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ABSTRACT

A beef backgrounding pasture experiment was conducted on a Typic

Hapludalfs soil to measure forage and steer production from seven

(1.2-ha/ experimental unit) pasture treatments: (1) 'Midland' bermuda-

grass (Cynodon dactyl on (L.) Pers.) + Ladino clover (Trifolium repens L.)

[Midland + clover]; (2) Midland + 224 kg N/ha [Midland + N]; (3) 0.4 ha

Midland + N-0.8 ha of tall fescue (Festuca arundinacea Schreb.) + N

[Midland (0.4 ha)-fescue (0.8 ha)]; (4) Midland + fescue + N [Midland

+ fescue]; (5) Common bermudagrass (Cynodon dactyl on var. dactyl on) +

224 kg N/ha [Common + N]; (6) Fescue + clover; and (7) Orchardgrass

(Dactylis glomerata L.) + clover [Ore. + clover]. The pastures were

replicated twice and grazed with a modified put-and-take system.

Yearling steers weighing about 230 kg in spring grazed up to 150 days.

Forage and steer data were taken every three weeks. A species composi

tion index (SCI) was developed to describe each pasture each time with

a unique symbol; it was a sensitive tool for characterizing dynamically

changing pasture compositions. Forage consumption was 80% or more of

estimated growth, which was 4000 to 8300 kg/ha. Crude protein was

sufficient to meet minimum requirements for growing steers. Fescue or

clover, which were successfully introduced and maintained in Midland

sods, extended the grazing season, and the resulting combinations

produced more forage than Midland + N alone.

Stocking rates ranged from four to seven steers/ha. Average

daily gains (ADG) were about 475 to 575 g for all treatments except

for Ore. + clover (825 g). Productivity ranged between 520 grazing

iv
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days/ha/season for Ore. + clover to 1190 for Midland + fescue; most were

730 to 880 grazing days/ha. Daily forage dry matter intake was five to

seven kg/steer in all pastures, with intake efficiencies of 9 to 13

kg/kg gain. Beef production was 390, 412, 456, 485, 505, 515, and 720

kg/ha for Fescue + clover. Common + N, Midland (0.4 ha)-fescue (0.8 ha).

Midland + clover. Ore. + clover. Midland + N, and Midland + fescue,

respectively.

Models were developed to identify concomitant variables such as

stocking rate/21-day sampling period, season (spring or summer), year,

days/period, crude protein, and precipitation in addition to the

classification variables "treatments" or SCI, that could account for

variability in the dependent variables. When "treatments" was entered

in the model, R^'s of 0.26, 0.43, 0.58, and 0.44 were obtained for

forage growth, forage consumption, ADG and beef production,

respectively; when SCI was used, they were 0.40, 0.52, 0.68, and 0.55.
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CHAPTER I

INTRODUCTION

In the last decade, demand for grain has increased dramatically

in the United States and throughout the world. Grain prices have

followed demand and increased substantially, dimming prospects for

finishing beef cattle on grain. Rising fuel and transportation costs

also have increased the expense of shipping cattle to the large feed-

lots in the United States Midwest. If the conversion rate of grain to

meat (nine to one) is considered in conjunction with the factors

mentioned above, grain-fed beef shipped from the southeastern United

States cannot compete economically with that raised in other regions.

Many investigators in the southeast now advocate that weaned

feeder calves be first grazed on good quality pasture to maximize growth

and frame development, and then fed grain in confinement for 90 to 120

days. This could result in a lifetime conversion of about two units of

grain per unit of meat produced.

Forages are important in the world's food resources. Forages

vary tremendously in kind, yield, and quality, but all have one thing in

common: little or no value until they are marketed through livestock,

because the relatively large amounts of structural carbohydrates forages

contain cannot be used directly for human consumption. The success of a

beef cattle backgrounding system depends largely on the quantity and

quality of forage produced. With the recent practice of delaying the

placement of weaned calves in feedlots, the need for information
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concerning pastures suitable for sustaining weight gains of growing

animals has increased.

This experiment was initiated to fill this gap in knowledge. The

objectives were to compare forage production and quality, as expressed

by average daily gain and beef production/ha, of Midland and Common

bermudagrass pastures fertilized with nitrogen to those of Midland

pastures overseeded with clover or with fescue; to compare equal areas

of Midland overseeded with fescue to separate pastures of the two

species; and to further compare those combinations to mixtures of fescue

and clover, or orchardgrass and clover.

^ r !: ' '->•■ (!? I' ■
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CHAPTER II

REVIEW OF LITERATURE

Bermudagrass (Cynodon dactyl on (L.) Pers.) is widely distributed

throughout the tropical and subtropical regions of the world. In view

of the diversity in form and type that exists within these regions, it

is now postulated that bermudagrass originated in Africa rather than in

India, where there is not much diversity among species (10). Bermuda-

grass is not native to the United States but its introduction has been

recorded as early as 1807. Most farmers in the southeastern United

States, concerned with growing cotton and corn, viewed bermudagrass for

a long time as a weed, although some pioneer agriculturalists realized

its potential importance as a forage (71).

Common bermudagrass (Cynodon dactyl on var. dactyl on) is well

adapted to the western portion of Tennessee and the southern parts of

Middle and East Tennessee. It is the predominant warm-season grass on

approximately 200,000 ha in Tennessee and is present on twice that area

in the state (25). There are many different ecotypes of common bermuda

grass that differ greatly in vigor, growth habit, and forage yield.

Established stands are used for pasture rather than for hay, because of

the difficulty encountered in mechanically harvesting the short and

dense growth. Many of the common bermudagrass ecotypes produce seed

throughout the growing season; this makes control of their spreading

difficult.

'Coastal' bermudagrass was developed at the Georgia Coastal
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Plains Experiment Station in 1938. It is an hybrid between Tift

bermudagrass and an introduction from Africa that was selected as the

best of 5,000 spaced plants. It is characterized by larger and longer

leaves, stems, and rhizomes than those of common bermudagrass (9). It

is therefore more suitable for hay where it is well adapted. Coastal

produces much more forage than common bermudagrass, and is for the most

part sterile. It is resistant to foliage diseases and root knot

nematodes (20).

'Midland' bermudagrass is an hybrid between Coastal and a

winter-hardy common from Indiana. It is similar to Coastal in most of

the good traits that characterize Coastal but is less disease-

resistant and yields less in the Coastal Plains states. However,

Midland is more winter-hardy and can be successfully grown where Coastal

is subject to winterkill (15). Midland has produced as much as Coastal

in most cases in Tennessee but has outproduced Coastal where the latter

was winter-injured (20). Midland has been reported to be cold resistant

in Maryland and throughout the southern regions of Ohio, Indiana, and

Illinois (19, 47). Midland starts growth two to three weeks earlier in

the spring than common and three to five weeks earlier than Coastal in

Tennessee (15, 20). Midland rhizomes tend to be long and straight and

do not form as dense a sod as cormon (15, 32). This characteristic

would favor the establishment and maintenance of companion crops such as

legumes or other grass species.

Tall fescue (Festuca arundinacea Schreb.) is one of the most

important grass species in the United States and Tennessee because of

its wide adaptation to different soils and climatic conditions. Native



5

to Europe, it was introduced into the United States over a century ago

and did not receive much attention until the late 1930's. The use of

fescue increased when Oregon released the 'Alta' selection and Kentucky

released the natural selection referred to as 'Kentucky 31' (5).

Although tall fescue is widely adapted, it grows best in the transition

zone between the northern and the southern regions of the eastern United

States. Tall fescue is tolerant of both poor drainage and droughty con

ditions. It can provide adequate forage for grazing animals during the

cooler seasons of the year. Forage quality is usually higher when a

legume is present as a companion crop and rather close grazing has re

duced competition and maintained the grass in a vegetative stage. This

allows both species to persist and to make a significant contribution to

the total forage production. Forage quality is usually lowest during

late spring and summer (5) when the grass is in a reproductive stage or

semi-dormant.

Orchardgrass (Dactylis glomerata L.) is another European intro

duction. It is a long lived perennial where winters are not severe.

Orchardgrass is more shade-tolerant than many perennial forage grasses.

It was recognized long ago that it had early spring growth and abundant

leafy aftermath production (39). It is one of the best cool-season

perennial grasses in Tennessee (20), with its range of adaptation

extending from the northern United States into Tennessee. It is used

for pasture, hay, and seed production. In Tennessee, orchardgrass is

primarily used for pasture, usually in mixtures with legumes, but the

first spring growth is often cut for hay in East Tennessee. Most of the

pasture production occurs in spring and early summer. During years with
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above average rainfall and below average temperatures, orchardgrass will

continue to grow and produce after mid-summer, but hot, dry weather

generally leads to a cessation of growth. Pastures grazed then can be

severely damaged and yields can be reduced by as much as half in

droughty years.

Effect of Nitrogen Fertilization on Perennial Forage Crops

Effect on Total Forage Production

Bermudagrass yields have been as high as 15,000 kg of dry matter

DM/ha when fertilized with 900 kg N/ha, when adequate moisture was

available (11). Midland yields have been reported to range from 9,500

to 24,500 kg DM/ha with varied levels of N fertilization (15, 16). Faix

et al. (19) reported total forage DM production of 8,790 to 11,470 kg/ha

when fertilized with 150 kg N/ha/year. Fribourg et al. (27) reported

yields of 18,000 kg DM/ha/year when Midland was fertilized with 224 kg

N/ha at the beginning of the growing season and with 112 kg N/ha after

each of the first two or three harvests. Coastal produced 16,600 kg

DM/ha when managed in a similar manner. In Oklahoma, Midland with a

single application of 150 kg N/ha in the spring produced 15,800 kg DM/ha,

while 50 kg N/ha applied at the same time of the year resulted in only

9,830 kg DM/ha (40). Coastal produced 35% more total forage DM

than 'Coastcross 1' bermudagrass and 'Pensacola' bahiagrass (Paspalum

notatum Flugge) (14, 72). Coastal has produced about twice as much DM

as Kentucky 31 tall fescue for each increment of N fertilization (112,

224, 448, and 896 kg N/ha) (29).
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Fescue is very similar to bermudagrass in its response to N

fertilization, but at a lower overall level. As N fertilization is

increased so is DM production (29). However, at high rates of N (448

and 896 kg N/ha) severe thinning of the stand can occur (30), especially

after summer applications. Nitrogen applied in July resulted in some

stand loss later in the year (23). Fescue stands fertilized with 224

kg N/ha had yields of 2,090 kg DM/ha and stands remained in excellent

condition (30). A relationship was evident between the higher N

fertilization rates and decreased hot water soluble carbohydrate contents

of the fescue stubble above the 224 kg N/ha rate. It was postulated

that high rates of N applied to freshly defoliated cool-season grasses

during hot weather may increase respiration and regrowth demands beyond

the photosynthetic capacity of some plants under such physical and en

vironmental conditions. Small amounts of N fertilizer at frequent

intervals during late spring and early summer have increased summer DM

yields without significant damage to the stand (29, 31, 51). When 50

kg N/ha were applied in March and September, spring DM production was

similar to that resulting from a single March application, and fall

production was about the same as that from a single fall application

(23).

Nitrogen fertilization generally increases the yields of most

grasses. Orchardgrass, however, is variable in such responses. In

Pennsylvania, orchardgrass was less productive than timothy (Phleum

pratense L.) when 56 kg N/ha was applied, but when the rate was

increased to 112 kg N/ha, the two grasses produced equally (49).

Nitrogen fertilization seemed to have its greatest effect on
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orchardgrass when K fertilizer was applied also (76). Nitrogen

fertilization has been shown to increase tillering of orchardgrass (1)

and decrease root growth in relation to top growth (76). Nitrogen

fertilization rates of 224 to 336 kg N/ha substantially increased

orchardgrass production in Tennessee over that obtained from a 112 kg

N/ha rate (28). Treatments harvested less frequently had the highest

yields but also contained more mature forage. Orchardgrass yields were

highest at the 224 kg N/ha rate and when the forage was harvested at a

3.8-cm stubble height. Additional research in Tennessee concurs with

earlier findings on N fertilizer rate and harvest stubble height (61).

Frequent harvesting at a stubble height of 3.8-cm was the most detri

mental to the continued productivity of the orchardgrass stand. Reid

et al. (60) reported that rate and source of N had little effect on ad

libitum consumption of orchardgrass hays by sheep. Animal preference

for the hays, however, declined with increased rates of N fertilization.

In contrast, the preference ranking of orchardgrass fertilized at several

rates of N was reversed under grazing conditions. Different sources of

N affected the attractiveness of the hays but did not significantly

modify selection of forage by grazing sheep.

Effect on Crude Protein

Many investigators have demonstrated an increase in percent CP of

Midland with increasing levels of N fertilizer (12, 17, 30, 50, 67). In

* Maryland, percent CP of Midland was raised from 15.8% with 224

kg N/ha to 24.2% with 896 kg N/ha (17). Midland without N or

fertilized with 112 kg N/ha had CP percentages of about 10 which were

increased to 18 when 448 kg N/ha or more were used (50). Midland



fertilized with 112, 224, and 448 kg N/ha/year resulted in high CP

percentages at the start of the grazing season (19, 19, and 24%,

respectively) followed by a rapid decrease to early July, and a much

slower decrease for the rest of the grazing season (12). Only grass

fertilized with 112 kg N/ha was so low in percent CP as to not meet

the 10.7% level accepted as minimum for growing-finishing steers

weighing 250 kg and gaining 700 g/day (53). It was suggested that

three applications of 56 kg N/ha might stabilize the CP percentage

and reduce the rapid decline from early spring to mid summer. The

increase in percent CP with each level of N was thought to be due to

the vegetative stage that is fostered when N fertilization is increased

and stocking rate is high enough to prevent accumulation of older leaves

and stems. Horn et al. (41) observed that by increasing N fertilization

levels on Midland sods the CP concentration of the forage increased and

calves grazing selected the forage higher in CP. Fescue CP concentra

tion also increases with each increase of N fertilization. Crude

protein was increased from about 12.5% to 17.8% with applications of

50 kg N/ha in spring, summer, and fall (23). It continued to increase

as the total N applied exceeded the three 50 kg N/ha applications.

Hallock et al. (30) increased CP from 15.8% with 112 kg N/ha to

21.9% with 896 kg N/ha. Severe thinning of fescue stands occurred at

448 to 896 kg N/ha rates (29).

Orchardgrass follows the same trend as fescue and bermudagrass

with respect to CP concentration as a result of following N fertiliza

tion. Ramage et al. (59) observed that increasing the rate of N

fertilization decreased the crude fiber content of orchardgrass but
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increased its CP percent. Nitrogen rates of 56 kg/ha and 448 kg/ha on

orchardgrass pastures produced a three-year average of 5,720 and 9,472

kg DM/ha, respectively; corresponding CP percentages were 12.1 and 19.8.

The 112 kg N/ha rate resulted in the greatest yield of DM and CP/kg of N

applied. Lewis and Lang (48) also noted increases in CP of orchard-

grass with N fertilization.

Establishment of Annual and Perennial Forages in Bermudagrass Sods

Improving forage production and quality by overseeding annuals

and perennials in bermudagrass sods has long been a goal of many

investigators. Midland is capable of producing substantial forage

yields sufficiently high in quality to result in a high rate of gain by

stocker animals for only 60 to 90 days (70). The introduction of other

forage species into existing bermudagrass pastures during times of low

seasonal production or dormancy can improve overall pasture quality at

those times.

Decker et al. (17) noted that the addition of rye (Secale

cereale L.) a cool-season annual forage, to a Midland sod would slightly

increase total forage production and extend the grazing season. Hal lock

et al. (30) observed a yield depression when rye was overseeded into a

Midland sod at low N rates, but this depression was negligible at a

higher (896 kg N/ha) level. Even though yield was depressed at the

lower rates, the grazing season was extended and more uniform grazing

took place. A more de.sirable yearly distribution of growth from

bermudagrass pastures was achieved when the sod was overseeded with

rye (63). A study in Maryland compared total forage yields and
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seasonal distribution of Midland in combination with cool-season annual

or cool-season perennial grasses (17). Production was greater for the

cool-season annuals-Midland combinations even though the perennials

significantly increased total forage yield. This probably occurred be

cause the summers were not hot enough or long enough to cause dormancy

of the cool-season perennials. Thus, competition between bermudagrass

and perennial cool-season grasses prevented either one from reaching its

full yield potential.

When tall fescue was seeded into dormant Coastal in northern

Georgia, the fescue persisted and contributed to the total yield of

forage at N levels up to 420 kg N/ha/year at a 5-cm stubble height (78).

Tall fescue was also competitive at N levels up to 560 kg N/ha/year at a

10-cm stubble height. At higher N levels, fertilization was detrimental

to the proportion of fescue in the stand, but higher clipping heights

resulted in increased fescue content except at the largest N applications.

Although the higher rates of N produced the highest yields the percent

fescue in the harvested forage was very small. Midland overseeded with

fescue reduced the production of Midland forage to 70% of that

when grown alone (25). However, the total yield for the combination was

1.8 ton DM/ha greater than for Midland alone. It was thought that if

these stands had been grazed, they would have provided pasture from

mid-February through mid-November. When fescue was overseeded in 25-cm

rows in a Midland sod harvested four times a year to a stubble height of

5 to 10 cm and fertilized with 200 kg N/ha/year, 1,500 kg DM/ha were

produced each harvest period (24). The combination of the two species

extended the season of production of the sward from five to nine or ten
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months/year. Dry matter production increased from 5,800 to 7,150 kg/ha/

year.

Effect on Animal Performance

Tall fescue and orchardgrass pastures, each containing white

clover (Trifolium repens L.) or fertilized with 168 kg/N/year, were

compared to Coastal sods overseeded with vetch (Vicia spp. L.) or rye

(33). Beef gains averaged 403 and 352 kg/ha/year from fescue and

orchardgrass, respectively. Rye or vetch seeded in Coastal sods

produced an average of 573 kg beef/ha/year. Total annual gains per

animal for tall fescue, orchardgrass, and Coastal were 83, 89, and 95 kg,

respectively. Average daily gain (AD6) of the steers did not improve

when white clover was included in the orchardgrass sward, but it did

increase the ADG on the fescue pastures from 594 to 662 g/day.

Stocking rates averaged 5.0, 3.8, and 6.3 steers/ha for fescue, orchard-

grass, and Coastal pastures when fall and spring-summer grazing seasons

were combined.

To increase the grazing season of bermudagrass-tal1 fescue pasture

combinations, four N applications were made in attempts to maintain a

desirable balance between the two species (65). The grazing season was

increased by 249 animal grazing days/ha and total gains were increased

by 67 to 101 kg beef/ha/year over those obtained when fertilizing with N

in June and August for the benefit of bermudagrass alone. Increasing N

fertilization rates from 135 to 539 kg N/ha on Midland pastures over-

seeded with ryegrass (Lolium multiflorum Lam.) increased gains per steer

from 105 to 158 kg/ha/year (52). The length of the grazing season was

increased by 28 days and steer days/ha increased from 827 to 1,475. The
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stocking rate for Midland-ladino clover pastures overseeded with rye

ranged from 7.4 to 9.9 steers/ha (18). This particular combination

produced about 1,010 kg/ha of animal gain.

Tall fescue-ladino clover pastures in a cow-calf grazing experi

ment in North Carolina produced more gain/calf/season (80 kg) than

fescue-ladino clover-Coastal pastures (7). It was noted that gains

obtained from Coastal enabled the fescue-clover-bermudagrass treatment

to produce gains per season (120 kg) about the same as those from

fescue-clover pastures.

Legumes in Bermudagrass and Other Perennial Sods

Legumes have been used satisfactorily to extend the grazing

season, increase forage production, and improve forage quality and use

of land resources (42, 46, 77). The grazing season has been extended in

both spring and fall with the addition of legumes. Overall forage

quality is good during early spring because warm season perennials are

still dormant and legumes prosper. The legume is associated with N-

fixing bacteria which can produce up to 224 kg N/ha/year (77), thus

stimulating earlier bermudagrass growth (37, 38).

Effect on Total Forage Production

Bermudagrass responds favorably to N fertilization, interplanted

winter legumes, and to combinations of these two practices (37). The

inclusion of crimson clover (Trifolium incarnatum L.) overseeded on

Coastal increased total forage production about as much as 67 kg N/ha

without the legume. Coastal overseeded in the fall with crimson clover
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and fertilized with 134 to 168 kg N/ha in early June produced 4,535 to

5,443 kg/ha of forage annually. The same amount of N on Coastal without

a legume produced about 3,600 to 4,080 kg/ha of forage. The use of the

legume without N resulted in about 3,400 kg of DM/year. Coastal over-

seeded with either crimson, arrowleaf (Trifolium vesiculosum Savi), red

(Trifolium pratense L.), or white clover, produced 13,920, 12,700,

11,250, and 11,425 kg of total forage DM/ha, respectively (77). In the

same study Coastal grown alone and fertilized with 224 kg N/ha yielded

8,670 kg/ha. It was noted that the forage produced by the clover-grass

mixture was more digestible and its production was better distributed

over the season. The inclusion of bigflower vetch (Vicia grandiflora

var. kilaibeliana W. Koch.) in Midland and fescue sods increased total

DM production more than was obtained from 100 kg N/ha but less than from

200 kg N/ha (68). After crimson or arrowleaf clover had been harvested.

Coastal produced about 2,600 kg DM/ha more from the same plots than

Coastal receiving 224 kg N/ha without a preceding clover crop (46). Due

to competition between the grass and arrowleaf clover a reduction in

first-harvest yields was reported. However, the total forage production

was 47% higher from the remaining harvest than that from the grass

alone fertilized with 224 kg N/ha. A major disadvantage of seeding

winter annual legumes is that in years of limited soil moisture, the

legume may deplete the moisture available to the bermudagrass, thus

delaying or decreasing its growth.

When attempting to maintain legumes in grass sods the levels of

available P and exchangeable K in the soil are critical. Rich and

Odland (62) observed that reducing the amount of N or P had no
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significant effect on either the yield or percentage of legumes in

the hay. When fertilizer K additions were reduced from 93 to 46 kg/ha,

the proportion of legumes was reduced from 50% to 3% and the hay yield

lowered from 3,450 kg/ha to 1,825 kg/ha. Potash greatly increased

legume yields and percentages in grass-legume mixtures (44). The

percentage of legumes was almost doubled in orchardgrass and fescue

mixtures containing ladino clover by high K fertilization. Forage

yield was increased 62% and 30% in the orchardgrass-ladino clover

and fescue-ladino clover mixtures, respectively. The effect of rate

and time of N applications on DM yields and clover percentages in a

fescue-clover mixture was dramatic (8, 13). Fescue-clover mixtures

with 24% clover and no N applied produced 4,930 kg DM/ha. The same

mixture fertilized with 56 kg N/ha applied in June yielded 5,150 kg

DM/ha with a clover percentage of 21. When 56 kg N/ha were applied

in August instead of June, 5,825 kg DM/ha were produced with the same

percent clover. Nitrogen rates of 112 kg/ha applied in February or

June resulted in decreased DM production and clover percentages.

Chamblee et al. (13) found that when no N was applied, 52% clover

was present; when 112 kg N/ha were applied, total DM increased but

there was only 5% clover.

In Tennessee, fescue fertilized with 67 kg N/ha produced about

3,200 kg DM/ha (21). When ladino clover was added to the fescue without

N, DM production increased to 3,500 kg/ha, and to 3,800 kg/ha with the

addition of red clover. When ladino and red clovers, and 'Kobe'

lespedeza (Lespedeza striata (Thunb.) H. & A.) were all overseeded on a

fescue sod, DM yields were about 4,400 kg/ha.
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White clover in mixtures of orchardgrass has provided the

equivalent in total DM of 168 kg N/ha (74). In contrast, Washko and

Pennington (75) obtained higher forage yields from orchardgrass

fertilized with 112 kg N/ha than when it was grownwith ladino clover.
f

Effect on Animal Production

Much research has shown that grass-legume mixtures stimulate

liveweight gains, animal growth, milk production, or reproduction

efficiency above that for grasses fertilized with N (3, 4, 7, 65, 66).

Steers grazing orchardgrass or tall fescue fertilized with 240 kg N/ha

gained less per day than steers grazing orchardgrass with ladino clover

and no N fertilizer (4). Average daily gains per animal were higher

(540 g/day) for the orchardgrass-ladino clover mixture and orchardgrass

fertilized with N (460 g/day) than for two comparable tall fescue treat

ments. Tall fescue pastures fertilized with 242 kg N/ha supported the

highest carrying capacity per season (411 steer days) while the

orchardgrass-legume pastures had the lowest (204 steer days). However,

carrying capacity of orchardgrass pastures with N was higher than that

for any of the grass-clover mixtures studied. Liveweight gains/ha over

a five-year period were 9% higher for the orchardgrass with N

pastures than for those grown with clover. Orchardgrass-ladino clover

pastures produced about twice as much ADG than Midland pastures

fertilized at four different rates of N (0, 112, 224, 448 kg N/ha) (24).

Only the Midland with 448 kg N/ha produced more beef/ha than the

orchardgrass-ladino clover pasture (705 and 561 kg beef/ha,

respectively). The Midland pastures fertilized with the 448 kg N/ha
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rate resulted in 1,759 animal grazing days/ha while the orchardgrass-

ladino clover pastures produced only 590. High et al. (35) and Hobbs

et al. (36) reported ADG's of steers grazing orchardgrass-ladino clover

pastures as being greater than those of steers grazing fescue. Carrying

capacity was higher and steers averaged one-third quality grade higher

on the orchardgrass-ladino clover pastures. Fescue-clover pastures with

280 kg N/ha produced 746 grazing days/ha and orchardgrass-clover pastures

had highest gains (34).

Winter annual clovers established in Coastal pastures increased

the grazing season by 84 to 120 days, improved the quality of available

forage, and fixed 84 to 112 kg N/ha in the soil (73). Steers grazing

crimson and arrowleaf clovers had ADG of 900 g/day with liveweight gains

of about 561 kg/ha. Animal grazing days/ha were 553 for crimson clover

and 709 for arrowleaf clover.

Even a slightly larger ADG by cattle grazing pastures with grass-

legumes can result in significant beef production. An increased ADG of

only 140 g/day can result in an additional 28 kg liveweight gain per

animal during a 200-day grazing season (4).



CHAPTER III

FORAGE GROWTH AND CONSUMPTION

Introduction

Midland bermudagrass is well adapted to the mid-southeastern

United States (19), produces large amounts of forage (16), grows well in

spring and summer, and fills the summer production gap which exists in

beef pasture systems when cool-season species are used (24). One of

these cool-season grasses, orchardgrass, produces well in spring but

often stops growth in early summer. Another cool-season grass, tall

fescue, is well adapted in the region (5), produces well in spring and

fall, can be stockpiled for winter (54) but is semi-dormant in summer.

It has been shown that N fertilization and physiological factors in

fluenced by stage of growth affect productivity and forage quality of

these grasses, and that these changes are reflected in animal perform

ance (7). The inclusion of legumes in cool-season sods can result in

forage of higher protein content (13) and better animal performance than

when clovers are absent. It has been suggested that the overseeding of

fescue and clover in bermudagrass sods could lengthen the grazing season

(25, 37) and increase forage and animal productivity (26, 78). The high

potential productivity of Midland when fertilized with N makes it easy

to shift a Midland pasture to a productive hay field with little pre

meditation, providing flexibility when used in conjunction with pastures

of other species.

The objectives of this study were to compare the productivity of

18
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Midland and Common bermudagrass pastures fertilized with N to that of

Midland pastures overseeded with clover or with fescue, to compare equal

areas of Midland overseeded with fescue to separate pastures of the two

species, and to further compare those combinations to mixtures of fescue

and clover or orchardgrass and clover.

Materials and Methods

A grazing experiment was conducted at Ames Plantation, Grand

Junction, Tennessee, during 1975, 1976, and 1977 springs and summers.

Fourteen 1.2-ha pastures on a Memphis silt loam soil (fine-silty, mixed,

thermic, Typic Hapludalfs) were used. Six of these pastures were sods

of Midland bermudagrass and two were mixtures of orchardgrass and ladino

clover (Ore. + clover) which had been established in 1969 and used in a

previous study (24). Two of the six Midland pastures were overseeded

each year with 1.4 kg/ha of ladino clover and 5.2 kg/ha of Kobe

lespedeza (Midland + clover) in mid-January to February; two others were

overseeded in fall 1974 with Kentucky 31 tall fescue drilled in 25-cm

rows at 16 kg/ha of seed (Midland + fescue); and the last two were

fertilized with 224 kg N/ha/year (Midland + N). Six additional pastures

were developed: two consisted of 0.4 ha of Midland + N and 0.8 ha of

tall fescue + N [Midland (0.4 ha) + Fescue (0.8 ha)]; two were sods of

common bermudagrass fertilized with 224 kg N/ha/year (Common + N); and

two were sods of Kentucky 31 tall fescue overseeded with 1.7 kg/ha of

ladino clover and 6.7 kg/ha of Kobe lespedeza (Fescue + clover). Bermuda-

grasses + N were topdressed with NH^NOa in three equal installments

yearly in late March, May, and early July. In late March each year.
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30 kg P/ha and 56 kg K/ha were broadcast on Fescue + clover and Ore. +

clover pastures; all other pastures were fertilized with 25 kg P/ha and

95 kg K/ha. In addition, pastures containing fescue received 67 kg N/ha,

15 kg P/ha, and 28 kg K/ha in early September.

The 14 pastures were arranged in a randomized complete block

design with two replications of the seven treatments. Yearling beef

steers were placed on pastures of each treatment whenever mean height of

either fescue or bermudagrass first reached 5 cm, or that of orchardgrass

attained 7 cm. A modified put-and-take grazing management system was

used to maintain bermudagrass and fescue growth between heights of 5 and

8 cm, and orchardgrass growth between 7 and 14 cm.

Pastures were scored at about 21-day intervals by two or three

trained independent observers. Each observer estimated ground cover,

botanical composition {> 2%), and minimum, maximum and mean

heights of each species. In order to characterize each pasture on any

observation day by a unique quantifying symbol, a species composition

index (SCI) was created. Frequency classes of the botanical composition

percentages for each of the four forage species were established. The

midpoint value for each species frequency class was used as a component

for creating the unique SCI characterizing a pasture. The sequence of

range midpoint numbers for orchardgrass-clover-fescue-bermudagrass was

arbitrarily selected for the composition of SCI (Table 1). For example,

an SCI of 0-15-0-80 describes a pasture with no orchardgrass or fescue,

12% clover and 88% bermudagrass. A pasture with 43% fescue and

57% Midland would be described with an SCI of 0-0-40-60.



� 

 

 

TA
BL
E 
1.

 
DE
RI
VA
TI
ON
 O

F 
CO
MP
ON
EN
TS
 U
SE

D 
IN

 C
RE

AT
IN

G 
TH

E 
SP
EC
IE
S 
CO

MP
OS

IT
IO

N 
IN

DE
X 
(S
CI
)

O
r
c
h
a
r
d
q
r
a
s
s

F
i

F
r
e
q
u
e
n
c
y

C
l
a
s
s

0 1
-
3
9

4
0
-
6
9

>
 
7
0

r
s
t
 
S
C
I

C
o
m
p
o
n
e
n
t

0 2
0

6
0

8
0

C
l
o
v
e
r

F
e
s
c
u
e

F
r
e
q
u
e
n
c
y

C
l
a
s
s

S
e
c
o
n
d
 
S
C
I

C
o
m
p
o
n
e
n
t

F
r
e
q
u
e
n
c
y

C
l
a
s
s

T
h
i
r
d
 
S
C
I

C
o
m
p
o
n
e
n
t

B
e
r
m
u
d
a
q
r
a
s
s

F

P
e
r
c
e
n
t
 B
ot

an
ic

al
 
C
o
m
p
o
s
i
t
i
o
n

F
r
e
q
u
e
n
c
y

C
l
a
s
s

o
u
r
t
h
 
S
C
I

C
o
m
p
o
n
e
n
t

0
0

0
0

0
0

1
-
9

5
1
-
2
9

1
5

1
-
2
9

1
5

1
0
-
1
9

1
5

3
0
-
4
9

4
0

3
0
-
4
9

4
0

2
0
-
2
9

2
5

5
0
-
6
9

6
0

5
0
-
6
9

6
0

3
0
-
3
9

3
5

7
0
-
8
9

8
0

7
0
-
8
9

8
0

>
 
4
0

4
5

>
 
9
0

9
5

>
 
9
0

9
5

-f
c'
,-
-

V 
.

- 
v
,
 

. 
A?

-

,
-
 
v
-

•
.
 f
X
'
 
'
 "
* 

i

•v
- 

>■

r
o



22

Although the algebraically possible number of combinations of

4x6x6x6 items could result in 864 different SCI values, the

restrictions imposed by the nature of the treatments in the experiments

limited the number of meaningful combinations to 180. In fact, 48 SCI

combinations occurred throughout the experiment. Thus, the variable SCI

could be considered in statistical analyses as a discrete classification

variable with 48 possible values, each one characteristic of a specific

range of botanical composition.

In the treatments where single grass species were studied

[Common + N, Midland + N, Midland (0.4 ha)-fescue (0.8 ha)] SCI values

of 0-0-95-0 and 0-0-0-95 were consistently attained. Midland + clover

pastures had much clover in 1975 (Figure 1-A). The content gradually de

clined the next two years, but clover presence was substantial. In the

Fescue + clover pastures the low amounts of clover in 1975 had increased

the second year and then remained constant (Figure 1-B). The scatter in

SCI for Ore. + clover pastures each year reflects the presence of more

clover each spring than later in the season (Figure 1-C). In the Midland

+ fescue pastures, there was more fescue than bermudagrass in 1975 and

1976 (Figure 1-D). There was an equal amount of fescue and bermudagrass

during 1977; the SCI values on the diagonal reflect the gradual change

from fescue dominance in the spring to bermudagrass preponderance in

summer.

Forage growth and consumption were determined by the cage and
\.

strip method (24), using one of each at random for each 0.2 ha. The

sampling mower blade was set at a stubble height of 5 cm for sods con

taining fescue or bermudagrass, and at 8 cm for orchardgrass. Each
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sample was oven-dried at 65 C for 72 hours and weighed. Dried samples

from each pasture were composited for cages and strips separately and

analyzed for total nitrogen. Total N was determined by the

phenolhypochlorite color reaction (69) with a Technicon Autoanalyzer on

extracts obtained after digestion with concentrated HaSOit and 35%

H^02. Crude protein (CP) was obtained by multiplying percent N by 6.25.

Daily mean air temperature at 2 m above sod and precipitation were

measured.

Data were analyzed on a 21-day sampling period basis and also on

a cumulative basis for each year and for spring (March-mid June) and

summer (mid June-September). Since the seven treatment names do not,

both within each year and across years, reflect actual botanical com

position and their dynamic changes over time, within seasons, among

pastures and treatments, the classification variable "SCI" was used in

the statistical analysis instead of the classification variable "treat

ments." Least-squares means for period and cumulative forage growth,

forage consumption, protein content, and length of grazing season were

tested for significance (a = 0.05) after removal of the variation due

to the effects of year, season, and replication. To compare the seven

treatments, the SCI values belonging to a particular treatment were

grouped and arranged into the following linear contrasts: (1) Midland

(0.4 ha)-fescue (0.8 ha) vs. Midland + fescue, (2) Midland + clover vs.

Midland + N, (3) Midland + N vs. Common + N, (4) Ore. + clover vs. the

mean of Midland + clover and Fescue + clover, and (5) Midland + clover

vs. Fescue + clover.
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Computations were done using sequential and partial sums of

squares obtained from a General Linear Model analysis (2). Since dates

and sampling intervals were not the same from year to year, arithmetic

means across years could not be calculated for each sampling date. In

order to describe treatment effects from spring to autumn, the cumulative

data for all years were fitted to polynomials and are presented graphi

cally. Second degree polynomials were used whenever the partial re

gression coefficient associated with the cubic term was not significant.

When the partial regression coefficient in models including the cubic

term was significant, and if its inclusion in the model increased the

by at least 0.08, then a third degree polynomial was used. No par

tial regression associated with quartic terms was significant. The R^'s

obtained for cumulative forage growth and consumption ranged between

0.88 and 0.98, except for those associated with Ore. + clover (0.76).

The lower R^'s obtained for that treatment were probably due to the

greater variability in the pastures with respect to species composition

from year to year as orchardgrass was deleteriously affected by hot

dry weather.

Results and Discussion

The Grazing Season

Grazing for all pastures started on 12 April 1976 and 30 March

1977. In 1975, Ore. + clover grazing started on 24 April, and that of

Midland + clover. Midland + fescue. Midland (0.4 ha)-fescue (0.8 ha),

and Fescue + clover pastures was started on 27 March (Table 5, Appendix).

Grazing of Midland + N and Common + N could not be started until 12 May.
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As observed by others (37), the initial introduction of clover in

Midland resulted in earlier growth. Over the three years, Midland +

fescue. Midland + clover, and Fescue + clover pastures had a spring

grazing season of 70 days (Table 2). Ore. + clover pastures were

delayed in early spring by nine days, because grass height did not

reach 7 cm until that time. The winter dormancy of Midland + N and

Common + N sods delayed spring grazing by 15 days. The two Midland-

fescue and the Midland + clover treatments had the longest average

grazing season, and Midland + N and Fescue + clover grazing seasons

were about 15 days less. The Midland + N pastures, delayed in spring

by winter dormancyi grew later in summer than the fescue which, starting

growth earlier in spring, was semi-dormant in late summer. Ore. + clover

had the shortest grazing season due to growth cessation in hot dry

weather. This was particularly severe in 1977, when grazing lasted

only 99 days, due to below-normal precipitation (154 mm less) and above-

normal temperatures (Figure 2). These adverse conditions also affected

Fescue + clover sods (110 days grazing). In contrast, 1976 temperatures

were about normal and precipitation was 68 mm above normal. In 1975,

precipitation was slightly above normal (50 mm) but temperatures were as

high as in 1977. Under those conditions of abundant moisture, clover

stands in mixtures with the grasses were good.

Forage Growth and Consumption

Even though no significant differences were noted in forage

growth among treatments when comparisons were made on the basis of

individual 21-day sampling periods, the cumulative effect of small
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Figure 2. Weekly precipitation and mean air
temperature during the 1975-1977
grazing seasons.
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differences from period to period resulted, at the end of the grazing

season, in significant differences among treatments for cumulative forage

growth. This was observed for each year as well as when the years were

combined. Since one of the three years was hotter and drier than normal,

one had near normal temperatures with slightly above normal precipi

tation, and the third approximated normal climatic conditions, only the

combined data for all years will be presented here (Table 2, Figure 3).

More detailed data are available elsewhere (Tables 5, 6, 7, and 8,

Appendix). Consideration of the three-year means is also justifiable

because, even though there were fluctuations in SCI's from year to year

due to varying climatic conditions and stocking rates (Figures 1 and 2),

the desired mixtures were maintained within acceptable limits of percent

composition throughout the study.

Midland + fescue pastures produced more forage than any

other pasture (Figure 3), 43% more in spring and 70% more for the

entire grazing season than Midland (0.4 ha)-fescue (0.8 ha). These

results obtained under grazing confirm earlier observations in agronomic

plots (26, 78), that inclusion of the cool-season fescue in the warm-

season bermudagrass is feasible, extends the grazing season of the mix

ture over that obtained from bermudagrass alone and produces more forage

than either species alone during a grazing season. Forage consumption

from each pasture treatment was slightly less than growth, indicating

that the total number of animals placed in each pasture during each

grazing period was generally the number of animals required to consume

the usable forage growth occurring within the height criteria set for

most species combinations. This was achieved well in the case of
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CUMULATIVE FORAGE GROWTH
kg/ha

CUMULATIVE FORAGE CONSUMPTION
■kg/hor
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FESCUE • CLOVER
CRCHARDGRASS • CLOVER

RIDLAND • CLOVER
FESCUE • CLOVER
ORCHARJGRASS • CLOVER6,000 6,000

4 poo 4P00

2P002 poo

6,0006,000 niOLAKD • CLOVER
MlDHnO • R

—RIDLAtd! • CLOVER
— •lIDUm - R

4,0OO4,000

2,0002,000

6,0006,000
njOLAHD RIDLRRD * R

CCniOH • RCOIWR

4,0004,000

2,0002,000

RIOLARD .O.Rtw) - FESCUE lO.Wlol
RJDLAW • FESCUE

niDLARO (O.Anol - FESCUE (OStnl
RIOURO • FESCUE 8,0008,000

6,0006,000

4,0004,000

2,0002,000

MAR APR MAY JUN JUL AUG SEP MAR APR MAY JUN JUL AUG SEP

Figure 3. Cumulative forage growth and consumption (least
squares three-year means) for seven pasture
combinations during the 1975-1977 grazing seasons.
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Midland + fescue, where consumption was 56% larger than for Midland

(0.4 ha)-fescue (0.8 ha). It was not always feasible to utilize

all forage produced on the 0.4 ha Midland, since it was deemed more

appropriate to maintain the 0.8 ha fescue in a vegetative stage shorter

than 8 cm. If a fescue sod and Midland sod both are to be grazed, area

ratios of 2/7 or 1/4 Midland to 5/7 or 3/4 fescue might be more

appropriate than the 1/3-2/3 ratio used here. However, this ratio might

be satisfactory if hay for winter use was harvested from the Midland sod

in spring and early summer.

The two bermudagrasses fertilized with 224 kg N/ha produced about

as much forage as they did in the previous study at the N rate (24).

Midland started growth about two weeks earlier than common bermudagrass

but due to the relatively low N rate, it produced only 9% more

yearly forage. Consumption of N-fertilized bermudagrass was related

to forage growth, but perhaps summer consumption was accentuated by the

leafier growth habit of Midland, since more Midland was consumed than

common toward the end of the season. Forage quality of the two grasses,

as indicated by CP concentration, was moderate but higher than the

minimum requirement (53) of 10.7 or 10.0% for 250-kg or 300-kg

steers gaining 700 g/day: the weighted CP for Midland + N was 13.5

and that for Common + N, 14.2%. The difference in CP between the two

grasses was probably due to dilution of N recovered in the forage from

fertilizer N applied since Midland growth was greater than that of

common. It would be expected that much of the fertilizer N applied at

this rate would be recovered in forage (27). The Midland + fescue
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had a 15.2% CP. This higher concentration was probably due to a

residual N effect from previous applications.

The inclusion of clover in a Midland sod resulted in spring

forage growth sufficient for grazing two weeks earlier than on Midland

alone fertilized with N. Earlier spring grazing of Midland + clover

to minimize shading of Midland by clover was deemed necessary when

there was more than 30% clover stand in the mixture. This earlier

grazing allowed the Midland to break dormancy at the same time as

Midland growing alone. Total forage growth during the entire grazing

season, was the same for Midland + clover and Midland + N, indicating

that 20 to 35% clover in a Midland sod resulted in the same total

■forage growth as 224 kg N/ha applied in three equal installments per
year. Additional research since this study was terminated indicates
that periodic winter topseeding of clover on sods containing less than
10 to 15% clover increases clover stand to 30% or more in the spring

following overseeding. Spring forage consumption by steers grazing
Midland + clover was about 20% greater than the amount consumed

by steers grazing Midland + N. In addition to the larger consumption
of Midland + clover forage the CP concentration in Midland + clover

(14.0) was consistently higher than that in Midland + N forage

(13.5%).

Total forage growth during the spring grazing season was similar
for Midland + clover. Fescue + clover and Ore. + clover pastures.

Ore. + clover grew faster than the other two mixtures since the later
spring growth of orchardgrass delayed initial grazing for two weeks
after grazing of the other two had started. Forage growth for the
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entire grazing season was one-third greater for Midland + clover than

for Fescue + clover and reflects the vigorous growth of Midland and the

summer semi-dormancy of fescue. Ore. + clover forage production was

intermediate between those of Midland + clover and Fescue + clover.

However, in years of above-normal temperatures and below-normal

precipitation, orchardgrass can be expected to stop growth in early

summer. Even under normal circumstances, grazing of Ore. + clover should

be terminated in late July to early August to preserve the stand for

subsequent years. The delay in sampling Ore. + clover pastures,

occasioned by the higher stubble heights used, tended to underestimate

the early spring growth of orchardgrass. The relatively smaller number

of animals used to graze Ore. + clover pastures than Fescue + clover

pastures, which was essential to maintain stands for several years (24),

also resulted in occasional under-utilization of orchardgrass forage.

This tended to overestimate summer orchardgrass growth. Forage con

sumption was the same for Ore. + clover and Midland + clover in spring.

Consumption of Fescue + clover forage from the start of grazing until

early July was similar to that of the other two clover-grass mixtures,

although grazing of Fescue + clover started earlier and animal

consumption was greater in early spring. By the end of the grazing

season, more Midland + clover forage had been consumed than from the

other two clover-grass mixtures. Forage quality of the grass-legume

pastures, as expressed by weighted CP percentages, was relatively high:

14.0, 14.4, and 14.9% for Midland + clover. Fescue + clover and

Ore. + clover, respectively. However, the Ore. + clover CP was



 

34

15.6% in 1975 and 1976 when SCI's indicated good clover stands, but

only 13.5% in 1977 as the stands began to deteriorate.
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CHAPTER IV

ANIMAL PERFORMANCE

Introduction

Backgrounding programs involve the retention of weaned calves by

feeder-calf producers for variable periods following weaning and before

marketing for feedlot placement. A prevalent backgrounding scheme,

which is adapted to mid-southeastern United States beef cattle opera

tions, involves spring calves weaned in October, overwintered on har

vested forage at nutritional levels sufficient to produce skeletal

growth with limited increases in body weight, and grazed in spring and

summer on pastures which support rapid animal gains. Detailed informa

tion regarding pasture productivity and forage quality of various pas

ture species and combinations is needed in planning such operations.

Pastures of orchardgrass mixed with ladino clover can support

about 2.5 steers/ha in the mid-southeastern United States (34).

Pastures of tall fescue with clover can support more animals over a

longer grazing season, but forage quality factors and summer semi-

dormancy are conducive to lesser beef production (35). It has been

shown that N-fertilized bermudagrass can support six or more steers/ha

in spring and summer (24, 67) but low forage quality and intake lead

to beef production levels similar to those obtained with fewer animals

on orchardgrass-clover. The inclusion of legumes in bermudagrass sods

has increased total forage production and quality (46, 68), but

35
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management needed for long term maintenance of legumes in the stand

under grazing conditions is uncertain.

The objectives of this study were to compare the forage quality,

as expressed by average daily gain (ADG) and beef production/ha of

Midland and common bermudagrass pastures fertilized with N to that of

Midland pastures overseeded with clover or with fescue, to compare equal

areas of Midland overseeded with fescue to separate pastures of the two

species, and to further compare those combinations to mixtures of fescue

and clover or orchardgrass and clover.

Materials and Methods

Beef steers were backgrounded on different pasture systems during

1975, 1976 and 1977 at Ames Plantation, Grand Junction, Tennessee

(Chapter III). The experimental design was a randomized complete block

with two replications. Seven treatment combinations were assigned to

1.2 ha pastures: Midland bermudagrass + clover (Midland + clover); Mid

land bermudagrass + N (Midland + N); 0.4 ha Midland bermudagrass + N

plus 0.8 ha of tall fescue + N [Midland (0.4 ha)-fescue (0.8 ha)];

Midland bermudagrass + tall fescue + N (Midland + fescue); Common

bermudagrass + N (Common + N); Tall fescue + clover (Fescue + clover);

and Orchardgrass + clover (Ore. + clover). A detailed description of

these treatments is reported in Chapter III. The grazing season was

divided into spring (March to mid-June) and summer (mid-June to

September).

A modified put-and-take grazing management system was used.

Yearling Angus beef steers were purchased each fall preceding the
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spring grazing season. They were wintered uniformly on a hay ration to

gain about 300 g/head/day. In spring steers weighed 205 to 270 kg for

the three years and graded either good or choice. Averages of body

weights taken on two consecutive days were used as initial and final

weights. Tester animals were selected each year for uniformity of

initial weight across pastures and in such a manner that the mean

weight did not differ by more than 7 kg from pasture to pasture within

a replication. Individual weights of tester animals were taken at about

21-day intervals during the grazing season. Beef production for each

period was calculated by multiplying the total number of animal grazing

days per weighing period by the ADG of the tester steers. At no time

did the steers receive supplemental feed while on pasture, but they all

had free access to salt, minerals, water, and artificial shade.

Three tester steers were placed on each pasture in 1975. In 1976

and 1977, four tester steers were used in Common + N pastures, and five

in Midland + N pastures. Extra steers were added to any bermudagrass

pasture whenever mean growth reached 5 to 8 cm and were removed when

mean height was 2.5 cm. Fescue + clover and Ore. + clover pastures were

allowed to reach a mean growth of 7 cm and 14 cm, respectively, before

extra steers were added. Extra steers were removed when mean grass

height was 2.5 cm for Fescue + clover pastures and 5 cm for Ore. +

clover pastures. Stocking rate changes were made independently for each

pasture according to these criteria, and without regard to the decision

deemed appropriate for a pasture of the same treatment in the other

replication.

Forage growth, consumption and protein concentration, climatic
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data, and length of grazing season have been characterized earlier

(Chapter III). Stocking rates,grazing days, ADG, and beef/ha were

analyzed on a 21-day weighing period basis. Cumulative beef productions

per animal and per ha were also considered for each period and season.

Data and statistical analysis was done in a manner similar to that used

for the forage production data and using the same linear contrasts

(Chapter III). Since weighing dates and intervals were not exactly the

same from year to year, arithmetic means could not be calculated for

grazing days/ha, animal gains and beef production. To describe treat

ment effects for the grazing season, the cumulative data for the three

variables for all years were fitted to polynomials and presented

graphically. As discussed earlier for forage growth and consumption

(Chapter III), second degree polynomials were used whenever cubic

effects were not significant. Otherwise third degree polynomials were

used. The models fitted for grazing days/ha had R^'s ranging from

0.91 to 0.99, those for gain ranged between 0.86 and 0.97 and, for

beef/ha, between 0.83 and 0.95.

Results and Discussion

Stocking Rate

Stocking rates varied between 3.8 and 7.3 steers/ha among treat

ments across all years (Table 3 and Figure 4). There was considerable

variability among years. In 1975, a year with uniform distribution of

above-normal precipitation (Figure 2, page 28), an average of 6.1

steers/ha was used for all treatments, with a range of 5.3 to 7.0

steers/ha (Tables 9 and 10, Appendix). In the hot dry 1977 season.



T
A
B
L
E
 
3
.
 
M
E
A
N
 
A
N
I
M
A
L
 
P
E
R
F
O
R
M
A
N
C
E
 
A
N
D
 
P
A
S
T
U
R
E
 
P
R
O
D
U
C
T
I
V
I
T
Y
 
D
U
R
I
N
G
 
T
H
E
 
1
9
7
5
-
1
9
7
7
 
G
R
A
Z
I
N
G
 
S
E
A
S
O
N
S

T
r
e
a
t
i
i
i
e
n
t
s

V
a
r
i
a
b
l
e

M
i
d
l
a
n
d
 (
0
.
4
 h
a
)
-
t

f
e
s
c
u
e
 (
0
.
8
 h
a
)
+

M
i
d
l
a
n
d
t

■f 
fe

sc
ue

p
C

oe
ni

on
* 

N
t

M
id

la
n

d
+ 

N
t

M
id

la
nd

 
Fe

sc
ue

 
Dr

cT
ia 

r^
g 

ra
 s 

s
+ 

c
lo

v
e

r 
t 

c
lo

v
e

r 
+ 

c
lo

v
e

r

S
P

R
IN

G
 

G
R

A
ZI

N
G

 
SE

AS
O

N

S
to

ck
in

g 
ra

te
, 

st
ee

rs
/h

a 
4.

6S

S
te

e
r 

w
e
ig

h
ts

 
an

d 
ga

in
s

F
in

al
 

w
ei

gh
t, 

kg
/s

te
er

 
28

0s
G

ai
n,

 
kg

/s
te

e
r 

6
0

i
D

ai
ly

 g
ai

n,
 
g
/s

te
e
r 

85
7s

G
ra

zi
ng

 
an

d 
be

ef
 

p
ro

d
u

ct
io

n

A
ni

ni
al

 
gr

az
in

g 
da

ys
/h

a 
31

0i
B

ee
f 

pr
od

uc
tio

n,
 

kg
/h

a 
35

5i

E
N

TI
R

E
 

G
R

A
ZI

N
G

 
SE

AS
O

N

S
to

ck
in

g 
ra

te
, 

st
ee

rs
/h

a 
4.

6s

S
te

e
r 

w
e
ig

h
ts

 
an

d 
ga

in
s

F
in

al
 

w
ei

gh
t, 

kg
/s

te
er

 
30

1s
G

ai
n,

 
kg

/s
te

e
r 

8
1

l 
c

D
ai

ly
 g

ai
n,

 
g
/s

te
e
r 

51
4s

 b

G
ra

zi
ng

 
an

d 
co

ns
um

pt
io

n 
an

d 
be

ef
 

pr
od

uc
tio

n

An
im

al
 

gr
az

in
g 

da
ys

/h
a 

73
5l

Fo
ra

ge
 

dr
y 

m
at

te
r 

in
ta

ke
, 

kg
/s

te
er

/d
ay

Fo
ra

ge
 d

ry
 m

at
te

r 
in

ta
ke

, 
kg

/k
g 

ga
in

 
12

.8
5

Be
ef

 p
ro

du
ct

io
n,

 k
g/

ha
 

45
61

 b
e

7
.3

27
5 55 78
6

50
0

49
5 7

.3

30
1 81
 

c
47

6 
b

11
90 6

.3
1
3
.2

72
0 

a

4
.7

30
0

40
88

9

20
0

23
0

5
.7

27
8 45 81
8

28
5

28
5

4
.9

32
0 60

 
d

50
9 

b

73
0 5

.9
1
1
.6

41
2 

be

3
.3

29
0 65 92
9

26
5

30
0

5
.9

31
1 78

 
cd

51
7 

b

8
8
0 4

.9
9

.5
51

5 
b

3
.8

31
8

.9
3 

b
57

6 
b

75
0 6

.7
1
1
.6

48
5 

be

4
.9

28
6 60

85
7

34
0

33
5 5

.0

28
4 58

 
d

52
4 

b

82
5 4

.9
9

.3
39

0 
c

3
.9

30
4 77

12
62 23
0

34
0 4

.0

32
7

10
0 

a
82

6 
a

52
0 7

.2
8

.8
50

5 
b

t 
22

4 
kg

 N
/h

a 
in

 
3 

eq
ua

l 
ap

pl
ie

at
io

ns
, 

A
p

ri
l-
Ju

ly
,

f 
67

 k
g 

N/
ha

 
in

 S
ep

te
m

be
r.

S 
Me

an
 o

f 
2 

re
pl

ic
at

io
ns

 f
or

 e
ac

h 
of

 3
 y

ea
rs

.

1 
Le

as
t 

sq
ua

re
s 

m
ea

n.

a,
 

b,
 

c,
 

d 
Va

lu
es

 w
ith

in
 a

 
ro

w 
fo

llo
w

ed
 b

y 
th

e 
sa

me
 
le

tt
e

r 
ar

e 
no

t 
si

g
n

ifi
ca

n
tly

 d
iff

e
re

n
t 

(u
 =

 0
.0

5)
.

C
O

C
D



� 

40

STOCKING RATE

steer/ha

CUMULATIVE GRAZING

doys/ho

LOGO
75

800

600

400

200

ipoo
7J5

800

60055

400

55 200

. \
1.000

75
800

6005.5

400

55
200

irLANO o.^no) - mcA .o.grto

ID.-NS =£iCje1.000
75

800

5.5 600

400

55
200

MAR APR may JUN JUL AUG SEP ® MAR APR MAY JUN JUL AUG SEP

Figure 4. Stocking rate and cumulative grazing days
(least squares three-year means) for seven
pasture combinations during the 1975-1977
grazing seasons.
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average stocking rate was only 4.4 steers/ha. The 1976 average stocking

rate was intermediate. Stocking rates were set by the observers at the

beginning of each 21-day grazing period, and their judgement was

influenced by many factors, such as (1) forage growth and (2) SCI; (3)

the desirability of maintaining grass components of the sod in vegetative

stages of growth, as guided by the forage height criteria previously set

for each species; (4) soil water availability; (5) weather conditions

likely to occur during the forthcoming 21-day period; and (6) the

probable combined influences of these factors interacting with grazing

animals and the forage species. Even though stocking rates were varied

by adding or removing extra animals in order to utilize the forage pro

duction of each pasture--usually changes consisted of no more than two or

three animals per 1.2-ha pasture--stocking rates remained relatively

constant during the grazing season after they had been established in

spring. Stocking rates for Ore. + clover were reduced in late June and

remained constant at 2.5 steers/ha until the grazing season ended.

Pasture Productivity

Pasture productivity ranged from 675 grazing days/ha for Ore. +

clover to 1190 for Midland + fescue (Figure 4). The small number of

grazing days for Ore. + clover was a function of both the relatively low

stocking rate and the earlier termination of grazing. Midland-fescue

pastures were grazed earlier in the spring, later in the fall, and pro

duced more forage (Chapter III). Midland + clover. Midland (0.4 ha)-

fescue (0.8 ha) and Common + N pastures produced 55 to 75 more grazing

days/ha than Ore. + clover. Midland + N produced 150 grazing days/ha
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more than Common + N, thus expressing the slightly greater productivity

of Midland at a 224-kg N/ha fertilization rate. Fescue + clover was

intermediate in productivity between Midland + clover and Midland + N.

More detailed information is presented in Tables 9 and 14, Appendix.

Animal Gains

Steers gained an average of 565 g/day over the three-year 138-day

average grazing season. Midland + clover steers gained slightly more

than this average, and Ore. + clover steers considerably more. The other

five treatments resulted in the comparatively low gains of 475 to 524

g/steer/day. Average daily gain for year and periods is presented in

the Appendix in Tables 9 and 13. The lowest gains were those of steers

grazing Midland + fescue, the pastures which had the largest number of

grazing days/ha. It is possible that higher rates of gain per steer

would have been obtained if fewer animals had been used. However,

previous studies (24) have shown that long-term maintenance of mixtures

of fescue and Midland cannot be achieved unless forage growth is kept

within narrow height limits; if forage growth is continually less than

5 cm, fescue tends to predominate, and if bermudagrass is allowed to

remain much taller than 10 cm, fescue stands deteriorate. Desirable

mixtures of the two species were indeed maintained with the management

used (Chapter III) and still exist today in another study on the same

pastures--at the cost of decreased animal forage selectivity and lower

ADG.

The effects of the different pastures on animal gains were re

flected in cumulative beef gains over the season (Figure 5). Yearly
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Figure 5. Cumulative beef gain and production (least
squares three-year means) for seven pasture
combinations during the 1975-1977 grazing
seasons.
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data and period data/year are presented in the Appendix, Tables 9 and

12. During early spring, daily gains of steers grazing fescue were

rapid regardless of whether fescue occurred in mixtures with Midland

or with clover. In the Midland + fescue pastures, ADG increased slowly

when Midland started to dominate the sward, and again in late summer.

When steers had access to Midland and fescue separately, ADG was slightly

higher than when Midland unshaded by fescue was available. The earlier

break in dormancy of Midland was reflected in slightly earlier gains ob

tained in Midland + N than in Common + N. The presence of clover has

been cited as responsible for better animal gains than when it was ab

sent (7): steers grazing Midland + clover gained 15% more than

those grazing Midland + N, thus making up for the lower productivity of

the Midland + clover pastures (750 vs. 880 grazing days/ha). The high

quality and acceptability of Ore. + clover pastures was evident from the

ADG of the small number of steers grazing these pastures. Steers

grazing Midland + clover and Fescue + clover pastures had comparable

gains in spring. As fescue became semi-dormant in summer, ADG

decreased; Midland + clover ADG continued at a lower rate than in

spring.

Beef Production

Midland + fescue produced the most beef/ha even though animal

gains were less on those pastures than on Midland + clover and Ore. +

clover pastures (Figure 5). The high beef production on Midland +

fescue--over 700 kg beef/ha--was achieved with substantially more

animals/ha and with a longer grazing season than on the other treatments
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(Tables 9 and 15, Appendix). The combination of Midland and fescue in

separate pastures produced much less beef/ha with the same animal gain/ha

than when the two species were in the same sod. Thus, the flexibility

in management resulting from two separate pastures, one of which could

have been used for hay production, was achieved by decreasing total beef

production.

The greater productivity of Midland + N than of Common + N pas

tures was reflected by the 25% greater beef production. Total

beef production was the same for Midland + clover and Midland + N;

thus the managerial and economic aspects of maintaining clover in

bermudagrass sods by means of pH adjustments, P and K fertilization,

periodic overseedings, inoculating and grazing control must be weighed

against the managerial aspects and increasing costs of N fertilizer

utilization.

Beef production from Fescue + clover was less than from Midland +

clover. Although this may be related to the smaller forage production

from fescue than from Midland, it could be ascribed also to some of the

negative factors that have been suggested as being responsible for poor

animal performance on fescue pastures, such as high alkaloid content

(23) or the presence of fungi (43, 55) which do not result in visible

phytosymptoms. Individual animal gains on the Ore. + clover pastures

were high enough to result in larger beef production/ha from those pas

tures than from either Fescue + clover or Midland + clover pastures,

even though grazing days/ha were least on Ore. + clover.
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Estimated Forage Dry Matter Intake

During the entire grazing season, steers grazing Ore. + clover

pastures had higher daily forage DM intake (7.2 kg/steer) than steers

grazing other combinations. The efficiency of this consumption was the

highest among the treatments studied, since only 8.8 kg of DM intake

were needed for 1.0 kg of gain. These two values together further

describe the high quality of the Ore. + clover pastures. Steers grazing

Midland + clover pastures had an estimated intake of 0.5 kg/steer/day

less than those on Ore. + clover, followed in decreasing order by steers

grazing the Midland-fescue combinations. The lowest quality pastures,

as evidenced by DM intake, were those of N-fertilized bermudagrasses and

Fescue + clover. However, feed efficiency was about 2 kg greater for

Fescue + clover and Midland + N than for Common + N. The lack of grazing

selectivity imposed on the steers by the manner in which the Midland +

fescue pastures were managed is reflected in the low efficiency of over

13 kg intake/kg of gain.

General Discussion

Forage production and quality, and animal performance from Ore. +

clover. Fescue + clover and Midland + N pastures in this study were

similar to those measured previously in the region (24, 34). Previously

at this location (24) Midland + N pastures had a greater productivity

than that reported here (1290 vs. 880 grazing days/ha). However,

ADG was 36% greater and beef production/ha 41% greater in this

study than in the previous one. This increased performance over time

may have been due to more favorable environmental conditions.
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fortuitous circumstances, or a better ability of the experimenters to

control forage utilization. Pasture productivity of Ore. + clover was

14% greater in the present study than in the earlier one; ADG and

beef production/ha were almost identical.

When 224 kg N/ha were applied to sods of common or Midland

bermudagrasses, little difference in forage productivity was observed

but quality tended to be slightly higher for Midland. As measured by

the steers, pasture productivity was greater on Midland than on common,

even though ADG was about the same. Consequently, total beef produc

tion/ha was 25% greater on Midland + N than on Common + N.

The overseeding of tall fescue in Midland bermudagrass sods,

which had been successfully accomplished earlier in small plots and

where desired mixtures were compatible for several years when forage

growth was carefully regulated (26), was successfully accomplished in

this grazing study. The species composition index (SCI) developed in

the course of this investigation (Chapter III) was a useful tool for

reflecting the botanical makeup of a pasture where two or more species

occurred in ratios fluctuating over time. Pastures where Midland and

fescue mixtures occurred had large productivity. Intake of the

relatively low quality forage was good; thus, although ADG was only

about 475 g/steer, beef production was over 700 kg/ha.

The use of different pastures in a forage system can be valuable

for the producer. The attempt in this study at such a system for the

early spring to fall grazing season did not perform up to its potential.

The 0.4 ha pasture of Midland produced more forage than could be

utilized well by grazing. Its area was too large, relative to the 0.8
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ha of fescue, since hay production was not practiced. In a commercial

enterprise, the larger field sizes which would be practicable could

provide greater flexibility in forage production and management, with

separate pasture and hay fields of fescue and/or Midland.

Ladino clover was successfully established and maintained in

Midland sods. Control of potentially excessive grass heights was

essential in maintaining 20 to 35% clover in the stands. Occasional

winter overseedings of clover may be necessary to insure continued

presence of sufficient legumes in the stand. Forage growth and con

sumption were the same on Midland pastures with clover as on Midland

pastures fertilized with 224 kg N/ha. Pasture productivity was

17% greater on Midland + N than on Midland + clover, but ADG was

11% less on Midland + N. Consequently total beef production was

about the same.

Tall fescue pastures are widespread in the region and the

presence of clover can provide even better pastures in spring and

autumn. The semi-dormancy of fescue in summer limits its value for

backgrounding operations. Pasture productivity, ADG and beef produc

tion from the Fescue + clover pastures were similar to those reported

earlier (7, 34). Midland + clover pastures resulted in 25% more

beef/ha than Fescue + clover pastures over the March to September

grazing season. Producers who desire to background steers during those

months might find that two pastures, one of fescue with clover and one

of Midland with clover, might be of greater value than relying on only

one kind of pasture.



CHAPTER V

FACTORS CONTRIBUTING TO VARIABILITY IN FORAGE GROWTH

AND CONSUMPTION, AND ANIMAL PERFORMANCE

Introduction

Grazing experiments are notoriously difficult and expensive to

conduct. Sufficient replication of experimental units (pastures) and

numbers of sampling units (animals) to increase power of statistical

tests (56) is often unaffordable. After considerable time and effort

have been expended, the data obtained can often be reduced to one or

two small tables. Even though this may be an outcome which is satis

factory for the practical utilization of the results by cattle

producers, it often leaves the experimenter frustrated, because reasons

for effects and consequences of interactions are not easy to explore or

explain. The difficulties are aggravated by the inherent variability

within such experiments--among animals, soil types and topography, and

pasture components. It is often necessary that the results of treatment

effects in a grazing study be considerably different in order for

statistical tests--rendered insensitive by the uncontrolled variability

and insufficient replication—to be able to differentiate among

treatments.

A pasture changes dynamically with time. Even when a pasture is

comprised of a uniform stand of a single species or cultivar managed

uniformly, the physiological status of the plant and nutritional value

49
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or acceptability of the forage to the grazing animal will change

throughout the season. This problem is compounded when the pasture

treatment in an experiment is designed to represent a mixture of two

or more species which form a combination deemed desirable for the

grazing animal. For example, pastures of two different treatments

named X and Y might be represented as containing and forage

(species, amounts, etc. . . .) at the start of the grazing season.

After some time (one month, one week, one day) the two pastures will

contain X2 and Yg forage, where ^\ ̂  ̂ Z'

grazing season, the pastures will contain X^ and Y^ forage, where t is

the last sampling. To represent each of the two vectors X^^ Xg, . . .,

X. and Y. Y^, . . ., Y^ by treatment labels such as fescue + clover

or orchardgrass + clover can be a misleading simplification, since the

combined effects of the factors affecting forage growth and consumption,

and animal performance over time affect the two pastures differently.

Since different values of the classification variable "treat

ments" are deceptive for characterizing pasture conditions at different

or even the same observation times, it can be argued instead that the

treatments were applied in order to generate diverse forage conditions

measured over time through observations of plant characteristics and

animal performance.

Forage growth and consumption (Chapter III) and animal gains and

production (Chapter IV) were estimated in a beef steer backgrounding

experiment concurrently with several environmental, plant and animal

characteristics. These concomitant variables were related to the

effects of the pasture systems on the dependent variables. The intent
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of this paper is to evaluate approaches that consider the species

composition of pastures from time to time and that were useful in

explaining up to two-thirds of the total variability encountered among

the dependent variables.

Materials and Methods

A beef steer backgrounding experiment with seven pasture systems

in a randomized complete block design with two replications was conducted

under a modified put-and-take system for three years. The seven 1.2-ha

pasture combinations were: (1) Midland bermudagrass + Ladino clover;

(2) Midland + 224 kg N/ha; (3) 0.4 ha Midland + N plus 0.8 ha of tall

fescue + N; (4) Midland + fescue + N; (5) Common bermudagrass + N;

(6) Fescue + clover; and (7) Orchardgrass + clover. Detailed methods,
plant growth and consumption, and animal data have been reported in

Chapters III and IV. Forage growth and consumption were estimated by a

strip-and-cage method with sampling at about 21-day intervals during

spring (March-June) and summer (June-September). At each observation

date, several variables were measured for each pasture: (1) dry matter

forage yield from cages and (2) strips; (3) visual estimates of the

contribution of each forage species to the stand and composition of each

pasture; (4) height of each species in each pasture; (5) daily

precipitation and (6) mean air temperature; and (7) stocking rate.

Samples were analyzed for (8) crude protein (CP) percentage in forage

from cages and (9) from strips. From these measurements, other data

(57) were calculated: (10) forage growth and (11) consumption; and

(12) number of days/grazing period.
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It has been suggested that factor analysis can be used to achieve

statistical simplicity and help as a screening device in the selection

of some variates from a larger set (22). A factor analysis was done

separately for forage growth and forage consumption, using the methods

and general criteria described by Fribourg and Creel (2, 22). Six

factor loadings were retained from the analysis. One described forage

growth, involving several variables related to pasture growth and

precipitation. The second represented grazing pressure, and included

number of days/period and number of animal grazing days. The third

combined seasonal effects over time and their interaction with forage

plants and grazing animals, including temperature. The other three

were all descriptive of the species composition of the pasture from

time to time during the season: one for clover, another for fescue,

and the third for the other forage grasses used (orchardgrass and

bermudagrasses). Using three out of six factor loadings for the

characterization of the botanical composition of these pastures over

time appeared to be lacking in parsimony. To obviate this difficulty,

the species composition index (SCI) was created (Chapter III). It

characterized each pasture on each rating day by a unique symbol which

combined botanical composition values for the forage species studied

into a discrete classification variable with 48 possible values. The

factor analysis was useful in highlighting the effects of botanical

composition and initiating the creation of the SCI. After SCI was

substituted for botanical composition data, the number of independent

variables remaining was small. Subsequent analyses were made with

multiple regression using a General Linear Model procedure (2).
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Animal weights were measured at intervals of about 21 days,

usually 19 to 23. Occasionally, periods were as short as two weeks, or

lasted more than one month. From the tester steer weights, the number

of grazing animals (tester steers + extra steers) during each grazing

period, and the forage growth and consumption data, other variables

were calculated: (13) number of grazing days/grazing period;

(14) average daily gain (ADG); (15) beef gain/ha; and (16) total beef

production/ha.

Univariate multiple regression models were developed for the

dependent variables: forage growth, forage consumption, animal gain,

and beef production. Concomitant variates affecting forage growth and

consumption were included in the models for animal gain and beef pro

duction. The total number of observations was 320. Concomitant vari

ables were arranged in an order which made biological sense, or which

first considered variates which are easier or cheaper to obtain than

others. For example, year, season, days/period were entered ahead of

crude protein concentrations. Concomitant variables were retained in

the models for subsequent analysis when the partial regression co

efficient associated with a variable was significant at a = 0.05. In

the final models, variates accounting for the most variability were

entered first and significant variables accounting for the least

variability were entered last. The percentage of the total variability

associated in the model with each concomitant variate was calculated

from the sequential sum of squares of the final model. Main effects

only were used. Even though interactions might have led to larger
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coefficients of determination, the difficulties in interpretation that

would arise from their use engendered that decision.

Results and Discussion

Forage Growth

Variability in forage growth was associated with variability in

precipitation and crude protein, and to a lesser extent with the

effects of stocking fate, year, and temperature (Table 4). Season

(spring or summer) and days/period were not significant variates. When

"treatments" was used in the model, that variable accounted for less

than one-third of the variability than was described by the variable

"SCI". However, CP helped explain slightly more of the total variability

when "treatments" was used than when "SCI" was utilized. The SCI was a

more descriptive tool than "treatments" for characterizing the nature of

each pasture at each sampling date. Stocking rate effects were small in

both analyses. The SCI reflected botanical changes in the pastures

occasioned by grazing animals. "Treatments" or "treatments" plus CP did

not reflect the changes as well. It is understandable that precipita

tion and temperature should both affect forage growth. The year effect

may reflect interactions between environmental conditions and forage

plants which were not entered in the model, or subtle unobserved forage

differences from year to year due to the aging of the stands.

Forage Consumption

Forage consumption was related mostly to CP in the forage, i.e.,

forage quality. It was also related to precipitation, even though
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stocking rate and year effects were significant. Season, days/period

and temperature were not significant. As in the case of forage growth,

SCI accounted for three times as much variability as "treatments."

When SCI was used, CP was equally useful in explaining total variation,

but to a lesser extent than when "treatments" was used. Crude protein

in the forage samples and SCI were very important in reflecting

differing consumptions of forage in the many different pasture conditions

to which the steers were exposed. Although temperature in the locale of

this study was significant in influencing forage growth, it was not

significant in affecting the consumption of that forage by Angus steers.

Animal Gains

The average daily gain of growing steers is often considered to

be the best measure of forage quality. However, stocking rate can

affect both animal performance and pasture productivity (6) since

stocking rates that result in maximum animal performance, beef

production, and forage productivity, are not generally the same. The

results obtained in this study, therefore, were conditioned by the

animal grazing management schemes used (Chapters III, IV) which were

set to maintain the pasture species in vegetative stages of growth for

as long as possible without deleterious effects on the stands. In one

of the seven pasture systems used, where fescue occurred in mixture with

Midland, grazing selectivity was impeded by the management required to

maintain the mixture and resulted in lower animal performance (Chapter

IV).

As has been reported by others (58) stocking rate had profound



57

effects on ADG. However, stocking rate did not fluctuate widely from

period to period (Chapter IV) and was determined primarily by forage

availability and the perceived needs for long-term sod maintenance as

determined for each pasture independently. Thus any advantage or dis

advantage resulting from stocking rate was a consequence of the state

of an individual pasture. In this study, stocking rate and season of

the year were important in accounting for variability in pasture

quality, as reflected by the ADG of the tester steers. This relation

ship was accentuated by the inclusion in the study of such diverse pas

tures as orchardgrass with clover, and fescue or bermudagrass fertilized

with N and without an associated legume. Although the variable "season"

was not significant in explaining forage growth and consumption, it was

important in explaining variability in the two animal-response dependent

variables. "Season" incorporated into one variable the combined effects

of precipitation and temperature and their interaction, as they affected

forage CP, growth and consumption, thus emphasizing the decreases in ADG

and beef production often noted from spring into summer. The variable

"treatments," although significant, accounted for less than 4% of the

total variation in ADG. The variable SCI accounted for seven times as

much variability, at the expense of a lesser reliance on stocking rate

and season effects in that model. The effect of season was important

because orchardgrass + clover pastures initiated growth earlier in

spring than those of bermudagrasses, and ADG of steers grazing grass

pastures without clover in late summer was often negligible.
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Seef Production

The variable "treatments" was not significant in explaining

variation in beef production among pastures, even though beef production

ranged from a low of 390 to 720 kg/ha. When SCI was used, it explained

one-fourth of the variability in beef production. Although this

phenomenon cannot be used for justifying the selection of specific

pasture systems in a commercial enterprise, it does highlight the para

mount importance of the species composition of pastures.

Stocking rate and season of the year were also important in

explaining variability in beef production, just as they were in

accounting for variations in ADG. The relatively large effects of days

per period were probably related to the cases beyond the control of the

experimenters when the three-week observation periods were substantially

shorter or longer than 21 days. On four occasions, periods were only two

weeks long, and on three occasions, four to five weeks long; there was a

total of 28 observation periods during the three-year study. Year

effects accounted for more variability in beef production than they did

for the other dependent variables. This may have been due to the fact

that different sets of cattle were used each year. Average daily gain

was not affected as much as beef production by different sets of cattle

from year to year, since ADG is more sensitive to stocking rate effects

than is beef production. Tester steers were carefully allotted among

pastures so that uniform lots were apportioned among them; extra steers

were somewhat more variable, and a greater variability among them from

one year to the next may have contributed also to the year effect.

The same significant concomitant variables explained variability
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in both ADG and beef production, but the for ADG was 0.13 larger than

the 0.55 obtained for beef production. Average daily gain was used as a

dependent variable rather than animal gains/period because animal

scientists and the public are accustomed to using ADG for expressing

animal response to forage quality. Average daily gain is calculated by

dividing gain/period by number of days/period. However, stocking rate/

period was a significant and relatively large concomitant variable. The

number of days in a period enters into the calculations for both the

dependent variable ADG and the concomitant variable stocking rate/period.

Under such conditions, where there is double use of the number of days/

period, it should not be surprising that the model for ADG has a larger

than that for beef production. If number of days/period could be

omitted from at least one side of the equation, it is probable that the

concomitant variables would explain about the same amount of variability

in both animal gains and beef production.



CHAPTER VI

SUMMARY

A grazing experiment was conducted 80 km east of Memphis,

Tennessee from 1975 through 1977 on a fine-silty, mixed, thermic, Typic

Hapludalfs, to evaluate productivity and quality of seven pasture

combinations for growing beef steers. The 1.2 ha pastures were:

'Midland' bermudagras? (Cynodon dactyl on (L.) Pers.) + Ladino clover

(Trifolium repens L.) [Midland + clover]; Midland + 224 kg N/ha [Midland

+ N]; 0.4 ha Midland + N plus 0.8 ha tall fescue + N (Festuca

arundinacea Schreb.) [Midland (0.4 ha)-fescue (0.8 ha)]; Midland +

overseeded fescue + N [Midland + fescue]; Common bermudagrass (Cynodon

dactyl on L. var. dactyl on) + 224 kg N/ha [Common + N]; Fescue + clover;

and Orchardgrass (Dactylis glomerata L.) + clover [Ore. + clover].

Pastures were replicated twice and grazed using a modified put-and-take

system where orchardgrass was maintained between heights of 7 and 14 cm,

and the other grasses between 5 and 8 cm. Forage growth and consumption

were determined by the cage-and-strip method and visual estimates of

species composition of each pasture were made at about 21-day intervals.

The species composition index (SCI) was developed to describe each pas

ture at each observation time with a unique symbol. The SCI was found

to be a sensitive tool for characterizing dynamically changing pasture

compositions.

Grazing season ranged from 123 for Ore. + clover to 150 days

in pastures where both cool- and warm-season species occurred. Forage

60
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growths were about 4000 kg/ha for Fescue + clover; 4900 kg/ha for Ore. +

clover. Common + N, and Midland (0.4 ha)-fescue (0.8 ha); 5670 kg/ha for

Midland + N and Midland + clover; and 8300 kg/ha for Midland + fescue.

Estimated forage consumption was 80% or more of the estimated forage

growth of each pasture. Forage quality, as reflected by crude protein

(12.2 to 15.2%) was sufficient for meeting the minimum requirements for

growing 250-kg steers.

Stocking rates were four steers/ha for Midland + clover and Ore.

+ clover; about five steers/ha for Midland (0.4 ha)-fescue (0.8 ha).

Common + N and Fescue + clover; six steers/ha for Midland + N and over

seven for Midland + fescue. Average daily gains (ADG) were about 475 to

575 g/day for all treatments except for Ore. + clover where ADG was 825

g/day. Pasture productivity ranged between 520 grazing days/ha for Ore.

+ clover to 1190 for Midland + fescue; the productivity of the other pas

tures was between 730 and 880 grazing days/ha. Daily forage dry matter

(DM) intake was five to seven kg/steer/day in all pastures. Steers

grazing Ore. + clover. Fescue + clover, and Midland + N pastures had the

best feed efficiency (8.8, 9.3, and 9.5 kg/kg gain, respectively) while

the steers on the other treatments needed 11 to 13 kg DM/kg gain. Beef

production was 390, 412, 456, 485, 505, 515, and 720 kg/ha for Fescue +

clover. Common + N, Midland (0.4 ha)-fescue (0.8 ha). Midland +

clover. Ore. + clover. Midland + N, and Midland + fescue, respectively.

Forage production and quality, and animal performance of Ore. +

clover. Fescue + clover and Midland + N pastures were similar in this

study to those measured previously in the region (24, 34). Previously

at this location (24) Midland + N pastures had a greater productivity
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than that reported here (1290 vs. 880 grazing days/ha); however, ADG

was 36% greater and beef production/ha 41% greater in this study than

in the previous one. This increased performance over time may have been

due to more favorable environmental conditions, fortuitous circum

stances, or a better ability of the experimenters to control forage

utilization. Pasture productivity of Ore. + clover was 14% greater in

the present study than in the earlier one; ADG and beef production/ha

were almost identical.

When 224 kg N/ha were applied to sods of common or Midland

bermudagrasses, little difference in forage productivity was observed
\

but quality tended to be slightly higher for Midland. As measured by

the steers, pasture productivity was greater on Midland than on common,

even thougji AD(3 was about the same. Consequently, total beef

production/ha was 25% greater on Midland + N than on Common + N.

The maintenance of tall fescue in Midland bermudagrass sods was

carefully accomplished in this grazing study. Pastures where Midland

and fescue mixtures occurred were very productive. Intake of the

relatively low quality forage was good; thus, although ADG was only

about 475 g/steer, beef production was over 700 kg/ha.

The use of different pastures in a forage system can be valuable

for the producer. The attempt in this study at such a system for the

early spring to fall grazing season did not perform as well as had been

expected. The 0.4 ha pasture of Midland produced more forage than could

be utilized well by grazing since hay production was not practiced and

was too large relative to the 0.8 ha of fescue. In a commercial enter

prise, the larger field sizes which would be practicable could provide
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greater flexibility in forage production and management with separate

dual-purpose pasture and hay fields of fescue and Midland.

Ladino clover was successfully established and maintained in

Midland sods, and control of potentially excessive heights was essential

in maintaining 20 to 35% clover in the stands. Occasional winter over-

seedings of clover may be necessary to insure continued presence of

adequate legumes in the stand. Forage growth and consumption were the

same on Midland pastures with clover as on Midland pastures fertilized

with 224 kg N/ha. Total productivity was 17% greater on Midland + N

than on Midland + clover, but ADG was 11% less on Midland + N.

Consequently total beef production was the same.

Tall fescue pastures are widespread in the region and the

presence of clover can provide even better pastures in spring and

autumn. The semi-dormancy of fescue in summer limits its value for

ongoing backgrounding operations. Pasture productivity, ADG and beef

production from the Fescue + clover pastures in this study were very

similar to those reported in earlier studies. Midland + clover pastures

resulted in 25% more beef/ha than Fescue + clover pastures over the

March to September grazing season. Producers who desire to background

steers during those months might find that two pastures, one of fescue

with clover and one of Midland with clover, could be of greater value

than either pasture alone.

The traditional classification variable "treatments," used to

describe seven differently managed pasture combinations of different

forage species, was compared to SCI. Models were developed to identify

the concomitant variables, in addition to "treatments" or SCI, that
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could account for variability in forage growth and consumption, ADG and

beef production. Variability in forage growth could be accounted for by

precipitation, mean air temperature, forage crude protein, year effects

and stocking rate, in addition to "treatments" or SCI. Forage consump

tion variability depended on the same factors, excluding temperature.

Average daily gains and beef production could be explained by seasonal

and yearly effects, stocking rate, forage consumption, and length of

grazing period, in addition to "treatments" or SCI. When "treatments"

was entered in the model, coefficients of determination of 0.26, 0.43,

0.58, and 0.44 were obtained for forage growth, forage consumption, ADG

and beef production, respectively; when SCI was used, the R^'s were

0.40, 0.52, 0.68, and 0.55.
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