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CASE STUDIES OF CONTROLLED GRAZING SYSTEMS
A Progress Report

Melvin R. George, David Lile, Monte Bell,
Gary Markegard, Wayne Jensen, Bill van Riet,

Dan Drake, Larry Forero, and Ron Knight

Ranch Monitoring

Historical Information: Controlled Grazing Systems (CGS) on six ranches (Ranches A-F) are
being analyzed to determine if profitability improves as they are developed. This project was
started in 1989. For each CGS the following enterprise variables are determined annually from
ranch records:

a. stock flows
b. calendars of operations
c. gross income
d. variable costs
e. inventory change
f. gross margin

Animal productivity (lb/a) and forage productivity (lb/a/d) are also estimated from ranch records
and field measurements. Animal productivity data is reported for four additional ranches
(Ranches G-J).

Methods: Changes in animal production (lbs/a) due to controlled grazing were determined by
a) comparing production before and after initiation of controlled grazing and b) comparing
animal production under controlled grazing to local or regional averages without controlled
grazing. In New Zealand regional pasture production standards are used for comparative
purposes in pasture and farm management case studies. This is a valid tool for monitoring the
impact of managerial change on farms and ranches. Production levels from experiments are not
used for comparisons because they are often much greater than that documented on similar farms
and ranches. In California's central valley and foothills cool season irrigated pastures produce
an average of 10 aum/a or 400 to 500 Ib/a of animal product (Jones and Brown 1950). In coast
al areas mild winter and summer weather tend to increase yearly productivity. High elevation
areas tend to have shorter growing seasons and would be expected to have lower productivities.

Regional animal production standards for rangeland are more difficult to establish because
rangeland forage is not irrigated and is produced on a wide variety of sites that vary in their
productivity. A few animal productivity standards have been established in the Annual Range
Productivity Data Base (George and Jacobsen 1986).

Changes in profitability were estimated by comparing enterprise gross margin (gross income 
variable costs) before and after initiation of controlled grazing. Data for these comparisons were
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collected from ranch records. Livestock prices used in this analysis were five year (1981-85)
average monthly prices.

Irrigated pasture growth rates were determined on five ranches in northern California from
1988-90 using an earth-plate capacitance meter (pasture probe). Pasture growth rate was
determined from the change in standing crop between the beginning and end of a pasture rest
period. Standing crop was estimated weekly during fast growth, biweekly during periods of
moderate growth, and monthly during slow winter growth. Pasture growth rates have not been
estimated for rangeland pastures during the current drought.

Results and Discussion

Production: Ranches A and B have 10-12 month irrigated pasture grazing seasons and can
produce 500-625 lbs of animal product per acre without controlled grazing. Animal production
on Ranches A and B after initiation of controlled grazing ranges from 735-1044 lbs/a (Figure 1).
Irrigated pastures on Ranches G-I are similar and adjacent to each other. They normally have
a 7-8 month grazing season and typically produce 400-525 lbs/a of liveweight gain without
controlled grazing. The irrigated pasture on Ranch J has a 5 to 6 month growing season and
produces about 525 lbs/a without controlled grazing. With controlled grazing these irrigated
pastures produce live weight gains ranging from 647-993 lbs/a.

Animal production on rangeland increased on Ranch F following initiation of controlled grazing
(Figure 2). Ranch F initiated controlled grazing prior to the current four year drought. Ranches
C, D, and E initiated controlled grazing during the current drought. Animal productivity during
the drought is no worse than the long-term average.

Profitability: Enterprise gross margins were greater during most years following initiation of
controlled grazing on Ranches A and F (Figure 3). There were no records prior to controlled
grazing available for Ranch B but its gross margins per acre are similar to those of Ranch A.
Gross margin for Ranches C and E have declined since initiating controlled grazing. This
appears to be the result of high feed costs (Figure 4) during the current drought. A large
portion of the rangeland on Ranch C has received little or no use because the stock watering
points have dried up.

It will take several years of data to adequately profile profitability on most of these ranches.
Even with higher productivities under controlled grazing, gross margin may be adversely affected
by increased variable costs and reduced gross income due to changes in market and culling
decisions as well as fluctuations in price.

Pasture Productivity: Pasture Growth Rate (PGR) is the daily rate of pasture production. In the
winter PGR is slow, often less than 10 lb/alday. During rapid spring growth PGR can exceed
50 lbs/alday. The monthly pattern and magnitude of PGR from five irrigated pastures are
similar to those of inland pastures on New Zealand's north island (Table 1). The coastal pastures
in Humboldt county have PGRs equal or exceeding 15 lbs/alday during 10 months of the year
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while inland pastures tend to have longer slow growth periods in the winter. Knowledge of
pasture growth rates can be useful in short (1 to 2 months) and long-term (annual) forage
budgeting.

Summary

Animal productivity increased during the year following initiation of controlled grazing on
irrigated pasture. With time controlled grazing animal productivity on foothill rangelands was
no worse than long-term averages under the current drought. Limited data collected before the
current drought indicates that productivity increases are possible on foothill rangelands. Enter
prise gross margin is directly related to productivity except where feeding costs are higher than
usual due to drought or gross income is lower due to marketing or culling decisions. Irrigated
pasture growth rates were found to be similar to those measured on inland pastures in New
Zealand.

Literature Citations

Jones, Burle J. and J.B. Brown. 1950. Irrigated Pastures in California. Circ. No. 125,
College of Agric., Univ. of Calif., Berkeley, Calif. Pg. 41- 43.
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Science Reports No. 15, Agronomy and Range Science Department, Univ. of Calif., Davis,
Calif. 26 pgs.

Milligan, Keith. 1981. Feed budgeting. New Zealand Farmer. Dec. 10, 1981. Pg. 25.

Table I. Pasture growth rates for five northern California I irrigated pastures compared to inland and coastal pastures on New Zealand's north island
2 (Mil1igan 1981).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(Jul) (Aug) (Sep) (Oct) (Nov) (Dec) (Jan) (Feb) (Mar) (Apr) (May) (Jun)

Pasture Growth Rate (kglhald)

NZ Coast 24 33 50 58 63 73 59 61 50 41 32 25
NZ Inland 7 11 29 45 42 52 34 18 24 18 13 8
Stanislaus 5 23 26 34 58 49 34 27 24 18 12 9
Glenn 3 11 18 27 35 69 76 39 24 23 10 6
Humboldt A 2 10 31 56 62 59 45 18 34 47 21 24
Sutter 1 6 20 40 50 30 41 66 44 11 2 0
Humboldt B 10 19 22 48 51 38 35 30 25 20 15 8

Calif. Ave. 4 14 23 41 51 49 46 36 30 24 12 9

1 California pastures are various mixtures of perennial ryegrass (Lolium perenne), orchardgrass (Qactylis glomerata),
tall fescue (Festuca arundinaceae), "Ladino" white clover, ITrifolium repens) and strawberry clover cr. fragiferum).

2 New Zealand pastures are dominated by perennial ryegrass and white clover. New Zealand was adjusted by six
months 80 that July data from N.Z. is listed under January.
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Figure 1. Animal production before (open bars) and after (filled bars)

intensive grazing management on irrigated pasture.
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Figure 2. Animal production before (open bars) and after (filled bars)

intensive grazing management on annual range.
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Figure 3. Gross margins before (open bars) and after (filled bars)

intensive grazing management.
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Figure 4. Feed costs ($/cow) before and
during the 1987-91 drought.
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COW HERD MANAGEMENT AND LIMITED FEED RESOURCES

James W. Olljen

Introduction

Cow herd management is a dynamic process, and changing strategies are dictated by limited feed
resources caused by long term drought. Selling the herd or finding pasture in another area are
possible short term solutions, but fortunately, there are other economic practices which allow ranch
enterprise and range sustainability whenever severe forage shortage occurs. The following is a
succinct discussion of several of these alternatives.

Buying Feed or Increased Culling during Drought

When drought occurs, a choice must be made to do one of the following: 1) provide additional feed
beyond reserve stocks to maintain the pre-drought level of production per cow, 2) cull enough cows
so that current forage and feedstocks are adequate to maintain pre-drought production per cow, 3)
some combination of 1 and 2, 4) feed some supplemental feed but at inadequate levels to maintain
previous production level per cow, 5) reduce cow herd size but not enough to prevent production
per cow to decrease, or 6) some combination of 3 and 4. The long term profit maximizing solution
requires a producer to make calculations too detailed to outline here, but the optimal strategy is often
either 3 or 6. These strategies are best because the lost income from the herd plus the cost of
additional feed is minimized. If fewer cows are culled than the optimum, the cost of additional feed
is not offset by the relatively small loss of income from the marginal cows not culled from the herd;
if too many cows are culled, the lost income from these better cows now culled is greater than the
cost of their additional feed. This analysis makes the assumption that cows with lower production
are culled first, and that supplemental feed cannot be allocated strictly based on production potential.
Many factors go into this calculation, and general recommendations for all cow herds are not
possible.

Replacement Heifer Costs

The question of whether to raise or buy replacement heifers must be addressed periodically by all
cow-calf producers, and limited feed resources shift emphasis to selling animals and buying
replacements later. The decision should be determined by the producer's economic situation,
weighing the actual cost of replacement heifers raised versus those available for purchase. Particular
consideration must be given to a number of additional factors which affects the decision. Some of
these include the value of ongoing herd improvement. That is, knowing the breeding of heifers
saved is of value, particularly if performance is measured and these records are used for selection.
Another aspect is that of adaptation to location, necessary in some areas to prevent excessive disease
such as Foothill abortion. On some operations, replacement heifers (and stockers) use excess forage
in good years, but in drought fewer heifers are kept, or more cows are culled. Some reasons for
not keeping replacement heifers include an obvious one--if the presently owned cows are poor, the
herd can be improved by bringing in better heifers, especially if a reliable source of replacements
is available. Another consideration is the need to maintain heifers on a higher quality feed separately
from the cow herd because of their increased nutritional requirements for growth. Additional
breeding costs may be incurred because of the need to breed heifers about a month ahead of the
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older cows, and calving-ease bulls or artificial insemination may be used. Finally, heifers are not
productive for about two years, in contrast to one year or less if bred heifers are purchased.

For comparison, the costs of raising replacement heifers may be divided into two phases, that of
birth to weaning, producing a heifer calf, and that from weaning to pregnancy-check time, producing
a bred heifer to calve at two years of age. Recent production costs (1989-1990) of raising a bred
heifer on typical ranches have varied from $375 in some locations in Idaho to $563 in Colorado and
$646 in North Dakota. If one only looks at the costs after weaning through breeding (development
costs), about $250 was typical in both Colorado and North Dakota. Representative development
costs in a feedyard during this time period was about $280.

Unfortunately, some real economic costs are missing in this analysis. First, the lost income from
not selling heifer calves must be charged against the replacement heifer enterprise--this cost would
not occur if bred heifers were bought. Also, additional heifers besides those used as replacements
must be kept because not all the females will become pregnant. Some of this cost will be recovered
by selling these open heifers. If the costs are adjusted for these two factors, the production costs
of bred heifers rises from $563 to $704, using the Colorado example above, thus increasing
development costs about $100, from $250 to $350.

A recently developed computer spreadsheet by the author and available from DC Extension Livestock
Farm Advisors allows ranchers to calculate these costs directly for their ranches. For a typical ranch
in the Central Valley with 300 cows and 19% of the cows replaced each year, replacement heifer
costs varied from $773 ($91/cwt) to over $1,000. The most variable and often the greatest cost was
that of the land ($0 to $900). Next in order of importance were harvested or purchased feed, labor
and depreciation for the replacement heifer enterprise. Development costs for the bred heifer
post-weaning ranged from $400 to $800. Precise estimates can be made if good financial and
production records are available. From this analysis it is obvious that the interest paid on land (or
lease rate) is of great concern in determining whether to buy or raise replacements. Also, costs are
greatly affected by the breeding success of heifers: costs per heifer increased about $100 for a 10%
decrease in heifer pregnancy rate. Costs were less sensitive to purchased feed price, culling rate and
weaning rate. Getting the replacement heifer pregnant is critical, the value of a potential calf ensures
a return above the heifer's own value. Saving money by reducing feed for these heifers is not
economical in the long run.

In summary, there are considerations specific to any given ranch location and breeding program
which may overshadow strictly short term cost and return projections in making a decision on raising
or purchasing replacement heifers. In the long term, economic considerations should be the basis
of the decision, and the knowledge of an operations input costs is essential. Tools are available from
UC Extension to assist in this analysis. Finally, evaluation of typical California commercial cow-calf
enterprises in 1991 suggests that raising replacement heifers is a significant cost, and that the
alternatives of buying replacement heifers or developing them off the ranch must be considered.

Cull Cow Selection

Research has shown that cows should be evaluated on their potential to produce income above costs.
The economic measure of this, when these values are projected into the future and adjusted back to
today's worth, is called net present value. Good records as well as computer simulation is necessary
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to accurately estimate net present value for a cow. Further, these values are not exact, because
prediction is not perfect. Nevertheless, net present value can be used to rank cows, and cows chosen
to be culled are those with lower estimates. The best practical time to cull is probably at weaning,
when cows should be pregnancy checked and before needs for supplemental or conserved feed arise.
As one might expect, pregnant cows almost always rank higher in net present value than open ones,
except that open first calf heifers often arc more valuable in the cow herd than an old cow,
especially if the older cows calves have not performed well. Also, younger cows and heifers rank
relatively higher when market conditions are expected to rise steadily for several years. Recently
developed computer programs are being used to estimate cow net present values, and these will be
available from UC Extension in the near future.

Early Weaning

A rather drastic alternative not often used to assist rebreeding is weaning calves at an age of 6 to 8
weeks. This is often seen as a last alternative when the situation has deteriorated so that cows are
too thin to breed. Removing the suckling stimulus of a calf is an effective way to get cows to cycle,
and the removal of the demand for milk lowers the feed requirement of the herd. This alternative,
therefore, may also be viable in getting marginal cows to cycle instead of incurring the additional
costs of bringing the cow into better condition by supplementing expensive feed during drought.
Early weaned calves probably need to be about 6 weeks of age to effectively consume and utilize
dry feed. To maintain a yearly calving interval, a maximum calf age of about 8 weeks will allow
the cow to return to estrus in time to rebreed within 80 days of calving. Competition between calves
dictates that their age variation be kept to a minimum in a management group. These calves must
be sheltered and fed a palatable starter ration high in protein and energy with a minimum of
roughage. After two weeks they may be fed about 20% roughage, and then in another 6 weeks the
ration should be increased to over 30% to prevent or decrease the incidence of scours. Weight gains
of 1.5 to 2.0 lb/day to 205 days of age can be expected. Grazing the calves on pasture later will
slow gains, and if drought persists, may not be possible.

Creep Feeding

Providing extra feed to calves before they are weaned may be more economical when forage supplies
are limited. Under normal circumstances, creep feeding increases weaning weights of calves, but
with marginal economic returns. Responses are greatest when forage quality is moderate to low.
Creep feeding may decrease calves' intake of forage more than their intake of milk, so in drought
it is probably more useful to spare forage by creep feeding (than to increase cow condition by
limiting milk intake.)

If calves are to be retained and fed in drylot, creep feeding helps to start the calves on feed before
they are weaned. Rations should be palatable, contain some fiber, and be easily found in well
located feeders (for example, near water or where cows gather).

Matching Forage Resources to Demand

Although choosing the optimal mix of feeds and forages for a cow herd is part of a long term
strategy, severe conditions alter the usual level of resources and force re-evaluation of the basic mix.
This task is too complex to be described here, but help in this process is available from UC
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Extension, and a new computer program to evaluate the dynamic relationship between available
range or forages and herd requirements is being tested. To be available soon, the program will
graphically display energy needs of the cow herd and forage resources available over time,
calculating the timing and quantity of supplemental hay or feed needed. Questions like when is the
optimal time to calve or wean, and what is the effect on harvested forage requirements are
addressed.
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GRAZING BEllAVIOR AND FORAGE INTAKE

Thomas C. Griggs

Introduction

Rate of intake is an important, if not the most important, nutritional determinant of animal
performance. This is particularly true under pasture conditions, where livestock are faced with the
challenge of harvesting their own feed. Consequently, an understanding of the factors which control
rate of intake by grazing animals can be critical to the success of a management plan for achieving
high levels of animal performance. While important general relationships between herbage
availability and animal performance have been established (Allden and Whittaker, 1970; Mott,
1960), research has indicated the necessity of also considering sward (pasture canopy) structural
properties such as height, density, and leaf and stem position as regulators of intake. Experimental
manipulation of ryegrass pastures by means of cultivation and clipping, resulting in various pasture
densities, heights, and herbage masses (wt/area) demonstrated that intake by sheep was not closely
related to herbage mass, but increased in direct proportion to tiller length (Allden and Whittaker,
1970). This work also indicated decreasing bite size and increasing biting rate as animals were
placed on pastures of decreasing tiller length. The ability of grazing animals to adjust biting rate
and daily grazing time to compensate for decreasing bite sizes under certain sward conditions is an
important mechanism for maintaining rate of intake, within certain limits of sward structure.
Because of daily upper limits to compensatory ingestive behavior imposed by grazing time and
number of bites, bite size has been shown to be a particularly important factor controlling intake
(Chacon et al., 1978; Stobbs, 1973).

Progress in defining many of the mechanisms by which sward structure determines rate of intake on
natural pastures is hampered by the difficulty of manipulating sward height, density, and spatial
heterogeneity independently. An additional problem with ingestive behavior research on natural
pastures lies in the difficulty of measuring bite dimensions, such as area, depth, and weight, which
help to explain intake responses to sward structure. An alternative approach which overcomes many
of the technical problems associated with grazing behavior research on natural pastures involves
hand-constructed swards (HCS), in which erect tillers are fastened to baseboards to create artificial
swards of desired characteristics. This scheme was developed by Black and Kenney (1984), who
demonstrated the independent effects of sward height and bulk density on bite dimensions and bite
weight. Our objectives were to extend the use of the HCS technique in order to evaluate (Expt. 1)
the effects of scale of horizontal heterogeneity among leaf and stem fractions of dallisgrass on cattle
ingestive behavior; and (Expt. 2) the effects of dallisgrass sward height and bulk density and grazing
time on cattle bite dimensions.

Methods

In Expt. 1, RCS consisted of leaf blades and reproductive stems threaded through multiple perforated
jigs which were fastened to a baseboard. Tillers were trimmed and positioned to create l5-cm-tall,
0.5-m2 swards with two sizes of leaf and stem patches. Two-patch RCS consisted of adjacent stem
and leaf patches each 0.25 m2 in area, while l2-patch RCS consisted of six 0.04 m2 leaf patches
interspersed with six stem patches of the same size in a checkerboard pattern. Based on patch
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dimensions and information from previous experiments on bite areas of steers, both scales of
horizontal heterogeneity were assumed to offer potential for diet selection by steers. Tiller density
was 775 stems or 1550 leaf blades/m2. Swards were grazed for approximately 20 bites by trained
steers familiar with these conditions. Steers were held in a corral when not grazing HCS and were
maintained on alfalfa hay.

In Expt. 2, HCS 0.2 m2 in area were constructed only of leaves, and had heights of 10 and 18 cm
and densities of 3100 and 6200 leaf blades/m2. These were presented for 6-bite sessions to steers
at successive times (0, 2, and 4 hr) in their 7-hr grazing day. Steers grazed the same dallisgrass
pasture from which tillers for HCS had been gathered earlier each day. Steers were released onto
the pasture daily at 10:00 am (hour 0) and removed to an overnight fasting pen at 5:00 pm.

Results

In Expt. 1, patch size influenced bite area of leaf and stem patches, bite weight of stem patches,
proportion of total HCS area grazed, and leaf area proportion of total grazed area. Bite area on leaf
patches was higher on two-patch (78 cm2) than on 12-patch (105 cm2) swards, while the opposite
was true on stem patches (40 vs. 82 cm2). Bite weight on stem patches was therefore larger on
12-patch (1.4 g) than on two-patch (0.6 g) swards, since bite depth was not affected by patch size.
Leaf area as a proportion of total grazed area served as an index of diet selection and was higher for
two-patch (0.83) than for 12-patch (0.71) swards. The clear response of animals to scale of
horizontal heterogeneity among leaf and stem patches in terms of bite area and selection for leaf may
be related to the frequency of adjustments grazing animals must make as they exploit
morphologically heterogeneous patches. More frequent encounters with leaf/stem boundaries in
swards with small patches than in those with large patches could reduce the proportion of bites of
potential bite area in a given patch. This effect could also apply to stems, in that stem bite area
could be inflated in small-patch, relative to large-patch, swards because first encounters with stem
patches may be with bites adjusted to adjacent leaf conditions.

In Expt. 2, bite area was influenced by sward height and grazing time, but not by sward bulk
density; bite area increased with sward height (94 to 134 cm2) and decreased with length of time
animals had been grazing (139 to 113 to 97 cm2). Bite depth was influenced only by sward height,
increasing from 6 to 10 cm as sward height increased from 10 to 18 cm. Resulting bite weights
were influenced by sward height, bulk density, and grazing time, increasing with sward height and
bulk density and decreasing with grazing time. Averaged across grazing times, bite weights
observed at each level of sward height and bulk density decreased in the order tall, high density (3.2
g), tall, low density (1.9 g), short, high density (1.5 g), and short, low density (0.7 g).
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Conclusions

Use of hand-constructed swards has led to' improved understanding of sward and animal variables
which regulate rate of intake. Steer ingestive behavior varied within swards differing in scales of
horizontal heterogeneity among patches of leaf and stem, both of which offered potential for diet
selection. Results suggested higher rates of intake and higher diet quality in swards with large
patches than in those with small patches. Steer ingestive behavior at points throughout the grazing
day also varied across swards of two heights and two densities, and indicated the independent effects
of height, bulk density, and grazing time on bite weight. Applications from ingestive behavior
research extend to planning grazing systems and the allocation of pasture resources to classes of
livestock with differing nutritional requirements.
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INFLUENCE OF PASTURE CONDmONS (QUALITY)
ON LIVESTOCK PERFORMANCE

(Or, "The Plant Looking Up vs the Animal Looking Down")

Charles A. Raguse

Introduction

Key Words--Animal. Intake, Quality, Physiological requirements, Performance level, forage
allowance, Species, Selectivity, Digestibility, ME utilization.

Key Words--Pasture. Species, Growth rate, Stage of maturity, Quantity, Quality, Digestibility,
Height, Density, Uniformity, Forage allowance, Pre-grazing level, Post-grazing level.

Feeding Value

"The net effect of pasture maturity, selection, intake, particle breakdown, digestion, absorption,
metabolizable energy (ME) content and efficiency of ME utilization for animal production can be
summarized as Feeding Value".

"Animals appear to respond primarily to variations in the amount and maturity of leaf material in
the sward, and its distribution in the canopy" .

Herbage (Forage) Intake

"Intake" represents a grazing animal's voluntary consumption or ingestion of the pasture mass
available to it. Recognizing that intake is regulated by both plant and animal factors and that animal
performance, e.g., rate of liveweight gain, is proportional to intake, it should sometimes (but not
always) be the pasture-livestock manager's objective to keep intake at a high level. The "pasture
conditions" (since that is what this essay is about) that tend to increase intake are therefore
synonymous with pasture quality. There are three groups of factors that influence herbage intake.
Two of the three are embodied in "the pasture looking up" and one relates to "the animal looking
down."

1. Those affecting herbage ingestion, relating mainly to the physical structure of the
sward canopy;

2. Those affecting herbage digestion, relating mainly to the maturity and nutrient
concentration of the herbage eaten;

3. Those affecting the demand for nutrients and the digestive capacity and eating
capability of the animals concerned, reflecting largely their maturity and productive
state.

So far, an essential point is that intake can be considered to be a direct function of a number of
pasture characteristics (conditions) that express pasture quality. We could say that for every unit of
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increase in a pasture quality factor, we should expect (if all other factors of the system, both plant
and animal, don't change) some unit of increase in intake. It is important to realize that this
functional relationship is not linear, Le., one-for-one across the scale. Figure 2 illustrates how
intake at first rises steeply with successive increases in pasture condition indices, e.g., mass, height,
and forage allowance (the latter defined below). But the increments of intake response lessen and
at the right hand end of the scale increases in height or forage mass do not increase intake at all.
For simplification we could designate the first part of that range as being linear (one-for-one) and
the remainder as a "no benefit" zone.

The second point of interest from (the very general) Fig. 2 is that it designates non-nutritional
characteristics (or conditions) of the pasture as the important regulators of intake at low intake values
and nutritional characteristics at high intake values.

Entirely aside from pasture conditions and how they regulate intake, we can say that whatever a
grazing animal's total daily intake is (e.g., 3.5% of 720 lbs. liveweight equals 25 lb intake), it is
the product of grazing time multiplied by rate of intake (Fig. 3). In tum, rate of intake is the
product of bite size and rate of biting. It is obvious, however, that pasture conditions do influence
these "mechanical" components of total intake.

Non-nutritional Factors Regulating Intake.

There are several, some of which are less obvious than others in that it is not always certain whether
an animal's intake behavior is conditioned by physical factors or by its ability to discriminate, prior
to ingestion, on the basis of nutritional value alone. The two groups of factors overlap, and it could
be argued that categories two and three of "pasture composition", below, are really nutritional
factors.

Pasture height. Or mass, because the two are co-related. These operate through reducing an
animal's ability to prehend, thereby decreasing bite size.

Breaking. or shear. strength of plant leaves and stems. An example would be tall fescue vs. the less
fibrous orchardgrass.

Pseudostem content and height. A "pseudo" stemminess that occurs as a result of preferential
removal of the top layer of the sward, which consists of the leaf blade portion only. Cattle are less
responsive to this than are sheep.

Grazing site factors. Contamination by soil, dung and/or urine, and micro-topography are examples.

Pasture composition. There are three main categories. The first, the ratio of green vs. dead plant
material, is a reflection of previous pasture management. Even so, depending on the pasture height
mass available and animal selective ability, up to 70% of the total pasture ;mass can be dead material
before measurable reduction in intake occurs. The second is the ratio of stem to leaf in available
forage, which influences intake in a manner similar to the green:dead ratio. The third is plant
species composition, the classic example being white clover and grass (often perennial ryegrass).
Sheep, especially, demonstrate strong preference for white clover if the two species are separated
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in strips. If grass and clover are co-located in the upper horizon of the herbage, they are selected
in proportion to their abundance in that horizon. If the clover is in a lower horizon, only the upper
grass layer is preferentially selected. Again, cattle do not demonstrate the same kind of
discrimination.

Nutritional Factors Regulating Intake

These are considered of most importance only where intake rate is already high, i.e., where forage
allowance and post-grazing mass are high.

The major factor is digestibility. That is, as digestibility increases, intake rises. Also, as
digestibility increases the ratio ME:DM also increases, because the conversion of digestible energy
to metabolizable energy varies less across pasture materials than does digestibility per se.
Digestibility also varies with plant species (again, legume vs. grass). The intake of legume may be
as much as 40% higher than the intake of grass, and the intake of leaf as much as 100% higher than
intake of stem, when all are at comparable digestibilities.

Chemical and structural characteristics. Examples of these are within-cell soluble sugars and cell
wall hemicellulose-lignin, respectively. These, and many others, influence rumen fill and rate of
disappearance of digesta. Thus, "the structural composition of the pasture can influence digestion
rate by influencing the ease with which microbes can attack various anatomical parts of an ingested
plant".

Although most of this is written mostly from the point of view of the "the plant looking up," it is
appropriate here to mention a major animal-based determinant of intake, physiological state.
Pregnancy, lactation or a high rate of liveweight gain all will foster a higher rate of nutrient
metabolism and demand and, therefore, a higher rate of intake.

In sum, in high intake situations, digestibility, and the types of nutrients released upon digestion are
more important than the non-nutritional factors, which generally had to be corrected to achieve
higher intake rates to begin with.

Managing Pasture Conditions for Quality

"The first aim of grazing management must be to maintain pasture quality by avoiding extremes of
pasture mass for long periods, especially overgrazing following drought or allowing accumulation
of rank pasture during spring/summer. Desirable pastures for high rates of pasture production
should be leafy and densely tillered with a low weed content, and such pastures have maximum
pasture production when maintained at an intermediate mass. Even with such grazing, an occasional
hard grazing is usually required to maintain pasture quality".

Plan. plant. and manage a pasture to maintain the legume. The energy contained in clover is more
efficiently used to produce weight gain than the energy contained in even a high quality grass.

Mechanically remove or clip grass seed heads and rejected clumps.
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During the spring and early summer surge of growth, minimize accumulation of surplus by
maximizing total animal intake. This is assuming that cutting excess seasonal growth for hay or
silage is not part of the management system.

Keep dead plant material at a minimum. For every percentage unit increase in dead material content
of intake, there is a 0.5% decline in digestibility.

The basis for stability and sustainability of pasture growth and quality is the vegetative reproduction
of these perennials. The population dynamics of grass tillers and clover stolons determines rate of
growth and influences quality. Excellent pasture condition is demonstrated by a high population
density of these vegetative growth units and a nearly complete dispersion of sown species, i.e.,
plants of all sown species are closely intermingled.

Five rules for grazing management.

1. Match pasture supply and demand as closely as possible. Identify priority livestock classes
and give them preference in grazing sequences.

2. Plan for and maintain a desirable pasture plant species composition. This normally means
legumes are included, up to 40% or more of the total herbage, and Ladino (white) clover and
strawberry clover are the legume species of choice.

3. Ensure a high pasture plant density and thus active leaf cover. Avoid extremes of low and
high pasture mass. Avoid severe pasture damage caused by winter (wet soil) grazing.

4. Maintain nutritional quality through keeping leaf and clover content high. Avoid
underutilization.

5. Remain flexible. Optimum grazing management is always a compromise. Identify primary
objectives but also manage to alleviate the factor most limiting to current pasture production. "
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AN 8-IlQ-PADDOCK SHORT DURATION GRAZING SYSTEM
- RESULTS OF A 3-YEAR STUDY -

Charles A. Raguse, Kenneth L. Taggard, and John L. (Roy) Hull

This will describe results from intensive management of a sown perennial grass-legume irrigated
pasture (Haworth Research Pasture, Fig. 1) from 1988 through 1989. Data from 1990 are available
as a separate insert for the Proceedings.

Details of the first two years of the study have been reported in California Agriculture (3). Copies
are available today by request. An earlier, first-year report in California Agriculture (2) is available
from C.A. Raguse, Department of Agronomy & Range Science, University of California, Davis,
CA 95616. A full, technical journal article is being prepared.

The purpose of this article is to review and summarize what we believe to be the most important
findings of this study to livestock/pasture managers.

First, a brief recap of the objectives. A characteristic sigmoid (S-shaped) regrowth response is
frequently cited as the basis for managing the plant side of a livestock-pasture production system
(Fig. 2). In our field study, we wished to determine whether this characteristic response could
actually be observed and even quantified. Also, assuming that the answer to this first question was
"yes," we sought to compare two levels of what might be referred to as "plant-driven" pasture
management (also shown in Fig. 2) by placing two theoretically differing forage accumulation
grazing utilization conditions on the basic response curve. The plant height (orchardgrass) set-points
used were:

Table 1. Forage height used as a basis for grazing management.

Year and A-U
Treatment

~
High A-U
Low A-U

1989
High A-U
Low A-U

Height In
(inches)

10-12
6-8

12
10

Orchardgrass

Height Out
(inches)

4-6
3-4

6
4

To date (1988-90 grazing seasons) we have results from the following:

1. "High" and "Low" accumulation treatments (Fig. 1) using an 8 or 10 (depending on
rate of plant regrowth) paddock "short duration" rotation using a 3-day grazing
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interval followed by a 24- (8 paddock) or 27- (10 paddock) day regrowth period.
(See Fig. 1 for the paddock rotation plan used.)

2. A I-year (1990) comparison of the 3-day grazing interval with three successive I-day
intervals (the paddock being divided into thirds using electric fencing). A "standard"
2-field rotation (weekly alternation) was also included in this comparison.

Results of the 3-d vs. 3 times I-d test will be available at the April 17 Station Field Day.

Results

Botanical Composition: The sown species (fall 1986) were orchardgrass (Dactylis ~lomerata,

perennial ryegrass (Lolium perenne'l, Ladino (white) clover crrifolium re.pens) and strawberry clover
cr. fra~iferum). The major shifts in species composition were:

a) from an originally legume-dominant mixture (orchardgrass 20%, ladino clover 70%)
to an orchardgrass dominated mixture.

b) a reduction of perennial ryegrass from an initial 10% to 5 % or less.

c) an increase in other species (including a number of weeds) from less than 1% to more
than 10%.

d) strawberry clover, probably because of lax grazing early in the life of the pasture,
never exceeded from 1% to 2% of the mixture.

e) Dallisgrass increased in 1989 to an average 4.7% of the mixture.

The two management treatments ("high" and "low" accumulation-utilization) had very little influence
on species composition. Three exceptions were:

f) a higher percentage of perennial ryegrass in the "low" treatment in 1988 (12 vs. 7%)

g) a higher percentage of orchardgrass in the "high" treatment in 1989 (63 vs. 54%)

h) a higher "other species" content in the "low" treatment in 1989 (14 vs. 7.7%)

Selective grazing by the beef steers and heifers for clover was obvious, although we did not have
the resources needed to measure differences in grazing time or intake of legume vs. grass, or the
difference in diet quality due to changes in legume content. The observed changes in species
composition were due to an independent process of "pasture aging," which occurs over a period of
five years or more, and the ~eneral effects of lax grazing in the first two years of the stand. The
latter led to a patchy distribution of the two principal species, which was accompanied by increasing
difficulty in achieving uniformity of grazing. Once the transition from a species well dispersed
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condition to a species patchy condition has occurred, an important aid to effective pasture
management has been irretrievably lost.

Average daily gains (ADG) and liveweight gains (LG) per unit land area obtained are shown on
Table 2.

Table 2. Live weight gain, kgha-1
, and average daily gains (ADG) for 1988 and 1989.

Cycle No.

1 2 3 4 Total ADG

1988

H: 184 187 120 105 596 0.64
L: 228 219 121 124 689 0.65

1989

H: 126 80 67 73 345 0.44
L: 131 90 74 79 373 0.44

The "low" A-U treatment pastures were stocked 15% higher than the "high" A-U pastures in 1988
and 9% higher in 1989. Similarly, liveweight gain was 15% high (significant at 5% level) in 1988
and 8% higher (non significant) in 1989. Liveweight gain per unit area (LG) in 1989 averaged only
56% of that in 1988, in part because of the lower ADG in 1989 (0.44 kg or 1.0 lb) for both
treatments. The lower LG probably resulted from loss of legume and an increase in bare ground.
Thus, in 1989, grazing pressure was higher (than in 1988) and the forage available was less
nutritious due to loss of clover between the two years.

In Figure 3 LG data are combined from the four rotation cycles done between June 1 and early
October each year. The "high" and "low" A-U treatments are indicated by open and closed symbols.
Because grass height was used to regulate cattle entry and exit conditions, it was of interest to look
back and see how well actual livestock weight gain was related to the amount of forage "removed"
by grazing as indicated by the change in grass height between entry and exit (the 3-day grazing
interval). It is also necessary to note that a "put and take" grazing method was employed in order
to reach the desired exit height set point (Table 1). Note that while superficially similar in
appearance the vertical axis (weight gain per unit forage removed) is quite different for the two
years. The 1989 data can be fitted very well (as indicated by the R2 value of 0.92) by a modified
sigmoid (S-shaped) equation. In short using grass heights to implement a forage-driven grazing
management not only worked but was (within years) a reasonably good predictor of liveweight gain
produced from that forage.

In Figure 4 the same relationship (LG vs. change in forage) is shown, for 1989 only, but using a
single probe capacitance forage meter (Design Electronics Ltd., Palmerston North, New Zealand)
to estimate entry and exit forage mass levels (and, by difference, the amount removed in a 3-day
grazing interval) represented by the target entry and exit heights (Table 1). Only the 1989 data are
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shown because individual operator and machine related problems precluded getting a meaningful set
of data in 1988. The 1989 data set does not suffer these limitations but it is obvious on comparison
with the grass height based predictions of LG that, under our conditions, grass heights provided a
better basis for predicting per area liveweight gain. Other pasture researchers, e.g., Barao and Vogh
(1) have reported similar experiences with the device, particularly where forage levels are relatively
high.

Summary of Findings and Conclusions

1. We were able to demonstrate linear (mid) and near-asymptotic (upper) portions of a
theoretical sigmoid regrowth response using both forage height and weight measures.

2. Regarding stocking rate/grazing pressure, achieved practical upper and lower limits, Le.,
pastures such as these should not be grazed harder, nor be permitted to accumulate higher
levels of forage mass.

3. Proper grazing management will operate near the low end of the theoretical curve. Equal
ADGs indicated equal forage quality, and the low A-U treatment increased transfer
efficiency.

4. The two forage accumulation-utilization treatments had relatively little influence on plant
species composition.

5. Under conditions of the experiment grass height measurements led to more accurate and
consistent predictions of the stocking rates needed, and were more consistently related to
animalliveweight gain than the single-probe capacitance meter measurements were.

6. The procedure developed can be used by pasture managers. It does not require research level
skills or equipment, nor large amounts of time.
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Sampling II
transects

Fig. 1. Haworth Research Irrigated Pasture, showing paddock replicate assignment to the high (H)
and low (L) treatments. Also shown are the four 6-paddock irrigation blocks (I to IV) and a partial
designation of plant sampling transects in all paddocks.
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Fig. 2. Generalized regrowth (forage height or mass) response, often referred to as a "sigmoid (S
shaped) regrowth curve," with "high" and "low" forage regrowth accumulation - grazing utilization
experimental treatments superimposed on it.
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IRRIGATION TIMING - WARM SEASON GRASSES

Charles B. Wilson, Melvin George, Peter Sands,
Roger Ingram and Michael Connor

Introduction

Irrigation management and timing is very important in applying the correct amount of water for
optimum yields. During years of reduced water lies, timing and amounts are also important in stand
longevity and productivity of forage.

Warm season perennial grasses of tropical origin are more drought resistant than are the typical cool
season perennial grasses and clovers used in most irrigated pasture in northern California. These
warm season grasses out product the cool season grasses during the hot summer months, according
to data collected at the Sierra Foothill Range Station. In addition, to collecting varietal yield data
during this trial, irrigation levels data was collected.

Methods

These field studies were conducted on a mixture of Auburn, Las Posas and Argonaut rocky loams.
The warm season grass trial was established in 1985. Fourteen entries were seeded in 6 foot X 10
foot plots and were replicated 6 times. Monthly harvests were made from May through September,
beginning in 1986. Cool season grasses were harvested in April, but the Warm Season grasses were
not harvested then as they had very little growth.

During 1988 and 1989, weekly, biweekly and monthly irrigation treatments lied to two replications
each. The previous week's evapo-transpiration was replaced for each irrigation treatment. The
irrigation treatments were begun respectively on May 20, 1988, and May 2, 1989.

The yield data collected for the irrigation treatment was a composite for each treatment.

Results and Discussion

The total yield during 1988 and 1989 was significantly higher (P < 0.05) for the weekly irrigation
treatment than for the biweekly and monthly treatments (Table 1). Yield of the biweekly treatment
was significantly greater (p < 0.05) than the monthly treatment.

The yields by irrigation treatments for May in both years were not significant as the yearly treatment
had not begun (Figure 1).

In 1988, the monthly yields were not significantly different between the weekly and biweekly
treatments.
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Conclusions

There was a significant difference in forage yields for each treatment. The greatest yields coming
from the weekly irrigation treatments, than the biweekly and the lowest was the monthly irrigation
treatment.

The monthly treatment produced approximately 4000 lbs. of dry matter annually. Thus indicating
warm season grasses will produce under limited irrigation water and drought conditions.
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A Three Year Look at Stocking Density and Rainfall
Patterns on Gain of Stocker Cattle

Cindy Daley

An attempt was made to look at differences in weight gain and dollar return of stocker cattle
managed under two levels of stocking over a three year period. Rainfall dramatically affected both
variables. Table 1 describes the rainfall pattern for the three years discussed. Shortages of
moisture observed during the 1987-88 feed year and again in the 1990-91 season forced early
marketing to conserve feed resources for the cowherd.

Table 1. Rainfall Totals by Year

Sept/Oct Nov. Dec. Ian. Feb. Mar. Apr. M/I/I/A Total

15 year
Average:

1987-88

1988-89

1990-91

2.5

0.8

0.0

0.7

4.6 4.1 5.6 4.0 4.0 2.1

4.1 1.5 5.1 0.5 0.6 4.3

6.3 3.5 2.0 2.2 12.1 1.5

1.4 2.2 1.2 3.5 13.5

1.0

1.9

0.6

28

19

28

Stocker steers were purchased in early October of each year to condition for an on test date of
November 1. Poor rainfall caused the early sale of calves in the spring of 1988. The entire test
period was 131 days (11/2/87 thru 3/23/88). The following year saw stronger feed conditions
allowing the test to continue for 196 days (11/3/88 thru 5/18/89). In the 1989-90 season stocking
densities were not varied thus not included in this analysis. Severe feed conditions in the 1990-91
season forced the earliest sale of stockers during the five year drought in California. The test was
concluded after 114 days (10/30/90 thru 2/21/91).

Table 2 reports gain data by year and stocking density. Gain was significantly affected by stocking
density all three years. In 1987- 88 and 1988-89 cattle were stocked at the rate of 1 steer per 2.67
acres (high stocking) and 1 steer per 5.33 acres (low stocking). In 1990-91 the "high" stocking rate
remained at 1 hd/2.67 acres while the "low" stocking rate decreased to 1 steer per 4 acres.
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Table 2. Gain by Stocking Rate and Year

High Low

1987-88
(Nov.2-Mar.27) 114.8 lbsa 162.4 lbsb

1988-89
(Nov.3-May 17) 182.4 lbsa 229.71bsb

1990-91
(Oct.30-Feb.21) 5.3 lbsa 45.3 lbsb

a,b Means in the same column with different letters are significantly different (P < 0.001).

Table 3 looks at dollar return per head and dollar return per acre. The actual purchase and
sale price were used to compute these figures.

Table 3. Dollar return per head and per acre.

1987-88 High Stocking
(96 head on 256 acres)

Low Stocking
(48 head on 256 acres)

1988-89 High Stocking
(96 head on 256 acres)

Low Stocking
(48 head on 256 acres)

1990-91 High Stocking
(72 head on 192 acres)

Low Stocking
(48 head on 192 acres)

Return/head

$66.84

$106.66

$96.82

$133.71

$10.30

$49.46

31

Return/acre

$25.07

$20.00

$36.31

$25.07

$ 3.86

$12.37



High stocking rates returned more dollars per acre in the first two years of this trial although return
per head was higher for the low stocking rate groups because of higher gains. The 1987-88 and
1988-89 season observed near normal rainfall for this area. The results from 1990-91 indicate that
under severe feed conditions a lowered stocking rate is favored economically on either the per head
or per acre basis.

One other consideration is the amount of dry forage left for moisture retention and reseeding. The
high stocking rate fields contained 70% of the residue that was found in the low stocking rate fields
in 1988-89.

32



CONTROLLED GRAZING

David W. Pratt & Roger S. Ingram

During the development and growth of the livestock industry, water and land seemed unlimited. But
today we've reached the limits. We can't just pick up and move on to the next patch of grass. It has
become more important than ever before to use range and pasture resources in a way that will
improve and sustain their health and productivity.

The enduring image of the American West of a cowboy, astride his horse and tending cattle is giving
way to a new image...one of graziers who are as much grass farmers as they are stockmen. Because,
when you think about it, ranching is really in the business of converting sunlight energy into forage,
and forage into harvestable livestock products in a sustainable manner. One of the tools you can use
to improve the productivity, profitability, and sustainability of ranching is controlled grazing.

Controlled grazing is a process of matching plant and animal requirements to achieve production and
performance targets. Controlled grazing means control of time animals graze in a paddock and the
time the paddock is allowed to recover from grazing. It means control of animal numbers and
paddock size. It also means that you can control the amount of plant material, or residue, left in a
paddock after grazing.

Controlled grazing can help ranchers maximize the sustainable production of high quality forage and
animal products from the land. It can be practiced on irrigated pasture or dry rangelands. But
controlled isn't right for everyone. Its success depends on well developed goals and its
implementation must be guided by careful economic analysis. Ranchers should invest their capital
where it provides the "biggest bang for the buck". For example, if none of a rancher's cows got bred
because their bulls were all infertile, they'd better spend their money on new, fertile bulls, before
they spend it on new fences.

But, if the "weak link" in an operation is converting solar energy into forage, or converting the
forage into animal products, then controlled grazing can help improve profitability.

There are many people with pastures suffering from poor water and nutrient cycles, with low energy
flow at a very low successional level brought on by years of overgrazing, undergrazing, and low
stock density. We are often asked for seeding recommendations to improve to improve these
paddocks... that's really like worrying about the type of gas to put in the tank of a car when there
are no tires on the wheels and the engine needs a tune up. Controlled grazing requires holistic
planning. It also requires holistic planning. It also requires flexibility. Managers must monitor
pasture and animal condition and make adjustments as conditions change or results of practices
deviate form plans.

It would be nice if we could give you a recipe for controlled grazing, that showed the number that
showed the number of paddocks you should have, the number of animals you should graze, and the
length of the graze and rest periods. But there is no controlled grazing cook book. What works on
one ranch often wouldn't on another.
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To practice controlled grazing, graziers must control:

TIME (length of graze and recovery periods)
STOCK DENSITY (paddock size and animal numbers)
STOCKING RATE (total number of animal units grazed)
RESIDUE (the amount of forage left after grazing)

Temporary portable electric fences or low-cost high tensile electric fences can be an invaluable
tool to help develop a controlled grazing program. But building fence is not the first step in
controlled grazing. The first step is to understand and control five variables:

TIME: Length of graze periods/Length of recovery periods
SPACE: Paddock size
NUMBERS: Animal numbers
ANIMALS: Location/Behavior
RESIDUE: Forage mass before and after grazing

To implement a successful controlled grazing program ranchers must have a working knowledge
of pasture ecology and understand the relationships of time to plant growth and animal
performance, and of stock density to forage quality. They must be able to look into their pastures
and assess the condition of forage before and after grazing.

Someone once said that if continuous grazing is like driving an old car at 20 miles and hour,
intensive controlled grazing is like driving a high performance race car. It can take ranchers
farther faster, but they have to be a good driver and stay alert. However, neither a fast car or
a slow car is any help if you are driving in the wrong direction. Only by developing ranch goals,
calculating gross margins of enterprises and management alternatives, and developing and using
a cash flow plan will you really be able to assess which road to take. Holistic planning must be
a part of a controlled grazing program.

There are many people with pastures suffering from poor water and nutrient cycles, with low
energy flow at a very low successional level brought on by years of overgrazing, undergrazing,
and low stock density. Several UCCE livestock, range, and natural resource advisors are
currently engaged in research and educational efforts to teach holistic management principles and
controlled grazing practices. For more information about available courses and materials contact
your county UCCE office.
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IRRIGATED PASTURE RUNOFF WATER AND ITS CONTAINED NITRATE,
PHOSPHATE AND SULFATE: PRELIMINARY RESULTS OF WATER
SAMPLING ON THE SFRFS HAWORTH EXPERIMENTAL PASTURES

Charles A. Raguse and Kenneth L. Taggard

There is a nationwide concern about the declining quality of surface and ground water for both
agricultural and domestic uses. While some of the more dramatic examples of pollution originate
from industrial and manufacturing sources, agriculture itself contributes significantly in many
geographic areas. About 68 percent of the ground water withdrawn in the U.S. is used to
produce the nation's food supply, and 95 percent of rural households depend solely on ground
water for drinking purposes.

Runoff water from either natural or applied (irrigation) water in excess may contain inorganic
nutrients, such as nitrate or phosphate, or organic herbicide or pesticide residues. Domestic
livestock can contribute to the problem through a) deep percolation of pollutants from feedlot
area surface soils to groundwater, b) manure disposal from dairies, feedlots, etc. to adjacent
cropland, where either deep percolation or surface runoff can reach water supplies ultimately
used elsewhere, and c) deposition of animal wastes distributed on pasture lands through grazing.

The clean water Act of 1987 requires the control of nonpoint source pollution of all types of
agricultural lands. The California State Water Resources Control Board Division of Water
Quality Nonpoint Source Program Assessment Report (November 1988, 4) states that among the
most important known nonpoint sources are irrigation return flows, Le., runoff water, and
agricultural sub-surface drainage. There is not a well-defined and comprehensive literature on
the importance of nonpoint source contributions of irrigated (or rainfed) perennial pastures to
stream and subsurface water supplies. While less extensive in acreage than rangelands, about
600,000 acres in California (3), stocking rates on intensively-managed irrigated pastures
(summer-growing, with for short intervals ample water and nutrients) may exceed those of most
rangelands by from 10- to loo-fold. The lower foothill oak woodland zone of the Sierra Nevada
together with adjacent old terrace lands is heavily used in beef cattle production (1), which is
based on winter seasonal use of annual rangeland complemented by summer perennial irrigated
pastures.

The Haworth Experimental Pasture at the DC Sierra Foothill Range Field Station (SFRFS) was
established in 1985/86 in order to provide the Station with a modem perennial grass-legume
irrigated pasture research facility. Since 1988 it has primarily been used in multiple paddock,
short-duration grazing studies. These have been reported in previous Station Field Day
Proceedings, in California Agriculture (2,5), and elsewhere in this Proceedings (page ).

While not specifically intended and planned for the purpose, the Haworth Pasture lends itself to
runoff studies because surficially it behaves as a contained watershed with a single drainage point
(Fig. 1). It is also underlain at about four feet in depth with drainage line that also terminates
at the same drainage point. Subsurface water can also be collected at mid-field, at the drainage
end of the two upper 6-paddock irrigation blocks (Fig. 2).
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In 1989, along with the summer short-duration grazing study (5) we began to collect water
samples and analyze them for nitrate, phosphate, sulfate and chloride content. Simultaneously,
we also collected samples from the applied water source (irrigation district ditch). While
tentative, these samples suggested: similar levels of nitrate and sulfate, with generally higher
levels in subsurface than in surface water; very low levels of phosphate, with suggestion of
marginally higher levels in surface runoff; detectable increase in ion concentration in runoff
following fertilization; and, except for post-fertilization, concentration values of 10 parts per
million or lower.

In 1990, sampling and analysis was continued. Development of the mid-field subsurface flow
sampling location and use of a second sampler permitted direct comparison of concentration
values for the ions of principal interest (nitrate, phosphate and sulfate) in surface and subsurface
runoff (see data for Irrigation Blocks I and III, Fig. 3). Results were quite similar to those of
1989.

An example of the irrigation application, runoff pattern and runoff nutrient concentrations is
shown in Fig. 4. Calculations based on information gathered to date suggest that, while briefly
detectable (for several hours), nutrient loads in pasture runoff water represented only about one
percent or less of the amount of fertilizer applied. Conclusions from these results are
summarized in Table 1.

We intend to continue monitoring, extending it to a year-long basis. We believe that with the
present data plus that from a full "calibration" year (hopefully including a winter with normal
rainfall) we can design and carry out experiments involving pasture renovation and systematic
variation of fertilization and irrigation practice, with and without animals present. These
experiments will require an expansion of effort and additional support funding. We are currently
seeking extramural support from several sources, including the UC Water Resources Center and
the CSRS National Research Initiative Water Quality sub-program.
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The DC SFRFS Haworth Research Pastures as seen from a grazing management
point of view.
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The DC SFRFS Haworth Research Pastures as seen from a hydrologic/nutrient
movement study point of view.
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Table 1. Nutrient characteristics of runoff water - some tentative conclusions
based on preliminary data.

1. [P04 = I always < < [N03-] or [504 =] for both
surface and sub-surface runoff.

2. [504 =] usually> [N04-], especially following
fertilization.

3. Both [N03-] and [504 =] generally higher in
sub-surface runoff than in surface runoff.

4. Ion concentrations generally did not exceed 10
ppm.

5. Although ion concentrations in runoff
immediately following fertilization were
increased, they usually were not greatly
different from concentrations measured
immediately before or well after fertilization.

6. Based on amounts of fertilizer N, P, and 5
applied, loss equivalents in total runoff water
were of the order of 1% or less, but tended to
be higher for 5 than for N.
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THE EFFECfS OF DROUGHT ON CALIFORNIA OAKS

Doug McCreary

With springtime upon us it appears that the 1990-1991 rainfall levels will be far below normal
in much of California, in spite of the heavy March rains. Coupled with the fact that this will
be the fifth consecutive dry year in many portions of the state, the effects of the drought promise
to be extreme and far reaching. Most of the attention on the drought has focused on the impacts
to crop and livestock production, and to domestic water supplies. But the drought will also
affect wild plants including oak trees. It's difficult to accurately predict what these effects will
be, but a study initiated in the Sierra Field Station four years ago can shed some light on what
to expect.

During the 1986-87 and 1987-88 rainfall years, rainfall at the Station was also far below normal,
only about l8-inches annually, compared to a long time average of 29 inches. In mid-August,
1987 and in early September the following year, many trees at the Station and on the surrounding
foothills began turning brown prematurely and dropping their leaves. While most of the trees
affected were deciduous species that normally do lose their leaves, the event was unusual in that
it happened approximately 3 months ahead of schedule. During most years, deciduous oaks
don't change color and drop their leaves until the short days and cold temperatures of November
and December. One of the principal species affected was Quercus douglasii, commonly called
blue oak. This species grows in the foothills on both the east and west sides of the central basin
of California.

At the time the trees turned brown, it was believed that the leaf loss was directly attributable to
exceedingly dry soil conditions in mid-summer. As the soil moisture became depleted, the oaks
apparently dropped their leaves prematurely to reduce their moisture requirements, thus helping
to offset the potentially disastrous consequences of dehydration. During previous droughts,
including the one in 1976-77, oaks also dropped their leaves early. Reports indicated that when
rainfall levels returned to normal, however, most trees apparently recovered and leafed out the
following spring. Although previous experience indicates that most oak trees that turn brown
early survive and recover the following winter, the effects of drought on trees are not known.
It is reasonable to assume that severe moisture stress prompting leaf loss is not particularly good
for them. Shedding foliage early eliminates the apparatus necessary for photosynthesis. As a
result, growth is reduced and trees may become more susceptible to insect and disease attacks.
Since current photosynthate is also used for acorn development, the loss of foliage before acorns
are fully ripened (usually in October) probably retards acorn development and maturity. This
may negatively affect wildlife species that rely heavily on acorns for food. It probably also
reduces the number of acorns that will become sufficiently mature to germinate in the soil and
develop into seedlings. The study initiated four years ago was undertaken to identify some of
the effects of drought on blue oak trees. The goal was to document what happens to trees in the
Sierra Foothills that turned brown so early in 1987 and 1988 by monitoring survival, bud burst
and acorn production.
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Methods

Two adjacent 100-tree plots of blue oaks were established in mid-August 1987. These plots were
selected because the oaks in them varied greatly in degree of browning from healthy looking
green trees with abundant foliage to those that had turned completely brown or were bare. There
were no obvious site factors such as slope, aspect, or soils to explain the differences in browness.
Within each plot all trees larger than 3-inches diameter breast height (DBH) were tagged and
assessed for degree of foliage browning and leaf loss, or both, and given a defoliation rating.
In September each tree was also evaluated for acorn production. Starting in February, 1988 each
tree was evaluated twice a week to determine leafout date and survival.

All trees were evaluated again the following year. The 1987-88 rainfall season was also dry and
many of the trees within the plots began turning brown again prematurely, though several weeks
later than during the preceding year. In early September 1988 each tree was rated for defoliation
followed by an acorn evaluation later in the month, and a leafout assessment the following
spring. In 1989 and 1990 normal rainfall patterns resumed, and all trees remained green into
the fall.

Results

All 200 trees survived both year's defoliations and leafed out the following springs.
Interestingly, after both drought years the trees which turned brown earliest tended to leaf out
the earliest the following spring. At this time the reasons for this relationship or its implications
are not understood.

Efforts to compare acorn production with defoliation were hampered by the fact that overall
acorn production was relatively low each year with fewer than 30% of the trees having any
visible acorns. However, there was a significant negative correlation between acorn production
and leaf loss the first year indicating that greater defoliation was associated with less acorn
production. It's possible that this relationship was even stronger than detected since the data may
have been biased by the fact that it was easier to observe acorns on defoliated trees since the
foliage did not obscure them. There was not a significant correlation the second year.

The results of this study suggest that summer defoliation of blue oaks has little short-term impact
on growth, survival, or acorn production. However, it remains to be seen how longer-term
drought periods will affect these trees. Perhaps some trees are able to survive a year or two of
below normal rainfall but will be killed or damaged by prolonged and repeated droughts. Long
term weather records do indicate that 5-year drought periods are not uncommon in California.
Since many of the trees on hardwood rangelands are a century or more old, however, it's
reasonable to assume that the species in general have evolved mechanisms to withstand the
adverse impacts of even long-term periodic droughts. It therefore seems likely that while many
oaks will again lose their leaves early this summer, most will survive and continue to grow.

This study will continue to monitor plot trees for the next several years to determine how trees
respond to these longer-term drought periods.
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EFFECfS OF CAITLE GRAZING ON PLANTED OAK SEEDLINGS

Lillian M. Hall

Introduction

In recent years the fate of native oaks has become the subject of much public concern in
California. Studies have shown that blue oaks in particular are not regenerating sufficiently to
maintain existing stand densities (Mayer et al., 1986; Muick and Bartolome, 1986).

In the controversy over the future of oaks in California's hardwood rangelands, livestock
production has been pointed to as a probable cause of poor oak regeneration (Twisselmann,
1967; Franco, 1976). Livestock can damage oak seedlings in several ways. They may consume
part or all of a seedling while investigating available food sources. Cattle may actively seek blue
oaks as a preferred feed or may accidentally consume oak seedlings while eating the surrounding
herbaceous material. Seedlings can be nipped, girdled, or completely uprooted. Likewise, cattle
can trample and break young trees.

No studies had previously investigated the effects of stock density and season of grazing on oak
seedling establishment. The purpose of this study was to determine the extent of grazing and
trampling damage as a result oflow, medium, and high stock densities during the winter, spring,
and summer seasons. The eventual goal of the project is to be able to give technical
recommendations to cattlemen who desire to enhance the regeneration of oaks on their ranches.

Methods

The study area was an open, rolling site of annual grass/clover pastures at the Sierra Foothill
Range Field Station. In December 1989, 720 one year-old blue oak seedlings were transplanted
into three replicates in three adjacent three-acre pastures. Each replicate contained ten plots
corresponding to three seasons x three stock densities and one un-grazed control to monitor deer
effects. Plots were completely randomized within each replicate. In each plot twenty-four
seedlings were planted on ten-foot centers into three feet deep augered holes in which slow
release fertilizer tablets (20-10-5) had been placed. Twelve of the twenty-four tree locations in
each plot received a herbicide application of Glyphosate prior to transplanting to eliminate grass
competition. Plots were divided by single strand electric fencing.

In all seasons three 700 lb. steers or heifers were placed in each three-acre field and were given
access to one plot per week as well as the pasture. Grazing pressure was increased by reducing
the pasture size each week with portable electric fencing. Week one (low stock density) had the
three steers grazing the entire three-acre field which included the 50 foot by 90 foot plot of oaks
trees for a stocking density of one animal per acre. The following week to increase the grazing
intensity the field was reduced to one acre to equal a stock density of three steers per acre. Week
three, with the highest grazing pressure, the field was further reduced to one-half acre for a
stocking density of six steers per acre.
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Prior to the introduction of the steers, tree seedling height and forage levels (in lbs/acre) were
measured using a capacitance probe. Following grazing any grazing or trampling damage was
recorded. After each three week grazing period the steers were completely removed from the
fields until the next grazing season. Between grazing seasons all trees were covered with
aluminum wire mesh cages to prevent browsing by deer. In spring of 1991, all trees will be
evaluated and tree survivability between groups will be compared and analyzed.

Stock densities, seasons, and the herbicide sub-factor were analyzed as a completely randomized
design with herbicide application as a split plot. Least significant differences were calculated
where significant collective grazing and trampling effects were detected. Significant differences
were declared at .05 alpha levels.

Results and Discussion

Nine treatments were statistically analyzed. A treatment was the combination of a grazing season
and a stock density. Treatments were denoted winter-low, winter-medium, and winter-high, and
the equivalent for the three spring and summer levels (Table 1).

Grazing and trampling damage was significantly greater (P<0.05) in spring and summer than
in winter. Winter damage averaged 34 percent while spring and summer damage levels averaged
65 and 72 percent, respectively. Most grazing damage was caused by nipping off the top of the
seedling; often leaving behind several buds. Uprooting in all seasons was not significant (2
percent). Girdling was not significant either (1 percent).

Table 1. Percent grazing and trampling damage by treatment.

Treatment Grazed Trampled Total

Winter-low 6f 6cd 12f
Winter-medium 25def 13bc 38e
Winter-high 19def 33a 52cde
Spring-low 39cde ld 40de
Spring-medium 61abc 3d 64bc
Spring-high 79ab l4b 93a
Summer-low 54bcd 3d 57bcd
Summer-medium 74ab Od 74b
Summer-high 89a 4d 93a

Means in the same column followed by the same letter are not significantly different.

It was hypothesized that when forage is growing and in adequate supply cattle will not be
attracted to the young oak seedlings and, therefore, grazing damage would be minimal
particularly at the low stock densities. This hypothesis was confirmed in the winter grazing
season when at low and medium stock densities grazing damage were 6 percent and 25 percent,
respectively. Only at the high stock density, when forage selection and space in which to
maneuver were drastically reduced, did grazing damage reach 19 percent and trampling damage
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reach 33 percent for a total of 52 percent. Due to the relatively low grazing damage indices it
appears that the steers are grazing the oaks incidentally.

Trampling damage in winter exceeded trampling damage in the other two seasons. A possible
explanation for this phenomenon is that in winter, when forage levels are much lower, cattle are
forced to walk greater distances to find enough forage to consume, thus increasing the probability
of trampling an oak seedling. In spring and summer months, on the other hand, forage is more
abundant, regardless of its quality, and therefore cattle do no have to travel as much in search
of food.

The spring damage at all stock densities was much higher contrary to the hypothesis. The spring
results were surprising because it was thought that the damage to oaks would decrease due to the
abundance of tall grasses for the steers to eat. However, during that grazing season the steers
were not attracted to the lush grasses. Instead they sought out patches of rose clover, frequently
leading them into the oak plots which hadn't been grazed in several months and therefore
contained an abundance of clover. It is suspected that the presence of rose clover attracted the
steers resulting in greater damage compared to winter. This increase could, however, be
attributable to the increased activity of deer as well.

The summer results confirmed the hypothesis that when annual grasses are dry and unpalatable,
cattle will choose oak seedlings because they are the only green vegetation in the pastures during
the hot, summer months. Grazing damage was high at all stock densities. Grazing damage at the
low stock density was 54 percent, or nine times the corresponding grazing damage in winter. At
the medium stock density grazing damage rose to 74 percent, or nearly three times that of
winter. Grazing damage for the high stock density in the summer rose to 89 percent, or four and
a half times that of the same stock density in winter. Trampling damage for the three stock
densities were 3,0, and 4 percent, respectively, while total damages were 57%, 74%, and 93%.

Since the area has a resident deer population, control plots to differentiate deer browsing from
cattle grazing were essential. Control plots were fenced from cattle and accessible only to deer
and other wildlife. The presence of deer in the area, confirmed by deer pellets, hoof prints,
occasional sightings, and the amount of browsed oak seedlings in the control plots, may have
inflated the amount of grazing damage in the experimental plots attributed to steers during the
April grazing season. During the winter grazing season no browsing damage in the control plots
was recorded. However, in the spring and summer, deer damage rose to 46% and 85%
respectively of all oak seedlings in the control plots. During the winter and spring months, deer
browsing indices were below grazing indices in the experimental plots. Browsing indices in
summer, however, surpassed the grazing damage indices by 13 %. It is possible that deer also
browsed in the experimental plots, whereby inflating grazing indices.

Although the amount of total damage was quite high, it is worth noting that of the January trees
that were grazed or trampled, the damage was usually not fatal. Three months later 95 percent
of the seedlings had leafed out. Some researchers suspect that defoliation actually aids oak
seedlings during drought years because they have less leaf surface from which to transpire
(Welker and Menke, 1990).
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The results from this study indicate that cattle do indeed feed on young oak trees and that as
stock density increases so does the probability that oak seedlings will be either grazed or
trampled. Intensity of grazing can influence seedling damage and is a function of two inter
related variables: livestock density and forage levels. As density increases cattle are more likely
to accidentally trample trees. Moreover, with higher intensity the preferred forage will become
less available and cattle will resort to new and/or less preferred feedstuffs.

Conclusions

From the results this three season study, it is clear that cattle damage oak seedlings at medium
and high stock densities particularly in the spring and summer months. At low densities in the
winter and spring,however, it is quite possible that oak regeneration and livestock production are
not mutually exclusive. Individuals concerned about the future of blue oaks in California's
hardwood rangelands should acknowledge that it is not cattle per se that inhibit oak
establishment, but rather the way in which cattle are managed which is the crucial point in this
controversy. The detrimental effects of deer at critical times of the year can be just as significant
as cattle damage and should not be underestimated. Further investigations on the seasonal grazing
of oak seedlings would help clarify the effect of livestock on oak seedlings, so that technical
recommendations could be made to ranchers interested in preserving what many consider to be
an integral part of California's heritage.
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LIVESTOCK. FOR IRRIGATED PASTURE

J. L. Hull

To optimize livestock production per unit area of irrigated pasture, the type of animal to be
grazed should be tailored to the type of pasture availablel. To a large extent, the type of
available irrigated forage-high grass, high legume, short season varieties, etc. will determine the
best type of livestock, as well as anticipated production that can reasonably be expected from any
given irrigated pasture.

Rough Irrigated Pasture

Characterized by coarse clumpy grasses, sedges, weeds and dry spots. This pasture can best be
utilized by mature animals, such as cows. Expected gains will be little, if any, but can be used
for maintenance of animals (bulls, horses, etc.) or as supplemental feed. This type of pasture
needs a lot of maintenance and requires careful management to become very productive.

Predominately Grass Pastures

High percent grass, usually greater than 75 % grass, not too mature or clumpy, irrigates well,
little weeds and forage growing rapidly. This pasture can be quite productive, especially in the
spring. Usually best utilized by cow-calf pairs or growing stocker cattle (500-750 Ibs.).
Expected gains can exceed 2.0 Ibs. per day for calves with the cow or 1.0 Ib.lday for stocker
cattle.

Medium Pastures

Fifty to 75 % warm season grasses, some legumes, irrigates well - quite productive during mid
season but starts slow and quits growing early in the fall. Forage is quite palatable and grows
rapidly during the summer. Livestock for this type of pasture would be young stock, such as
growing dairy heifers, light-weight stockers (350-500 lbs.). This type of pasture could also serve
as a protein supplement for cattle grazing dry range. Expected daily gain would be greater than
1.0 per day.

Very Good Pastures

A 40% to 60% legume pasture with palatable and rapidly growing grasses. Probably the most
productive and versatile irrigated pasture. If planted to the correct species, can have a long
growing season. Can be grazed by all classes of livestock with good results. Optimum use
would be for those classes of livestock which are growing rapidly, such as weaned calves,

lThe comments and recommendations are for this general area (Central California). Specific
results will vary but the same general relationships between gains, carrying capacity, etc. should
give results as indicated.
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replacement heifers, young stocker cattle and could even be used as a protein supplement for
fattening cattle. Daily gain would be better than 1.25 lbs. per day. This type of pasture
responds well to top management.

High Percent Legume Pasture

Characterized by 60% to 80% legumes. Bloat can be a very serious problem with this type of
pasture. Not recommended for grazing cattle due to this bloat hazard. May be used for
fattening lambs or ewes with lambs. Fattening lambs will gain from 0.25 to 0.5 lbs. per day.
Best use of this pasture might be for hay.

General Animal Management

You have already heard how sound pasture and grazing management can be advantageous but
the type of livestock to utilize this pasture must be considered. A herd-health program is
essential if anticipated responses of the livestock are to be realized. Control of parasites,
especially stomach worms, is a must. Fly control usually pays off. A preventive vaccination
program should be practiced. Other management practices with livestock, which generally are
additive, can give an economic response. The use of selenium, if needed in your area, not only
will increase daily gain but also prevent white muscle disease. Growth promotants (implants)
will generally increase daily gains by approximately 10%. The feeding of energy-protein
supplements (50% grain - 50% cottonseed meal) will also increase daily gains. Intake of
supplements can be controlled by the use of salt or by hand feeding 2 or 3 times weekly. The
feeding of supplements will also provide a method of feeding ionophores (Rumensin ~) which
will increase daily gain by an additional 10%. The full feeding of grain to grazing cattle can
also be practiced with daily gains of 2.5 to 3.0 lbs. per day. Under this system, cattle should
be ready for the slaughter market in 120 to 150 days.

Conclusion

All phases of grazing management must be considered to optimize animal production from
irrigated pasture. These should include a preventive animal health program, a pasture
management plan, an animal management plan and the selection of the type of livestock to be
grazed within the overall management system to be the desired objectives.
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SUMMARY

Type of Pasture Description Recommendation Expected Performance

Rough High percent pasture a) Beef cows in Gains less than 1.0 lb.
grasses weeds, dry late gestation per day
spots, etc. b) Maintaining animals

Grass High percent grass a) Cow-ealf pairs Gains approx. 1.0/1b.lday
(> 75 %) forage growing b) Growing stockers
rapidly little weeks 500-750 lbs.

Medium 50-75% warm, season a) Growing dairy Gains better than
grasses other palatable replacement heifer 1.0llb/day
grasses b) Dry range supplement

Very Good 40-60% legumes, a) Weaned calves Gains greater than
palatable grasses b) Replacement heifers 1.25 lbs.lday
rapidly growing c) Stockers 350-700 lbs.

d) Fattening steers

High Legume 60-80% legumes a) Feeder lambs Rapid growth - lambs
bloat a problem b) Ewes & lambs fattening with gains

of 0.25 to 0.50 lbs.lday
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