
UNMRSITY OF CALIFORNIA
BEEF RANGE FIELD DAY

APRIL 8, t 983



Cover: Sierra Foothill Range Field Station

James L. Myler
Director, UC Agricultural Field Stations

1955-1982



DEPARTMENT OF ANIMAL SCIENCE
DEPARTMENT OF AGRONOMY AND RANGE SCIENCE

COOPERATIVE EXTENSION
SIERRA FOOTHILL RANGE FIELD STATION

University of California Beef Range Field Day
Browns Valley, California,

April 8, 1983

Text of Material
Presented on Page:

8:30 Registration and Coffee

Contents ..........•....... ~ .••.•.•.•.....•......

Participating Speakers ••••••••••••••••••••••••••

9:00 Welcome ••••••••••••••••••••••••••• Bob Touchberry

1

2

9:30

11: 30

1:30

Microcomputing at Home on
the Range •••••••••••••••••••••••.••••• Ben Norman

Chaparral Management Program
and the Helitorch in Range
Improvement ••••••••••••••••••••••••••• Tag Taglio

Selection, Cow Size,
Efficiency and
Economi cs: A Rev i ew •••••••••••••••••• Tom Famu 1a

Twinning in Beef Cattle •••••••••••• Gary Anderson

Lunch - Yuba-Sutter Cow Belles

Speaker: The Honorable Norman S. Waters,
Assembyman 7th District, Chairman. Assembly
Agriculture Committee, State of California,
Sacramento. California

Energy Expenditure and
Intake in Range Beef
Cattle ••••••••••••••••••••• ~ •••••• Manuel Sanchez

Range Fertilization Studies at
the UC Sierra Foothill Range
Field Station ••••••••••••••••••••• Charlie Raguse

Supplementation of Range Cattle ••••••• Jim Morris

Selenium Pellets for Cattle •••••••••• John Dunbar

County Extension Programs
and Wrap-Up ••••••••••••••••••••••••• Chuck Wilson

3 - 6

7 - 10

11 - 12

13 - 14

15 - 16

17 - 24

25 - 30

31 - 37

3:30 Adjourn



PARTICIPATING SPEAKERS

G. B. (GARY) ANDERSON, Associate Professor, Animal Science Department,
Associate Physiologist in the Experiment Station, University of
California, Davis, California.

W. J. (JIM) CLAWSON, Cooperative Extension Specialist, Agronomy and Range
Science, University of California Cooperative Extension, Davis,
California.

J. R. (JOHN) DUNBAR, Cooperative Extension Specialist, Animal Science,
University of California Cooperative Extension, Davis, California.

T. R. (TOM) FAMULA, Assistant Professor, Animal Science Department,
Assistant Geneticist in the Experiment Station, University of
California. Davis, California.

J. G. (JIM) MORRIS, Professor, Animal Science Department, Nutritionist in
the Experiment Station, University of California, Davis, California.

B. B. (BEN) NORMAN, Extension Veterinarian, University of California
Cooperative Extension. Davis, California.

C. A. (CHARLIE) RAGUSE, Professor, Agronomy and Range Science, Agronomist
in the Experiment Station. University of California, Davis,
California.

M. (MANUEL) SANCHEZ-HERMOSILLO, Graduate Student in Nutrition, Animal
Science Department, University of California, Davis, California.

J. H. (TAG) TAGLIO, State Forest Ranger, California Department of
Forestry, Ukiah, California.

R. W. (BOB) TOUCHBERRY. Sesnon Professor, Chairman of the Department of
Animal Science, Geneticist in the Experiment Station, University of
California, Davis. California.

THE HONORABLE NORMAN S. (NORM) WATERS, Assemblyman 7th District. Chairman,
Assembly Agriculture Committee. State of California, Sacramento,
California.

C. B. (CHUCK) WILSON, California Livestock Farm Advisor. Yuba-Sutter
Counties, University of California Cooperative Extension. Yuba City,
California.

2



MICROCOMPUTING AT HOME ON THE RANGE

Ben Norman

WHY WOUUI A MICROCOMPUTER FINO A HOME ON YOUR RANCH? Some possible
reasons a micro might find a place in your operation are:

1) You have a problem that a micro can solve.

2) You wan t to see i f r ecor ds be i ng kepte1sew her e can bed 0 neat
home:

a) to save paying someone off the ranch;
b) to keep your records private;
c) to cut down turn around time;
d) to customize record keeping needs.

3) You want to explore different ways of managing your operation.

4) Your operation is becoming complex enough that you can't keep it
in your head. pocket notebook or shoebox record system.

5) You want to keep up with Rancher Jones. and they now have a
microcomputer.

6) You have children at home and you want them exposed to
microcomputers and to come become interested in your operation.

All of the above reasons (and some others) have been used to justify
the purchase of a microcomputer for location on a ranch. The main point
is not to kid yourself ••••• KNOW WHY YOU ARE BUYING THE MACHINE. Consider
all of the possible uses it might easily find in your operation. This
will help you determine what kind of equipment you need and what price you
can justify paying. For most ranchers. more than one of the above reasons
will be used to decide whether to add this tool to your present set of
ranching equipment.

PURCHASING YOUR FIRST MICROCOMPUTER. There are a simple set of rules
to use that are not simple to follow:

1) Decide what problem(s) you want to solve with your microcomputer.

2) Design the solution of each of these problems on paper ••••

a) write down an outline on paper of how you would solve the
problem now. by hand;

b) make a rough draft of the input forms you would use to collect
the information (calf weights. feed prices. labor costs.
etc.) ;

c) make a rough draft of the output forms you would like the
microcomputer to print out in report form for you to use;

d) make a "design" report of how each figure in the output is
derived from the figures in the input forms.

3) Find the programs (software) that will solve the problems you
outlined in 1 and 2.

4) Find the microcomputer (hardware) that will run your software.

5) Buy it from someone:
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a) that will be in business for at least a year after purchase;

b) that is as close to your location as possible (preferably
within driving distance);

c) that will fix your software/hardware problems.

6) Place it somewhere that is safe from theft, dust, overheating, and
freezing; where it is in a lighted pleasant place to work.

WHAT MICROCOMPUTERS WON'T DO. If you have a ranching operation that
is in trouble, a microcomputer will not change that unless you change the
way you ranch. If you don't like to keep records, you won't like a
microcomputer since it has a voracious need for data (information). An
important point to consider is if at present you are not record and data
oriented, the use of a computer may not be the answer. The main function
of a micro is to generate this type of information in a time-saving and
organized manner for individial analytical use. If you are easily
discouraged, you may not wish to learn to operate a microcomputer. It can
be confining and a very "picky" master requiring attention to small
details.

WHAT CAN A MICROCOMPUTER DO FOR YOUR OPERATION? Mi crocomputers are
number crunchers and word processors. They analyze numbers, keep files,
do math, write reports, make financial projections, do budgets, keep
accounts, analyze files, provide graphic display of numbers, and play
games (games help people overcome computerphobia).

WHAT ARE THE NECESSARY PARTS OF A BUSINESS MICRO? There are so many
combinations of micros and accessories that you can't spend enough time to
see them all. There are some parts common to almost all of them.

1-
2.
3.
4.
5.
6.

The
The
The
The
The
The

CPU (central processing unit).
CRT (cathod ray tube, video screens).
operating system.
disk drive.
printer.
modem.

The CPU. This unit has the brains and the memory of the
microcomputer. It is either an 8-bit processor (internally switches 8
lines at a time), or a 16-bit processor. Almost all of the business
software today is available in 8-bit under the CP/M operating system.
These processors generally have 64k of memory (1 k = 1,024 bytes). The
16-bit processors will address more memory--generally to 512k bytes (byte
= 1 letter or number). There is much less software available for the
16-bit, and what is available is usually more expensive. Some processor
hybrids are half and half, and connect with the outside world with 8-bit
lines and internally with 16-bits. If you decide on a 16-bit processor,
make sure you understand all the advantages and di sadvantages of them.
There are already 32-bit procesors on the micro market. An 8-bit
processor will provide computing power adequate for most ranching
appl ications.

The CRT (Cathode Ray Tub, Video Screen, Terminal, Keyboard). This is
the part of the computer that i~ used to get information to and from the
CPU. Most keyboards use the standard typewriter format with a separate
10-key number pad. Most have some extra keys such as ESCAPE or ARROW. A
separate keyboard is easier to arrange and more comfortable to use than
one attached to the video screen. The CRT or video screen, generally runs
from 5 inches to 12 inches diagonally. It is black and white, green or
orange. A slow-phosphor yellow screen is generally thought to be easier
to read than the black and white TV-type screen. The screen width can be
a function of the video screen or the CPU. The widths are 16, 32, 40, 52,
64 and 80 characters or columns. The standard business width is 80
characters. The standard line number is 24-25 lines on the screen. Some
screens present only 16 1ines. Some screens are hybrids because they
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display 52 characters on the screen but they actually write 80 characters
wide and are seen with horizontal scrolling.

The Operating System. This is the software that runs the computer.
Most business software is available in CP/M (Control Program/Monitor).
This allows many diferent computers to use the same programs. The more
machines that use a set of software, generally the less expensive the
software. There are several other operating systems in use. Make sure
that your software, your hardware and your operating system are all
compatible. Most systems will run the standard programming languages such
as BASIC, FORTRAN, COBAL, PASCAL, etc.

The Disk Drives. The disk drives store the information you need for
future use. When you turn off the electricity to the CPU you have erased
all information in the CPU memory. The disks provide permanent storage
for programs and data when the microcomputer is turned off. There are
hard disks and floppy disks. The most common and least expensive are
floppy disks, of which there are three kinds. The 8-inch disks store
about 300,000 bytes (characters) of information in single density--about
600,000 bytes in double density. The disk drive may be single sided or
double sided. The double sided, double density 8-inch disk stores about
1.2 million bytes of information. This is about the maximum for 8-inch
disks. The CPU usually manages two of these drives (Le., 2.4 million
bytes), with four sides on line. The next size of floppy disk is the
5-1/4-inch floppy disk. The single sided, single density is about 90k
bytes (90,000 characters) of storage. Double density, double sided equals
360,000 bytes (written ODDS). Normally-; only-four sides are managed by a
CPU. There are quad density 5-1/4-inch disk drives which doubles the
amount of data stored on the ODDS disk. Also, it has been reported that
these drives are more difficult to maintain. The 3-1/2-inch microfloppy
is just now coming onto the market. They store 322,000 bytes per disk. A
standard business configuration would require the storage of at least two
single density 8-inch disks; ODDS would be better with 2.4 million bytes
of disk storage. This means less disk swapping and less errors. The hard
disks are more expensive, store from 5-20 million bytes, and are much
faster. Since a disk-crash of a hard disk causes you to lose all of your
data, they still must be backed-up with tape or floppy disks.

The Printer. There are two basic printers, the dot matrix printer and
the letter quality or daisywheel-type of printer. The dot matrix is less
expensive and usually prints faster (from 80 to 200 characters per
second). The minimum quality is a 5-wide by 7-high matrix. The better
quality printers run to 9 x 9, which make will formed letters with
"desenders" (y, p, j, etc.) that go below the base line. The daisywheel
pri nters have typewriter-l ike pri nto They pri nt 10-55 characters/second
with 40 characters/second being a fast machine. The quality of the
printer includes its ability to provide boldfaced, enhanced (overstrike)
print with superscript/subscript and underlined print. The faster
printers are more expensive. The printer width for accounting purposes is
132 spaces. Some 80-character width printers can be used in a
"compressed" mode to obtain 132 characters in an 80-character wide
carriage.

Printers have three kinds of paper feeders; the tractor feed, the pin
feed, and the typewriter-style friction feed (needed to use regular letter
paper). The tractor feed and the pin feed require fanfold, continuous
form paper. Some printers have memory buffers allowing your CPU to
maximize printing speed. Some printers, usually dot matrix, are capable
of graphic printing ••• if you need this feature. Printers operate in
parallel (Centronics style) or serial mode with your micro. Make sure
your printer and micro are compatible, or you may have to spend some extra
money making them work together.

The Modem. The modem (modulator-demodulator) is your connection from
your mi crocomputer through the telephone to another computer. Your
microcomputer must have RS232 capability •••• this costs extra money on some
machines. The modem can transfer information at the rate of 300 baud
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1,200 baud (read 30 to 120 characters per second). Some fancy modems have
autodi al and autoanswer features. There are di rect-connect modems you
plug your phone line into. They can't be used on payphones or with
multiline phones. The acoustic modem will work on most phones but can be
susceptible to outside noise in the room. They both require a program, or
software, to make the microcomputer think that it is a smart or dumb
terminal. The smart terminal will let you ~tore information on the disk
drives that you get over the phone.

CANNED SOFTWARE YOU WILL WANT. When you think of microcomputers you
think of writing programs, and you can learn to do this if you have time.
The canned programs have already been written and you simply learn to use
them with your numbers. The minimum of programs that will give you a good
base to work from include: work processor, electronic spreadsheet,
database manager, a programmi ng language such as BASIC, and a
communications program for your modem. Include this software when dealing
for your micro system. Much of what you want to use a microcomputer for
can be done with canned programs--especially the electronic spreadsheet
and the database manager.

CUSTOM PROGRAMS. There are special programs already written that can
be customized for you in the areas of accounting and budgeting. There are
custom-written programs that are developed to solve your specific problems
as well--avoid these if you can. You must design the specifics of the
program in such detai 1 that the programmer understands exactly what you
want. This process is expensive and slow; and in my experience it is
taking up to four times longer than you originally intended.

GAMES. You will want to buy a games disk to help people overcome
computerphobia.

LITERATURE FOR STUDY. Buy some computer magazines from the newsstand.
Read them. Go to your friendly computer store and ask for 1iterature.
They also sell specific books on the use of the canned programs mentioned
above. Another source of information is seminars given in your area ...
watch the newspapers.

SOME USES OF MICROCOMPUTERS ON RANCHES. Bookkeepi n9 is the most
common first project. You can buy an accounting program and modify it to
your needs. Your can "write" your own accounting program using an
electronic spreadsheet or database manager. Herd inventory and
performance records can be written using a database manager; remember, it
will take some time. Using a linear program, you can do very elegant
planning or "what if" schemes. In addition, you can do fairly elegant
financial planning using the spreadsheet program. Most important, the
microcomputer will solve a problem only if you can define the limits of
the problem and if you know how to solve it by hand. It will allow you to
solve it over and over again, rapidly, permitting you to look at the
effects of many different choices you might make before you select them.

ENJ 0 Y•••••

(CP/M is the trademark of Digital Research. The use of trade-names is
done to help with clarity and fs not an endorsement. Other products may
be equally useful.)
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CHAPARRAL MANAGEMENT PROGRAM AND
THE HEll TORCH IN RANGE IMPROVEMENT

James H. Taglio, State Forest Ranger
California Department of Forestry

Introduction

The State of California has long recognized that the prescribed
burning of brush covered lands for the purposes of fire prevention and
protect i on, wa tershed protect i on and conservat i on, or range and forage
improvement, has a public purpose and is a public benefit. This
philosophy is codefied in the Public Resources Code Sections 4462 and
4491. Until the advent of Senate Bill 1704 (Keene) in July of 1980 the
role of the State, through the California Department of Forestry, was
basically reactive - the private landowner would decide he wanted to burn
his land and the CDF would assist, as available, in the planning, issue
the necessary permits, and provide standby equipment and personnel to
protect adjacent lands. The priority of the project under this system
be cam e qui tel 0 W, howe ve r , as CD F d i ve r s i fie d 0 ve r the yea r sintot he
organization it is today. This resulted in less chance of full
cooperation in the prescribed burn.

History

As al ready noted, reduced CDF cooperation over the years along with
the risk involved to the private landowner from liability for and escaped
fire, both in damaged property and the threat of collection of costs to
suppress the fire, has had an effect on burning. The result has been a
great reduction in acres burned over time as shown below. The table shows
the total acres burned by year in the counties of Marin, Sonoma, Solano,
Colusa, Glenn, Napa, Lake, Mendocino, Humboldt, and Del Norte.

1960 42,923 1971 11,106

1961 40,797 1972 10,934

1962 25,494 1973 6,109

1963 25,941 1974 12,919

1964 41,865 1975 15,289

1965 15,637 1976 11,049

1966 23,106 1977 7,051

1967 15,308 1978 11,985

1968 11,999 1979 10,793

1969 9,393 *1980 23,135

1970 6,756 1981 11,037

*SB 1704 (Keene) - Signed into law

The burning decrease noted above is more dramatic when it is realized
that the tabulated counties were the most active participants in the
s tat e • This dec rea s e i n bu r ned a ere s has ca use d the c hap a r r a 1 fie 1ds t 0
continually grow, become decadent, increase the risk of large,
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uncontrollable wildfires and become unusable to wildlife and livestock.
Also, water yield is significantly reduced due to retention of moisture
and transpiration from the brush species. These conditions, coupled with
the greatly increased cost of suppressing inevitable wildfires and the
increased property damage from wildfires. caused a re-evaluation of the
traditional approach to chaparral management.

Senate Bill 1704 (Keene)

With the signing by Governor Edmund G. Brown, Jr., of Senate Bill 1704
authored by Senator Barry Keene (Elk). COF was able to take a proactive
rather than a reactive posture. COF was able to identify an area on
private land which required treatment and spearhead the effort to mitigate
the problem. This is done by contracting with the private landowner on a
cost spare basis. maximum 90% state share. For a private landowner to
qualify for the program, the following eligibility criteria must be met:

(a) The applicant is the owner of. or has legal control of. the property
on which the project is proposed.

(b) The project is located on wildlandS classified as State
Responsibility Area and includes any land having a plant cover
consisting principally of grasses, forbs. shrubs or trees.

(c) The applicant agrees to pay for the portion of the cost, as
determined by the CDF, to be the private share.

(d) Before any work begins. the participant deposits in a California
licensed financial institution funds equal to the COF's estimate of
the private share or agrees in writing to provide materials.
services, equipment. or some combination thereof in an amount equal
to the private share.

the pu rposes
(f). The

Code Sect ion

(e) The pu rpose of the contract i nc1 udes one or more of
described in Public Resources Code Section 4475 (a)
purposes mentioned in (e) above, from Public Resources
4475. are:

(a) Prevention of high-intensity wildland fires through reduction of
the volume and continuity of wildland fuels or removal of
unwanted, unused. or deteriorated structures that are fire
hazards by burning such fuels or structures.

(b) Watershed management.
(c) Range improvement.
(d) Vegetation management.
(e) Forest improvement.
(f) Wildlife habitat improvement.

As can readi 1y be seen the above criteria and purposes match and
include basically all requirements of the past burning projects on private
land.

A comparison of the two plans. the project-type burning plan (old) and
the chaparral management plan (new) point out the differences in limits,
costs. and liabilities:
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Chaparral Management

l. Management of Fire CDF Responsibility

2. Third Party Cost shared by State
liability Insurance and landowner

3. Benefit to Public Mandatory

4. land Use Plan Mandatory

5. Cost Shari ng Up to 90% by State

6. Equipment &Personnel CDF provides up to
amount agreed upon

Range Improvement

Landowner's Responsibility

landowner's Option 
Not requ ired

Not requ ired

Not requ ired

None. landowner
bears entire cost

Landowner provides
all except COF standby
fire apparatus at time
of burn

7. Written Contract

8. Burn by Prescription

9. Environment Mitigation

10. Burn in accordance
with Air Pollution
Regs.

11. Paperwork

Mandatory

Mandatory

Required

Requi red

More

Not requ ired

Not required

Not requ ired

Required

Less

It is apparent that the Chaparral Management Program, although
requiring more planning, effort, and paperwork on the part of the State,
relieves the private landowner of the two largest concerns, that being the
liability from an escaped fire and the collection of suppression costs.
It is projected that 80,000 to 120,000 acres of low production land per
year statewide will be treated through the Chaparral Management Program.

AID's (Aerial Ignition Devices)

Heli-Torch

nuring the late 1970's, Western Helicopter Services, Inc., of Newburg,
Oregon, developed a device called the Heli-Torch. This device is
basically a 55 or 200 gallon tank carrying gelled gasoline, a pump to
dispense the mixture, and an ignitor system to ignite the mixture, mounted
on an aluminum frame suspended below a helicopter. The procedure for
usage is very simple. A ground crew adds slumagel, the powder used to
facilitate gelling, to regular gasoline in the tank of the heli-torch.
The mixture is agitated with wooden or aluminum paddles until the proper
consistency is reached. The helicopter then departs the base helipad to
the project area, usually adjacent to the helipad to minimize travel time.
The project manager, in a position to watch the area to be treated, then
directs the pilot or aerial on-board helitak captain to where the gelled
gasoline is to be applied. The helicopter then applies the ignited
mixture to the chaparral in various patterns to develop the burned pattern
required. This may be ridge-top burning for firebreak development, spot
burning to build a "mosaic" pattern of uneven aged chaparral, "strip and
spot" burning to enhance wildlife usage, complete burning of areas to be
reseeded to grass and forbs species for livestock grazing, or any
combination therein. The reloading and application of the gelled gasoline
is repeated until the project area is treated. This system has been very
successful to date, and efficiency will increase with time.
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"Ping-Pong Ball" Machine

This device consists of a hopper and distributing machine which mounts
on a helicopter and drops small (1-1/4") diameter hollow plastic spheres
as the helicopter flies. The "ping-pong balls" contain potassium
permangenate and, as they drop through the distributor, are injected with
ethylene-glycol anti-freeze. After approximately 30 seconds, the
resulting chemical reaction causes ignition of the sphere. This system
shows promise in grassy areas under oaks, areas where continuous ground
litter of less than 1/4" diameter is present, and in railed brush areas.

The advantages of AID's are rapid ignition of large areas, application
of an ignition medium to inaccessible areas, elimination of the need to
send crews into heavy brush and treacherous terrain, and the ability to
take full advantage of the best burning conditions during a given day.

Helicopters

As a part of the Chaparral Management Program, COF was able to build
it's own fleet of helicopters. An agreement was reached with the U.S. Air
Force to acquire, in flying condition, 15 excess UH-IF (Bell 204)
helicopters. These have been modified for COF use and placed in service
at 7 locations, with the balance held in reserve for relief and parts.
They are now the main COF tool for use in the Chaparral Management
Program, augmented by contracts with private helicopter owners on a
as-needed basis.

Results

The Chaparral Management Program has shown immediate results. For
Fiscal Year 1982/193, over 11,000 acres have been contracted in the North
Coast region. Projects already performed have resulted in a cost of
$6-$30 per acre burned, depending on the size of the project, type and
specie of chaparral treated, levels of pre-burn treatment required, etc.
Many things have been learned, and the program will increase in efficiency
as more projects are performed. Probably the most important item learned
in working with the new ignition systems available is that adequate levels
of burning can be performed during marginal periods of the year, early
spring and late fall. This further reduces the need for pre-burn
construction of fire lines, large numbers of personnel and equipment, and
greatly lowers the risk of an escaped fire.

Future

In today's economic world of higher costs and lower returns, the
Chaparral Management Program should be very' receptive to the private
landowner. Taking into account that up to 90% of the cost of the project
wi 11 be borne by the State and that the pri vate 1andowner can di scharge
his liability by credit for goods and services, it is a very viable
program. Add to this that the landowner can very probably qualify for
cost sharing to reseed the resulting burned acres to palatable forage
species, the Chaparral Management Program may very well make the
difference in a marginal ranching operation by bringing back into
production lost grazing land. The allied benefits of increased forage for
wildlife, increased water yield, and reduction of the risk of a
devastating wildfire, make this one of the most important current programs
for all citizens of the State of California.
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SELECTION. COW SIZE. EFFICIENCY AND ECONOMICS: A REVIEW

T. R. Famula

Although animal breeding is a practical science. the genetic
evaluation of animals continues with little regard for economics. The
failure to provide an estimate of the economic consequences of selection
decisions can lead to industry recommendations that may not be the most
profitable. Surely. part of the problem is that the field of economics
has its work cut out; particularly if we intend to predict the economic
conditions present when offspring. grand-offspring and following
generations enter production. Yet. blaming economists for the failure of
animal geneticists to examine these areas is not the appropriate response.

Part of this problem is the over-reliance of basing selection goals on
single trait performance. The animal breeding literature. both scientific
and popular. is filled with methods of improving performance for
individual traits. Yet animals are not collections of single. independent
traits. Instead. as most anyone should realize, they are complex
organisms and it should be obvious that in changing one trait we alter
other characteristics of the individual. The commercial breeder
recognizes this and rarely bases selection decisions on a single trait.

The conflict between commercial and academic animal breeding extends
to economic decisions as well. There is a tendency to advise that
improved performance in a single trait will enhance profit. Similarly
academics have often fallen into the trap of suggesting that the same
selection goals apply to all segments of the animal industry. As a
result. one of the important tasks facing animal breeders of the future is
to identify conflicts in selection goals caused by relationships between
separate traits and to integrate this information into recommendations for
the breeding program of individual producers. For example. auction sales
of feeder calves fail to provide any way of rewarding the cow-calf
producer for increased genetic merit in feedlot efficiency or carcass
traits. Thus. the cow-calf producer may find it unprofitable to include
such traits in the development of his selection goals.

In examining the selection goals of a typical cow-calf producer (if
one exists). the relationship between cow size. biological efficiency and
economic efficiency deserves attention. Several academic breeders have
entertained the question of whether selection for growth is profitable.
Every experiment available indicates that larger weaning weights mean
larger mature size (see. for example. Taylor. 1968). And as anyone can
figure out. larger mature sizel mean greater maintenance requirements for
the breeding herd. As a result, academic breeders are finally asking
themselves if the recommendations of selecting for increased weights makes
sense economically. A recent review article by Canadian researchers
(Morris and Wilton, 1976) has examined the scientific literature on the
relationship between size and efficiency.

As you may expect. conflicts of opinion exists among the academics.
Yet the reasons behind the conflicting results can be traced to studies
with inappropriate experimental designs or for the failure to consider all
inputs and outputs in a beef enterprise. The measure of efficiency most
often used is the ratio:

(kg calf feed (to weaning) + annual cow feed)
kg of weanlng welght

With this measure of efficiency, several studies found that small cows
were more efficient than large cows (e.g. Carpenter et al., 1972; Kress et
!l., 1969). Yet when re-examining their results Kress et al. (1969) found
that when you corrected this measure of efficiency for the-extra amount of
saleable beef derived from the larger breeding animals. there was no
effect of cow size on efficiency. As indicated in the review by Morris
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and Wilton (1976), experiments with contrary results often suffer from
inadequate experimental design or analysis. This point was also made by
Ferrell and Jenkins (1982) in a progress report of their experiments on
size and efficiency at the Meat Animal Research Center in Clay Center,
Nebraska. Although they found that size and efficiency were related (with
moderate sized cattle being the most efficient) they admit some of the
failures in their analysis. For example, no correction was made for the
amount of preweaning feed consumed by the calf, other than milk. As a
result, they caution the reader to regard all business inputs and outputs
when evaluating efficiency of beef production. It appears, that without a
detailed analysis of systems of cow-calf production, a definitive answer
cannot be reached.

The beef industry, and breeders in particular. must begin to consider
what traits are important and should be included in selection programs.
The implication is, because of the antagonistic realtionships between
growth traits and profit (e.g •• selection for increased weaning weight
leads to increases in birth weight and hence calving difficulty), that
emphasis in selection goals should shift from gross measurements of growth
to some other trait which can maximize profit. Reproductive performance
is such a trait. Although from the standpoint of the industry as a whole,
reproduction may not be of critical importance; the individual producer
will find this measure of productivity highly influences the profit of his
business.

The future of animal breeding research lies in the integration of
economics with what is known about genetics. In addition. further
examination of the precise methods of gene expression in economic traits
is important. As biotechnology develops, animal breeders must begin to
understand which genes are to be preserved in the population and which are
to be deleted. In this manner recommendations to producers can be made
not just on the basis of genetic theory but in the light of economic
reality.
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TWINNING IN BEEF CATTLE

Gary B. Anderson

Twinning in beef cattle has been viewed as a means of increasing the
overall efficiency of beef production. The advantage of producing two
calves rather than one may seem obvious, but complications must be
considered when evaluating the benefits of producing twins. Among the
problems associated with twin calves are lower birth weights and higher
mortality, increased incidence of dystocia and retained placentas, reduced
postpartum fertility and milk production, poor maternal behavior in the
dams. and infertility in heifer calves (freemartins) born co-twin with
bull calves. In most cases these complications have been observed in
either dairy cattle (for which good records are available) or cows that
received no special adjustments in management during or after twin
pregnancy. To accurately evaluate both the problems and benefits that may
be expected from twins, it is important that dams be maintained and
managed accordingly. The primary objective of studies at the University
of California, Davis, was to evaluate induced twinning in cattle when
management before and after calving was geared for the production of
twins. Between 1976 and 1980, embryo transfer procedures were used to
induce twin pregnancy in over 200 beef cows and heifers. These animals
were used for both basic and applied studies of twins in cattle. Some of
the more interesting results are described below. Specific references are
cited for each experiment should additional information be desired.

When cows and heifers were fed ad lib a diet of chopped oat hay and
alfalfa hay during the last trimester---o1 pregnancy, dams pregnant with
twins experienced a loss in body weight exclusive of weight gain of the
fetuses. This same diet was adequate for cows and heifers pregnant with
single calves, however, and these animals gained weight during the same
period. These experiments clearly indicate the need for increasing
prepartum nutrition in beef cows with twins (Koong et al., 1982). But
even when plane of nutrition was adjusted for twTn pregnancy, birth
weights were significantly lower for individual twin calves than for
single calves (Anderson et al., 1978, 1979). Abortion rate and calf
mortality were each similar for dams with singletons and twins (Anderson
~.!l, 1982).

Milk production in dams that suckled twins was higher than for dams
with only one calf (Smith !! .!l., 1982), probably due to increased
suckling stimulus with twins. Milk production was not increased
sufficiently with twins, however, to support weaning weights that were as
high as those for single calves. Trials comparing feedlot performance and
carcass characteristics of singles and twins were carried out and, in
general, twins had lower weight gains and lighter carcasses than
singletons. USDA quality grades were not influenced by the type of birth
(twin vs. single) (Garrett et !l., 1982).

The incidence of retained placentas was significantly higher for dams
with twins (29%) than dams with single calves (4%) (Anderson et al.,
1982). The incidence of retained placentas observed with twins fn t"i1ese
studies was lower than many previous reports. The incidence of dystocia
was greater with twins than singles only when the dams were cows. Heifers
that calved twins actually required less assistance at calving than
heifers that calved singles (Anderson et al., 1982). The smaller birth
weights of twins probably accounted foreaSTer calving. Under intensive
management. maternal behavior of dams toward their twin calves was
adequate (Price !! ~., 1981).

Several experiments were carried out to determine the success with
which cows that calved twins could be rebred. Contrary to what others
have reported, dams of twins initiated postpartum estrous cycles and
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conceived as early in the postpartum period as dams of singletons (Wheeler
et al., 1979. 1982). Normal fertility in dams with twins may have been
dUe--to adjustments in prepartum and postpartum nutrition and other
management practices for twins. The incidence of freemartins in these
experiments was approximately 90%, which is similar to that for
naturally-occurring twins. In our experiments. twin calves were known to
have developed in separate uterine "'orns and could have been
full-siblings, half-siblings or unrelated (Horton et !l.. 1980).

The results of these experiments are useful in evaluating the
feasibility of a beef production program based on induced twinning;
however. additional research is required. Embyro transfer techniques were
used successfully to induce twins in these studies, but these procedures
are not currently advanced to the point where they can be used
economically to induce twins in commercial cattle. Other approaches to
increasing the incidence of twins include genetic selection and
administration of exogenous hormones. Genetic selection has the advantage
of resulting in a permanent increase in the incidence of twins, but
changes in a population can be made only very slowly. The response to
exogenous hormones varies greatly among animals and no treatment is
available that is uniformly effective. Furthermore, the studies reported
here were carried out under drylot conditions, and similar experiments
carried out under California range conditions are necessary.
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ENERGY EXPENDITURE AND INTAKE IN RANGE BEEF CATTLE

Manuel D. Sanchez 1

In order to improve the productivity of ruminants on pasture it is
necessary to have a better understanding of the energy transactions
occurring in the animals during the different periods of the production
cycle. Up to now the caloric requirements of grazing beef cattle can only
be estimated from summations of the energy cost of the different
physiological (growth. lactation. pregnancy) and physical (eating.
milking. etc.) activities (ARC. 1980). However direct determinations on
the actual grazing conditions to demonstrate the validity of the factorial
approach are still lacking. The present work is directed towards the
estimation of the total daily energy expenditure and energy intake of beef
cows grazing annual grasslands with different levels of alfalfa
supplementation.

Experimental

A group of 18 Hereford cows of various ages have been prepared for the
experiment by means of a small surgery in which the rumen wall has been
adhered to the skin forming a blind fistula (Olsen. 1979). The animals
were randomly allocated to three supplement treatments: O. 2 and 4 kg of
alfalfa cubes per day during the grass shortage season (September through
February). The supplement is given to cows individually on the portable
electronic gate feeders (Morris and Delmas, 1980).

Ener gt Expenditure Measurements. The daily energy utilization of the
cows is eing estimated using the carbon dioxide entry rate technique
(Youn~ et 21., 1969). The cows are continuously infused intraperitoneally
with ~labelled sodium bicarbonate in an isotonic solution at the rate
of about 6 ]Jei Ih for three day peri ods. The 14C02 from the
bicarbonate equilbrates with the body C02 pool in approximately 16 h.
To determine the dilution of the 14C02. saliva from the parotid gland
is collected for two consecutive 24 hr periods (Engels et al., 1976)
introducing into the gland salivary duct a 10 cm tygon tubing (T:6 mm 10)
attached to a 15 cm rigid polyethlene tubing which is exteriorized through
a small incision in the cheek close to the duct exit. The saliva is
withdrawn with a portable peristaltic pump (Siropump. Everest Electronics.
Seaford, South Australia) that the animal carries in a harness. The pump
is also used to infuse the 14C bicarbonate solution and a digestive
marker.

The specific activity of the 14C02 is determined by absorbing the
carbon dioxide in a standardized NaOH solution upon acidification of an
aliquot of the sample and titrating the uncombined NaOH with dilute acid
after precipitating the carbonate as BaC03 with an excess of BaC1Z
(Neish. 1952).' The contents are then mixed with a cocktail and the 14C
is counted in a liquid scintillation counter.

Estimations of the daily energy expenditure are then made from the
C02 entry rate. resulting from dividing the 14C infusion rate by the
specific activity. using the adopted energetic equations (Brouwer. 1965).

Intake measurements

Simultaneously with the energy expenditure, the cows are also
continuously infused with the rare earth element. Samarium (Sm), which is
used as unabsorbable solid phase marker (Hartnell and Satter. 1979) at the
rate of 0.5 g of Smlday as a chloride following a initial dose of 80

Iph.D. Student, Department of Animal Science. University of California.
Davis.
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mg/lOO kg live weight. Daily grab fecal samples are taken to determine
the concentration of the marker in feces. The amount of marker
administered per day divided by its concentration in feces gives the daily
fecal output.

The digestibility of the herbage selected by the animals is determined
"in vitro" (Tilley and Terry, 1963) from extrusa samples obtained from two
esophageal fistulated steers grazing with the experimental group.

The ratio of the organic matter (OM) fecal output to the undigestible
OM proportion of the forage gives an estimate of the OM intake.

Measurements of both energy expenditure and intake will be done during
various times of the annual production cycle.
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Range Fertilization Studies
At the UC Sierra Foothill Range Field Station

Charles A. Raguse, Milton B. Jones,
~lvin R. George, and Kent D. Olson

Background

Nitrogen is a1m:>st always limiting in california's annual grasslands, and phos
phorus and sulfur are frequently also limiting to the extent that econanically sig
nificant responses to nitrogen are not realized unless all three elarents are added
simultaneously (Jones, 1974).

The annual arrount and seasonal distribution of rainfall influence plant grcMth
and can markedly affect responses to fertilizer treatments. Martin and Berry
(1970) considered the 30-inch rainfall zone as the practical upper limit before
leaching losses, especially of nitrogen, could becare undesirably high.

Potentially undesirable results of applying too much nitrogen include changes
in botanical carp::>sition (rcore grasses and non-leguxre forbs, fewer leguxres) and
lowered quality of the forage, especially in spring as growth dilution lowers
protein content. Where annual leguxres such as subclover, rose clover, or bur
clover can be established, they provide an a1m:>st ideal solution to the problem of
poor winter forage grcMth and low quality sunmer feed. '!he winter grcMth of grass
graving in association with clover is increased, and the level of protein at the
end of the growing season remains high enough to rceet animal needs, if the pasture
is managed to maintain a good stand of clover (Jones, 1974). Under conditions of
the Hopland Field Station (Ukiah, ~ocino County) the protein content of sub
clover-grass plots equalled that of grass plots fertilized at a nitrogen level of
80 lb/ac. In another part of the sane study (Jones, 1967) forage yields fran
subclover-grass plots during a dry, cool year (relatively poor for clover growth)
were equal to grass plots fertilized with about 60 lb/ac of nitrogen and. yields in
a year rcore nearly ideal for clover grcMth were greater than fran plots fertilized
with 160 lb/ac nitrogen.

The picture becares even rcore carplicated where all three major elarents
(nitrogen, phosphorus, and. sulfur) are known to be limiting, especially where soils

have a high phosphorus-fixing capacity and solubility factors require taking into
account carryover into one to several years following application.

Scme questions which can be asked but not adequately answered for the lower
foothill areas of the Sierra Nevada include:

1. \'ben does the leguxre carp::>nent of a mixed grass-leguxre-forb carmunity
becare adequate to the extent that seasonal applications of nitrogen would no
longer increase useable forage yield? (That is, at what proportion of legurre
do "trade-offs" begin to occur, where added nitrogen only "slows down" clover
nitrogen fixation so that the net benefit fran nitrogen is the sane). !Deal
experience indicates that the total clover fraction of "inproved" rangeland
will level out at about 25-40 percent (plant cover, as measured by step
points) under typical grazing managerrent and soil conditions.

2. Given the assumption of good grazing managerrent and the need for addi
tional fall and. early winter feed, can the application of low to rcoderate
levels of fall-applied nitrogen-bearing fertilizer provide seasonally-needed
feed without acting to the detri.nent of either the clover stand or its
nitrogen-fixing capability? A theory which bears testing would go as follows:
Given the expectation of 25 inches +/- 10 of rainfall, the added fertilizer
provides a forage yield boost at a tine when the clover plants are probably
not fixing nitrogen anyway (Vaughn and. Jones), and as rainfall and. plant
growth dissipate the nitrogen, the clover plants can rapidly nodulate and.
still attain reasonable levels of nitrogen fixation (Boursier, 1982).

3. \'bat are reasonable levels of nitrogen fixation under our lower foothill
condiirlons? '!he sanewhat meager evidence would suggest sarewhere around 40 to
60 lb/ac under average conditions.
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4. Given a typical Sierra Nevada lower foothill range, with about 30% clover,
will m:>derate fertilization with canbinations of nitrogen, phosphorus and
sulfur perceptibly improve nutritional quality to livestock?

Recognizing fran the above that a nunber of oonstraints and uncertainties (in
cluding that of the marketplace) operate to influence decisions about range fer
tilization on a given field, at least three general strategies can be envisioned as
a point of deParture: ~

I. Fertilization based on responses of an essentially grass-forb mixture, where
the canponent of nitrogen-fixing legmres is so small as to be negligible for
managenent purposes.

II. Fertilization based on a legurre-grass-forb mixture where the nitrogen-fixing
legmre canponent oonstitutes ~thirds or nore of the mixture and is asSl.ll'led to
provide sufficient nitrogen on a seasonal basis to provide optinum forage yield
and quality.

III. Fertilization based on sate situation which is internv:rliate to the 'blo
described above. Here, m:>dest applications of nitrogen, Particularly in m:>derate
rainfall areas (25 to 40 inches annually) ca.'1 be justified. SUfficient phos
phorus and sulfur may be added to balance out the needs of the legmres which
are there. This strategy maintains and inproves the legurre carponent, provides
early-season feed, and maintains the overall level of soil fertility. This
scenario best describes what we have at the Sierra Field Station and adjacent
lower foothill areas.

The legacy of Martin (Bill) & Berry (les)

let's look at all of this fran another point of view--that of stocking in
order to capture the benefits of range fertilization. In 1953 the University of
california's (then-called) Agricultural Extension Service in cooperation with
ranchers and cxmnercial fertilizer manufacturers initiated a series of field-scale
range fertilization-grazing trials. In all, 54 trials were done on 28 ranches in
20 oounties, over a period of 15 years (1954-1968) during which weight gains were
taken of 7,650 animals grazing on 8,050 fertilized acres and 8,730 oontrol (non
fertilized) acres (Martin and Berry, 1970).

The principal objectives of these trials were to carpare the result of applying
"lOW''' rates of nitrogen (40-60 lb/ac) with "high" rates of nitrogen (80-100 lb/ac)
either (a) alone, or (b) in carbination with phosphorus and/or sulfur where the latter
were assuned to be limiting. For the 30 trials for which data were analyzed nost
thoroughly seasonal rainfall averaged 21.4 inches, ranging fran 9.5 to 51. 7 inches per
Year.

Hereford or Angus steers or heifers weighing fran 350 to 600 lb were used, stock
ing fields by judgrrent and past experience. '!be average length of the trials was four
nonths, ranging fran 2 to 5.8 nonths. The average stocking rate (calculated as animal
weight per acre) for the oontrol was 137 lb/ac, ranging fran 49 to 273. Depending
on location, elenents needed and rates of fertilizer applied, the average stocking
weight of the fertilized fields was 387 lb/ac, ranging fran 187 to 546. Thus, the
average fertilized field carried 2.8 tilres the weight of grazing animals as did the
oontrol, or, in the nost general of tenns, about one to two acres per animal for an
average 4 nonths of grazing.

Average daily gain for the oontrol fields averaged 1. 70 (0.93 to 2.69); for the
fertilized fields the average ADG was 1.84 (0.97 to 3.17). The closeness of these
'blo averages (ADG of 1. 70 vs. 1.84) was used by Martin and Berry as evidence that
grazing pressures were similar between oontrol and treatnEnt fields. This is an
irrportant oonsideration to bear in mind for if ADG' s between 'blo pastures treated
differently vary significantly, the difference oould be explained in tenns of (a) a
too-high stocking rate for the lower value, or (b) a higher nutritional forage
quality for the higher value (other explanations are, of course, possible).
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In trials where response to nitrogen alone was assmred, stocking rate (weight
basis) was increased over the control by a factor of 1.6. where responses to
nitrogen plus phosphorus and/or sulfur were expected the stocking rate factor was
2.8. (However, this canparison was biased scmawhat by a lower average rate of
applied nitrogen in the N-only trials (57 lb/ac N vs. 70 Jb/ac where P and/or S
were also added.)

Results of the 30 trials can be SUIlll1arized as shown below:

AIXi, lbs
control fertilized lb beef/lb N

N only (n = 7) 1.36 1.63 1.2
N+S (n = 10) 1.95 1.84 1.5
N+P (n = 13) 1.69 1.96 2.0

A second, and extrarely valuable aspect of Martin and Berry's \\Ork was an
attaTpt to account for second-year carryover effects of nitrogen fertilization at
the livestock yield level. '!be results of 13 trials are sumnarized in their
publication. In brief, they reported second-year (carryover) responses up to 0.9
lb of beef per lb of nitrogen, with an average of about 0.5. A highly generalized
guideline which could be derived fran these trials is the expectation of 1.5 lb
beef/Jb N applied in the first year, followed by ari additional 0.5 lb beef/lb N in
the second year, or a t\\O-year total of two lb beef per Jb N applied.

Range Fertilization ~rk on Forbes Hill, UC-SFRFS

PRELIMINARY, 1981-1982:

During this pre-experinent year, all 16 fields were unifonnly grazed using the
sane mmtJer of steers for each field. Soil sanples were taken in each field along
pennanent transects used since 1975 to collect botanical CCIlllOsition data. Field
plots to test several ccrrbinations of N, P, and S were established at eight loca
tions•. Soil fran these plot sites was used in a greenhouse experi.nent (done at the
Hopland Field Station by M. B. Jones) to further assess grass-clover responses to a
wide range of NPS canbinations. The results of this greenhouse experi.nent are
given in Table 1. '!be pattern shown by forage growth in the field plots was quite
similar for the first sampling period. Results of soil tests gave a range of
phosphorus values (field averages) fran 3.3 ppn to 7.5 ptm, with an overall average
of 5.0. Tests for soil sulfur were not run because of the generally poor rela
tionship between soil S values and plant response to applied S, however, both
greenhouse and field plot results conclusively dem:>nstrated a need for additional
sulfur. '!he soil series found on this site are principally Sobrante and Las Posas,
along with Auburn and Argonaut. Percent clovers (subclover plus rose clover seeded
1971 to 1974) on a per field basis ranged fran 28 percent to 36 percent, with an
overall average of 32 percent.

The preliminary work established a basis for setting initial stocking rates,
defined initial' conditions of the plant camumi.ty and soil test values, and conclu
sively indicated that the field-scale experiment needed to incorporate treatJrents
adding all three major el~ts.

Current Experinents, 1982-85:

A. Field Fertilizer TreatJrents:
Using urea as the N source and a 1:1 mixture of 0-25-0-10S and 0-20-0-12S (in
order to take advantage of a stockpile of the latter fonmlation already on hand)
the following treatIrents were applied by helicopter on October 5 and 6, 1982
(Figure 1):

1. Control
2. 40 lb/ac N
3. 80 lb/ac N
4. 40 lb/ac N, 30 lb/ac P, 33 lb/ac S
5. 80 lb/ac N, 30 lb/ac P, 33 lb/ac S
6. - 30 Jb/ac P, 33 Jb/ac S
7. - 60 lb/ac P, 66 lb/ac S
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B. Stocking:

The fields will be grazed priroarily using steers and heifers, with opportunity
to bring in cows late in the growing season to utilize extra forage on a
field-to-field basis as needed. The objective is to uniformly utilize the
differential am::>Unts of forage produced as a result of fertilizer treatrrent
and field-to-field variation prior to June 15, leaving an average residue (dry
plant material) level of 500 to 1000 lb/ac on all fields as a starting point
for the next growing season. This year's schedule is as follows:

1. Grazing initiated Novaroer 24, 1982, all fields uniformly stocked.
2. First stocking rate adjustrrent on January 7, 1983. Steers added according to

forage level as rreasured by a Neal l-bdel 300 forage Jreter.
3. Second stocking rate adjustrrent on March 4, 1983. Heifers added according to

forage level and ADG performance.
4. April 15 or May 6, 1983. If needed, cows added according to forage level.

J\dditional grazing days credited to the experi.rrent.

c. Data collected:

(1) Animal level: Average daily gain (weigh periods at either four-week or
three-week intervals); weight gain per animal per grazing period; digestibility
and protein content of forage collected by use of fistulated steers; animal
grazing days.

(2) Plant level: Changes in botanical carposition; forage levels prior to each
weigh date; NPS content of selected forage sanples; observations on legune growth
and vigor, including nodulation.

E. Econanic analysis and projections:

Insofar as possible , given the limitations of the experi.rrental design, M.
R. George and K. D. Olson will translate the results into a nanagement frane=
\\'Ork that considers fertilization costs, beef cattle gains per acre and any
positive or negative benefits to overall ranch managetent. The full realiza
tion of this will only be at the end of the first three-year period, with
opportunity for rreasuring fertilizer carryover and botanical octtp:>sition
shifts.

The value of adding nitrogen to annual range via a legume and/or nitrogen
fertilization is dependent on the specific needs of each livestock operation.
Nitrogen can increase forage production and therefore, carrying capacity. It
can increase gain per animal and gain per acre. Perhaps its greatest value is
the production of early forage, 1-3 nonths before the rapid spring growth
period. The availability of early feed can have inportant carrying capacity,
nutrition, animal managetent and marketing ircplications for the overall ranch
operation. In difficult econanic tines range fertilization provides one
opportunity for increasing overall ranch managetent and ranch production per
acre.

The value of additional early feed due to nitrogen fertilization is
greater than the additional feed that will also be produced during rapid
spring growth. Winter is frequently a forage short season when hay or other
supplarents are needed. The value of this forage is equal to the cost of the
supplarental feed it replaces. If the suppletental hay is low to nedium
quality at a price of $60.00/T, the value of the early forage is $30/AUM.

Increased forage production during rapid spring growth is less valuable
because this is a forage "rich" season when forage supplies usually exceed forage
danand. The value of this forage varies by location but is frequently in the
range of $8-lS/animal unit rronth.

The value of fertilization in tenns of pounds per acre of beef production is
a good rreasure for the livestock producer. '!he cost to obtain the pounds of beef
can be CCtIpa.red to the expected market value of a pound of gain.
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The cost analysis in Table 2 shows total fertilization costs and
additional beef production required to pay for the fertilizer. '!be rancher
can view this information in two ways. First, he can estimate the value of
the expected gain in beef production and ccnpare it to the estimate of the
fertilization. Second, he can take the estimated beef production required to
pay for the fertilizer and eatpare that to the P.xpected gain in beef
production.

The animal gain (lbs/A) detenni.ned in this study will be analyzed to shew
econanic feasibility of range fertilization. Because SCIre fertilizer effect
will carry over to future years a portion of the gain due to fertilizer will
not occur until the 1983-84 grcwing season (and beyond, for positive P&S
effects on clovers). since different years are involved, the tine value of
noney will have to be included in the analysis so treasures of econanic
feasibility such as net present value, benefit cost ratio, and internal rate
of return will be used.

For exanple, earlier we nentioned that a sumnary of the work by Martin
and Berry shews a first year increase of 1.5 los of beef per lb of N when N,
P, and S are applied together. For treatmant 5, the expected increase in beef
production is 120 lbs per acre (l.5 lbs beef/lb N tirres 80 lbs N/acre). With
a market price of $.64/lb, the beef is worth $76.80 per acre. The cost in
Table 2 for treatmant 5 is $54.43. In the first year alone the net return is
estimated to be $22.37 which is a 62 percent rate of return for an eight nonth
investIrent-with rrore beef to CC'Ile in the next year!
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Figure 1. CUtline map of the OC SFRFS Forbes Hill area, shewing fertilizer treat
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field strips in an east-west direction. '!be NPS carbinations am 60P66S
treat:m:mt 'Nere obtained by over-flying t\\'O three-field strips in a
north-south direction.
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Table 1. Yields fran a grass-clover mixture grown in pots containing
soil taken fran eight different locations in the UC SFRFS
Forbes Hill fields. Greenhouse exper:inent done at the
UC Hopland Field Station in cooperation with M. B. Jones.

Ib/;.c Treat:nrent~, g/pot
N P Grass Clover Total

0 0 0.42 0.44 0.86
40 0 0.59 0.49 1.08
80 0 0.60 0.46 1.07

120 0 0.68 0.50 1.18

0 15 0.60 0.62 1.22
40 15 1.01 0.60 1.61
80 15 1.10 0.68 1. 79

120 15 1.15 0.64 1.79

0 30 0.62 0.74 1.36
40 30 1.13 0.70 1.83
80 30 1.26 0.74 2.00

120 30 1.43 0.70 2.14

0 45 0.70 0.75 1.36
40 45 1.18 0.71 1.89
80 45 1.39 0.71 2.09

120 45 1.63 0.81 2.44

Average 0.96 0.64 1.61
1sd.05 0.13 0.10 0.16

1sd. 01 0.17 0.13 0.21

Treatment loi3ans - Sulfur Trial, 9 /IXJt

N P S

0 0 100 0.43 0.43 0.86
40 15 100 1.19 0.61 1.80
80 30 100 1.90 0.82 2.72

120 45 100 2.53 0.95 3.48

Average 1.51 0.70 2.21
1sd.05 0.12 0.11 0.17

lsd. 01 0.16 0.14 0.23

N01'E: An approximation of lb/ac equivalent can be derived by nultiplying
values given by 500, e.g. 0.86 x 500 = 430 lb/ac for control and
3.48 x 500 = 1740 lb/ac for 120 N:45 P:IOO S. Plants were grown
in mineral soil in 6-inch pots and sanp1ed once.
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Table 2. Cost and breakeven analysis for the 1982-85 field fertilization
experiment on the UC SFRFS Fames Hill fields.

Fertilizer Treatments

Treatnent No. (p. 19) 1 2 3 6 7 4 5

Nitrogen, lb/ac 0 40 80 0 0 40 80
POOsphorus, lb/ac 0 0 0 30 60 30 30
SUlfur, lb/ac 0 0 0 33 66 33 33

Material applied, lb/ac 0 89 178 120 240 209 298

Fertilizer Cost Budget
Treatnent No. 1 2 3 6 7 4 5

Urea (45-0-0), $/ac 0.00 11.30 22.60 0.00 0.00 11.30 22.60
SSP (0-20-0), $/ac 0.00 0.00 0.00 9.70 19.30 9.70 9.70
Application, $/ac 0.00 4.25 4.25 4.25 4.25 8.50 8.50
-------------------------------------------------

SUbtotal 0.00 15.55 26.85 13.95 23.55 29.50 40.80
Interest, at 12% for 8 00. 0.00 1.25 2.15 1.10 1.90 2.40 3.30

'Ibtal oosts 0.00 16.80 29.00 15.05 25.45 31.90 44.10

Treatnent No.

Tb/ac beef needed to
break even at market
price of:

1 2
Breakeven Analysis
367 4 5

$0.62
$0.66
$0.70

o
o
o

27
25
24

24

47
44
41

24
23
21

41
39
36

51
48
45

71
67
63



SUPPLEMENTATION OF RANGE CATTLE

James G. Morris

The quantity and quality of forage available to cattle grazing
California annual foothill ranges varies greatly throughout the year. In
the foothill ranges of the Sacramento Valley, the nutritive value of the
forage limits animal production for a substantial portion of the year.
One approach to ameliorate the nutritional constraint of the forage on
productivity, is to provide additional nutrition in the form of
supplementary food. However, this approach immediately raises the
question of which is the appropriate supplement and how much should be fed
for optimal economic return. The purpose of this paper is to examine some
of the principles related to supplementary feeding.

All animals have a requirement for a large number of essential
nutrients, which are often aggregated as: a source of energy, protein (or
more correctly, essential amino acids), minerals and vitamins. When the
productivity of an animal is limited by its nutrition, at anyone time
only one nutrient is limiting production. When a deficient animal is
supplemented with this essential nutrient in increasing amounts, there is
an initial linear response to supplementation. Eventually, the animal's
response to supplementation will plateau, and at this point the intake of
this nutrient is adequate and no further response will occur as other
nutrients or factors become limiting. Excessive intakes of all nutrients
produces toxicity. The classical response relationship to an essential
nutrient is shown in Figure 1. If supplementation is to be effective and
economic, the first limiting nutrient has to be identified. With few
exceptions, natural foods contain a variety of nutrients, so response to a
foodstuff could be from anyone of the nutrients it contains.

ESSENTIAL NUTRIENT RESPONSE RELAnONSHIP

PLATEAUt

.......-- DEFICIENCY ---+-

1\
I
I
I
I
I
I
I
I,

_ ADEQUACY _ :~ TOXICIlY _I

FIGURE 1. The general response relationship to
concentration of an essential nutrient in the diet.
Response may be rate of body weight gain, cows
conceiving, etc.

Identifying the First Limiting Nutrient

One method of determining whether a nutrient is limiting in the diet,
is to monitor the level of that nutrient in an appropriate tissue of the
animal's body. Recently, we (Iglesias and Morris, 1982) examined whether
breeding cows grazing foothill ranges required vitamin A supplementation.
For this study, a group of 12 cows, 3-6 years of age was randomly selected
from the fall calving herd and maintained year long on partially cleared
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range. The cows were excluded from any fields in which springs or soaks
from irrigation ditches permitted green feed to grow during the summer.
Also, cottonseed meal was the only supplement given to the cows.
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FIGURE 2. Mean ± SE concentration of vitamin A in
the liver of cows at each sampling.

From January to December 1981 blood and liver tissue samples were
collected from each cow on 10 occasions. These samples were analyzed for
both f:J-carotene (the precursor for vitamin A) and vitamin A. The mean
liver concentration of vitamin A at each sampling time is shown in Figure
2. A significantly lower concentration of vitamin A occurred in the fall
than in the other seasons, but at no time did the concentration in the
liver indicate that supplementation was necessary. Vitamin A concen
tration in plasma, shown in Figure 3, exhibited a different seasonal
pattern than liver vitamin A. The lowest concentration occurred in the
late spring and summer after maturation of the forage plants. Plasma
carotene concentrations, Figure 4, exhibited a seasonal pattern which was
correlated with rainfall.
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FIGURE 3. Mean ± SE concentration of vitamin
A in plasma of cows at each sampling.

These data indicate that supplementation with vitamin A during the
summer, when the feed is deficient in carotene, is unnecessary provided
range cows receive green feed during the spring. This conclusion is also
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in agreement with that of Hart and Guilbert (1933) who demonstrated that
range cows could become deficient in vitamin A if deprived of green feed,
e.g. due to a drought. But under normal conditions, where a green feed
season existed, cattle would accumulate adequate reserves of vitamin A to
meet their requirements during the dry season. Thus, although regular
supplementation of range cows with vitamin A is sometimes advocated, e.g.,
(Albaugh et al., 1980), the economics of this practice in years other than
those of drought is questionable. .

1000

250

APR JUN
SPRING I

FIGURE 4. Mean ± SE concentration of f3-carotene in plasma of
cattle and rainfall, throughout the sampling period. Note the high
correlation between the concentration of f3-earotene in plasma and
the rainfall in the previous intra-sampling interval.

Mineral Supplements

We have measured the mineral composition of the forage consumed by
grazing cattle at the Sierra Field Station. There is a pronounced
seasonal pattern in the percentage of all minerals we analyzed in the
forage. The percentages of calcium, phosphorus, SOdium, potassium and
copper are highest in the spring (growing months) and lowest after forage
maturation (summer--fall).

The concentration of calcium appears to be adequate for all seasons;
however, the level of phosphorus in the grazed forage is less than 0.1% in
the dry matter (DM) during summer and fall. The National Research
Council (1976) suggests a minimal concentration of 0.18% during pregnancy
and 0.28% in the first 3-4 months postpartum. We normally provide a
salt-dicalcium phosphate mineral supplement to cattle, but we have neither
examined whether there is a response to supplementation nor whether it is
an economically sound practice. Periodical samples of blood have been
taken from cows and analyzed for phosphorus; the levels do not indicate
cows are deficient. However, research results from both Montana and
Australia have shown that a delayed response can occur to phosphorus
supplementation. Instead of cattle showing a response to phosphorus in
the winter (Montana) or in the dry season (Austral ia) when phosphorus
levels in range are lowest, they showed a response the following growing
season (Thomas !! ~., 1965; Winks!! !l., 1977).

Despite the long history of recognition of mineral deficiences in
grazing cattle, with few exceptions, efficient methods for the delivery of
these minerals have not been devised. Frequently when minerals are
offered free choice, certain animals have excessive intakes, while others
have sub-optimal intakes to virtually complete absence of intake.
Commonly salt (SOdium chloride) is used as a carrier or vehicle to deliver
mineral supplements. While ruminants possess a specific appetite for
sodium (Bott et al., 1964), and will actively seek and consume it, their
consumption is-dependent on the amount of sodium in the forage and water
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they ingest and individual idiosyncrasies. Thus, adding a trace element
to a salt mixture and feeding it free choice can give erratic and variable
intakes of the supplement.

The use of "bullets" made of cobalt or seleni~m which are retained in
the rumen and slowly give up their minerals appear to be one of the most
efficient methods of supplementation for these trace minerals.

Energy and Protein Supplements

For a considerable portion of the grazing year, range forage in this
area is deficient in energy and protein for maximal performance of beef
cows. While the provision of protein supplements to range cattle in some
experiments has shown an enhanced consumption of range forage, the
consumption of "energy" supplements by range cattle generally has had a
depressing effect on intake. That is, the supplements substitute for some
of the pasture, and the total intake of energy is less than the sum of the
energy intake of the unsupplemented animal plus the energy in the
supplement. An expression of the extent of substitution is the equation:

(
DOM* from) (Di fference in DOM i ntak e
supplement - between supplemented and

Substitution (%) = unsu lemented animals x 100.
(Intake of DOM from supplement)

Some substitution rates for cattle fed roughages in confinement or
grazing pasture are shown in Table 1. Similar results have been obtained
when sheep on pasture have been given concentrate supplements. It is
apparent, that when the grazing cattle fail to respond to energy
supplements, which is not infrequent, they are substituting the energy in
the supplement for range forage. In the experiments cited in Table 1, the
mean substitution was 68%, i.e., the energy intake of the supplemented
animals exceeded that of the unsupp1emented animals by only one third of
the energy in the supplement.

The extent to which a supplement of cubed alfalfa replaces range
forage is a topic currently under study and is the subject of the address
by M. Sanchez at this meeting.
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TABLE 1. Substitution Rates for Pasture of Supplementary Feeds by Cattle

Subst i tut1on
Supplement System of Feeding Rate Author

Barley grain Grazing 90 Forbes et al. (1966)

Barley grain Confinement 38 Forbes et .!l. (1967)

Barley grain Grazing 50 Hodgson &
Tayler (1972)

Barl ey 85 Confinement 87 {TaYler and
Protein 15 " 95 Wilkinson (l972)

Concentrate Grazing 54 Sarker & Holmes (l974 )

Concentrate Grazing 62 Reardon (1975)

Mean + SEM 68 + 8
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SELENIUM PELLETS FOR CATTLE

John R. Dunbar, Ben B. Norman and Walt Johnson

Selenium deficiency in cattle was originally thought to be a problem
primarily confined to Northern California. There is now evidence that
selenium deficiency is widespread throughout the state. In two separate
surveys, the blood selenium test was used to determine the selenium status
of mature cows. The surveys involving 259 cattle herds (Table 1)
demonstrated that approximately 47% of the herds were deficient, 27%
marginal, and 27% sufficient. Blood selenium concentration above .08 of a
microgram per ml can be regarded as sufficient .04 to .08 marginal and
concentration below .04 deficient.

While this has helped us become more aware of the problem, it too has
become more seri ous because of changes in: 1) feedi ng pract ices, 2)
fertilization practices, and 3) animal performance potential.

To further complicate matters, selenium deficiency varies from year to
year, from season to season, and is highly responsive to changes in the
diet. Recent blood selenium analyses have also revealed that animals may
be clinically deficient (as measured by blood selenium levels) and not
respond in any measurable way to selenium treatment.

White muscle disease is one. but by no means the only, symptom of a
selenium d~ficiency. But it is likely to be the problem causing the
greatest financial loss. Other signs of deficiency are:

III thrift
Lowered fertility
Retained placenta
Increased embryonic mortality

Poor growth rate
Lowered immume response
Diarrhea
Weak teeth

When signs of selenium deficiency are actually detected in cattle.
costly losses have probably already occurred.

Grazing cattle require a continuous physiological level of selenium in
the blood and other tissues to prevent or correct a deficiency and to
attain optimum production. Since the selenium content and availability in
feedstuffs varies widely, feed cannot be relied upon with any certainty as
a selenium source. Injections of sodium selenite and vitamin E are widely
used to control a range of selenium responsive diseases. Injections are
effective but time consuming. expensive, and in many cases difficult to
administer at the time needed. Injectable selenium must also be
administered at periodic intervals, requiring repeated handling of the
cattle. Supplying range livestock with selenium-fortified salt or mineral
mixes has been recommended as a sucessful method of administration and was
approved by the Food and Drug Administration in 1979. Unfortunately,
California data from controlled salt-mineral intake studies indicate that
the 20 ppm selenium in salt-mineral mixes is not an effective level for
preventing selenium disorder in cattle.

In 1980, selenium pellets manufactured by I.C.I. (Imperial Chemical
Industries) in Australia were made available to UC for experimental
evaluation. In developing the selenium pellet. the Australian researchers
used the principles established in the construction of the successful
cobalt pellet used for preventing cobalt deficiency in livestock.

The pellet should:

Be given by mouth;

Be retained indefinitely in the reticulum. not regurgitated or passed
through the digestive tract;
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Provide continued release of physiological levels of selenium;

Be safe to animals and wildlife;

Provide an economic means of preventing selenium deficiency in grazing
cattle;

Have stabil ity;

Keep tissue residues safe for human consumption;

Avoid frequent handling of cattle;

Be'time saving;

Require no withdrawal period.

The pellet for cattle weighs approximately 30 grams, contains 90%
sponge iron and 10% elemental selenium. Elemental selenium was used
because water soluble forms are extremely toxic, while the solubility of
the elemental form is too low to be toxic but high enough to be effective.
Two selenium pellets are given by a balling gun to each beef animal.
Abrasion between the pellets prevents build up of a calcium phosphate
coating around the pellet. This insures a steady release of selenium from
the pellet.

To date there have been more than 35 field trials in California
involving about 2,500 head of cattle to evaluate the effectiveness of
selenium pellets. In all trials, the selenium concentration in whole
blood was monitored at periodic intervals to provide an indication of the
efficacy of the pellets in increasing blood selenium. One field trial
(figure 1) at the Aldridge Ranch near Single Town, used mature cows, All
were deficient; before treatment, the concentration of selenium in whole
blood averaged 0.026 for the controls and 0.028 for the treatment group
cattle. After pelleting, the blood selenium concentration in the
treatment group rose sharply to at least double the pretreatment
concentration. These enhanced values were maintained or increased over
the first year. After that. the mean concentration stayed at a
non-deficient level (continued to remain above deficient level).

In another field trial at the Gates Ranch near McArthur. experimental
cows were randomly assigned to three treatment groups: control, selenium
injection, and sel~nium pelleted. Cows in the selenium injection group
received 5cc MuSe at each bleeding (every 120 days except August,
1982). This provided 25 mg selenium as sodium selenite and 25 mg vitamin
E. The pelleted cows received two leI 30 gram pellets. All cows were
grazed or fed as one herd on irrigated pasture, April through November.
During early December to early April, they were full fed on home grown
alfalfa or alfalfa-grass hay. Blood samples were taken at approximately
four-month intervals from all experimental animals.

The results are shown in Figure 2. The concentration of blood
selenium in all treatment groups shows that throughout the test period,
blood selenium concentration was highly responsive to changes in the diet.
Differences between treatment groups was also evident throughout the
study. Figure 1 suggest that the life of the pellets is at least two
years. All experimental animals remained in normal health throughout the
trial.

I It is well known that calves must reach two months of age before their
stomachs are capable of retaining the pellets. Until then calves in
deficient areas must rely on selenium stored in their bodies before birth
or on selenium given after birth. Prenatal levels may be sufficient
provided the mother cows were maintained on an adequate selenium status by
pellets or other means.
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In work at the UC Sierra Foothill Range Station, samples of various
tissues were collected from five head each of cattle receiving no selenium
pellets and others receiving selenium pellets. The concentration of
selenium in their tissues were determined and the values are shown in
Table 2. Although there were significant differences between means, the
concentration of selenium in the edible tissue of the pelleted steers was
no greater than reported in the literature for normal, untreated animals.

In another tissue study, 21 experimental pelleted animals were
slaughtered at various intervals, and the pellets recovered to measure
retention. All pellets except two pair (single treatments in two animals)
were recovered. The lost pellets may have been dislodged before, during,
or after slaughter. This gave a retention level of 90%. None of the
selenium pellets that recovered had any mineral coating on the surface.

Preliminary data from this study indicate that selenium pellets had a
mean weight loss of six grams per day while in the reticulum. Since the
pellets are ten percent selenium, the rate at which it was liberated was
.6 mg per head per day. This level is safely below the 1 mg per/head
per/day allowed by the F.D.A.

Selenium pellets are very stable. They have been stored in glass,
aluminum, and tinned plant containers for two years without visible
changes in the pellets or the containers. No difference has been observed
between pellets stored or newly pressed. Further, selenium pellets
retrieved from the reticulum of animals slaughtered six months after
treatment and then given to other animals, induced a prompt rise in blood
selenium to the same level as new pellets.

In summary, the selenium pellet offers a safe, economic, and effective
means of preventing selenium deficiency in grazing cattle in a single
operation for a period of two years. During that period, it raises
selenium concentrations in the blood and other tissue from deficienct to
normal levels.

Future Research Needs

1. Safety considerations if recommended dose is exceeded.
2. Pellet selenium release rate.
3. Age to pellet nursing calves.
4. Tissue selenium levels.
5. Selenium interaction with other nutrients.

TALK
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cooperation and financial support made the selenium program a success. We
also want to thank the California livestock Farm Advisors and
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want to acknowledge and thank the many rancher cattlemen who willingly
made their ranches, animals and facilities available for the project; and
also for their devoted time and effort in carrying out the research
program. Individials and organizations that have supported the UC
selenium pellet research during the past two years.
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TABLE 1
CATTLE SELENIUM SURVEY

Herds ~~:!!~.:. Inad Suffie

164 45% 31% 24%

67 60% 21% 19%

28 18% 18% 64%
-

259 46% 27% 27%

TABLE 2. Mean Selenium in Cattle Tissue (ppm D.M.).

Se
Control Pellet ( 2 )

Blood 0.023 0.139
Heart 0.303 0.792

Liver 0.252 0.775
Kidney 3.616 5.392
Neck Muscle 0.112 0.328
Diaphram Muscle 0.203 0.362

Abdominal Fat 0.080 0.064
Ki dney Fat 0.068 0.111

Reticulum 0.199 0.780

Rumen Contents 0.101 0.279
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FIGURE 1

COW BLOOD : BLOOD SELENIUM

0

.10 ~el1ets/O
"0
e

.08 MARGINAL 0_0e
~~
::::I
.... G/

/0z,...
we

.06-I..l:
w~ 0VI

CIS DEFICIENTg~ .04-I C'I
m;:L

.02 ",,- --- -- - - - -- ----------
"" ""--....

0
1980 1981 1982

TIME

35



FIGURE 2

BLOOD SELENIUM IN COWS
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