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MANIPULATING RANGELAND FORAGE QUALITY WITH THE GRAZING ANTMAL

D.M. Anderson

Abstract

The positive balance that evolved between plants and grazing
animals is not maintained under continuous grazing. Optimum production
from the plant:grazing-animal system can be realized from only high
leaf:stem and green:dead ratios in both the standing crop and animal
diets. If we are to realize optimum production, we will need grazing
methods in which time of year, frequency, and duration of defoliation
can be controlled for individual plants and still permit high animal
selectivity. By constructing more paddocks, stocking density can be
increased and the extent of defoliation on individual plants can be
manipulated. High individual animal production and proper individual
plant defoliation can only be obtained under high stocking density if
livestock are frequently moved between paddocks. To accomplish this,
paddock design must ensure that animal stress and labor requirements
are held to a minimum. However, the added flexibility derived from
rotating animals among paddocks substantially increases the management

required to obtain high animal performance and proper plant usage.

INTRODUCTION

With reduced profitability in the conversion of grain into carcass
beef, interest to increase production from U.S. rangelands is being
renewed (USDA 1974; Van Dyne et al. 1980). Much of our lifestyle in
food habits, clothing and home furnishings is intrinsically linked to
livestock. Therefore, forage quality must be addressed from the
grazing animal's needs. The object of this paper will be to discuss
the necessary components that must be incorporated into a grazing

method to optimize diet quality at the plant:grazing-animal interface.

BACKGROUND

In the U.S., the documentation of the chemical composition of grass
began before the turn of the century; however, most studies were con-
ducted after 1900 (Renner et al. 1938). Gradually during the late

1940's, the chemical information on standing crop was incorporated into
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investigations involving grazing livestock. Torell's (1954) classic
paper described the practical use of the esophageal fistula to obtain a
reliable estimate of dietary chemical and botanical composition. With
this approach, investigators were able to document thelimportance of
animal selectivity in diet quality and animal production (Theurer et
al. 1976).

Cooperative research has been published on range livestock nutri-
tion techniques (Harris et al. 1967), chemical composition of fistula
samples (Lesperance et al. 1974), diet botanical composition (Theurer
et al. 1976), and intake and digestibility of range forages (Kartchner
and Campbell 1979). The results of these studies have established that
digestible protein, digestible energy, phosphorus, and carotene
(Vitamin A) are the most limiting components of forage quality for
livestock grazing rangelands in the western United States (Cook et al.
1977; Kothmann 1980).

Grasses and wild ungulates had a coevolutionary history that dates
back more than 20 million years in which competitive fitness was
enhanced by natural rotational grazing due to seasonal rainfall
patterns (McNaughton 1979; Van Dyne et al. 1980). As early as 1777,
man approached a suitable grazing method that simulated "natural rota-
tion" (Davies 1976). However, in the years since 1870, a significant
evolution in grazing has altered the positive balance between the
standing crop and the grazing animal. With the introduction of barbed
wire in the 1870's, followed by digging of water wells to tap ground
water and growing feed to supplement range forage during drought
periods, the tendency of man to overgraze rangeland with a consequent
loss of productive capacity has been persistent (Youngblood 1922).
Most studies have shown that livestock production per animal is the
same or lower for management systems in which livestock are rotated to
different pastures, compared to continuous grazing (Herbel 1973).

Continuous grazing defined as unrestricted access of livestock to
any part of the range throughout the grazing season (Heady 1970) has
been accepted as the base upon which all other methods of grazing have
been evaluated. The result has been that non-systematic use of the
standing crop along with low animal production per acre is accepted as

a normal condition. Too often, if a grazing system did not reflect a
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positive trend in animal weight when compared with continuous grazing,
the "method" was abandoned without further evaluation (Acocks 1966).
Grazing systems are necessary to vary the length and season of grazing
(Anderson 1967). With grazing systems, improved livestock distribution
and full uniform use of the standing crop have been proposed as worthy
objectives (Booysen 1964; Wambolt 1973) along with improvements in
range condition (Rogler 1951). Several studies in which short periods
of defoliation were compared to continuous grazing, improved rangeland
conditions and increased carrying capacity (Leithead 1974) and improved -
average daily gain of animals (Frasure et al. 1980) have been reported.
The ineffectiveness of most grazing systems can be attributed to the
inability of the manager to control the extent of defoliation of
individual plants. These failures to control type and amount of defo-
liation often result in low nutrition for the grazing animal. However,
when defoliation of individual plants can be controlled in a grazing
system, rest periods can be shortened and the physiological vigor of
the standing crop maintained. A high degree of control over standing
crop quantity and quality will accomplish equal use of individual
plants within a species (Kothmann 1980).

With the increased awareness of the potential that exists at the
plant:grazing animal interface, continuous grazing and most traditional
grazing systems have been critically reevaluated by range animal nutri-
tionists in the United States. This movement has come about because of
the efforts of Voisin (1959), Goodloe (1969), and recently Savory
(1978).

COMPONENTS FOR OPTIMUM GRAZING
Stocking Rate

Once the decision to graze livestock has been made, stocking rate
becomes the first, and most basic decision (Kothmann 1980). Stocking
rate is defined as the total area of land in a system of management
that the operator has allotted to each animal-unit year in the system
(Kothmann 1974). Allison (1978) found that paddocks with low stocking
rates have a high amount of wasted herbage. However, production per
animal is generally high (Wolfe 1972). Understocking a continuously

grazed pasture and some rotation systems have been deemed essential to



316

reduce grazing pressure during the summer growing season (Wambolt 1973;
Martin and Cable 1974; Bishop and Birrell 1975). Even then, the range
may deteriorate at such a slow rate that long periods of time will be
required to document the deterioration (Gammon 1968).

Flexibility under continuous grazing is limited because once kind
and class of animal, pasture size, watering and supplement location are
decided upon, only stocking rate can be varied. Especially during
drought, this lack of flexibility does not allow animal and standing
crop production to remain at an acceptable level. Simply rotating
animals between pastures is not sufficient for optimum production. A
proper balance between frequency and intensity of defoliation of
individual plants is essential to optimize high leaf:stem, and green:-
dead ratios within the standing crop with correspondingly high ratios
in the animal diets brought about by animal selectivity (Anderson 1977;
Allison 1978; Kothmann 1980).

Grazing Pressure

Kothmann (1974) defines grazing pressure as the actual animal:-
forage ratio at a specific time. This ratio varies seasonally (Tayler
and Deriaz 1963; Hart 1978); animal performance is most sensitive when -
both greer and dead herbage are simultaneously available (Kothmann
1980). Therefore, if we assume that availability is not limiting the
dry matter intake, grazing pressure has little effect on nutrient
intake during seasons when almost all of the available forage is either
green or dormant.

By increasing grazing pressure, Duvall (1970) showed that grazing
of new herbage can be maximized and old herbage held to a minimum.
However, grazing periods must be kept short during early growth of
grass when the grass is most susceptible to damage (Jefferies 1970).

Stocking Pressure

Stocking rate, stocking density and duration of grazing within and
between cycles in a rotation system, all influence stocking pressure
(Kothmann 1980). Stocking pressure has been defined as the weight of
forage that the operator has allowed per animal-unit for a grazing
period expressed as weight of forage per animal unit (Kothmann 1974).
Allison (1978) showed that intake could be reduced significantly if low

stocking pressure values (less available forage) were coupled with
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long periods of grazing within a cycle, especially as phenological
state of the vegetation approached maturity. Earlier Kothmann et al.
(1975) indicated that low stocking pressure values maintained for too
long may depress livestock production.

Stocking Density

Kothmann (1974) defines stocking density as the relationship
between number of animals and area of land at any instant of time
expressed as animal-units per acre or acres per animal unit. Stocking
density is a function of both stocking rate and number of pastures.
Under continuous grazing, stocking rate is often low. Stocking density
also is low because of an inadequate number of paddocks.

Grazing distribution is a problem under continuous grazing and may
cause unequal use of individual plants even in the same species (Arnold
and Dudzinski 1978; Kothmann 1980). Kothmann further states that the
low efficiency of forage use on most ranges can be attributed to the
fact that a high proportion of tillers are not defoliated or are
defoliated infrequently throughout a grazing season whereas other
tillers are overused.

If we are to achieve more uniform use of the standing crop, either
stocking rate or stocking density, or both, have to be increased.

Under semiarid range conditions, an increased stocking rate is normally
inappropriate; therefore, the alternative is to build additional pad-
docks in order to increase stocking density, particularly if the avail-
ability of grass is limited with respect to number of livestock graz—
ing. Grass will be used more efficiently with a rapid rotation of
livestock through several pastures with high stocking densities than
with continuous grazing (McMeekan 1960).

Paddocks

Rapid rotation of livestock requires adequate handling facilities
and paddock design that will not induce stress to the livestock.

Savory (1979) has proposed a "cell" pasture design in which wedge-
shaped paddocks converge to a center, like the spokes of a wheel
converge on the hub. To ensure movement of the herd between any two or
more paddocks, he proposed that all paddocks open into the "hub" area.

Water and handling facilities are located within the "hub'".

Regardless of which paddock is being grazed or how frequently the
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animals are rotated the water source serves as a common location. This
common location should prevent stress because the animals do not need
to be completely reoriented after each move, The area around the water
must be kept small in order to discourage grazing, resking, or bed-
ding in the "hub" area. These three factors are all responsible for
creating sacrifice areas around water sources in pastures grazed under
continuous management. According to Savory (1979), no sacrifice areas
develop with the wedge-shaped paddocks that radiate out from a common
center. Arnold and Dudzinski (1978) show that if crowding is too
great, a depression in animal production may result. However, paddock

size does not effect weight gain in cattle (Southcott_gg_gl. 1968) .

THE PLANT:GRAZING-ANIMAL INTERFACE

Monocots grow from intercalary meristems that are more protected
from grazing than are the terminal meristems of dicots (Dahl and Hyder
1977). Thus, most grass grows from an intercalary meristem located at
the plant base (Hyder 1972). Provided the environmental factors
required for growth are not limiting, growth becomes a function of the
amount of photosynthetically active tissue (Donald and Black 1958).

The plants are defoliated progressively downward and inward from the
top and sides (Voisin 1959). The key then to proper grazing is to
synchronize the processes of defoliation and growth.

The average digestible protein, digestible energy, phosphorus and
carotene content of the standing crop varies between grasses, forbs and
shrubs and also during phenological development (Cook et al. 1977).
High crude protein is closely associated with growth and high forage
nutritive value (Dietz et al. 1958; Sell et al. 1959). Forage quality
is lowered as plant tissue ages and leaf:stem and green:dead ratios are
reduced (Beaty et al. 1978). These changing morphologies result
primarily from changes in temperature and photoperiod (Blaser_g&_gl.
1977). Likewise, forage digestibility (Moore and Mott 1973), protein
(Pieper_gg_gl. 1978) and most minerals (Nelson et al. 1970) decrease as
the growing season progresses. Immature forage is nutritionally impor-
tant to animal diet quality because early growth corresponds to the
lowest grass stem content; i.e., highest leaf:stem ratio (Brougham
1957). Nutrient requirements of the grazing animal also vary through-

out the year. Mature forage is generally adequate to meet maintenance
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requirements whereas green plant material, particularly leaves, is

necessary for animal production (Kothmann 1980).

FORAGE QUALITY AND GRAZING

Forage quality and quantity must be balanced because maximizing
either component alone will render the other component unacceptable for
sustained livestock production. The genetic propensity of plants to
mature and forage quality to decline is well known. However, forage
quality on a particular date may vary from year to year because of
differences in weather pattern, particularly moisture. Results in a
limited number of studies show that leaf quality decreases at a slower
rate than that of stem quality (Cook and Harris 1950; Terry and Tilley
1964; Nelson et al. 1970; Kothmann and Kallah 1978). Thus, if photo-
synthetically mature leaves are removed before death from old age
(Sampaio et al. 1976) or death hastened by shading, moisture and
temperature stresses (Beaty et al. 1980), the prospects for maintaining
good livestock performance are usually favorable because a substantial
quantity of the forage that would normally be lost can be put into
production (Duvall 1970). Excessive mature forage may hamper the
efforts of animals to obtain green forage (Blaser et al. 1977; Kothmann
1980). A substantial part of mature forage may become litter; and if
that litter is allowed to accumulate, spring growth may be slowed
because of the cool soil temperatures (Kucera and Ehrenreich 1962).

Davies (1976) stated that if foraging is timed so the plant is
defoliated towards the period of maximum growth, maximum yield, and
acceptable quality can be realized. Less palatable species had a
higher percentage of tillers defoliated when defoliation intervals were
< 14 days (Gammon and Roberts 1978). Kothmann (1980) interpreted an
increase in the use of less palatable species to mean that increased
palatability of forage is highly related to maturity. With proper
timing of defoliation, a higher proportion of tillers of all plant
species will be used and will contribute to increasing the carrying
capacity of most rangelands,

Defoliation increases the number of shoots (Peterson 1962) and
stimulates tiller development and thus enhances leaf growth over stem

production (Hodgson 1966; Laude et al. 1968). Hodgson and Ollerenshaw
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(1969) found that tillers once grazed were the identical tillers grazed
again later, rather than those tillers not grazed initially. Gammon
and Roberts (1978) concluded that plants grazed most frequently were
also grazed most intensively. Proper periods of rest are therefore
essential to maintain the standing crop. Dickson et al. (1940) have
predicted that higher quality forage may persist later into the growing
season if the plants are frequently defoliated.

Rest periods can be short during rapid growth but should be
increased as growth slows (Larin 1962; Voisin 1959). Defoliation
stimulates regrowth (Blaser et al. 1960) but reduces root growth in
most species (Ryle and Powell 1975; McNaughton 1979). Troughton (1957)
attributes reduced root growth to a reduction in the amount of photo-
synthetically active tissue. However, with proper defoliation, a
higher proportion of vegetative shoots should be produced and thus
provide for a longer period of growth during the season. However,
if the plant is defoliated too frequently, the period of time is not
long enough to allow for replenishment of root reserves through photo-
synthesis (Sullivan and Sprague 1943).

Youngner (1972) showed that frequency of defoliation and height of
herbaceous vegetation complement each other; reduced severity of one
will offset an increased severity of the other in affecting the root
system. Animals appear to select against extremes in height; medium-
height plants are most often defoliated (Gammon 1976). Voisin (1959)
and Hafez and Bouissou (1975) reported that grass harvest is maximum at
an average height of 15 cm (6 in). Therefore, if the height hetero-
geneity within a species can be reduced, more uniform grazing may be
possible.

If forage is too short, the nutrient intake will be reduced because
plant height appears to influence intake to a greater extent than the
amount of biomass present (Allden and Whittaker 1970; Gibbs and
Treacher 1976). Diet quality components of crude protein and diges-
tible energy decrease as grazing time within a paddock increases as a
result of restriction in selective grazing by the animals (Anderson

1977).



321

PROJECTIONS

Especially under semiarid conditions where continuously grazed
pastures are quite large and stocking rate must be moderate to low,
increasing stocking density by increasing the number of paddocks will
allow animals to be rotated into areas where short-lived ephemerals
exist. The sequence in which paddocks are being grazed may be broken
to use this herbage at its peak quality which otherwise might be lost
if the area was being grazed under continous management or if pasture
design did not permit movement of livestock. With additional research
on high-density, rapid rotation of livestock, economically exciting
possibilities exist for the ranching profession.

Fertile research opportunities exist in several areas of rapid
rotational grazing. If animal travel is consistently less in small
paddocks than in large pastures stocked similarly and grazed continu-
ously, nutritional requirements of livestock will need to be adjusted
to meet the management method (Anderson and Kothmann 1980). We do not
know whether prolonged high stocking density and frequent movement
produces stress in animals, especially during time of parturition
(Kothmann 1980). Possibly, uniform herbage use may actually be reduced
in areas subjected to prolenged high stocking density. Studies have
shown feces deposits to cause cattle to reject not only the contami-
nated herbage but herbage in an area six times the size of the deposit

(Brockington 1972).

SUMMARY

Up until "civilized" man dug wells, fenced in ruminants, and began
to grow supplemental feeds, plants and animals were in synergistic
balance. Range animal nutrition studies began in the U.S. during the
1940's with specialized techniques developed for grazing studies.
Digestible protein, digestible energy, phosphorus and carotene (Vitamin
A) are the most limiting forage quality components to range livestock
production. With man's intervention, too often serious nutrient defi-
ciencies have resulted in grazing animals, which is ironic because
plants and grazing evolved simultaneously.

Stocking rate is the first, most basic decision to be made in
grazing livestock. Even with proper stocking, under continuous grazing
an excessive amount of herbage is not consumed. By manipulating

grazing pressure and stocking pressure, green leaf tissue can be
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optimized in the animal's diet and animal intake will benefit.

Meeting the nutritional requirements of the grazing animal while
maximizing photosynthetically active tissue through the processes of
defoliation and rest must be the goal of grazing managemént. With
continuous grazing, green leaf material cannot be optimized on an
individual plant basis. However, with additional paddocks, stocking
density can be effectively increased and the time of year and the
frequency and duration of defoliation on individual plants can be
managed. Herein lies the benefit to be derived from a rapid rotation
method of managing the grazing animal.

Defoliation must stimulate new and enhance existing photosyntheti-
cally active tissue. Rest must be scheduled so carbohydrate reserves
can be replenished, yet must be short enough to minimize excessive
amounts of physiologically mature herbage. Individual plants must be
used uniformly throughout a paddock to minimize the range in phenolo-
gical stage of development within a plant species.

High stock density coupled with paddocks designed for efficient
movement of livestock is essential. Wedge-shaped paddocks converging
into a central "hub", provide flexibility in animal movement without
excessive labor requirements or handling stress to the animals.

The added flexibility derived from rotating animals among paddocks
substantially increase the management required to obtain optimum animal
performance and plant usage.

The rate at which animals are rotated through the paddocks must be
synchronized with the phenological state of plant development. During
rapid growth of the standing crop, livestock must be rotated rapidly
throughout the paddocks to ensure high animal selectivity and reduce
defoliation intensity so the standing crop is not damaged. However,
during dormancy, grazing periods within a paddock may increase.

Rangelands are subject to droughts of various longevities and
intensities. Therefore, research on both the standing crop and the
grazing animal must be conducted under rangeland conditions before long
term effects of the rapid rotation grazing method can be accurately
assessed. This is particularly important because the majority of
research on rapid rotation grazing has not been conducted under arid or
semiarid environmental conditions. Application of the principles of
rapid rotation grazing can then be safely applied when economic condi-

tions are favorable.
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