
UNIVERSITY OF CALIFORNIA
BEEF RANGE FIELD DAY

APRIL 24, 1980

Sierra Foothill Range Field Station
Browns Valley, California



COVER

Station Animals are Used for a Variety of Research Projects. The Neck Chain
On the Cow Allows Her to Open an Electronically Coded Feeder for Nutrition

Research, and the Number on the Side of the Calf Provides Easy
Identification for an Animal Behavior Project.



PARTICIPATING SPEAKERS

N. F. (NORM) BAKER, D.V.M., Professor and Chairperson, Veterinary Microbiology, Parasi
tologist in the Experiment Station, University of California, Davis.

R. L. (LEE) BALDWIN, Professor and Chairperson, Animal Science Department, Nutritionist in
the Experiment Station, University of California, Davis.

C. R. (RICH) BENSON, Cooperative Extension Special ist. Animal Science, University of
California Cooperative Extension, Davis.

A. C. (TONY) BYWATER, Assistant Professor, Animal Science Department, Nutritionist in the
Experiment Station, University of California, Davis.

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

R. E. (RICK) DELMAS, Staff Research Associate, Animal Science, University of Cal ifornia
Sierra Foothill Range Field Station, Browns Valley.

L. L. (LORRY) DUNNING, Staff Research Associate, Veterinary Medicine Extension, University
of California, Davis.

K. W. (KEN) ELLIS, Cooperative Extension Specialist. Animal Science, University of
California Cooperative Extension, Davis.

H. F. (HAROLD) HEADY, Assistant Vice President, Agriculture and University Services,
Associate Director of Agricultural Field Stations, Professor of Forestry, University of
California, Berkeley.

K. A. (KAY) HENDERSON, Graduate Student and Teaching Assistant, Animal Science Department,
University of California, Davis.

J. L. (ROY) HULL, Specialist, Animal Science Department, University of California, Davis.

B. L. (BUD) KAY, Specialist. Agronomy and Range Science, University of California, Davis.

E. C. (ED) LOOMIS, Parasitologist, Extension Veterinary Unit, University of California,
Davi s.

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

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

P. L. (PAUL) ROWELL, Superintendent of Sierra Foothill Range Station, Associate Agronomist
in the Agricultural Experiment Station, University of California, Sierra Foothill Range
Field Station, Browns Valley.

B. L. (BOB) WILLOUGHBY, California Livestock Farm Advisor. Butte County. Cooperative Exten
sion SerVice, Oroville.

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

3



WELCOME - BEEF-RANGE FIELD DAY
APRIL 24, 1980

Paul Rowell

Welcome to the University of California Sierra Foothill Range
Field Station. The Station was established in 1960 and consists of 5,800 acres which range
in elevation from 300 feet along the Yuba River to 2,000 feet at the northeast boundary.
Rainfall averages 29-30 inches/year, with a range of 10-45 inches. Terrain, climate, soil,
and vegetation types are representative- of several million acres of California foothill
lands.

The Station consists of five major pasture and rangeland ecosystems: 1) naturally
vegetated foothill woodland with 40-70 trees/acre with associated brush, grasses, and
forbes; 2) foothill woodland range partially cleared of trees and brush (Porter area) con
sisting of 3-6 trees/acre and reseeded with rose clover, subterranean clover, Hardinggrass
and orchardgrass; 3) foothill woodland range totally cleared of trees and brush (Forbes
area) and reseeded with rose and subterranean clover; 4) foothill woodland totally cleared
of trees and brush and not reseeded; and 5) cultivated and sown irrigated pasture (surface
and sprinkler irrigation) consisting of traditional permanent pasture species. Currently,
we have a 250-cow commercial Hereford herd, a 60-cow purebred Hereford herd, and 60 re
placement heifers.

The station is administered by the Field Station Branch of the Division of Agricultural
Science of the University of California. Its programs are guided by a Research Advisory
Committee composed of members of the Agricultural Experiment Station and the Cooperative
Extension Service. Research is conducted by staff members of the University of California
at Davis and Berkeley, the University of California Cooperative Extension Service, and
other academic and research organizations in cooperation with staff members of the Univer
sity of California.

The Field Station also serves as an educational facility and outdoor classroom and lab
oratory for students at the University of California and other colleges and universities.

Again, welcome to the Station. We hope you have a pleasant and rewarding day.

WELCOME
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Beef Calf Production From Irrigated Pasture, Supplements and
Winter Annual Range in the Sierra Nevada Foothills

C. A. Raguse, J. L. Hull, and R. E. Delmas

In the United States major support of beef cattle production is derived from the
grazing of natural or improved pastures on land generally unsuited for tillage and
conventional agronomic crop production. According to Reed, grazing lands in California
constitute from 25 to 36% of the state's 100 million acres and provide about 60% of the
total feed fed to meat-producing livestock or about 20% of the total meat production
(8).

Regions with a lfuditerranean climate are characterized by cool, wet winters and hot,
dry summers, which results in essentially three range forage seasons (2): 1) inadequate
or uncertain green forage (generally late October to late January or early February), 2)
adequate green forage (early February to early June), and 1) dry forage (Mid June to late
October). Available dry matter, energy content and/or protein content will be limiting
in a livestock feeding program either singly or in combination for six to nine months of
the year. Where irrigation water is locally available, summer-growing irrigated pasture
has long been used to supplement seasonal dry matter production and to correct dietary
deficiencies of the range forage (1, 6). This is especially appropriate where year
around maintenance of breeding herds plus growth of calves or stockers is desired in lieu
of seasonal livestock purchases and sales or where seasonal movement of livestock to
off-ranch locations is not possible.

This paper sumMarizes a four-year study of year-around cot/-calf production on
improved lower foothill rangeland with and without seasonal supplementation with irrigat
ed pasture. High stocking rates were used in order to fully use available forage and to
reduce capitalization and tax costs.

Experimental Procedures

The research was conducted from 1973 to 1977 at the University of California's
Sierra Foothill Range Field Station, Browns Valley, Yuba Co. using three land-forage
classes: 1) approximately 200 ac. of annual rangeland which had been converted from oak
woodland to an essentially complete herbaceous cover by type conversion techniques
employing herbicidal killing of woody vegetation followed by control burning and re
seeding with desirable range annual legumes and sumMer-dormant perennial grasses; 2)
approximately 100 ac. of land similar to class 1 above except that no re-seeding and
fertilization was done following control burning; and 3) approximately 45 ac. of irrigat
ed pasture of 101' to moderate productive capacity. Location of the fields (Porter PI
and Scot 13) is shown in Fig. 1.

Soils of this area are quite mixed but consisted principally of the Argonaut, Los
Posas, and Sobrante series. Resident herbaceous range vegetation is also quite diverse,
with numerous families, genera, and species of largely-annual grasses, forbs and legumes.

The irrigated pasture was an old, established stand (of previous landowner) consist
ing of a mixture of perennial grasses and perennial legumes including orchardgrass
(Dactylis glomerata L.), Dallisgrass (Paspalum dilatatum Poir.), perennial ryegrass
(Lolium perenne L.), velvetgrass (Holcus lanatu~~dino clover (Trifolium repens L),
strawberry clover (Trifolium fragiferum L.) and narrolVleaf birdsfoot trefoil (Lotus--
tenuis Waldst. & Kit.). In this mixture, velvetgrass, and possibly Dallisgrass~e

volunteer species.

Availability of suitable areas for field research and availability of uniform
livestock both were limited, because the field station was still in an early phase of
facility development. The work, therefore, was conducted as a non-replicated treatment
comparison of I) a breeding herd of Hereford cattle maintained yearlong on cleared but
non-reseeded and fertilized rangeland; this was considered the control or reference herd,
and is identified in the tables and graphs as the "simple" system, and II) a hreeding
herd of Hereford cattle maintained for approximately half of the year on annual range
cleared, re-seeded and fertilized at reseeding, and for the remainder of the year on
irrigated pasture. This treatMent is referred to subsequently as the "col1plex" system.
~eplications in time (4 years) were available, however, for statistical analysis of both
plant and animal responses.
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Re-seeding of the rangeland used for the "complex" system was done in 1970 and 1971,
with a mixture of subterranean and rose clovers (Trifolium subterraneu!'1 and T. hirtum)
together with the sum~er-dormant perennial grasses Hardinggrass and Palestine orchard
grass (Phalaris tuberosa, P. hirtiglumis and Dactylis glomerata). After control burning
and re-seeding, the area was subdivided into four fenced fields for seasonal grazing
rotation. Permanent line transects were established in each of the four range fields for
step-point sampling of herbaceous forage botanical composition. Species percent composi
tion averages from each of the four fields were weighted to reflect differences in field
size and reported as single values for each year. Botanical composition of the non
reseeded range field used in the "simple" system was similar, except for absence of the
sown species.

Estimates of seasonal dry matter accumulation in the four "complex" systef.1 range
fields were made within 10-ft by 10-ft exclosures during the period mid-February to early
June, with at least one early-season and one late-season sampling taken each year. The
exclosures were arranged so as to represent important physiographic, edaphic, anct
botanical variations and were moved each year. Plants were clipped at a 2-inch stuhble
height from four square-foot quadrats within each exclosure. The samples were visually
selected to represent forage accumulation in low (1 sample), intermediate (2 samples)
and high (1 sample) dry matter accumulation classes.

!Iature Hereford cows were used in the trial. Breeding began about January 1 each
year, with artificial insemination practiced for the first 21 days followed by natural
service for an additional 10 to 45 days. All calves were individually identified and
weighed at birth. The calves were weaned late !lay to early June each year and all cows
were pregnancy checked. At weaning COIlS which were not pregnant or which had health
problems (cancer eye, bad udder etc.) were culled. ReplaceMents were added at this time;
these were cows pregnant with their second calf.

Supplements were fed as judged necessary during the winter months to cows in the
"conplex" system to prevent drastic loss of weight during these months (Table 1). The
reference herd received no supplements except during the last year because of drought
conditions (Table 2). Supplements were handfed either daily or 3 times per week. All
animals were weighed monthly throughout the trial. 'oJeaning weights of the calves ....ere
adjusted to a standard 20S-day weight.

Initially (1973-74) 30 cows were used for the improved range-irrigated pasture
("complex" system) treatment. Yearlong stocking rates were 6.7 ac of range and 2.0 ac of
irrigated pasture per cow-calf unit. In 1974-75 and for the remainder of the experiment
40 cows were used, with corresponding stocking rates of 5.0 and 1.2 ac. per cow-calf
unit, respectively. The control herd consisted initially of R cows, and was increased to
10 in 1975-76. Yearlong stocking rates were 13.5 and 10.9 ac. per cow-calf unit, respec
tively. The 108 ac. used for the reference treatment was divided into two fields of 47
and 61 ac. which were used in monthly rotation intervals. !lovement of the cattle in the
"conplex" system varied seasonally and from year to year, based on forage availability,
calving and breeding requirements, annual legume seed set, winter treading damage and to
permit sumner grazing of dry annual range.

Plant data were analyzed by conputing standard error of means for the botanical
cOf.1position data and by conputing linear regressions to estimate a seasonal (January-June)
value for rate of dry matter accumulation.

Aninal data were analyzed by computing standard deviations for 1) cow weights at
breeding, weaning and calving, and at beginning and end of supplenentation, and 2) calf
weights at birth and weaning (adjusted to 205 days). Using years as replications mean
cow and calf weights for the two manageI:lent systems I"ere compared using the Student IS" t"
test. An Aninal Unit !lonth (AUtO, where used, was defined as one IOOO-lb co,,,.

RESULTS AND DISCUSSIOn

Tahles 1 and 2 summarize cow and calf responses for the two systems.

The range-only stocking rate of 10.9 to 13.6 ac. per cow is high for the area,
especially in the absence of winter supplementation (Table 1). Removal of most of the
trees and shrubs enabled maximum production of resident herbaceous forage, which was
efficiently consumed. In an annual plant-based grazing system, grazing pressure can be
moderate to heavy as long as some protective litter is left and seed production is
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adequate to provide for the next season's growth. SiMilarly, the 5 ac/colV of range and
1.2 ac/cow of irrigated pasture in the cOMplex system (Table 2) are high, particularly in
view of the fact that the irrigated pasture was not highly productive, being on soils and
terrain generally considered marginal for this purpose.

Average cow weights are given for the physiological and Management stages of greatest
interest for the sake of completeness, while recognizing that statistically-valid conclu
sions cannot be drawn from them due to limitations of herd size, experimental design, and
animal variability. Some apparent trends, however, are worthy of note. For the simple
(range-only) system, there was a consistent and relatively large bodyweight gain (143 +
24 Ib) between breeding (Jan) and calf-weaning (lmy-June) following a smaller, and less
consistent (3 years out of 4) loss (-12 + 40 lb) between calving (Hov.) and re-breeding.
Comparable values for the complex (improved range-irrigated pasture-supplements) system
(Table 2) were 81 + 9 lb and -50 + 33 lb. A greater year-to-year variation was associat
ed with the fall-winter season, which also accurately reflects a greater variability
in the date when adequate grazing levels of new forage become available.

Interpretation of the cow weight results must also consider characteristics of the
l1editerranean annual climate as they affect forage growth and livestock production.
Figure 2 shows seasonal changes in maximum and minimum temperatures together with the
normal rainfall period. An arbitrary set of seasons is shown, along with times of use
for range, pasture and supplements. Four-year average changes in cow weights also are
given as they occurred during those seasons. For the four-year period, the algebraic sum
of cow gains and losses was the same for the two cow herds. 110reover, using the Student's
"t" test with years as replications no significant differences were found for calf birth
weight, average daily gain, and weaning weight between the two systems (Tables I, 2). In
effect, the greater animal productivity per unit land area in the complex system apparent
ly resulted principally from the higher stocking rate enabled by soil and forage manage
ment differences (including the use of irrigated pasture) and the seasonal use of energy
protein supplements.

Re-breeding percentages were low (four-year ave. of 81% and 85%, respectively, for
the complex and simple systems), but the small number of animals in the simple system
treatment and large year-to-year variations in both systems practically rule out any
inferences as to treatment influences. The generally negative values found for cow
bodyweight changes between calving and breeding would, however, generally be considered
an undesirable condition in a cow/calf production system.

It should be noted that the 4-year average ratio of grazing time on range to grazing
time on irrigated pasture was essentially 0.5:0.5 (Table 2). The average animal unit
months (Am1) per ac. of range for the complex system was 1.1 and for the irrigated
pasture 4.2 (Table 2). These Am! values, cons~dering the soils, climate and physiographic
limitations of the area, are high for the range component and low for the irrigated
pasture. The comparable value for the simple system (1.0 AUI1/ac range) also is higher
than average and reflects the fact that simple vegetation-type conversion from tree-
shrub to herbaceous vegetation is one of the most important range improvement practices
which can be chosen provided efficient conversion of the seasonal flush of forage production
(Feb.- Imy) to animal product can be accomplished.

Figure 3 illustrates the 4-year sequence of cattle rotation in the complex system
among the four annual range fields and the perennial, summer-growing irrigated pasture.
Seasonal use of irrigated pasture was begun mid- to late-April and was continued into
November or December, except for the final year. A severe drought year occurred in
1976/77, which forced some departures from planned procedures, e.g., supplementation of
cows in the simple system because of early cessation of plant growth, and early termina
tion of the experiments in 1977. The latter was of little importance since it occurred
at the end of the four year period and thus did not introduce a "carry-over" effect to
subsequent years.

On occasion, livestock were seasonally moved out of specific range fields to permit
seed maturation of the previously-seeded annual legumes (seed reserve enhancement).
!lid-summer grazing of dry, mature range forage was done to utilize carryover forage and
to shatter heads of rose clover so that, through livestock trampling, improved germina
tion and seedling establishment could occur in the fall. If possible, successive
yearly heavy grazing use of a given range field during an excessively-wet part of the
winter was avoided. Over the 4-year period the four range fields were each used an
average of 3 times per l2-month season. Rotational grazing of I!editerranean climate
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annual rangelands still remains a subject of some controversy and no single, generally
accepted management system exists.

Table 3 gives the average botanical composition of the four range fields used in the
complex system. Fields used in the simple system consisted of variable but similar
proportions of "soft chess" (Bromus mollis L.), other Bromus species, Avena spp. (wild
oats), Festuca spp" miscellaneous forbs, and minor amounts of rose clove~: Despite
seeding of introduced annual legumes and summer-dormant perennial grasses (Phalaris and
Dactylis spp.), annual-range vegetatiDn of the Sierra Nevada foothills generally continues
to be dominated by a complex Df resident annual grasses, filaree (Erodium spp.) and
miscellaneDus annual forbs. A notable exception occurred in one of the four range
fields (R4), where, on deep soils of a north-easterly aspect, quite respectable levels of
summer-dormant perennial grasses have slowly been built up. No attempt was made in this
study to assess the contribution of these introduced perennial grass species to produc
tion at the animal level. It is known from both plant (5) and animalll studies that
protein content drops precipitously as this annual range forage matures; correspondingly,
there also is a marked increase in fiber content. Definitive studies of the importance
of annual legume and perennial grass compDnents tD beef calf prDduction have not been
done. Proportions of species in the flora vary from year to year independently of
grazing and other management influences; the drought year (1976-77) decline in annual
clover with a concomitant increase in filaree (Table 3) is one well-known example.

Occasional samplings were made each year of seasonally-accumulated herbage (from
exclosures) from the range fields in the complex system (Fig. 4). We di~ not attempt to
carry out a statistically sound biomass sampling program because of its cost. Instead, a
small number of samples were chosen to provide an estimate of forage accumulated in
upper, lower and mid-range weight categories during the post-winter season. While a
curvilinear functiDn would provide a better fit to the data, the dry matter production
estimates (approximately 15 to 35 lo/ac per day) ShOI~ as linear regressions are adequate
when considered within the overall error levels of the research program. They also
provide opportunity for use in linear programming resource allocation models. The
upper part of Fig. 4 shows how the dry matter samples were distributed among six forage
weight classes over the period of maximum growth.

Table 4 presents a partial economic analysis of the two production systems. As Dean
et al. observed over two decades ago (3), beef cow/calf livestock production on foothill
lands (of marginal and seasonally-constrained forage production capability) may be
economically defensible only under circumstances other than those inferred by convention
al cost analyses. With the assumptions made (1978 values) in the present calculations
(Table 4), return to investment was only 3.2% for the simple system and 1.6% for the
complex system. Host of the investment entries under the complex system (Table 4) were
judged to be liberal. As previously noted, the irrigated pasture was of relatively low
productivity in relation to maximum potential compared tD the range component in either
system and, in effect, its potential contribution for many ranches may have been substan
tially underestimated.

A fundamental difference between the two production systems, when compared in terms
of economic analysis, is in the amount of land required to support a cow/calf unit. In
the present study, compensating factors worked to make the two systems economically
comparable when total investment was used as the sole comparison criterion. In contrast,
operating costs for the complex system were more than double those for the simple system.
Taken together, depreciation and investment cost differences between the two systems
tended to cancel each other, but favored the complex system because of a smaller land
investment base. The value of production (weight of calf per lOO-coll unit) differed by
so small a value that for practical purposes the two systems could be considered equal.
The net result is that an economic analysis approach to production system comparison is
valid only when applied to a specific set of cDnstraints, which should include operator
objectives. For example, a land owner with a second, off-farm, income, small acreage,
access to relatively inexpensive irrigation water, and with fami]y labor aVRilable will
view the two systems much differently than will one with extensive but remote holdings of
marginal land and a need for streamlined management.

1/1 • G. tioris, Dept. Df Animal Sci., DC-Davis. Unpublished data frOM esophageal-fistulated
steers grazing on sinilar rangelands
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SUtlllARY

--Characteristics of the "Simple" (range-only) system:

--In 3 years out of 4, cows lost weight between calving and re-breeding.
--Cows consistently gained weight between re-breeding and calf-weaning.
--Calf birth weights, ADGs, and 20S-day weaning weights were not significantly

different from those obtained with the "complex system.
--Stocking rate was high -- 11-13 ac/cow-calf unit per year.

--Characteristics of the "Complex" (improved range-irrigated pasture-supplement) system:

--Cows consistently lost weight between calving and re-breeding.
--Cows consistently gained weight between re-breeding and calf-weaning.
--Calf birth weights, ADGs, and 20S-day weaning weights were not significantly

dif ferent froQ those obtained wit II the .. silaple" systen.
--Stocking rate was high for range (AU/l/ac = 1.1) and low for irrigated pasture

(AUll/ac = 4.2); overall stocking rates were S ac range and 1.2 ac irrigated pastue
per cow-calf unit.

--Seasonal use of improved range and irrigated pasture as a ratio of animal grazing
days was 0.5:0.S.

--Irrigated pasture was used from mid-to late-April in spring through mid- to
late-November in fall.

--Occasional summer grazing of carryover winter annual forage allolJed 1) efficient
seasonal use of forage, 2) shattering and trampling of rose clover seeds, and 3)
reduction of litter levels to enhance fall geruination and establishnent of
clovers.

--Numerical summary comparison of the two systems:

Simple
73-74 74-75 75-76 76-77

Ave. change in cow
wt. between calving -49 44 -18 -25
and re-breeding, lb. 4-yr ave. '" -12

Ave. change in cow
wt. between re-breeding 172 130 117 153
and calf-weaning, lb. 4-yr ave. = 143

Ave. calf performance:

birth we., lb. 77 71 73 62
4-yr ave. = 71

ADG, lb. 1.9 1.9 1.7 1.3
4-yr ave. = 1.65

weaning wt., 460 440 410 320
20S-day, lb. 4-yr ave. = 410

--Other items of interest

Complex
73-74 74-75 75-76 76-77

-42 -73 -6 -77
4-yr ave. = -50

71 91 86 75
4-yr ave. = 81

79 73 75 73
4-yr ave. = 75

1.9 1.8 1.6 1.4
4-yr ave. = 1.7

480 480 410 360
4-yr ave. = 430

--There was more year-to-year variation in the fall season than in other seasons.
--Re-breeding percentages were low, but insufficient data rule out statistical

analysis.
--Summer-dormant perennial grasses (Hardinggrass, Palestine orchardgrss) increased

markedly on a range field with a north-easterly-facing aspect and assumed deep
soils.

--Forage sampling (from exclosures) for dry matter production during the "grand
period of growth" (Feb.-June) yielded a set of linear regression equations which
predicted forage production rates of 15 to 35 Ib/acre per day.

--Returns to investoent, using standard economic analysis, were low for both systems.
--A number of management options used in the study would be useful to part-time

farI3er-ranchers, especially where faoily labor and relatively-inexpensive irrigation
weather are available.
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Table 1. SUl;\Uary of comparative annual performance of fall calving cO\J/calf herds on cleared, non-reseeded, non-fertilized'
annual range ("Simple" system).

1973-74

COW DATA:

1974-75 1975-76 1976-77

Area/cow, ac of range
Animal unit months on range, per cow
Animal unit months per ac of range
Area/cow, ha of irrigated pasture
Animal unit months on irrigated

pasture
Number of CO\JS

Weight at calving, lb
Weight at breeding, 1b
Weight at weaning, lb
Weight at start of supplementation, Ib
Supplement fed/head per day, lb
Days supplemented
Weight at end of supplementation, Ib

Percent rebreeding

CALF DATA:

Number of calves
Birth weight, lb
Weaning weight, adjusted to 205 days, 1b
Average daily gain, birth to weaning, 1b

(not adjusted for sex)

Calf produced per ac, 1b:
to weaning date (in parentheses)

13.6 (year around) 13.6 (year around) 10.9 (year around) 10.9 (year around)
12 12 12 12

0.9 0.9 1.1 1.1
None None Hone Ilone

None !Jane None None
8 8 10 10

935 + 90 840 + 82 858 + 108 794 + 68
886 + 93 884 + 77 840 + 93 769 + 79

1058 + 101 1014 + 117 957 + 95 922+ 86
970 + 82 796 + 79 831 + 97 752 + 82

None Ilone None +
0 0 0 96

891 + 90 897 + 95 847 + 93 836 + 73 ..-..-
100% 100% 70% 70%

8 8 10 10
77+ 8.4 71+ 10.1 73 + 9.3 62 + 7.3

461 + 27.8 441 :; 29.1 414 :; 75.8 322 + 42.6

1.87 + 0.15 1.81+0.26 1.65 + 0.31 1.28 + 0.20

34 (24/5/74) 32 (23/5/75) 38 (4/6/76) 29 0/6/77)

+ -3:1 ground corn: CSt! 1/12/76 - 23/3/77, 4 Ib/hd per day
pasture hay 30/12/76 - 3/3/77, 10 Ib/hd per day
alfalfa hay 4/3/77 - 23/3/77, 10 Ib/hd per day



Table 2. Summary of comparative annual performance of fall calving cow/calf herds maintained year-around on
perennial irrigated pasture and on cleared and improved annual range ("Complex" syste{;\m).

•

COW DATA:

1973-74 1974-75 1975-76 1976-77

Area/cow, tiC of range
Months on range, per cow
Animal unit months/ac of range
Area/cow, He of irrigated pasture
~IDnths on irrigated

pasture, per cow
Animal unit ];lonths/ac of irrig. past.
Number of cows
Weight at calving, 1b
Weight at Jreeding, Ib
Weight at ,eaning, lb
Weight at ltart of supplementation, 1b
Supplement fed/head per day, Ib+
Days supplementea-f
Weight at end of supplementation, lb

Percent rebreeding

CALF DATA:

6.7 (136 days) 4.9 (205 days) 4.9 (197 days) 4.9 (180 days)
4.47 6.74 6.48 5.92
0.7 1.4 1.3 1.2
2.0 (229 days) 1.2 (160 days) 1. 2 (168 days) 1. 2 (157 days)

7.53 5.26 5.52 5.16
3.8 4.2 4.5 4.2

30 40 40 40
1076 + 112 1032 + 141 959 + 117 1010 + 132
1034 + 101 959 + 119 953 + 99 933 + 117
1105 + 110 1050 + 108 1039 + 104 1008 + 108
1169 + 110 1005 + 139 922+ 99 990 + 115

3.3 2.2 2.2
112 84 58 125

N

986 + 97 975 + 117 968 + 101 924 + 117

70% 95% 85% 75~~

Number of calves
Birth weight, Ib
Weaning weight, adjusted to 205 days, kg
Average daily gain, birth to weaning,

Ib (not adjusted for sex)

30
79 + 8.2

477 + 59

1. 92 + 0.20

40
73 + 9.9

433 + 66

1. 76 + 0.24

39
75 + 10.6

407 + 70

1. 63 + 0.24

39
73 + 10.1

359 + 73

1.41 + 0.29

Calf produced per ae, 1b
to weaning date (in parentheses) 55 (21/6/74) 70 (20/6/75) 66 (4/6/76) 58 0/6/77)

+Alfalfa Cubes

26/10/73 to 15/2/74
8/11/74 to 31/1/75
4/12/75 to 2/2/76
19/11/76 to 25/3/77

§
Alfalfa cubes 19/11/76 - 29/11/76, 2.2 Ib/hd/day
ground corn 1/12/76 - 10/12/76, 2.2 Ib/hd/day
3:1 ground corn: CS!1 13/12/76 - 23/3/77, 4.4 lb/hd/day
pasture hay 20/12/76 - 23/3/77, avg. 4.4 1b/hd/day



Table 3. Average botanical composition (step-point quadrat) in the four
cleared and re-seeded range fields (Rl-R4 of Fig. 2) used in
combination with perennial irrigated pasture.

1972- 1973- 1974- 1975- 1976-
1973 1974 1975 1976 1977 X SE

z"!"./ % % % % % %

Sub clover 3.9 7.2 3.9 7.9 3.2 5.2 0.97
Rose clover 7.2 9.9 5.4 10.7 4.7 7.6 1.19
Perennial grasses 8.2 5.4 8.4 5.9 6.1 6.8 0.62
Annual ryegrass 5.7 5.3 7.8 4.8 5.5 5.8 0.52
Resident annual

grasses 33.6 37.0 39.2 29.6 40.4 35.9 1. 97
Filaree 8.6 13.5 6.3 8.4 21.3 11.6 2.69
Bur clover 0.3 0.7 0.0 0.2 0.5 1.8 0.12
Annual forbs 5.5 5.7 4.8 4.1 10.0 11.9 1.03
Litter 12.2 7.6 11.8 16.0 2.6 10.9 2.29
Bare ground 12.9 7.1 10.0 10.5 9.9 10.1 0.92

+
are yearly means weighted forEntries varying acreages in the four fields.

Table 4. Partial economic analysis of the use of irrigated pasture and improved
range (1:5 ratio) vs. improved-range-only in yearlong maintenance of beef
breeding herds for the production of beef calves. Prepared by A. D. Reed,
Dep. of Agric. Economics, UC-Davis.

LAND REQUIRED

range, ac
irrigated pasture, ac

Values adjusted to laO-cow
Simple system

(Cleared range
alone)

1100

herd size
Complex system
(Cleared range
plus irrigated

pasture)

500
130

INVESTllENT

Total ac 1100 630

range, at $500/ac $550,000 $250,000
irrig. past., at $900/ac $117,000
surface-flow irrigation

system, at $600/ac 79,500
fences, range, at $25/ac 26,700 12,120
fences, irrigated pasture,

at $40/ac 5,300
pasture stand 18,500
range re-seeding and

fertilization (initial) 13 ,100
water, roads, etc. 4,450 2,020
equipQent 7,950

Total investment $581,150 $505,490
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Table 4 (continued):

OPERATING COST~

irrigation water,
25 miners inches per season

:I:
at $30/m.i.

fertilizer, 225 1b/ac
(NH4)ZS04 at $155/ton

irrigation and fertilization
labor, 12 hours/ac $4.55/hour

taxes, rangeland at $5/ac

taxes, irrig. past. at $15/ac

supplement; see Tables 1 & 2
for detail

Total operating costs

DEPRECIATION

range
pasture

Total depreciation

INTEREST ON INVESTI1EilT, AT 8%

Land
Other

Total interest

Total Cost
11

VALUE OF PRODUCTION

1/Steers, 45 at $0.77/lb

Heifers, 45 at $0.75/lb++

Total incone

5,500

§
-.-!J 030

$6,530

1,780

1,780

44,000
1,245

$45,245

$53,555

14,841

13,068

$27,909

750

2,293

7,235

2,500

1,950

1,105

$15,833

810
3,740

4,550

36,770
1,835

$38,605

$58,988

15,300

13,385

$28,685

+ Unly those costs which vary directly with the systems compared are included.

i
One California statutory miner's inch equals 11.2 gal/minute. Fields \lere
irrigated at 14-day intervals over a 6-month season.

§
Supplement in this treatment actually fed only in final year due to drought;
cost averaged over the 4-year period.

For cODputations, assuncs 90% survival to weaning, 0.5:0.5 steer:hcifcr
ratio and sale of all calves.

If
IJts. of 428 and 441 lb, respectively, used for the two treatments.

++Wts. of 388 and 397 lb, respectively, used for the two treatQents.
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improved-range fields.

Fig. 2. Average maximum and D1n1mum air
temperatures for four of five ecological
seasons and four-year average changes in
cow weights for the simple and complex
grazing systems during those seasons.
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SEASONAL VARIATION IN THE NUTRITIVE NATURE
OF CALIFORNIAN RANGE FORAGE FOR CATTLE

J. G. Morris and R. E. Delmas

Introduction

A fundamental characteristic of the world's rangelands is the vari
ation in quantity and quality of forage it makes available to grazing animals. This varia
tion results from responses of pasture plants to climatic variables. particularly tempera
ture and rainfall. The combination of California's Mediterranean climate and range use
practices have favored the development of predominately annual rangelands species. An ap
proximation of the growth cycle of these annual species in the foothills of the Sacramento
Valley is as follows: Germination occurs in late fall/early winter following the first ef
fective rains. and. provided that soil moisture remains adequate. growth continues until
col d dormancy occurs. generally in early December. Growth resumes aga in about February.
and most species have matured by late April/early May when soil moisture is depleted. For
the remainder of the year. only dry. mature forage is available to cattle. A knowledge of
the time sequences and magnitude of this variation in composition of range forage is neces
sary for formulation of effective suppl.ementation programs. for designing alternate systems
for improved range utilization. and for models to simulate range production systems. This
latter application requires data over a number of years so that the repeatibility of cyclic
pattern can be estimated.

Current information on the seasonal variation in nutritive value of Californian forage
has been derived from either clipping data (Gordon and Sampson. 1939) or from short-term
(three month) studies on coastal range (Van Dyne and Weir. 1964). The study reported here
was designed to provide information over a number of successive years of the composition of
range forage ingested by grazing steers.

Experimental

The site used for the study was at the Sierra Foothill Range Station (39°10' N lat ••
121°34' Wlong.) (Forbes Area) and consisted of open range. which had been cleared for ab
out five years of trees and shrubs. The vegetation was native forb and shrub species,
which had been oversown with subterranean (Trifolium subterraneum L.) and rose (Trifolium
hirtum All.) clovers. Superphosphate (110 kg/ha) was added to the drill rows at the time
the clovers were sown.

Two Hereford steers with permanent esophageal fistulae were used to collect samples of
range forage at intervals ranging from 14 to 28 days from October 1973 to June 1977. The
more frequent samplings were in the spring when compositional changes were most rapid. On
each sampling date. two samples were collected from each steer. one in the morning and one
in the afternoon. Esophageal extrusa was collected in polyethylene-lined bags to prevent
leaching of soluble constituents in the feed by saliva. Following collection. all samples
were frozen until lyophilized and ground in a Wiley mill filled with a stainless steel
screen with 1 mm diameter holes. Morning and afternoon collections were processed and ana
lyzed as separate samples. The samples collected by esophageal fistulae were analyzed for
crude protein (N x 6.25) by the Macro Kjeldahl procedure (AOAC. 1965) and in vitro digesti
bility of organic matter (Tilley and Terry. 1963). Samples were analyzed in triplicate.
along with a sudan grass (Sorghum sudanense) standard.

As esophageal fistula collected samples are contaminated by saliva. additional forage
samples were collected by clipping eight to 16 quadrats of 0.09 M2. which were pooled and
analyzed for the following mineral constituents: Sodium. potassium. calcium. and copper by
atomic absorption spectrophotometry (Perkin-Elmer. 1968) and phosphorus by a method adapted
for the Technicon Autoanalyzer.

A computer program was used to compile and plot the data.
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Results and Discussion

Crude Protei n: The crude protei n percentage in the range forage harvested by the steers
exhibited a highly repeatable pattern between years (Figure 1). Minimal concentrations of
crude protein (around six percent in the dry matter) occurred following maturation of the
forage species in early summer, and continued until late fall when new green growth contri
buted to the diet. Thereafter, crude protein increased to a sharp maxima (about March),
which would have been due to an increasing percentage of green versus dry forage in the
diet. Thus, maximal dietary concentrations of crude protein occurred chronologically later
than the maximal concentrations in the new forage.

These data show that range cattle are annua lly subj ected to low 1eve15 of prate i n in
their diet in the summer-fall months and the necessity for supplementation at this time of
the year for maintenance of productivity.
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fistulated steers.

In Vitro Digestibil ity: The annual variation in i.!! vitro digestibility of organic matter
in the harvested forage shows a similar pattern to crude protein (Figure 2) especially in
the years 1973-75. Because of below-average rainfall in the winter of 1975 and spring of
1976, the annual peak in organic matter digestibility for these years was truncated. How
ever. the pattern resumed again in 1977.
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SEASONAL VARIATION IN ORGANIC MATTER DIGESTIBILITY
OF RANGE FORAGE SAMPLES COLLECTED BY
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These data show that the organic matter digestibility and, therefore, available energy
from range forage annually falls to low levels in the summer-fall period. The combination
of low levels of organic matter digestibility and crude protein in the range forage limit
food and hence total energy intake.

Phosphorus: The concentration of phosphorus in the clipped forage samples (Figure 3) exhi
bited an annual cycl ic pattern similar to that of crude protein. The minimal concentra
tions of less than 0.05 percent, which occurred in September-December period, indicate ex
tremely low levels. If cattle are ingested forage of similar phosphorus concentration as
the clipped forage, they would be markedly deficient in this element. Studies are in pro
cess to assess the extent of this deficiency.

Calcium: The concentration of calcium in the forage (Figure 5), although variable and fol
lowing the growth cycle, was at all times adequate for range cattle.

Sodium and Potassium: These two elements also followed the annual growth cycle (Figures 6
and 7). At all times potassium was adequate for cattle, but under certain conditions so
dium could be limiting. No productive response, however, has been found in range cows over
two pregnancies and lactations given supplemental salt (Morris, Delmas and Hull, 1980).
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Flgure 3 Cyclical changes in phosphorus concentration of hand harvested
ran]e forage with time of year.
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Figure 6 Cyclical changes in potassium concentration of hand harvested
range forage with time of year.
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Figure 7 Cyclical changes in sodium concentration of hand harvested
range forage with time of year.
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Conclusions

The data presented here show that the forage ingested by range cattle varies markedly
and predictably with the growth cycle of the range plants. This information is being used
in the design of supplementation programs and computed models of range production systems.
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EFFECT OF STOCKING RATE
ON LIVEWEIGHT GAINS

J. G. Morris and J. L. Hull

The foothill ranges of Northern California are at their
peak productivity in the months of late February or early March to May. Prior to this per
iod there is insufficient quantity of green feed for rapid weight gains; after May the
quality of the feed rapidly deteriorates, and rates of gain approach zero and become nega
tive. In order to optimally utilize this range forage for liveweight gain, relatively high
stocking rates are necessary over this short period of nutritious forage.

In this trial, the relationships between stocking rate and bodyweight gain per steer
and per unit area were measured.

Experimental

One hundred and seventeen weaner steers were drenched with Thibenzole, weighed, and di
vided into four groups by stratified randomization on a body weight basis. The four groups
of steers had an intial mean shrunk body weight of about 200 kg. In order to have differ
ential stocking rates, the number of animal per group was varied as the fields were rela
tively uniform in size. The groups comprised 18, 23, 31 and 45 steers, which gave stocking
densities of 3.1, 2.4, 1.8, and 1.2 ha/steer (equivalent to 7.7, 6.0, 4.5, and 3.0 acres/
steer). At the commencement of the trial (March 4) and at its termination (June 22),
shrunk body weights were taken. During the trial. individual body weights were taken at
weekly intervals on steers directly from pasture.
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Results and Discussion

All groups of steers gained weight from the beginning of observations until June 1, and
by June 15 all were losing weight. The relationship between stocking rates and gain per
animal per day and per hectare are shown in Figure 1. Daily gains per animal were virtual
ly constant over the lowest three stocking densities. At the highest stocking rates (1.2
ha/steer) weight gain per day slightly declined. However, over the entire range of stock
i ng rates used, cumul at i ve body wei ght per hectare progress i ve ly increased and was over
twice the lowest value of 30 kg gain/ha at the highest stocking rate (68 kg/hal.

Our results are in agreement with the general model or animal gain and stocking rate
proposed by Jones and Sandi land (1974) rather than the one of Matt (1960).

For optimal use of foothill range for liveweight gain in steers, high stocking rates
for the short period when the forage is of high nutritive value are required.
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Effect of Blue Oak Removal on Herbaceous Forage Production
in the North Sierra Foothill~1

21
Burgess L. Kay and O. A. Leonard-

lNTRODUCTlOr~

Studies in northern California have demonstrated that herbaceous forage production
can be increased at least fourfold by renoving the overstory of blue oak trees (Quercus
douglasi i) H. & A.) (Johnson et a1. 1959; llurphy and Crampton 1964). The improved
forage-Yields have been sho,m to exceed those of adjacent grasslands (11urphy and Crampton
1964). The increases are explained as resulting from the improved availability of
light, moisture, heat, and soil nutrients. Also suggested as increasing yields was the
stimulatory effect of low concentrations of 2,4-D exuded from the tops of dying trees
killed by the cut-surface method (Leonard et ale 1965). Recorded changes in species
composition following tree removal were listed as improving forage quality (l~rphy and
Crampton 1964).

This progress report presents the first 14 years of measurements following tree
removal.

Figure l--Experimental area before trees were treated. Photographed llay 15,
1964, at the peak of the herbaceous growing season.

The site chosen is a gentle north slope at the UC Sierra Foothill Range Field
Station, at an elevation of 1,750 ft. OIl the east side of the Sacramento Valley.
Annual rainfall during the study averaged 27 inches and varied from 10 to 42 (table 1).
Soil is mapped as an Auburn, Las Posas, Sobrante complex. All are red soils derived
from greenstone with a clay-loam surface. Depth varies from shallow to moderate with
some soils underlain by clay. All have stones independent of the green-stone parent
material.

The 4-acre study area was fenced to exclude deer, sheep, and cows. All trees
were mapped and measured for stem diameter and canopy size. Calibration measurements
of forage were made in !lay of 1963, seven months before the tree-removal treatments
were applied, to determine a logical sample size and experimental design. Forage yield
was measured beneath 92 trees at the end of this growing season. Six hundred and
eighty one-foot-square samples were clipped to ground level and oven-dried. Samples
were taken from transects on both the north and south sides of each tree at 1.5 ft from
the stem and every 3 ft to the edge of the canopy. Two to seven samples (mean of
three) were taken on each transect, with two to four accounting for 88% of the tran-

II
- Presented at the Symposium on the Ecology, l~nagement, and Utilization of California

Oaks, Claremont, California, June 26-28, 1979.

2/ S . 1° . R S' dB' (d d)- pecla 1st In ange Clence an otanlst ecease •
Range Science, University of California, Davis.
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lowest levels of soil phosphorus measured are suggestive of a possible deficiency.

The stunding live trees contributed to reduced soil bulk density, and their
removal resulted in increased density even with minimal livestock use. Animals were
present only a few times, and then only in the dry summer months, so their influence on
bulk density should have been minimal.

A stimulatory effect of low concentrations of 2,4-D seems unlikely. Leonard et
al. (1965) measured 2,4-D in rainfall under cut-surface-treated trees and found small
amounts in the first year after treatment, but none after one year. Roots measured in
this study 1-2 ft from the stump contained 0.040 ppm and 0.011 ppm from the cut-surface
(E) and 2,4-D-treated stump treatments (D), rcspectively, measured 172 days after
treatment. The 2,4-D may have increased the rate of decomposition and resulting
availability of plant nutrients.

The changes in botanical composition following tree removal generally improved
forage quality. Of greatest importance was the increase in soft chess. The composi
tional changes might have been quite different if the area had been grazed in winter
and spring, as is the common practice. An increase in legumes and other forbs could
be expected if grazed. .

The lesser variation between years in forage production on grassland or tree
removal treatments than on tree-covered areas is of great value to a livestock operator.
The reduced variation may be of as much value as the increase in total forage production
that results from tree removal.

SUllltARY

Herbaceous forage production beneath blue oak trees increased when the trees
were killed. Forage yields were greater in 11 years of the 13 years following treatment
averaging 66 percent if the roots were killed and 45 percent if only the tops were
killed. Percent increases were greatest in the driest years. Yields when trees and
roots were killed > tops only removed > naturally occurring grassland > under live
trees. When trees were killed the botanical composition improved and total ground cover
increased. Uptake/acre of nitrogen, phosphorus, and sulfur increased. Bulk density of
soil increased. Possible reasons for the changes are discussed.
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MANAGEMENT OF THE RESEARCH HERDS
AT THE SIERRA FIELD STATION

Richard E. Delmas

At the Sierra Field Station there are approximately 250 com
mercial Herefords, 60 purebred Polled Herefords, and 60 replacement heifers. All mature
cows at the Station are assigned to a research project. The si ze of the exper imental
groups range from 10 to 35 head of cows and depend upon the exper imental design, pasture
size, and number of pastures allotted each experimental group. Both experimental group
records and individual production records are kept on all cows, calves, and bulls. All
animals are weighed a minimum of five times per year (post calving, beginning of supple
mentation, breeding season, end of supplementation, weaning) or every 28 days depending on
the experimental protocol. Cows are pregnancy tested each year, and the open cows are
culled unless the experimental design states otherwise.

Supplementation

Suppl ementation starts in September for animal s on dry range and in November for an
imals being transferred from irrigated pasture to dry range. Supplementation ends the lat
ter part of February. Cows are supplemented with alfalfa cubes. Our standard supplementa
tion rate for alfalfa cubes is 2 kg (4.4 lbs) per hd/day prior to calving and 3 kg (6.6
lbs) per hd/day from mid-November through February. The length and rate of supplementation
will vary sl ightly from year to year depending upon the weather conditions, feed condi
tions, and experimental protocol. First calf heifers are fed 3 kg (6.6 lbs) of alfalfa
cubes throughout the supple:nentation period. All replacement heifers to be bred are fed a
1:1 cottonseed meal to ground barley ration at the rate of 2 kg (4.4 lbs) per hd per day.
Heifers being held over the winter are fed a 1:3 mix, cottonseed meal to ground barley
ration, at the rate of 1 kg (2.2 lbs) per hd per day.

Breeding

The breeding season lasts 65 days and begins in January. Chinball marking harnesses
are placed on all bulls to aid in determining breeding dates. The purebred herd is arti
ficially inseminated for the first 21 days of the breeding season each year. Yearl ing
replace:nent heifers are exposed to a bull for a period of 45 days one month prior to the
onset of the normal breeding season. All open heifers are culled except for the top 20-25%
which are held over to be bred as two-year-olds, while the herd numbers are being in
creased. First calf heifers are kept on a high plane of nutrition throughout their preg
nancy and are kept separate from the cow herd.

Calving

First calf heifers begin calving in mid-September and continue through October. The
cows begin calving in mid-October and continue through November and into the first part of
Dece:nber.

All heifers and cows are brought in close to headquarters for calving. Animals are
checked at least twice a day for calving, with heifers being checked 3 and 4 times per day.
The birth weight, sex, calf's metal ear tag number, calving ease, sire, and dam's number
are recorded for each calf born.

Herd Health

All cows are vaccinated for Leptospira (Grippotyphosa, Hardjo, Pomona) and wormed twice
a year (at weaning; in the fall after calving). Cows are vaccinated for vibriosis and an
aplasmosis in November and December. The calves are vaccinated for blackleg and malignant
edema, castrated, dehorned if necessary, and implanted with Ralgro in February. In the
spring, prior to weaning, all calves are vaccinated for IBR, Lepta., and PI 3• The
replacement heifers are vaccinated for brucellosis just after weaning, and wormed.
Clostridium perfringens Type C and D is given to calves that will be on a high concentrate
ration.
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CONTROLLED BREEDING OF BEEF CATTLE

K. A. HENDERSON

Artificial Insemination (AI) of beef catt1 e offers producers
the opportunity to use superior sires in their herds. In many herds AI has been impracti
cal because estrus detection and breeding is labor intensive. In traditional AI programs,
cows are detected for estrus for about a twenty-three-day per iod and inseminated about
twelve hours after detection. This requires dawn to mid-day and afternoon to dusk ob
servation periods, and about 85% of the animals will be detected in well-managed herds
(Henderson, 1980). Controlled breeding programs minimize estrus detection and provide for
a maximal number of animals to be artificially inseminated in a short period. They neither
enhance fertility nor do they reduce fertility. Controlled breeding regimes and AI are
valuable tools which good managers may choose to employ.

Controlled breeding programs are designed to synchronize ovulation so that cows can be
inseminated over a short time range either at an appointed time post-treatment or following
observation of estrus. Animals which fail to conceive to the first AI service will usually
be in estrus 19-23 days after the first breeding and can be rebred either by AI or by
cleanup bulls. Two methods are being developed in North America: the use of prostaglan
dins and the use of progestational steroids in impl ants.

Prostaglandins are biological compounds that cause the corpus luteum to regress and
cease secretion of progesterone. Since the corpus 1uteum is formed from the remains of an
ovulated follicle, a cow must have cycled, i.e., been in estrus and ovulated in order to
have a corpus luteum. Prostaglandins can only be used to synchronize ovulation in animals
that are currently cycl ing. The most common regime for controll ed breeding with prostag
landins involves two injections eleven days apart, followed by AI 72 - 82 hours after the
second injection or estrus detection for a three day period. This regime allows for min
imum labor - three times through the chutes, and requires maximum drug expense - two doses
per cow. An alternative method is injection of all animals once, followed by five days of
estrus detection and AI. All undetected animals (about 1/3 of those cycling) receive a
second injection eleven days after the first, followed by AI. Luta1yse, produced by Upjohn
Co., is the prostaglandin product which is 1icensed in the U.S. Both Luta1yse and
Estrumate (produced by ICI) are sold in Canada. All prostagl and ins must be purchased from
veterinarians. The prices vary with the individual veterinarian, the service included, and
the number of doses purchased, but Luta1yse runs about ten dollars for the double injection
in Northern California (R. BonDurant, personal communication).

Another approach to controlled breeding that has been tested is SYNCROMATE B(SMB) - a
combination injection and implant produced by G. D. Searle Co. The treatment consists of
estrogen and a progestin in the injections and a progestin ear implant which is removed
after nine days. The estrogen stimulates regression of the corpus luteum, and the proges
tin limits follicle growth and prevents ovulation until the implant is removed. Calves are
separated from lactating cows for 24 or 48 hours for precise synchrony. 5MB can be used to
induce ovulation in some anestrous cows (Henderson, 1978a; Henderson et al., 1980). This
product is not commercially available. --

The success of any controlled breeding program is most dependent on management factors
within the individual herd. Herd differences have a greater effect on the conception rate
than treatment, parity of the animals, post-partum interval, inseminator, freeze batch of
semen used, or the percentage of animals cycling (Henderson, 1978b). Herd differences in
clude such diverse factors as genetic makeup, nutritional status, facilities for working
animals, record keeping, and identification and season. First service calving rates for AI
of beef cattle from well-managed herds vary from 30 to 70 percent with or without control
led breeding programs. Care must be taken in interpreting results to see how the animals
were selected prior to treatment and how the success is expressed. Estrus return data,
pregnancy checks, and calving data are not comparable. Conception rate is improved only if
cows known to be cycling are included in controlled breeding programs. Cyclicity can be
assessed by observation or rectal palpation of the reproductive tract by qualified person
nel. Average veterinary fees for palpation are about thirty dollars per hour. ~'ith good
facilities and help, the time for palpations, AI, implanting and implant removal average 90
seconds per animal. Selecting only good candidates, well grown heifers fourteen months old
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and cows in good condition and at least eight weeks post partum, can also improve concep
tion.

The controlled breeding regime which is utilized will affect conception. Tgble I shows
the effect of treatment on the percentage of animals treated that calved to the first ser
vice. This trial included calving data from 1310 cows and heifers from three herds. Con
trol animals were artificially inseminated following detection of estrus during a 23-day
period. Cows and heifers treated with 5MB were inseminated 46-50 hours after implant remo
val and calves were separated from implant removal until insemination. Cows and heifers
treated with prostaglandins (Upjohn) were inseminated 76-80 hours after the last injection
of the double injection regime. 5MB and prostaglandin treatments differed significantly
with 51% and 41% calving to the first service, but neither group differed from controls
(Henderson, 1980).

Insemination, freeze batch of semen, cyclicity (Henderson, 1978a) and post-partum in
terval (Henderson, 1978b) affect the percentage of cows which calve to the first service.
Alternating inseminators is recommended to reduce fatigue.

Table II shows the results of a trial to assess the effect of estrus detection vs.
breeding at an appointed time on prostaglandin-treated cows. One hundred-sixty-four cy
cling cows were divided into three groups. Control animals were artificially inseminated
fo 11 owi ng detect ion of estrus duri ng a 23-day peri od. The synchroni zed groups recei ved
double injections of a prostaglandin analogue (ICI's Estromate) eleven days apart. One
group was est rus detected and i nsemi nated for three days fa 11 owi ng the second i nj ect ion
while the other group was bred by appointment 72-75 hours following the second injection.
No differences existed in the percentage which calved to the first service with 62% for
controls and 67% for treated groups.

In conclusion, controlled breeding regimes can be valuable tools for the cow-calf man
ager utilizing AI. Some requirements for successful controlled breeding programs are:

Order semen from a reputable source in advance
Arrange for synchronization procedure in advance
Select healthy cycling cows and heifers in good condition
Arrange in advance for inseminators who are competent and dependable
Keep good records and identify animals
Use skilled personnel for heat detection, moving cattle, working gates, etc.
Use good facilities for breeding, working, and holding cows
Use enough bulls for an efficient follow-up program
Rigidly cull open and late calving animals.
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Tabl e 1.

Treatment

%calving to first
service

No. of animals

Controls

45

317

5MB

51 *

494

PG

41*

499

*Values show a treatment effect P < .005.
Fishers 2-tailed test.

Table II.

Treatment Group

Controls PG + Estrus Detection PG + Timed AI
%calving to first

service

No. of cows

62

55

67

52

67

54

n.s.

The Objective of Controlled Breeding
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BEEF HEIFERS TO BE BRED AS YEARLINGS

J. L. HULL

Breeding beef heifers as yearlings to calve as two-year-olds has
been an accepted practice for many years (U. C. Circular 433).

In the system of fall calving (October-November) used in annual grassland foothill
range areas of California, eight-month weaning weights of heifer calves from the predomi
nately English breeds of cattle range from 400 to 450 "lb. Ideally, these heifers should
reach 650 lb. or more by 14 to 15 months of age. This requires an average daily gain of
more than 1.10 "lb. per head per day. Because the calves are weaned at the end of the
spri ng range forage season, either heavy supp1ementat ion on the res idua1 dry forage or
transfer to good irrigated pasture is usually necessary to obtain the desired growth rate.

Many studies have shown irrigated pasture to be a good growing ration. Others have
shown better results when grain was used to supplement irrigated pasture. In preliminary
trials at Davis, beef calves on irrigated pasture barley, supplemented at the rate of 20
percent of their expected total dry matter intake (approximately 2.2 lb./day), did not show
significantly improved gains, but supplementation did permit a marked increase in stocking
rate.

Further irrigated pasture studies were conducted at the University of California Sierra
Foothill Range Field Station, Browns Valley, California, with predominately Hereford re
placement hei fers (seven to ei ght months of age). The pasture cons i sted of 15 percent
clover, 74 percent grass, and 11 percent other species. A two-field system of grazing man
agement was used, with the cattle rotated weekly.

Barley Supplementation

Animals in four supplementation treatments were fed ground barley at the rate of .8 or
1.0 percent of live body weight (LBW). The treatments were: (1) none, (2) three times per
week (MWF), (3) daily (fed weekly - intake limited by salt to be consumed over 7 days), and
(4) same amount as (2) and (3) would consume in one month but hand fed to be consumed in
two weeks. The amount to be fed was adjusted monthly when the cattle were weighed.
Stocking rates were based on previous experimental data from the same pastures, and were
five or four heifers per acre for the supplemented, and three heifers per acre for the
nonsupplemented treatments.

The results of barley suppl ementation during the irrigated pasture grazing season
showed a significantly increased average daily gain (ADG) of between 10 and 20 percent. In
most cases, however, the feeding of the barley supplement, although significantly increas
ing ADG, did not give the desired level of performance, i.e., at least 1.10 lb. ADG.

Supplement fed heavily for two weeks followed by no grain for two weeks significantly
increased ADG over the other supplemental methods within years. Perhaps with this method
of supplementation, while supplied extra energy (barley), a high level of forage intake was
maintained and, thus, a higher ADG.

Effects of Supplementation

Forage heights (23/4 to 6 in.) and species composition showed that adequate forage was
available during the grazing season.

A comparison of the digestibility of the esophageal fistula samples (54 percent digest
ible organic matter) to known digestibility of alfalfa showed the pasture forage to be
equivalent to 90 percent of the energy value of a 21 percent crude fiber alfalfa, indicat
ing that the forage available was of very good quality.

Calculations were based on the California New Energy System, assuming an energy value
for the pasture forage of 63 megcal for maintenance and 36 megcal for gain (90 percent of
the value of 21 percent CF alfalfa). A daily consumption of 4.8 lb. barley, with an ADG of
1.24 lb., gave a daily intake of 10 lb. of forage DM for a 485 lb. heifer. Assuming the
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same daily consumption of barley but with an ADG of 1.65 lb., a heifer would need to con
sume 11.25 lb. of forage OM, a 12 percent increase in daily forage OM consumption equiva
lent to an additional 2.2 lb. of barley. This would then give the desired ADG to obtain
the 600 lb. weight generally accepted as needed by breeding time. Total intake, therefore,
is the major factor limiting the performance of the growing heifer.

Behavior trials were initiated to determine why total intake \'/as not increased when
supplements were fed.

The grazing behavior of the supplemented heifers varied considerably from the nonsup
p1emented. Animals supplemented with barley had a significantly shorter grazing period,

Table 1. Influence of Supplementation Method During Three Grazing Seasons on Growth
Rate of Weaner Beef Heifers

Method of Supplementation
Treatment No. supplement Daily 3x5 per week 2 week

Year 1974 1975 1976 1974 1975 1976 1974 1975 1976 1974 1975 1976

Length of
trial, day 84 106 112 84 106 84 106 84 106 112

Animals per
Acre 4.0 3.0 4.0 5.0 4.0 5.0 4.0 5.0 4.0 4.0

Initial wt. ,
1b. 378 442 420 374 438 380 440 392 438 416

Fi nal wt., 1b. 455 513 521 460 435 438 521 484 543 557

ADG, 1b. .66 .66 .90 .75 .90 .53 .77 .86 .99 1.32

Suppl ement per
head per day,
1b. 3.30 4.90 3.30 4.80 3.10 4.90 4.80

Total supplement
fed, lb.
per day 0 0 0 277 519 260 519 508

abTreatment means on the same line having different superscripts
differ significantly (P < .05) within years.

with the total feeding time (grazing and eating barley) being shorter than that of the non
supplemented control animals. Total ruminating time decreased markedly for the supplement
ed treatments, while idling time increased compared to the control treatment. It is gener
ally considered that ruminating time is related to the amount of fiber in the diet; if so,
this indicated a much lower intake of forage for the supplemented treatments. Barley con
sumption tended to occur at the two peak times of grazing - dawn and dusk - with little
consumption during the night. This behavior suggested that the supplemented animals did
not eat barley in addition to grazing, but instead ate supplements at a time normally spent
grazing.

Liquid Supplementation

The use of molasses-urea mix for a pasture supplement gave poor results. This was un
expected. However, the behavior observations indicated that the heifers spent a large
amount of their normal grazing time licking the wheel of the barrel-wheel type molasses
feeder used. These heifers also had a very definite grazing-eating supplement period
(Figure 1) as compared to other treatments. Molasses-urea as a supplement to young cattle
grazing irrigated pasture cannot be recommended on the basis of our studies as, apparently,
total intake is decreased due to their preference of the molasses over irrigated forage.
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Figure 1. Grazing behavior of heifers with and without supplements.

GRAZING BEHAVIOR OF HEIFERS WITH & WITHOUT SUPPLEMENTS
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Table 2. Results of 112 Day Level of Supplementation Heifer Grazing Tri a1

Molasses
&urea

Supplement fed, %of LBW 0 1 1-1/4 1-1/2 Ad lib*

Animals per ha 3.0 4.0 4.0 5.0 3.9

Initial weight, kg 418 409 414 422 403

Final weight, kg 521 526 546 550 493

ADG, kg .92b 1. 03ab l.17a 1.12a .8Ib

Supp. per animal per
day per kg 0 4.2 5.9 8.8 6.8

*Urea added to give equal Ncontent of barley fed.

abTreatments means having different superscripts differ significantly (P < .05).

Monensin

The use of supplemented irrigated pasture for weaner replacement heifers is still
marginal as only 1.1 lb. ADG is the norm. It was felt that the addition of the feed ad
ditive Ruminsin to the pasture supplement may prove a low cost method of increasing ADG for·
heifers being grown out on irrigated pasture. The addition of Rumensin, a biologically ac
tive feed additive produced by Eli Lilly and Company, to a high-roughage diet such as pas
ture, Average Daily Gain (ADG) can be improved as much as 16 percent.
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Further grazing trials were conducted where heifers were fed in three supplementation
treatments. Animals were fed ground barley at the rate of 4 lb. per head per day during
each season. The treatments were (1) self-fed barley-salt mix without monensin, (2) self
fed barley-salt mix with 110 mg. monensin per kg. barley, and (3) hand-fed barley with 110
mg. monensin per kg. barley. Each treatment was repl icated once within years. Stocking
rates, based on previous experimental data from the same pastures, were four animals per
acre. Individual heifer weights were recorded after an overnight stand without feed and
water in drylot pens. Heifers were allotted by weight into six groups each season, and
each group was randomly assigned to a treatment.

Supplementation of the heifers grazing irrigated pasture with 4 lb./hd./day of barley
and monensin improved ADG significantly (P < .01). The increase in ADG varied from 4 per
cent to 26 percent with an average of 18 percent. This increased gain was not consistent
as influenced by method of feeding. It was postulated that feeding monensin daily, thus
having a uniform intake of the additive, would give the most consistent result. This was
not the case; although gains were increased by feeding monensin in the barley, the magni
tude of the response varied significantly (P < .05) between years. There was also an in
dication that controlling intake of the monensin-barley supplement required slightly more
salt (1% to 2%) compared to feeding only barley as a supplement.

Regardless of treatment, the feeding of 4 lb./head/day of barley gave slightly less ADG
than the 1.1 lb. desired to obtain the growth rate needed if these heifers were to reach
breeding weight (6.75 lb.) by 14 to 15 months of age. The addition of monensin would,
therefore, be a recommended pract i ce for i ncorporat ion in gra in supplement fed to re
placement heifers being grown out on good irrigated pasture.

Table 3. Influence of Method of Supplementation and Monensin for Beef Heifers

Treatment Self-fed Self-fed Hand-fed

Season II II II

Monensin Supp. mg/kg. 0 0 110 110 110 110

Length of Trial 105 112 105 112 105 112

No. of Animals 18 18 17 18 16 18

Animals/Acre 4.0 4.2 4.0 4.2 4.0 4.2

Initial wt. lb. 457 455 458 447 456 447

Final wt. 1b. 580 553 600 559 611 539

Barley hd./da./lb. 3.9 3.4 3.7 3.6 3.8 4.0

Total Barley fed/lb. 411 379 393 404 404 443

ADG, 1b. 1.17 1.01 1.34 1. 25 1.47 1.06

r~ean ADG*. lb. 0.49a 1.08 0.59b 1.30 0.57 b 1.25

*Treatment means having different superscripts differ significantly (p < .01 )•

Weaning Weight

As the heifers used in this study were from University herds, performance data prior
to, and following the grazing season, were available. The heifers were allotted at random
according to their pre-grazing trial ADG, i.e., on the basis of above or below average ADG
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from birth to weaning. These data showed that 80 percent of the heifers with above average
ADG at weaning time, and supplemented during the pasture season, made sufficient weight
gains to reach a minimum of 675 lbs. by breeding season, 60 days following the end of the
pasture trial. This was comparable to only 60 percent of the heifers of average or below
average ADG up to weaning.

Implanting

An observation with these heifers was growth to weaning time. Approximately two-thirds
of the heifers received a growth stimulant implant (Ralgro) 84 days prior to weaning. This
implant increased weaning weight by 4 kg. over those not receiving implants. During the
grazi ng season, the heifers that had recei ved the imp1 ants showed no carry-over effects of
the implants as determined by ADG or onset of estrus.

Onset of Estrus

Another aspect of these trials was that the heifers were observed for the onset of es
trus following the pasture season and prior to the start of the breeding season two months
later. Fifty-seven percent of the heifers that had previously received monensin were ob
served in standing heat prior to the start of breeding season, while only 37.5% of those
not receiving monensin showed standing heat by this time. Whether this was due to the mon
ensin heifers having a heavier body weight or to having previously had Rumensin is not
clear. It was concluded that feeding monensin did not adversely affect the onset of estrus
in yearling heifers.

Summary

From these and other studies, it is evident that although supplementation of growing
heifers may be economically marginal when interpreted solely on the basis of weight gains,
other considerations such as presupplemental ADG, increased stocking rate of irrigated pas
ture, and specific breeding weight and time goals would determine the most appropriate man
agement practice to be used during the growing phase. The data reported here indicate that
although irrigated pasture is a very good growing diet, energy supplementation will in
crease ADG; however, an optimal system of supplementation such as feeding heavily for two
weeks followed by no grain for two weeks should be employed. The addition of monensin is
also recommended. The increased gain from supplementation is partially offset by decreased
forage utilization and season-long maintenance of forage quality.

In conclusion, phases of management, genetics and nutrition must be considered if rear
ing replacement heifers for early breeding is to be successful. If replacement heifers are
to be managed for early breeding (bred as yearlings to calve as two-year-olds), a good pre
weaning diet is necessary to insure optimal weaning weights. Only the heifers exhibiting
above average ADG at weaning should be selected for replacements and fed a diet for con
tinued rapid growth if they are to reach 675 lb. by 14 to 15 months of age.

Table 4. Rearing Replacement Beef Heifers for Breeding as Yearlings Herefords,
14-15 Months of Age, Weight 650-700 (295-318 kg)

Management Below Average

Birth wt. (Oct.) 75
ADG (225 da.) 1.61

Wean wt. (June) 436
ADG (120 da.) 0.90 0

End Past-Season (Oct. ) 541
ADG (75 da.) 0.75

Breeding Season (Dec. ) 597
(14 mo.)

Average

75
1. 61

436
1.10 S

565
1.00

642

Above Average

75
1. 70 I

456
1. 25 S+R

606
1.00

679

I=imp1ant, O=Non Supp, S=Supp, S+R=Supp.+Rumensin.
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IMPROVING THE DELIVERY
OF SUPPLEMENTS TO RANGE CATTLE

J. G. Morris and R. E. Delmas

Supplementation programs are designed to provide nu
trients to the grazing animal that are deficient in the forage. In such programs, it is
often assumed, firstly, that the intake of nutrient in the supplement will be additive to
that ingested without supplementation; and, secondly, that the supplement will be uniformly
eaten by all animals. Unfortunately, in practice neither of these assumptions may be cor
rect. Often cattle ingest less forage following supplementiltion, particularly with grain
supplements, then the supplement acts as a replacement for range forage. Also, the intake
of supplement may not be uniform across all animals.

In order to improve the efficiency of delivery .of supplements to range cattle, measure
ments are being made to determine the basis of individual and seasonal variation in intakes
of supplements.

Seasonal Changes in Supplement Intake

Salt intake provides a simple example of the variability in group supplement intake.
Figure 1 shows mean 7-day intakes of salt by grazing cows at Sierra Field Station. The
potential difficulty of using salt as a vehicle for the uniform delivery of a trace element
(e.g., selenium) to cattle can be appreciated.
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Figure 1 Group mean 7-day salt intake of cows grazing range.

Individual Intakes of Supplements by Range Cattle

Two types of studies are in progress to measure individual intake of supplements by
range cows:

1. Portable electronic gate feeders.
2. Marker studies.

Portable Electronic Gate Feeders: Briefly, each unit consists of a trailer on which is
mounted four covered stalls with feed bunks containing supplement (Figure 2). Entry to
each feed bunk is via an electronic gate which can be activated only if a cow is wearing
around her neck the correct "key" (Figure 3). When a cow enters the stall and brings the
"key" against the gate and presses, it opens, and she can take the supplement.
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Figure 2

In order to use electronic gates in the field away from a source of power, a special
circuit had to be designed. Power for the gates is provided from two 12 V camper-type lead
accumulator batteries which are recharged either from solar panels mounted on the roof over
the trailer or by an alternator powered by a 3 HP Briggs and Stratton gasoline motor.
Drain on the lead accumulators from the electronic gates is minimized by using an electric
eye which turns on the circuit only when a cow enters one of the four stalls. A 12-month
trial on individual intake of a high-energy range block is near completion.

Marker Studies: Estimates of relative in intakes of supplement by cattle using a marker
technique have been used. The insoluble marker chromic oxide has been added to supple
ments, including salt and cottonseed meal, and grab-samples of feces have been analyzed.
If digestive efficiency is assumed constant among cattle, then the ratio of marker to fecal
organic matter will be directly related to supplement to feed organic matter intake. Ani
mal phase of these experiments have been completed, but chemical analyses have not.

Figure 3
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This project was devised to gain information on the number of infective larvae'on pas
ture, number of larvae developing directly to adults, and the number of larvae becoming ar
rested. Measurement of these parameters will reveal the safe and unsafe grazing periods
and hopefully will allow maximal control with minimal anthelmintic use.

Materials and Methods

Two calves which have been reared free from exposure to helminth parasites are pl aced
in each of three pastures (one of which is at the UCSFRFS) every month and allowed to graze
for 30 days. After this period, the calves are removed from further exposure to possible
helminth infection and replaced with additional helminth naive calves. The calves removed
from exposure are kept for 30 days to allow all larvae developing directly to adults to
complete their development. Calves are then autopsied. Post-mortem counts of the helminth
population as pertains to species and stages of development are made. At the time calves
are being exchanged, fecal sampl es representative of all groups of cattl e with which the
calves share grazing areas are subjected to quantitative fecal examination in order to es
timate pasture contamination. Estimates of total forage avail abl e per animal are made by
determining dry weight of random samples collected on measured areas within the known pas
ture area. Stocking rates are recorded and total herbage ingested estimated from calf
weight and growth.

Ambient weather values as recorded from nearby meteorological stations are utilized in
analysis of climatic effects on infection rates.

Results and Discussion

While results are still quite limited, certain trends are becoming apparent from data
collected at a ranch near Sierraville in 1978, a ranch located near Susanville in 1978 and
1979, and the UCSFRFS in 1979.

As regards the number of infective 1arvae on forage and therefore the occurrence of
safe and unsafe grazing periods, examination of data in Tables 1 and 2 suggest that safe
periods are confined within the period of May to December while unsafe periods are between
the months of January and May. As regards the occurrence of arrested development which may
later result in Type II ostertagiasis, examination of Table 1 indicates this to be max
imized during the same period as that when maximum numbers are developing directly to adult
parasites. This chronology suggests that disease which commonly occurs in the Spring is
largely of the Type I form while that which occurs in the Fall and early Winter is largely
of the Type II form.

If further studies substantiate these findings, the recommendations for anthelmintic
use would approximate the following: (1) treatments of all animal s in the Midwinter to
Spring for control of Type I disease. In older animals one treatment might suffice whereas
in Fall calves and yearlings 2 or more treatments at monthly intervals would be needed with
exposure rates as at UCSFRFS in 1979. Infection rates at Sierraville and Susanville were
much lower and if treatment was needed at all, once in April or early May would have suf
ficed; (2) treatment of all animals in the Fall in order to minimize the potential for Type
II ostertagiasis and to reduce the pasture contamination which lends to the infective
larvae on forage in the Midwinter and Spring grazing period.

Of particular interest is the data indicating that essentially no significant infection
occurs during the summer months. This is in agreement with data obtained in similar stud
ies at Elk Grove in 1976. Should this finding be substantiated, and there is every reaason
to bel i eve it will be, our previous concepts of parasite control on irrigated pastures
during summer months will be greatly modified.
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Table 1- Summation of Numbers of Ostertagia ostertagi in Tracer Calves in
1978 and 1979.

Month Sierravill e Susanvill e Susanvill e UCSFRFS
1978 1978 1979 1979

January f~~6flr*February
436(24~March

April
26~~g~r

268(3) 5840 56
May 1538 7 1
June 634 (12) 451 2 7 1
July 799(5) 94(0) 43(0)
August 206(1) 872 (0) 17 (0)
September 161(2) 184(2) 18(5 )
October 62(1 ) 257(2)
November 272 (1)
December 540(11 )

Table 2. Summation of Numbers of Cooperia ~. in Tracer Calves in
1978 and 1979.

Month Sierraville Susanvill e Susanville UCSFRFS
1978 1978 1979 1979

January 2860 14098
Febr uary 3986 5878
March 330 T416
Apr i1 839* 270 977 4894
May 1539** 1026 880 -m
June 1949 403" 242 316
July 424 52 21 46
August 108 686 78 22
September 332 246 77 16
October 122 459
November 455
December 211

*( ) % of nematodes present as arrested 1arvae.

**Underlining emphasizes occurrence of heavier infection rates and
significant occurrence of arrested development.
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CHEMICALLY TREATED CATTLE EAR TAGS FOR CONTROL
OF HORN AND FACE FLIES, 1975-1979

Edmond C. Loomis

Historically, the idea of using chemical-impregnated bands, collars,
tags, etc. for use on 1ivestock was spurred into action following successful use of such
devices on pets for flea control.

A major effort was made by researchers in the USDA and at Okl ahoma State University to
develop chemically-charged cattl e ear tags for control of the Gul f Coast Tick which had
increased their attacks in the ears of cattl e in Okl ahoma and Texas. In so doing, these
ticks, after detachment from the cattle's ears, left blood spots which attracted Screwworm
Flies and resulted in destruction of the ears and serious damage to ears and to tissues of
the head. Continuous tick and fly attacks on these cattle further hindered the success of
the Southwest Screwworm Eradication Program. Following several years of field investiga
tions, Dursban (Dow Chemical Co.) and Rabon (Shell Development Co.), both organophosphate
compounds, were registered for use as effective ear tags for the control of cattle ear
ticks and screwworm files in Oklahoma and Texas.

Cooperative work started in California in 1974-1975, and initial trials showed that
Rabon tags pl aced in the ears of cattl e would control the Spinose Ear Tick, Otobius
megnini. These tests also showed a remarkable reduction in horn fly numbers on ear-tagged
cattl e.

In 1976 field trials were conducted on cattle at the U. C. Sierra Foothill Range Field
Station to confirm those observations made on fly control in 1974-1975. Ear-tagged herds
had fewer flies than non-tagged cattle. In fact, 90-100% horn fly control and from 60-70%
control of face flies were recorded. Additional trials were made on Inyo-Mono County herds
in 1977 with similar levels of fly control.

In both years, however, ear damage and tag loss were serious problems with cattle when
tags were placed at the top or in the middle of the ear. The use of 25-gram-weight tags
and a too-short spike on the tag button were thought responsible. Tags were redesigned,
and in 1978, 15-gram-weight Rabon tags equipped with a long-spiked button proved to be suc
cessful in both fly control and in avoiding tag loss and ear damage.

In 1979 additional trials \'Iere conducted using light-weight ear tags but charged with
new types of insecticides commonly called "synthetic pyrethroids." These new experimental
materials consisted of cyclopropane carboxylate-type insecticides produced as Atroban
(Burroughs-Wellcome Co.), and Ectiban (Imperial Chemical Co.), and a cyano-benzeneacetate
type insecticide produced as Pydrin (Shell Development Co.). Field trials in 1979 using
Pydrin ear tags showed excellent control of both horn and face flies on cattle tested in
Inyo-Mono, and Humboldt counties. Similar results were obtained when every other animal
was tagged (both ears) in the Humboldt herds. In the Inyo County herds, one tag per animal
gave excellent horn fly control but only fair to good face fly control.

In 1ate 1979 Shell Development Co. (animal heal th products now produced by Di amond
Shamrock Co., Ohio) received approval of registration for Rabon Ear Tags on cattle. Sug
gested retail price will be $1.25/tag, or $2.50 to tag both ears. In severe face fly at
tack areas, two tags per animal should be used, whereas in those areas where face flies are
not a problem, one tag per animal can be used to control horn fl ies for a full season. The
tags can be numbered using tag ink or paint. Very little loss of active insecticide occurs
during one fly season, but it is questionable if these tags could remain effective through
out the winter months and still be chemically active the following year.

44



Sierra Foothill Range Field Station Research 
Present Comoittments and Future Opportunites,

as Seen From Two Points of View

Charles A. Raguse

EVOLUTION OF A PASTURE-RANGE
RESEARCH PROGRMI

The first part of this analysis has been written froQ the point of view of a
co-Project Leader (along with J. L. Hull of the Department of Animal Science) with over
fifteen years of research history in the management of irrigated pasture and improved
range lands, principally as used by beef cattle. In recent years, much of this work
has been done at the UC-SFRFS. Related work at Davis has been done, within the general
context of Sierra Nevada foothill site conditions, through direct use of plants and
soil or by simulation, in controlled-environment facilities, of seasonal foothill plant
growth conditions. An especially useful dimension of this approach has been the
bidirectional flow of information obtained from field studies which include monitoring
of the natural environment on the one hand combined with simplified, plant-level
experiments in controlled environments on the other. While the principal research
alliance has been between the departments of Agronomy & Range Science and Animal
Science, a rather broad array of disciplines and other organizational influences has
been involved, in a largely mission-oriented approach (Fig. 1). Support for this
research has been provided mostly by department-level funding augmented by temporary
Hatch, tlcDonald, and similar types of Experiment Station funds. A recent four-year
extramural grant provided from \Jater Resources Center - USDI funding (W-495) will be
discussed in some detail as it has significantly influenced both present and future
research committments.

The Water Resources Center - USDI grant provided funding for a Doctoral research
program (D. tl. Center) which will help to extend the utility of linear programming as
applied to ranch management to also include irrigated forages and the management of
supplemental irrigation on annual rangelands. This research may well provide a key
step in moving ranch-applied linear programming from a rather isolated status with
notable voids in available data, to a level of accomplishment where further stages of
model sophistication can be combined directly with long-term, field-scale, herd-level
research, thus permitting a real-time bi-directional flow of information between the
two, heretofore generally separate, research approaches. Two examples of the data-base
deficiencies referred to above are: 1) the lack of seasonal forage production curves
on range and pasture, with the data collected in such a way as to be meaningful in the
context of grazing and reliably referenced to other essential system parameters such as
soil fertility, climate, and grazing management; and 2) the lack of generic unit values
for management resource inputs (e.g., labor hours and units of material instead of
total dollars expended). An additional assist to functional application of these
computer-based management tools could be provided by the ability to computationally
investigate the outcomes of assumptions and opinions about seasonal timing of the
livestock reproductive cycle and physiological state and condition for the various
animals involved in a range-pasture livestock production system.

The \Jater Resources Center - USDI grant also provided funding for the basic
mechanical units of a versatile and high quality environmental monitoring system. We
have used the system, including a remotable scanner, at both Davis and the SFRFS. With
it, and in conjunction with simultaneous field and greenhouse investigations of the
vegetative regrowth behavior of stoloniferous perennial pasture legumes, we have
learned that mid-season management of irrigation water is extremely critical to legume
production in perennial irrigated pastures, not merely from the standpoint of dry-matter
production, but also in terms of the ecology of seasonally-continued growth of the
integrated vegetative-reproduction unit represented by the stolon-root-nodule system.
Figure 2 shows an example of diurnal variations in soil temperature over a mid-summer
24-hour period for two different kinds of vegetative cover in a SFRFS irrigated pasture.
The striking revelation from the combined results of these studies is that the moisture
temperature status of a shallow surface layer of the soil profile can "make or break"
both vegetative reproduction and symbiotic nitrogen fixation under mid-summer environ
mental stress conditions. Availability of this environmental monitoring equipment will
greatly enhance the value of present and future small-plot and field experiments in
pasture mangement, including renovation practices and re-seeding, and in irrigation
water management.
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Work in the combined Davis Campus - Sierra Foothill Range Field Station pasture
range research program has been, and will continue to be, conducted at three levels of
organization. These are as follows:

1. Whole-plant or micro-sward greenhouse and controlled-environment (CE) studies
at Davis. CE facilities presently in use permit reasonable simulation of
light, air temperature, and soil temperature conditions representative of
foothill and old-terrace range and pasture areas at the eastern edge of the
Central Valley.

2. Small-plot studies at several locations at the SFRFS, combined with environment
al monitoring as appropriate and feasible.

3. Field-scale studies employing beef cow/calf production herds, in at least one
instance (future research planned for the Campbell Field as described below)
as a self-sustaining population, i.e, with herd replacement as part of the
experimental design. The herd(s) are to be carried on a year-around basis
with research interests in multiple-forage, supplement-management options,
and production of beef calves as the primary goals.

At the Sierra Foothill Range Field Station, research is being conducted at three
principal locations. Expansion of current levels of work is foreseen for all three,
given reasonable luck and adequacy of support funding.

Research Site 1: For intensive small-plot and environmental monitoring studies;
at present, devoted to work with perennial grasses and legumes which are
sprinkler-irrigated (Scott Fields 11 and 17 near Headquarters plus some
adjoining area from Scott 10, as sho\Vll in Fig. 3). Irrigation \Jater fJangae
ment and pasture renovation experiments to be initiated this SUQffier will
include the !I.S. thesis research of George Kanyama-Phiri, l1alawi.

Research Site 2: For field-scale, herd-level range research. The Forbes Fl-ll/Fl-44
Fields (Fig. 3) comprise a set of sixteen fields of about 30 acres each.
Field FI-14 also has a small-plot/environmental monitoring research area,
previously established for earlier experiments with range legumes. Added
will be a series of half-acre non-fenced control plots, one in each of
the sixteen fields. Emphasis will be on intensive management of improved
range, with attention given to range legumes, seasonal range fertilization,
and seasonal deferral of range forage for summer and fall use. A cow-calf
herd will be maintained year-around, with minimal use of summer irrigated
pasture and/or supplements.

Research Site 3: For field-scale, herd-level intensive-management irrigated
forages-water management research. The Campbell Field (Fig. 3) presently is
being developed to provide two types of experimental field facilities, one
for sUQffier-growing, summer-irrigated perennial grass-legume pastures, the
other for winter-growing, early-faIl-irrigated annual legume/summer dormant
perennial grass range pasture. At least eight, and potentially ten irrigated
pastures of about five acres each will be available for work with summer-growing
perennials. Each of these fields will be a self-contained water management
unit, with capabilty for measuring both quantity and quality of applied and
(surface) runoff water. At least three, and possibly as many as six to eight
seasonally-irrigated range pastures also are planned. Emphasis in the
Car.lpbell area will be on intensive management of irrigated forages. A
self-sustaining cow/calf herd will be used, possibly with a reproductive
cycle based on November-December calving and mid-February re-breeding.

THE EVOLVING ROLE OF THE
DC-SIERRA FOOTHILL RANGE FIELD STATtON

The second part of this analysis has been written from the point of view of Chair
man of the Hopland/Sierra Foothill Range Field Stations Research Advisory Committe, a
committee appointed from the Systemwide level and charged with a number of responsibili
ties related to allocation of Field Station resources and to the establishment of
research priorites and review of new research proposals (Communication 15).

The following discussion, couched in terms of broad future opportunities for the
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Sierra Foothill Range Field Station as a research and teaching laboratory, will center
on two points: 1) implications of the current program of SFRFS physical development,
and 2) the potential relevance of external events, organizations, and extra-mural
funding opportunities (e.g., the TIE-NSf Experimental Ecological Reserve system and the
NSF Long-Term Ecological Research program).

A substantial portion of the SFRFS physical development witnessed on the tours
today (e.g., vegetation-type conversion, installation of irrigation systems, pasture
renovation, fencing, road access, etc.) has been made possible by a generous one-time
grant from Systemwide-level Kellogg and 11cDonald Endowraent funds. These funds I.ere
committed to this station development program follolving a thorough and lengthy review
process, and with Systemwide expectations of " ••• obtaining multidisciplinary involvement
in the entire project", and an eventual basis for providing " ••• information about
carrying capacity of range land, and management of range land, both from a meat produc
tion point of view and from an environmental quality point of view.~/

Subsequently, C. E. Hess, Associate Director of the Agricultural Experiment Station
(Davis Campus) appointed a committee, chaired by G. E. Bradford, to implement and
supervise the development program, identify and solicit extramural funds, and establish
priorities within the limited budgetary framework. As a part of subsequent deliberations
of this committee, four research areas of high priority were identified, as follows:

"I. Input-output relationships of the cow-calf system on the range •••••

2. Effects of vegetation conversion from tree-brush to grass on water yield and
quality, soil erosion, etc •••••

3. Studies on the development of improved irrigated pasture and its integration
with improved annual range into efficient beef production systems •••••

4. methods of effecting genetic improvement in reproductive performance in range
beef cows ••••• "!:/

In an ad hoc subcommittee of the Research Advisory Committee (July 16, 1979), the
concept was evolved of the desirability of eventually achieving an integrated research
program for the SFRFS, based on a master plan developed from an adequate consideration
of research needs in conjunction with the unique capabilities of both the Hopland and
Sierra Foothill Range Stations. One effect of this would be to move in the direction of
station-wide programmatic decision-making, which, in turn, would facilitate funding from
DC administrative and extra-mural levels and sources not previously available. The
thrust of this idea is to substantially move the HFS and the SFRFS, either singly or in
combination, closer to the functional status of an institute, yet without compromising
the opportunities for individual research.

The feasibility of attaining this goal is supported by past experience, e.g., the
long-term, comprehensive and multi-disciplinary HFS Watershed I and II studies of Burgy,
Heady, and others and the SFRFS insect ecology studies of llerritt and Anderson. The
goal is realistic exactly because each of the stations represent whole ecosystems. With
adequate communication and careful planning, a nesting hierarchy of individual research
projects comes into being, with enhancement of each project's value derived from the
fact that specialized data collected from narrow levels or from small compartments of
the system can more realistically be interpreted because they can be reflected from data
simultaneously being collected from other levels and compartments. Parenthetically, a
logical extension of this rationale would suggest development of a computer-based
information storage and retrieval system for the Station, combined with some existing
ecosystem-level model amenable to adaptation to the resource-climate base represented by
it.

Before leaving the Kellogg-lIcDonald Augmentation program, it is appropriate to note
that numerous "spin-off" values have accrued, and will continue to accrue, from the
development program. For example, the general planning, design, and installation of the
Campbell Field irrigation system will enable the writing of a useful publication on

1/
- J. B. Kendrick, Jr., letter to C. A. Raguse dated October 29, 1974.
2/
- Sierra Foothill Range Field Station "Augmentation Project Committee," letter to C. E.

Hess dated September 13, 1977.
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aspects of design and installation, including comparative costs,of both surface-flow and
sprinkler irrigation systems applied to foothill terrain and soil conditions. Future
research and system operation will provide additional information on performance and
maintenance, again, from both economic and system behavior aspects. If future funding
permits, a field-scale comparison of sprinkler and surface-flow irrigation systems is
possible; in fact a pilot study is presently planned for a 4-year period in the Scott 11
and 17 Fields at my Research Site 1. Such data can be of future value to many other
agricultural uses of irrigation water besides pastures.

In 1976, a concerted effort was made to have both the HFS and the SFRFS accepted
into the TIE-NSF Experimental Ecological Reserves system. Envisioned as a nation-wide
network, these reserves were defined as follows:

..... a component of a comprehensive system designed to facilitate ecological research.
The individual reserve will be representative of major ecosystem types, natural or
modified. The site will be dedicated to experimental research, with modification
permitted as is consistent with the maintenance of the reserve as a long-term
research base that contains appropriate control areas."1/

Inventory forms were filled out and returned. The Hopland Field Station was
accepted, but the SFRFS was not, because, according to the rejection narrative, it had
..... been operated primarily as an agricultural research facility." The narrative went
on to remark, however, "The site has diverse vegetation, good site quality, an excellent
physical plant, and the research history has been extensive."

l1oreover, classification of the HFS and SFRFS (based on the widely-used Kuchler
system) showed that significant vegetation.community differences exist for the two
stations, in addition to the obvious further variations in soils and climate. This
is of interest because, in recent years, much attention has been given to comparative
research of ecosystems using computer models. A large protion of the NSF-IBP Grasslands
Biome study devoted to the California annual type was centered at the now largely-inactive
US Forest Service San Joaquin Experimental Range (~ffidera County). Subsequently, atten
tion has been given by a number of competent scientists to comparative analyses of these
data sets with others acquired at the Hopland and Sierra Foothill Range Field Stations.
As counterpoint, an excellent body of research has been amassed by James R. Griffin at
the Hastings Natural History Reservation, Carmel Valley, on the floristics, stand
regeneration, and water relations of oaks. These lines of inquiry are both interesting
and valuable, and their value would be greatly enhanced by a systematic comparative
study involving work at HFS and SFRFS. The results of very long-term studies of vegeta
tion responses following vegetation-type conversion in Watersheds I and II at the
Hopland Field Station, now being published by Harold F. Heady and students (Hilgardia,
Journal of Range llanagement, Ecology, and others) provide a uniquely-applicable example
of how institutional stability combined with an integrated, multi-disciplinary research
program can result in land-mark analyses of whole-ecosystem behavior. The results of an
intensive study of seasonal seed reserve dynamics on managed rangeland at the SFRFS, and
led by J. A. Young and R. A. Evans of the Renewable Resources Center, University of
Nevada, Reno, will shortly be published in Hilgardia. An intensive study of dung
inhabiting and decomposing insects existing in four different pasture-range site types
at the SFRFS, was done by Professor John R. Anderson and Ph.D. student R. llerritt of the
UCB Department of Entomology and Parasitology. A good beginning has been made at SFRFS
on a watershed nutrient balance study, which is being conducted by Drs. P. L. Rowell and
11. J. Singer. In this study, sophisticated permanent water measuring facilties in two
watershed areas (Shubert and Lewis Fields) are backed up with a minimum of automated
sampling devices and a small, but first-class analytical laboratory. A timely and
provocative study in tree-farming is being carried out on a small-scale basis at SFRFS
under an Environmental Horticulture project. Involved, among others, is a forest tree
geneticist from the School of Forestry at Berkeley. Objectives of this program include
testing of tree husbandry procedures currently being successfully used in New Zealand.

Examples beyond those given above could be added, but these are sufficient to allow
me to make a point of fundamental importance. The Sierra Foothill Range Field Station,
with its present activities, has every right to be considered among its peers as a

1/The Experimental Ecological Reserves Project of the Institute of Ecology.
guidelines for the development of a comprehensive network of Experimental
Reserves.
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facility for conduct of first-rate, multi-disciplinary, ecosystem-level research. The
cogency of this argument is emphasized by the recent discussions on the Davis Campus
related to potential implementation (on a major University Campus) by EPA of a proposed
"Ecosystem Research Center." Serious consideration and faculty support was given in
these discussions to a) the value of large, institutionally-stable field research
laboratories as one support element in a program of long-term, ecosystem-level research,
and b) the specific value in this context (EPA program) of the Hopland and Sierra
Foothill Range Field Stations.

The NSF Division of Environmental Biology has very recently established a program
of pilot studies in "Long-Term Ecological Research (LTER).

llost, if not all, of the "core research areas" identified in the LTER program,

"(1) pattern and control of primary production,

(2) dynamics of populations of organis8s selected to represent trophic structure,

(3) pattern and control of organic matter accumulation in surface layers and
sediments,

(4) patterns of inorganic inputs and movements of nutrients through soils, ground
water, and surface waters, and

(5) patterns and frequency of disturbances,"

lend themselves to useful studies conducted at either or both of the "range" field
stations.

The singularly-revealing element of the above progression of examples is the
specific recognition of the contemporary and future value to society of field research
laboratories which do represent managed ("disturbed") ecosystems, as opposed to "pre
serves" which presumably represent relict conditions Ivhich existed prior to the ilJpacts
of European man in the New IJorld.

In short, the previous history and current activities of both the Hopland and
Sierra Foothill Range Field Stations support the future projection of these facilities
for research, teaching, and public service serving a broad array of societally-important
objectives.
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Fig. 1. General organization of a pasture-range research
program, including inter-departmental cooperation.
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et al., at the UC Sierra Foothill
Range Field Station.
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GRAZING PRODUCTIVITY ON SEEDEQ ANNUAL RYEGRASS
IN THE CALIFORNIA FOOTHILLS

CHARLES B. WILSON

Increasing the carrying capacities of annual type ranges in the
winter has been an important-objective in livestock production research in California. A
three-year trial to increase forage avail abil ity used annual ryegrass that was irrigated
up. It was conducted at the University of California Sierra Foothill Range Field Station,
Browns Valley, Yuba County, 1974-1976.

®
Tetrablend 444 ryegrass was seeded and irrigated up in early fall each of the

first two years (1974, 1975). In 1976 the field was allowed to reseed itself and germinate
from rainfall. Each spring (approximately April 15) irrigation was applied and continued
to mid-June. The ryegrass was fertilized annually with 400 pounds of ammonium sulfate.

To compare the ryegrass forage production with the annual range, one group of yearling
steers grazed the ryegrass and one group grazed adjacent cleared range. Stocking rates
were approximately .5 acres per head on the ryegrass and 2.3 acres per head on the improved
range. In 1975 only, an additional grazing comparison was applied: rangeland that had not
been improved was stocked at the rate of nine acres per head. Thi s ar ea cons i sted of
native forage, live oak, blue oak, digger pine, ceonothus, and poison oak.

In 1974 the ryegrass produced 397 pounds of cattl e gain per acre for a period of 111
days; the cleared range produced 42 pounds. In 1975 the cattle were grazed for a 120-day
period. The ryegrass produced 348 pounds per acre, the cleared range 57 pounds, and the
unimproved range 15 pounds.

In 1976, 297 pounds of beef were produced from the ryegrass and 83 pounds from the
cleared range in 106 days. The greater gain in 1976 (cleared range) was due to adjustment
of stocking rates. In the first two years, after mid-April, the cattle were unable to keep
up with the forage production. Therefore, the stocking rates of 2.3 acres per head were
adjusted to 1.5 acres per head in mid-April 1976. Nineteen seventy-six was the fall we did
not irrigate the ryegrass up, plus it was a drought year; thus, the stockers were not
placed on the trial until March 3.

By introducing annual ryegrass and supplemental irrigation, carrying capacities of five
to six times that of winter rangelands were obtained. Cattle were able to gain on the
ryegrass in mid-December and early January. Normally, cattl e on rangel and in the Sierra
foothills do not start gaining weight until mid-February or March. This early high quality
feed, therefore, provided a grazing alternative to increase livestock production from a
basic range forage system.

Ryegrass

Cl eared
Range

1973-74

BEGINNING WEIGHT 400'

No. Gain/ Total No. Beef No. Stg. End.
Head Ac. Hd/Ac. Str. Gain Per Ac. Days Date Da.te

*16 6.0 2.67 177.1 2421 396.9 110 2/8 6/18

*16 56.5 .28 147.8 2364 41.8 130 2/8 6/18

*6 Head removed from ryegrass 4/3/74
5 Head removed from ryegrass 5/22/74
7 Head removed from cleared range 5/22/74
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1974-75

BEGINNING WEIGHT 490#

No. Gain/ Total Gain/ No. Stg. End.
Head Ac. Hd/Ac. Str. Gain Ac. Days Date Date

Ryegrass 12 6.0 2.0 177 2124 3482 120 1/16 6/11

Cleared
Range 16 47.4 .33 167.5 2680 56.5 148 1/16 6/11

Unimproved
Range 23 207 .11 137.6 3165 15.3 148 1/16 6/11

1975-76

BEGINNING WEIGHT 560#

No. Gai n/ Total No. Beef No. Stg. End.
Head Ac. Hd/Ac. Str. Gain Per Ac. Days Date Date

*Ryegrass 10 6.0 .6 178.3 1783 297.2 105 3/3 6/16

--------------------------------
C1 eared
Range 20 47.4 .42 102.0 2040 43.0 57 3/3 4/28

Cl eared
Range 20 26.0 .76 60.9 1218 46.7 28 4/29 5/26

C1 ear ed
Range 20 30.5 .66 -11.1 -222 -7.3 20 5/27 6/16

151.8 3056 82.6 105

*Did not irrigate in the fall as was done the previous two years.

SUMMARY OF THREE YEARS' TRIALS

Lbs. Beef
No. Days No. Head Per Acre

Ryegrass

1973-74 110 16* 396.9
74-75 120 12 348.2
75-76 105 10 297.2

C1 eared Range

1973-74 130 16* 41.8
74-75 148 16 56.5
75-76 105 20 82.6

Unimproved Range

1974-75 148 23 15.3
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TEAMWORK ON THE RANGE

KENNETH W. ELLIS

BEEF INDUSTRY

PRODUCERS-
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The Extension Range Beef Progr am can best be descr ibed
as a tea~ effort ill ustrated by the diagrams above. Cooperative Extension's pr imary rol e
and purpose is to see that research information is taken from the University and transfer
red into the hands and minds of people who need it to produce food and fiber, hopefully in
abundance, at a reasonable price and with reasonable return to the producer.

Cooperative Extension is also charged with relaying signals back to Experiment Station
researchers about specific and broadly-based problems and needs.

Having made these simpl istic and far-reaching statements, it is immediately apparent
that the teamwork we are discussing (in this case, range and beef programs) is a bit com
plex and involves a great many people all with the desire to do the best possible job of
producing range forage and utilizing that forage through ruminant animals for the benefit
of our society. This process only works when concentrated efforts are continually made
towards communication - direct contact and interchange.
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Cooperative Extension is the University's strongest and broadest contact with the peo
ple of the state of California and in this case has a major role developing and maintaining
close and direct relationships with livestock producers and rangeland owners. The key to
our system is a force of well-trained and highly competent Livestock and Range Advisors lo
cated strategically within the state.

The balance of the Extension organization, including special ists and administrators,
must be structured to facil itate and support the activities and programs of county-based
advisors - programs developed in cooperation with landowners and producers in each county
or area.

Extension must function as an information delivery system, and that system must work in
two directions - funneling information concerning industry problems and needs back to the
Experiment Station and faculty as well as transferring research information and new ideas
to the field research level and on to demonstration activities, followed by adaptation and
adoption of new practices by industry.

The process cannot function without teamwork and coordination at every point. Basic
research is absolutely essential to generate new knowledge and information, often from
projects that may seem "far-out" or a long way from the appl ied field. Ideas must move
from the Experiment Station into field or appl ied research programs and then be tested,
tried, shaped, and finally utilized. Every project even at the field research level will
not prove successful, and trial and error are the norm rather than the excep-tion. The
team we speak of involves as its basis ranchers and landowners who provide re-sources to
conduct field research and demonstration work. The University could not possi-bly carry
the kind of budget it would take to finance the myriad of support items the agricultural
industry furnishes for these Extension field programs - land, animals, labor, and mater
ials. Cooperators know full well that the information developed must and will be extend
ed to everyone to utilize. The University staff completes the team - Extension advisors,
Extension specialists, and Experiment Station members and faculty.

Most of our livestock advisors in California also carry specific assignments for range
improvement and production. Our basic reasoning for these dual changes is that we cannot
separate range and 1ivestock at the county level - a completely coordinated program is
necessary. Our campus-based special ists, however, do carry separate subject matter func
tions - livestock specialists located in our Extension Animal Science Unit, and Range and
Pasture Special ists assigned to our Agronomy Units. It is the special ists' responsibil ity
to provide support, training and leadership in research programs for our county staff, in
addition to being the direct liaison or link between the campus-based faculty and Experi
ment Station and the advisors and industry.

When we speak of livestock production from rangeland, we are really speaking of forage
production first and then the conversion of that forage (inedible to man and mostly from
land not suitable for field crop production) into an energy and nutrient form that can be
utilized by humans.

We are primarily marketing forage, and this calls for attention to agronomic problems
first - soils, fertility, plant varieties and species adaptation, moisture utilization,
palatability, nutritive values, grazing management, and, yes, public policy decisions that
affect utilization of the forage resource on public lands. These are major thrust areas in
our Extension range program.

After we have the forage, we must then be concer ned with the animal s themsel ves. The
Extension Range Beef Program includes genetics, reproduction, nutrition, beef improvement
and selection, and total management - all of the factors needed to increase and improve the
util ization of the forage produced in the best, most efficient manner consistent with en
vironmental concerns. Concentration on ruminants as forage harvesting and converting units
is basic, and all of the breeding and management practices developed must center on this
fact in range beef and sheep production situations (and this may mean grazing sheep and
cattle on the same ranges). Production per acre or management unit may be more important
than production per animal.

Animal and plant scientists must work together. For instance - of what purpose would
it be to develop and introduce a new plant species, if cattle and sheep will not eat it 
if it's not palatable? Again, cooperation and collaboration from the Experiment Station,
through Extension, right to the cooperating rancher who helps test the results or practice
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is essential.

Specific thrusts and field research projects in Extension are continuing in fertiliza
tion, renovation and reseeding, variety evaluation and introduction, range clearing and
burning, brush conversion, public land policy, livestock nutrition, supplementation on
range, selenium deficiency, survey and treatment, estrus control for timed calving inter
vals, grazing management, and development of computer programs for least-cost supplementing
of cows, heifers and stockers.

The range 1ivestock programs in Extension will continue to be a most important part of
our activities - more than two-thirds of California's land area is available for grazing of
livestock. Our staff, both specialists and advisors, must continue to work with state and
federal agencies who control the decision-making processes connected with publ ic 1and use
by 1ivestock. It is important that our staff work closely with these agencies now and in
the future as a resource for decision making so that the best multiple use plans can be de
veloped and prevail.

Most of all, we must and will continue the close cooperation with those who own, oper
ate, and stock California's rangeland in order to maintain the team effort that has proved
beneficial and fruitful. That is the basis for the University's range 1ivestock program.

Results of Teamwork on the Range - Contented Cattle Grazing Lush Forage
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INTEGRATING RESEARCH RESULTS
IN THE MANAGEMENT OF A RANCH BUSINESS

Anthony C. Bywater and C. Richard Benson

Introduction

Like most field day reports, this volume contains many re
search results and recommendations. Each investigator set out to determine the effects of
particular treatments on the condition and productivity of animals, forage, or soil and has
presented the results in terms of so many pounds of dry matter produced, so many pounds of
live weight gain, or a change in the number of calves born, and so on. The purpose of this
paper is not to present additional experimental data but to look at ways in which data pre
sented here - and others like them - might be used to develop a cohesive and systematic de
cision-making process for a biological business system. Some characteristics that live
stock enterprises have in common are discussed in light of the effect they have on the pro
cess of organizing and managing a biological production system. A brief review of some
methods of planning and decision-making with some of their advantages and limitations is
presented. Approaches that might be utilized in the future are also discussed.

Basic Characteristics of Biological Systems

Most biological production systems, whether row cropping, a fruit orchard, a cattle
ranch, or a trout farm, have certain characteristics in common. First, they all exist in
a highly variable and uncertain environment. Like other businesses, they are subject to
changes in costs and prices which are usually beyond their control. Unlike many non-bio
logical businesses, most must contend with an uncertain physical environment (i .e., wea
ther, disease, etc.), and they deal in material which itself is extremely variable. One
shoe making machine is very much like any other shoe making machine of a similar make and
vin-tage, but one cow is usually very different from another cow even of the same breed and
age.

Second, the processes which make up the business are usually very complex. Many varia
bles are involved, and there is often a high degree of interaction between those variables.
The nutrition of an animal will serve as an example. Nutrition is normally considered in
terms of energy, protein, vitamins, minerals, water, and perhaps fiber. In reality, each
of these - excluding energy and water, but including carbohydrates and fats - are group
names of a multitude of different elements and compounds, many of which are known to be re
quired in the diet for normal life, growth, and reproductive processes. Taken separately,
this is a very large number of components to consider, but when substitution, additive, or
antagonistic effects which exist between these components are included, the simple notion
of feeding an animal for optimum performance rapidly becomes very complicated. Even then,
feeding the animals is not all that is involved in managing a ranch. Considering only the
animals, there is the breeding program, reproductive considerations, health aspects, and
many others, and most of them affect and are affected by nutrition.

Third, most biological systems may be analyzed at several different levels of detail.
For some purposes, it is desirable to ignore many of the finer details and aggregate fac
tors involved into a few essential components. In planning a ranch management program, for
example, it would be unnecessary if not impossible to account for metabolic interactions
between minerals and their effects on the growth rate of calves, even though such interac
tions may indeed affect the calves' growth rate. At the ranch planning level, only a gen
eral feeding policy is required. Subsequently, when attention is focused on individual
animals, the feeding policy might be expanded (i.e., disaggregated) to consider individual
minerals or mineral balance, for example. The important point is that there are many dif
ferent levels of aggregation, and the appropriate level for a particular circumstance must
be determined by the purpose and the practicality of handling the information required.

A fourth factor common to many biological production businesses is the lag time between
input (and financial investment) and output (and return). Interactions referred to above
are not generally instantaneous. Sometimes the effects of a change in one factor may not
be apparent in other factors until after anythi ng can be done to counteract the change.
Time itself is an important element; biological systems are dynamic.

56



A final common factor concerns the way biological materials and systems respond to
changes in their environment or to changes in the level of inputs (feed, health care, etc).
Most differ from non-biological systems in that they almost never show constant (or linear)
returns to increasing inputs. Using the analogy of shoe making machines, the amount of
leather required to make 100 pairs of shoes is, for all practical purposes, 100 times the
leather required to make one pair of shoes. However, a cow is unlikely to grow twice as
fast, let alone produce two calves if she is fed twice her normal ration. This may seem an
obvious and rather trivial point, but if it is extended to cover a common and more practi
cal situation, its fundamental importance may be more apparent.

Range forage is usually supplemented during parts of the year. The question is how
much supplementary feed should be given - or more correctly, what is the economically opti
mum level of supplementation? It might be assumed that when cows calve in Fall, some pro
tei n suppl ement over Summer duri ng the 1ast part of pregnancy and energy suppl ement in
Winter before rebreeding would increase the calving rate over that where no supplement is
given. Also, higher levels of supplementation would increase the number of calves still
further, but at a diminishing rate until at some point calving percentage might actually
fall because the cows are too fat. This situation might result in a response function with
a shape similar to that in Figure 1. Point A in the figure clearly represents the level of
supplementation that leads to the maximum number of calves born. However, this is unlikely
to be the position that yields the maximum benefit as simple production economics would
show. If it is assumed that dollar returns are proportional to the number of calves and
that the cost of feed rises in direct proportion to the amount fed, then the economics of
the situation might be as shown in Figure 2. The greatest return over feed costs (i .e.,
the greatest difference between the returns curve and the cost line) is at B, not at A
where the number of calves born is greatest.

Figures 1 and 2 do not represent real data because it is not intended to suggest that
the level of feeding represented by B is optimal. First, the situation has been greatly
simplified to illustrate the impact of non-linear returns. Second, in many cases where a
response to add i tiona1 input is known to occur, data are not suffi ci ent to show t he shape
of the response function. Therefore, economic analysis is difficult. Third, optimal sup
plementation policy will depend on many factors such as the type and condition of the ani
mals and the amount and quality of range forage available.
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FIGURE I - Possible response in calving rate to supplementary feeding.
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FIGURE 2 - Cost and returns to supplementary feeding.

Management decisions for a complex, dynamic, biological production system containing
many variables which usually interact in a non-linear way are difficult. During the last
two decades, rapid development of computer technology has greatly increased the potential
to facilitate such decision making.

Development of Management Decision Aids

Management decision aids are basically methods for handling information about the
structure and interrelationships of a business in order to determine the likely impact of
a particular strategy in a way that may be easily appreciated and compared for decision
purposes. The development of these techniques has relied on our ability to process data.

Budgets were the first management aid used in production agriculture, and they are the
least complex of the decision aids. Without computers to deal with masses of information,
a simple description of the situation was necessary to make any analysis feasible. Even
then the term "simple budget" is in a sense a misnomer since the effort required may be far
from trivial. However, it remains a static, highly simplified description of the business.
Nevertheless, "simple budgeting" has probably provided more service in practice than any
other management technique. Partial budgets are useful in comparing alternative production
practices, while generalized comparative budgets for a particular locality allow managers
to account for some variability in resource use, weather, market options, and so on. For
all its inadequacies, budgeting remains the basis for many more sophisticated management
decision aids. The main difference is the number of options that can be considered and the
way data for the analysis is generated.

Development of electronic data processing methods have allowed us to move closer to an
ideal description of the biological system. The power to retain large amounts of data and
make a large number of calculations very quickly has effectively increased the number of
options which can be considered. Budgeting has become progressively more sophisticated and
comprehensive. The Agricultural Economics Cooperative Extension Service now offers a com
puterized budget generator capable of producing any number of budgets for different types
of operations in a matter of seconds.

Although this is a considerable advance over the type of calculation done on the back
of an envelope, it still represents a fairly minimal utilization of the potential of the
computer to provide management decision information. Two particular techniques will be
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SIERRA FOOTHILL RANGE FIELD STATION

P. O. Box 28
Browns Valley, California

5,800 Acres - 300 to 2,000 ft. Elevation
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Cattle Are Handled Through the Permanent Working Corrals at Headquarters

A solar panel is used to keep batteries fully charged on electrically
equipped trailer used to study range cattle intake of supplemental feeds.
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