and stress, is
necessary for optimal response to vaccination procedures. Age at time of vaccina-
tion is of consequence because of possible interference with the vaccine by anti-
bodies acquired from the dam and because of some limitations of the newborn or very
young to respond satisfactorily to certain antigens. These vary with different
animal species and different diseases.

The decisions concerning vaccination should be based upon: 1) the probable ex-
posure of the animals to a particular disease, 2) the severity or significance of
the disease in that type and age animal, and 3) effectiveness of the particular
vaccine. Proper diagnosis and differential diagnosis as well as thorough knowledge
of pathogenesis of the disease are necessary to determine if a vaccine would be of
probable value and to choose the proper vaccine for best results.

A licensed veterinarian with a personal knowledge of the owner, herd, overall
program, and geographic location of the farm should be the designator of proper vac-
cination procedures.

In order to maintain safety and efficacy of vaccines, all storage, handling,
dosing, and precautionary advice stipulated by the manufacturer must be followed.
Some vaccines are scientifically produced to be a mixture of two or more vaccines.
However, mixing of other vaccines should not be done except when competent profes-
sional advice can be obtained for the particular products involved. Likewise,
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vaccination with more than one vaccine at the same time, even though at different
injection sites, should be done only following competent professional advice.

The commercially available vaccines currently in use are made under the regula-
tory control of the Biologies Division of the U. S. Dept. of Agriculture. The prin-
cipal goals of this control are attempts to assure safety (freedom from harmful
effects), efficacy (effectiveness of immunization), and potency (strength) of each
lot of vaccine sold. These efforts help to assure that useful vaccines are available.

The value of these vaccines can still be lost if:

1. Wrong diagnosis is made and vaccine is administered to prevent a disease
different than the one actually responsible for the losses.

2. Given to animals in incubative or active stage of another disease or pos-
sibly the disease in question.

3. Given to debilitated, severely stressed, or heavily parasitized animals.

4. Given to animals being treated with or fed drugs (in water) which may inter-
fere with the vaccine.

5. Vaccines are improperly handled before administration and potency is lost,

6. Vaccine is administered improperly or comes in contact with the wrong dis-
infectant.

Vaccines can be misused to the extent that they increase losses if:

1. Administered to animals sick with another disease.

2. Administered to debilitated or severely stressed animals.

3. Administered to animals at wrong age (could be illegal as with Brucella
strain 19).

4. Certain vaccines may cause problems in pregnant animals,

5. Contraindicated—handling may be too stressing or other negative factors.

6. Illegal vaccines are used.

The benefits derived by use of many vaccines outweigh the hazards when they are
used strictly according to specified directions.

Table 1 lists diseases and appropriate vaccines which should be considered in
selecting necessary prophylactic disease prevention. They should be considered in
preventive medicine programs for cattle herds in Ohio.



TABLE 1.--Appropriate Vaccines Which Should Be Considered in Preventive Medi-
cine Programs for Cattle in Ohio.

Disease Vaccine

Brucellosis

Leptospirosis

Infectious Bovine Rhinotracheitis (IBR)

Bovine Viral Diarrhea

Parainfluenza III (PI 3)

Infectious Scours of Calves

Blackleg, Malignant Edema

Enterotoxemia

Mastitis

Vibrionic Abortion

Anaplasmosis

Pinkeye

Anthrax

Bruce! la abortus strain 19 vaccine between
90 and 180 days of age once in lifetime

Leptospira pomona vaccine
Leptospira hard jo vaccine
Leptospira grippotyphosa vaccine
Leptospira cam* col a vaccine
Leptospira icterohemorrhagiae vaccine

IBR vaccine
a) injected
b) intranasal

BVD vaccine

PI 3 vaccine

Reovirus vaccine

Vaccine

BCD toxins
specific and combined toxoids

Staph toxoid

Vibrio fetus vaccine

Vaccine

Vaccine
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IS YOUR BULK TANK CALIBRATION ACCURATE?

W. L. Slatter
Department of Food Science and Nutrition

When milk changes ownership, an accurate measurement of the amount involved is
critical. With the present bulk milk system of collecting milk, this is done by
measuring volume and converting it to weight. Milk tanks are gaged and tested to
deliver precise amounts of milk. The responsibility for an accurately calibrated
bulk milk tank, conditions which permit accurate milk measurement, and an accurate
weight conversion chart rests with the producer.

The Bulk MilkTank

A bulk milk tank must be structurally stable* accurately calibrated to deliver
the amount of milk measured, and installed and maintained in the calibration plane
or level with an accurate and reliable device to verify the maintenance of the cali-
bration plane.

Since 3A Standards became effective (1953), structural distortion of milk tanks
does not appear to be a problem. On the other hand, failure to maintain the bulk
tank in the calibration plane has been the most frequent violation where problems in
accounting for milk weight exist. It is entirely possible for a tank to be out of the
calibration plane without it showing on the level indicating device. Moving a tank
from farm to farm, uneven floors, and shims not sealed in place are factors which can
distort calibration and cause milk measurement problems.

Milk Measurement

Measurement of milk volume and the subsequent conversion to weight are critical
steps for the fair and equitable payment of milk.

Each bulk milk tank has its own milk gage or measuring stick and these usually
are identified by a common serial number.

Conditions on the farm which interfere with the accurate measurement of milk are;

1. Foam °.n the milk surface: Foam in the milk measurement area results in an
inaccurate reading. The presence of foam indicates air leaks in the milking system
or excessive agitation of the milk.

2.Churned miIk: Clumps of fat floating on the surface of the milk frequently
distort the milk line on the measuring gage. Churned milk usually is caused by exces-
sive agitation and slow cooling of the milk.

5. Frozen milk: Frozen milk appears as flakes floating on the surface of the
milk or as layers of ice on the bottom of the tank. The freezing of milk can be
avoided by turning on the refrigeration when the milk level reaches the level of the
agitator blades and setting the tank thermostat so the milk is cooled to 38-40° F.

4. Measuring gage: The measuring gage must be clean or inaccurate measure-
ments result.

If measurement accuracy is to be maintained, milk volume must be measured exact-
ly the same as when the milk tank was calibrated. This indicates the following:
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1. The milk must be absolutely motionless when measured. Milk movement is the
most common cause of inaccurate readings. Ten minutes or more may be required for
milk to settle or become motionless following agitation. Even a slight movement of
milk will give an inaccurate reading.

2. The milk gage should be at room temperature when inserting it into the milk
for measurement. This is to ensure a ffdry gage11, A measuring gage taken from cold
milk and wiped dry with a sanitary towel easily becomes a Hwet gagetf from moisture
condensing from the air. The result is an inaccurate reading. The measuring gage
should be stored in the tank between readings. At the time of measurement, the gage
should be removed from the milk, rinsed with cold water, warmed to slightly above
room temperature with warm water, and wiped dry with a sanitary towel. The gage
should not be hot, but it should be warm enough so that it will remain dry following
wiping and before it is inserted into the milk, even in cold weather.

To get a straight reading line, the gage should be lowered straight down into
the milk until it reaches a point approximately 1/4 inch from its base. The gage
should be held in this position a few seconds, then eased down slowly until It seats
itself naturally in its base. The gage should then be removed and read at once. If
the gage makes hard contact with its base, the reading line tends to be curved.

The gage should be read at eye level in a well-lighted area. The volume is de-
termined where the milk line crosses the gage. When the milk line is close to but
not exactly on a gage line, the milk line should be read as if it were on the nearest
gage line. When the milk line is exactly halfway between two lines, the correct read-
ing is the nearest even number. This is the approach used in calibrating bulk tanks.
It is essential that the milk level be read in the same manner; otherwise, inaccurate
measurements result.

Weight Conversion Chart

A gage reading to weight conversion chart is supplied with each farm bulk milk
tank. Although not a part of the bulk tank construction, the gage reading to weight
conversion chart is an important component of the farm bulk milk system. Each tank
has its own chart and this chart is only accurate for the tank for which it was devel-
oped. When a tank is moved, the original chart is only accurate if the tank can be
stabilized in its original plane of calibration.

Agreement Beteen HaulerWeights and Plant Weights

Milk weights determined on the basis of the hauler's records and the weight
determined for the total load of milk at the plant should check within ± 0.25% of the
total weight of the milk. Consistent disagreements in weights beyond the limit indi-
cate errors in milk measurement, faulty milk tank calibration, errors in the weight
conversion chart, or inaccurate milk weight determination at the destination point.

IndustryMelght Checklng Problem

Industry usually has a milk weight checking program based on individual routes
or individual tank truck loads of milk. When milk weight discrepancies are consis-
tently beyond the accepted tolerance, the usual procedure is: 1) determine that the
plant or route terminal facilities for determining weights are accurate, 2) the field-
man then rides with the milk hauler to observe his procedures and determine if con-
ditions exist which contribute to inaccurate weight determinations, 3) if the plant
weights are accurate and the performance of the milk hauler is satisfactory, the milk
tank calibration and weight charts must be checked at each farm on the route.
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TABLE 1.--Insecticides Recommended for Control of Incects on Second, Third, and Fourth Cutt ing A l fa l fa

Insecticide

Carbaryl (Sevin)"^

Methoxychlor

Malathion"1"

Malathiont +
Methoxychlor

Formulation

80 S

2 Ib./gal. EC

57, EC

4 Ib./gal. EC

Rate of Rate Actual Day Limitation Potato Pea Grass-
Formulation Insecticide Before Harvest Leafhopper Aphid hopper

per Acre per Acre or Grazing Control Control Control

V4 Ib.

1 qt.

I1, pt.

3 pt.

1 Ib. 0

'2 Ib. 7

3/4 Ib. 0

3/4 + 3/4 Ib. 7

Good Poor Good

Good Poor Good

Fair Good Good

Good Good Good

Do not use after the 1974 season.
"h"hese compounds are classified as hazardous to honey bees. Do not apply later in the morning than 2k

hours after sunrise or earlier in the evening than 2 hours before sunset for bee protection.

Check new seedlings, second, third, and fourth cuttings by sweeping five to ten
times. Take a stride or two between sweeps and check enough areas of the field to
be representative. Finally, turn the net bag inside out to make a quick estimate of
the number of potato leafhoppers present.

Sprays should be applied3 to established stands when plants are 6 to 12 inches
tall and one adult leafhopper per net sweep is collected. Treat new seedlings when
one leafhopper adult per sweep is collected, regardless of plant height. Use IS to
20 gallons of water per acre (Table 1).

If moderate yellowing to tips occurs 2 weeks before recommended harvest date,
fields should be sprayed. If plants are severely yellowed and time of harvest is
less than 2 weeks away, the alfalfa should be cut rather than sprayed. Alfalfa
severely damaged by the potato leafhopper will not grow until it is cut and delays
in cutting further deplete root reserves.

3Always follow all label instructions exactly as stated.



COMPONENTS OF ANIMAL FORM AS IT RELATES TO
PRODUCTION AND HERD SURVIVAL: A PROGRESS REPORT

W. R. Taylor, F. R. Allaire, G. E. Conley, and H. E. Kaeser
Department of Dairy Science

Dairymen and those associated with the dairy industry have long argued the rela-
tive emphasis that type and production traits should receive in a herd selection
program.

Milk production for most farmers is of major economic importance and therefore
should receive the greatest stress in selection. No dairy farmer, whether he operates
as a breeder or for production of milk alone, can ignore or neglect the functional
concept of dairy cattle conformation.

Some estimates are available of the heritability of most of the scorecard traits
and of the genetic relationships between these traits and between type and production,
But the economic importance of type traits in a selection program for total produc-
tivity is not known*

Past research has shown that it is not possible to predict the reason for re-
moval, the lifetime performance, or the length of herd life of individual cows very
accurately based on information collected during the first lactation. Less than a
5% reduction in error can be achieved using first-lactation milk yield and numerous
type traits (49 in number) relative to having no information at all when predicting
causes for removal. (Van Vleck and Norman. 1972. J. Dairy Sci., 55: 1698.) About
an 8% reduction in error can be achieved using first lactation and numerous type
traits (69 in number) relative to having no information at all when predicting actual
lifetime production. First lactation yield alone reduced error by 6%« (Norman and
Van Vleck. 1972. J. Dairy Sci., 55: 1726.) A 3-5% reduction in error can be achieved
using first lactation milk yield alone relative to having no information at all when
predicting actual length of herd life. (White and Nichols. 1965. J, Dairy Sci.,
43: 468.)

However, evidence within the last 5 years suggests type traits on a prcgeny
group basis may be useful in predicting survival of progeny. Results from one Cornell
report on 81 progeny groups obtained a 30-45% reduction in error using first lactation
information on yield and numerous type traits (32 to 69 in number) relative to having
no information at all when predicting progeny group survival. A 28% reduction in
error was achieved by progeny group yield alone, while a 69% reduction was achieved
wth 32 management, body, and udder traits ignoring milk yield. (Van Vleck, et.al.
1969 J. Dairy Sci., 52: 1823.)

These results suggest a very different picture toward the possibilities of pre-
dicting individual cow survival vs. progeny group survival. Combining type and pro-
duction traits to predict progeny group survival is encouraging. But critical research
information on the value of various type characteristics in influencing productivity,
labor efficiency, longevity, wearability, etc. is sorely lacking. The objective of
this project is to answer some of these pasic questions.

Project Design

The following guidelines are used in the project:

1. Some Ohio dairymen have become a part of a cooperative project.
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2. The goal is a minimum of 50 daughters of each selected sire described along with
their herdmates.

3. The goal is to describe cows milking in their first lactation between 50 and 150
days in milk.

4. Cows remaining in herds will be redescribed in their second and fourth lactation.
Their herdmates are similarly described.

5. Disposal reasons for all cows removed are recorded as soon after the cow leaves
the herd as possible.

6. Gerald Conley and Harold Kaeser are the describers and periodically work together
in one herd in order to obtain the most uniformity of description possible.

7. The describers preferably do not request sire identity prior to description.

8. All cows in the project must be on official DHI test and be sire identified.

Traits Described

A total of 64 traits are described on each cow. Observations are made in four
general categories: 1) skeletal, 2) muscular, 3) physiological, and 4) psychological.

Skeletal traits include height, length of body, depth of rib, depth of heel,
and length and width of hips and pins.

Muscular traits described include thickness of withers, udder attachments, udder
depth, thickness of thigh, and strength of pasterns.

Physiological traits observed include milkout, milk letdown, edema, and disposi-
tion and condition of udder.

Psychological aspects are disposition and herd adaptability.

Results to Date

More than 5,000 Holstein cows in more than 220 herds have been described for 64
traits. Preliminary analysis indicates that sire differences exist for many traits
under investigation. The importance of such differences and their contribution to
lifetime productivity will become more evident as data are accumulated and evaluated.

Summary

A long-term project to study the relationship between physical traits, production,
longevity, and total productivity is being conducted as a cooperative project by NOBA,
Inc., Ohio herd owners, and OSU and OARDC Department of Dairy Science. More than 5,000
cows in 220 herds have been described for 64 different traits. Project cows must be
on official test and be identified by sire.

Cows are evaluated in their first, second, and fourth lactations. Disposal
reasons are recorded for cowj leaving herds.

The project is possible only because of the excellent cooperation of Ohio dairy-
men making their cows available for study. Their willingness to take time to assist
strengthens the project and is gratefully acknowledged.
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BREEDING AND MANAGEMENT FACTORS IN OPTIMIZING
A PROFIT FUNCTION IN DAIRY CATTLE

F. R. Allaire and G. S. Gill
Department of Dairy Science

This article reports results of a research study designed to discover what breed-
ing and cow management practices lead to increased profitability of Holstein dairy
cows.

Breeding research too often is conducted by investigating the interrelationships
of two or relatively few important traits in dairy cattle without examining the most
important economic measure of a cow's merit—her profitability. A simplified expres-
sion for profit was defined on 933 Holstein cows maintained in herds of Ohio correc-
tional institutions. Estimated profit (income minus expenses) for each cow was
determined using production* reproduction, and growth traits from birth to last calv-
ing.

Income in dollars was calculated as:

(Total Milk in Lb.) x (.07 + .0008 x Fat Differential) + (75 x No. Calvings +
390)

A fixed salvage value of $390 was credited to each cow at disposal.

Expenses were approximated as,

.045 / Net Energy \ + 15 /No. of v + /Rearing Cost Depending \ +
/ Requirements\ [Services} Ion Age at First Calving)
[for Lactation,] \ by A.I./ x

V Pregnancy, /
x Growth /

{.6945 + .00022 x (Rearing Cost)} x (Herd Life)

Many costs were considered fixed and were represented on a cow/day basis. These
expenses would cover costs for insurance and interest on cows and buildings, veteri-
nary cost, electricity and other supply charges.

Under the prices considered, profit reflected the total interactive effects of
size, reproductive efficiency, production level, and length of herd life.

Milk yield per day accounts for about 60 to 75% of the variation in profit per
day. This means the main objective of the dairy enterprise should be to increase
milk yield per day. Other identifiable factors affecting profitability were age at
first calving (4%), days open (7%), and days dry (7%).

This study showed more opportunity to increase profitability is available by in-
creasing milk per day than by increasing herd life.

The optimum number of days open for obtaining the highest profit per day of life,
herd life, and production traits was 124 to 130 days. The economic consequences of
having cows with more days open was less detrimental than fewer days open.
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Number of days open was the most effective factor predicting length of herd life.
Number of days was more effective than age at first calving, milk in first lactation,
or days dry. Therefore, greatest opportunity for lengthening herd life exists by
effecting improvements in reproductive efficiency.

Days open and days dry each accounted for 7% of the variation in profit per day
of herd life. The optimum number of days dry was 42 for profit per day, and 70 days
for lifetime milk production.

The earlier a cow starts her first lactation, the more profit per day of life
can be expected. Cows calving at less than 26 months of age had 38% more profit per
day of life than cows calving at 26 to 30 months of age. Length of herd life declined
with advancing age at first calving. These associations suggest that lower reproduc-
tive efficiency evident by later age at first calving tends to persist throughout a
cow's life, resulting in shorter herd life. Late calvers had higher production per
day in first lactation, but high production coupled with shorter herd life did not
overcome advantages of early age at first calving.

Weight at first calving had only one-fourth the influence of age at first calv-
ing on profit per day of herd life and was not important in accounting for variation
in lifetime production or profit.

High first lactation production per day clearly leads to longer herd life for
all but the extremely high producers. Indications were that cows producing in excess
of 47 Ib. of milk per day in a 330-day lactation had 60 fewer days of herd life than
cows producing 41 - 47 Ib. per day. The most important traits—life profit, lifetime
production, and profit per day for life--all showed a continual increase with increas-
ing first lactation milk production per day. The highest producers are the most
profitable animals.

An important result was the discovery that profitability (i.e., profit per day
of herd life) is more heritable than milk per day of first lactation (49% for profit
per day of life vs, 27% for milk per day of first lactation). This means greater
herd improvement by cow culling or bull selection can be accomplished by developing
measures of profit, including such characteristics as breeding efficiency, weight-
nutrient relationships, and production as compared to production information alone.

Based on this study, an floptimumn cow for maximizing profit per day of herd life
calves at 22.5 months of age and produces 18,000 Ib. of 4% milk in 358 days. Such a
cow required 124 days open and 42 days dry, resulting in a calving interval of 400
days.
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BALANCING COWS1 MINERAL NEEDS

W. L. Crist, H. R. Conrad, and D, E. Pritchard
Department of Dairy Science

Proper levels of minerals are important in dairy rations. However, under prac-
tical situations, most trace minerals (with the exception of iodine) are supplied in
adequate amounts in roughages and grains. Supplementation is not needed.

Calcium and phosphorus are the two major minerals which are frequently found in
inadequate amounts. It is not only important that enough of each is fed in the ration,
but they must also be in the correct ratio to each other.

To determine if Ohio dairy rations contained the proper amounts of calcium and
phosphorus, information from the Ohio Livestock Ration Evaluation program was used.
This program determines the amount of each nutrient being consumed by the dairy cows
based on the pounds of each feed being fed and the analysis of each feed. The recom-
mended amount of each nutrient is also given. By subtracting the amount recommended
from the amount provided, a difference value is obtained, showing how much more or
less of each nutrient is being provided than is needed in the ration (based on all
feed consumed in a 24-hour period).

The difference values for calcium, phosphorus, and magnesium were obtained from
all ration evaluations from July 1973 through April 30, 1974. These were from 717
herds requesting information on milking cows and 435 herds with dry cows. Milk pro-
duction nearest 45 Ib. per day was used. These data are presented in Table 1.

Table 1 indicates that on the average Ohio cows milking approximately 45 Ib. per
day received 44.1 grains less calcium per cow per day than needed. This ranged from
a deficiency of 136.2 grams in one herd to an excess of 273.3 grams in another herd.
The standard deviation was 40.9 grams. Therefore, 68.26% of the herds were between
-85.0 grams and -3.2 grams of calcium per cow per day.

To correct the calcium deficiency in the average herd for cows milking 45 Ib.,
0.28 Ib. of feeding grade limestone would need to be fed per cow per day. Or if

TABLE 1.—Difference Between Minerals Fed and Minerals Needed in Ohio Dairy
Herds in 1973-74.*

Cows in Milk

Average (g.)

Range (g.)

Average 45 Lb. per Day

Calcium Phosphorus Magnesium

- 44.1 + 17.3 + 5.3

-136.2 to - 56.8 to - 36.3 to
+273.3 +124.2 +102.7

Dry Cows

Calcium Phosphorus

+ 12.4 + 20.4

- 48.5 to - 20.9 to
+109.0 +109.0

Magnesium

+ 7.3

- 17.8 to
+109.0

Standard
Deviation (g.) 40.9 28.5 13.9

*From the Ohio Livestock Ration Evaluation Program.
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these cows were receiving 20 Ib. of grain mix per day, an additional 28 Ib. of feed-
ing grade limestone per ton of mix would be needed to correct the calcium deficiency.

Perhaps one of the reasons for this calcium deficiency in dairy rations was the
loss of nearly all alfalfa during the winter of 1972. Alfalfa is higher in calcium
than grasses. So the increased proportion of grasses in hay and hay silages reduced
the amount of calcium in dairy rations. Often this change in forage was not consid-
ered when formulating rations.

Table 1 also shows that on the average an excess of 17.3 grams of phosphorus was
provided each cow per day, with some herds being extremely high in phosphorus. With
phosphorus expensive and very difficult to obtain, considerable expense and effort
could be saved by lowering the phosphorus level in many herds. To decrease the phos-
phorus intake 17.3 grams, 0.38 Ib. less of a 10% phosphorus mineral would need to
be fed per cow per day. This would be 38 Ib. less of this mineral per ton of grain
MX if 20 Ib. per day were consumed.

Magnesium differences in Table 1 varied considerably, with the average being
+5.3, This points out the importance of analyzing feeds for magnesium UK determine
if supplementation is needed.

Difference values for all minerals on dry cow rations were positive. As indi-
cated in Table 1, there was considerable variation in difference values for all
minerals.

Problems Created by Improper Mineral Balance

The most common problem associated with low calcium intake during lactation and
calcium-phosphorus imbalance is milk fever. Hypocalcemia also occurs sometimes in
advanced lactation. Available data indicate that compared to normal cows, milk fever-
prone cows must for some reason depend less on stored reserves of calcium and to a
greater extent on intestional calcium absorption to help maintain normal calcium
following parturition and at beginning of lactation. Further stress may be placed
on the animals if calcium stores are low because the diet was low in calcium during
the previous lactation. Moreover, too much calcium or phosphorus also depresses the
availability of calcium and the amount of calcium stored in the bones by decreasing
the digestibility. Thus, it is extremely important to know how much calcium and
phosphorus is being consumed in herds with a high incidence of milk fever. Milk fever
is accompanied by a severe decrease in both plasma calcium and phosphorus and a rise
in magnesium. On the other hand, in herds where hypocalcemia in late lactation was

TABLE 2.—Minerals in Plasma and Feed of Problem Herds with Downer Cows.

In Feed*

Herd 1

Herd 2

Herd 3

No. of
Downers

5

0

0

Ca P
(Percent)

0.77

0.88

0.77

0.58

0.45

0.38

Mg

0.17

0.22

0.20

In Plasma
Ca P Mg
(Milligrams, Percent)

8.62

10.27

10.00

7.38

6.44

4.83

2.44

2.64

2.26

*Estimated from Ohio Livestock Ration Evaluation Reports.
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a problem, it was found that plasma calcium was low but plasma phosphorus was elevated
with normal magnesium levels.

Table 2 shows plasma mineral values obtained in a field study where extremely
high phosphorus levels were accompanied by slightly lower calcium levels and normal
magnesium. In these cows, hypocalcemia (downer condition without coma) was seen in
advanced lactation in five cows from a herd of approximately 120.

in Rations,

The best way to balance a dairy ration is to send a sample of each feed being
fed along with consumption information to a laboratory, such as the Ohio Livestock
Ration Evaluation Laboratory at the OARDC. Feeds are analyzed for calcium, phospho-
rus, magnesium, potassium, and five trace minerals. Feed consumption information
and the feed analysis are used to determine the excess or deficiency in each major
mineral. With this information, it is relatively easy to correct the mineral content
of the ration.

Another way to balance the minerals in a dairy ration is by using table values
for the calcium and phosphorus content of feeds and for the nutrient requirements of
cattle. These can be found, along with an explanation of their use, in Extension
Bulletin 72, Feeding Dairy Cattle.

However, calcium and phosphorus as well as other mineral levels in feed vary
widely among feeds, cuttings, years, and soils , Table 3 shows the amount of varia-
bility and therefore why it is better to have feed analyzed instead of using averages
or "table values1* for balancing dairy rations.

TABLE 3.—Analysis of Feeds from Ohio Livestock Ration Evaluation Program,
Oct. 15, 1972, to April 25, 1973.

Percent on Dry Matter Basis

Feed

Corn Silage

1st Cutting
Legume Hay

No. of
Samples

308

18

Calcium
Average

0.29

1.21

High

0.85

1.82

Low

0.10

0.85

Phosphorus
Average

0.33

0.34

High

0.73

0.46

Low

0.12

0.25

1st Cutting
Legume-Grass Hay 94 0.83 1.78 0.17 0.32 0.54 0.20
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INTERGROUP TRANSFER: EFFECTS ON MILK PRODUCTION AND BEHAVIOR

W. J. Brake! and R. A. Leis
Department of Dairy Science

Dividing larger dairy herds into two or more groups offers the advantage of
feeding concentrates more nearly in accord with the cows' requirements and permits
individual cows to be observed more closely* A question related to the segregation
of cows into smaller units is the possibility of disrupting the social order and the
concomitant decrease in milk production when cows are transferred to another group
in the later part of their lactation,

The establishment of a bunt (or dominance) order within a closed group of dairy
cows is a well-documented phenomenon (3). When cows are added to a socially stable
group, the entire group is disrupted until the additional cows have found their place
in the order. Schein and Fohrman (5) found that approximately 1 week was required
for the bunt order to stabilize after additional cows were introduced into a group.
Wells and Parsons (6) and Bath (1) reported that many dairymen believe that moving
cows in the middle or latter part of their lactations to a different group has been
responsible for an abnormally rapid decrease in milk production. To measure the effect
of intergroup transfer on milk yield, a study was conducted for five 28-day periods.

StudyDgsjgn

Two segregated groups, each composed of 24 cows, were housed in a free-stall
barn and allowed free access to the same complete ration. The partition between the
two groups did not prevent the cows from seeing and hearing each other, and limited
physical contact was possible. Group 1 was composed of cows in the earlier stage of
lactation and cows in the later stage of lactation were in group 2* Following a sta-
bilization period on the first day of each of the five 28-day periods, four cows which
had recently calved were added to group 1, four of the lowest producing cows in group
1 were transferred to group 2, and four of the lowest producing cows in group 2 were
removed from the group. An effort was made to maintain a uniform distribution of the
five major dairy breeds in both groups throughout the study.

Daily milk weights were recorded. Observations of agonistic behavior were made
for 1 hour immediately after feeding on days, 1, 2, 7, 14, 21, and 28 of each period.
All acts of aggressive behavior were included: bunting, pushing with some part of
the body other than the head, threatening, and nonforceful behavior--one cow purposely
avoiding another (2). The contests won by each cow determined her rank in the domi-
nance order for the group (4).

Results and Discuss 1on_

The 20 cows transferred to group 2 averaged 184 days in milk (range 93 to 348
days) at the time they were added to the group. Table 1 illustrates the increased
frequency of encounters, or contests between cows, during the early part of the
period when a new dominance hierarchy was being established. On the first day of
the period, the cows transferred to group 2 were involved in twice as many encoun-
ters during the first hour after feeding as the other cows in the group. On day 2,
the average number of encounters per transferred cow decreased from ten to five per
cow during the 1-hour observation period.

The average daily milk production of the cows moved to group 2 decreased 1.5 Ib.
on day 1 compared to their average production on the 3 preceding days when they were
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TABLE 1,--Number of Encounters per Cow During First Hour After Feeding and
Daily Milk Yield.

Day

3-day av.*

1

2

3

4

5

6

7

14

21

28

Cows Transferred
Encounters HiTk

---

10

5

...

...

...

...

4

3

3

3

to Group 2
Hb./DayJ

34.3

32.8

34.1

35.0

33.9

34.8

33.2

33.2

Groujp 2 Cows
Encounters

...

5

4

...

...

...

...

4

3

3

3

Not Transferred
Milk (Lb./Day)

29.3

29.9

29.9

29.7

27.4

29.3

28.4

28.4

*Last 3 days of preceding period.

in group 1. The addition of cows to the group had no effect on the milk production
of the other cows in that group. On day 2 and thereafter, the transfer of cows had
no effect on milk production, although the number of encounters remained slightly
increased throughout the first week of the 28-day period. Rank in social order, or
dominance value, was not found to influence the response in milk production to inter-
group transfer,

Summary

Under the conditions of this investigation, intergroup transfer of cows was
found to temporarily increase the number of contests between cows as a result of
social disorganization. However, the disruption in the dominance order was not found
to have an important effect on milk production.
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DAIRY WASTE MANAGEMENT

R. K. White
Department of Agricultural Engineering

Waste handling is no longer a minor part in the design of a dairy production
unit but must be part of a total systems approach. Because of state and federal regu-
lations, in force and pending, every dairy producer needs to have a well-planned
manure handling system. The manure handling components need as much attention as the
more glamorous features such as the milking parlor and feed handling. In addition,
the manure system must meet the requirements for efficient farming. A systems approach
means that all the components in the dairy operation work on an integrated whole, not
a casual assembly of unrelated components.

In selecting a manure system, a farmer should consider the handling of the manure
and management of the system from the time the manure leaves the animal until it is
ultimately disposed of. It is the author's belief that manure is a !fresource out of
place11 and the design of the handling system should aim at recycling the manure into
the production system. For dairy manure, the most acceptable method is incorporating
it into the soil as a fertilizer and soil conditioner.

The major objectives of a good manure handling system are two-fold:

To meet legal requirements:

1. Sanitation for production of high quality milk

2. Prevent contamination of surface and underground waters

3. Protect public health by controlling flies, insects, and rodents

4. Minimize public nuisance, e.g., odors

To meet requirements for efficient farming:

1. Keep production costs down by selecting the best system in light of capital
and operating costs while using labor efficiently

2. Recover maximum resources, e.g., fertilizer nutrients

3. Manure handling integrated into total production system for labor and equip-
ment availability, access to fields for spreading, proper application rates,
etc.

Because of the broad scope of these two objectives, there is no !fbestn system.
Each farmer needs to evaluate his operation in light of size (number of cows per
amount of manure), acreage, soil type, cropping patterns, climate, topography, geology,
proximity to neighbors (urban areas), and other factors. He should gather literature
on workable systems and visit working operations. Then, in consultation with exten-
sion staff, agricultural engineers, and other professionals, he should make the deci-
sion on what system to select. Before any construction begins, approval (at least
tentative) from local, state, and federal regulatory agencies should be obtained,
particularly federal and state if the dairy operation is large enough to require the
National Pollution Discharge Elimination System (NPDES) permit.
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be used to push manure from a collecting point to a storage pond or structure. Fig-
ure 1 shows the piston pump and typical storage structure. Note that the manure
enters the bottom of the structure and the crust which forms on the top effectively
inhibits fly breeding.

Another important aspect of the manure handling system includes the control of
yard runoff and seepage from the manure stack. Runoff control should be provided

TABLE 2.--Manure Storage Facilities and Associated Handling Equipment.

Manure Storage Facility Handling Equipment

Solids
With
Bedding

Concrete slab (no walls)

Solids
Without
Bedding

Slurry
(Liquid)

Walls on concrete (usually
at least three sides)

Bunker (rectangular bldg)
on concrete

Wall (enclosed) on concrete

Bunker (enclosed) on
concrete

Storage pond
(ramp to clean out)

Holding pit (ramp to
clean out)

Pit (beneath slats)

Pit (adjacent to bldg,)

Lagoon

Tractor-bucket (scraper)
Barn cleaner

-elevator
-movable elevator stacker
-blower stacker

Tractor-bucket (scraper)
Barn cleaner

-elevator
-movable elevator stacker

Barn cleaner, elevator and
horizontal d is t r ibut ing
conveyor

Tractor-bucket

Barn cleaner
-elevator
-movable elevator stacker
-blower stacker

Tractor-bucket

Barn cleaner, elevator
Tractor-bucket

Manure (piston) pump
Tractor-bucket

Tractor-scraper/bucket

Pump (agitate and load)
Tank wagon

Tractor-scraper; pump (agitate
and load); tank wagon

Flush system, pump (agitate
and load); tank wagon or
irrigation system
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whenever a danger of polluting surface or ground water exists. The pollution hazard
can be reduced or eliminated by:

1. Diverting all surface water not falling on yard area and piping roof water
out of yard area

2. Collecting and storing yard runoff, settling out solids

3. Disposing of settled solids and stored runoff on the land--grassed waterway
or irrigation.

Figure 2 illustrates runoff control features of a dairy operation. Each dairy
operation should develop a runoff control scheme suited to its needs. An important
feature of runoff control is the settling basin to collect the solid particles. The
settling basin should have the solids scraped out after each runoff event. If the
yard area is small, a grassed waterway is usually adequate to abate the water pollu-
tion of the runoff if the solids are settled out first.

In many cases, odor nuisance will be the factor limiting the size of an operation
or at least dictating the type of manure handling system. The increased odor nuisance
potential is attributable to two causes: confinement of larger herds and storage of
manure for longer periods of time. There are practical methods for minimizing the
odor nuisance. Allow enough flexibility in the spreading schedule through adequate
storage to select weather conditions which will quickly dissipate the odor. If one
is quite close to neighbors, a method of soil injection or immediate plow cover may
be used. If a liquid manure system is selected because of the desire to automate
the manure handling, an aerobic treatment unit will eliminate offensive odors.

To gain the maximum return from the spreading of manure, both the application
rate and the handling method need to be considered. Of the nutrients available,
nitrogen is the most important. If too large an application rate is used, the leach-
ing of nitrates into the groundwater may cause pollution. Long-term maintenance of
soil fertility is preferable to short-term "disposal11 of manure on small acreages.

The Agronomy Guide of the Ohio Cooperative Extension Service discusses land
application of animal wastes and gives guidelines for determining the application
rate. The controlling factor is nitrogen. The recommended manure application rate
is related to crop needs, prior manure applications, loss of nitrogen from manure
due to type of handling system, and availability of nitrogen in the manure. It is
expected that these guidelines in the Agronomy Guide will become the basis for Ohio
EPA regulations. For example, if a corn yield of 150 bushels/acre is desired, the
amount of available nitrogen needed will be 220 Ib./acre.

Depending upon the type of manure handling system, up to 80% of the nitrogen
may be lost before the manure is applied to the field. The selection of the manure
handling system may in part be based on the amount of nitrogen wanted for fertiliza-
tion.

In summary, manure handling should be an integral part of the total dairy opera-
tion. Each farmer needs to select the handling system based upon factors relating
to his situation.
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