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ABSTRACT
Kopp, Juanita Caye. Ph.D., The University of Manitoba, May 2002. Beef Cow-Calf
Production From Fertilized and Unfertilized Alfalfa-Meadow Bromegrass and Meadow
Bromegrass-Only Pastures. Major Professor; Karin M. Wittenberg.
A four year (1995-1998) grazing experiment was conducted to determine the effect of pasture
species (meadow bromegrass (Bromus biebersteinii Roem & Schult.)-only pastures and
alfalfa (Medicago satival..)-meadow bromegrass mixed pastures) and fertilization on forage
yield and quality and on cow-calf productivity. Four cow-calf pairs were assigned to four
pasture treatments (T):alfalfa-grass fertilized (AF), alfalfa-grass unfertilized (AU), grass-only
fertilized (GF) and grass-only unfertilized (GU). Each 3.7 ha pasture was sub-divided into
five equally sized paddocks and rotationally stocked. Half of the cows in each pasture
received a Rumensin® controlled release capsule (CRC). Suckling calf forage dry matter
intake (FDMI) was estimated by determining the difference between net energy required for
maintenance and gain, and energy provided by milk. Four year average forage production of
AF, AU, GF and GU were 4.9, 4.1, 4.9 and 2.6 + 0.24 t DM ha™ and the average carrying
“capacities were 200.4, 163.9, 208.7 and 127.6 + 3.3 cow grazing days (CGD) ha’,
respectively. The percentage of alfalfa declined (P <0.05) in the mixed pastures, from 75.4%
and 84.1% in 1995 to 32.5 and 40.3% in 1998 for AF and AU pastures, respectively.
Consumed forage quality declined as the grazing season progressed. Cow average daily gain
(ADG, g d) was affected by a pasture treatment by monensin interaction (P < 0.05),
monensin use resulted in a higher cow ADG on GU and AU pastures and had no effect when

cows grazed GF or AF pastures. Pasture treatment did not affect milk yield or milk



composition. Despite differences in nutrient profiles of the animal’s diet, cow-calf
productivity for AU, AF and GF were similar. The high dietary fibre content of cows grazing
the GU pastures reduced calf ADG (P < 0.05). Calves pastured on the GU treatment had the
greatest FDMI (5.3 £ 0.3 kg d) followed by the GF pastures (4.1 + 0.3 kg d™*); calves on the
AF and AU pastures had similar FDMI (3.5 + 0.3 kg d). Calves had the ability to select a
diet that did not greatly compromise their ADG, even when forage quality was limiting. The
AU pastures provided t_h_e most consistent results under a variety of environmental conditions.
Fertilization improved DM yield of grass pastures by 39% and calf gain ha by 37%,

therefore, fertilization should be encouraged when precipitation is not limiting.
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1.0 INTRODUCTION

The cow-calf industry in western Canada is very dependent on rangelands and
grasslands to maintain a productive beef industry. Cattle producers rely on sound grassland
management practises and adaptable forage species. Cultivated pastures have long been used
in times of drought and to reclaim marginal crop-land to maintain environmental
sustainability.

Grazing animal productivity is dependent on forage quality. To maintain pasture
quality it is essential to keep pastures in the vegetative growth phase for as long as possible
(Boyd et al. 2001), through utilization of rotational stocking practices (Christian 1987). The
forage species used in the pasture can also affect forage yield and animal productivity. The
most widely grown legume forage in Manitoba is undeniably alfalfa (Medicago sativa L.),
since it is highly productive, fixes atmospheric nitrogen, has a high nutritive value that is well
suited for cattle production and is adapted to many climatic and soil conditions (Van Keuren
and Matches 1988). However, it is rare that high percentages of alfalfa are used in pastures
grazed by cow-calf pairs. Many producers are reluctant to use alfalfa since it can cause bloat.

It is recommended that alfalfa be grown with grass species to offset the potential for bloat.
Currently, meadow bromegrass (Bromus biebersteinii Roem. & Schult.) has been identified
as a good complement to alfalfa for use in pastures (Pearen and Baron 1996; Holt and
Jefferson 1999).

Pasture productivity and longevity are also essential for an efficient and profitable beef
operation. The majority of cow-calf production systems are based on unfertilized grass

pastures. Pasture fertility is correlated to forage yield and quality which in turn will determine
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the productivity of grazing cattle. Managing pasture fertility can be accomplished by using
inorganic fertilizers (Campbell et al. 1986; Ukrainetz and Campbell 1988), by including a
legume in the forage stand (Walley et al. 1996; Tomm et al. 1995) or a combination of
fertilizer and legume incorporation. These agronomic strategies may result in increased
biomass production and increased protein concentrations.

Another strategy to help improve productivity is to enhance the performance of the
grazing animals themselves. Improved forage utilization, by increased feed efficiency or plant
protein utilization may be accomplished by treating grazing cows with an ionophore, such as
monensin. Monensin administered to dairy cows has increased milk production (Beckett et
al. 1998; Hayes et al. 1996) and reduced the percentages of milk fat and protein compared
to the untreated cows, while increasing the daily production of fat and protein per cow
(Ramanzin et al.1997). However, the effect of monensin on beef cow productivity, DMI,
milk yield and composition is not well documented, especially when grazing alfalfa-meadow
bromegrass and meadow bromegrass-only pastures under differing levels of fertility. In the
past, grazing research in the Northern Great Plains region of North America has focussed on

the performance of steers on legume-grass pastures (Popp et al. 1997a, 1997b, 1997¢; Walton
et al. 1981) and few studies have used cow-calf pairs (McCartney et al. 1999; Hart et al.
1993).

The objectives of this study were: 1) to evaluate the effect of forage species and
fertilization on yield, quality and botanical composition of pastures under rotational stocking
by cow-calf pairs over time; 2) to determine the effect of forage speéies, fertilization and use

of ionophores on cow and calf performance while grazing fertilized and unfertilized alfalfa-
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meadow bromegrass and meadow bromegrass-only pastures; and 3) to use energy balance

methodology to determine the effect of pasture system and dam milk supply on calf forage

dry matter intake (FDMTI).



2.0 LITERATURE REVIEW
2.1 Introduction

The cultivation of farmland has decreased soil organic matter and has made crop
production areas more unstable. The rejuvenation of marginal crop land can be accomplished
by planting perennial forages to increase soil organic matter (Campbell et al. 1990), feduce
soil erosion (Stinner and House 1989) and improve overall soil structure and fertility
(Mapfumo et al. 2000), while providing valuable grasslands for grazing or for hay production.
Including forages in a crop rotation is an important part of sustainable agriculture.

To maintain sustainable pastures, proper management is needed which includes
adequate fertility, adequate rest periods between grazing, good forage yields, adequate
nutritional quality throughout the grazing season, an accurate evaluation of the grassland’s
condition and a proper calculation of the carrying capacity. The objective of this review is
to evaluate the characteristics of an ‘ideal pasture’ by examining the scientific
recommendations from the Northern Great Plains (where possible only publications from
Alberta, Saskatchewan, Manitoba, and the northern United States including the states of

' Idaho, Montana, North Dakota, Minnesota and the northern regions of Wyoming and South
Dakota were used).
2.2 Forage Complementation and Suitability for the Northern Prairie Regions of North
America (Arid vs. Sub-humid Regions)

There are many forage species available for use in pastures and choosing the right
specie(s) for grazing is dependent on a number of factors, such as climate, soil type, annual

precipitation, topography, grazing intensity and length of grazing season required. Generally
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forage species are considered for their ability to survive in arid and sub-humid regions.
Insufficient yearly precipitation in the Brown soils of the arid regions of Alberta and
Saskatchewan limits the type of forage species used in cultivated pastures on these soils
(Kilcher 1965). The arid grassland regions of southwestern Saskatchewan and southeastern
Alberta receive approximately 250 mm of annual precipitation, whereas the Lake Manitoba
plain of south central Manitoba, the warmest and most humid region of the Prairie Ecozone,
receives slightly less than 700 mm of annual precipitation (Brandon average is 470 mm)
(Environment Canada 2001). Thus winter-hardy and drought-tolerant grasses and legumes
must be utilized in the arid regions (Lawrence 1977) and forages that grow well in areas of
higher annual precipitation should be used in the humid regions of Manitoba. Therefore,
environmental conditions must be considered before assessing the complementarity and
suitability of a forage to different regions of the northern prairie region.

Although this literature review will focus on cultivated forages it should be stated that
there are a number of studies that outline the use of complementary pasture-native range
systems to extend the grazing season. Complementary cool season and warm season grasses
grazed when they are actively growing, and the use of irrigation where possible, have the
potential to increase production per unit of land, improve animal performance and can help
to safeguard against drought conditions (Nichols 1989). Hart et al. (1988b) grazed cow-calf
pairs on a combination of crested wheatgrass (4Agropyron desertorum Fisch.), irrigated
meadow bromegrass (Bromus biebersteinii Roem. and Schult.)-alfalfa (Medicago satival.)
pastures (72% meadow bromegrass and 28% alfalfa, percent of DM yield) and mixed-grass

prairie. The grazing season started on June 1 and the cow-calf pairs grazed the cultivated
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pastures for 42 days. Animals were put on the mixed grass prairie to graze for 112 days from
July 13 to November 1. The objective of the study conducted by Hart et al. (1988b) was to
determine the optimal stocking rate and the appropriate ratio of improved pasture area to
rangeland area. The optimal stocking rate to maximize returns was dependent on range type,
forage yield, grazing season, production costs and livestock prices (Hart et al. 1988a). Other
studies have also identified level of management (Wilson et al. 1987) and marketing strategies
(Ethridge et al 1987) as being important issues. The optimum combination of 1 ha of crested
wheatgrass for every 3.94 ha of range per animal unit returned $35.70 ha (U.S.) to land,
labour and management (Hart et al. 1988b).

2.2.1 Plant Establishment for Complementation and Suitability

There are a variety of forage establishment issues, for example the small seed size of
most perennial forages makes accurate depth control at seeding essential (Waddington and
Bittman 1983). Seedlings grow slowly and this can subject them to unfavourable hot
weather, lack of moisture, poor seed bed environments, wind and water erosion and fierce
weed competition (Waddington and Bittman 1983).

Forage establishment techniques should be based on the environmental constraints that
will limit establishment success and the intended use of the crop during the seeding year
(Curran et al. 1993). In semi-arid regions where the risk of erosion is elevated or where the
complete loss of vegetation is undesirable, conventional pre-seeding cultivation of the seed
bed isnotrecommended (Schellenberg et al. 1994b.). No-tillage seeding reduces the potential
for erosion (Undersander et al. 2001; Casler et al. 1999; Wolf et al. 1985), increases water

infiltration, maintains a firm seed-bed, reduces fuel and labour costs (Wolf et al. 1985), but
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requires the use of specialized seeders that increase input costs (Casler et al. 1999). As well,
in sandy soils where moisture loss from the seed zone is rapid (Rehm et al. 1998) no-till
planting systems could reduce the moisture loss and improve seedling emergence (Allen and
Entz 1994). There are some limitations to no-till forage establishment. For example, heavy
crop residue from previous crops can interfere with forage growth (Cochran et al. 1977),
limiting the warming of the soil surface and reducing the seedling’s ability to photosynthesize.
- As well, allelopathic chemicals released by the decay of previous crop residue can impede
forage growth (Cochran et al. 1977). Allen and Entz (1994) found that meadow bromegrass
(Bromus biebersteinii Roem. and Schult) was less adapted to no-till establishment compared
to alfalfa when the previous crop was wheat (Triticum aestivum L.) especially under wet
conditions with heavy wheat residue. However, in the year after establishment there was no
effect of tillage system or preceding crop on forage dry matter yield (Allen and Entz 1994).

To sustain pastures in the semi-arid regions of the Northern Great Plains, forages
should be planted in rows 30-cm apart (Jefferson and'Kielly 1998). Vough et al. (1995)
stated that to maximize forage yield, forages should be planted in narrow rows or broadcast
seeding at high seedling density. Increased row spacing results in increased seed head density
and a lower forage quality compared to vegetative growth (Jefferson and Kielly 1998).
Narrow row-spacings and high plant density has the potential to reduce weed invasion and
soil erosion (Jefferson and Kielly 1998).

The standard establishment procedures for legumes are as follows: prepare a firm seed
bed, till in spring, seed in early May with row spacing of 15 c¢cm and seed depth of 1.3 cm

(Rehm et al. 1998). Many producers use companion crops to establish forages; generally



8

small grain crops such as barley (Hordeum vulgare L.) and oats (4dvena sativa..) (seeded at
half or less than half the normal seeding rate) are used for protection against soil erosion, to
suppress weeds, to produce additional dry matter yield (Simmons et al. 1995) and for the
production of a usable or saleable crop in the establishment year (economic benefit) (Jefferson
and Zentner 1994). However, companion crops increase the competition between the plants
and in the case of establishing alfalfa it is especially detrimental if the companion crop is prone
to lodging (Lanini et al. 1991). On sandy soils, companion crops can increase the risk of
stand failure with increased competition for moisture (Rehm et al 1998). Nielsen et al. (1981)
reported that up to 90% of the alfalfa established in Minnesota is established with oats.
Thé forage establishment method may differ depending on the producer’s resources.
If a companion crop is used, a profitable use for the companion crop, such as a livestock
enterprise or a market for the crop residue is needed (Hansen and Krueger 1973). Cover
cropping is not recommended under dryland conditions in the Brown soil zone of western
Canadadueto competition for soil moisture (Saskatchewan Agriculture 1987). Establishment
with herbicides to reduce weed infestation and improve the overall quality of the stand is
rrecommended (Hansen and Krueger 1973). Alfalfa established without a companion crop or
herbicide had 45% weeds in the first harvest, while the alfalfa established with the 6at crop
had less than 15% weeds (Hansen and Krueger 1973). The second year, alfalfa productivity
in the above trial was not affected by the establishment methods used. Moyer et al. (1995)
observed that Canadian prairie producers appear to favour the initial forage yield losses
associated with companion crops over the detrimental effects of weed infestations, delayed

economic returns and the potential for soil erosion when forages are seeded alone.



2.2.1.1 Seed Characteristics Relative to Topography and Seeding Equipment

Variation in seed size, morphology and seed weight requires that forage seeding
equipment be adaptable to handle these seed differences plus a diversity of field topographies
and soil structures. The use of semicircular seed boxes and auger agitators to properly meter
out forage seed (Wiedemann and Cross 1981) are examples of the many engineering designs
and technologies to improve seed placement. Indryland areas, forage establishment has been
limited by the type of seeding equipment used. Often there are problems controlling the depth
of seed placement as seeds are planted deeper than recommended (Lawrence and Dyck 1990).
Lawrence and Dyck (1990) compared two types of furrow opener-depth control assemblies
for forage seeding and found that a large-small double disk opener assembly with an
adjustable rubber tire depth-gauge wheel (seeding at a depth of 2.5 cm) resulted in a superior
forage crop emergence.
2.2.1.2 Seedling Emergence

The emerging seedling is dependant on the food stored in the seed until leaves
develop, therefore, seeding depth is very important since many forage seeds are small and do
‘not contain adequate food if planted too deep (Smoliak 1992). Alsike clover (Zrifolium
hydridumL.), birdsfoot trefoil (Lotus corniculatus L.) and timothy (Phleum pratense L.) have
very small seeds and should not be seeded deeper than 1 cm, whereas, larger forage seeds can
be seeded to a depth of 2 cm (Smoliak 1992). Seed quality is also important for the
germination, emergence and subsequent establishment of cultivated forages (Hall and Wiesner
1990). Therefore, only certified forage seed should be purchased from reputable companies.

Soil temperature, season of seeding (spring vs. fall) and the amount of soil moisture
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affect the time required for the seedling to emerge (Hart and Dean 1986). In an establishment
trial in the Central Great Plains region, Hart and Dean (1986) found that spring seeding of
cool-season grasses and legumes produced a better forage stand than fall seeding.
2.2.1.3 Seedling Vigour

Upon emergence, competition from surrounding plants is the single most detrimental
factor faced by seedlings. For example, the earlier emergence of grass seedlings prior to
alfalfa can reduce the survival of the alfalfa seedlings (Bula and Massengale 1972 in
Schellenberg et al. 1994a).

Drought conditions, weed and disease infestations can severely challenge forage
seedlings. The severity of seedling damage is partially dependant on the seedling species.
Waddington and Bittman (1983) found that during drought conditions (lack of precipitation,
elevated temperatures and high evaporation rates), alfalfa seedlings were more susceptible to
drought than smooth bromegrass seedlings. When each forage species was planted alone (no
companion crop during establishmént) there were more weeds in the alfalfa stands than in the
bromegrass stands. Weed encroachment will over- shadow the fragile seedlings, reducing
photosynthesis and retarding root growth making the plants more susceptible to drought
conditions (Cooper 1967).

2.2.2 Forage Species Blends for the ‘Ideal Pasture’

The ideal pasture/grazing system would be one in which high quality forage
production matched the demand of grazing animals. An ‘ideal pasture’ may be characterised
by the objectives set up for improved pastures. Reid and Jung (1982) stated that these

objectives include: increasing forage DM production ha™, extending the period of high-
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forage-quality grazing, and providing uniform and adequate nutrition for the animals
throughout the grazing season. Corbett (1987) stated that an ‘ideal’ temperate pasture would
be one that is green, leafy and leguminous. This ‘ideal’ pasture would be preferentially eaten
by grazing animals in larger amounts, compared to pastures that are composed of more dead
and stemy plant material. It has been demonstrated that green foliage is more digestible than
brown matured foliage and that legumes in general, tend to mature at a slower rate than
grasses (Corbett 1987). Regrettably, the ideal ‘green leafy and leguminous’ pasture will
often only last fora short period of time and is dependent on the climatic constraints (Corbett
1987). There is generally a low level of structural carbohydrates in plants that are highly
digestible, therefore, they may be very susceptible to leaching, decay, desiccation, shatter (leaf
loss) and Wind loss. As well, if plants are mainly vegetative then their seed production may
be low and propagation difficult (Corbett 1987).

Currently, the most popular forage mixtures are a combination of legume and grass
species. Grasses and legumes are usually selected on the basis of their survival and seésonal
DM production rather than on their nutritional qualities (Cooper 1973). To improve pastures
or to develop an ‘ideal’ pasture a major problem is to alleviate the marked seasonality of
pasture production and the resulting effects on animal productivity. This is especially true of
the short growing season in the Northern Great Plains which is about 150 growing days in
length (Reid and Jung 1982). Animal gains per head and pasture carrying capacity decline
rapidly in late summer, but management systems based on the complementary use of cool
season and warm season grasses and legumes have been devéloped (Matches et al. 1975).

Grazing of legume pastures has resulted in excellent animal performance, due to
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higher intakes, greater feed efficiency and a more efficient use of the forage nitrogen content
(Christian 1987). Ulyatt (1981) reported that the live-weight gain of calves and sheep and
dairy cow milk production are improved by use of legume pastures. In a similar fashion, the
animal production advantages attributed to a grass-legume mix include increased rates of live-
weight gain, increased DMI and increased feed efficiency compared to grass-only pastures
(Thomson 1979).

Legumes grown with cool-season gfasses can supply symbiotic N to the intermixed
grasses (Farnham and George 1993) and can increase total forage yields (Nichols and Johnson
1969). In cultivated pastures, alfalfa (Medicago sativaL.) is commonly grown with smooth
bromegrass (Bromus inermis Leyss.) and more recently with meadow bromegrass (Bromus
biebersteinii Roem & Schult.) (Pearen and Baron 1996; Allen and Entz 1994; Smoliak 1992).
However, there are many different forage combinations possible. The mixture of forage
species used will depend on the field topography and the different micro-environments
present. In a given field, there may be areas of lbw fertility (hill tops), to areas that are
affected by salinity or excess moisture (valleys or slough areas). Within each zone an
appropriate forage species in the mixture will grow to maintain forage productivity. For
example, reed canarygrass (Phlaris arundinacea L.) does well in water-logged soils. In
contrast crested wheatgrass (4gropyron desertorum, Fisch. ex [Link] Schult.) is a dryland
forage that does not require a lot of moisture to be productive and is noted for its early spring
growth. Similarly, Russian wild ryegrass (Psathrostachys juncéa [Fisch.] Nevski.) will grow
early in the spring and has a resurgence of growth in the fall to help extend the grazing

season; it also maintains its quality well (Hart et al. 1988b).
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The following is a list of commonly grown grass and legume species from a variety
of studies conducted in the Northern Great Plains. Grass species include meadow
bromegrass, smooth bromegrass, crested wheatgrass, reed canary grass, orchard grass
(Dactylis glomerata L.), timothy (Phleum pratense L.), Russian wildrye grass, Altai wildrye
grass (Leymus angustus [ Trin.] Pilger), intermediate wheatgrass (Ebrtrigiaintermedia[Host]
Nevski), meadow foxtail (dlopecurus pratensis L.), Kentucky bluegrass (Poa pratensis L.)
creeping red fescue (Festuca rubra L.). Legume species include alfalfa, white clover
(Trifolium repens L.), red clover (Trifolium pratense L)), alsike clover (Trifolium hybridum
L.), birdsfoot trefoil (Lotus corniculatus 1..), cicer milkvetch (Astragalus cicer L.), sainfoin
(Onobrychisviciifolia Scop.) and sweet clover (white flowers: Melililotus alba Desr.; yellow
flowers: Melililotus officinalis L.).

Legume and grass forage species have been evaluated on the basis of re-growth
potential, legume compatibility (with grass species), winter hardiness, ease of establishment,
drought tplerance, flood tolerance, persistence and bloat incidence (legume species only).
Each of the forage species have certain characteristics that stand out. Russian wild ryegrass
is one of the most aggressively c'ompetitive grasses (Kilcher 1982), is tolerant of drought,
saline soils and grazing, and is suitable for use as a fall pasture. However it is harder to
establish compared to other grasses. Red clover and birdsfoot trefoil are both suitable for
acidic soils; birdsfoot trefoil is a non-bloating legume, but it has poor seedling vigour
(Sheaffer et al. 1993; Fairey 1991). Cicer milkvetch, which is non-bloating, is especially
tolerant of drought conditions but has poor seedling vigour and does not compete well with

other plants (Rehm 1998). The establishment vigour of alsike clover and its ability to enhance
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the growth of companion grasses is considerably lower than that of alfalfa (Fairey 1991).
Crested wheatgrass is early growing and is very suitable for spring grazing, is drought
resistant and grazing tolerant. Special characteristics of meadow foxtail include its ability to
grow well in peat soils and in areas with a good moisture supply, and its early season growth
(Tingle and van Adrichem 1974). Refer to Table 1 for an overview of the characteristics of
the different forages.
2.2.2.1 Characteristics of Successful Pasture Species Profiles

To be classified as a successful pasture plant it is essential that the species be able to
establish maximum ground cover as quickly as possible and survive adverse conditions
including intensive grazing and mismanagement under a wide variety of environments.
Without these characteristics, exceptional productivity under ideal conditions and high
digestibilities are of little value (Christian 1987). However, many factors that allow plants to
survive are negatively correlated to those factors that enhance nutritive value (Christian
1987). Hodgson (1981) indicated that plants that have a recumbent growth habit and those
with large numbers of small tillers restrict damage to the meristematic tissues during grazing;
but an upright growth promotes more efficient use of sunlight and facilitates animal intake.
Stems of low fibre content and leaves generally have high digestibilities but are prone to
dfcomposition and decay. Pasture plants need to be palatable to the grazing animals but not
in excess of the other species grown in the pasture or it will not be able to survive overgrazing
and die out of in the sward (Christian 1987).

A three year study conducted by McCaughey and Simons (1996) established that

environmental conditions (soil type, yearly precipitation and weather) and pasture
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Table 1. Forage characteristics of grass and legume species

Grasses : Legumes

Tolerant of Flooding
Reed canary grass (Phalaris arundinacea L.) Alsike clover (Trifolium hydridum L.)
Meadow foxtail (4lopecurus pratensis L.) Birdsfoot trefoil (Lotus corniculatus L.)

Creeping foxtail (4dlopecurus arundinaceus Poir)
Timothy (Phleum pratense L.)
Meadow fescue (Festuca elatior L.)

Tolerant of Drought Conditions

Crested wheatgrass (4gropyron desertorum Alfalfa (Medicago sativa L.)
(Fisch. Ex Link) Schult) Sweet clover (Melilotus officinalis L.)
Russian wild ryegrass (Pasthyrotstachys juncea  White clover (Trifolium repens L)
(Fisch.) Nevski) Cicer milkvetch (4stragalus cicer L.)
* Altai wild ryegrass (Leymus angustus Trin ‘
Pilger) -
Tolerant of Saline Soils
Tall wheatgrass (Agropyron elongatum (Host) Alfalfa
Beauv.) Sweet clover
Slender wheatgrass (Agropyron trachycaulum
(Link) Malte)
Russian wild ryegrass
Altai wild ryegrass
Creeping foxtail
Tolerant of Acid Soils
. Timothy Red clover (Trifolium pratense L.)
Creeping red fescue (Festuca rubra L.)
Meadow foxtail =~

Tall fescue (Festuca aruninacea Schreb.)'

Grazing Tolerant

Kentucky bluegrass (Poa pratensis L.) Birdsfoot trefoil
Creeping red fescue Sweet clover
Russian wild ryegrass ‘White clover
Crested wheatgrass Alfalfa

Altai wild ryegrass

Meadow Bromegrass (Bromus biebersteinii
Roem. and Schult.)
Meadow fescue
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Table 1. Forage characteristics of grass and legume species

Excellent” to Good Ease of Establishment

Crested wheatgrass® Alfalfa

Tall fescue” Alsike clover
Creeping red fescue _ Sweet clover
Kentucky bluegrass

Meadow bromegrass

Orchard grass (Dactylis glomerata L.)
- Smooth bromegrass (Bromus inermis Leyss.)

Timothy -
Fair to Poor' Regrowth Potential

Kentucky bluegrass - Birdsfoot trefoil
Meadow foxtail Sweet clover
Smooth bromegrass . Alsike clover!
Timothy
Crested wheatgrass!

Excellent” to Good Legume Compatibility
Meadow bromegrass® Not applicable
Timothy" _
Crested wheatgrass
Orchard grass
Smooth bromegrass

Tall fescue

Non-bloating Legumes

Not applicable Birdsfoot trefoil
- Sainfoin (Onobrychis viciaefolia Scop.)
Cicer milkvetch

" .Fair to Poor' Persistence =

Orchard grass Alsike clover!
Tall fescue Sweet clover!
Timothy Sainfoin'
Limited Winter Hardiness
Orchard grass ’ Alsike clover
Tall fescue ‘White clover
Red clover

(Adapted from Smoliak 1992; Joosse et al. 1996)
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management (harvest management and fertilization application) accounted for approximately
42% of the forage yield variations and forage species only accounted for 0.6% of the total
variation. With this in mind, there is a greater emphasis on the management of semi-arid
pastures than on the species grown for pasture production.
2.2.3 Extended Grazing
The grazing season can be extended through the use of crop residues such as corn
stover and sowing annual grasses (Reid and Jung 1982). Annual cereal crops such as oats, -
barley, fall rye, winter wheat, winter triticale and Italian ryegrass can all be used to extend the
grazing season for cow-calfand backgrounding operations (McCartney 1998). These annuals
may also be used to supplement perennial pastures or to increase the carrying capacity.
Spring seeding of winter éereals will only produce vegetative material in the year of seeding
because the crop has not gone through a cold period (vernalization) which promotes seed
production (McCartney 1998).
Annual forages may allow for a more stable forage supply during drought conditions.
They can add value to the perennial forage-livestock system when used appropriately to aid
“in weed control, decrease winter feed costs and improve the efficiency of land use (Baron and
Entz 2000). Annuals can be used to complement perennials and increase the flexibility for
land use, labor and time (Baron and Entz 2000).
Swath grazing of late seeded cereal crops such as oats and barley have also been used
to extend the grazing season for dry cows well into the winter months (early January).
Annual cereals are seeded in late June and then swathed at the soft dough stage in mid-

September, just before or right after the first killing frost (McCartney 1998).
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2.2.3.1 Forage Characteristics Versus Pasture Characteristics

Productivity of grazing animals is mainly limited by the seasonality of pasture
production within and between years (Christian 1987). Objectives of pasture research should
include: minimizing the effect of climatic variations on available feed and feed requirements;
facilitating a reasonable and stable farm income; and avoiding frequent and often costly
changes in livestock numbers (Christian 1987). Increased forage production will have a
positive outcome if pasture quality is improved; grazing animals may experience metabolic
disease, low dry matter intake and insufficiencies in protein and trace element intake when
pasture quality is low (Christian 1987). Grazing animal productivity and pasture management
may be improved or stabilized by the incorporation a legume into grass-based pastures,
fertilization or a combination of theses strategies.

2.3 Alfalfa Characteristics that Complement an ‘Ideal Pasture’

Alfalfa is one of the most energy efficient crops grown, it provides an important
source of protein. In temperate climates, alfalfa has the potential to yield up to two tonnes
of protein per hectare (Barnes et al. 1988). The merits of alfalfa include the ability to increase
animal performance, elevate pasture yield and crude protein content; improve palatability and
digestibility (Popp et al. 2000; Van Keuren and Matches 1988).

2.3.1 Forage Quality and Productivity

Cultivation of alfalfa has decreased the need for producers to purchase feed
supplements for their livestock and has decreased the potential of N and P accumulation in
the soil (Cherney et al. 1994). Alfalfa is a very productive, nutritious, nitrogen-fixing legume

that is often referred to as the ‘Queen of the forages’. Alfalfa also has the ability to adapt to
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a variety of climate and soil conditions (Van Keuren and Matches 1988). However, cool
growing seasons of about 110 d, harsh winters and plant competition often reduce alfalfa
persistence and yield (Pearen et al. 1995). The inclusion of alfalfa can help to increase forage
production in the semi-arid regions of the Northern Great Plains, however, the proportion of
alfalfa in the stand can decrease due to drought, overgrazing and episodic winter kill
(Schellenberg et al. 1994a).

‘Drought conditions during alfalfa’s pre-flowering stage results in a reduced shoot
length, increased leaf-to-stem ratio and delayed maturity (Halim et al. 1989). However, if the
drought occurs after the stems are fully elongated (reproductive stage), the leaf-to-stem ratio
is reduced due to substantial leaf death and accelerated plant maturation (Carter and Sheaffer
1983, Halim et al. 1989). In general, alfalfa will decrease shoot length, leaf area and its shoot-
to-root ratio when it is under water stress (Halim et al. 1989; Brown and Tanner 1983).

The use of alfalfa in legume-grass mixtures can result in a substantial increase in
productivity. Berdahl et al. (2001) found that with no supplemental N, the total yield for a
two-cut alfalfa-grass mixture, averaged over two years, was 223% greater than the grass

| mono-cultures. Based on a number of studies, the average productivity of alfalfa-bromegrass
pastures is 4,102 kg DM ha™ in the Northern Great Plains (Bittman et al. 1991; Walley et al.
1996; Berdahl et al, 2001; Nuttall et al. 1980; Holt and Zentner 1985). Of these studies, the
highest alfalfa-bromegrass yield was, 10,500 kg DM ha™, when the stands were fertilized (44
and 436 kg ha™ of P and K,0O, respectively) and irrigated to field capacity (Walley et al.
1996). The lowest production was 1,020 kg DM ha™, without fertilization and sown on a

grey-wooded Luvisolic loam soil (Bittman et al. 1991). When the pastures were fertilized
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(17.7 and 82.3 kg ha™ of N and P) in that study the maximum productivity was 3,310 kg DM
ha’, 3.2 times the lowest production level (30% alfalfa in the unfertilized treatment and 44
% in the fertilized pastures, respectively).
2.3.1.1 Meeting the Requirements of the Lactating Beef Cow and Growing Calf

The productivity of grazing animals is dependent on the daily intake of nutrients from
the pasture (Hodgson et al. 1994). Alfalfa is a high quality forage that is very digestible.
With improved forage digestibility there is an increase in forage consumption. Higher
voluntary intake of alfalfa compared to grasses, leads to an increased rate of digestion and
passage of the neutral detergent fibre fraction (Poppi et al. 1981).

The nutrient requirements of beef cattle are outlined in the National Research Council
(NRC) (1996) publication. A brief summary of the beef cow and calf requirements from this
source can be found in Table 2. Alfalfais a high quality forage that can easily meet all the
requirements of the beef cow. If the cow’s nutrient requirements are met, then it is easier for
her to produce milk for her calf and meet the calf’s requirements. For example, NRC (1996)
estimates that in the fifth month after calving (represented as July in the Table 2) the cow’s
.DMI is 12.0 kg d*. If the cow consumed only fresh late vegetative alfalfa, she would
consume 18.12 Mcal NE,, 2.66 kg CP, 0.21 kg Ca and 0.04 kg P, all of which exceed the
cow’s requirements.
2.3.2 Grazing Tolerance and Persistence

Grazing tolerance is the ability of a plant to withstand defoliation from different
livestock species. Frequent defoliation by intensive grazing and competition from grasses

planted in the mixture can reduce alfalfa’s longevity (Pearen and Baron 1996) or persistence.
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Table 2. Diet nutrient density requirements of beef cows and calves, and the nutrient
composition of alfalfa and bromus species

Grazing
Season
May June Jul. Aug. Sept. Oct. Average

Requirements for a 544 kg beef cow, calving in February, peak milk production of 9 kg

NE,, Mcal kg'DM . 126 1.21 117 112 0.82 0.84 1.07
CP, % DM 9.92 9.25 854 792 599 618  7.97
Ca, % DM 0.29 0.26 024 022 0.15 0.15 0.22
P, % DM 0.19 0.18 0.17 0.15 0.12 0.12 0.16
DML, kg d' 129 124 12.0 11.7 11.0 10.9 11.8
Growing Calf NEm, NEg, ADG, CP,% Ca, P, DMI,
Requirements Mcalkg' Mcalkg! kgd!' DM %DM %DM kgd?!
250 kg Calf 1.35 0.77 0.80 9.80 0.36 019 .73
Forage Nutrient Profiles

NE,, NE,, CP,% Ca,% P, % NDF,
Forages Mcalkg' Mcalkg! DM DM - DM %
Alfalfa, fresh late
vegetative! 151 0.92 222 171 0.3 30.9
Alfalfa, fresh full :
bloom' 0.97 0.42 19.3 1.19 0.26 38.6
Alfalfa average1 1.29 0.71 20.1 14 - 0.27 38.9
Bromegrass, fresh -
immature? 157 0.97 17.1 0.59 0.37 57.7
Bromegrass hay, pre-
bloom, sun-cured? 1.28 0.71 10.5 0.32 0.37 68
Bromegrass hay, .
mature, sun-cured’ 1.02 0.47 6.6 0.43 0.09 70.5
Bromegrass Average® 1.29 0.72 11.4 0.45 0.28 65.4

'Based on NRC Nutrient Requirements of Beef Cattle, 1996

’Bromegrass (Bromus spp) nutrient composition from the International Feedstuffs
Institute, College of Agriculture, Utah State University, Feed Composition Data Bank,
National Library, USDA, Beltsville, MD.
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Persistence is the survival of plant material even though it has been challenged by specific
stresses in the environment (Smith and Kretschmer 1989). The persistence of alfalfa in
pastures depends on its response to grazing, the effect of grazing on the other forage species
in the stand and overall competitive relationships between all the plants in the stand (Curll and
Jones 1989). Other factors that affect the persistence or the longevity of alfalfa in a stand
include drought, diseases and pest infestations. Winter droughts are more stressful to alfalfa
since there is no snow to insulate the plant’s crown and winter kill becomes more evident
(Bolton 1962).

The physiological and morphological survival responses of alfalfa to grazing have been
reviewed in the Ph.D. thesis by Singh (2000) in which maintenance of root carbohydrate
reserves, maintenance of residual leaf area, decumbent growth habits, stem density, crown
characteristics, basal ground cover are considered. These important characteristics also
reduce the accessibility of the grazing animal to alfalfa’s growing points (meristematic tissues
in the crowns). Morphological.ly, the characteristics include deep-set crowns, plants with
decumbent growth habits and creeping rooted varieties (Smith et al. 2000).

The persistence of alfalfa can also be reduced by disease infestation. The main
diseases that affect alfalfa in the western provinces of Canada include bacterial and verticillium
wilt which occur most frequently under irrigation, snow mold, winter crown rot and crown
root rot (Fusarium and Rhizoctonia spp.) (Goplen et al. 1983). Insects can have a negative
impact on alfalfa. These include the pea aphid, alfalfa weevil, but the most widespread insect
pests are grasshoppers (Goplen et al. 1983). There are also much bigger pests, such as the

pocket gopher which feeds on both the above and below ground parts of alfalfa. Damage to
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the root system is the most detrimental to plant survival (Townsend 1982).
2.3.3 Bloat

The main reason that producers resist using alfalfa in grazing systems is that it can
cause frothy bloat and result in animal losses on pasture (Coulman et al. 2000). Bloat is a
digestive problem characterized by an atypical distension of the abdomen (Berg et al. 2000;
Popp et al. 2000). Under normal digestion, gas produced by rumen fermentation is released
~ by the process of eructation. When conditions are favorable for bloat, a stable foam is
- produced that prevents cattle from eructating and gases accumulate in the rumen (Berg et al.
2000). The gas pressure in the rumen negatively affects the circulatory and respiratory
systems and, if the animal is not treated, it may die.

Contrary to belief, alfalfa is safe to graze if proper grazing practices are followed.
Majak et al. (1995) outlined the guidelines for the reduction of bloat when grazing legume-
based pastures. Coulman et al. (2000) reported on the development of a bloat-reduced alfalfa
cultivar in which the development of AC Grazeland B* was reviewed. As well, Bérg et al.
(2000) reviewed the use of low initial rate of digestion (LIRD) alfalfa to reduce the incidence
‘of bloat in grazing beef cattle. However, the effectiveness of these “bloat-reduced” alfalfa
varieties varies with grazing management practices, plant maturity and the season of use
(Berg et al. 2000).

The use of low-bloating alfalfa cultivars does not allow producers to become lax in
their management practices; currently there is no method to guarantee zero incidence of
pasture bloat. However, a combination of methods to reduce the risk or incidence of bloat

is recommended. These may include use of low-bloating alfalfa cultivars, effective grazing
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management practices, alfalfa-grass or alfalfa-non-bloating legume mixtures and bloat
controlling products such as pluronic detergents and Rumensin (Berg et al. 2000). Plant
breeders have the potential to make alfalfa non-bloating but this would greatly compromise
digestibility or cause the addition of anti-nutritional factors (Berg et al. 2000). The non-
bloating legumes contain condensed tannins and McMahon et al. (2000) have reviewed the
effect of condensed tannins on ruminal fermentation and bloat in grazing cattle. There is the
ﬁotential to modify alfalfa to incorporate condensed tannins to reduce the incidence of bloat
(McMabhon et al. 2000).
2.3.4 Alfalfa in Mixed Species Pastures

Climate, environment and management conditions determine which grass specie is best
grown with alfalfa in a mixed pasture. Planting grass with alfalfa can help prevent bloat,
reduce thinning of the forage stand, increase soil coverage and help protect alfaifa from winter
kill. |

There is competition between legume and grass species when planted together, as they
compete for light, water and nutrients for growth (Donald 1963). Seasonal growth rates,
‘tillering characteristics and the number of times the forage is cut or grazed will have an effect
on the competition of legume-grass mixtures (Haynes 1980). In arid areas, it is important to
select a hardy alfalfa cultivar that exhibits a significant amount of fall dormancy and spreading
growth characteristics. The legume should be planted with a grass species that is not overly
competitive (Kilcher and Heinrichs 1966a; Dubbs 1971). Berdahl et al. (2001) found that
alfalfa-intermediate wheatgrass, alfalfa-crested wheatgrass and alfalfa-smooth bromegrass

mixtures are suited for dryland hay production in most subhumid to semiarid areas of the
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Northern Great Plains. These mixtures can be grazed with some success, but mixtures with
a less invasive grass species like meadow bromegrass may be better as it is not as competitive
as smooth bromegrass and has better regrowth potential (Pearen and Baron 1996).

Fairey (1991) found that smooth bromegrass, meadow bromegrass, timothy and
meadow foxtail were more productive when grown with alfalfa than when grown
individually, or when grown with either alsike clover or birdsfoot trefoil. Alfalfa grown as
the companion legume increased the yield of meadow bromegrass and meadow foxtail by1l.5
times, smooth bromegrass by 3.1 times and timothy by 4.4 times compared to grasses grown
alone or grown with the other legumes (Fairey 1991). Elliott et al. (1961) found that grass-
legume mixtures produced about twice as much forage as unfertilized grasses grown alone
in Northern Alberta. As well, it was indicated that these northern pastures provided adequate
grazing at a stocking rate of about 1.5 animal units (AU) ha™ for a 100 to 120 day growing
season (Elliott 1969).
| Legumes maintain a higher proportion of leaf to stem ratio with advancing maturity
compared with grass speciés and legume leaves are more digestible than grass leaves of the
same stage of maturity (Hodgson 1990). If environmental conditions are favorable (adequate
moisture throughout the growing season) alfalfa has the ability to maintain active growth for
a longer period of time (Bell 1993). Alfalfa will constantly produce new shoots and leaves
which will enhance the nutritive quality of legume-grass pastures.
2.3.4.1 Effect of Nitrogen Fixation on Grass Species

To maximize forage quality and yield when inorganic N fertilizer is not used, the most

appropriate legume to seed in a binary mixture (legume-grass pasture) is alfalfa (Fairey 1991).
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Alfalfa can fix N and any surplus N can potentially be transferred to grass species. However,
the N cycle is not that simple, it is a dynamic system in which there is a bi-directional flow
(Tomm et al. 1995; Tomm et al. 1994). Soil fertility level, plant litter, harvest loss, nodule
fixation of N, and the decomposition of all plant parts are factors in the N cycle. Grass
species provide a limited amount of N in litter loss and root decomposition, but this is readily
used for growth. Depending on the competition from the alfalfa plants, grasses can receive
N fixed by a legume for growth.

In the northern region of Alberta (Peace River region, black clay loam soil, 55°12'N,
119" 23'W) Rice and Hoyt (1980) found that, in pure stands, alfalfa fixed more atmospheric
N than either alsike clover or birdsfoot trefoil (171 vs. 152 and 145 kg ha™ N for alfalfa,
alsike clover and birdsfoot trefoil, respectively).

2.4 Meadow Bromegrass Characteristics that Complement an ‘Ideal Pasture’

In 1949, meadow bromegrass was introduced to North America from Turkey
(Smoliak 1992). Meadow bromegrass is a Iong-lived perennial bunchgrass that grows well
| under drought conditions and can survive cold North American winters (Malik 1991).
Meadow bromegrass is harder to establish than smooth bromegrass. It also has the potential
for late summer and fall regrowth to improve and extend the grazing season (Knowles and
Sonmor 1985).

2.4.1 Forage Quality and Productivity

As with most forages, meadow bromegrass decreases in quality as the growing season

progresses and as plants are allowed to mature. However, meadow bromegrass is very

palatable and in a six year plot study conducted in Montana (harvested once at 10% bloom)
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the average dry matter digestibility (DMD) of meadow bromegrass was 63% (White and
Wight 1984). Dry matter digestibility is inversely proportional to forage yield. As forage
yield increased by 1000 kg ha™, the DMD decrease averaged 1.7 percentage units for meadow
bromegrass (White and Wight 1984).

Meadow bromegrass yield data is presented in Table 3. Productivity of meadow
bromegrass was improved 2.2 times by fertilizing with 112 kg ha™ N in the brown soil zone
of Saskatchewan (Table 3, Knowles 1987). With as little as 45 kg ha™' N, the forage yield
was doubled compared to the unfertilized treatments (the énnual precipitation values were
similar in 1987 and 1989) (Malik 1991). However, regardless of the amount of fertilizer used
or of soil fertility levels, meadow bromegrass productivity will drop off significantly if
moisture levels are low as demonstrated by White and Wight (1984). When precipitation was
60 % of the long-term average, forage yield was 6 times lower than for an average moisture
year (Table 3).
2.4.1.1 Meeting the Requirements of Lactating Beef Cows and the Growing Calf

As previously stated, cow and calf nutrient requirements are shown in Table 2. Ifthe
same cow as described in the alfalfa example were to consume fresh immature bromegrass
(12.9 kg DMI) she would easily meet all her nutritional requirements since the immature
bromegrass has a similar nutrient profile as alfalfa. Even late in the grazing season, during
September with a forage quality comparable to the mature bromegrass hay, the cow’s
requirements are met, but with little room to spare. It is estimated that seven months after
calving the cow will consume 11 kg DM d™*, and will require 9.02 Mcal NE,_, 0.66 kg CP,

0.02 kg Ca, and 0.01 kg P. The mature bromegrass supplies 11.2 Mcal NE_, 0.73 kg CP,



Table 3. Meadow Bromegrass yield (kg DM ha), fertilization rate (kg ha™) and growing season and/or annual precipitation (mm)

Reference Year(s) Location/Soil Fertilization  Precipitation  Yield Comments
Type
Knowles 1987  1981- Saskatoon,‘ SK 0 267/381 838 Growing season precipitation measured from April to August
1983 Dark Brown (267 and 381 mm, respectively)
Chernozem ,
Saskatoon, SK
1984 Dark Brown 112 138 /310 1850  Fertilizer applied in October, 1983
Chernozem
Malik 1991 1986 Melfort, SK Silty 8N, 18P 264 /391 2208  Growing season precipitation measured from May to
clay loam (fine- September (264 and 391 mm, respectively). Seed bed
silty, mixed Typic preparation occurred in 1985, with broadcasting and discing of
Croyoboroll) fertilizers. ‘Regar’ meadow bromegrass sown with a precision
seed drill (8 kg ha' at a depth of 1.3 cm).
1987 45N, 11P '221/348 4796  Fertilizer application to all the experimental plots.
1988 0 198/315 2796
1989 0 259/378 2342
White and 1975- Sidney, Montaha, Tilled range, 346 200 -  No inorganic fertilizer used. The lowest yield of meadow
Wight 1984 1981 sandy range, Fine- provided an 1200  bromegrass was in 1980 (200 kg DM ha™) when they received
loamy, mixed estimated 60% less annual precipitation than the 30 year average; highest
Typyic 13510 180 yield occurred in the year after establishment (1200 kg DM
Argiborolls kgNha'in ha'),
1975 and
1976

8T
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0.05 Ca and 0.01 kg P, thereby meeting the estimated daily requirements.

If the calf was totally reliant on bromegrass at seven months of age (in September)
there may be a deficiency in protein. A calf gaining 0.8 kg d™* requires about 0.71 kg of CP
and the mature bromegrass only provides 0.48 kg of CP (DMl is 7.3 kg d™* for a 250 kg calf).
However, if the calf has not been weaned and the cow is still producing some milk, thé calf’s
protein needs may still be met. Overall, meadow bromegrass has a good nutrient profile,
especially early in the grazing season. Nutritional deficiencies associated with its use can be
avoided through animal and grazing management.

2.4.2 Grazing Tolerance

Forages that are suitable for grazing must have certain characteristics, these include:
rapid regrowth, ability to withstand trampling, low growing points and adequate longevity
(Smoliak 1992). In grass productivity trials conducted by Knowles (1987), meadow
bromegrass and western wheat grass performed the best out of 9 grasses when multiple clips
(2 to 3 clips per year) where performed to mimic grazing.

Meadow bromegrass starts to grow early in the spring but should not be grazed before
it reaches a height 0f 20 to 30 cm (Smoliak 1992). It has rapid tiller development or regrowth
rate (Van Esbroeck et al. 1995), it partitions DM into its leaf blades, for each unit of blade
extension it produced 50% more leaf weight than smooth bromegrass (Van Esbroeck et al.
1995). This characteristic of high specific leaf weight seems to be advantageous under short
growing seasons and as such it has been proposed that specific leaf weight has promise as a

selection standard for high regrowth potential in Bromus species (Van Esbroeck et al. 1995).
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2.4.2.1 Regrowth and Growing Points
Meadow bromegrass exhibits better regrowth and has a more uniform growth pattern
compared to smooth bromegrass (Van Esbroeck et al. 1995; McCaughey and Simons 1996),
which makes it more adaptive and in some instances more productive than smooth
bromegrass with rotational stocking (Pearen and Baron 1996). Smooth bromegrass tillers
elongate during regrowth and growing points may be removed under heavy grazing or
defoliation (Van Esbroeck et al. 1995). Under these conditions smooth bromegrass plants
have to grow from buds initiated below the ground (Carlson and Newall 1985) which in turn
increases the amount of time needed for tiller development. Meadow bromegrass regrows
from many existing tillers (Van Esbroeck et al. 1995). Péaren and Baron (1996) found that
the superior regrowth of meadow bromegrass mixtures was due to higher tiller density, and
that growth from points below the cutting or grazing height ensures that regrowth is less
sensitive to frequent defoliation.
2.4.2.2 Resistence to Trampling
In general, legumes are less resistant to treading than are grass species (Matches
- 1992). Meadow bromegrass has low growing points to avoid defoliation and the plant sends
up many tillers in the spring which elongate quickly following cutting or grazing (Knowles
and Sonmor 1985). The creeping root system and the abundant basal leaves (Knowles 1990)
help to protect the stand from trampling damage.
2.4.2.3 Effect of Drought and Heat Stress
Under severe drought conditions, meadow bromegrass goes dormant earlier than

smooth bromegrass (Knowles 1987), however, meadow brome recovers quickly after
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precipitation is received. During the summer months when temperatures are at their highest,
the pasture plants tend to have higher fiber levels and lower protein levels, the reverse occurs
when temperatures are cool (Marshall et al. 1998a). "Under varying environmental conditions
meadow bromegrass exhibits good longevity and can control weeds effectively (Knowles
1987).
2.4.3 Meadow Bromegrass in Mixed Pastures

Meadow bromegrass has shorter rhizomes than smooth bromegrass, therefore, it is
considered to be less invasive (Pearen and Baron 1996) and would complement alfalfa well.
In a study by Pearen et al. (1995), it was found that when alfalfa was grown with meadow
bromegrass instead of smooth bromegrass, the alfalfa growth was 97 to 197% higher. Alfalfa
productivity was the same when grown in binary mixtures with smooth bromegrass or
meadow bromegrass, even though the meadow bromegrass was higher yielding (Pearen and
Baron 1996). This clearly indicates how well meadow bromegrass complements alfalfa. It
is possible that the uniform seasonal yield of meadow bromegrass-alfalfa pastures could
improve cattle productivity during summer and fall when grazing conditions are often poor

“in central Alberta (Pearen and Baron 1996). Over time, forage yields will decrease and good

fertility management is needed for all pastures to remain viable.
2.4.3.1 Tillering Characteristics

Meadow bromegrass grows from many tillers close to the ground which helps the
plant survive defoliation (Pearen and Baron 1996). The tillers regrow rapidly after they have
been cut or grazed, therefore, seasonal growth of meadow bromegrass is more uniform than

smooth bromegrass (Knowles and Sonmor 1985). A pasture of meadow bromegrass should
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be allowed to regrow for a three to four week period after defoliation to maintain a maximum
productivity and longevity of the stand (Smoliak 1992).
2.5 Fertilization of Cultivated Pastures

Fairey (1991) grew smooth bromegrass, meadow bromegrass, timothy and meadow
foxtail individually or in combination with alfalfa, alsike clover or birdsfoot trefoil and found
that when these pastures were cut more than twice per year, there was a substantial decrease
in the productivity of smooth bromegrass, followed by meadow bromegrass, timothy while
meadow foxtail was virtually unaffected. A similar effect was observed at Brandon in grass
plots (McCaughey and Simons 1996). The yield of smooth bromegrass was almost halved.
Without fertilization, alfalfa proved to be the most suitable companion legume to enhance the
performance of grasses (Fairey 1991). When N was not limiting (fertilized treatments) the
grasses responded to cutting management or cutting frequency. With N fertilizer and two
cuts per year, the bromegrass stands (yields for smooth bromegrass-legume mixes ranged
from2.8t03.5¢ ha'; meadow bromegrass-legume mixes ranged from 3.7 to 3.9 t ha™) were
superior to the other grass-legume stands (Fairey 1991).

'2.5.1 Effect of Fertility on Quality and Productivity of Legumes and Grasses

Application of moderate levels of N fertilizer on alfalfa has no effect on forage
digestibility, NDF, ADF and lignin, however, CP content can be affected (Cherney et al.
1994) when high levels of inorganic N are applied. When the application of inorganic N
exceeds 224 kg ha™*, much of the increased N content of alfalfa is nitrate-N (NO,-N) (Lee and
Smith 1972). The high concentration of N in the alfalfa can lower the amount of energy

available to ruminants by altering rumen fermentation and VFA profiles, typified by a higher



33

molar percentage of propionate and lower total VFA production (Cherney et al. 1994). One
should test the NO; level of forages if the protein levels are 24% or higher (Cherney et al.
1994). Most beef cattle producers would rarely fertilize with such high levels of inorganic
fertilizer, however, these conditions could occur if pastures were fertilized heavily with
livestock manure.

Nitrogen fertilization of grass pastures will increase the CP concentration in grass
plants. Ina study by White (1985b), western wheatgrass was fertilized over a 10 year period.
Fertilization increased the CP yield by 0.87 kg ha™ kg™ N applied and increased the 10 year
accumulated forage yield by 4.35 kg CP ha™ kg™ of N applied. The application of 100 kg N
ha™ increased the digestibility by 0.1 percentage units, however, that was not as significant
an effect on forage quality as harvest date. As harvest date is delayed, vegetative western
wheatgrass tiller digestibility decreased by 0.25 percentage units per day (White 1983). The
increased CP content of fertilized western wheatgrass would only slightly improve the forage
digestible energy and this would not translate into any significant increase in animal
productivity (White 1985b) unless initial CP levels were deficient.

The average herbage N content of grass-legume pastures is controlled by the
frequency of harvesting (Fairey 1991). In the 2 cuts per season-fertilized treatment, the N
content ranged from 24 to 30 g N kg DM (15 to 19% CP); for the 4 cuts per season-
fertilized treatment the N content was 32 to 40 g N kg™ DM (20 to 25% CP). Fairey (1991)
concluded that herbage yield and quality were influenced more by management practises
(harvest frequency and fertilization) than by the species composition of the pastures,

especially when N was not limiting.
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Generally, in semi-arid regions, the primary and secondary factors that influence
forage production is water availability and N availability (Reuss and Innis 1977). Limited soil
water may decrease forage production in the range of 30 to 50%, depending on the forage
species and fertilization rate (Stout et al. 1986, 1988; Stout 1992). Another important factor
to consider when evaluating the effectiveness of fertilization is the N-use efficiency, important
in terms of productivity measurements and for environmental sustainability (Stout et al.
1995). For cool season grasses the N-use efficiency has a low average value of abou_t 27%
(Staley et al. 1991).

2.5.2 Long-Term Effect on Botanical Composition of Legume-Mixed Pastures

A considerable amount of research has been carried out on the effect of fertilization
of grass—legume mixtures and generally they all draw the same conclusion; N fertilization
favours the grass component in the stand and the amount of legume declines over time
(Nuttall et al. 1980). Ledgard and Steele (1992) found that when the level of soil mineral
nitrogen is low, for example when forage stands are first established, legumes can dominate
the stand for several years. Over time, however, as nitrogen builds up in the soil; the

-proportion of legume in the stand will decrease dramatically. The increased concentration of
mineral nitrogen in the soil inhibits the legume’s ability to fix nitrogen. Drought conditions
can also limit nitrogen fixation by alfalfa plants and thus decrease their proportion in mixed
stands (Wery et al. 1986).

2.5.3 Fertilization and Carrying Capacity or Length of Grazing Season
Fairey (1991) cut fertilized grass-only and grass-legume pastures four times during

the growing season to simulate rotational stocking and recorded the following yield ranking
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from most productive to least productive: meadow bromegrass > timothy = meadow foxtail
> smooth bromegrass. These results need to be tested in an actual grazing trial since frequent
mechanical cutting/harvesting does not trample the forage in a similar manner to grazing
animals which deposit wastes or selectively harvest the more preferred plants.

McCartney et al. (1999) found that on average the rotationally stocked-fertilized
treatments doubled the forage DM yield over the continuously stocked-unfertilized
treatments. The grazing season was extended by two weeks in rotationally stocked
treatments, divided equally between the spring and fall grazing periods. Forage and cow-calf
production were improved and year-to year variation was reduced.

2.5.4 Sustainability of Fixed Nitrogen Versus Commercial Application

A major environmental concern is the contamination of surface and subsurface water
supplies with NO,;-N (Owens et al. 1994). An alternative to the use of inorganic fertilizers,
that can easily accumulate in the soil and water sheds, is the use of legumes. When alfalfa was
used to replace the inorganic N source in a study conducted in eastern Ohio, the NO,
concentration levels decreased to 30 % of the earlier levels (Owens et al. 1994). Whereas,
by using inorganic fertilizers at 224 kg ha, over a two year period, the NO, concentration
was above the drinking water standards (Owens et al. 1994). |

The use of farmyard manure as a source of N, P, K and micronutrients versus the
application of inorganic fertilizer (N and P) to grass, alfalfa and grass-legume pastures was
examined by Holt and Zentner (1985). They found that manure was more likely to meet the

lower P requirements of the forages than the primary N requirements.
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2.5.4.1 Grass Versus Legume-grass Nitrogen Re-distribution

Under hayfield conditions, the transfer of fixed nitrogen from alfalfa to meadow
bromegrass is primarily through net N mineralization of below ground plant components or
likely through the decomposition of plant roots (Walley et al. 1996). The estimated amount
of N that is transferred between legumes and non-legumes is variable. There are rep‘orts of
N transfer between alfalfa and grasses that are from 1 to 13 kg ha™ yr during the seeding
year (Ta and Faris 1987b; Heichel and Henjum 1991) and up to 53 kg ha™ yr once the forage
stand has been totally established (Heichel and Henjum 1991). In an alfalfa-meadow
bromegrass stand the level of N, fixation was 68 to 217 kg ha™ yr! and the estimated amount
of N that was transferred was 14 to 18 kg ha™ yr! (Walley et al. 1996).

The direction of N transfer is not always from the legume to the non-legume, as
indicated by Tomm et al. (1994).who found that N is transferred within species and between
species. Therefore, the N cycle is more complex than legumes donating N to grasses (Tomm
et al. 1995). Legumes may make a net N contribution to grasses in a mixed stand (Ta and
Faris 1987a) however, the amount of N contributed depends on how much N the legume
‘Tequires, thus limiting the actual transfer of N to the grass. Tomm et al. (1995) showed that
although alfalfa provided a net source of N, the alfalfa plants were strongly competitive in a
bi-directional system of transferred and recycled N. When considering N cycling through
litter-fall and harvest losses, in some instances the amount of N provided by alfalfa equalled
the amount used by the alfalfa plants and there was no net transfer to the grass (Tomm et al.

1995). However, decomposition of roots in a mixed sward remains a likely mechanism of net

N transfer to grass.
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The above N-transfer studies were mainly conducted under hayfield conditions and
not under grazing. The nitrogen cycle can be significantly influenced by incorporating a
grazing animal. Grazing livestock return nutrients to the soil in the form of excreta (dung and
urine). This is a valuable recyclable source of soil nutrients because about 60-90% of the
plant nutrients consumed by the animals is returned to the pasture (Haynes and Williams
1993). In a grazing study using cow-calf pairs, Chen et al. (2001) found that alfalfa-grass
pastures can increase soil mineral N supply through alfalfa’s ability to fix atmospheric N. In
the top 7.5 cm of soil, total mineral N (mg N kg™ soil) was greater for the alfalfa-grass
pastures (16.9 mg N kg™ soil) than for the grass-only pastures (6.4 mg N kg™ soil), N content
| increased by 38% in the alfalfa-grass pastures (Chen et al. 2001). When the alfalfa-grass
pastures were fertilized, total plant N uptake was 35 kg N ha™ greater than the unfertilized
alfalfa-grass pastures (Chen et al. 2001). Alfalfa in the alfalfa-grass pastures fixed an average
of 74 kg N'ha™ yr' (Chen unpublished data). For every tonne of forage DM produced, alfalfa
fixed 27 kg N (Chen unpublished data). The amount of nitrogen retained in animal gain was
only 4% of the total external N inputs and 9% of the total animal N intake (Chen unpublished
data). This study demonstrated that rotational grazing can evenly distribute animal excreta
and enhance the uniformity of soil nutrient redistribution.
2.5.5 Economics of Fertilization
The decision to fertilize cultivated tame pastures is primarily an economical decision,
but in some cases producers may fertilizer to maintain forage production on a limited land
base. Generally, nitrogen fertilization of grasses is uneconomical when moisture is limiting

in areas such as southwestern Saskatchewan in the Brown soils zone (Campbell et al. 1986).
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This may not be the case in areas where annual precipitation is greater, therefore, appropriate
application of fertilizers can increase forage yields by greater than 300% (Ukrainetz and
Campbell 1988). The fertilization rate of 90 kg ha™ N and 20 kg ha™ P resulted in the largest
economic return, with an average production increase of 74% for smooth bromegrass-alfalfa
pasture, grown on a silty-clay black chernozemic soil (Nuttall et al. 1980). The range of N
tested was from 0 t0180 kg ha™. Increased forage production was reported for three years
after fertilizer application (Nuttall et al. 1980).

Holt and Zentner (1985) compared the economic returns of using inorganic fertilizers
to farmyard manure application on the heavy clay soils of Indian Head, Saskatchewan. The
net returns were affected by forage type (alfalfa, smooth bromegrass and crested wheatgrass)
and level of fertility. They found that stands that included alfalfa had greater returns than
stands that consisted of only grasses. When averaged over fertility levels, applications of
inorganic fertilizer to bromegrass and to alfalfa-bromegrass stands were more profitable than
using farmyard manure on the same forage treatments ($125 CND ha™ more with inorganic
fertilizer compared to farmyard manure on the bromegrass only treatments and $81 ha™! higher
for bromegrass-alfalfa treatments). The combinatioﬁ of 110 kg ha’ N and 24 kg ha' P
produced the greatest economic returns for all the forage types (Holt and Zentner 1985). The
farmyard manure was applied at the rate of 11 and 22 t ha™. When the manure value was set
to zero but the application costs were maintained, this increased the net returns by $63 and
$126 ha™ for 11 and 22 t ha™, respectively. If the farmyard manure was valued at $10 t* of
DM it was not competitive with inorganic fertilizer application on all forage treatments. The

breakeven value of farmyard manure was between $0 and $6 t* of DM.
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2.6 Rotational Stocking of Tame Forages

Plant response to grazing was reviewed in a series of papers in the in the Journal of
Production Agriculture (Matches 1992, Coleman 1992, Russelle 1992, Hoveland 1992). The
factors that influence the animal-plant interaction include, trampling, method of prehension,
deposition of animal wastes, species of grazing animal, timing of grazing, frequency and
severity of grazing (Matches 1992).

The two main benefits of rotational stocking are that it affects the patterns of
defoliation and the composition of the plant community can be improved with planned rest
periods or extended periods of rest for plant rejuvenation (Walker 1995).

2.6.1 Rotational Stocking

The definition of .rotational stocking by the Forage and Grazing Terminology
Committee (1992) is as follows: “A grazing method that utilizes recurring periods of grazing
and rest among two or more paddocks in a grazing management unit throughout the period
when grazing is allowed”.

The objective of optimizing grazing management is not to maximize the yield of the
pasture but maximize the intake of digestible organic matter. For this to occur, itis essential
to keep the pasture in a constant condition with vigorous growth for as long as possible
(Christian 1987, Boyd et al. 2001). Rotational stocking, to be effective, involves strategic
and sequential movement of animals through a paddock system to optimize the use or intake
of available forages (Boyd et al. 2001). The main method of achieving this is through
subdivision of the pastures to regulate pastufe growth (Christian 1987), in other words

through the use of rotational stocking. Rotational stocking may be of most value in providing
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rest periods to allow the accumulation of adequate leaf area and root systems for optimum
growth (Christian 1987).

In cultivated pastures in the Aspen Parkland region of Alberta, forage yield and cow-
calf productivity were improved, and year- to- year variation in herbage yield and animal gains
were reduced when rotational stocking was used compared to continuous stocking
(McCartney et al. 1999). Hart et al. (1993) have stated that intensive rotational stocking
systems are unlikely to enhance animal performance unless pasture size is reduced and the
distance to water is decreased to reduce the travel distance and increase the uniformity of
grazing. They found that reducing pasture size from 207 to 24 ha usually produced
noticeable improvements in cow and calf gains regardless of the grazing system. Cow-calf
gains were increased under the rotational stocking study because of reduced pasture size
resulting in reduced distance travelled vand more uniform grazing, not because of rotational
stocking per se (Hart et al. 1993), similar conclusions have also been stated by Irving et al.
(1995).

Steers grazing alfalfa-grass pastures were used to compare two grazing systems
(rotational vs. continuous stocking) and two levels of stocking rates (light: 1.1 steers ha™ vs.
| heavy: 2.2 steers ha™) (Popp et al. 1997a,b,c). Popp et al. (1997 a,c) found that forage DM
yield tended to be lower when heavy stocking rates were used, but forage yield was not
affected by the grazing system used. Grazing season length was shorter one year out of four
for the continuous stocked pastures compared to the rotatic;nal stocked pastures (P < 0.05).
The grazing season was shorter in two of four years (P < 0.05) compared to the rotational

pasture systems, when continuous pastures were heavily stocked, (Popp et al. 1997¢). The
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quality of the consumed forage was not affected by either pasture system or stocking rate
(Popp et al. 1997a).

The main factor that optimized individual animal performance or gain per hectare for
alfalfa-grass péstures, was stocking rate (Popp et al. 1997c). The lightly stocked pastures
produced 121.8 kg steer gain ha™ less than the heavily stocked pastures in the final year of
the experiment (Popp et al. 1997¢). The highest steer ADG (kg d*) was on the continuous-
lightly stocked pastures (1.49 kg d*) and the lowest level of ADG was on the continuous-
heavily stocked pastures (1.07 kg d*).

2.6.2 Productivity and Regrowth of Rotationally Stocked Legume-grass Pastures

Casler et al. (1999) stated that to maximize pasture productivity, management should
be intensified. Management may be intensified by increasing the fertility of the pasture,
increasing stocking rates, changing from continuous stocking to rotational stocking practices
(Casler et al. 1999) and ensuring adequate pasture rest and recovery between stocking periods
(Undersander et al. 2001). Poorly managed pastures are characterized by low forage
production, influx of weedy species, (Shaeffer et al. 1990) and influx of less palatable forage
species (Falkner and Casler 1998).

2.6.3 Effect of Rotational Stocking on Plant Persistence in Legume-grass Pastures

Since rotational stocking by definition allows for extended or appropriate rest periods,
it helps encourage plant persistence when compared to pastures that are heavily stocked and
continuous grazed. Walton et al. (1981) found that the persistence of alfalfa was encouraged
by rotational stocking, in fact, the percentage of alfalfa in the alfalfa-smooth bromegrass-

creeping red fescue pastures increased from 32 to 47% over a period of two years. Although
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this response may have been due to the variation in annual precipitation.
2.7 The Grazing Animal
2.7.1 Dry Matter Intake of Grazing Cow-calf Pairs

Four factors of grazing management have an effect on the cow-calf dry matter intake

(DMI). The four factors are: timing of grazing, distribution of animals and how they defoliate
the plants, kind and class of grazing animals and, stocking rate (Walker 1995).
Stocking rate is the most important factor, if the stocking rate improper then the other three
factors are unimportant. Calculating the proper stocking rate for a given pasture is hindered
by the difficulty in determining carrying capacity as it varies over time (Walker 1995). The
Standing Committee on Agriculture, Ruminant Subcommittee (1990) reported that DMI of
cattle declines slightly when forage DM availability is less than 2 t ha but a more rapid
decline in DMI occurs when forage DM availability is below 1 t ha. Intake of cow-calf pairs
generally increases as the grazing season progresses and decreased forage availability may
limit DMI late in the season at which time cow-calf intake demand is greatest (Marshall et al.
1998b).

Based on forage productivity estimates and cow gains, daily forage disappearance
averaged 3.7% of the cow body weight in a study conducted by McCartney et al. (1999). If
the weight of the calf was included in their calculation (during the grazing period), forage
disappearance averaged 2.8% of the cow-calf weight. McCartney et al. (1999) based cow
intake on clippings taken before and after grazing, which will over estimate intake values of
the animal. For more accurate values of cow dry matter intake, intake can be estimated using

external marker techniques (Merchen 1993).
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2.7.1.1 Trampling
Trampling of pasture plants inevitably occurs when animals graze pastures. Trampling
or treading of plant tissue can destroy photosynthetic material, damage growth points and can
potentially increase soil compaction (Wilkins and Garwood 1986). Soil compaction can limit
root growth and this can result in the reduction of water and nutrient uptake (Murphy 1987).
The extent of damage or impact placed on the soil or pasture sward is dependent on
the original bulk density, moisture content and soil organic matter and sward strength
(Scholefield and Hall 1985). For short duration grazing, hoof action or trampling did not
have a major impact on crested wheatgrass, when 92 Angus heifers were used to graze for
2 day intervals (Balph et al. 1989). However, if grazing pressure or duration of grazing
increased and if the vegetation was dry, trampling had a negative impact on the crested
wheatgrass pasture. Severe trampling of this kind occurs near mineral-salt feeders and water
sources where animals tend to congregate and usage is very high. Continuously grazed
pastures (one herd-one pasture system) were compared to short duration mob grazing (which
is one herd rapidly rotated through several paddocks of one pasture), the short duration
grazing stocking rates may be up to 90 times that of the continuous stocked pasture and
increased incidence of trampling occurs (Savory and Parsons 1980). Short duration stocking
results in pastures being rested for extended periods of time, which contrasts the continuously
stocked pastures; rest periods allow plant to recover from defoliation at similar stocking rates.
2.7.1.2 Dirty Versus Clean Forages
A cow may defecate 12 times and urinate 8 times per day, each defecation covers an

area of 0.09 m? and each urination covers an average area of 0.28 m” (Peterson et al. 1956).
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The approximate daily manure production (solids plus liquids) of a 544 kg beef cow is 0.05
m? or 47 / (Ensminger and Perry 1997). However, losses of manure weight can be as high
as 60% when exposed to pasture conditions (Ensminger and Perry 1997). Cattle are reluctant
to graze over or near dung pats, this leads to rank herbage of low quality (Wolton 1979)
especially under continuously stocked pastures. Cattle may refuse to graze these areas for
some time. Rotational stocking results in better distribution of manure compared to
continuously stocked pastures which helps to recycle valuable nutrients back into the soil to
enhance pasture productivity (Peterson and Gerrish 1995).

2.8 Grazing Animal Productivity

Many factors determine grazing animal performance. These include: forage
availability, forage quality (Popp et al. 2000), stocking rate, proper grazing management, even
livestock distribution, uniform forage utilization, distance to water source (Hart et al. 1993)
and type of grazing system utilized (rotational vérsus continuous stocking) (McCartney et al.
1999). As well, the animal’s production potential has an effect on overall performance on
pasture (Adams et al. 1993).

Although forage. quality is very important in terms of animal productivity, DM
availability is fundamental to maximize animal performance on alfalfa-based pastures (Popp
et al. 2000). Individual animal gains (grazing steers) are maximized when forage utilization
is less than 70%. Beef production can be as high as 1946 kg ha™ on irrigated pastures to 107
kg ha™ on dryland pastures under these conditions (Popp et al., 2000).

Hart et al. (1993) conducted a five year grazing study on native range (Cheyenne,

Wyoming) using cow-calf pairs, dry cows and heifers to evaluate the effect of pasture size on
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animal gains and grazing behaviour. They found that by reducing pasture size from 207 ha
t0 24 ha, while grazing the same native range, improved cow.and calf gains by 0.18 and 0.09
kg d”!, respectively. As well, when the distance to water was greater than 3 km the gains of
nursing cows and calves was reduced due to poor forage utilization (heavy grazing around
the water source and little grazing of forage further away from the water), increased travel
and grazing time (Hart et al. 1993).

In another cow-calf grazing study by Hart et al. (1988b), the optimum grazing
pressure was calculated based on animal unit days per tonne of DM. In the early part of the
grazing season cows utilized crested wheatgrass, mid-summer native range and then later in
the grazing season cows used a mixture of alfalfa and meadow bromegrass, with the legume-
grass pastures having the highest carrying capacity of the three pasture types. For crested
wheatgrass pastures a cow grazing pressure 0f40.2 AUD t' DM was the upper limit (cows
gaining 1.27 kg d™ but only for a short duratibn at the beginning of the grazing season, gain
then declined to 0.52 kg d when the cows were put on the native range pastures) and if a |
larger value of AUD t! DM was used then profitability and productivity would decline
rapidly. The optimal grazing pressure valu_e was much lower (18.9 AUD t*) for cows on the
native rangeland.

In Montana, a grazing trial was conducted to determine the effect of grazing seeded
rangeland compared to native rangeland for beef cows that were high milk producers versus
cows that were low milk producers (Adams et al. 1993).- The net weight gain of high
producing cows was 2.5 kg over the 158 days of grazing compared to 29.2 kg for the low

milk producing cows. Overall, the seeded and native rangeland treatments provided the same
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level of nutrition for both the high and low milk producing cows (no effect of pasture type
and no pasture by animal type interaction). As well, the calfnet weight gain over the grazing
season was not affected by pasture type (157.5 versus 112.9 kg for the calves of the high and
low producing cows, respectively). Generally, there were no interactions with cow type and
pasture type on calf gain (Adams et al. 1993). They concluded that the productivity of cow-
calf pairs was similar for the pasture treatments and that these treatments would not support
the lactation and maintenance of high milk producing cows during late summer. The
availability of crude protein seemed to be the limiting factor in this study (Adams et al. 1993).
2.9 Animal Performance and Monensin CRC
2.9.1 Cow-calf Responses to Monensin on Pasture or Forage Diets

In 1975, monensin, a carboxylic polyether antibiotic (Cs¢Hs,0,,Na) was first registered
for use in animal feeds. Initially, the ionophore was added to poultry diets and acted as an
anti-coccidial agent (Bergen and Bates 1984). Many of the early trials involved the direct
application of monensin to feeder cattle diets with very few studies using grazing cattle and
beef cows. Intra-ruminal delivery devices or controlled-release capsules (CRC) were
developed and permitted internal administration of the ionophore for use in grazing cattle.
For a review of the effects of ionophores (monensin and lasalocid) on beef cow production
refer to Sprott et al. (1988).

Bergen and Bates (1984) reported that ionophores do not suppress intake for cattle
on forage based diets (high cellulose levels), at least not to the extent of concentrate or grain
based diets. Lemenager et al (1978) evaluated the effect of monensin on DMI, cow

productivity and on milk production and composition of beef cows grazing native winter
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range. Monensin was administered at 0, 50 or 200 mg d* in a soybean meal-based
supplement. Forage DMI was depressed from 9.6 kg DM for the control cows to 8.3 and 7.7
kg DM for the 50 and 200 mg treatments, respectively. Although forage DMI was reduced
with monensin administration, cow productivity was not compromised; cow feed efficiency
was improved with monensin (Lemenager et al. 1978). This result has also been noted in later
studies (Baile et al. 1982; Walker et al. 1980). Milk yield and composition were not affected
by monensin treatment (Lemenager et al. 1978). In dairy cow studies, monensin has had
variable results on milk fat content, some studies show little or no effect (Hayes et al. 1996)
and some show a reduction in milk fat (Van Der Werf et al. 1998; Abe et al. 1994).

There are a number of metabolic effects associated with the administration of
monensin and these are outlined in Bergen and Bates (1984). Some of the most often stated
effects include, a shift from acetate production to propionate, decrease in ruminal protein
breakdown and deamination (lower amount of ammonia-N in the rumen) and reduced
methane production.

To observe the potential amino acid sparing effect that monensin could have on the
protein fraction of a diet, two fistulated cows were fed timothy and alfalfa hay (Lana and
Russell 1997). Monensin had no effect on total ruminal ammonia when timothy hay was
present in the diet but increased with monensin supplementation when cows were fed the
100% alfalfa hay diet. Monensin was observed to spare amino acids by decreasing the
specific activity of deamination and increasing the amount of bacterial protein (20% increase)
in all combinations of timothy and alfalfa hay. Bacterial protein elevation may be explained

by monensin-dependent increases in total volatile fatty acids (20% increase) (Lana and Russell
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1997).
2.10 Hypothesis

Most cow-calf operations are based on unfertilized grass pastures. There are a
number of strategies that can help improve the productivity of these operations. Inorganic
fertilizers can be applied to improve grass-based pastures by increasing forage yield and
improving plant protein concentrations. Incorporation of a legume into grass-based pastures
can increase forage yield, improve forage protein concentrations and extend the period of
active plant growth. A combination of both fertilization and legume incorporation can be
used to try to maximize the productivity of the grazing system. In addition to the agronomic
strategies, animal productivity can be enhanced by using ionophores to improve forage
utilization via improved feed efficiency and improved plant protein utilization. These
strategies have not been tested for cow-calf grazing systems and need to be evaluated to
determine the extent of their effectiveness.

In the Northern Great Plains region, few grazing studies have been conducted using
cow-calf pairs. Most grazing studies will present animal performance data, but will not
address calf dry matter intake. The effect of pasture management (inorganic fertilizer
application, incorporation of a legume and a combination of fertilizer and incorporation of a
legume into grass-based pastures) and dam milk supply on calf forage dry matter intake is not

known.
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3.1 ABSTRACT
A four-year grazing experiment was conducted using 32 ‘tester' cow-calf pairs and additional
'put and take' cow-calf pairs to rotationally stock eight, 3.7 ha pastures sown to meadow
bromegrass (Bromus biebersteinii Roem & Schult.) and alfalfa (Medicago sativa L.)-mg:adow
bromegrass. The effects of forage type and fertilization on pasture productivity (t DM ha™),
number of cow grazing days (CGD ha™), forage quality (CP, NDF and ADF) and persistence
of alfalfa (% alfalfa, DM basis) under four pasture treatments (alfalfa-grass fertilized (AF),
alfalfa-grass unfertilized (AU), grass-only fertilized (GF) and grass-only unfertilized (GU))
were studied. Four year average (1995-1998) forage production of AF, AU, GF and GU
pasture treatments were 4.9, 4.1, 4.9 and 2.6 +.24 t DM ha™ and average carrying capacities
were 200.4, 163.9, 208.7 and 127.6 = 3.29 CGD ha™, respectively. Alfalfa declined (P <
0.05) over the four years from 75.4% and 84.1% in 1995 to 32.5% and 40.3% in 1998 for
AF and AU pastures, respectively. Application of fertilizer (GF) and incorporation of a
legume (AU) both increased (P < 0.05) DM yield and forage quality compared to GU
pastures. Fertilizing the grass-based pastures increased productivity (x + SD) by 81.8£43.1
CGD ha, while the incorporation of a legume into grass-based pastures resulted in an
increase of 37.2 +38.8 CGD ha™. Incorporation of a legume, coupled with fertilization
increased pasture productivity by 74.0 = 72.3 CGD ha!. The variability in increased
productivity was smallest for the AU pasture treatment. Fertilization of grass pastures
consistently improved forage quality, as determined from crude protein, neutral detergent
fibre and acid detergent fibre. Improvements in forage quality were greater for alfalfa-grass

pastures than for fertilized grass pastures.
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Abbreviations: AF, alfalfa-grass fertilized; AU, alfalfa-grass unfertilized; GF, grass-only
fertilized; GU, grass-only unfertilized, R1, rotation one; R2, rotation two, CGD, cow grazing
days

Key Words: Alfalfa, Meadow Bromegrass, Productivity, Forage Quality, Grazing
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3.2 INTRODUCTION

Meadow bromegrass (Bromus biebersteinii Roem & Schult.) has shorter rhizomes
and, therefore, does not overwhelm alfalfa as quickly as other grasses such as smooth
bromegrass (Bomus inermis Leyss.) (Pearon and Baron 1996). Meadow brome maintains a
higher density of small vegetative tillers that regrow quickly from growing points that are
located below the grazing height, thus making it less vulnerable to frequent defoliation
(Pearon and Baron 1996; Van Esbroeck et al. 1995; Knowles et al. 1993). When Malhi et
al. (1998) fertilized meadow bromegrass with a variety of N fertilizers (100 kg N ha) the
average increase in forage yield was 56% more than unfertilized plots. McCaughey and
Simons (1996) reported a 43% average increase in meadow bromegrass yield when sandy
loam sites were fertilized at 120 kg N ha™.

Legumes can be a very important part of grazing systems. The advantages of legume-
grass mixtures include increased soil and water conservation, enhanced éontrol of weedy
species, minimized loss of production from thinning legume stands and reduced risk of bloat
in grazing animals (Casler and Walgenbach 1990). However, many grass species are very
‘competitive when planted with alfalfa (Medicago sativa..) (Hoveland et al. 1995; Pearen and
Baron 1996) and as legume persistence declines, a loss of nutritive value occurs compared
to pure alfalfa stands (Smith et al. 1992). Fertilization of mixed species pastures can increase
competitiveness of grasses causing the persistence of legumes to decline (Russelle 1992;
Pearen and Baron 1996).

Alfalfa is a valued pasture plant as it yields well, fixes atmospheric N, has a high

nutritive value that is well suited for cattle production and is adapted to many climatic and soil
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conditions (Van Keuren and Matches 1988). However, when planted in mixtures, grass
competition and frequent defoliation may decrease alfalfa longevity (Pearen and Baron 1996).
Grasses are generally more tolerant than alfalfa to frequent cutting (Hoveland et al. 1995).
There are a number of agronomic strategies that can improve the productivity of cultivated
grass pastures. The application of inorganic fertilizers to grass-based pastures can improve
forage yield and increase plant protein concentrations. The incorporation of a legume into
grass-based pastures will also improve forage yield, increase protein concentration and extend
the period of active plant growth. To optimize the production potential grass pastures, a
combination of fertilizers and legumes could be used. The objective of this study was to
determine the effect of forage species and fertilization on yield, quality and botanical

composition of pastures over time.

3.3 MATERIALS AND METHODS

3.3.1 Experimental Pastures

A four year trial was conducted east of Brandon, Manitoba, Canada (49° 52'N; 99°
59'W; 363 m above sea level) on an orthic black chernozemic soil rated as a class five Souris
fine sandy loam soil (Ehrlich et al. 1957). Eight, 3.7 ha experimental pastures were randomly
assigned to one of four treatments, alfalfa-meadow bromegrass fertilized (AF), alfalfa-
meadow bromegrass unfertilized (AU), meadow bromegrass fertilized (GF) and meadow
bromegrass unfertilized (GU). Each pasture treatment combination was replicated twice. In
the spring of 1994, four 3.7 ha pastures were sown to meadow bromegrass (cv. ‘Paddock’;

10 kg ha™") and four-3.7 ha pastures were sown to a mixture of alfalfa (cv. “‘Spredor IT’; 3 kg
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ha™) and meadow bromegrass (cv.‘Paddock’; 6 kg ha™) to produce alfalfa dominated
pastures. After seeding, two of the grass pastures and two of the alfalfa-grass pastures were
fertilized with nitrogen (N), phosphorous (P), potassium (K) and sulfur (S) at Manitoba soil
test recommended levels (Table 4, Loewen-Rudgers et al.1977) and the remaining four
pastures were left unfertilized. The AF and GF pastures were fertilized once each year in
early spring on the basis of results from soil tests collected the previous fall.

Grazing started in 1995. On each pasture, four ‘tester’ cow-calf pairs were used to
collect animal performance data and additional ‘put and take’ cow-calf pairs were used to
maintain equal herbage availability. This ensured the same length of grazing season for all
treatments and all the animals were rotated between paddocks at the same time. Each 3.7 ha
pasture was equally divided into five paddocks using portable electric fencing and all cow-calf
pairs were rotationally stocked.

3.3.2 Data Collection

Pasture productivity was assessed through direct measurement of forage biomass (t
DM ha') at entry and exit from each paddock, and indirectly by calculation of carrying
'capacity (cow grazing days per hectare, CGD ha™). The latter was calculated by multiplying
the number of cows in the paddock by the number of days spent grazing the paddock and
dividing by pasture area. Paddock biomass was calculated by hand-clipping 8 randomly
selected 0.25 m” areas per paddock at ground level and drying the clipped herbageina 50°C
forced-air oven for 48 hours to determine dry matter content. Four of the dried samples
collected from each pasture when cattle entered the paddock were hand-separated into

different forage species and re-weighed to determine pasture botanical composition. The
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Table 4. Fertilizer recommendations and actual application rates (kg ha™) for meadow
bromegrass and alfalfa-meadow bromegrass pastures during 1994-1998

Alfalfa-Meadow

Meadow Bromegrass Bromegrass

N PO; KO S N PO, KO S
Recommended Fertility”

New Stand 0O 3 7 0 0 60 70 30
Established Stand 120 30 70 0 0 60 70 - 30

Actual Application Rates .
1994 0 0 50 0 11 50 77 0
1995 95 4 0 30 29 20 0 30
1996 110 22 0 0 9 43 0 0
1997 110 10 0 0 5 22 0 0
1998 68 22 21 0 44 31 16 10

*Manitoba Department of Agriculture (1978)
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remaining four samples collected when cattle entered the paddock were composited, ground
to pass through a 1 mm steel sieve using a Wiley Mill and stored in air- tight containers until
submitted for forage quality analysis.
3.3.3 Laboratory Analysis

Clipped herbage samples were analyzed for acid detergent fiber (ADF; Association
of Official Analytical Chemists 1990; method no. 973.18), and neutral detergent fiber (NDF;
Van Soest et al. 1991) using the Tecator Fibertec System M 1020 Hot Extractor (Herndon,
Virginia, U.S.A), as well as crude protein (CP) via Kjeldahl digestion (Association of Official
Analytical Chemists 1990; method no. 984.13) to determine the nitrogen content of the
sample, which was then multiplied by 6.25 to estimate the CP content of the forage sample.
Results of all laboratory analyses were expressed on a dry matter basis (DM Association of
Official Analytical Chemists 1990; method no. 934.01).
3.3.4 Statistical Methods

Annual forage quality (CP, NDF and ADF), botanical composition, forage yield and
carrying capacity (CGD) data were analyzed as a randomized complete block, blocked by
year. Pasture treatment was in the main plot and time of sampling was in the sub-plot using
the general linear model procedure of SAS (1990). Forage quality parameters also were
analyzed for the three years of data collection (1995 to 1997) and forage yield and total CGD
ha™! were analyzed for the four years of data collection (1995 t01998). The statistical model
included year and pasture treatment in the main plot and time of sampling and rotation in the
sub-plot. Forage quality, yield and botanical composition data was analyzed by grazing

rotation (rotation 1 (R1) and rotation 2 (R2)). InRl, the cattle grazed initial plant growth
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during which meadow bromegrass can enter into the reproductive stage of growth. InR2,
the cattle grazed plant regrowth during which meadow bromegrass is not expected to advance
to the reproductive state. Differences between treatment means were determined by linear
contrasts (t-tests) when P < 0.05.
3.4 RESULTS AND DISCUSSION

The year effect (P < 0.05) observed for all parameters, reflects the variation in
growing conditions, animal type and date that cattle were placed on pasture (Table 5).
Grazing season precipitation was the lowest in 1995 (206.0 mm) and highest in 1998 (464.9
mm) with 1996 and 1997 precipitation at 263.0 and 219.4 mm. During 1995, the average
grazing season temperature was 16.1°C , 1.1°C higher than the long-term average 0f 15.0°C.
The 1996, 1997 and 1998 grazing season average temperatures were 0.1, 1.1 and ‘O.9°C
higher than the long-term average.
3.4.1 Fertilization

The GF pastureé received on average 57 kg ha™ more N than the AF pastures each
year for the period representing time of pasture establishment to the end of the trial (Table
4). The AF pastures received 21 kg ha™ more P and 22 kg ha™ more S than the GF pastures
in that time frame.
3.4.2 Forage Productivity

The four year average forage production of AF, AU, GF and GU was 49,411,409
and 2.6 + 0.24 t DM ha, respectively (Table 6). Treatment (P <0.01) and year (P = 0.01)
had an effect on forage production. To some extent, year to year variation in productivity can

be accounted for by grazing season precipitation. With fertilization, forage yield increased




Table 5. Growing seasons precipitation and temperature data, Brandon, Manitoba,
including a 92 year average

Month 1995 1996 1997 1998  Long-term Average
Precipitation (mm)
May 64.0 66.0 14.4 85.9 49.0
June 72.0 53.0 53.0 163.0 79.3
July 200 0590 980 68.0 73.0
August 190 250 450 1220 64.5
September 31.0 60.0 9.0 26.0 46.1
Total 206.0 263.0  219.4 464.9 311.9
| Temperature (°C)
May 10.8 8.6 9.5 11.9 10.8
June 18.9 17.6 18.9 14.8 | 15.9
July 19.3 183 19.7 19.1 19.0
August 19.5 18.7 18.2 19.9 17.6
September 12.2 12.4 14.3 13.8 11.9
Average 16.1 15.1 16.1 15.9 15.0

Grazing seasons: 13/06/95 - 24/08/95; 15/06/96 - 09/09/96; 05/06/97 - 27/08/97,
28/05/98 - 17/09/98.



Table 6. Carrying capacity (CGD ha™) of fertilized (F) and unfertilized (U) alfalfa-meadow bromegrass' (A) and meadow
bromegrass (G)-only pastures over four grazing seasons

Treatment (n= 8) Contrast p-values
Rotation Rotation Length (d) AF AU GF GU  SEM AvsG FvsU
CGD ha', 4 yr ave. 1 : 134.9°  115.7° 151.4* 91.5¢ | 252 0.68 0.01
2 ' 65.2° 482>  573*  36.1° 261 0.14 0.03
Total 200.4* 163.9° 208.7° 127.6° 3.29 0.30 0.01
1995 1 56 1159 106.6 1284 = 91.1 6.94 0.83 0.03
2 13 204 234 18.2 16.6 1.90 0.08 0.74
Total 69 1363  130.0 1466 107.7  8.10 0.50 0.05
1996 1 72 156.5° 127.0° 202.4° 1250 11.13 0.12 0.01
2 14 295 227 268 24.9 3.86 0.95 0.33
Total 86 186.0° 149.7° 2292* 1499 1273  0.16 0.01
1997 1 .39 739  75.0 91.9 60.3 6.76 0.82 0.09
2 35 81.1 68.4 84.3 51.1 10.03  0.52 0.08
3 9 17.0 14.7 13.8 99 132 0.04 0.08
Total 83 172.0 1581 1900 1223 1562  0.60 0.06
1998 1 ' 75 193.4* 154.2*° 182.8* 89.6° 1250  0.04 0.01
2 37 1297 78.2b° 100.0°  51.9° 9.09 0.04 0.01
Total 112 323.1° 232.4° 2828% 141.5° 1642  0.02 0.01
- DM Yd, tha', 4yrave.  Total 4.9° 4.1 4.9 2.6° 0.24 0.01 0.01

*d Means within rows not having a common superscript differ (P <0.05).

6¢
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by 1.6 t DM ha™ (P < 0.01) and alfalfa-based pastures produced 0.8 t DM ha™ more forage
than the grass pastures (P < 0.01). Nuttall et al. (1980) found that when alfalfa-bromegrass
pastures were fertilized with 90 kg N'ha and 20 kg P ha™, there was an average increase of
74% in herbage yield. Inthe current study, productivity of AF did not differ ®>0. 05) from
AU pastures over a four year period. The unfertilized grass treatment produced only 53%
of the fertilized pastures and pastures containing alfalfa, which reinforces the benefit of
including a legume or fertilizing to improve the overall productivity of the pasture. These
observations are similar to those of Smith et al. (1992) who observed that when alfalfa was
sown with tall fescue it produced the same level of forage production as a fertilized tall fescue
mono-culture.
3.4.3 Carrying Capacity

Forage production alone does not indicate how useful a pasture is to a cow-calf
operation. Carrying capacity measured as cow grazing days per hectare (CGD ha™) takes into
account pasture utilization, since there is trampling and refusal of less palatable forage. The
four year average carrying capacity indicated that the GF (208.7 CGD ha) and AF (200.4
CGD ha') pasture treatments were the most productive (P <0.05) and GU (127.6 CGD ha™)
was the least productive. The most productive year was 1998 (P <0.01), when rainfall was
above the long-term average (Table 5). The effect of pasture treatment on carrying capacity
was consistent for R1 and R2. The widest range in pasture carrying capacity was observed
for AF (136.3 to 323.1 CGD ha™") which suggests that utilization can only be optimized if
flexible harvest options are used, for example a combination of haying and grazing. By

comparison, GF had a carrying capacity range of 146.6 to 282.8 CGD ha..
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3.4.4 Botanical Composition

Alfalfa percentage declined in all alfalfa-grass mixed pastures over the four years from
75.4 and 84.1% in 1995 to 32.5 and 40.3% in 1998 for AF and AU pastures, respectively.
The decline was more rapid (P < 0.05) for the AF pastures; AU pasture taking 4 grazing
seasons to get to levels observed for AF pastures in the second grazing season (Figure 1).
The AU pastures contained 17.6% more alfalfa than the AF pastures (P <0.05) in 1996.
Similar results were found in R1 of 1997 (P <0.05) and 1998 (P < 0.05) with AU producing
on average 14.2% more alfalfa than the AF pastures. The treatment response in R1 may be
a reflection of the spring fertilizer application which can encourage bromegrass growth and
more aggressive competition.

Generally, the alfalfa content was greater in the unfertilized pastures than the fertilized
pastures. When fertilizing legume-grass pastures, increasing the nitrogen supply results in
decreasing legume populations, because of greater grass competition (Dougherty and
Rhykerd 1985; Sheard 1974). Alfalfa persistence has been observed to decrease when grasses
are included in the pasture mix (Smith et‘ al. 1992). However, with the selection and
development of improved grazing tolerant and more vigorous alfalfa cultivars, the persistence
of alfalfa under different environments may be improved.

- 3.4.5 Forage Quality

Forage quality is affected by plant maturity, seasonal variations in temperature, light
intensity, day length and grazing management (Coors et al. 1986). Pasture treatment had an
effect on forage CP, NDF and ADF concentrations (P <0.001; Tables 7, 8 and 9). Alfalfa-

grass pastures had 3.1% units more CP than the grass-based pastures (Table 7; P < 0.01).
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Figure 1. Botanical composition of fertilized (AF) and unfertilized (AU) alfalfa-meadow
bromegrass pastures over a 4 year period.
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Table 7. Forage protein content, % DM basis, for alfalfa-meadow bromegrass (A) and meadow
bromegrass (G) pastures in fertilized (AF, AG) and unfertilized (AU, GU) conditions over
three pasture seasons

Contrast p-
Treatment values

Rotation n AF AU GF GU SEM Avs.G FvsU

3YrAve. 1T 120 141° 133° 124 83% 026 001 001
2 48 143  141° 1300 97 028 001 001
1995 1 40 158 138° 10.6° 83° 028 001 001
2 16 120 1.7 106 101 062 007 058

- 1996 1 40 114 115* 106 72° 038 001  0.01

2 16  141° 132 129° 7.7 022 001 001

1997 1 40 151° 145 161° 93 084 007 00l

2 40 144 146 133 105 088 004 022

3 16 - 175 157 160 11.8_ 1.11 = 008 0.6

*4 Means within rows not having a common superscript differ (P < 0.05).
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F ertiliéation increased the CP content of grass-based pastures an average of 3.7% units (P <
0.01). When the alfalfa-grass pastures were fertilized, the CP content increased 0.8% units
in R1, but were not different in R2.

Forage CP concentrations were greater (P < 0.05) in the first growth of AF pastures
compared to AU pastures for all years, except in 1996. The GU pastures always had the
lowest forage CP (P <0.01), the lowest level (7.2% CP) observed for initial growth (R1) of
1996.

In 1995 and 1997, no treatment effects were apparent for CP content of forage
regrowth (R2), probably because most of the available nutrients were taken up by the plant
in R1. In dry conditions, gaseous losses of N may occur (Russelle 1992) resulting in
decreased forage quality and yield. When precipitation is inadequate, NO;-N can accumulate
in the soil and becomes susceptible to leaching below the root zone in the event that
substantial rainfall occurs (McCaughey and Simons 1998). Since 1995 and 1997 were dry
years, there was little benefit to fertilizing during these years.

One of the main concerns of this study was the low levels of CP for GU in 1996, due
to N-deficiency. On the basis of the three years of data, GU would not be able to support a
high level of production under hot and dry conditions. A 635 kg beef cow’s requirement for
CP at 5 months after calving with milk production of 4.9 kg d”! is at least 8.3% CP (National
Research Council 1996). When the above cow-calf pair is first put on pasture (2 months after
calving, producing 9 kg milk d) it requires approximately 10.3% CP (National Research

Council 1996), therefore, producers should consider supplementing unfertilized grass
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pastures. This problem could be alleviated by the use of fertilization and/or the inclusion of
alegume in the pasture mix. Nitrogen fertilization increased the CP or nitro gen concentration
in smooth bromegrass, meadow bromegrass (McCaughey and Simons 1998) crested
wheatgrass (Nyren et al. 1983; McCaughey and Simons 1998), western wheatgrass (White
1985b), native pastures, Russian wild ryegrass (Nyren et al. 1983) and in alfalfa-bromegrass
mixed pastures (Nuttall et al. 1980).

Neutral detergent fibre (NDF) analysis measures the amount of cellulose, hemi-
cellulose, lignin and insoluble ash in a plant tissue sample and provides an estimate of the
potential voluntary intake of the animal (Fahey and Berger 1988). The three-year average for
forage NDF concentration (Table 8) was similar for both R1 and R2. Treatments were
ranked in descending order from the highest level of NDF to the lowest to be
GU>GF>AF>AU (P <0.01). Thelevel of NDF increased as the grazing period progressed
or as the forage matured, increasing on average 2.6% from R1 to R2. This contrasts with the
results of Adams et al. (1993) who observed that NDF concentrations were 8.3% higher in
September than May in esophageal fistula samples. This is important because esophageal
samples represent what the grazing animal was actually ingesting and thus may provide a
better estimate of diet quality than clipped samples.

The lowest NDF levels were recorded in 1997, and the highest NDF values were seen
in 1996 (Table 8). This observation may be reflective of the amount of precipitation received
in the months of July and August. In 1997, the pastures received 39 and 20 mm more rainfall

than the same months in 1996. As well, the 1996 grazing season started and finished later
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Table 8. Forage neutral detergent fibre, % DM basis, for alfalfa-meadow bromegrass (A) and
meadow bromegrass (G) pastures in fertilized (AF, GF) and unfertilized (AU, GU) conditions
over three pasture seasons

Treatment Contrast p-
values
Rotation n AF AU GF GU SEM AvsG FwvsU
3 Yr Ave. 1 120 53.0° 51.2° 61.7° 633* 040 001 0.83
2 48 56.4° 53.6° 62.9° 66.5° 070  0.01 0.55
1995 1 .40 505° 494 63T 638 038 001 0.22
2 16 592 562° 658 652*° 0.62 001 0.04
1996 1 40 60.2° 57.5° 651° 657° 091 001 0.31
2 16 60.1° 585" 665 73.0° 090  0.01 0.05
1997 1 40 48.1° 46.6° 562° 60.4* 047  0.01 0.05
2 40 51.3° 493° 583° 61.9° 094 ° 001 0.46
3 16 608 622 649 670 145 004 028 -

*¢ Means within rows not having

a common superscript differ (P < 0.05).
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than the 1997 grazing season and therefore, the 1996 forage was more physiologically
mature. The AF treatment had the largest range in forage NDF concentration, with a 6.8
percentage units difference from the highest to the lowest year averages and AU had the most
stable NDF levels with a 5.3% range. Alfalfa-grass pastures had on average 9.2% less NDF
(P < 0.01) than the grass-only pastures. Including alfalfa in the pasture mix, consistently
reduced the NDF content of the forage, which is important to maximize intake.

Fertilization of the alfalfa-grass pastures resulted in NDF concentrations- either
increasing or staying the same. This may have been due to changes in botanical composition,
as the level of alfalfa in the alfalfa-grass stands decreased more with fertilization over the 3
years. In contrast to the alfalfa-grass pastures, when the grass-only pastures were fertilized,
the level of NDF stayed the same or decreased. Fertilization improved the quality of grass
pastures and maintained the grass pastures in a less mature, vegetative state with lower NDF
concentrations than the unfertilized grass pastures.

Plant tissue concentrations of ADF provides an estimate of relative digestibility of the
forage ingested by the animal (Fahey and Berger 1988). The ranking of ADF concentration
for the experimental pastures, from highest to lowest was: GU > GF > AF = AU) (P <0.01)
in R1, and changed only slightly in R2 (GU > GF = AF = AU). Similar to NDF; ADF
concentrations were higher in regrowth than in initial growth (Table 9). Fertilization did not
affect the ADF concentration in the alfalfa-grass pastures and resulted in a reduced level of
ADF for most rotations in the grass-only pastures. Incorporation of a legume improved the

quality of grass-only pastures more so than fertilization.



68

Table 9. Forage acid detergent fibre, % DM basis, for alfalfa-meadow bromegrass (A) and
meadow bromegrass (G) pastures in fertilized (AF, GF) and unfertilized (AU, GU) conditions
over three pasture seasons

Treatment Contrast p-
values

Rotation n  AF AU GF GU SEM AvsG FvsU

3 Yr Ave, 17 120 349° 348 368> 390° 031 001 001
2 48 3970 392° 398 412 030 0.01 . 0.20

1995 1 40 369" 37.1° 407 4L0° 030  0.01 0.43
2 16 452 435 428 429 052 004  0.19

1996 1 40 393 383 390 396 058 041 080
2 16 414° 43.0° 426 47.1° 074 0.02 0.01

1997 1 40 284" 29.0° 30.7° 359° 080 001 0.02
2 40 335 328 355° 366 025 001 045

3 16 363" 389% 346 400° 072 074 0.0

“* Means within rows not having a common superscript differ (P < 0.05).
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The lack of rainfall in 1995, caused alfalfa plants to drop leaves and the meadow
bromegrass plants to turn brown (dormancy), this resulted in high ADF levels in 1995 (Table
9). The greatest range in ADF levels was seen in the AF pasture samples, with a range of
8.3%. The most stable ADF concentrations were observed in the GU samples, with a
difference of 5.9%. The GU samples, however, also had the highest level of ADF.
Unfertilized alfalfa-grass pastures tended to be of better quality and were less variable over
the course of the 3-year study.

3.4.6 Cost Benefit Assessment of Fertilization

For producers to use fertilizer on their pastures, the cost has to be outweighed by the
potential improvements in pasture or animal productivity. The cost of fertilizing the GF
pastures was on average $30.38 ha™ more than fertilizing the AF pastures.

The number of CGD ha™ were increased when some type of fertility management
program was used. The greatest improvement was observed when the grass-based pastures
were fertilized (GF), this yielded an >average of 81.8 & 43.1 additional CGD ha™ (Table 10)
at a cost of $1.22 per extra CGD. The AF pastures produced 74.0 + 72.3 additional CGD
‘ha‘l compared to the GU pastures, at a cost of $1.04 per extra CGD. When precipitation was
not limiting (1998), fertilization was approaching cost effectii)eness, the 141.3 and 90.9
additional CGD ha™ were produced at a cost of $0.49 and $0.37 per extra cow day by the GF
and AG pastures compared to the GU pastures, respectively. Government- owned pastures
charge a total cost of $0.48 cow-calf pair? d"* (Saskatchewan Agriculture and Food 2000),

thus fertilizing grass-based pastures to increase carrying capacity can be economical in years
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Table 10. Additional cow grazing days (CGD ha™) and fertilizer cost per additional
CGD ($ CGD™), comparing AF, AU and GF to GU over four grazing seasons

GF-GU AU-GU AF-GU
Additional CGD ha™!
1995 38.9 223 286
1996 79.3 -0.2 : 36.1
1997 617 . ..358" 49.7
1998 . 1413 | 90.9 181.6
Average - 81.8 372 74.0

Standard Deviation 43.1 38.8 72.3

Fertilizer cost ($) of additional CGD

1995 2.11 | - 1.97

1996 1.10 - 1.24

1997 1.16 - - 0.57

1998 0.49 | - ‘ 0.37

Average 1.22 - 1.04

Standard Deviation 0.67 - 0.73

Fertilizer prices based on average market values (3 year market survey of Manitoba
fertilizer suppliers) for each nutrient; $0.56 kg™ N, $0.69 kg™ P, $0.31 kg K and $0.54
'kg™' S; plus the cost of custom broadcasting granular fertilizer (810.38 ha') (Manitoba
Agriculture and Food- 2000).
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of adequate precipitation.

Yearly climatic variations influence the productivity, quality and persistence of
forages. Incorporation of a legume into a grass pastures was the most stable in terms of
quality and productivity over the four-year experiment. Fertilization improved the DM yield
of grass pastures by 39%, when grown on fine sandy loam soils, and forage nutrient profiles

met the lactating beef cow recommended nutrient requirements.
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4.1 ABSTRACT

A four-year grazing experiment was conducted to determine the effects of fertilization,
incorporation of a legume and use of the Rumensin® controlled release capsules (CRC) on
productivity of cow-calf pairs grazing meadow bromegrass (Bromus biebersteinii Roem &
Schult.). There were four pasture treatments (T), alfalfa-grass fertilized (AF), alfalfa-grass
unfertilized (AU), grass-only fertilized (GF) and grass-only unfertilized (GU). Each 3.7 ha
pasture was split into five equally sized paddocks and rotationally stocked with first-calf
cows in 1995 and 1998, and with mature cows in 1996 and 1997 using ‘put and take’
stocking. Half of the cows on each pasture received a Rumensin® CRC one week prior to
the start of the pasture season. Consumed forage quality declined as the grazing season
progressed. Monensin had an effect on DMI, cows that were treated with monensin
consumed less (2.2 %BW) compared to the control cows (2.4 % BW) (P < 0.05). Cow
DMI was not influenced by fertilization or incorporation of a legume. Cow average daily
gain (ADG, g d) was affected by a pasture treatment by monenéin interaction (P < 0.05);
monensin use resulting in a higher cow ADG on GU and AU pastures (P < 0.05) and
vhaving no effect when cows grazed GF or AF pastures. Pasture treatment did not affect
milk yield or milk composition. Despite differences in diet qdélity, calf ADG for AU, AF
and GF were similar. Calf ADG were lower for GU pastures (P < 0.05), probably as a
result of the high fibre content of pasture forage. Total calf gain, kg ha™, when tester and
‘put and take’ cow-calf pairs are considered, increased with incorporation of a legume,
however, the increase due to fertilization was greater.

Abbreviations: AF, alfalfa-grass fertilized; AU, alfalfa-grass unfertilized; GO, grass-only
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fertilized; GU, grass-only unfertilized; T, pasture treatment; Y, year; M, monensin; S, sex

of calf; SUN, serum urea nitrogen; R1, rotation one; R2, rotation two

Key Words: Beef Cows, Calves, Milk Yield, Pasture Gains, Alfalfa, Meadow

Bromegrass



75

4.2 INTRODUCTION

Alfalfa (Medicago sativa L.) provides high forage yields and exceptional forage
quality that translates into high rates of live-weight gain (Douglas 1986). Meadow
bromegrass has good forage quality, is well adapted to grazing and is an excellent grass
species to sow with alfalfa (Pearen and Baron 1996; Holt and Jefferson 1999). Very little
research has been conducted on the benefits of including legumes such as alfalfa in pasture
mixtures for cow-calf production. To improve the productivity of grass pastures one can
fertilize at soil-test recommended rates (Manitoba Agriculture 1978) or plant a mixture of
grass and legume species such as alfalfa and meadow bromegrass. There is little available
data relative to beef cow weight gain and milk production response to improved pasture
management for alfalfa-meadow bromegrass mixed stands or pure meadow bromegrass
under fertilized or unfertilized conditions.

Based on data with dairy cattle, monensin has the potential to increase milk
production by 0.41 to 0.75 L d™* (Beckett et al. 1998; Hayes et al. 1996). Monénsin also
can have an effect on milk composition. In a study by Ramanzin et al. (1997), monensin
Atreated dairy cows had lower percentages of milk fat and protein compared to the
untreated cows, but the daily production of fat and protein per cow was increased. There
is a lack of data relative to the effects of monensin on suckled beef cows and their calves.

The objective of this study was to determine the effect of fertilization,
incorporation of a legume, combination of fertilization and incorporation of a legume and
administration of Rumensin® controlled release capsule (CRC) (active ingredient

crystalline monensin sodium; manufactured and provided by PROVEL®, Division Eli Lilly
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Canada Inc.) on cow and calf weight gain, and on voluntary intake, milk production, milk

composition and serum urea nitrogen (SUN) levels of lactating beef cows.

4.3 MATERIALS AND METHODS
4.3.1 Description

Data was collected to determine the effect of four pasture treatments on the
productivity of beef cows, during a four year grazing trial conducted east of Brandon,
Manitoba, Canada (49" 52' N; 99° 59' W; 363 m above sea level). Eight experimental 3.7
ha pastures were randomly assigned to one of four treatments, alfalfa (Medicago sativa
L.)-meadow bromegrass (Bromus biebersteinii Roem & Schult.), fertilized (AF), alfalfa-
meadow bromegrass, unfertilized (AU), meadow bromegrass, fertilized (GF) and meadow
bromegrass, unfertilized (GU). Each pasture treatment combination was replicated twice.
Each pasture was equally divided into five paddocks by an electric fence and all cow-calf
pairs were rotationally grazed.

On each pasture, four ‘tester’ cow-calf pairs were used to collect animal
| performance data and additional ‘put and take’ cow-calf pairs were used to maintain equal
herbage availability. The productivity of each paddock was estimated 1 to 3 times per
week and stocking rates were adjusted accordingly to achieve a uniform level of forage
residue at the time the animals exited the paddocks. The cattle were moved when
approximately 1000 kg forage DM ha™ remained. This ensured the same length of grazing
season for all treatments and that all animals were rotated at the same time.

Breed and age of the cow herd was different in each of the four years (Table 11).
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Table 11. Cow breed, age, initial weights, milking dates, initial and final calf age and

weights for the four year pasture study

1995 1996 1997 1998

Simmental Composite Composite Composite
Cow Breed x Angus Breed® ‘Breed?® Breed?
Cow Age | First Calf Mature Mature First Calf
Initial Cow Weight |
(kg = SD) 463 +30.6  566+54.5 521+56.2 464 +46.7
Pre-trial Milking Jun 8 Jun 12 May 22 na
Rotation 1 Milking Jul 13 Jul 22 Jun 23 na
Rotation 2 Milking Aug 11 Sep 4 Jul 24 na
CaIf Age On Test
(days £ SD) 12112 75+6 677 57+13
Calf Age Off Test
(days = SD) 193+ 12 161+6 150+ 7 169+ 13
Initial Calf Weight - - |
(kg = SD) 138 £13.8 114+9.2 96 +10.9 86+14.5
Final Calf Weight '
(kg £ SD) 218+ 16.7 198 +14.9 188+ 16.7 186 +22.2

“The composite breed consists of 7/16 British (Angus Hereford, Shorthorn) 1/4

Charolais, 1/4 Simmental, 1/16 Limousin)
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Of the 4 ‘tester’ animals in each pasture, 2 cows had steer calves and 2 cows had heifer
calves, with the exception of 1998 when there were three heifer calves and one steer calf
per pasture. Half of the 'tester' animals in each pasture received a monensin controlled
release capsule in 1995, 1996 and 1997; monensin CRC was not used in 1998. All cow-
calf pairs had ad lib access to water, salt and 2:1 (Ca:P) granular mineral on the meadow
bromegrass pastures and 1:1 granular mineral on the alfalfa-meadow bromegrass pastures.
The Brandon Research Centre Animal Care committee reviewed the experimental protocol
to ensure that the cattle used in this study were cared for in agreement with the principles
outlined by the Canadian Council on Animal Care.
4.3.2 Data Collection

Shrunk body weights of all the ‘tester’ cow-calf pairs were taken on two
consecutive days (12 hour fast), at the beginning and end of the grazing season. Cow-calf
average daily gains (ADG g d™) and calf gain per hectare (kg ha'; calf ADG (kg d*) x
avérage CGD ha') were determined. |

Two data collection periods per year were conducted in 1995, 1996 and 1997,
‘ﬁrstly when cattle entered (I) and exited (O) paddock 3 in rotation 1 (R1) and again when
cattle entered and exited paddock 1 or 2 in rotation 2 (R2).” To monitor the quality of
graze‘d forage (1995 to 1997), four esophageal fistulated steers were maintained on
pastures similar to the treatment pastures. During each data collection period, the
esophageal fistulated steers were fitted with canvas collection bags and one steer was used
to collect samples from each pasture treatment. The steers were fasted overnight and

allowed to graze for 20 to 40 minutes on each pasture, the consumed forage collected at



79

the end of the grazing bout. Extrusa samples were squeezed through muslin cloth, the
saliva samples were collected and subsequently analysed to correct for organic matter
losses (Cohen 1979). Squeezed plant material was dried in a forced-air oven at 50°C for
at least 48 h and ground using a Wiley mill fitted with a 1-mm screen. The dried samples
were analysed for Kjeldahl nitrogen (Association of Official Analytical Chemists (AOAC)
1990, method no. 984.13), acid detergent fibre (ADF; AOAC, 1990; method no. 973.18),
and neutral detergent fibre (NDF; Van Soest et al. 1991) using the Tecator Fibertec
System M 1020 Hot Extractor (Herndon, Virginia, U.S.A). In vitro organic matter
digestibility (IVOMD) was determined by using a modification (Troelson and Hanel 1966)
of the method of Tilley and Terry (1963) using bovine instead of ovine inoculum.
Voluntary intake of the tester cows was determined using chromium sesquioxide (Cr,0,)
controlled-release capsules (CRC, Captechrome, Nufarm Ltd., New Zealand) to estimate
fecal output (Barlow et al. 1988).

The ‘tester’ cows were milked prior to being put out to pasture to determine a pre-
test milk yield and composition. This information was used as a covariate for the analysis
of milk data collected during the grazing season. Calves were separated from cows
immediately prior to the first milking at 0630 h. To aid milk let down, 3 ml of oxytocin ‘
was injected intramuscularly (on the advice of a veterinarian) as the cows were milked
using a portable milking machine. The milking machine was removed from the cow when
milk flow from each quarter ceased. Calves remained separated from their dams until after
a second milking occurred about 12 hours later. Milk weight was recorded and daily milk

yield was calculated (milk yield measured (kg) x 1440 minutes d"/ number of minutes
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between milkings) and corrected to 4% milk fat (4% milk fat = [(0.4 x kg milk) + (15 x
kg milk fat)], National Research Council 1989). Milk was sampled for analysis of protein,
fat, and solids non-fat (SNF) by an accredited lab (#125) ISO Guide 25 (Milk-O-Scan
303AB, Foss Electric, Hillered, Denmark). Milk somatic cell counts (SCC)» were
performed on a Fossomatic 300 Cell Counter (Foss Electric, Hillerad, Denmark).

Blood samples were taken from the cow’s tail vein during the 0630 h milking of
each collection period. -Blood samples were centrifuged, and serum was decanted and
frozen until analysed for serum urea nitrogen.  Serum urea nitrogen values were
determined using a colorimetric diacetyl monoxine procedure (Urea Nitrogen, Procedure
No. 535, Sigma Diagnostics, St. Louis, MO).

4.3.3 Statistical Methods

The quality of the consumed forage (CP, NDF and ADF) for the initial three years
was analysed as a split plot design. Main plots in this design were paddocks and these
were physically arranged as a randomized complete block with blocks aé strips of land
sub-dived into paddocks. There were four pasture treatments and two paddocks per
treatment in each block, thus 8 paddocks per block. Sub-plots in this design were
measurements taken in different rotations (R) and upon entering (I) and exiting (O) the
paddocks. Cow dry matter intake and SUN levels were analysed in the same manner as
the consumed forage data, but with the addition of sex of calf (S) and monensin (M) in the
sub-plot. Cow ADG and calf productivity (ADG and gain ha™) were analysed in the same
manner as cow DMI and SUN data, but in the sub-plot the timing of data collection was at

the beginning and end of the experiment. Data were collected from this experimental
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material over a three year period, so year effects and certain interactions of year with
factors described above were included in the model. Block, year and interaction of other
factors with block and year were considered random effects, all other effects were
considered fixed.

The effect of monensin was included in the analysis for 1995 to 1997, however, in
1997 cows assigned to the monensin treatments were not balanced for sex of calf (12
cows with male calves were treated with monensin and only 4 cows with female calves
‘were treated with monensin).

Milk production and composition data was analysed in the same manner as the
cow weight and SUN data, however, the pre-trial milk yield and composition values were
used as covariates.

In 1998, the cows were not treated with monensin, thus the data was analysed as a
split-plot design with the effect of pasture treatment in the main plot and the effect of sex
of calf in the sub-plot.

The general linear model procedure of SAS (1990) was used for all analyses.
Duncan’s multiple range test was used to detect differences among treatment means when

P <0.05 (Steele and Torrie 1980).

4.4 RESULTS AND DISCUSSION
4.4.1 Consumed Forage Quality
The ‘put and take’ stocking system resulted in a similar forage availability across

all pasture treatments. Residual forage DM averaged 811.6, 820.0 864.4 and 730.5 +
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111.9 kg DM ha™ for AF, AU, GF and GU, respectively. Therefore, animal production
differences were due to forage quality, which was influenced by the pasture treatments and
selectivity of the animals.

The forage consumed from the AF, AU and GF pastures were 3.0 + 0.28
percentage units higher in CP than the GU pastures (P < 0.001; Table 12). Fertilizing the
alfalfa-based pastures did not further improve consumed forage CP levels and CP levels in
the GF and AU pastures were similar. There was a rotation by ‘infout’ of the paddock
interaction (P < 0.001).  Cattle entering paddocks containing forage regrowth (R2)
consumed forage with the highest average CP levels (13.5%, DM basis) thaﬁ cattle
entering paddocks containing initial growth (R1, 9.5%, DM basis) By the time the cattle
exited the paddock, the level of CP was the same in both rotations, averaging 7.4%, DM
basis.

The CP requirement for a 516 kg beef cow over a six month lactation period, when
producing on average 5.8 kg d of milk, is at least 8.1% CP (National Research Council
1996). When the above cow-calf pair is first put on pasture (2 months after calving,
producing 8 kg milk d) the cow requires approximately 9.0% CP (National Research
Council 1996). During the three years that consumed forage data was collected, 41 out of
the 96 samples collected were below the 8% CP content. Of these 41 samples, 15 were
collected from the GU pastures and averaged 5.0% CP, DM basis. Crude protein levels
below 8% for an extended period of time could have a negative effect on beef cow milk
production.

Serum urea N (SUN) and milk urea N levels of dairy cows are being used as



Table 12. Three year average (1 995-1997) quali
fistulated animals for the alfalfa-meadow brom

ty and in vifro organic matter digestibility (IVOMD) of forage consumed by esophageal
egrass (A) and meadow bromegrass (G) pastures in fertilized (AF, GF) and unfertilized

(AU, GU) conditions
In/Out of
Treatment (T) Rotation (R) Paddock (I/0) ,
n=24) (n=48) (n=48) .
AF AU GU SEM Ri R2 SEM In Out SEM TxR TxI/O Rxl/O
CP 11.1* 10.1% 72° 028 84 105" 031 115* 74* 031 NS NS Hokk
NDF 59.6° 59.3b 66.5° 0.81 64.8° 61.8° 0.78 58.1> 685 078 NS dokk *%
ADF 398" 41.8® 530 060 428 40.1° 042  375° 454* 070 NS * *
IVOMD 614 61.1 581 099"  63.6° 563° 081 625 574° 081' NS NS *

*»*Means within rows not having a common sup

YAverage of standard errors

erscript differ (P < 0.05), Duncan’s mean separation test was used.

NS= Not significant, *P<0.05, **P<0.01, ***P<0.001
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indicators of the efficiency of protein and energy utilization (Roseler et al. 1993).
Therefore, the levels of SUN were examined in the grazing beef cows to determine their
nitrogen status under the different pasture treatments.

Serum urea N levels for cows grazing AF, AU, GF and GU pastures were 6.3, 6.2,
4.8 and 2.5 mmol I", respectively. Boyd (1984) suggested 2.8 mmol I to be the lower
end of the normal SUN range for cattle. Approximately 67% of serum samples for cows
grazing the GU pastures were below 2.8 mmol I Incidence of low SUN was 2.1, 0, and
16.7% for AF, AU and GF pastures, respectively. It has been suggested that beef cows
fed low quality forages, can increase total tract organic matter and NDF digestion and
increase body weight gain with supplemental protein feeding (Sletmoen-Olsen, et al.,
QOOOa,b). They observed that Hereford-Angus cross cows consuming low quality prairie
grass hay (5.8% CP) with 1.3 kg DM d™* of a low, medium or high level of undegradable
intake protein had plasma urea nitrogen (PUN) concentrations proportional to N intake
and concluded PUN could be used as an indicator of protein intake (Sletmoen-Olson et al.
2000b).  Furthermore, fhey demonstrated that dietary protein levels and PUN
concentration were related to body weight change. The lactating cows that were not
offered supplemental protein had PUN levels averaging 3 mmol I"' and had the greatest
weight loss over the lactation period.

There was a positive linear relationship between cow ADG and SUN level (cow
ADG = 0.21SUN - 0.58, R* = 0.36, P < 0.01) for the cows that grazed the unfertilized
grass pastures over three years. The SUN level explained only 18% of the variation in

cow ADG when all of the pasture treatments were combined (cow ADG = 0.06SUN -
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0.31, P < 0.001). There were periods with high plant CP levels, but the lactating cows
could not maintain a linear increase in gain with the concurrent increase in SUN. Further
research should be carried out to determine the threshold values of SUN required to
sustain viable beef cow productivity. Once defined, these values may be a very useful tool
to monitor the protein status of beef cows while grazing low quality forages.

The consumed forage NDF content at the time cattle entered or exited a paddock
differed for pasture treatments and rotations (P < 0.001, Table 12). Consumed forage
NDF for legume-based pastures was significantly lower when cattle were put on pasture
and became similar to grass pastures when cattle left the legume-based pastures (Figure
2). This shows that cattle had more opportunity to select against NDF on the legume
pasfures. High forage levels of NDF in the grass pastures could limit the DM intake by
the grazing animals (Fahey and Berger 1988). Consumed forage NDF was 10.1 £ 1.1
percentage units higher for cattle entering paddocks in R1 as compared to R2 (Figure 2).
Consumed forage NDF increased to 68.5 + 1.6%, DM basis in both rotations at the time
cattle exited the paddocks.

The negative correlation between forage NDF and DM intake is well established
(National Research Council 1996). No relationship could be established between NDF
concentration of consumed forage samples and cow DMI (% BW). Although consumed
forage had a wide range for NDF content (31.6 - 79.2%, DM basis) and measured forage
NDF levels frequently exceeded levels known to decrease intake, cow DMI in this pasture
study showed no relationship to consumed forage NDF levels. It is possible that other

factors, such as pasture forage moisture content are more important determinants of
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ConsvumeAd forage NDF, % DM basis
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Figure 2. The effect of pasture treatment (T) at entry (I) and exit (O) from paddocks and of
rotation (R) and I and O of paddock on the consumed forage NDF content (% DM basis)
(TxI/O SE = 1.55; RxI/O SE = 1.10)
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pasture forage intake. The consumed forage ADF content at the time cattle entered or
exited a paddock differed for pasture treatments and rotations (P < 0.05, Table 12).
Fertilization and incorporation of a legume resulted in lower consuméd forage ADF level
at the time cattle entered paddocks. Consumed forage ADF levels were equal across
pasture treatments when cattle exited paddocks. The consumed forage ADF RxI/O
interaction follows the same pattern as the above NDF RxI/O interaction.

Consumed forage quality, as measured by CP, NDF and ADF improved in R2
compared to R1 (P < 0.05) which could have a positive influence on the cow and calf
productivity during a time of higher nutritional needs set by the growing calf. As calves
grow they become less dependent on the energy and protein supply provided by their dams
and more reliant on pasture forage to meet their requirements (National Research Council
1996). In the same manner, Marshall et al. (1998a) found that forage quality of legume-
grass mixed pastures improved late in the grazing season when rotationally stocked and
regrowth was grazed.

Contrary to the forage fibre trends, IVOMD of consumed forage was highest for
énimals entering paddocks in R1 (67.6%) as compared to 57.4% for animals entering
paddocks in R2. The IVOMD decreased 10% from the time cattle entered to the time
they exited paddocks in R1, with little decline observed when grazing regrowth in R2. In
vitro organic matter digestibility was not strongly related to consumed forage ADF
content, specifically digestibilities in R1 were higher than in R2, even though the ADF
values were lower in the regrowth.

The quality of the consumed forage in each pasture treatment was similar to the
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quality of the clipped forage samples (Figure 3). Fertilization and legume incorporation
strategies improved the clipped and consumed forage CP content. The NDF
concentration of the clipped samples was lowered with fertilization, however, the greatest
improvement was observed with the addition of a legume. The advantage of fertilization
on forage NDF level was not apparent in consumed forage samples. A similar pattern was
observed for ADF of clipped forage samples. The ADF levels of the consumed forage
samples followed a different pattern than the clipped samples, where only legume
incorporation plus fertilization resulted in significantly lower consumed forage ADF
concentration relative to GU pastures. In general, fertilization and legume incorporation
strategies clearly improved the clipped forage quality but the benefit of fertilization was
only apparent for CP when evaluating forage actually consumed by the animal.

4.4.2 Dry Matter Intake

Fertilization and incorporation of a legume did not have an effect on DMI relative
to grass unfertilized pastures (P >0.05; Table 13). Monensin administration as CRC,
however, did decrease DMI, % BW (P < 0.05). Cows that were treated with monensin
éonsumed 0.2 percentage units less of their body weight in forage DM compared to the
control cows. A number of studies involving the feeding of“ﬁarvested forages to cows
have shown monensin can reduce DMI by as much as 10.2% during gestation and early
lactation (Turner et al. 1980; Walker et al. 1980; Clanton et al. 1981).
4.4.3 Cow Productivity

The cows used in this study were representative of beef cows commonly used in

Manitoba (Table 11). From 1996 to 1998, a composite beef breed developed at the
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Table 13. Effect of pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on cow productivity during the

grazing season

Treatment Monensin Sex of Calf
(n=24) (n=48) (n=48)
AF AU 'GF GU SEM Yes No SEM M - F « SEM TxM TxS MxS
1995-1997
DMI,% BW 23 24 23 25 0.11* 23* 25  0.10° 2.5 23 0.09* NS NS NS
DM], kg d! 12.8 13.0 135 13.8 0.73* 127 13.8 0.62* 136 129 062* NS NS NS
ADG, gd?! -4 20 103 -73 575 20 1.0 346 19 -17 34.6 * NS NS
Milk yield, kg" 58 58 59 58 030 60 56 0.29 5.7 59 029° NS NS NS
Fat, % 31 3.0 33 31 011* 31 31 009 32 31 0.0 NS NS NS
Protein,% 37 38 38 38 008 37 3.8 0.06% 3.8 37 006® NS NS NS
SNEF, % 92 93 92 90 007 92 92 0.05° 92 91 005 NS NS NS
SCC log 55 54" 54 54 0.14° 54 54 008 54 54 0088 NS NS NS
1998

ADG (g)* 343 338 216 276 563 NA NA NA 341 246 428 NA NS NA

*»*Means within rows not having a common superscript differ (P < 0.05), NS = not significantly different
*Cow 1998 ADG: Treatment n=8, Sex: females n=24, males n=38
¥4 % fat corrected milk yield ‘
“Average of standard errors NA= Not applicable, the factor was not part of the analysis.

06
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Agriculture Agri-Food Canada Research Centre in Brandon, Manitoba was used in the
grazing experiment. The cows were average to superior in terms of productivity versus a
Hereford-Angus control for weight of calf weaned per mating opportunity (Fredeen et al.
1988).

Cow ADG was influenced by the interaction of pasture type and monensin
administration (P < 0.05; Figure 4). Monensin improved cow gain by 115 and 132 g d
for AU and GU pastures and reduced ADG on AF pastures (P < 0.05). It is unclear why
monensin decreased cow ADG on the AF pastures; however it should be noted that the
average weight changes recorded were small. Monensin improved the feed efficiency of
the cows grazing the unfertilized pastures, but had no benefit when pastures were
fertilized. In a review by Sprott et al. (1988), cows that were fed low quality forage diets
had improved feed efficiency when supplemented with monensin. The fertilization and
legume incorporation strategies did not have an effect on cow milk yield or composition
(P > 0.05). There were no pasture treatment effects on 1998 cow productivity
measurements (P > 0.05).
v4.4.4 Calf Productivity

Calves on the alfalfa-grass pastures gained 59.5 g d™* ﬁlore than the calves on the
GU pastures (P < 0.05). Fertilization of grass pastures did not result in improved ADG.
Sex of calf also had an effect on ADG (P < 0.01), male calves gained on average 62 g d*
more than female calves. Monensin did not have any affect on calf productivity (P >
0.05).

Pasture treatment affected calf gain ha™ from 1995-1997 (P < 0.001, Table 14)
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Figure 4. The effect of pasture treatment and monensin .on cow ADG (SE = 65.8). Bars with
different letters are different, P < 0.05.



Table 14. Effect of pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on calf productivity during the
grazing season :

Treatment Monensin Sex of Calf
(n=24) (n=48) (n=48) P-values
AF AU GF GU SEM  Yes No SEM M F SEM TxM TxS MxS
: 1995-1997 |
ADG, :
gd? 1100° 10872 1099®  1034* 16.6° 1086 1074  17.0 1111*  1049® 170 NS NS NS
Gain,
kg ha™ 179.2° 158.0° 204.8*° 129.1Y 578 168.0 167.6 289 172.7* 162.9° 2.89 NS NS NS
1998 |
ADG?, , . ‘
gd? 863 902 859 901 522 NA NA NA 887 876 287" NA *  NA
Gain?,

kg ha™ 279.0°  210.1° 242.7° 127.0¢ 2130 NA NA NA 2115 2179 7017 NA * NA

*>*Means within rows not having a common superscript differ (P < 0.05), Duncan’s mean separation test was used.
“Calf 1998 ADG and gain per hectare: Treatment n=8, Sex: females n=24, males n=8

YAverage of standard errors

NA= Not Applicable, the factor was not part of the analysis.

NS=Not Significant, *P<0.05, **P<0.01, ***P<0.001

€6
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with the treatment rank from highest to lowest being, GF>AF>AU>GU, The GF pastures
produced 44 kg calf weight gain ha” more than GU pastures. These results are reflective
of the high forage production on the GF pastures (Manuscript 1).
4.4.5 Cost Benefit Assessment of Fertilization

When grazing alfalfa the main concern is the risk of frothy bloat but with proper
management techniques during the four-year experiment, none of the 180 hd grazing
alfalfa-grass pastures had to be treated for bloat.

The GF pastures showed the greatest improvement in calf gain ha, an additional
87.2 +34.9 kg ha™ more calf gain compared to GU pastures (Table 15). The AF pastures
had an additional 77.2 + 54.4 kg ha™ compared to GU pastures. There was no difference
in establishment costs between the grass and alfalfa-grass pastures (McCaughey personal
communication). Given this, the cost for the additional gain on the AU pasture is zero.
The cost of the additional gain on the GF and AF pastures is $1.08 and $0.79 kg,
respectively. The question of whether it is cost effective to fertilize grass-based pastures
or to use a combination of fertilization and incorporation of a legume, revolves around the
{/alue of the calves. If the weaned calves are valued at $0.79 kg™ or more then AF is
profitable, and if the calves are valued at more than $1.08 kg‘lmthen GF is profitable. The
bottom line is that the biggest increase in productivity comes from fertilizing the grass-
based pastures (GF). The smallest increase in productivity comes from incorporating a
legume into grass-based pastures (AU). However, the most profitable fertility

management practice is the incorporation of a legume.
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Table 15. Additional calf gain (kg ha™) and cost per calf gain ($ kg™ ha™), comparing
AF, AU and GF to GU over four grazing seasons

GF-GU AU-GU AF-GU

Additional calf gain, kg ha™

1995 43.1 393 448
1996 82.7 153 ' 441
1997 95.5 31T 61.9
1998 127.4 | 80.3 157.9 -
- Average 87.2 43.2 772
Standard Deviation 349 27.1 54.4

Fertilizer cost ($) per kg gain

1995 1.91 - 1.26

1996 1.05 - 1.02

1997 0.82 - 0.46

1998 0.55 - 0.42

Average 1.08 - - 0.79

Standard Deviation 0.59 - 0.42

Fertilizer prices based on average market values (3 year market survey of Manitoba
fertilizer suppliers) for each nutrient; $0.56 kg™ N, $0.69 kg™ P, $0.31 kg™ K and $0.54
kg S; plus the cost of custom broadcasting granular fertilizer ($10.38 ha™) (Manitoba
Agriculture and Food™2000).
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4.5 CONCLUSION

Despite differences in diet quality, cow productivity for AU, AF and GF pastures
were similar. Lactating beef cows assigned to unfertilized grass or alfalfa-grass pastures
lost body weight, this trend was prevented with monensin administration.

Incorporation of a legume on grass pastures was the only management strategy
that increased calf ADG relative to unfertilized grass pastures. However, the dramatic
improvement in forage biomass associated with fertilization of grass pastures resulted in
the greatest increase in total calf weight gain per hectare. From an agronomic point of
view, fertilizing meadow bromegrass pastures would be the most productive strategy, in
terms of calf gain ha. However, incorporating a legume in meadow bromegrass pastures

improves calf productivity without incurring the cost of fertilization.
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5.1 ABSTRACT
Suckling calf forage intake was determined as the difference between net energy required for
maintenance (Ne,,) and gain (NE,), and energy provided by milk received from the dam. Calf
NE,, requirement was determined on the basis of metabolic body size. Net shrunk body
weight gain during the pasture season was used to establish calf NE, requirements, the
composition of the gain estimated by regression. Milk NE,_ and NE, provided by the dam
were determined on the basis of the milk yield and the respective energy values of milk
components (fat, protein and lactose) with the appropriate calf utilization efficiencies applied.
Pasture treatment had an effect on calftotal dry matter intake (TDMI; P < 0.0 1) when grazing
initial pasture growth, although milk DM consumed was not different between treatments,
Calves pastured on the meadow bromegrass (Bromus biebersteinii Roem & Shult.)
unfertilized pastures had the largest forage DMI (5.3 £ 0.3 kg d") followed by calves
assigned to the meadow bromegrass, fertilized pastures (4.1 £ 0.3 kg d'). The alfalfa
(Medicago sativa L.)-meadow bromegrass fertilized and alfalfa-meadow bromegrass
unfertilized pastures had the same level of intake (3.5 0.3 kg d™"). These differences in
forage DMI were not apparent in the second half of the grazing season when animals were
grazing pasture regrowth. Depending on cow milk supply and pasture quality, calf forage dry

matter intake (FDMI) can range from 0-8.7 kg DM d™.

Abbreviations: NE,, net energy of maintenance; NE,, net energy of gain; MDMI, milk dry
matter intake; FDMI, forage dry matter intake; TDMI, total dry matter intake, AF, alfalfa-

meadow bromegrass fertilized; AU, alfalfa-meadow bromegrass unfertilized; GF, meadow
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bromegrass fertilized; GU, meadow bromegrass unfertilized, R1, rotation one, R2, rotation

two

Key Words: Milk Intake, Suckling Calves, Grazing, Forage Intake, Energy Balance
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5.2 INTRODUCTION

There is a limited amount of information available on suckling calf intake behavior
when improved pastures are rotationally stocked. The most current intake studies were
conducted on native rangeland (Grings et al. 1996; Ansotegui et al. 1991; Bailey and Lawson
1981). The amount of forage consumed by calves is difficult to measure, however, intake of
forage energy can be estimated by constructing energy balance equations. It has generally
been agreed that dam milk yield is strongly correlated to calf pre-weaning gain and weaning
weight (Chenette and Frahm, 1981; Boggs et al., 1980) and the milk DM intake by the calf,
As milk production decreases during the grazing season, calves rely more on enefgy obtained
from grazing. Butson and Berg (1984) suggested that as the calf increases its forage intake,
there is a reduced dependance on milk intake. Cows with higher milk production would
potentially have calves that do not rely on forage for their energy needs. It could also be
suggested that forage quality and availability affect pasture forage energy density and that
these differences in energy density may inﬂuencé forage intake by the suckling calf. If an
‘alfalfa-grass pasture is of better quality and higher energy density, it could be hypothesized
that the calves would not have to consume as much of this pasgﬁre compared to grass-only
pastures. Evaluation of the energy status of the grazing calves may also give some insight
into which pasture treatments would benefit from the use of creep feeding. The objective of
this study was to determine forage dry matter intake (FDMI, kg d* ; % BW), milk DMI
(MDML kg d ; % BW ) and total DMI (TDMI = EDMI + MDMI ; kg d* ; % BW) of

suckling calves pastured on fertilized and unfertilized alfalfa-meadow bromegrass and
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meadow bromegrass-only pastures.

5.3 MATERIALS AND METHODS

5.3.1 Description

Data was collected to determine the effects of four pasture treatments on the
productivity of beef cows during a four year grazing trial conducted near Brandon, Manitoba,
Canada (49°52' N; 99° 59' W; 363 m above sea level). Eight 3.7 ha pastures on flat terrain,
were randomly assigned to one of four treatments, alfalfa (Medicago sativa L.)-meadow
bromegrass (Bromus biebersteinii Roem & Schult.), fertilized (AF), alfalfa-meadow
bromegrass, unfertilized (AU), meadow bromegrass, fertilized (GF) and meadow bromegrass,
unfertilized (GU) (Manuscript 1). Each pasture was equally divided into five 0.74 ha
paddocks by an electric fence and all cow-calf pairs were rotationally grazed. On each
pasture, four ‘tester’ cow-calf pairs were used to collect animal performance data and
additional ‘put and take’ cow-calf pairs were used to maintain equal herbage availability. This
ensured the same length of grazing season for all treatments and all animals were rotated
i)etween paddocks at the samé time.

Angus-Simmental crossbred first-calf cows were grazed~ during 1995. A composite
beef breed developed at the Brandon Research Centre and consisting of 7/16 British, 1/4
Charolais, 1/4 Simmental and 1/16 Limousin genetics (Fredeen et al., 1988), were used in
1996 and 1997 (for a more in-depth description of the animals refer to Manuscript 2). Ofthe
4 ‘tester’ animals in each pasture, 2 cows had steer calves and 2 cows had heifer calves. Half

of the 'tester' animals in each pasture received a monensin controlled release capsule. All
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cow-calf pairs had ad lib access to water, salt and 2:1 (Ca:P) granular mineral on the meadow
bromegrass pastures and 1:1 granular mineral on the alfalfa mixed pastures.

5.3.2 Data Collection

Calves were weighed at the beginning and end of the grazing season (12 hr shrunk
weights) to calculate the total weight gain (kg) over the grazing season. Total calf weight
gain was used to calculate the amount of combustible energy produced.

Two milk collection periods per year were conducted for which a portable milking
machine was used to measure milk yield and milk samples were collected (Manuscript 2).
The milk samples were analysed for protein, fat, and solids non-fat (SNF) by an accredited
lab (#125) ISO Guide 25 (Milk-O-Scan 303AB, Foss Electric, Hillerad, Denmafk). Calves
were weighed at the time of milk collection.

The Brandon Research Centre Animal Care Committee reviewed the experimental
protocol to ensure that the cattle used in this study were cared for in agreement with the
principles outlined by the Canadian Council on Animal Care.

5.3.3 Energy of Maintenance
| Energy required for calf maintenance Was estimated using NRC (1996).

Calf NE,, = 0.322 MJ kg™
Compared to penned animals, cattle grazing under good pasture conditions require 20% more
NE,, to cover the energy cost of grazing activity (CSIRO, 1990 in NRC, 1996, 2001). Cattle
grazing pastures that are hilly or cover large areas, require 50% more NE,, than penned
animals (CSIRO, 1990 in NRC, 1996). Values stated in NRC (1996, 2001) may be an over-

estimation. The Standing Committee on Agriculture (1990) stated that under good grazing
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conditions, the energy expended from grazing would only be 10-20 % of NE,,. Experimental
pastures were of flat terrain and 0.74 ha in size. To avoid underestimation calf NE,_
requirements were increased by 20%, in the current study.

5.3.4 Energy of Calf Tissue Gain

Specific whole body combustion energy was determined by Parks (1982), by using
cattle body composition data (Kleiber 1975) to establish a straight line function of the degree
of maturity (m, % of mature weight, proportion of 1100 kg) to specific combustion energy
(¢, MT kg™) of steers where:

c={1.25+6.15m)x 4.184
5.3.5 Energy of Milk

The milk energy values were calculated from equations obtained from NRC (2001).
The following equations were the steps taken to calculate milk net energy of maintenance
(NE,,) and gain (NE,), on a dry matter basis.

Gross Energy (GE, MJ kg™') = 4.184 (0.057 CP, % DM basis + 0.092 fat, % DM

basis + 0.0395 lactose, % DM basis),
;.Nhere lactose (% DM basis) was calculated as 100 - CP% - fat% - ash%.

Net Energy of Maintenance (NE,,, MJ kg™) = 0.801 GE

Net Energy of Gain (NE,, MJ kg™) = (0.38q + 0.337) 0.801 GE
where q is the metabolizability of the diet (ME/GE).
5.3.6 Energy of Forage

The forage energy values were based on the botanical composition of each pasture

(Manuscript 2). The equations used to estimate forage energy were adapted by Norwest Labs
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(1994) from Van Soest et al (1979) and National Research Council (1978). For pastures
containing 70% or more grass, net energy of maintenance and net energy of gain are
calculated as:

NE,, MJ kg" =4.184 x (2.018 - 0.038 x ADF +0.7)

NE,, MJ kg =4.184 x (2.018 - 0.038 x ADF)
Pastures containing mixed forages, between 31 and 69% grass used the following equations
to determine net energy of maintenance and gain:

NE,, (MT kg™) =4.184 x (1.531 - 0.0252 x ADF +0.7)

NE, (MJ kg™) = 4.184 x (1.531 - 0.0252 x ADF)
In pastures containing 70% or more legumes, net energy of Vmaintenance and gain were
calculated as;

NE,, (MT kg) = 4.184 x (1.332 - 0.019 x ADF +0.7)

NE, MJ kgh) = 4.1784 x (1.332 - 0.019 x ADF)
3.3.7 Calculations for Forage DM Intake

The total amount of energy that the calf requires is represented as the sum of NE,, and
NEE. If the calf requirements exceed the amount of milk energy consumed for NE,, forage
energy must be consumed to meet the maintenance requiremeﬁ;s plus the requirements for
gain (NE,)). Forage DMI was estimated by calculating the difference between calf NE_ and
NE, required and NE,_ and NE, provided by the milk consumed.

To calculate the weight of forage the calf consumed, the following equation was used:

Calf forage DMI, kg d™ = (forage NE,, required by the calf (MJ) / forage NE,, MJ

kg™) + (forage NE, required by the calf (MJ) / forage NE, MJ kgt
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5.3.8 Statistical Methods
Calf FDMI (kg d*, % BW), MDMI (kg d™!, % BW), TDMI (kg d, % BW), forage
energy (NE,, and NE,, MJ d") and milk energy (NE,, and NE,, MJ d) consumed for the
initial three years was analysed as split-plot design. Main plots in this design were paddocks
and these were physically arranged as a randomized complete block with blocks as strips of
land sub-divided into paddocks. There were four pasture treatments and two paddocks per
treatment in each block, thus eight paddocks per block. Sub-plots in this design were
measurements taken in the different rotations (R), the effect of sex of calf (S) and monensin
(M) treatment. Replication within treatment was used to test the main effects, using the
general linear model procedure of SAS ( 1990). Data were collected from this experimental
material over a three year period, so year affects and certain interaction of year with factors
described above were included in the model. Block, year and interaction of other factors with
block and year were considered random effects, all other effects were considered fixed.
The effect of monensin administration on the cows was included in the analysis for
1995 to 1997, however, in 1997 cows assigned to the monensin treatments were not balanced
for sex of calf (12 cows with male calves were treated with monensin and only 4 cows with

female calves were treated with monensin).

5.4 RESULTS AND DISCUSSION
3.4.1 Milk Energy and DMI
There were uniform groups of calves within each year, but the age and body weights

varied from year to year (Table 16). Monensin (P <0.05) had an effect on R1 milk NE,, (MT
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Table 16. Initial age, initial weight, average daily gain, age at milking 1 and milking 2
and estimated energy requirements for maintenance and growth for suckling calves
pastured from 1995 to 1997, means + standard deviations

1995 1996 - 1997
Initial Age On Test, d 122 £12 746 67+8
Initial Weight, kg 138 +13.8 114+92 96 + 10.9
‘Average Daily Gain, kg d” 2 1.1£011 =~ - 1.1£0.12 1.1£0.12
Age Milking 1, d* 152412 11+6 85+ 8
Age Milking 2, d* 181 + 12 155+6 116+8
Calf NE,, R1, MJ d* 17.4£1.10 16.1+0.87 13.9+1.01
Calf NE,, R2, MJ d 19.7+1.16 19.6+1.10 16.6 +1.13
Calf NE, R1, MJ d* 9.6 1.07 93122 8.7+1.09
Calf NE,R2, MJ d* 102+1.14 102+ 1.36 94+122

*Dates of milking 1: July 13, 1995; July 22, 1996; June 23,1997,

YDates of milking 2: August 11, 1995; September 4, 1996; July 24, 1997.
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d!) intake. Monensin treated cows provided % more milk NE,_ for calves than control cows
(Table 17). For the latter part of the grazing season, R2, there was a pasture treatment by sex
interaction (TxS) on milk NE,, (MJ d*) consumed (P <0.05, Figure 5) as male calves on AU
pastures consumed 4 MJ d™! more than female calves, with no difference between male and
female calves on the other pasture treatments.

Milk and forage energy values in past studies were given as digestible energy
(Ansotegui et al. 1991; Bowden 1981), therefore, direct comparisons with previous studies
and the current study was not possible. The use of energy balance equations to estimate
TDMI was not used in any of the studies reviewed. However, Ansotegui et al. (1990)
showed that milk contributed on average 53.5 % of the total DE intake for calves grazing
native range between July and September in Montana, Milk contributed an average of 50.8
% of the total energy requirements for the calves in the current study.

The amount of MDMI measured in the current study is comparable to the milk organic
matter intake measured by Grings et al, (1996) where the suckling calves consumed on
average 0.9 kg OM d™. There was very little variation in MDMI between R1 and R2 in the
‘current study, whereas Grings et al. (1996) found that the June and September average milk
organic matter intakes were 1.0 and 0.7 kg OM d*, respectivelyr.r Milk DMI, % BW, was 0.6
and 0.4% in R1 and R2, respectively in the current study which was within the range of values
found by Grings et al. (1996) who observed milk organic matter intakes of 1.0 and 0.3% calf
BW in June and September, respectively.

5.4.2 Forage Energy and DMI

The amount of forage energy consumed for maintenance and growth is presented in



Table 17. Effect of pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on milk dry matter
intake (DMI) and the contribution of milk to meet net energy of maintenance (NE, ) and gain (NE,) during three grazing
seasons (1995-1997)

Treatment . Monensin Sex of Calf .
(n=24) (n=48) (n=48) h
Milk AF AU GF GU SEM Yes No SEM M F  SEM MxS TxS TxM
RINE, MId' 137 136 128 129 063 126° 13.9° 045 135 13.1 045 NS NS NS
R2NE,, MJd' 134 130 135 123 060 133 128 055 132 129 055 NS * NS
R1NE, MJ d' 25 25 2.8 23 039 3.0 2.1 054 25 26 054 NS NS NS
R2 NE, MJ d' 1.5 1.7 1.0 1.7 068 19 1.0. 047 10 19 047 NS NS NS
RIDML kgd* 09 09 0.9 0.8 0.05 0.9 0.9 005 09 09 0.05 NS NS NS
R2DMI kgd* 08 08 0.8 0.8 0.0S 0.8 0.8 0.05 08 08 0.05 NS 0.07 NS
R1DMI, %BW 0.6 06 06 0..6 003 06 06 003 06 0.6 003 NS NS NS
R2DMI, %BW 04 0.5 04 0.4 003 05 0.4 003 04 05 003 NS NS NS

*»“Means within rows not having a common superscript differ (P < 0.05), Duncan’s mean separation test was used.
*Average of standard errors.
NS= Not Significant, *P < 0.05. **P < 0.01. ***P < 0.001.

801
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Figure 5. The effect of pasture treatment (T) by sex of calf (S) interaction on rotation two
(R2) milk net energy of maintenance (NE,,, MJ d!) (n=12; SE = 1.05,P <0.01)
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Table 18. There was a treatment by sex (TxS) interaction for forage NE,, contribution (P <
0.01) inR2, with female calves on AU pastures receding 47% more MJ NE,, from forage than
the male calves on that pasture treatment; all other TxS combinations had similar levels of
NE,, contributed by the forage (Figure 6). This TxS interaction is the mirror image of the
interaction seen in Figure 5. Since the amount of forage energy that is consumed is based on
the amount of milk ener@ supplied these interactions are related. The mean milk fat % values
for cows with female calves was 2.92'% when grazing AU pastures during R2, vs. 3.86 % for
cows with male calves. As well the cows with male calves produced 1.3 kg more milk
compared to the cows with females calves in the same pasture treatment during R2.
Fertilization of grass pastures and incorporation of alfalfa both resulted in lower (P
< 0.05) forage DMI by suckling calves when grazing the initial growth, the ranking being
GU>GF>AF=AU (Table 18). Calves grazing the GU pastures consumed 28% more forage
DM when compared to calves on the other pasture treatments. Calf FDMI in this study was
higher than intake values observed by Grings et al. (1996) but closer to the intake values
recorded by Boggs et al. (1980) which averaged 3.5 kg d™ dqring the later stages of the
grazing season and by Bailey and Lawson (1981) who reported an average FDMI of 5.5 kg
d for calves weighing 175 kg (3.1 % BW). Boggs et al. (1980), who determined calf FDMI
by administering chromic oxide as an external marker, found that FDMI as a % BW increased
from 0.4 to0 3.5 for Hereford calves grazing native range from April through September. The
grazing seasons in the current study was much shorter in duration (Table 6, Manuscript 1).

Milk DMI ranged from 0.2 - 1.2 % BW and forage DMI ranged from 0 - 4.5 % BW



Table 18. Effect of pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on the contribution of
forage to meet net energy of maintenance and gain requirements and forage dry matter intake (DMI) during three grazing
seasons (1995-1997)

Sex of
Treatment . Monensin Calf ;
(m=24) (n=48) (n=48) :
Forage AF AU GF GU SEM* Yes Noo SEM M F SEM  MxS TxS TxM

RINE, kgd* 20 23 26 30 052 30 20 0.44 26 24 044 NS NS NS
R2NE,, kgd! 53 56 48 64 046 52 59 053 56 55 053 NS ok NS
R1NE, kg d* 65 64 61 70 032 63 67 034 64 66 034 NS NS NS
R2 NE,, kg d* 83 80 77 73 049 78 79 028 81 75 028 NS NS NS
R1DMIL kgd* 35 36° 41° 53* 031 40 42 023 41 42 023 NS NS NS
R2DMI kgd® 46 47 49 51 040 47 50. 022 51 46 022 NS NS NS
R1DMI, %BW  22° 23° 26 3.3 | 020 25 27 017 25 27 0.17 NS NS 0.10
R2DMI, %BW 24> 24° 26 26° 024 24 26 012 26 24 012 NS NS NS

*»“Means within rows not having a common superscript differ (P < 0.05), Duncan’s mean separation test was used.
*Average of standard errors.
NS= Not Significant, *P < 0.05. **P < 0.01. ***P < 0.001.

ITT
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Figure 6. The effect of pasture treatment (T) by sex of calf (S) interaction on rotation two
(R2) forage net energy of maintenance (NE,,) intake (MJ d"') (n=12; SE=1.01, P< 0.01)
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during the course of this study. Milk intake was a major factor influencing forage DMI (%
BW, Figure 7) in this pasture study. For every 0.5 % unit decrease in MDMI (% BW), FDM1I
increased by 1.8 % units. This relationship was similar across pasture treatments, When
comparison were made on the basis of kg d, relationships were not as strong because calf
age and size varied considerably from year to year.

5.4.3 Total DMI

Total DMI (TDMI, kg d"') is the sum of forage DMI (FDMI, kg d*) and milk DMI
(MDMI kg d™). Suckling calves assigned to GU pastures had a 28% greater (P < 0.05)
TDMI than calves assigned to AF and AU during R1. Total DMI by calves assigned to GF
was intermediate. Although forage quality and availability was lower for GU pastures as
compared to the other pasture treatments (Manuscript 1), the forage was suitable for calves
to increase FDMI to meet their growth potential. The grass-legume pastures (AF and AU)
had a higher energy density, therefore, the calves did not require as much forage DM aé
compared to the grass-only pastures (GF and GU). Total DML, as a % BW, was affected by
pasture treatment in the same manner as TDMI, kg d”, in that GU>GF>AU=AF (P <0.05,
"fabie 19).

The amount of milk produced by the cow will directly aﬁ‘;ct the amount of forage the
calf with need to consume to meet the maintenance and tissue gain requirements. Ansotegui
et al. (1991) found that the average total forage energy contribution from July to September
(1984 to 1985) was 46.5% of the total DE intake By the calves on a foothill grassland near
Bozeman, Montana. Inthe current study, forage energy intake contributed on average 49.2%

of the total energy intake. Furthermore, the amount of energy per kg of forage (energy
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Fi gﬁre 7. The relationship between calf forage dry matter intake (FDMI) and milk dry matter
intake (MDMI) as a percentage of calf body weight (% BW)



Table 19. Effect pasture treatment (T), monensin controlled release capsule (M), and sex of calf (S) on calf total dry matter
intake (forage plus milk DMI) during three grazing seasons (1995-1997)

Treatment Monensin Sex of Calf
(n=24) (n=48) (n=48)
Total AF AU GF GU SEM Yes. No SEM M F SEM MxS TxS TxM

RIDML kgd! 43° 45 50° 61° 028 49 51 020 50 50 020 NS NS NS
- R2DMLkgd' 55 55 57 59 036 55 58 018 58 54 018 NS NS NS
R1DML, %BW 27° 29° 32° 38 017 31 32 014 31 33 014 NS NS NS
R2DML %BW 28 28 30 30 022 28 30 010 30 28 010 NS NS NS

**Means within rows not having a common superscript differ (P < 0.05), Duncan’s mean separation test was used.
*Average of standard errors.* -

StI



116

density of the forage, MJ kg d') will affect the amount of forage the calf will need té consume
to meet the energy deficiency incurred by decreasing milk production in the later stages of the
grazing season.

Ansotegui et al. (1991) also pointed out that although the calves DE source differed
from year to year, one year the calves consumed more of their total DE from grazed forage
and the next year they received more of their DE from milk than from grazed forage, calf
ADG and the amount of DE consumed was similar. This suggests that forage intake by
suckling beef calves may not be solely regulated by rumen fill. Although forage quality and
availability may be limited, as with the GU pastures in the current study, calves have the
ability to select a diet that fulfills their requirements.

In a number of calf DMI studies (Grings et al. 1996; Ansotegui et al. 1991; Baker et
al. 1976; Le Du et al. 1976) forage intake was determined by using total fecal collection of
a representative sample of calves coupled with external markers such as sodium dichromate-
mordanted fibre, or chromic oxide administered in gelatin capsules (Boggs et al. 1980) or as
controlled release capsules (Grings et al. 1996). There are inherent limitations to all external
rharker techniques used to estimate forage intake, since no external marker fits all the criteria
of an ‘ideal marker’ as defined by Merchen (1 993). One may question the validity of using
techniques developed to estimate the intake of high-fibre-low-digestibility diets to estimate
forage intake while consuming milk, which is very digestible. How does the highly digestible
milk affect the digestive kinetics of the external marker? Baker et al. (1976) and Le Du et al
(1976) assumed that feeding milk and perennial ryegrass {(Lolium perenne) together had no

effect on the individually measured digestibilities of each dietary component. Other
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researchers, however, took steps to add a correction factor to their calculations of forage
intake by suckling calves (Grings et al. 1996; Ansotequi et al. 1991). The above procedures
involve a great deal of time and labour resources. Using energy balance equations to
determine FDMI and MDMI appears to provide a good representation of what is occurring
on pasture with much less effort.

Milk DMT is negatively correlated to the amount of forage DM the calf will ingest; as
milk DMI increases, forage DMI decreases. It is evident that the grazing calf is more
adaptable than originally presumed. It seems as though calves have a predetermined level of

" gain (kg d™) and consume only as much energy as required to meet that gain. All pasture
treatments used in this study appear to have allowed calves to meet their growth potential.
The highest milk yields were recorded during 1997, at this time calf forage DMI was at its
lowest level. Similar ADG were recorded for all the years. The year-to-year variation in milk
production and forage quality in this study had little effect on the calf's ability to select a diet

to meet its nutritional requirements.
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6.0 GENERAL DISCUSSION

Good pasture management which involves monitoring the overall maturity of the
sward and achieving a short rotation length to ensure improved forage quality but still
allowing sufficient rest period for the plants (Boyd et al. 2001), can be accomplished by
rotational stocking. Furthermore, fertilizing grass-based pastures and incorporating a legume
can have an impact on the success of cultivated grazing systems.

Pasture manager;lent is important but it is also important to propetly manage the
grazing animal. The administration ofionophores is one animal management strategy that can
be used. Tonophores, such as monensin can help improve the productivity of cattle grazing
low quality forages (Lemenager et al, 1978; Walker et al. 1980). Since most cow-calf
operations are based on unfertilized grass pastures ionophores may be beneficial.

The research outlined in this thesis clearly indicates the value of alfalfz in a cultivated
pasture. Identified plant or animal performance limitations during the four year trial did not
occur on pastures that contained alfalfa.

6.1 FORAGE PRODUCTIVITY

The forage yield of the unfertilized alfalfa-grass pastures were similar to the fertilized
pastures without incurring the high cost of fertilization. Fertilization of the grass-only
pastures grown on fine sandy-loam soils, improved the DM yield by 39% and provided
adequate nutrients for the grazing cow-calf pairs.

Carrying capacity measurements are more useful in evaluating pasture productivity

than direct forage DM yields because CGD ha! takes into account how well a pasture is
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utilized since there is trampling and refusal of less palatable forage. The highest carrying
capacities were seen in the fertilized pastures and the lowest carrying capacity was in the GU
pastures. With the high cost of inorganic fertilizers, this study demonstrated that it is not
economical to fertilize cultivated pastures, especially when precipitation is limiting. The
fertilized pastures produced 38% more CGD ha™ than the unfertilized grass pastures.
Average fertilizer cost for each additional CGD ha™ was $1.13 for the fertilized pastures. The
unfertilized alfalfa-grass pastures produced 22% more CGD ha™ than the unfertilized grass
pastures, with no fertilization costs. Alternative sources of fertilizer can be used such as
farmyard manure (Holt and Zentner 1985) and these sources are generally less expensive than
inorganic fertilizers. Incorporation of a legume like alfalfa can also improve the quality and
productivity of a pasture (Fairey 1991; Elliott 1969; Elliott et al, 1961). The bottom line is
that the biggest increase in pasture productivity comes from fertilizing grass-based pastures.
The smallest increase in productivity was from incorporating a legume in grass-based
pastures. However, the most profitable fertility management practise is incorporation of a
legume.
6.2 FORAGE QUALITY

Alfalfa-grass pastures had 3.1% units more CP than thé"g,rrass-based pastures, based
on analysis of clipped forage samples. Fertilization increased CP content of grass-based
pastures an average of 3.7% units. When a combination of fertilizer and legume incorporation
were used, the CP content increased 5.2% units compared to the unfertilized grass pastures.
Low levels of CP inunfertilized grass pastures was a concern, since levels were below animal

requirements. This problem was alleviated with fertilization and/or inclusion of a legume in
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the pasture.

The consumed forage CP concentrations were generally higher for the alfalfa-based
pastures and the fertilized grass pastures than for the unfertilized grass pastures. The lowest
levels of CP, % DM, consumed was in the unfertilized grass pastures. Fertilization of alfalfa-
grass pastures did not improve consumed forage CP levels and the CP content of the GF and
AU pastures were similar.

Fertilization of the grass-based pastures improved the nutrient density of the clipped
samples, which reflected forage that was at a less mature, vegetative state with lower NDF
and ADF concentrations than in unfertilized grass pastﬁres. Including alfalfa in the pasture
mix, reduced the NDF and ADF content of the clipped forage. Fertilization did not affect the
ADF concentration in the alfalfa-grass pastures and resulted in a reduced level of ADF for
most rotations in the grass-only pastures. Incorporation of a legume reduced the level of
ADF in grass-only pastures more so than fertilization. The unfertilized alfalfa-grass pastures
teﬁded to have a less variable fibre content than the other pasture treatments.

Cattle had a greater opportunity to selected against NDF on the legume pastures
.compared to the grass-only pastures. High levels of NDF in the grass pastures could limit the
DM intake by grazing animals as NDF is negatively correlated to intake potential of a forage
(Fahey and Berger 1988). Of the four pasture treatments, unfertilized alfalfa-grass pastures
had the most stable levels of NDF and AF had the largest NDF range (6.8% difference from
the highest to lowest year NDF averages) therefore, animal intake estimates would be more
consistent with unfertilized alfalfa-grass pastures throughout a variety of weather and

environmental conditions.
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The quality of the consumed forage in each pasture treatment was similar to the
quality of the clipped forage samples. Fertilization and legume incorporation strategies
improved the clipped and consumed forage CP content. The NDF concentration of the
clipped samples was lowered with fertilization, however, the greatest improvement was
observed with the addition of a Iegume. The advantage of fertilization was not apparent in
consumed forage samples. Effect of pasture treatment on the ADF levels of consumed forage
samples followed a different pattern than for the clipped samples. Only legume incorporation
plus fertilization resulted in a significantly lower forage ADF content relative to GU pastures.
In general, fertilization and legume incorporation strategies clearly improved the clipped
forage quality but the benefit of fertilization was only apparent for CP when evalu ating forage

!

actually consumed by the grazing animal,
6.3 COW PRODUCTIVITY

The ‘put and take’ stocking system resulted in similar forage availability across pasture
treatments, thus any differences in animal performance were due to forage quality or
administration of a monensin controlled release capsule. Forage quality was influenced by
fertilization, incorporation of a legume or by a combination of fertilization and legume
incorporation to grass-based pastures.

Fertilization and legume incorporation strategies did not have an effect on cow DMI
(% BW), milk yield or composition (P >0.05). Although monensin decreased cow DMI, cow
ADG was not compromised for the monensin treated cows grazing the unfertilized pastures.

Monensin had no benefit when pastures were fertilized. Many studies have reported a

positive effect on cow feed efficiency with monensin (Baile et al. 1982; Walker et al. 1980;
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Lemenager et al. 1978). Cows treated with monensin had a more variable milk yield and milk
fat content across years than the control cows. In dairy cow studies, monensin also had
variable effects on milk fat content. Some studies show little or no effect (Hayes et al. 1996)
while others show a reduction in milk fat (Van Der Werf et al, 1998; Abe et al. 1994),

There was a positive linear relationship between the ADG and SUN level of cows that
grazed the unfertilized grass pastures (Appendix 19; y=0.21x - 0.58,P <0.01). Serumurea
nitrogen levels explained 36% of the variation in cow ADG over three years. When all of the
pasture treatments were evaluated together, the level of SUN explained only 18% of the
variation in cow ADG (Appendix 20; y = 0.06x - 0.3 I). There were periods with high plant
CP levels but the lactating cows could not maintain a linear increase in gain. The relationship
was significant (P < 0.001) but had a large coefficient of variation (cv =11388). Although
there was a limited amount of SUN data collected during this research, it was evident that
evaluating the levels of SUN throughout the grazing season monitors the protein status of the
cow and could be especially useful when cows are grazing low quality pastures. However,
further research should be conducted to confirm the maximum and minimum values of SUN
that can sustain viable beef cow productivity.
6.4 CALF PRODUCTIVITY

Calves on alfalfa-grass pastures gained 59.5 g d™* more than calves on the GU pastures
(P <0.05). Fertilization did not result in improved calf ADG. Sex of calf had an effect on
ADG (P <0.01), male calves gained on average 62 g d" more than female calves. Fertilizing
the grass-based pastures (GF) produced 44 kg calf weight gain ha’ more than the GU

pastures, reflecting the higher carrying capacity of the GF pastures.
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The calves pastured on the GU treatment had the highest level of FDMI. This was
mainly due to the lower energy density of the consumed grass, since cow average mitk
production and composition was not affected by pasture treatment. The amount of milk
produced by the cow directly affected the amount of forage the calf consumed. As the grazing
season progressed milk production declined and the calf consumed more forage (Grings et
al. 1996; Boggs et al. 1980). Even thought the calf's main energy source may vary (milk
energy vs. forage energy) the calf has the ability to select a diet that maintains similar gains
(Ansotegui et al. 1991) across years and treatments.

A good indication of calf DMI on pasture can be determined by using energy balance
equations without the intensive work required for direct measurements. However, in the
future the equations used in this study should be validated by direct measurements of all the
parameters estimated (consumed forage energy, milk energy, energy of gain, energy of calf
grazing, calf intake using external marker methods).

6.5 CONCLUSION

The yearly variations of environmental temperature and precipitation had an effect on
all parameters measured including the quality of clipped and consumed forage samples, cow-
calf DMI, cow-calf ADG and milk yield. Ofthe management strategies tested, the one that
was most consistent and thus merits a recommendation for use by producers was the
incorporation of a legume into grass-based pastures (AU). However, fertilizing grass-based
pastures also showed consistent forage production (even during drought conditions) and with
substantial calf gains per hectare.

Calf productivity was improved by fertilization and by including alfalfa in the pastures.
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Whether it is cost effective to fertilize grass-based pastures or use a combination of
fertilization and incorporation of a legume, revolves around the cost of fertilizer versus the
value of calves. The bottom line is that the biggest increase in productivity comes from
fertilizing the grass-based pastures (GF). The smallest increase in productivity comes from
incorporating a legume into grass-based pastures (AU). However, the most profitable fertility
management practise is the incorporation of a legume. The most ‘ideal’ forage is alfalfa, and

meadow bromegrass has emerged as a good complement to alfalfa.
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Appendix 1. Precipitation data (mm) from Brandon, Manitoba 1995 to 1998, including
a 92 year average

Long-term
Month 1995 1996 1997 1998 Average
January 324 10.9 18.2 33.0 218
February 27.2 11.1 10.6 57.1 18.0
. March 645 220 263 152 245
April 306 . 305 353 15.0 30.0.
May 64.0 66.0 14.4 85.9 49.0
June 72.0 53.0 53.0 163.0 79.3
July © 200 59.0 98.0 ©  68.0 73.0
August 19.0 125.0 450 122.0 64.5
September 31.0 60.0 9.0 26.0 46.1
October 47.0 408 464 73.0 25.1
November - 47.8 13.6 21.0 24.2 20.9
December 26.7 225 11.4 31.4 20.3
Annual
Total 482.2 415.3 389.1 713.8 472.5

Grazing seasons: 13/06/95-24/08/95; 15/06/96-09/09/96; 05/06/97-27/08/97; 28/05/98-
17/09/98. '
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Appendix 2. Temperature data

. a 92 year average

(°C) from Brandon, Manitoba 1995 to 1998, including

Long-term
Month 1995 1996 1997 1998 Average
January -16.3 -23.8 -20.5 -17.3 -18.7
February -14.4 . -14.7 -11.4 -4.9 -16.0
March 7114 94 88 82
Apn'i 0.4 0.2 1.4 7.3 3.3
May 108 8.6 9.5 11.9 10.8
June 18.9 17.6 18.9 14.8 15.9
July 193 18.3 19.7 19.1 19.0
August 19.5 187 18.2 19.9 17.6
September 12.2 12.4 14.3 13.8 11.9
October 47 4.4 4.9 5.4 5.1
November -10.2 -6.3 -5.0 -4.8 -5.5
December -16.3 -14.8 -5.8 -14.5 -143
Annual Means 1.7 0.7 2.9 3.5 1.7

Grazing seasons: 13/06/95

17/09/98.

-24/08/95; 15/06/96-09/09/96; 05/06/97-27/08/97; 28/05/98-



Appendix 3. The statistical models used to analyse the forage data. Manuscript 1.

Data Individual

Set / Parameter Model Description
Combined ' : _
CGD Individual %l, R2, Y, ——;-pc +T,+e, Y, = cow grazing days; T, = ith treatment; ¢, = experimental error
otal .
CGD Combined RI, R2, Yu=pu+T,+A + (TA) Y, = cow grazing days; T, = ith treatment; A, = Jth year of experiment; (TA),; =
(4 yrs) Total +ll€kCI',) + e;,‘ ! v tréatment by year interac{ion; R(T,) =kth rel; ication within ith treatment (uged

as error term to test h); e, = experimental error

Forage  Combined perhayield - Y,=u+T,+ A, +(TA), + Y, = forage yield; T, = ith treatment; A, = jth year of experiment; (TA); =
Yield (4 yxs) RUT) +ey treatment by year interaction; Ry(T,) =kth replication within ith treatment (used
as error term to test h); €, = experimental error

% Individual ~ Alfalfa Yy=u+T,+ R(T)+ P, + Y. = % Alfalfa; T, = ith treatment; R(T,) = jth replication with in ith treatment
Alfalfa ('I{{P),,, ey (etror term to test T,); P, = kth paddock or time of sampling; (TP),.= ith

treatment by kth time of sampling interaction; €, = experimental error
% Combined Alfalfa Yu=u+T,+A + (TA), + Yy = % Alfalfa; T, = ith treatment; A, = jth year of experiment; (TA); =
Alfalfa (4 yrs) R(T) + RJI(TA),] + P+ (TP), treatment by year interaction; Ry(T,) =kth replication within jth treatment;

+oep Ry[(TA),] = &th replication within ith treatment by jth year interaction (used as
: error term fo test T, , A, (TA), and R(T) ); P,=kth time of sampling; (TP), =

ith treatment by /th tinie of sampling interaction; €y = experimental error
Forage Individual CP, NDF, Yyu=u+T,+ R(T)+ P, + Y. = forage CP, NDF & ADF; T,=ith treatment; %(T,) = jth replication with in
Quality ADF ('IJP),,G +e, ith treatment (error term to test T)); P, = kth paddock or time of sampling; (TP),,

= ith treatment by kth time of sampling interaction; €, = experimental error

Forage Combined CP, NDF, Yyu=u+T,+ A, +(TA), + Yy = % Alfalfa; T, = ith treatment; A, = jth year of experiment; (TA); =
Quality (3 yrs) ADF R(T) + Ry(TA),] +P,+(TP), treatment by year interaction; Ry(T,) =kth replication within ith treatment;
+(TAP), + ey Ri{(TA),] = #th replication within ith treatment by jth year interaction (used as

erortermtotest T, , A, (TA), and R(T) ); P,=kth time of sampling; (TP), =
ith treatment by /th time of sampling interaction; (TAP),; = treatment by year by
time interaction; e, = experimental error ,

4l




Appendix 4. Herbage biomass (kg DM ha™) ‘In’, clipped upon entering a paddock (1995-1998) e

[€10] GE AU AF

Year Padd R P9 P16 P11 P15 P10 P14 P12 P13

95 1 1 2369 3656 4927 4144 3628 4241 3659 3682
95 2 1 2018 2506 4196 3396 3535 3955 3041 4008
95 3 1 2616 2568 4390 4711 3134 3943 5414 4246
95 4 1 2089 5090 4204 4410 4173 3948 5689 4849
95 5 1 _ 2634 3929 4382 5815 3220 6347 4417 4706
o5 1 2 113 1109 1132 1280 1466 . 1850 1542 1636
95 2 2 610 1078 915 88 1100 1051 1540 1477
9 11 3311 3371 5716 5479 3825 4013 4719 4640
9% 2 1 3700 4195 6640 6625 6835 3475 5300 6560

96 3 1 2230 3101 5168 4350 3978 3652 4980 3595
26 4 1 1569 5890 6714 - 6111 3052 4062 5303 5355
96 5 1 2907 3467 6504 6455 3470 6911 4400 4834
96 1 1649 2180 1519 1475 1212 1967 1525 1885

2
96 2 2 998 1411 1392 2258 1384 1716 1473 1956

97 1 1 1205 1493 2250 1858 1893 2223 1783 2162
97 2 1 1132 1085 1968 2157 2004 1404 1487 2011
97 3 1 962 1114 1506 1186 1673 1399 1399 1402

97 4 1 1395  3820. 2500 2605 2540 1865 2370 2360
97 5 1 1755 2440 2500 4025 1920 3675 2655 2340
97 1 2 T 837 1119 2020 2231 1544 1925 1732 2161
97 2 2 | 951 - 1252 2392 3135 2232 V 2387 2667 2625
97 3 2 885 1590 1809 2127 1637 2308 2443 2335
97 4 2 1106 2009 1528 2018 1329 1654 1665 1788
97 5 2 991 1114 790 1941 1009 2975 749 935

97 1 3 450 625 780 390 655 1045 880 675

97 2 -3 375 450 700 493 438 438 445 493

o8 1 1 13200 1348 2448 2344 2068 2444 2512 3508

98 2 1 996 1776 3312 3620 3146 2544 3391 3570
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Appendix 5. Herbage biomass (kg DM ha™) ‘Out’, clipped upon exiting a paddock (1995-1998)

GU GFE AU AF

Year Padd R P9 PI6 P11 P15 P10 P14 P12 P13

95 1 1 325 518 1408 835 1225 1341 740 1012
95 2 1 931 505 1158 897 958 700 1170 821
95 3 1 734 853 1059 1121 1678 1555 1335 1606
95 4 1 7531 2385 1053 1134 1822 1611 1466 1941
95 5 1 1882 2398 255 3462 1596 2727 2933 2256
95 1 2 613: 448 561 649 497 310 520 ' 477
95 2 2 314 766 592 578 728 669 1030 1113
96 1 I 1740 1635 2490 1940 730 1765 1120 1050
9% 2 1 1044 1605 2612 2112 1193 - 1345 1524 1196
96 3 1 1379 1447 1361 1360 1402 1328 1126 2086
96 4 1 878 1141 1153 1008 1095 866 1127 1148
96 5 1 1836 1580 814 957 809 2448 866 1267
9% 1 2 927 983 1140 1179 696 1326 754 871
9% 2 2 566 815 951 612 801 675 668 657
97 1 1 595 635 724 638 515 669 703 666
97 2 1 547 508 770 417 656 227 624 331
97 3 1 580 635 550 235 290 485 285 540
97 4 1 . 645 11175 810 1065 1030 1125 950" 1155
97 5 1 484 651 529 1065 412 _ 1653 748 481
97 1 2 399 668 1087 1033 772 1218 1226 1154
97 2 2 374 757 1174 759 808 583 605 659
97 3 2 208 498 170 321 279 148 179 171
97 4 2 285 871 573 633 380 687 639 498
97 5 2 195 750 215 1135 300 885 195 260
97 1 3 380 520 335 260 235 590 430 265
97 2 3330 328 350 245 340 290 275 293
98 1 1 525 1167 699 735 965 1175 750 720

98 2 1 476 536 512 644 488 508 796 968
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98 3 1 472 764 100 688 1044 628 512 856
98 4 1 524 1652 1633 2150 912 1260 2045 1518
98 5 1 1216 1856 1076 1684 804 1744 1564 1244
98 1 2 480 452 617 872 784 1392 960 1140
98 2 2 444 592 944 952 1080 1264 1472 1792
98 3 2 452 880 664 1016 824 1244 816 1208
98 4 2 w548 10440936  C1192%.. .. 664 660 . 764 684
"~ Out’ herbage biomass was not different aCr_q_Sé pasture treatments (P>0.05)



Appendix 6. Analysis of variance of cow grazing days and total forage production during four grazing seasons (1995 to 1998).

Manuscript 1.

P values
MSE

Cow Grazing Days Y T TxY . e=rep(trt) be CV. Mean
Sum of Cow Grazing Days Rotation 1 0.0076 0.0303 0.4023 824.34 ° ©0.9900 5.7 123.38
Sum of Cow Grazing Days Rotation 2  0.0020 0.0721 0.2669 472.87 0.9827 1430 51.70
Total Cow Grazing Days for the R
Grazing Season - 0.0115 0.0285 0.3352 1999.14 09909 521" 178.61
Pasture Yield Per Hectare (t DM ha™) 0.0116  0.0070 0.4749 0.47 0.9460 12,73 4.11

IST



Appendix 7. Analysis of variance of yearly cow grazing days. Manuscript 1.

P values
Year Rotation Treatment MSE N & C.V. Mean
1995 1 00741 96.37 0.7937 8.8 110.51
2 02114 7.20 0.6401 13.64 19.66
Total 0.1018 131.06 07563 879 130.17
1996 1 0.0228 24792 . 08876 1031 152.74
2 0.6739 29.86 02925  21.06 . 25.95
Total 0.0311 324.24 0.8682  10.08 178.68
1997 1 | 0.1206 91.39 0.7336  12.70 75.27
2 02232 201.12 0.6293 1991 71.22
3 0.0766 3.47 0.7901 13.43 - 13.87
Total 0.1354 487.94 0.7167  13.75 160.61
1998 1 0.0139 - 312.54 09126 1141 155.00
2 0.0153 165.10 0.9083 1428~ 8996
Total 0.0056 539.26 0.9446  9.48 244.67

[49!



Appendix 8. Analysis of variance for percentage of alfalfa in

the alfalfa-meadow bromegrass mixed pastures (AF, AU).

Manuscript 1.
P values P values
MSE
Y T e=rep(T)  Time TxTime 2 C.V. MSE Mean
1995 0.1047  38.62 0.0015 0.4086 0.9134 4.34 1337 75.56
0.1110  23.74 0.1354 0.1240 0.9778 2.06 3.00 83.95
1996 0.0227 40.20 0.2308 ‘0.8080 0.8851 12.38 33.79 46.94
0.0226 13.21 0.4089 0.8303 0.6727 30.56 198.33 46.09
1997 0.0159 19.28 0.1099 0.6868 0.8687 14.11 30.71 39.29
0.1253 69.70 0.8823 0.6;770 0.4758 27.65 157.77 45,44
1998 0.0490 45.01 0.0538 0.9040 0.8457 17.37 © 33.65 33.39
0.5042 51.85 0.7905 0.3710 0.5020 24.54 93.66 39.43

€51



Appendix 9. Analysis of variance for forage quality factors (DM basis) three year average (1995 t01997). Manuscript 1.

P values | P values
MSE e= YxTx Tx
R Y T TxY rep(TxY)  Time Time Time r2 Ccv MSE Mean
CP 1 0.0001  0.0001 0.0022 2.11 0.0316 0.0001 02762 093 1325 253 1202
NDF 1 0.0001  0.0001 .  0.0015 4.77 0.0001 0.0001 0.0002. 097 380 474 5728
ADF 1 0.0001  0.0001 0.0020 2.85 0.0258 0.0001 0.1058 095 538 3.83 3633
Cp 2 0.0001  0.0001 6.0073 0.95 0.5825 0.0001 00126 099 542 048 12.76
NDF 2 0.0001  0.0001 | 0.1225 573 0.0111 0.0001 0.0029 099 275 270 59.82
ADF 2 0.0001  0.0074 - 0.0008 1.04 0.0001 0.0001 0.0001 099 249 0.99 39.96

Time refers to the paddock in which the sample was collected

PST
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Appendix 10. Analysis of variance for forage quality factors (DM basis). Manuscript 1.

P values P values
MSE
Y R T e=rep(trt) Time TxTime 12 Ccv MSE Mean
1995 1 NDF  0.0001 1.47 0.0001 0.0001 0.9872 2.58 2.14  56.85
1 ADF  0.0010 0.89 ‘(‘).0001 0.0074 0.9328 410 255 3893
1 CP "0.9002 0.78 0.0001 04779 09373 1278 240 12.11
2 NDF  0.0010 1.55 0.0001 0.0018 09989 0.80 0.24 61.61
2 ADF 00795 1.08 © 0.000L 00030 09957 134 034 43.58
2 Cp 0.2313 1.54 0.0003 0.3314 0.9789 5.93 043 11.11
1996 1 NDF  0.0080 8.20 1 0.0001  0.0829 0.9410 352 479 6214
1 ADF 015185 3.34 0.0001 0.2783 0.9418 474 343 39,07
1 CP 0;0034 1.42 0.0001 03777 0.9167 16.53 ?;.82 10.17
2 NDF  0.0011 3.23 0.0067 0.1364 0.9672 3.99 6.62 64.50
2 ADF 00210 220 0.0001 0.0012 0.9963 1.09 0.22 43.51
2 Cp 0.0001 ~ 0.19 0.0001 0.0066 - 0.9958 338 0.16 11.97.
1997 1 NDF.  0.0001 2,25 b;OOOS 0.8220 0.9321 5.11 77.28 52.84
1 ADF 00082 636 0.0002 09320 ~ 08802 7.57 © 550 31.00
1 Cp 0.0156 “7.02 0.0391 0.7513 0.9027 1121 238 13.77
2 NDF  0.0019 8.80 0.0001 0.1611 . 09559 3.62 3.99 5521
2 ADF 00012 060 00001 00024 09218 383 176 3460 -
3 NDF 0.1194 8.38 - 0.0068 0.5234 09260 386 . 6.04 63.72
3 ADF  0.0191 2.09 0.9794 0.5129 0.7554 717 846 3744

3 Cp 0.0870 495 0.1022 03129 09129 1082 271 1522




Appendix 11. The statistical models used to analyse cow production data. Manuscript 2.

Data Set Parameter Model Description
Consumed CP, NDF, Y. =n+A+T,+P.+ (AT, + Y yum = consumed forage quality (CP, NDF, ADF and IVOMD); p = population
forage ADF and (}{P),k + (TP), + (ATP)U,C + R,(A'I‘P)U,c + mean; A, = ith year; T, =jth pasture treatment; P, = kth rotation; (AT), = year
quality, % IVOMD 0,, + (PO) + (TO),,, + (AO),, + by treatment interaction; (AP), = year by rotation interaction; (TP)s =
)i treatment by rotation interaction; (ATP),, = year by treatment by rotation
interaction; R{ATP),, = /th replication within year by treatment by rotation
| interaction (error term to test h); O,, = mth in or out of paddock i.e. sampling
petiod; (PO),, = rotation by in/out of the paddock interaction; (TO),,=
treatment by in/out of paddock interaction; (AQ),,, =year by in/out of the
paddock interaction; (TPO), = treatment by rotation by in/out of the paddock
interaction.
Cow Dry Mean DMI, Y, =+ A +R(A) +T, + (TA)+ Y, = mean DMI, cow and calf ADG, calf gain per hectare or mean SUN; p=
Matter Intake, ADG, Gain  T,R(A) + M, + S, + (MS),, + (TM)y+  population mean; A, = ith year, R(A,) = jth replication within ith year, used as
% BW; Cow per hectare,  (TS)y,+ (TMS)y, + (AM), + (AS),,, + the error term to test year; T, = Kasture treatment; (TA), = pasture
and Calf Mean SUN (AMS),, _ treatment by year interaction; T;R,(A,) = kth pasture treatment by jth replication
ADG, g d! within ith year, used as the erxor térm to test pasture treatment and pasture
and Calf treatment by year interaction; M, = /th monensin treatment; S, = mth sex of
Gain, kg ha'; calf; (MS),, = monensin by sex of calf interaction; (TM), = pasture treatment
Serum Urea by monensin interaction; (TS),= pasture treatment by sex of calf interaction;
Nitrogen, (TMS)y,, = pasture treatment by monensin by sex of calf interaction; (AM), =
mmo] 11 year by monensin interaction; (AS),, = year by sex of calf interaction; (AMS),;,,
= year by monensin by sex of calf interaction,
1998 Cow ADG, Gain Yy, =p+T,+R(T)+ S, + (TS), Yy = 1998 cow and calf ADG, calf gain per hectare; = population mean; T,
and Calf per hectare = jth pasture treatment, R(T,) = jth replication with in ith pasture treatment,
ADG, g g1 used as the error term to tést pasture treatment; S, = kth sex of calf; (TS), =
and Calf pasture treatment by sex of calf interaction.
Gain, kg ha? '
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Model

Data Set Parameter Description

Milk Yield, Meanyield, Y,=p+A,+ RAA) +T, + (TA), + Y u, = mean DMI, cow and calf ADG, calf gain per hectare or mean SUN; p =

kg d'; Milk Fat, Protein, T,R(A)+M,+5, + (MS),, + (TM)y+  population mean; A, = ith year; R(A,) = jth replication within ith year, used as

Compositipn, SNF, SCC (TS)p,+ (TMS)y,, + (AM), + (AS),, + the error term to test year; T, = pasture treatment; (TA), = pasture

‘g»;ns?:manc log (AMS),,, + B treatment by year interaction; T,R(A,) = kth pasture treatment by jth replication
ell Count

within ith year, used as the error térm to test pasture treatment and pasture
treatment by year interaction; M, = /th monensin treatment; S, = mth sex of
calf; (MS),, = monensin by sex of calf interaction; (TM),, = pasture treatment
by monensin interaction; (TS),,= pasturetreatment by sex of calf interaction;
(TMS)y;,, = pasture treatment by monensin by sex of calf interaction; (AM), =
year by monensin interaction; (AS),, = year by sex of calf interaction; (AMS),,,
= year by monensin by sex of calf interaction; B = covariate (pre-test milk

yield, nulk fat, milk protein, milk solids non-fat and somatic cell count)
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Appendix 12. Analysis of variance for calf ADG, total gain and gain per hectare. Manuscript 2.

P values P values
Yr Trt MSE Mon Sex T*M T*S M*S r CV  MSE Mean
e=rep(trt)
95 ADG, g d? 0.0608 477 0.0672  0.0635 0.5407 0.0291 0.5579 0.81 6.89 645 11663
Gain, kgha  0.1097  416.89  0.0786 0.1013  0.6671 0.0402 0.5095 ° 0.§3 691 4801 1003
9%  ADG, gd? 0.2151 597 0.9065 0.2826 0.5818 0.9769 02139 049 11.24 11.74 963.8
Gain, kgha  0.0251  543.17  0.7261 0.2503 0.4870 0.9728 0.1549 0.90 11.34 19426 1229
97" ADG, g d? 0.0370 3.83 0.8030  0.0770 0.9305 0.8582 02973 0.49 10.39 13.10 11014
Gain, kgha'  0.0333 22068 08654 0.1719 0.8148 0.7350 04699 0.87 11.95 7844 741
98  ADG, gd? 0.8937 16.36 na 0.8085 na 0.0290 na 0.48 11.70 10.56 878.8
Gain, kgha 00282  834.12 | na 0.5448 na 0.0304 na 091 11.79 200.37 120.1

*Unbalanced data for sex of calf and monensin due to randomiz

presented since Ismeans are not available.

ation errors, therefore, mean values and standard. deviations are
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Appendix 13. Energy concentration of consumed forage. Manuscript 3.

Contrast p-values

Year Treatment
Energy 95 96 97 SEM  AF AU GF GU SEM . AvsG FvsU
NE, Rl 51* 45 46 .o011 s571° 4.9% 47 4.3 0.13 ., 0.0027 0.0148
NE,R2 54 SI° 44 010 52 50 4.9 4.8 012 0.0062 0.0899
NE,R1 22* 16 1.8 010 22 20 18 1.5° 011 00020 0.0134
NE,R2 25 22 15 010 23 21 20 1.8 0.12°" " 0.0060 0.0875

**Values within a row with different letters differ (P<0.05)
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Appendix 14. Effect of year (Y), pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on calf milk dry
matter intake and the contribution of milk to meet net energy of maintenance and gain, analysis of variance results '

Milk Y T TxY M S MxS TxS TxM YxM YxS CV. - Mean

RINE,, MJd? ** NS NS | * NS NS NS NS NS NS 19.55 05 13.49
R2NE,, MId!' * NS NS ' NS NS NS ‘*_ NS NS NS x’ 25.09 0.57 13.05
RINE,MJd' * NS 006 NS NS NS NS NS 0.07 ‘NS 13344 06 241
R2NE,MJd? * NS NS NS NS NS NS NS NS NS 163.79  0.64 1.70
R1DM], kg * NS NS NS NS NS NS NS NS NS 31.11 0.56 0.87
R2 DM], kg * NS NS NS NS NS 0.07 NS NS NS = 33.97 0.66 0.82
R1DMI, %BW ** NS NS NS NS NS NS NS * NS 3153~ 0.7 0.58

R2DMI, %BW ** NS NS = * NS NS NS NS * 0.07°  33.78 0.77 0.44
NS= Not Significant, *P < 0.05, **P < 0.01, ***P < 0 .001. ,
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Appendix 15. Effect of year (Y), pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on the

contribution of forage to meet net energy of maintenance and gain requirements and calf forage dry matter intake, analysis of

variance results

Forage Y T TxY M S MxS TxS TxM YxM YxS CV. r2 Mean
RINE, kgd* ** NS NS/ NS NS NS NS NS NS NS 1103 066 234
R2NE,kgd® * NS NS NS NS NS ** NS NS NS 560 073 559
RINE  kgd® ** NS 008 NS NS NS NS NS 010 009 3033 078 6.68
R2NE,kgd® ** NS NS NS 01 NS - NS NS NS ' NS 211 086 7.88
RIDML kgd? *#* *+ 007 NS NS NS NS NS * 01 3274 078 421
R2DMLkgd® * NS NS NS NS NS NS NS  010. 009 2647 075 481
RIDMI, %BW *#* * N§ NS NS NS NS 01  * NS 3697 067 263
RZDML%BW * * NS NS NS NS NS NS 007 009 3003 063 244

NS= Not Significant, *P < 0.05. **p <0.01. ***p <0.001.
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Appendix 16. Effect of year (Y), pasture treatment (T), monensin controlled release capsule (M) and sex of calf (S) on calf total
dry matter intake (forage plus milk DMI), analysis of variance results

Total Y T TxY M § MxS TxS TxM YxM YxS CV. r2 Mean
R1DMI, kg HHk R 0'06. NS NS NS NS NS NS NS 23.07 0.8 5.08
R2 DMI, kg * NS NS ' NS 01 NS NS NS NS - 0.08 ” 18.83 0.76 5.63
R1 DMI, %BW  *** | ** NS NS NS NS NS NS * ‘NS ' 25.49 0.67 3.22
R2DMI, %BW 0.07 NS NS NS NS NS NS NS 0.1 NS 20.68 0.6 2.88

NS= Not Significant, *P < 0.05, **P < 0.01, ***P < 0.001.
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Appendix 17. Clipped forage quality data for three grazing seasons (1995-1997)

1995 1995 1995 1996 1996 1996 1997 1997 1997
Pasture Treatment Paddock Rotation Replication  CP NDF ADF  CP NDF ADF CP NDF ADF
9 GU 1 1 1 10.84 62.66 3790 1037 6020 32.55 1027 5739 33.28
9 GU 2 1, 1 1299 6443 4109 585 6443 3931 7.66 6174 3721
9 GU 3 1 1 683 6313 4123 588 6770 3673 763 5879 3610
9 GU 4 1 1 539 6272 4194 558 6552 4209 650 63.47 3818
9 GU 5 1 1 577 6701 4467 521 68.87 4588 7.61 6488 4177
9 GU 1 2 1 1095 61.04 4105 806 7646 45.66 1120 64.39 3877
9 GU 2 2. 1 755 6970 4552 667 7224 4723 917 6353 2946
9 GU 3 2 1 L 852 61.00 37.09
9 GU 4 2. 1 7.03 6574 40.69
9 GU 5 2 1 843  63.03 3819
9 GU 1 3 1 1358 60.18 3739
9 GU 2 3 1 w1063 7285 43.44
16 GU 1 1 2 1059 64.62 3941 11.15 64.06‘"';:-?35.42 12.53 5446 31.15
16  GU 2 1 2 789 6501 4156 7.89 66.81 3889 1030 5752 33.98
16 GU 3 1 2 691 6036 38.64 546 69.55 4081 9.89 5961 32.81
16 GU 4 1 2 8.58 6442 4260 690 6744 43.09 61.03  34.89

11.53
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Appendix 18. Consumed forage quality data for three grazing seasons (1995-1997), collected from esophégeaﬂy fistulated steers

1995

In/Out of 1995 1995 1996 1996 1996 1997 1997 1997 CP

Pasture  Trt Rotation  Replication Paddock ADF NDF Cp ADF  NDF Ccp ADF NDF

9 GU 1 1 I 3899 6139 729 4L13 6272 375 5342 7730  6.99
5 GU 1 1 O 4382 67.85 444 4711 6917 3.02 4781 7915 489
9 GU 2 1 1 3821 5856 802 3628 5487 943 4362 7134 1094
5 GU 2 1 O 3792 5504 954 4824 6848 530 5089 79.18 534
16 GU 1 2 I 4134 6476 647 4301 6745 386 4101 7620  8.I5
16 GU 1 2 O 4059 6690 562 4486 7026 339 5003 6780  10.75
16 GU 2 2 I 3533 5811 1012 27.69 3638 1634 4478 7336  10.41
16 GU 2 2 O 3875 67.19 9.05 4782 7123 372 4879 7163 685
10 AU 1 1 I 3146 4034 1267 3978 57.05 677 , 5742 6882 928
10 AU 1 1 O 4073 5337 931 4883 6645 466 4597 7411  12.19
10 AU 2 1 I 3270 4631 11.86 2831 3752 1437 3598 5347  19.54
10 AU 2 1 O 4508 5696 729 4996 68.89 485 5138 7746 797
14 AU 1 2 I 2889 3155 1623 4108 60.52 573 4000 6285 1243
14 AU 1 2 O 4393 5453 776 4538 6604 677 4608 7980 692
14 AU 2 2 I 3274 4587 1290 3697 5741 1114 4006 6546  18.46
14 AU 2 2 O 4302 6046 7.85 49.05 6785 6.12 4887 7098 8589
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Unfertilized Meadow Bromegrass
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Appendix 19. The relationship between cow average daily gain (ADG) and serum urea
nitrogen (SUN) levels of cows that grazed unfertilized meadow bromegrass pastures over

three years (1995-1997)
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Appendix 20. The relationship between cow average daily gain (ADG) and serum urea
nitrogen (SUN) levels over three years (1995-1997).



