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ABSTRACT

INFLUENCE OF RATION GRAIN CONTENT ON FEEDLOT

PERFORMANCE AND CARCASS CHARACTERISTICS

By

Harold Dee Woody

Corn Plot Studies

Two trials were conducted to determine the effect of ration

grain content on feedlot performance and carcass characteristics of

growing and finishing beef cattle. The percent grain in the corn silage

dry matter was varied by planting corn at different plant populations.

In trial 1, corn silage was harvested from plant populations of 24,709,

49,419 and 74,128 plants/hectare or from high oil or brown midrib corn.

Grain percent was highest at the 24,709 plant population (48.9%) and

was reduced to 27.4% when the population was increased to 74,128. The

percent grain in the high oil and brown midrib plants were 8.7% and

15.0% lower than the normal population. Dry matter yield increased

11.3% between the 24,709 and 49,419 populations; no further increases

were found at the 74,128 p0pulation.

In the second trial, corn silage was harvested from plant

populations of 24,709, 49,419 or 123,548 plants/hectare. Grain percent

was highest for the 24,709 (53.8%) and was reduced to 36.9% when the

populations were increased to 123,548. Dry matter yield fell 5.3%

between the 24,709 and 49,419 population; there was a 37.8% increase

between 49,419 and 123,548 population.
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Feeding Studies

The effect of ration grain content on feedlot performance was

studied when 160 steers were fed in a two-year feeding trial. Average

daily gains increased and feed required per unit gain decreased as the

percentage of grain in the ration increased (P<:.01). Steers fed all

silage rations increased in gain by 17.4% (.99 !§_.82 kg) and feed

efficiency was improved 12.3% (8.38 vs 9.55) as silage grain content

was increased from 30% to 50%. Steers fed a high concentrate ration

with 90% grain gained 6.6% faster (1.24 v§_1.16 kg) and required 16%

less feed per unit gain (6.05 v§_7.22) than those fed 70% grain.

Ration grain content influenced DE, NEm and NEg values (P<:.05). Net

energy for gain was 8.9% lower than predicted when the ration contained

70% grain.

Carcass characteristics were adjusted to an equal carcass weight

and the percentage of grain in the ration influenced carcass fat, fat

thickness and dressing percent (P< .05). Maturity, marbling, quality

grade, yield grade, ribeye area and kidney, heart and pelvic fat were

not influenced by ration grain content.

Steers fed on a two—phase system had similar gains (1.09 vs

1.10 kg) but improved in feed efficiency by 6.5% (6.80 v§_7.27) when

compared to those receiving a constant percent grain ration. Steers

fed on the two-phase system had a larger ribeye area and a lower yield

grade (P<:.0005).
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Economic Analysis
 

As the ration grain content was increased from 30% to 100%,

cost of feeding, manure handling and storage were reduced by 5.9¢ per

day (22.l¢ vs‘16.2¢) but the manure credit increased by l.19¢ per day

(4.06¢ !§_2.87¢). The resultant net cost per day was 4.7l¢ higher

(18.09¢ g§_l3.38¢) for the cattle receiving all silage.

Corn silage was priced such that it yields the same net return

per acre as corn grain. At $2.00 per bushel corn, prices are $15.52

and $14.90 per ton for silage containing 47% and 30% grain, respectively.

Steers fed on the high concentrate system had a clear advantage

at $2.00 per bushel corn over the all silage ration containing 50%

grain. But, at $2.75 per bushel corn the all silage ration with 50%

grain had an advantage. The two-phase system was competitive with the

high concentrate ration at $2.00 corn and is competitive with the all

silage system at $3.50 corn.
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INTRODUCTION

Corn silage is the principal source of forage in beef cattle

rations in the midwest. Thirty-five to 40% more energy can be grown/

acre when corn is harvested as silage than as grain. Corn varieties

and plant population have a strong influence on the ear-stover ratio

and energy production. Corn variety alone may alter the ear-stover

ratio from 25% to 64% (Rossman §£_gl,, 1975). Further, weather

and plant population influence the ear to stover ratio. Currently

only one energy value is listed in the NRC "Nutrient Requirements of

Beef Cattle" (NRC, 1976). Studies are needed to identify the net

energy value of corn silage as influenced by the ear-stover ratio.

Net energy value of a feed may vary due to the percent grain

in the ration and the associative effects present in mixed rations.

The associative effect of feedstuffs occur due to a change in digestion

and metabolism of nutrients as a result of the incorporation of a feed

ingredient into a ration containing one or more other ingredients.

This effect occurs particularly when grains and roughages are mixed

together in an animal's diet. Thus, the net energy value of an indi-

vidual feedstuff is variable depending upon the ingredient proportion

in the ration. Studies are needed to determine the net energy of

rations with varying increments of corn grain added to beef cattle

diets.



LITERATURE REVIEW

The Influence of Plant Population

on Corn Plant Composition

Wurster (1972) reported that the approximate dry matter

distribution of various components of the corn plant are grain, 46%;

stalk, 23%; leaves, 11%; cob, 11% and husk, 9%. Average composition

of the corn silage components were reported by Vetter (1973) and is

described in Table l. Alterations in the ear-stover ratio by plant

population or harvesting at various stages of maturity levels will

influence the crude protein, acid-detergent fiber, dry matter digest-

ibility and subsequent net energy value of corn silage rations. The

relative dry matter distribution of various plant components when

harvested at various stages of maturity was reported by Ayres and

Buchele (1971) and is summarized in Table 2. When corn silage was

harvested at various stages of maturity or when stressed by increased

plant p0pu1ations, there is an alteration in the dry matter distribution

of the various plant components.

As the corn population increases per hectare, the average

grain yield of the individual plant significantly decreases (Duncan,

1958; Colville _t._l., 1966; Lutz gt _l,, 1971; Stivers gt 11., 1971).

An increase in corn plant population from 9,884 to 59,303 plants/ha

resulted in a reduction of ear weight from .32 to .13 kg. The average

ear weight of .24 kg was secured at 29,652 plants/ha which corresponded



Table 1. Composition of Corn Silage Components (Vetter, 1973)a

 

 

 

% % In vitro

Crude Acid-detergent digestible

Plant components protein fiber dry matter

Grain 10.2 -- 91

Leaf 7.0 37.0 58

Husk 2.8 41.6 68

Cob 2.8 42.8 60

Stalk 3.7 48.2 51

 

aAverage percentage composition.

Table 2. Relative Distribution of Total Dry Matter in the Corn Planta

(Ayres and Buchele, 1971)

 

 

Kernel moisture %

 

 

Plant part 40 35 30 25 20

Grain 38.4 42.4 46.4 50.5 54.5

Stalk 27.7 25.1 22.5 19.9 g 17.2

Leaf ' 15.1 13.2 11.3 9.4 7.5

Cob 11.0 11.1 11.3 11.5 11.7

Husk 7.8 8.1 8.5 8.5 9.1

 

aPredicted values by linear regression analysis.



to the highest dry matter yield (Lang gt 21,, 1956; Lutz gt_gl,, 1971).

Stivers gt_gl, (1971) reported that average grain yields at 69,000

plants/hectare were 2.3% lower than that with 54,000 population. The

amount of dry grain produced per plant and the ratio of dried shelled

grain to total dry matter decreased as the plant population increased

(Fairbourn g§_al,, 1970 and Lutz 23.21;: 1971).

In a number of studies, however, increases in corn plant

population consistently increased dry matter production per hectare

(Wasko and Kjelgaard, 1966; Rutger and Crowder, 1967; Lutz and Jones,

1969; Robinson and Murphy, 1972). In these studies corn silage dry

matter yields increased linearly with increased population up to

98,839 plants/hectare. Alexander gt_al, (1963) found that increasing

the plant population from 16,679 to 33,358 plants/ha increased yield

of dry matter by 47.9%. Fairbourn et_gl, (1970) found similar

increases in dry matter yield when corn plant populations were

increased from 21,000 to 44,970 plants/hectare. Rutger and Crowder

(1967) and Stivers g__a1, (1971) reported a 4.0% to 6.0% increase in

total dry matter yield when plant populations increased from 49,419

to 86,485 plants/hectare.

Most studies have shown however that the percent grain in the

dry matter is reduced when the plant population is increased. The

energy value of corn silage likely varies due to varying grain content

and ear-stover ratio. Duncan (1958), Rutger and Crowder (1967) and

Fairbourn gt_gl, (1970) reported a reduction in the amount of grain

per-plant as corn plant populations increased. As plant populations



increased from 49,000 to 86,000 plants/ha ear content was reduced by

10% (Cummins and Dobson, 1973). In this study, there was also a 5%

increase in stalk content. Bryant and Blaser (1968) however, noted

only a slightly altered ratio of ear, stalk and leaves to whole plant

weight when plant populations were increased from 39,000 to 98,000

plants/hectare. Similar results were reported by Robinson and Murphy

(1972), who found no significant change in the ratio of forage to

grain yield in populations ranging from 29,500 to 98,800 plants/ha.

Increasing plant populations and thus reducing the grain

content results in lowering of the percentage of proximate con-

stituents in corn silage. Lang gt_al, (1956) reported a significant

decline in protein content of corn grain from 11.8% to 9.8% when

plants/ha were increased from 9,880 to 59,300. Alexander gt_al,

(1963) compared 41,215 to 82,430 plants/ha and found a reduction

in protein content in the whole corn plant from 7.2% to 6.0%.

Holter and Reid (1959) and Huber gt 21, (1965) reported that higher

plant populations resulted in decreased protein digestibility, but

results were not significant. High plant populations, however,

increased levels of digestible energy, total digestible nutrients

and crude protein by 40%, 42% and 27%, respectively.

Lodging and stalk barrenness also contributes to altered

ear-stover ratios when plant populations were increased. There were

also increases shown in plant height and stalk breakage with increases

in plant population. Lang gt_al, (1956) reported a 2 to 3% stalk



barrenness at 29,650 and up to 15% at 59,000 plants/hectare.

Giesbrecht (1969) found that 3% of the stalks were barren at

29,650 plants and increased to 15% at 75,000 plants/hectare.

The Feeding Value of Brown Midrib

and High Oil Corn Silage
 

The grain and the soluble non-cell wall fraction of the

plant (Van Soest and Wine, 1967) is nearly 98% digestible. However,

the lignin content within the plant cell walls inhibits the digesti-

bility and utilization of cellulose and hemicellulose in microbial

fermentation. Thus, the amount of lignin content of a feedstuff

has a direct effect upon its digestibility, intake and energy

utilization in the ruminant animal.

Investigations in the production of low lignin corn plant

were first conducted by Kuc and Nelson (1964) and Gee e§_§1, (1968).

In these studies it was discovered that brown midrib mutant genotypes

produced corn plants with lowered lignin content in the vegetative

portion of the plant. Brown midrib mutants are identified by the

brown pigment in the midrib of the leaf blade, stem tissue and cob.

Muller §£_g13 (1971, 1972) found a 40% reduction in lignin content

in brown midrib corn plants as compared to normal inbred lines.

Studies have shown that low lignin corn has a 7% to 9% increase in

jg_yjtrg dry matter disappearance (Barnes gt al,, 1971; Muller gt_al,,



1972). Lechtenberg gt_al, (1972; 1974) reported an increase in in

vitrg_dry matter disappearance in the stem, leaf blade, leaf sheath,

husk, tassel and cob of 10.4, 11.0, 7.0, 15,0, 17.7 and 12.7 percent,

respectively, for brown midrib corn plants over normal corn (Table 3).

There was also a 35 to 60% increase in the rate of cell wall and

cellulose disappearance.

Table 3. In Vitro Dry Matter Disappearance of Various Plant Components

(Lechtenberg gt_al,, 1972)

 

 

 

Leaf Leaf

Genotype Stem blade sheath Husk Tassel Cob Grain

BM], % 46.4 58.2 55.5 72.6 45.4 55.6 90.2

8M2, % 52.1 60.4 53.9 73.2 48.5 55.1 91.5

8M3, % 60.8 69.0 62.9 80.7 62.0 63.5 92.5

Normal, % 50.4 58.0 55.9 68.6 44.3 50.8 90.5

 

Muller —£-§ln (1972) and Colenbrander gt_al, (1977) evaluated

the digestibility, intake and feeding value of brown midrib corn silage.

Lowered lignin content accounted for an increase of 15% digestibility

of dry matter, total fiber, cellulose and hemicellulose. Similar

results were shown in a feeding trial with cattle when Colenbrander

gt_al, (1973, 1975) obtained significant improvement in average daily

gains, feed efficiency and dry matter intake for brown midrib corn

stover silage when compared to normal corn stover silage. The increase

in performance appeared to be due to increased levels of energy through



higher levels of intake and digestibility. These results are supported

by the work of Stallings §t_gl, (1977) who found an increase in dry

matter digestibility of 9.1% (61.5 y§_56.5%) and 9.3% (70.9 y§_64.3%)

in sheep digestion trials.

In another study, Colenbrander _t_§l, (1977) fed 48 Hereford

steers the following rations: (A) normal corn silage; (B) brown

midrib corn silage; (C) normal silage plus 30% added corn; and (D)

brown midrib silage plus 30% added corn. For the steers fed the all

silage rations, those fed brown midrib gained 8.2% faster (.98 1g

.90 kg) and required 12.7% less feed per unit of gain (5.36 y§_6.14)

than those fed normal silage. Steers fed brown midrib plus added corn

had similar gains and feed efficiency when compared to those fed normal

silage plus corn. Thus, when brown midrib silage is fed without addi-

tional grain, performance is increased due to increased digestibility.

When grain is added, the effect of the lower lignin content in brown

midrib silage is reduced.

In another attempt to improve the nutritive value of corn

silage, crop geneticists developed a high oil corn variety. The high

oil corn improves the energy content by increasing the oil content in

the grain portion of the plant. Several investigators have reported

an increase of oil content in the kernel (Brunson gt_gl,, 1948; Leng.

1967). The oil content of 4.7% in normal corn may be increased to

7 to 13% by the result of selection (Schneider gt_al,, 1952; Welch,

1969). Selection for high oil content also increased the proportion

of germ in the kernel by 61%. Geneticists have shown improvements of



oil content in the corn grain by increasing the ratio of germ weight

to endosperm weight. Lang gt a1 (1956) also reported that the percent

oil in the grain increases as the corn plant population decreases. The

grain in the normal corn variety contained 4.23% oil when corn popula-

tion was 59,280 plants/hectare but increased to 4.58% at 9,9880

plants/hectare.

McCollough gt_al, (1972) fed steers in a 126 day feeding trial

to determine the feedlot performance of different sorghum and corn

varieties. Average daily gain and feed efficiency for the steers

were: high oil corn (.78, 8.96) and regular corn (.95, 7.75). The

steers fed the high oil corn had reduced gains (17.9%), poorer feed

efficiency (13.5%) and reduced dry matter intake (2.1%). High oil fed

steers had less fat thickness, reduced marbling and lower quality

grades but had a more desirable yeild grade. Cost/cwt. gain was

13.5% higher for the high oil fed steers.

Prediction of Feedlot Performance from

Laboratory Analysis of Feedstuffs

 

 

Accurate prediction of the energy value of feedstuffs is

necessary for accurate formulation of feedlot rations. Studies have

indicated that a decline in digestibility of fiberous components in

feedstuffs is directly related to changes in cell wall digestibility.

The cell wall includes cellulose, hemicellulose and lignin. The lignin

within the cell wall is indigestible and protects the cellulose from

digestion. It appears to be a major factor in reducing intake and

digestibility of high forage rations.
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As cell wall constitutents or crude fiber increases, the ratio

of net energy to total digestible nutrients declines (Van Soest, 1973).

"Associative effects" pose a problem in the estimation of net energy

values through chemical analysis of feedstuffs. When various levels

of concentrate are added to a forage ration there tends to be a decline

in cell wall digestibility and net energy value.

Van Soest (1971) formulated a system for estimating the net

energy value of a ration by determination of the digestible dry matter

(DDM) and total digestible nutrients (TDN) from chemical analysis of

feedstuffs, as follows:

TDN (%) = DDM=Total Ash+Silica+ 1.25 Ether Extract+l.9

NEm (Mcal/Kg) .029 TDN (%)- 0.29

NEg (Mcal/Kg) .029 TDN (%)- 1.01

This system more adequately estimates the net energy value of high

roughage rations than does the TDN system. It was concluded, however,

that a constant value of 70% TDN should be used for all corn silages.

In contrast, Schmid gt_al, (1975) reported that the digest-

ibility of corn silage varied from 56 to 70% and sorghum silage from

45.1 to 65.8% when 23 various silages were fed to sheep. Regression

equations were developed for predicting average daily gains from

digestible dry matter intake (DDMI):

AUG (9) - 38.44+-.209 DDMI (kg).
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Agronomic characteristics of the corn silages were also correlated

with quality measurements. The percent leaves were highly correlated

with ADF (0.90) and average daily gain (-O.68). The percent ears were

also correlated with ADF (-O.87) and gain (0.68). Dry matter yield had

a relatively low correlation with dry matter intake (-0.15) and average

daily gain (-0.26). Taller and higher yielding corn silage had a

higher percent of leaf and stalk while early maturing, shorter corn

had a higher percentage of ears and improved animal performance.

Marten et 31, (1975) measured the quality of 25 corn and 26

sorghum silages in a sheep feeding trial. Correlations of chemical

analysis of the silage indicate that ADF was highly correlated with

crude fiber (r==0.94) and cellulose digestion (r==0.97). Due to the

high correlation between fiber measurements, both ADF and crude fiber

were useful in estimating similar parameters. However, ADF values were

higher and more accurate measurements than those for crude fiber.

Regression equations were formulated for the prediction of dry matter

intake when sheep were fed corn silage or sorghum silage rations:

0.61Corn Silage: DM Intake (g/Wt '75) 85.49- .75 ADF (%) R2

k9

Sorghum Silage: DM Intake (g/Wt '75) 82.87-.78 ADF (%) R2kg 0.81

It was concluded in this study that the low cost and predictability of

ADF determination makes it a useful procedure for predicting silage

energy value.
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In a later study, Marten gt_gl, (1976) measured the

digestibility of 23 corn and 26 sorghum silage varieties when fed

to sheep. Correlations of acid detergent fiber with dry matter intake

were 0.53 for corn silage and 0.77 for sorghum silage. Across all

sorghum silages:

on Intake (g/Wtkg'75) = 83.79-101 ADF (%) R2 = 0.50.

Dry matter intake was correlated (r==0.66) with the jn_yjyg_digestible

dry matter of sorghum silage while intake and digestibility correlation

was considerably lower for corn silage (r==0.40). ADF was the most

accurate predictor of digestibility as compared to alternative analysis

(crude fiber, cellulose) and accounted for 80 percent of the variation,

while crude fiber was the best predictor of intake, accounting for 72%

of the variation.

Chandler and Walker (1972) developed a linear program for

computerized ration formulation. The relationship between crude fiber

and net energy for lactating cows was observed for 45 feedstuffs com-

monly used in dairy rations and varying from corn grain to alfalfa hay.

When a number of feed ingredients were formulated into a ration, crude

fiber was a good predictor of ration energy content. Regression equa-

tions were developed for predicting net energy value of feedstuffs from

crude fiber analysis as follows:

Net Energy (Mcal/Kg DM) = 2.38- 0.034 Crude Fiber (%)
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There was a strong negative correlation between ration fiber level and

ration energy level (r2 = 0.79). Thus, the use of chemical analysis

of feedstuffs in determining ration energy level is a useful method

for predicting performance in cattle.

Galyean gt_a1, (1978) studied the feasibility of predicting

feedlot performance from laboratory analysis of grain. Data from

14 cattle feeding trials involving the evaluation of processed grain

were utilized to study the relationship between laboratory analysis

of grains and feed intake, average daily gain and feed efficiency.

Laboratory analysis of the grains in the study included jg_vjtrg_dry

matter disappearance (IVDMD), jg_yjtrg_gas production and degree of

gelatinization. Correlations of intake with the various laboratory

analysis were small (-0.22 to —0.36) and did not indicate a strong

association. In contrast to these data, Albin et_al, (1966) reported

correlation values of 0.88 and 0.99 between IVDMD and feedlot gain and

efficiency, respectively.

Brown and Radcliffe (1971) concluded that because of the loss

of volatiles in oven drying of silage, in vitro DDM of silage was not
 

satisfactory in predicting jg_ijg_DDM in cattle. A correlation of

0.70 was found between in vivg_00M and jg_yjtrg_DDM, in oven dried

samples. When corrected for volatile losses, a correlation of 0.88

was obtained.

Van Soest (1965) studied the correlation of chemical analysis

of forages and animal performance. Correlations between chemical

analysis and performance varied and was reduced when several species
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were analyzed. Lignin, acid detergent fiber and cell wall

digestibility were better predictors of digestibility than dry

matter intake. Correlations were reported between digestible dry

matter (00M) and ADF (-0.86), 00M and cell wall constituents (-0.86),

00M and lignin (-0.79). Digestibility and intake were not related in

forages that contained low cell wall contents. When cell wall contents

were increased in forages, intake was highly correlated with chemical

and digestible dry matter. It was concluded in this study that the

relationship between digestible dry matter and dry matter intake was

dependent on the proportion of digestible energy from cell wall

constituents.

Ademosum gt_al, (1968) evaluated sorghum-sudan grass harvested

at various stages of maturity on the basis of intake, digestibility

and chemical composition. ADF was an adequate predictor of digestible

dry matter (-0.90), digestible energy (-0.88) and dry matter intake

(-0.86). The formulated regression equation for prediction of digest-

ible energy (DE) from ADF and lignin analysis is as follows:

DE (Kcal/Wtkg‘75) = 66.09+ .65 ADF (%)- 9.33 Lignin (%) R = 0.99

In this study, ig_yjtrg.DDM had no advantage over ADF, lignin and

protein analysis as a predictor of the nutritive value of feeds.

The effect of fiber level on performance in young calves was

reported by Jahn gt_al, (1970). Body weight gain declined as the fiber

level in the ration increased. Dry matter intake was increased as fiber

level increased in low fiber diets but intake was reduced in high fiber
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diets. Increased fiber levels increased the amount of content in the

alimentary tract and can influence weight gain. Regression equations

were developed relating fill, as a percentage of liveweight at slaughter

and acid detergent fiber, as follows:

Fill = 8.33 + 0.41 ADF (%).

Increased fiber decreased soluble carbohydrates in the ration, reduced

dry matter digestibility and increased crude fiber digestibility.

Due to the variation in digestibility of feedstuffs and

subsequent alteration in performance, many studies have been completed

in an attempt to more accurately predict performance (Van Soest, 1971;

Chandler and Walker, 1972; Marten gt al,, 1975; Schmid gt_al,, 1976).

Many improvements have been shown in the evaluation of feedstuffs

through chemical determination. But, further research is needed to

accurately predict performance and net energy values for feedlot

rations that vary in grain content and digestibility.

Influence of Ration Grain Content

on Feedlot'Performance and

Carcass Characteristics

 

 

Research has shown that as ration grain level is increased,

feedlot performance is improved (Pinney gt_gl,, 1966; Jesse gt_gl,,

1976a, 1976b; Hammes gt_al,, 1964). When cattle are fed high silage

y§_high grain rations, average daily gain and feed efficiency is

reduced, days on feed and non-feed costs are increased. Also, studies

have reported a less desirable quality grade and eating quality of
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steers when fed high forage diets when compared to those fed grain

(Black gt_al,, 1940; Meyer gt_§1,, 1960). But most of these com-

parisons were made when cattle were slaughtered at different weights

and thus resulting in a different carcass composition.

In examining the effect of ration energy level on feedlot

performance and carcass characteristics, numerous_studies have been

conducted. In early studies, Richardson gt_gl, (1961) fed heifers

rations with a roughage-to-concentrate ratio of: (A) 1:1; (8) 1:3;

and (C) 1:5. Heifers fed the 1:5 rations gained 13.6% faster (1.03

y§_0.89 kg) than those fed the 1:1 ration (P<:.05). Carcass grade

and marbling score was higher for the steers fed rations B and C,

but the results were not significant.

Lofgreen and Adams (1976) fed 80 Hereford crossbred yearling

steers various alfalfa-to-concentrate ratios of 100:0; 70:30; 40:60;

or 10:90. The steers fed the rations containing the all alfalfa

ration had reduced gains (0.98 vs 1.17, 1.22, 1.14 kg) and were less

efficient (11.50 1; 9.12, 8.17, 8.00) than those fed the added concen-

trate rations. Steers fed the 60% concentrate ration had the highest

rate of gain (1.22) but no significant difference was shown in effi-

ciency when the concentrate level was increased to 90% of the ration.

There was no difference in carcass characteristics among steers fed

the concentrate rations. Steers fed the alfalfa ration had a lower

percentage carcass fat and quality grade, but were slaughtered at

lighter weights. The 30% and 60% concentrate rations were utilized

5% better than the 90% ration. These findings conflict with earlier
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studies that describe the presence of associative effects and a

reduction in energy utilization when concentrate comprises 50 to 80%

of the ration (Byers gt_al,, 1975a, 1975b; Kromann, 1967).

Lancaster gt a1, (1972) compared the performance of 91 Angus

steer calves fed a high concentrate finishing ration (78% milo) with

steers fed a high roughage, growing ration (84% hay) prior to being

fed a high concentrate ration. Steers were fed for 76 days on the

growing ration and finished for 118 days on the finishing ration.

For the first 76 days, steers fed the high concentrate ration gained

21.7% faster (1.29 v§_l.01 kg) and required 6.5% less feed per unit

of gain (6.30 y§_6.74) when compared to those fed a high roughage

ration. For the finishing ration, the steers started on the high

roughage ration and switched to a high concentrate ration had 12.3%

higher gains (1.46 vs 1.28 kg) but were similar in feed efficiency

(6.49 y§_6.30). Steers started on the high roughage ration expressed

compensatory gain when switched to the high concentrate ration. When

the 194 day trial was summarized, average daily gains were the same,

but the steers fed the high concentrate for the entire trial had an

8.7% improvement in feed efficiency (6.00 y§_6.57). There were no

differences in carcass traits or body composition but steers fed high

concentrate had more fat covering and a higher degree of marbling.

Theuninck (1977) studied the effects of a growing ration on

the performance during the finishing period when 56 Angus crossbred

steers were fed. During the 61 day growing period the rations fed

included: (A) corn silage full fed, or (B) 1.36 kg of high moisture
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corn plus a full feed of corn silage. The rations fed during the

98 day finishing period included: (A) corn silage full fed, or

(B) 3.6 kg of corn silage plus a full feed of corn. During the

growing period, steers fed rations A and 8 had similar gains

(0.96 y§_0.98 kg) and feed required per unit of gain (6.05 v§_5.90).

During the finishing phase, steers fed ration B gained 12.1% faster

(1.32 v§_l.16 kg) and improved in feed efficiency by 10.5% (6.11 vs

6.83) as compared to those fed ration A. The nutritional level fed

during the growing phase did not affect total feedlot performance.

Carcass characteristics were not influenced by energy level.

Pinney gt_gl, (1966) fed 50 yearling Angus steers for 125 days

on rations varying in proportions of ground corn and corn silage. The

rations were: (A) corn silage plus ground shelled corn at 1.5% of body

weight, (8) corn silage plus ground shelled corn at 1.0% of body weight,

and (C) corn silage plus ground shelled corn at 0.5% of body weight.

Average daily gain (kg) and feed efficiency for the rations were:

(A) 1.06, 7.74; (B) 0.98, 8.93; and (C) 0.92, 9.83. The higher grain

fed steers had slightly higher gains and were more efficient than those

fed the higher roughage rations. Carcass grade was not influenced by

ration energy level. Cost of gain was in favor of the steers fed high

silage rations.

Perry and Beeson (1976) conducted five experiments with calves

and yearling steers to study the extent corn silage energy could be

substituted for shelled corn in finishing rations. The amount of corn

added to corn silage ranged from 0.9 kg per head daily to 85.65% of the
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ration. In four of the five trials, steers fed the highest level of

corn grain gained faster (P< .01) and were more efficient (air-dry

basis) than those fed the high silage diets. Steer calves gained

gained 16.7% faster (1.20 y§_1.00 kg) and were 19.8% more efficient

(7.40 y§_9.00) when fed the high corn rations. Similarly, yearlings

had a 12.0% improvement (1.42 vs 1.25 kg) in gains and 16.3% improvement

in feed required per unit of gain (9.20 y§_7.70) when fed high grain

rations. Calves or yearlings fed high silage rations had similar

quality grades as those fed high corn rations.

Jesse gt_§l, (1976a) studied the effects of feeding various

corn-corn silage combinations on feedlot performance. The rations

were fed in cornzcorn silage combinations of: (A) 30:70; (8) 50:50;

(C) 70:30; and (D) 80:20. Steers were slaughtered at 314, 454 and

545 kg. Steers fed the high silage ration (A) gained slower (0.90)

than steers fed rations B (1.06), C (1.13) or D (1.11 kg). Dry matter

intake, expressed as a percentage of empty body weight, was 2.25, 2.40,

2.52 and 2.37% for rations A, B, C and D. Carcass characteristics

were similar; however, the steers fed the high concentrate rations

were fatter and had a higher quality grade. The comparative slaughter

technique was used to determine the net energy value of the various

corn-corn silage rations (Jesse gt_al,, 1976b). Regression analysis

was used to estimate corn and corn silage net energy values for the

rations. Net energy values were not affected by ration combination

(P< .05). Net energy for gain for corn and corn silage were 1.17

and 1.05 Mcal/kg, respectively.
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Peterson gt_gl, (1973) fed rations with corn silage-to-high

moisture corn at ratios of: (A) 100:0; (B) 67:33; (C) 33:67; and

(D) 0:100, to 160 Angus crossbred steer calves. Average daily gain

and feed required per unit of gain for steers fed the various rations

were: (A) 1.18, 7.45; (B) 1.25, 7.11; (C) 1.39, 5.50; and (D) 1.48,

5.04. Average daily gain and feed efficiency improved linearly as the

level of grain in the ration increased (P<:.Ol). Energy level did not

influence marbling, kidney, heart and pelvic fat or quality grade.

Miller gt_al, (1970) compared levels of forage and concentrate

for growing and finishing Holstein steers. Ratios of corn silage-to-

concentrate for the various rations were: (A) 3:1 from 181.4 kg to

market; (8) 3:1 from 181.4 to 340.1 kg. followed by 1:1 to market

weight; (C) 3:1 from 181.4 to 340.1 kg, followed by 1:2 to market;

and (0) 1:1 from 181.4 kg to market. Average daily gains were: 1.10,

1.20, 1.24, and 1.20 kg and feed requirement per unit of gain was 6.49,

5.96, 5.81 and 6.00 for steers fed rations A, B, C and D. The steers

fed ration D had the most rapid gains and were the most efficient.

Carcass characteristics did not differ among treatments except the

steers fed ration A had less marbling and a lower quality grade. Feed

cost was highest for steers fed equal amounts of corn silage and con-

centrate (D), but, non-feed cost was highest for steers fed the high

silage ration (A) for the entire trial due to lower gains and a longer

time on feed.

The value of high silage rations for fattening beef cattle was

studied by Hammes g__al, (1964). During the two-year study, several
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combinations of silage and concentrate were fed, including: (A) 20%

hay or haylage plus 80% corn silage plus 0.79 kg cottonseed meal,

(8) corn silage plus 0.91 kg cottonseed meal, and (C) high concentrate

ration. Steers fed ration A had lower gains as compared to those fed

the high concentrate, fattening ration. But, feed efficiency, whether

expressed as dry matter or TDN required per unit of gain, was in favor

of the high silage fed steers when compared to those fed high concen-

trate. Ration energy level had no effect on carcass characteristics.

Workers from the Iowa station have reported on the influence

of ration energy level on feedlot performance and carcass characteris-

tics (Burroughs and Topel, 1969; Topel _tnal., 1973; Self and Hoffman,

1977). In a two-year feeding trial, Burroughs and Topel (1969) fed

rations consisting of all silage or silage plus 38% grain to steers.

For the first trial, steers fed the all silage ration gained 26.2%

slower (1.10 y§_l.49), were on feed 47 days longer, and required

19.4% more feed per unit of gain (8.82 vs 7.11) than those fed added

grain rations. In the second year, steers fed corn silage had 23.5%

slower gains (1.08 y§_l.41 kg) and were 11.5% less efficient (7.91

y§_7.00) than those fed silage plus grain. In the two-year study,

carcass characteristics were not affected by ration energy level.

Net energy for maintenance and gain (Mcal/kg) were 0.79 and 1.29

for corn silage and 1.41 and 1.14 for silage plus added grain rations.

Topel gt al. (1973) studied the influence of energy consumption

during growth on carcass composition of 20 crossbred steers. The

steers were slaughtered at 362.8 and 498.9 kg and were fed ad libitum
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or restricted energy intake. During the growing phase, the steers fed

the restricted energy intake gained slower (0.78 v§_l.22), were less

efficient (7.13 v§_5.69) and required 71 more days on feed to reach

362.8 kg. When slaughtered at 498.9 kg, the full fed steers had 33.0%

faster gains (0.77 y§_1.15), were 10.1% more efficient (7.37 y§_8.20),

and required 132 fewer days on feed. The steers fed to the heavier

weights required more feed per unit of gain than the lighter steers

due to increased maintenance requirements. Carcass composition and

characteristics were similar for the steers fed the two energy levels.

Self and Hoffman (1977) reported on the effect of silage level

on feedlot performance of yearling steers. Steers were fed rations

with various ratios of silage-to concentrate, as follows: (A) 25:75;

(8) 45:55; and (C) 15:85. Steers fed the high silage ration had the

lowest average daily gain (0.99) as compared to those fed rations B

(1.13) and C (1.16). TDN required per unit of gain was lower for

the high concentrate ration (5.87) than for the ration A (6.80) or

B (6.17). Steers fed the high silage ration had similar dry matter

intake (8.98 and 8.75 kg) but was reduced for the high concentrate

(7.98).

Preston gt_al, (1975) studied the role of roughage in high

concentrate rations for finishing steer calves. One hundred and

twenty steer calves of various breed types were fed high concentrate

rations containing various sources and levels of roughage. Rations

containing low levels of pelleted cob, dried brewers grains and lime-

stone treated corn silage were compared to all concentrate rations.
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Feedlot performance was not affected by any of the roughage sources or

levels, but feed efficiency was slightly reduced when roughage was

added. Steers fed 2.27 or 6.80 kg of corn silage plus concentrate

had 8.3% reduced gains (1.34, 1.32 !§_1.45 kg) and 14.0% poorer feed

efficiency (5.17, 5.66 y§_4.66) as compared to the all concentrate

ration. Carcass characteristics were not influenced by ration energy

level.

Klosterman gt_al, (1965) conducted three experiments to

determine the effect of corn silage or ground ear corn fed at various

stages of growth and fattening upon carcass composition of beef cattle.

In trial one, periods were on a time constant basis while a constant

amount of gain was the basis used in the second trial. A third trial

was conducted using the same rations for two time constant periods.

Cattle fed the ear corn ration gained faster than those fed all silage,

regardless if the ear corn was fed during the first, middle or last

part of the feeding period (P<:.05). Dressing percentage was increased

when the ear corn was fed in the finishing stage. Ration energy level

had no significant influence on carcass characteristics.

Newland (1976) finished 40 Angus and 40 Angus heifers on all

corn silage or all concentrate rations. When fed corn silage, steers

required 56 days longer (210 y§.154) and heifers 29 days (183 y§_154)

longer to reach low choice as compared to those fed all concentrate.

When fed all concentrate, steers gained 21.5% (1.30 v§_1.02 kg) and

heifers 21.1% faster (1.09 vs 0.86) than those fed all silage. Those

fed all concentrate required 28.5% less feed per unit of gain
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(5.40 ii 7.55). Ration energy level did not influence carcass

characteristics. Cost per cwt. gain was reduced for the steers

fed the all silage rations.

Gill _tnal. (1976) reported on the effect of feedlot rations

containing various corn silage levels. The rations contained (A) 14%,

(B) 30%, or (C) 75% of the ration dry matter from corn silage, the

remainder from high-moisture corn. Average daily gain and feed

efficiency for the steers fed the various rations were: (A) 1.41,

5.49; (B) 1.50, 5.69; and (C) 1.15, 7.40. Steers fed the high grain

ration (A) had higher gains (18.4%) and improved feed efficiency

(25.8%) than those fed the high silage ration (C). Steers fed the

75% silage ration had lighter carcass weights than those fed 14% silage

(310 y§_324 kg). The 75% silage fed steers had a lower dressing per-

centage, marbling score and kidney, heart and pelvic fat but had more

backfat thickness (P<:.01). The high silage fed cattle were fed 28

days longer but had a much lower quality grade. If steers had been

fed to a similar weight, smaller differences would be expected in

carcass characteristics between the high silage v§_high concentrate

fed steers.

Utley §t_gl, (1975) studied the feedlot performance and

carcass characteristics when 68 crossbred steer calves and yearlings

were fed all forage gs high concentrate rations. Steers fed the high

concentrate ration gained 21.5% faster (1.35 v; 1.06 kg) than those

fed the all forage ration (P<:.05). Steer calves and yearlings had

similar gains when fed the all forage rations. However, yearlings
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gained 7.9% faster (1.40 y§_l.29 kg) than calves when fed the high

concentrate diet. When slaughtered at a similar weight, steers fed

the high concentrate ration had more marbling, higher yield grade and

more fat over the ribeye than steers fed the all forage rations

(P< .05).

Oltjen §t_gl, (1971) fed all forage diets to finishing beef

cattle. Forty-eight Hereford steer calves were fed the following

rations: (A) all concentrate; (B) pelleted, all-forage ration;

(C) all concentrate followed by all forage, and (0) all forage

followed by all concentrate. Average daily gains and feed efficiency

for steers fed the various rations were: (A) 1.27, 5.71; (B) 1.05,

10.06; (C) 1.09, 7.98; and (D) 1.11, 8.14. Steers fed the all con-

centrate ration had 17.3% higher gains and 43.2% improvement in feed

efficiency. Steers fed all forage during the growing phase and switched

to all concentrate for the finishing phase had similar gains and feed

efficiency as those fed all forage and switched to all forage. Carcass

grade was higher for the steers fed all concentrate.

Embry and Fredrikson (1968) fed 100 steer calves various

combinations of silage, ear corn and shelled corn. Rations fed were:

(A) corn silage, 6.8 kg plus high moisture ear corn, full fed; and

(8) corn silage full fed the entire trial. Steers fed ration A gained

28.2% faster (1.10 v§_0.79 kg) than those fed ration B. Steers fed

the all silage ration had a lower marbling score and quality grade.

But, the all silage steers were fed to a lighter weight (475 v§_523 kg);

if these steers were fed to the same weight as the silage plus grain fed

steers, differences in carcass parameters would likely be reduced.
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Garrett (1971) determined the influence of rations varying

in level of roughage and concentrate on feedlot performance and body

composition when fed to yearling Hereford heifers. The roughage-to-

concentrate ratios were: (A) 15:85; (8) 50:50; and (C) 85:15. The

heifers were slaughtered following 70, 140 and 230 days of feeding

the different rations. Gains were similar for rations A and B but

gains were reduced for the steers fed the high roughage ration (C).

Quality grade was increased by one-third of a grade for the steers

fed the high concentrate ration when compared to those fed the high

roughage rations. When fed to an equal body weight, final body

composition was not greatly affected by the ratio of roughage-to—

concentrate. The net energy value of the roughage or grain was

constant and did not vary when fed at varous proportions in the

ration.

Recently Michigan workers have studied the effect of ration

energy level on feedlot performance (Newland and Henderson, 1965;

Minish gt al,, 1966, 1967; Hawkins gt_al, 1967; Henderson and Britt,

1974; Danner and Fox, 1977; Crickenberger g__§l,, 1977). Newland and

Henderson (1965) fed steers rations varying in levels of concentrate-

to-hay, including: (A) 50:50; (8) 61:39; (C) 71:29; and (D) 82:18.

Average daily gain (kg) and feed efficiency (85% dry matter basis) for

the rations were (A) 0.94, 10.89; (B) 1.00, 9.90; (C) 1.44, 7.34; and

(D) 1.49, 6.51. Steers fed the high concentrate ration gained 36.9%

faster and required 40.2% less feed per unit of gain. Carcass traits

were not influenced by ration energy level.
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Minish gt_al, (1966, 1967) conducted two feeding trials and

reported on the effect of concentrate level on feedlot performance and

carcass characteristics. Steers were fed rations containing: (A) all

silage, or (B) 60% concentrate-40% silage. In trial 1 steers fed the

high concentrate ration (B) gained 36.6% faster (1.09 vs 1.72 kg) than

those fed all silage (P<:.05). Steers fed the high concentrate ration

had improved quality grades but no other carcass traits were influenced

by ration energy level. In the second trial, steers fed the high con-

centrate ration gained 20.7% faster (0.92 y§_1.16) than those fed high

silage (P<:.05). Steers fed the high concentrate ration had improved

quality grades.

Hawkins §t_al, (1967) fed 64 steers and heifers either all

silage or silage plus a 1% added grain ration. Steers fed the added

grain ration gained 7.7% faster (1.08 vs 1.17 kg) but were similar

in feed efficiency when compared to steers fed all silage rations.

The heifers fed all silage had 7.9% lower gains and required 8.2%

more feed per unit of gain than those fed added grain rations. There

was little difference in carcass grade due to ration energy level; but,

those fed the high silage ration had lighter carcasses as compared to

those fed rations containing various rations.

Henderson gt a1, (1974) fed rations containing various ratios

of shelled corn-to-corn silage, including: (A) 40:60; (8) 60:40; and

(C) 80:20. In conflict with previous studies, as grain level in the

ration was increased, there were little change in gain or feed effi-

ciency. Cattle were fed to a similar final weight and no difference

was found in carcass characteristics.



28

In a more recent study, Danner and Fox (1977) conducted two

trials to compare the influence of different feeding systems on effi-

ciency of energy utilization and carcass characteristics when calves

and yearlings were fed. The feeding programs included: (A) 85%

concentrate-15% silage; (B) 40% concentrate-60% silage; (C) all silage,

switched to 85% concentrate-15% silage one-half the way through the

feeding period; (0) all silage, switched to 85% concentrate-15% silage

two-thirds the way through the feeding period; and (E) all silage fed

continuously. Yearling steers fed ration A had 35.7% faster gains and

were more efficient than those fed all silage (E). When adjusted to an

equal carcass weight, there were no differences in marbling or quality

grade but steers fed all silage had a more desirable yield grade than

steers fed the 85% concentrate ration. Little difference was found in

metabolizable energy required per lb of retail beef, but those fed on

the two-phase system and switched early were the most efficient. Calves

fed ration A gained 22.8% faster and were more efficient than those fed

all silage. Calves fed all silage had lower quality grade than those on

the other systems, but no difference was found in yield grade. Steers

switched earlier on the two-phase system (C) gained 8.6% faster than

those fed ration 0.

Two feeding trials involving 189 steer calves were conducted

to compare performance and carcass traits when fed either corn silage

or 60% corn-40% silage rations (Crickenberger ;t_;l., 1976). In both

trials, ration energy level influenced average daily gain (P<:.05). In

trial 1, steers fed added grain rations gained 46% faster than those fed
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all silage. High grain fed steers had more external fat, kidney, heart

and pelvic fat, higher quality grade but reduced yield grade. In

trial 2, the high grain fed steers gained 27% more rapidly when

compared to those fed all silage; but ration energy level did not

influence carcass characteristics when adjusted to the same final

carcass weight.

Goodrich gt_al, (1974) analyzed 17 university experiments that

involved 878 steer calves to determine the influence of corn silage on

performance. Average daily gain declined 23.7% (1.14 y§_0.87 kg) as

corn silage level was increased from 10% to 80% of the ration. Exam-

ination of the data revealed that a 10 percentage unit increase in corn

silage decreased gain to a greater extent when 70 to 80% corn silage

was fed (0.063 kg) than when the ration contained 10 to 20% corn silage

(0.014 kg). Feed required per unit gain increased linearly as corn

silage level was increased. Maximum dry matter intake occurred when

the ration contained 40 to 50% corn silage. The impact of corn silage

on gain and feed efficiency when fed at various levels is useful for

accurate prediction of feedlot performance.

To accurately compare the influence of ration grain content

on feedlot performance and carcass characteristics, there are three

adjustments that should be taken into consideration. First, perfor-

mance data should be adjusted to an equal dressing percentage. Cattle

fed a high roughage ration will typically have more fill than high

concentrate fed cattle and thus, will influence the rate of gain

(Burroughs gt_gl,, 1965; Utley §t_al,, 1975; Peterson gt_al,, 1973).
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Second, adjustments should be made to correct for errors in dry matter

determination. Due to the loss of energy containing volatiles, dry

matter intake may be underestimated by 7% when determined by oven

drying (Brown and Radcliffe, 1971; Jones and Larsen, 1974; Fox and

Fenderson, 1976). Third, cattle should be slaughtered at the same

final weight for accurate comparison of diet on performance and carcass

characteristics. When slaughtered at various final weights, performance

and carcass composition may be greatly influenced by differences in

physiological maturity. Most studies reviewed have not taken these

factors into consideration in measuring the effect on ration energy

content on feedlot performance.

Numerous studies have been reported on the influence of ration

energy level on feedlot performance and carcass characteristics. As

ration grain content is increased, gain is increased but composition

of gain was not influenced (Hammes gt_al,, 1964; Minish gt_§l,, 1966;

Pinney gt_gl,, 1966; Riley, 1969). In contrast, other workers have

concluded that ration energy level may influence carcass composition

(Oltjen gt_al,, 1971; Utley gt_al,, 1975; Jesse gt_§l,, 1976). In the

review of literature, the effect of ration grain content on carcass

composition is still in question. More research is needed to accu-

rately assess the impact of high roughage vs high concentrate rations

on body composition.
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Effect of Feeding System on Efficiency

of Roughage and—Grain Utilization

The interactions of dietary ingredients was first reported by

Armsby in 1917; digestibility was reduced 12% when feedstuffs containing

carbohydrates were added to hay rations. Later, Forbes (1931) concluded

that the energy value of feedstuffs cannot be evaluated individually in

mixed rations. Kriss (1943) reported that the nutritive value of indi-

vidual feeds depends on the combination with other ingredients when

mixed rations containing alfalfa hay and corn were fed. Hamilton

(1942) reported on the effect of corn sugar upon digestibility of

the nutrients of a ration. As the level of corn sugar was increased

in the ration, digestibility of crude fiber decreased. Swift and French

(1954) reported a reduction in fiber digestibility when starch or other

soluble carbohydrates were added to rations.

The conventional scheme of energy metabolism and variation in

energy losses is shown in Figure 1 (NRC, 1966; Reid, 1962). From the

gross energy ingested, 20 to 60% of the energy is lost as fecal energy

which contains undigested feed, bacterial cell residue and digestible

fluids. A portion of the digestible (0E) is excreted as urinary energy

(3 to 5%) or lost as gas production (5 to 12%). From the metabolizable

energy (ME), considerable energy is lost as heat increment (10 to 40%).

The remaining energy is divided into net energy for maintenance (NEm)

and gain or production (NEg), as described by Lofgreen and Garrett

(1968). Alteration in digestion and metabolism of feedstuffs influence

the net energy value of a diet.
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GROSS ENERGY OF FEED

--.FECAL ENERGY (20-60%)

1. FEED ORIGIN

2. METABOLIC ORIGIN

DIGESTIBLE ENERGY (DE)

  

A. GAs PRODUCTION (5—12%)

B. URINARY ENERGY (3-5%)

1. FEED ORIGIN

2. ENDOGENous ORIGIN

METABOLIZABLE ENERGY (ME)

IIIIIID’

  

II. HEAT INCREMENT (IO-40%)

1. HEAT OF FERMENTATION

2. HEAT OF NUTRIENT

NET ENERGY (NEM+P) METABOLISM

/\

 

MAINTENANCE ENERGY (HEM) pRODUCTION ENERGY (NEP)

l. BASAL METABOLISM l. GRowTH

2. VOLUNTARY ACTIVITY 2. FATTENING

3. HEATING AND COOLING 3. MILK

OF THE BODY 4. WOOL

5. REPRODUCTION

6. WORK

Figure 1. Scheme of energy metabolism (NRC, 1966) with expected

losses (Reid, 1962).
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Classical papers by Armstrong and Blaxter (1957a, 1957b),

Armstrong gt_al, (1957) and Armstrong gt 11. (1958) have studied the

effect of heat increment on nutrient metabolism in the ruminant. Heat

increment (HI) represents the energy expended by the animal during the

ingesting and fermentation of feedstuffs. Energy lost as heat is

divided into heat of fermentation and heat of nutrient metabolism,

but due to difficulty of calculation, these processes are summarized

as heat increment. This loss Of energy is Considerable and influences

the utilization of metabolizable energy and the net energy evaluation

of feedstuffs.

Armstrong and Blaxter (1957a) concluded that the heat increment

Of mixed rations were variable and were not the sum of the individual

feeds or volatile fatty acids (VFA) of the ration. Following the

infusion of VFA's into the rumen, heat increment was measured in sheep.

Heat increment for the VFA's were, acetic acid, 40.8; propionic acid,

13.5; and butyric acid, 15.9 Kcal/100 Kcal of metabolizable energy.

A mixture of VFA's of 5:3:2 of acetic, propionic and butyric acid

was projected to yield a heat increment of 27.0 Kcal/Kcal of ME,

but only 17.0 was observed.

The heat increment of VFA's was determined when infused

separately or in a mixture into fasting dairy cows (Holter e__al,.

1970, Table 4). Measured heat increments were, acetic acid, 40;

propionic acid, 18.0; and butyric acid, 18.0 Kcal/100 Kcal Of metab-

olizable energy. Mixed VFA's yielded a heat increment Of 32.0, while

29.5 Kcal/100 Kcal of ME was projected. As a sole source of energy,
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acetic acid was considerably less efficient than propionic acid or

butyric acid. The increase of observed heat increment when compared

to projected losses suggest the presence of associative effects in

mixed rations.

Table 4. Mean Heat Increments of Individual Volatile Fatty Acids and a

Mixture of Acetate, Propionate and Butyrate Infused into the

Rumen of Fasted Mature Cattle (Holter, Heald and Colovos,

 

 

 

 

1970)

HI, Kcal/100 Kcal ME

Observed Calculated

Acetate 40 --

Propionate 18 --

Butyrate l8 --

Mixture, 52:31:17a 32 29.5

 

aMolar ratio of acetate, propionate and butyrate.

Blaxter and Wainman (1964) fed varying levels of hay and corn

grain to sheep and cattle in a metabolism study. As the percentage

grain in the ration increased from 0 to 100%, fecal energy losses

increased linearly. Methane losses increased linearly with increased

levels of corn until the ration contained 60 to 80% grain, then declined

markedly. There was a small effect of diet on urinary loss. Nitrogen

digestibility increased with increasing levels Of grain in the ration,

but the increase was most marked when grain levels were greater than
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60%. Metabolizable energy was linearly related to the grain level in

the diet. When the percentage of grain in the ration was increased

from 0 to 100%, efficiency of utilization of metabolizable energy for

maintenance increased from 71 to 79% and from 29 to 61% for fattening.

Results of this study suggests that high increments of heat and low

efficiency of utilization with high roughage rations are due to the

nature Of the end products of fermentation and digestion process.

There was an inverse relationship between ration fiber content and

the efficiency of utilization for fattening.

Asplund and Harris (1971) studied the digestibility of energy

and utilization of nitrogen in sheep fed varying proportions of alfalfa

hay and beet pulp. Mixed rations containing alfalfa hay and dried

molasses beet pulp in equal amounts had an increase in ether extract

and nitrogen free extract digestibility and a decrease in biological

value of nitrogen in comparison to the digestibility when feed ingre-

dients were fed independently. The digestibility was significantly

higher for gross energy, dry matter and nitrogen when the lowest level

of energy was fed. It was concluded in this study that associative

effects were present but at a lesser magnitude than previously

predicted.

Byers, Matsushima and Johnson (1975a) used an indirect

respiration calorimeter in determining the net energy value of corn

silage with various increments of added grain. When corn grain was

added at levels of 34 and 67% of the ration, the NEm values decreased

4.7 and 14.8% below the predicted values (Figure 2). The NEg values
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Figure 2.

T I

34 67 100

Percent Total Grain in Ration

Influence of ration grain content on dry matter

digestibility and digestible and metabolizable

energy (Byers, Matsushima and Johnson, 1975a).
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expressed a similar decrease of 10.4 and 12.3%. The metabolic

interactions due to varying grain levels influenced dry matter

digestibility, digestible energy and metabolizable energy of the

ration, as shown in Figure 3. When corn grain was added at 34% of

the ration, dry matter digestibility, DE and ME were depressed by

4.8%, 4.8% and 7.4% and at the 67% added grain 6.2%, 7.4% and 12.1%,

respectively. Observation of these parameters indicate that the net

energy value for maintenance or gain for feedstuffs in a diet by

assuming additive energy values is not an accurate procedure.

The greatest Changes in digestion and metabolism of corn

silage appears when corn grain is added at levels of 50 to 90% of the

ration as shown in Figure 3 (Byers, Matsushima and Johnson, 1975b).

The energy value of corn grain is considerably less when added to high

silage rations as compared to its value in high grain rations. The

NEg value of corn grain was 1.34 Kcal/g in a ration consisting of 10%

grain-90% corn silage as compared to 2.09 Kcal/g in an all corn diet.

Net energy values for maintenance for corn grain were 2.36 and 1.72

Kcal/g when added to all corn silage or all corn grain rations. The

net energy values for corn silage were significantly lower when corn

grain was added at various increments than when fed alone. The greatest

changes in corn silage energy value occurred when the silage was less

than 50% of the ration while corn grain NE Changed the most rapidly

when included at levels between 20 and 60% of the ration.

In a similar study, Preston (1975) summarized three trials and

reported the net energy values for corn grain and corn silage when the
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proportion of grain added consisted of 40 and 100% of the ration.

Steer calves were fed for 170 to 220 days and the net energy values

were determined by the comparative slaughter technique. In this study

there was a significant linear increase of NEm and NEg of the ration

when varying levels of grain were added. The net energy value of the

grain and silage were additive and no significant interaction with

grain level was shown.

An experiment involving 21 diets consisting of varying incre-

ments of 0 to 100% of dehydrated alfalfa and corn were fed to lambs

(Kromann 33 21,, 1975). Digestible energy, metabolizable energy and net

energy for maintenance and gain were determined on each of the rations.

As the level of corn was increased in the ration, crude protein, ether

extract and nitrogen free extract digestibility increased curvilinearly

and crude fiber decreased curvilinearly. As grain increased in the

diet, there was a linear relationship and no interaction between ration

composition and digestible energy, metabolizable energy and net energy

values for the rations.

Net energy value of a feedstuff is the result of the interaction

of NEm, NE , metabolizable and digestible energy. In rations in which

9

associative effects or interactions occur, the net energy value of each

ingredient may be more accurately determined by the use of simultaneous

equations in contrast to the comparison method which assumes the energy

value of an ingredient to be additive. This energy determination is a

"two—way" dependency when two ingredients are in a ration and an "n-way"

dependency when there are "n" ingredients, as described by Kromann
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(1967). Consequently, individual feed net energy values are dependent

on the combinations of feed used in a ration.

A simultaneous equation was applied to a study by Lofgreen and

Otagaki (1960) when molasses was fed as 10, 25, and 40% of the ration.

The energy value of the basal ration remained constant with increasing

levels of molasses. When the simultaneous equation was applied, it was

determined that the energy value for the basal ration was not constant

and that associative effects were present. The energy value for

molasses was lower than previously reported due to the decrease in

the digestibility of the basal ration with increasing molasses levels.

Kromann and Ray (1967) added levels of 30, 60, and 90% milo to

hay rations and reported the NEm and NEg values for these rations and

their ingredients. When summarizing the results using the simultaneous

equation, the energy value of hay decreased and energy for milo

increased as milo was added at various levels to the ration.

The comparative slaughter technique was used to measure the net

energy value of feedlot rations containing corn silage and varying

proportions of corn grain (Vance gt_al,, 1971a). Net energy value of

the rations increased as the percentage of grain in the ration was

increased from 36 to 97%. In this study a relatively constant NEm

value for both corn grain and corn silage was obtained. Regression

analysis showed that 97% of the variation in NEm of the ration was

associated with the percentage of corn grain in the ration. When corn

grain was added in the ration at varying increments, NEg increased

curvilinearly with a greater increase at levels of 85 to 97%. The
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NEg of the corn grain increased while that of corn silage decreased

as additional increments of corn grain was added to the ration. The

greatest change in digestion appeared when 61 to 83% corn grain was

fed. These data suggest that to obtain maximum energy utilization,

beef cattle rations should be either high in roughage or contain 80%

grain or greater.

Fox and Black (1975) suggested three factors responsible for

improved efficiency when cattle are fed on a "two-phase“ feeding system

(high roughage ration fed during the growing phase followed by high

concentrate ration during the finishing phase) in comparison to steers

fed a constant amount of added grain throughout the entire feeding

period. First, the interaction between fiber and grain level in the

ration alters digestion and metabolism of nutrients in individual feeds.

This concept has been well established by Kriss (1943), Byers gt al.

(1975a, 1975b) and Kromann (1967). Secondly, when cattle are switched

from a high roughage ration fed during the growing phase to a high

concentrate ration, there is compensatory performance, which results

in more efficient use of dietary energy during the finishing phase

(Fox gt al,, 1972). Thirdly, cattle are fed for slower rates of gain

during the growing phase when they are of lighter weight and their

maintenance requirements are lower. During the finishing phase the

cattle are heavier which results in higher maintenance costs. When

fed a high grain ration during this period they have a higher rate of

gain and spend less time in this phase. Thus, a lower percentage of

feed is used for maintenance requirements and more is available for

gain for the two-phase system.
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Dexheimer gt_gl, (1971) studied the influence of corn silage

in four different systems when fed to finishing steer Calves. Steers

were fed corn silage as: (A) constant amount daily, (8) two-phase

feeding system, (C) gradually decreasing silage, and (D) gradually

increasing silage. Corn silage was fed to total 1,619 kg/steer in

all programs. Feed efficiency was improved for the cattle fed on the

two-phase system (688) vs ration A (738), C (710), or D (733), as

reported in Table 5. But, cattle fed on the gradually increasing

amount of silage (D) had higher marbling scores than the other systems.

Cattle fed on the two-phase system also had lower feed cost per gain

and greater return per head than steers fed on the other feeding

systems.

Table 5. Two-Year Summary of Performance Data of Finishing Steers Fed

Rations Containing Corn Silage in Four Different Feeding

Programs (Dexheimer gt 21,, 1971)

 

 

Silage feeding programs

 

 

Constant Two- Gradually Gradually

amount phase decreasing increasing

Avg. daily gain (kg) 1.10 1.11 1.09 1.04

DM intake 8.13 7.61 7.71 8.02

Feed/100 kg gain 738 688 710 773

Total feed Cost ($) 86.30 80.59 81.82 85.07

Return/head ($) 29.70 40.94 27.89 23.18
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Newland _t_al, (1975) studied methods of feeding corn silage

or shelled corn to finishing steers. Forty Hereford and Charolais

Hereford crossbred steer calves were backgrounded on urea-treated

silage for 126 days and finished on an all concentrate ration for

100 days or full fed whole shelled corn for the entire feeding period

of 203 days. During the backgrounding phase, steers fed the all con-

centrate ration gained 33.3% faster (1.17 y§_0.78 kg) than steers fed

all silage rations. But, when steers were switched from the all silage

ration to an all concentrate ration during the finishing phase they

gained 20.1% faster (1.44 y§_l.15 kg) when compared to steers receiving

the all concentrate ration for the entire feeding period. In this

study, backgrounding steers on all silage gained considerably less

during the growing phase but had significant compensatory gain during

the finishing phase as compared to steers fed all concentrate.

Newland gt_al, (1974) studied different methods of feeding

corn silage and shelled corn to 40 Hereford steer calves. Rations

were: (A) full feed of whole shelled corn for the entire feeding

period of 243 days, (8) full feed of whole shelled corn plus 4.54 kg

of corn silage the entire feeding period, (C) backgrounded on corn

silage for 127 days and finished on whole shelled corn for 132 days,

and (D) backgrounded on corn silage and finished on whole shelled corn

plus 4.54 kg of corn silage. Cattle fed whole shelled corn for the

entire feeding period (A) gained faster than those backgrounded with

corn silage. For the entire period, average daily gain and feed

efficiency for steers fed the various rations were: (A) 1.16, 5.07;
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(B) 1.12, 5.80; (C) 1.00, 6.29, and (D) 0.93, 6.78. When the calves

were switched from high silage during the backgrounding phase to high

concentrate, no compensatory gain was found. There were no differences

in carcass Characteristics between steers fed the various rations.

Young gt_gl, (1962) fed steer and heifer calves similar amounts

of ground shelled corn in two different feeding programs. Rations fed

were: (A) ground shelled corn fed at the rate of 0.57 kg/cwt of body

weight for the entire feeding period, or (8) fed corn silage for 98

days followed by full feeding of ground shelled corn for the remainder

of the feeding period. Average daily gain and feed efficiency for the

steers was (A) 1.0, 6,08; (8) 0.95, 5.84; and heifers (A) 0.95, 4.82;

(B) 0.91, 5.06. Over both trials, the two-phase system was 4.5% more

efficient. There was no difference in yield grade, quality grade or

carcass fat analyzed from the 9—10-11 rib section between the two

treatments.



OBJECTIVES

To determine the net energy value of corn silage varying

in grain content.

To determine the net energy value of rations with varying

proportions of corn silage to corn grain.

To determine the influence of ration grain content on feedlot

performance and carcass characteristics.

To compare the performance of steers fed on a two-phase to

rations containing a constant percentage of grain.

To determine the net energy value of brown midrib and high

oil corn silage.

To develop equations for predicting feedlot performance

and net energy value of rations.
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MATERIALS AND METHODS

Corn Silage Harvested From

ThreeIPlantTPopUTations

Experimental Design

Corn varieties representative Of those commonly grown in

Michigan were planted for two consecutive years to study the influence

of corn plant population with varying grain content on subsequent feed-

lot performance and carcass Characterisitcs. In an attempt to vary the

percentage of grain in the corn silage, various plant populations were

grown. In the first year, Michigan 396, a three-way cross variety, was

planted in 8.1-hectare plots to yield approximate plant p0pu1ations of

24,709, 49,419 and 74,128 plants/hectare. Brown midrib and high oil

corn varieties were also planted in 4.1-hectare plots with a plant

population of 49,419/hectare. At time of planting, 36.7 kg of 12-24-24

granulated fertilizer was added per hectare. Anhydrous ammonia fertil-

izer was applied approximately three weeks post-planting at the rate of

18.38 kg Of actual nitrogen per hectare. Following a growing period of

108 days for the three plant populations and 117 days for the high Oil

and brown midrib varieties, corn silage was harvested at 30% dry matter

to insure physiological maturity and ensiled in upright concrete silos.

In the second year, Michigan 407, a two-way cross variety, was

planted in 8.1-hectare plots to yield approximate plant populations of

24,700, 49,419 and 123,548 plants/hectare. At the time of planting,

46
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36.7 kg of 10-20-20 granulated fertilizer was added per hectare.

Approximately three weeks post-planting anhydrous ammonia fertilizer

was applied at the rate of 18.38 kg of actual nitrogen per hectare.

Following a 118 day growing period, corn was harvested as silage at

35% dry matter to insure physiological maturity and was ensiled in

upright concrete silos.

Laboratory Analysis and Plant Compgnent

Determinations
 

Prior to harvest, four subsamples consisting of 10 corn plants

each were randomly selected from each corn plot. The samples were

dissected and the distribution of stalk, leaf, husk, cob and grain

were determined. Dry matter distribution for each component was

determined following a period of drying for 24 hours in a forced

air oven at 60°C. Grain and forage yields per hectare were determined

from the total dry matter and the ear to stover ratio of the dissected

corn plants.

Crude protein (N>(6.25) for each plant component was determined

from a dry sample using the Technicon Auto-Kjeldahl system. Acid

detergent fiber of the dried feed samples were determined by the

standard Van Soest procedure (Van Soest, 1963; Van Soest and Wine,

1967).
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Feedlot Study

Experimental Design and Rations

In trial 1, 80 Charolais crossbred steers weighing 226.8 kg

were fed to determine the net energy value of rations containing corn

silage varying in grain content and the impact of added grain on corn

silage net energy value. The calves were purchased in November at a

feeder calf sale at Gaylord, Michigan, and were transported by truck

402 km to the MSU Beef Cattle Research Center. Upon arrival the steer

calves were fed an experimental starting on feed ration for a period

of 28 days prior to the beginning of the experiment.

As shown in the following experimental design, the steers

were randomly allotted by weight groups to their respective treatment

(Table 6). Each of the three silages grown at different plant popu-

1ations with varying grain content (27% to 49%) were fed to two pens

Of eight steers each with one of the two pens receiving the respective

silage plus added grain in the ration. In addition, one pen of steers

each were fed a 91% or 96% concentrate ration. Brown midrib and high

oil silage were each fed to one pen of eight steers. Ingredients fed

in trial 1 and the nutrient composition of each ingredient is described

in Table 8.

In trial 2, 80 Hereford steers weighing 272.1 kg were fed.

The calves were purchased in October from the Arthur King Ranches in

Channing, Texas, and were transported 1,931 km by truck to the MSU Beef

Cattle Research Center. Upon arrival the steers were fed an experimen-

tal starting on feed ration for a period of 28 days prior to the

beginning of the experiment.
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Table 6. Experimental Design (Trial l)a

 

 

 

High

Corn Silage plus concen-. Brown High

silage added grain trate midrib oil

No. steers/

treatment 8 8 8 8 8 8 8 8 8 8

% grain in

silage 27 43 49 27 43 49 43 -- 36 39

% added grainb 4 4 4 39 39 39 86 96 4 4

Total grain in

ration 29 40 50 55 64 68 91 96 38 41

 

aAverage initial shrunk weight of 226.8 kg.

bIncludes corn in supplement.

As described in the following experimental design, the steers

were randomly allotted by weight groups to their respective treatments

(Table 7). Each of three corn silages grown at different plant popu-

lations and with varying grain content (36% to 53%) were fed to two

pens of eight steers each with one of the two pens of eight steers

receiving the respective silage plus added corn grain. One pen of

steers was fed a 90% or 96% concentrate ration. In addition, two pens

of steers were fed on a two-phase system in which they received all

silage rations containing low (36%) or high (53%) grain content silage.

Steers on the two-phase system were switched from their respective

silage ration to all concentrate at 415 kg. At this time it was

predicted that they would consume approximately the same amount of
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Table 7. Experimental Design (Trial 2)a

 

 

 

 

Two-phase systemb

High

Corn Silage plus concen- Low grain High grain

silage added grain trate silage silage

NO. steers/

treatment 8 8 8 8 8 8 8 8 8 8

% grain in

silage 36 50 53 36 50 53 50 -- 36 53

% added grainC 5 5 5 48 51 53 59 95 31 31

total grain in

ration 38 51 54 59 67 69 90 96 57 68

 

aAverage initial shrunk weight of 272.1 kg.

bSteers were switched from all silage to all concentrate at 415 kg.

CIncludes grain in supplement.

total grain throughout the feeding period as the respective silage plus

added grain group. The ration ingredients fed in trial 2 and the

nutrient composition of each ingredient is shown in Table 9.

Composition of the urea-mineral protein supplements fed in the

two-year feeding study is described in Table 10. At the beginning of

the experiments, rations were supplemented to a 13% crude protein level.

When the steers reached 408 kg, the protein level in the ration was

reduced to 12.0%.
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Table 8. Nutrient Composition of Ration Ingredients (Trial 1)

 

 

Nutrient content, % of dry matter

 

 

. Int. Dry' a Crude a

Ingredient ref. no. matter protein Ca. P

Corn, aerial pt, w-ears,

w-husks, ensiled

27% grain -- 27.70 8.65 0.28 0.21 0.95

43% grain -- 30.60 8.66 0.28 0.21 0.95

49% grain -- 32.90 9.74 0.28 0.21 0.95

High oil -- 27.90 9.47 0.28 0.21 0.95

Brown midrib -- 30.40 7.90 0.28 0.21 0.95

Corn, dent, yellow,

grain gr. 2 US 4-02-931 70.000 10.50 0.03 0.35 0.46

Urea, 45% N 100.00 281.00 -- -- --

Limestone, grnd. 6-02-632 100.00 -7 33.80 -- --

Phosphate, def. grnd. 6-01-780 100.00 -- 33.10 18.00 --

Calcium sulfate -- 100.00 -- 20.30 -- --

Potassium Chloride -- 100.00 -- -- -- 52.30

Trace mineral salt -- 100.00 -- -- -- --

Vitamin Ab --

Vitamin Dc --

 

aDetermined by actual laboratory analysis.

bVitamin A, 30,000 IU per g.

cVitamin 03, 3,000 IU per g.
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Table 9. Nutrient Composition of Ration Ingredients (Trial 2)

 

 

Nutrient content, % of dry matter

 

 

Int. Dry a Crude a

Ingredient ref. no. matter protein Ca P

Corn, aerial pt, w-ears,

w-husks, ensiled

36% grain -- 37.20 8.10 0.28 0.21 0.95

50% grain -- 42.80 8.40 0.28 0.21 0.95

53% grain -- 41.40 8.70 0.28 0.21 0.95

Corn, dent, yellow,

grain gr 2 US 4-02-931 70.00 10.50 0.03 0.35 0.46

Urea, 45% N -- 100.00 281.00 -- -- --

Limestone, grnd. 6-02-632 100.00 -- 33.80 -- --

Phosphate, def. grnd 6-01-780 100.00 -- 33.10 18.00 --

Calcium sulfate -- 100.00 -- 20.30 -- --

Potassium Chloride -- 100.00 -- -- -- 52.30

Trace mineral salt -- 100.00 -- -- -- --

Vitamin Ab

Vitamin Dc

 

aDetermined by actual laboratory analysis.

bVitamin A, 30,000 IU per g.

CVitamin 03, 3,000 IU per g.
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Table 10. Composition of the Protein Supplements

 

 

Ingredienta

 

Ration

Low High Corn

grain grain silage High

corn corn +40% corn concentrate

silage silage grain rations

 

Gd. sh. corn, dent

yellow, gr. 2 US

Urea (45% N)

Trace mineral salt

Vitamin Ab

Vitamin Dc

Calcium sulfate

Defluorinated phosphate

Limestone, grnd.

Potassium chloride

-------- (% content of supplement)---------

53.78 55.55 55.32 55.24

19.77 15.33 15.25 13.50

3.19 3.32 3.32 2.80

0.13 0.13 0.13 0.13

0.13 0.13 0.13 0.13

3.95 4.13 4.11 4.05

9.05 10.27 5.50 --

-- -- 4.24 13.27

-- -- -- 9.90

 

aAverage nutrient composition (NRC, 1976).

bVitamin A, 30,000 IU per g.

cVitamin 03, 3,000 IU per g.
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Feeding, Weighingyand Management Practices

The corn silage fed in this experiment was stored in upright

concrete silo while the high moisture corn was stored in a Harvestore

silo. Immediately prior to feeding, corn silage, high-moisture corn

and the urea-mineral supplement were mixed in a horizontal batch feed

mixer. The complete rations were fed once daily. Feed intake was

recorded daily and the unconsumed feed removed and weighed periodically.

Protein content (N x 6.25) and dry matter of the corn silage, high-

moisture corn and urea-supplement was determined bi-weekly. Crude

protein of the ration ingredients was determined from a wet sample

using the Technicon Auto-Kjeldahl system. Moisture was determined

from drying for 24 hours in a forced air oven at 60°C. Corn and corn

silage intakes were adjusted for errors in dry matter determination by

factors of 1.03 and 1.068, respectively (Fox and Fenderson, 1977).

Initial and final shrunk weights for all cattle were obtained

after a 16 hour shrink without feed and water. Intermediate weights

were obtained every 28 days following a 16 hour shrink without water.

Within 12 hours of arrival, steers were vaccinated for

pasteurella and a 3-way vaccine containing infectious bovine rhino-

tracheitis (IBR), bovine virus diarrhea (BVD) and parainfluenza (P13).

Steers were injected with 2 million international units of vitamin A

and a pour-on for grubs and lice was administered. A pasteurella

booster was given at two to four weeks following the initial injection.

In trial 1, all steers were implanted initially and every 112

days with Synovex S. In trial 2, steers were implanted initially and

at 112 intervals with Ralgro.
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All steers (8/pen) were housed in concrete, fully covered,

straw bedded pens.

Slaughter, Carcass Evaluation and

Collection of Data for Estimation

Of Carcass Composition

In trial 1, steers fed high grain rations were slaughtered

when 80% were estimated to grade low choice; the remaining pens were

slaughtered when they reached approximately the same shrunk weight

(512.5 kg). When steers were removed from the experiment they were

held off feed and water for 16 hours, the twelfth rib fat was estimated

by an Ithaco Ultrasonic Scanoprobe and individual shrunk weights were

taken. Cattle were then transported by truck 105 km to Walter Packing

Plant in Coldwater, Michigan, where they were slaughtered. Warm car-

cass weights were obtained and the carcasses chilled for 24 hours prior

to evaluation by a federal USDA grader. Following carcass evaluation,

the 9-10—11 rib cut was removed from one side of each carcass according

to procedures described by Hankins and Howe (1946). Rib samples were

transported to the MSU meats laboratory for further processing.

In trial 2, cattle were removed from the experiment with an

average shrunk weight of 497.5 kg and were processed in a similar

procedure as in trial 1. Cattle were transported 177 km to the Dinner

Bell Packing Plant in Archbold, Ohio, where they were slaughtered. Warm

carcass weights were obtained and the carcasses were Chilled for 24

hours prior to evaluation by a federal USDA grader. Following carcass

evaluation, the carcass composition was determined by the specific
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gravity technique (Kraybill, 1952). In this procedure the left side

of each carcass was split between the 12th and 13th rib and each

quarter was weighed in air and then submerged under water into a

stainless steel tank (238.9 cm wide by 464.5 cm in height) and weighed

under water with a 5 kg Toledo Pan Balance scale (Toledo Scale Company,

Toledo, Ohio). Carcass and water temperature (centigrade) were meas-

ured periodically. Carcass composition was estimated from specific

gravity using previously developed equations, as described in Table 11.

Procedures for Estimation of Carcass

Composition

In trial 1, six Charolais crossbred steers (226.8 kg) were

selected at random by weight groups and slaughtered to determine

initial body composition. Steers fed high grain rations were slaugh-

tered when 80% were estimated to grade low Choice and then the remaining

pens were slaughtered when they reached approximately the same shrunk

weight (512.5 kg). At the time of slaughter, the 9-10-11 rib section

was removed for Chemical analysis. The rib cut samples were separated

into soft tissue and bone. The soft tissue was ground and mixed five

times with a Hobart meat grinder using a 0.47 cm plate. Approximately

500 g of sample was frozen for storage. Prior to analysis, samples

were thawed for 24 hours. Chemical analysis of each rib sample included

crude protein (N x 6.25), ether extract, ash and moisture content.

Protein content was analyzed using wet samples by the Technicon Auto-

Kjeldahl system. Ether extraction was determined from dried samples

using the Goldfisch procedure. Moisture was determined from drying
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in a forced air oven at 100°C for 24 hours. Fat and protein

determination of the 9-10-11 rib section from chemical analysis was

used to estimate initial and final body composition (Hankins and Howe,

1946). Empty body composition was estimated from carcass composition

using the equations developed by Garrett and Hinman (1969).

In trial 2, four Hereford steers (274.4 kg) were selected at

random by weight groups and were slaughtered to determine the initial

body composition. The procedure for removing the steers for slaughter

was the same as trial 1. To estimate initial body composition, the

9—10—11 rib section was removed for Chemical analysis (Hankins and

Howe, 1946). Chemical analysis included crude protein, ether extract,

ash and moisture determination, as described in the first trial. At

the termination of the feeding trial, final body composition was

determined by the specific gravity technique (Kraybill _t_al,, 1952).

Empty body composition was estimated from carcass composition using

the equations developed by Garrett and Hinman (1969). The determi-

nation of net energy values of the rations from previously established

equations is described in Table 11.
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Table 11. Determination of Net Energy Value of Rations

Net energy value of each of the rations were determined from previously

established equations, as follows:

1. Total carcass composition is determined by:

a. Analysis of the 9-10-11 rib section (Hankins and Howe, 1946).

Carcass protein, % = .66X + 5.98

where X = 9-10-11 rib cut protein, %.

Carcass fat, % = .77X + 2.82 where X = 9-10-11 rib cut fat, %.

b. Specific gravity technique (Kraybill, 1952).

$0 = (carcass wt. in air)/(carcass wt. in air minus carcass wt.

in water) (correction for water and carcass temperature).

Carcass fat, % = 587.86 - 530.45X

where X = carcass specific gravit (Garrett and Hinman, 1969).

Carcass protein, % = (20.0X - 18.57 times 6.25

where X = carcass specific gravity (Garrett and Hinman, 1969).

2. Empty body weight is calculated from the regression equation of

Garrett gt_al, (1978)

Y = 1.316X + 32.29 where Y

X

empty body weight; and

Chilled carcass weight.

3. Empty body composition is calculated from carcass composition

(Garrett and Hinman, 1969).

Empty body protein, % = .7772X + 4.456

where X = carcass protein, %.

Empty body fat, % = .9246X - .647 where X = carcass fat, %.

4. Energy retained is determined from the difference in body protein

and fat between initial and final slaughter groups of cattle.

Energy retained (Kcal) = FG x 9367 + PG x 5686 where

FG = kg fat gain (Blaxter and Rook, 1953); and

PG = kg protein gain (Garrett gt_al,, 1958).

5. Metabolizable energy (ME) value of the rations is determined in a

metabolic trial.
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Table 11--Continued

Relationship between heat production (HP) and metabolizable energy

intake (ME) is used to determine the feed needed for maintenance

(Lofgreen and Garrett, 1968).

a. HP = ME intake - energy retained.

b. A regression of heat production (log HP) on metabolizable

energy intake is established between total heat produced for

the ration at gg_libitum intake and basal heat production.

 c. NEm = 77 Kcal .

DM intake/wt°75 where ME==HP

NE = Energy retained

g Total DM intake - 0M needed for maintenance'
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Metabolism Study

Experimental Design

The rations previously described were fed in metabolic trials

to determine the metabolizable energy value of the various rations.

In trial 1, 10 Charolais crossbred steer calves weighing 284.1 kg were

utilized. The study consisted of 10 treatments fed to 10 steers for

four periods. Each steer was fed for 15 days for adaptation to the

respective ration, followed by a 5 day collection period. At the end

of each period, each steer was randomly reassigned to a different

treatment, with the restriction of never receiving the same ration

twice. In trial 1, rations fed were the same as those in the feedlot

study (Table 8). Each of three silages with varying grain content

(27% to 49%) were fed to two steers each with one of the steers

receiving the respective silage plus added grain in the ration.

In addition, one steer was fed a 91% or 96% concentrate ration.

Brown midrib and high oil silage was also fed to one steer.

In trial 2, 8 Hereford steer calves weighing 209.5 kg were

utilized. The second study consisted of 8 treatments fed to 8 steers

over four periods. As in trial 1, each steer was fed for 14 days for

adjustment to the ration and was followed by a 5 day collection period.

Rations corresponded with those fed in the feedlot study (Table 9).

Each of three silages with varying grain content (36% to 53%) were

fed to two steers each with one of the steers receiving the respective

silage plus added grain in the ration. One steer each was fed a 90%

or 96% concentrate ration.
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In both years, ration crude protein was supplemented to 12.5%.

Calcium, phosphorous, trace mineral salt and Vitamins A and D were

supplemented according to NRC (1976) recommendations.

Rations were mixed and fed ag_1ibitum once daily. The

unconsumed feed was weighed and recorded daily. All animals were

housed in an environmentally controlled room and were maintained in

91 cm x 244 cm individual collection stalls. All steers had free

access to water.

Sample Collection
 

Ration samples were obtained daily for each steer during the

collection period. A sample of mixed ration for each steer was frozen

for the duration of the collection period.- At the end Of each period

the composite samples were thawed, finely Chopped in a Hobart food

Chopper, mixed and 1 kg was refrozen for further determinations.

In each period, total feces excreted for each steer was

collected in a steel trough lined with plastic bags. At least every

two days, the feces was collected, weighed, thoroughly mixed and a

10% subsample retained and frozen. At the end of the period, com-

posited feces samples for each steer were thawed, mixed and approx-

imately 1 kg was retained and frozen for dry matter, nitrogen and

fecal energy determinations.

The total urine excreted during each period was collected for

each steer. A plastic carboy, placed under each collection stall which

contained 200 m1 Of 18 N sulfuric acid to prevent ammonia loss, was used
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for collection. At least every two days, urine was collected, measured

and diluted to 10 liters of water. Approximately 10% or 1 liter of

urine subsample was placed in plastic bottles and stored in a cooler

during the collection period. At the end of the collection period,

approximately 500 ml of sample was retained and frozen for nitrogen

determination.

Chemical Analysis
 

Dry matter determination. Moisture was determined on the feed

and feces samples. Feed samples were dried for a period of 24 hours

in a forced air oven at 60°C. Approximately 200 g of feces was

acidified with 25 ml of 4 N sulfuric acid and then dried similarly.

Acid-detergent fiber determination. Feed samples collected

during the metabolism studies were dried and used to determine the

acid detergent fiber level by using the standard Van Soest procedure

(Van Soest, 1963; Van Soest and Wine, 1967).

Energy determination. Gross energy (Mcal/g) of the feed

samples were determined by the Parr Adiabatic Oxygen Bomb Caliori-

meter System. Bomb caliorimetry was performed on fecal samples.

Metabolizable energy was estimated from digestible energy using

a correction factor of .82 (NRC, 1976).

Nitrogen determination. Total nitrogen of the feed, urine

and feces collected during the metabolism study was determined by

the Technicon Auto Kjeldahl System.
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Statistical Analysis

Statistical tests were designed to analyze the effect of ration

grain content on feedlot performance and carcass Characteristics. In

both trials, least square regression analysis was applied to estimate

parameters (Searle, 1971; Rao and Miller, 1971; Seber, 1977). Addi-

tional details in describing the analytical procedure may be found in

Black and Harpster (1978). Parameter estimations were based upon least

square procedures, as follows:

y.

l = ZBk xik T ”°
1

where: y is the dependent variable (e.g., average daily gain, carcass

Characteristics), Xi are the independent variables (e.g., ration grain

content, carcass weight) and "i is the error term.

Feedlotyperformance. As previously reviewed, steers were fed

corn silages varying in grain content, silage plus added grain or high

concentrate rations in a two-year study. The impact Of ration grain

level in the diet on feedlot performance was analyzed. Dependent

variables included average daily gain, feed efficiency, NEm, NEg and

dry matter intake. Independent variables included percentage of grain

in the ration, source of grain and year. The following test was

typical:

Hypothesis:

H : Feedlot performance is not influenced by increasing

the percentage of grain in the ration.

N : Steers receiving high grain rations had superior

feedlot performance.
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Model:

Feedlot performance = BO+B1 %Grain+-B2 year

where: year = {;}

Test: B]=0 _v_s_ 8 >0.
1

Carcass Characteristics. The impact of ration grain level in

the ration on carcass Characteristics was analyzed. Among the dependent

variables estimated were marbling, maturity, quality grade, fat thick-

ness, ribeye area, kidney, heart and pelvic fat, yield grade, carcass

fat and dressing percent. The independent variables were percentage

of grain in the ration, carcass weight and year. The test, for example,

was:

Hypothesis:

H : Carcass Characteristics are not influenced by

increasing the percentage of grain in the ration.

y;

Na: Steers receiving high grain rations are fatter than

those fed all silage.

Model:

Carcass = BO+B1 %Grain + 82 Year + 83 carcass weight

where: year = { ;}

Test: 8 = O y§_ 8 :>0.
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Model comparisons. Carcass data were analyzed in two steps.

First, the hypothesis that hot carcass weight should be included as

an independent variable was tested against the hypothesis that it

should not. The following test was employed:

 LRSSE'URSSE)/# of restrictions ~ . .

' SSE/(I-K)
Fa. # of restr1ct1ons, I-K

where: RSSE is the error mean sum of squares when the restriction

is imposed while URSSE is the error sum of squares when there is no

restriction.

Second, the hypothesis was tested for all parameters described

in the previous section.

Significance levels. Values at the P< .20 level were presented

to allow for pooling similar data in later trials (Black and Harpster,

1978). For example, when the results of four trials are pooled with

each a significance value of .10, they would have a significance value

of .03 when combined.



RESULTS AND DISCUSSION

Corn Plot Study--Trial 1

Dry Matter Distribution of Corn Silage

Harvested From Varying Plant

Populations

The plant dry matter distribution for the different plant

populations in the first trial is reported in Table 12. Grain percent

was highest for the 24,709 plant population (48.9%) and reduced to

42.6% and 27.4% when plant populations were increased to 49,419 and

74.128 plants/hectare, respectively. With increased plant density,

percent stalk in the corn plant increased from 20.1% to 36.9%. Also,

leaf content was increased from 16.9% to 28.1% with an increase in

plant population. As grain content decreases with increasing popu-

lation, a decrease in cob (31.3%) and husks (65.5%) were observed.

Total dry matter yields were increased by 11.3% when plant

populations were increased to 49,419, but no further increase was found

at 74,128 plants/hectare, as shown in Table 13. With increased plant

density, grain yield/hectare was reduced by 38.3%. There was a drastic

increase in barren stalks from 6.6% to 47.5% when plant p0pu1ations were

increased. The lack of increase in dry matter yield at the high popula-

tion was most likely due to a large reduction in grain content and a

high degree of barren stalks. Increasing plant populations and thus

reducing the grain content resulted in lower protein in the corn silage.
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Table 12. Dry Matter Distribution in Corn Plants

(Trial 1)

67

 

 

Plants/hectare

 

24,709 49,419 74,128

 

Plant component:

Grain

Stalk

Leaves

Cob

Husks

---% in plant dry matter ---

49.0

20.1

16.9

8.0

6.1

42.6

24.6

21.9

7.1

3.8

27.4

36.9

28.1

5.5

2.1

 

Table 13. Characteristics of Corn Silage Harvested From

Three Plant Populations (Trial 1)

 

 

 

 

Plants/hectare

24,709 49,419 74.128

Dry matter yield

(ton/hectare) 11.22 12.65 12.35

Grain yield

(bu/hectare) 230.3 225.8 142.1

Barren stalks, % 6.6 21.8 47.5

Protein, % 9.74 8.66 8.65

Acid detergent fiber, % 22.8 24.7 26.7
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Increasing plant populations from 24,709 to 74,128 plants/hectare

reduced the silage protein content from 9.74% to 8.65%. Acid detergent

fiber was 15.0% higher for the silage containing 27.0% grain.

Dry Matter Distribution of High Oil

and Brown Midrib Corn Silage

The plant dry matter distribution for the high oil and brown

midrib corn silage as compared to the normal variety of similar plant

population of 49,419 plants/hectare is reported in Table 14. Percent

grain in the high Oil and brown midrib plants were 8.7% and 15.0% lower

in the normal 49,419 population, respectively. High oil corn was sim-

ilar in stalk content but the brown midrib variety had 13.4% more stalk.

Also, brown midrib corn had a 4.8% increase in leaf content but no

increase was found for the high oil variety, as compared to the normal

population. High oil and brown midrib varieties were 29.7% and 12.1%

higher in cob and husk content, respectively.

Dry matter yields of high oil and brown midrib corn silage as

compared to a normal variety of similar plant population of 49,419

plants/hectare are reported in Table 15. The high oil variety was

similar but the brown midrib variety had a 9.0% lower dry matter yield

than the 49,419 population. Grain yields were reduced by 19.2% and

22.6% for the high oil and brown midrib corn, respectively. The high

‘oil variety had a protein content of 9.74% while the brown midrib silage

was the lowest of those studied. Acid detergent fiber content was

similar to normal for the high oil but was reduced by 8.9% for brown

midrib.
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Table 14. Dry Matter Distribution in High Oil and

Brown Midrib Corn Plants (Trial 1)

 

 

a High Brown-

Normal oil midrib

 

---% in plant dry matter-mm

Plant component:

Grain 42.6 38.9 36.2

Stalk 24.5 24.5 28.4

Leaves 21.9 21.1 23.0

Cob 7.1 9.4 8.4

Husks 3.8 6.1 4.0

 

aPopulation—-49,4l9 plants/hectare.

Table 15. Characteristics of Corn Silage Harvested From

Normal Plant Populations, High Oil and Brown

Midrib Corn (Trial 1)

 

 

 

a High Brown a

Normal oila midrib

Dry matter yield

(ton/hectare) 12.65 12.63 11.51

Grain yield

(bu/hectare) 225.8 206.6 174.7

Barren stalks, % 21.8 14.1 5.7

Protein, % 8.66 9.74 7.90

Acid detergent fiber, % 24.7 24.3 22.5

 

aPopulation--49,4l9 plants/hectare.



70

Corn Plot Study--Trial 2

Dry_Matter Distribution of Corn Silage

Harvested From Varying Plant

Populations

The plant dry matter distribution for plants grown at 24,709,

49,419 and 123,548 plants/hectare is reported in Table 16. Grain

percent was highest for the 24,709 plant population (53.8%) and was

reduced to 50.7% and 36.9% when plants/hectare were increased to

49,419 and 123,548, respectively. As plant density was increased,

stalk and leaf content was increased by 38.9% and 42.9%, respectively.

With increasing plant population and a reduction in grain content,

there was a decrease in cob (20.7%) and husk (22.6%).

Yields of corn silage harvested from varying plant populations

in trial 2 are reported in Table 17. Total dry matter yields were

reduced by 5.2% when plant populations were increased to 49,419 but

an increase in yield of 34.6% was found at 123,548 plants/hectare.

When plant density was increased to 49,419 plants/hectare grain yield

was reduced by 10.7%. As population was further increased, there was

a 4.8% increase in bushels/hectare. There was an increase in barren

stalks to 23.6% with the highest population. Increasing plant popu-

lations from 24,709 to 123,548 plants/hectare reduced the protein

content from 8.7% to 8.1%. Acid detergent fiber was 21.1% lower for

the silage containing 53.8% grain compared to silage harvested from

the high population with 36.0% grain.
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Table 16. Dry Matter Distribution in Corn Plants

(Trial 2)

 

 

Plants/hectare

 

24,709 49,419 123,548

 

---% in plant dry matter ---

Plant component:

Grain 53.8 50.7 36.9

Stalk 15.1 18.3 24.7

Leaves 14.5 16.6 25.4

Cob 8.2 7.3 6.5

Husk 8.4 7.1 6.5

 

Table 17. Characteristics of Corn Silage Harvested From

Three Plant Populations (Trial 2)

 

 

Plants/hectare

 

24,709 49,419 123,548

 

Dry matter yield

(ton/hectare) 10.40 9.86 15.91

Grain yield

(bu/hectare) 235.2 210.0 247.1

Barren stalks, % -- 4.1 23.6

Protein, % 8.7 8.4 8.1

Acid detergent fiber, % 19.5 21.7 24.7
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Comparison of the Two-Year Study of

Corn Silage Grown in Different Plant

Populations

The effect of corn plant population on dry matter distribution

of plant components is plotted in Figures 4 and 5. As corn plant

populations increased, there was a dramatic reduction in percent grain

in the ration dry matter. Percent grain was lower at the lower plant

population in trial 1 than in trial 2 due to an increase in stalk

barrenness. These data are in agreement with most studies; the

percent grain in the dry matter is reduced when the plant population

is increased. Duncan (1958), Rutger and Crowder (1967) and Fairburn

gt_al, (1970) reported a reduction in the amount of grain per plant as

corn plant populations increased. As plant population increased from

48,999 to 86,000 plants/hectare, ear content was reduced by 10% (Cummins

and Dobson, 1973). An increase in corn plant population from 9,884 to

59,303 plants/hectare resulted in a reduction of ear weight from .32

to .13 kg. The amount of dry grain produced/plant and the ratio of

dried shell grain to total dry matter decreased as the plant population

increased (Fairbourn gt 11., 1970 and Lutz _t_al,, 1971). In View of

these studies, the energy value of corn silage would be expected to

vary due to varying grain content and the ear to stover ratio.

The percent stalk and leaf in the corn plant dry matter

increased with increased plant density. Percent stalk increased

at a greater rate in trial 1 due to a dramatic decline in the grain

content of the corn plant. Cummins and Dobson (1973) reported a 5.0%

reduction in stalk content as plant population was increased from
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48,999 to 86,000 plants/hectare. Bryant and Blaser (1968), however,

noted only a slight altered ration of ear, stalk and leaf to whole

plant weight when plant population was increased from 38,999 to 98,799

plants/hectare. Similar results were reported by Robinson and Murphy

(1972), who found no significant change in the ratio of forage to

grain yield in populations of 29,503 to 98,802 plants/hectare.

Regression equations were developed from mean values of

240 samples for the two-year study for the prediction of relative

dry matter distribution of corn silage with varying levels of grain

content (Tables 18 and 19). As the grain content in the corn silage

dry matter increased from 30% to 55%, percent leaf and stalk decreased

by 48.6% and 56.2%, respectively, while cob and husk content increased.

The grain content in the silage was highly correlated with the leaf

(R2= .97), stalk (R2= .94), cob (R2= .92) and husk (R2= .68) content

Of the corn silage dry matter. These results are in agreement with

Ayres and Buchele (1971) who reported a similar decrease in stalk and

leaf content as grain increased in the corn plant when harvested at

varying maturity levels.

Increased corn plant population resulted in increased dry

matter yield (Figure 6). As reported in trial 1, total dry matter

yields were increased by 11.3% when plant populations were increased

to 49,419, but no further increase was found at 74,128 plants/hectare.

The reduction in dry matter yield at the high population was due to a

dramatic reduction in grain content. In trial 2, dry matter yields

were reduced by 5.2% when plant populations were increased to 49,419
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Table 18. Regression Equations Developed for the Prediction of

Relative Dry Matter Distribution in Corn Silage From Silage

Grain Contenta

 

 

 

Plant

component Regression equation by R2

Leaf Y = 44.01- .54 grain (%) 1.05 .97

(11.41)

Stalk Y = 55.72-.75 grain (%) 2.03 .94

(8.16)

Cob Y = 2.91+ .10 grain (14) 0.32 .92

(45.44)

Husk Y = -2.67i .19 grain (%) 1.45 .68

(2.93)

 

aRegression equations developed from mean values of 240 samples over

2-years. "T" values in parentheses.

Table 19. Relative Dry Matter Distribution of Corn Silage Varying in

Grain Content

 

 

Percent grain in silage

 

 

Plant

component 30 35 40 45 50 55

Leaf 27.8 25.1 22.4 19.7 17.0 14.3

Stalk 33.3 29.6 25.8 22.1 18.4 14.6

Cob 5.8 6.3 6.8 7.2 7.7 8.2

Husk 3.0 4.0 4.9 5.9 6.8 7.8

 

aPredicted values by linear regression analysis of mean values over

2-years.
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plants/hectare but dry matter yields were increased by 34.6% at the

higher populations. In numerous studies, increased corn plant popu-

lation consistently increased dry matter production per hectare (Washko

and Kjelgaard, 1966; Rutger and Crowder, 1967; Lutz and Jones, 1969;

Robinson and Murphy, 1972). In these studies corn silage dry matter

yields increased linearly with increased population up to 98,839

plants/hectare. Alexander gt_31, (1963) found that increasing the

plant population from 16,679 to 33,358 plants/hectare increased yield

of dry matter by 47.9%. Fairbourn gt_al, (1970) reported similar

increases in dry matter yields when corn plant populations were

increased from 21,000 to 44,972 plants/hectare. Rutger and Crowder

(1967) and Stivers et_al, (1971) reported a 4.0% to 6.0% increase in

total dry matter yield when plant populations increased from 49,419

to 86,484 plants/hectare.

The effect of corn plant populations on the protein content

of the whole corn plant is shown in Figure 6. In trial 1 protein was

reduced from 9.74% to 8.65% with increased plant populations. There

was also a decline of protein content from 8.7% to 8.1% in the second

study. Alexander gt 31. (1963) compared 41,216 to 82,431 plants/

hectare and found a reduction in protein content in the whole corn

plant from 7.2% to 6.0%. Lang gt_al, (1956) reported a significant

decline in protein content of corn grain from 11.8% to 9.8% when corn

was harvested from 9,884 to 59,303 plants/hectare. Holter and Reid

(1959) and Huber gt_al, (1965) reported that higher plant populations

resulted in decreased protein digestibility, but results were not

significant.
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The effect of corn silage harvested from different plant

p0pu1ations and with varying grain content on acid detergent fiber

is shown in Figure 7. In trial 1, acid detergent fiber was lower for

the corn silage harvested from the low population and containing 49.0%

grain compared to the silage harvested from the high population with

27.0% grain. In trial 2, acid detergent fiber was 21.1% lower for the

silage containing 53.8% grain compared to silage with 36.0% grain har-

vested from the highest population.

The relationship between acid detergent fiber of the whole

plant and the non-grain portion at various corn silage grain levels

is shown in Figure 8. As the percent grain in the silage was increased,

percent ADF of the whole corn plant was reduced but the percent of ADF

in the non-grain portion increased. Johnson §t_al, (1978) reported the

results of 50 corn silages that were harvested at different stages of

maturity (Figure 9). There were small differences in digestibility and

the increased grain levels were offset by increased levels of ADF in

the non-grain portion. Our results are in agreement with those of

Johnson et_gl, (1978), as percent grain in the silage was increased,

ADF of the whole corn plant was reduced while ADF in the non-grain

portion increased.

As corn plant population increased, grain proportion is reduced

and the percent leaf, stalk, cob and husk in the dry matter increased.

The non-grain portion is high in fiber and is increased considerably

when the grain portion is reduced. Studies have indicated that a

decline in digestibility of fibrous components in feedstuffs directly
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accounts for changes in cell wall digestibility (Van Soest, 1971).

Cell wall is the most important component in feedstuffs of plant

origin and includes cellulose, hemicellulose and lignin. The lignin

within the cell wall is indigestible and appears to be the major factor

in reducing the digestibility of high forage rations. The acid deter-

gent fiber procedure determines the lignocellulose constituent of

feedstuffs.

Feeding Studies

Description of Initial Slaughter Cattle

The composition of steers selected at random by weight groups

and slaughtered to estimate initial carcass composition is reported in

Table 20. The mean dressing percentage and carcass composition was

used to estimate initial weight and composition of the cattle placed

on experiment.

Table 20. Shrunk Weight, Carcass Weight and Carcass Composition of

Initial Slaughter Cattle

 

 

Carcass Carcass

 

No. Shrunk Carcass Dressing protein fat

Cattle type head wt., kg wt., kg (%) (%) (%)

Charolais cross 6 232.7 131.1 56.4 18.3 14.7

Hereford 4 272.4 153.3 55.9 17.8 18.1
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Feedlot Performance

The effect of ration grain content on feedlot performance in

Trial 1 is reported in Table 21. Performance data were adjusted to

a constant dressing percentage of 62.2%. Steers fed the all-silage

rations with 50% grain gained faster and were more efficient than those

fed 29% grain. As grain was increased from 55% to 96%, steers had

higher average daily gains and improved feed efficiency.

The effect of ration grain content on feedlot performance in

Trial 2 is reported in Table 22. Performance data were calculated on

a constant dressing percentage of 61.7%. When the percent grain in the

all-silage rations was increased from 38% to 54%, gains and feed effi-

ciency were improved. As ration grain level was increased to 96%,

steers gained faster and required less feed per unit gain.

The pooled data for the two-year trial is shown in Figures 10

and 11 and reported in Table 23. Average daily gains increased and

feed required per unit gain was improved as the percentage of grain

in the ration increased (P<:.0005). Steers fed all silage rations

increased in gain by 17% (.81 V; .98 kg) and feed efficiency improved

by 12.3% (8.38 y§_9.55) as silage grain content was increased from

30% to 50%. Steers fed 69% grain gained 14.0% faster (1.16 y§_.98 kg)

and were 13.4% more efficient (7.22 y§_8.38) than those fed all silage

with 50% grain. Steers fed a high concentrate ration with 90% grain

gained 6.6% faster (1.24 1; 1.16 kg) and required 16% less feed per

unit gain (6.05 ys 7.22) than those fed 70% grain. However the data

was not consistent across years.
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Table 23. Significance of Pooled Results on the

Influence of Ration Grain Content on Feedlot

Performance and Carcass Characteristics

 

 

 

Significance

Carcass characteristics level

Average daily gain (kg) .......... <.0005

Feed efficiency .............. <.0005

Maturity .................. NSa

Marbling .................. NS

Quality grade ............... NS

Fat thickness (cm.) ............ .04

Ribeye area (sq. cm.) ........... NS

Kidney, heart, pelvic fat (%) ....... NS

Yield grade ................ .16

Carcass fat (%) .............. .02

Dressing (%) ................ .01

NE (Meal/kg) ............... <.0005

9

 

aNS = not significantly different: P >.20.
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An examination of Figure 10 reveals that gains were increased

by .009 kg per 1% unit increase in ration grain content up to 70%.

Feed efficiency was improved by .058 per l% unit increase in grain.

The source of grain, whether added grain or grain in silage, does not

appear to be an important factor. The feed efficiency for the steers

fed the low grain silage plus 35% added grain was equal to the weighted

average of those fed high grain silage (7.98 y§_7.94). Steers fed 91%

grain in trial 1 performed better than expected, based on previous

studies. The results in trial 2 were consistent with previous studies.

Dry matter intake (g/wt '75) remained constant as percent

k9

grain in the ration increased, but was dramatically reduced for steers

fed the high concentrate rations (Figure 11).

It is concluded from the results of this study that an

alteration in the ear-stover ratio of corn silage influences feedlot

performance. As silage grain content is increased from 30% to 50%,

average daily gain is increased (17%) and feed efficiency is improved

(12%). This is in contrast with NRC (1976) that lists only one energy

value for corn silage.

The impact of added grain on feedlot performance was examined

in view of various studies. As the percent grain in the ration was

increased by 1%, gains were increased and feed efficiency improved.

The results of the literature reviewed were as follows:
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Gain (kg) Feed/Gain

Woody (1978) .009 -.058

Peterson gt_gl, (1973) .006 -.052

Gill _e_t_§_]_. (1976) .005 -.052

Newland §§_§l, (l976) .005 -.039

Danner (1978) .007 -.050

Goodrich §t_gl, (1974) .007 -.047

The results of this study were consistent with the other

studies reviewed. In this study, percent grain in the ration had a

greater impact on performance. This is due to adjusting gains to a

constant dressing percent and correcting for errors in dry matter

determination for calculating feed/gain. The impact of grain in the

ration on performance may vary due to the level fed. Goodrich gt_gl,

(1974) reported a greater decline in gain when corn was reduced in

high roughage than in high concentrate rations.

In this study, as ration grain content was increased up to 80%,

gains were improved. At this point, gains leveled off and were

reduced for the steers fed 96% grain due to a dramatic reduction in

dry matter intake. These results were supported by Fox (1977), Jesse

_t_g1, (1976a) and Prior g; El: (1977) who reported that average daily

gain increased as the energy density in the ration increased up to 70%

to 80% corn in corn-corn si1age rations.

The comparison in feedlot performance for steers fed high

silage !§_high concentrate rations are in agreement with previous

studies (Pinney §t_§l,, 1973; Minish §t_§1,, l967; Riley, 1969;

Peterson gt a1, 1973; Gill gt_§l,, 1976). These studies conclude
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that as ration grain content increased, gains were improved and days

on feed and non-feed costs were reduced. Utley gt 31. (1975) fed

crossbred steer calves and yearlings all forage or high concentrate

rations. Steers fed the high concentrate ration gained 21.5% faster

than those fed all forage (P<:.05). Minish gt a1. (1966) reported

a 36.6% increase in gain when steers were fed a 60% concentrate-40%

silage y§_all silage rations. In the second trial, Minish gt 31.

(1967) reported that steers gained 20.7% faster when fed the 60%

concentrate ration over the all-silage fed steers. Peterson gt_gl,

(1973) found a linear response in gain and feed efficiency (P<:.0l)

when the level of grain was increased in the ration when steers were

fed corn silagezcorn ratios of 100:0 to 0:100. Gill §t_§l, (1976)

reported that steers had higher gains (l8.4%) and improved feed

efficiency (25.8%) when the cornzcorn silage ratio was increased

from 25:75 to 76:24.

Carcass Characteristics
 

The influence of percent gain in the ration on carcass

characteristics in trial 1 is reported in Table 24. All measurements

were adjusted to a final empty body weight of 469.9 kg. As the percent

grain in the ration increased, steers had a higher degree of carcass

fat and a more desirable quality grade.

The influence of percent grain in the ration on carcass

composition in trial 2 is reported in Table 25. All parameters were

adjusted to an equal final empty body weight of 448 kg. Steers fed the

high grain rations were fatter and had poorer yield grades.
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The analysis of the pooled data on the effect of ration grain

content on carcass characteristics for the two-year study is reported

in Table 23. The percent grain in the ration influenced carcass fat,

fat thickness and dressing percent (P<:.05) when adjusted to an equal

carcass weight, as shown in Figures 12 and 13. Maturity, marbling,

quality grade, ribeye area and kidney, heart and pelvic fat were not

influenced by ration grain content. The impact of grain was the same

irrespective of whether the source was from silage or added grain.

The developed regression equations for the prediction of carcass

characteristics is reported in Table 26.

Numerous studies have been reported on the influence of ration

energy level on carcass composition. The results of this study are

consistent with other studies that conclude that ration energy level

influences carcass composition (Guenther gt_al,, 1965; Oltjen gt_§l,,

1971; Utley gt_gl,, 1975). Guenther gt_al, (1965) reported increased

carcass fat when cattle were fed on a higher plane of nutrition.

Utley gt_gl, (1975) concluded that steers fed high concentrate rations

had more marbling, poorer yield grade and more fat thickness than

steers fed all forage rations when adjusted to a constant weight

(P<:.05). Oltjen gt_gl, (1971) reported that carcass grade was higher

for steers finished on all concentrate 1; those finished on all forage

(P< .05).

In contrast, other workers have concluded that composition of

gain is not influenced by ration energy level (Pinney gt_al,, 1966;

Garrett, 1971; Preston gt_al,, 1975; Perry and Beeson, 1976; Jesse
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._t._l., 1976a). When steers were fed to an equal weight, Garrett

(1971) found little difference in body composition when fed varying

roughage-to-concentrate ratios. Perry and Beeson (1976) fed steers

high silage or high concentrate rations and reported no difference in

quality grade. Preston gt a1, (1975) reported that carcass character-

istics were not influenced by ration energy level when steers were fed

various roughage—to-concentrate levels. Also, Jesse gt_§l, (1976a)

fed steers various proportions of cornzcorn silage of 30:70 to 80:20

and concluded that composition of carcass gain for a given weight was

not affected by ration (P<:.05).

Net Energy Value of Rations Varying

in Grain Content

 

 

Net energy values determined for each of the rations fed in

the two-year feeding trial are reported in Tables 27 and 28. Ration

grain content influenced ME (P= .02), NEm and NEg (P<:.0005). When

the developed regression equations were applied, ME, NEm and NEg were

non-additive as ration grain content increased from 30% to 70%, but

increased sharply when grain level was further increased to 100%, as

shown in Figure 14. When energy values were determined by analysis

of silage and si1age plus grain (30% to 70%) y§_high concentrate

rations (70% to 96%) as compared to analyzing across all diets

(30% to 96%), ME, NEm and NEg were 2.9%, 4.3% and 8.9% lower than

predicted, respectively, at the 70% grain level. Energy values for

the 69% grain ration in trial 2 were omitted from the analysis due

to the inconsistency with the other data.



T
a
b
l
e

2
7
.

I
n
f
l
u
e
n
c
e

o
f

R
a
t
i
o
n

G
r
a
i
n

C
o
n
t
e
n
t

o
n

N
e
t

E
n
e
r
g
y

V
a
l
u
e
s

(
T
r
i
a
l

1
)

  

R
a
t
i
o
n

c
o
m
p
o
s
i
t
i
o
n

(
0
M

b
a
s
i
s
)

 

9
3
%

s
i
1
a
g
e

M
e
a
s
u
r
e

7
%

s
u
p
p
l
e
m
e
n
t

3
5
%

c
o
r
n

5
9
%

s
i
1
a
g
e

6
%

s
u
p
p
l
e
m
e
n
t

8
2
%

c
o
r
n

1
2
%

s
i
l
a
g
e

6
%

s
u
p
p
l
e
m
e
n
t

9
4
%

c
o
r
n

6
%

s
u
p
p
l
e
m
e
n
t

 

P
e
r
c
e
n
t

t
o
t
a
l

c
o
r
n

i
n

r
a
t
i
o
n

D
M

2
9

4
0

G
r
o
s
s

e
n
e
r
g
y

(
M
e
a
l
/
k
g
)
a

4
.
2
5

4
.
3
2

D
i

e
s
t
i
b
l
e

e
n
e
r
g
y

(
M
e
a
l
/
k
g
)

2
.
6
7

2
.
8
7

M
e
t
a
b
o
l
i
z
a
b
l
e

e
n
e
r
g
y
b

(
M
c
a
l
/
k
g
)

2
.
1
9

2
.
3
6

N
E
m

(
M
c
a
l
/
k
g
)

1
.
4
4

1
.
4
2

N
E
g

(
M
c
a
1
/
k
g
)

1
.
0
6

0
.
8
4

5
0

4
.
3
5

2
.
9
2

2
.
3
9

1
.
5
5

1
.
0
8

5
5

4
.
2
3

2
.
8
3

2
.
3
2

1
.
5
0

0
.
9
9

6
4

4
.
2
8

2
.
7
2

2
.
2
3

1
.
4
9

1
.
1
2

6
8

4
.
3
0

2
.
9
8

2
.
4
4

1
.
6
0

1
.
1
0

9
1

4
.
2
2

3
.
5
6

2
.
9
2

1
.
9
4

1
.
2
7

9
6

4
.
1
8

3
.
3
0

2
.
7
0

1
.
8
7

1
.
3
9

 

a
D
e
t
e
r
m
i
n
e
d

b
y

b
o
m
b

c
a
l
o
r
i
m
e
t
r
y
.

b
C
a
l
c
u
l
a
t
e
d

b
y

d
i
g
e
s
t
i
b
l
e

e
n
e
r
g
y

x
.
8
2

(
N
R
C
,

1
9
7
6
)
.

99



T
a
b
l
e

2
8
.

I
n
f
l
u
e
n
c
e

o
f

R
a
t
i
o
n

G
r
a
i
n

C
o
n
t
e
n
t

o
n

N
e
t

E
n
e
r
g
y

V
a
l
u
e
s

(
T
r
i
a
l

2
)

  M
e
a
s
u
r
e

R
a
t
i
o
n

c
o
m
p
o
s
i
t
i
o
n

(
D
M

b
a
s
i
s
)

 

9
2
%

s
i
l
a
g
e

8
%

s
u
p
p
l
e
m
e
n
t

3
1
%

c
o
r
n

6
0
%

s
i
l
a
g
e

9
%

s
u
p
p
l
e
m
e
n
t

8
0
%

c
o
r
n

1
2
%

s
i
l
a
g
e

8
%

s
u
p
p
l
e
m
e
n
t

9
2
%

c
o
r
n

8
%

s
u
p
p
l
e
m
e
n
t

 

P
e
r
c
e
n
t

t
o
t
a
l

c
o
r
n

i
n

r
a
t
i
o
n

D
M

G
r
o
s
s

e
n
e
r
g
y

(
M
c
a
l
/
k
g
)
b

D
i
g
e
s
t
i
b
l
e

e
n
e
r
g
y

(
M
c
a
l
/
k
g
)

M
e
t
a
b
o
l
i
z
a
b
l
e

e
n
e
r
g
y

(
M
c
a
l
/
k
g
)

N
E
m

(
M
c
a
l
/
k
g
)

N
E
g

(
M
c
a
l
/
k
g
)

b

3
8

4
.
0
8

2
.
7
5

2
.
2
6

1
.
4
0

0
.
9
0

5
1

4
.
1
3

2
.
8
2

2
.
3
1

1
.
4
9

1
.
0
5

5
4

4
.
2
1

2
.
8
5

2
.
0
7

1
.
5
3

1
.
0
9

5
9

4
.
1
4

2
.
5
3

2
.
0
7

1
.
5
3

1
.
3
4

6
7

4
.
9
7

3
.
5
3

2
.
9
0

1
.
8
3

1
.
1
0

6
9

5
.
8
6

4
.
4
1

3
.
6
2

2
.
3
0

1
.
0
8

9
0

4
.
2
0

3
.
5
6

2
.
9
3

2
.
0
4

1
.
6
1

9
6

4
.
1
7

3
.
4
4

2
.
8
2

2
.
0
5

1
.
7
4

 

a
D
e
t
e
r
m
i
n
e
d

b
y

b
o
m
b

c
a
l
o
r
i
m
e
t
r
y
.

b
C
a
l
c
u
l
a
t
e
d

b
y

d
i
g
e
s
t
i
b
l
e

e
n
e
r
g
y

x
.
8
2

(
N
R
C
,

1
9
7
6
)
.

100



 

101

   

 

 

 

   

 

 

 
   
 

l
x >0

2080 1"

3
.x

\

'5

9 1Z 2.404

v 0

£5 x Trial 1 (0)

‘9 Trial 2 (X)

2.00 ‘r t J. 4 t 1 4.

20.0 40.0 80.0 80.0 100.0

Percent Total Grain in Ration

x X

2.00 r

E
\ 1L

'5
U

5

E‘LJO" Trial 1 (0)

$2 Trial 2 (X)

1.20 4. : + 1 : : a

20.0 40.0 60.0 80.0 100.0.

Percent Total Grain in Ration

x

X

’5 1.68 «-

.y.

\

73
U db

5

ND)

2 1.200

0 ° Trial 1 (O)

x Trial 2 (X)

.64 : r : : : t :

20.0 40.0 60.0 00.0 100.0 '

Percent Total Grain in Ration

Figure 14. Effect of ration grain content on metabolizable

energy and net energy for maintenance and gain.
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The impact of si1age grain content on net energy value of the

ration was lower than predicted. Net energy for gain for all silage

rations increased from .94 to 1.04 Mcal/kg as silage grain content

increased from 30% to 50%. This is an increase of .05 Mcal/kg with

each 10% increase in si1age grain level. A similar trend was found

as added grain in the ration was increased to 70%. Grain content had

a greater impact on the enrgy value of the ration when increased from

70% to 100%; NEg was increased .14 Mcal/kg for each 10% increase in

grain level. Thus, the impact of grain on the energy value of the

ration was lower than predicted up to 70% grain, then had a greater

impact. The depression in NEg at the 70% grain level accounts for

the improvement in efficiency when steers are fed on the two-phase

system y§_constant added grain rations.

In agreement with previous studies, the greatest change in

digestibility was found between 50% and 80% grain in the ration.

Vance gt_gl, (1971a) reported a curvilinear relationship for NE

9

as percent grain in the ration was increased from 36% to 97%. NEg

of the corn grain increased while that of corn silage decreased as

varying increments of corn grain was added to the ration. Byers,

Matsushima and Johnson (1975a, 1975b) reported a depression in dry

matter digestibility, ME, NEm and NE by 6.2%, 12.1%, 14.8% and 12.2%

9

when the total ration contained 67% grain, respectively. As grain

content was increased from 70% to 100%, NEg increased more dramatically.
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Two-Phase System Versus Constant

Added Grain

 

 

Performance data were pooled for the steers fed on the

two-phase and compared to those fed si1age plus a constant amount

of added grain. Due to a high value for the silage plus added grain

fed steers, NEg was calculated using developed regression equations

and compared to actual values for those fed on the two-phase system.

For the two-phase system, steers fed all corn silage during

the growing phase and switched to an all concentrate ration at 415 kg

had similar gains (1.09 y§_l.10 kg) but improved in feed efficiency by

6.5% and net energy for gain by 5.1% (1.11 v; 1.17 Mcal/kg) when com-

pared to steers fed silage plus a constant amount of added grain

throughout the entire feeding period (Table 29). The steers fed

on the two-phase system had a larger ribeye and an improved yield

grade (P<:.05); no differences were found for the other carcass

characteristics (Table 30).

These results agree with Dexheimer §t_al, (1971) where gains

were equal but feed efficiency was improved when steers were fed on

the two-phase system in comparison to si1age plus added grain fed

simultaneously. Fox and Black (1975) suggested three factors that

lead to improved efficiency when cattle are fed on a two-phase system

(high roughage ration fed during the growing phase followed by a high

concentrate ration fed during the finishing phase) in comparison to

steers fed a constant amount of added grain throughout the entire

feeding period. First, associative effects are present in feedlot

rations when grain comprises 50% to 80% of the ration. Due to an
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Table 29. Comparison of Steers Fed on Two-Phase System y§_Constant

Added Grain Rationsa

 

 

 

Silage plus Two-phaseb Significance

added grain system level

Daily gain, lb. 1.09 1.10 NS

Daily DM intake

(g/wTkg.75) 91.3 85.3 .13

Feed/gain 7.27 6.80 .10

Carcass fat, % 32.2 31.3 NS

NEg, Mcal/kg 1.11 1.17 Not tested

 

aData calculated on a constant dressing percentage (61.7%).

bSteers switched from corn silage to all concentrate ration

at 415 kg.



105

Table 30. Carcass Characteristics of Steer Fed on Two-Phase System ii

Constant Added Grain Rationsa

 

 

 

Silage plus Two-phase Significance

added grain system level

Dressing % 62.1 61.9 NS

Maturityb 2.6 2.5 NS

Fat thickness, cm 1.47 1.47 NS

Ribeye area, sq. cm. 76.8 80.0 .05

Kidney fat, % 3.3 3.1 NS

Marblingc 8.9 8.1 NS

Quality graded 8.8 7.9 NS

Yield grade 3.4 3.0 .0005

Carcass fate 32.2 31.2 .16

 

aAdjusted to a constant carcass weight of 343.5 kg.

bMaturity: A- = 1; A = 2; A+ = 3.

cMarbling: Small+ = 12; Small° = 11.

dQuality grade: Average good = 8; High good = 9.

eCarcass fat determined by specific gravity technique.
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interaction of the fiber and grain portion in the ration there is an

alteration in digestion and metabolism of nutrients and a depression

of dry matter digestibility and metabolizable energy; thus, resulting

in a reduction in efficiency of energy utilization (Byers gt 31.,

1975a). The 5.1% improvement of NEg for the two-phase system gs

constant added grain rations support the results obtained when grain

content was increased from 30% to 100% in the ration. When NEg was

determined by analysis of grain from 30% to 70% and from 70% to 100%,

as compared to analyzing across all diets with grain from 30% to 96%,

NEg was depressed by 8.9%. Byers gt 11. (1975b) also reported a 12.2%

depression in NEg when the ration contained 67% grain. Secondly, when

cattle are switched from a high roughage ration fed during the growing

phase to a high concentrate ration, there is compensatory performance,

resulting in a more efficient use of dietary energy during the finishing

t_;L., 1970). Thirdly, cattle are fed for slower rates ofphase (Fox

gain during the growing phase when they are of lighter weight and their

maintenance requirements are lower. During the finishing phase the

cattle are heavier which results in higher maintenance requirements.

When fed a high grain ration during this period they have a higher rate

of gain and spend less time in this phase. Thus, a lower percent of

feed is used for maintenance requirements and more is available for

gain under the two-phase system.
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Performance of Steers Fed High Oil or

Brown Midrib Corn Silage

 

 

Feedlot performance for steer calves fed high oil or brown

midrib y§_normal corn silage is reported in Table 31. Steers fed

brown midrib gained 5.6% faster and required 6.4% less feed per unit

of gain than those fed normal silage. These results are in agreement

1 with Colenbrander e__al, (1977) who reported that steers fed brown

midrib gained 8.2% faster and required 12.7% less feed per unit of

gain as compared to those fed normal silage. Similar results were

shown by Colenbrander SE.21: (1973, 1975) who reported improvements

in average daily gain and feed efficiency for steers fed brown midrib

corn silage. Dry matter intake was similar for steers fed brown midrib

and normal silage. This is in conflict with Muller gt_§l, (1972) and

Colenbrander gt_§l, (1972) who reported that steers fed brown midrib

silage had increased dry matter intake. The increased intake was

related to a 15% increase in dry matter digestibility when the low

lignin silage was fed.

Steers fed high oil si1age had reduced gains (13.9%) and

poorer feed efficiency (7.0%) than those fed normal silage. These

results are in agreement with McCollough gt_al, (1972) who reported

that steers fed high oil si1age had 17.9% reduced gains and a 17.9%

poorer feed efficiency.

Carcass characteristics for steers fed high oil, brown midrib

and normal silage are reported in Table 32. Steers fed brown midrib

silage had a higher degree of fat thickness, kidney fat and carcass fat

but a poorer yield grade than those fed normal silage. Steers fed
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high oil had a lower degree of fat thickness, kidney fat and carcass

fat but a more desirable yield grade than those fed normal silage.

Net energy values of high oil, brown midrib y§_normal si1age

are reported in Table 33. NEg was similar for brown midrib and

normal silage but was reduced 7.0% for the high oil silage ration.

Table 33. Net Energy of High Oil, Brown Midrib y§ Normal Corn Silage

 

 

 

 

(Trial 1)

Corn variety

Measure Normal High oil Brown midrib

Gross energy (Mcai/kg)a 4.32 4.19 4.12

Digestible energy (Mcal/kg) 2.87 2.94 2.99

Metabolizable energy (Mcal/kg) 2.36 2.41 2.45

NEm (Mcal/kg) 1.46 1.49 1.55

NEg (Mcal/kg) 1.01 0.93 1.03

 

aDetermined by bomb calorimetry.

bCalculated by digestible energy x .82 (NRC, 1976).
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Predicting Feedlot Performance from Acid

Detergent Fiber and Ration Grain Content

Feedlot Performance

The relationship between acid detergent fiber, ration grain

content and feedlot performance for trial 1 is reported in Table 34.

When the developed regression equations for the rations increasing in

grain from 30% to 80% were applied, a reduction in ADF from 26.7% to

5.7% resulted in increased gains from .80 to 1.35 kg/day and improved

feed efficiency from 9.55 to 5.97. Increased grain in the ration

resulted in increased gains from .80 to 1.32 kg/day and improved

feed efficiency from 9.74 to 5.96.

In trial 2, as ADF was reduced from 21.1% to 5.2%, gains were

increased from 8.58 to 5.89 (Table 35). Increased grain level in the

ration resulted in increased gains from .88 to 1.32 kg/day and improved

feed efficiency from 9.18 to 5.96.

When the results were plotted, ration ADF levels were closely

related to feedlot performance (Figure 15). Ration fiber level was

inversely related to feedlot performance, in agreement with Chandler

and Walker (1972) and Jahn gt_§l, (1970, 1976).

Acid detergent fiber was an adequate predictor of feedlot

performance; it accounted for 78%, 89% and 91% of the variation in

gain, dry matter intake and feed efficiency, respectively. Regression

equations for gains and dry matter intake did not include the high grain

rations due to a sharp decline in performance. Regression equations
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Figure 15. Relationship between acid detergent fiber and average

daily gain and feed efficiency.
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developed for the prediction of feedlot performance from ADF

determination are as follows:

. Across all rations:

F/G (kg) = 5.0li-.169 ADF (%) 34 = .41 R2 = 0.91

(11.93) X

. 30% to 80% grain:

ADG (kg) = l.50-.0260 ADF (%)-.083 year AA = .06 R2 = 0.78

(4.97) (4.01) Y

2.40 R2DM intake = 98.15+ .05 ADF (%)-6.05 year a? 0.89

(9/wtkg-75) (.27) (7.35)

The level of grain in the ration had a definite effect on

feedlot performance (Figure 16). As the percent grain in the ration

increased, steers gained faster and had improved feed efficiency.

Total ration grain content accounted for 87%, 89% and 93% of the vari-

ation in gain, dry matter intake and feed efficiency, respectively.

Regression equations for the prediction of feedlot performance from

ration gain content are as follows:

. Across all rations:

F/G (kg) = 11.54-.O62 grain (%) AA = .36 R2 = 0.93

(13.49) X

. 30% to 80% grain:

ADG (kg) = .557+-.0085 grain (%)- .042 year A§==.05 R2 0.87

(6.86) (3 00)
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daily gain and feed efficiency.
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ON intake = 96.54+ .01 grain (%) - 5.94 year 69= 2.41 R2 = 0.89

(9/wtkg-75) (.19) (1.45)

Predicting Net Energy Values

As grain level in the ration was increased from 30% to 70%,

ADF and ration grain level accounted for 33% and 23% of the variation

in NEg, respectively. In comparison, ADF and grain level accounted

for 62% and 63% of the variation of NEg when ration grain level was

increased from 70% to 100%. Due to the presence of associative effects,

ADF and ration grain level accounted for a lower percent of the vari-

ation in NEg as the ration grain level was increased to 70%. As grain

level in the ration was increased to 100%, ADF and ration grain content

were more useful predictors of NEg due to the greater impact of added

grain (Figure 17).

Regression equations developed for the prediction of NEg of

rations varying in grain content are as follows:

. 30% to 70% grain:

NEg (Mcal/kg) = 1.405-.0179 ADF (%) AA = .11 R2 = .33

Y
(2.12)

NEg (Mcal/kg) = O.785+-.005 grain (%) 84 = .12 R2 = .23

Y
(1.66)

. 70% to 100% grain:

NEg (Meal/kg) = 1.662- .0377 ADF (%) 8A = .18 R2 = .62

y
(2.60)

NEg (Meal/kg) = 0.077i'.015 grain (%) by = .18 R2 = .63

(2.63)
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Figure 17. Relationship between ration grain content and dry
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Application to Other Corn Varieties

The equations relating performance to ADF were used to predict

the performance of steers fed brown midrib and high oil corn silage.

The predicted gains were 3.5% higher and feed/gain was 3.2% lower for

steers fed high oil than actual performance. Predicted gains for steers

fed brown midrib were 12.7% lower than actual but feed efficiency was

7.2% higher. When regression equations relating ration grain content

and performance were applied, the predicted feed/gain was 3.2% lower

and gains were 4.0% higher than actual for steers fed high oil si1age.

Predicted gains for steers fed brown midrib si1age were 17.3% lower and

feed/gain was 12.1% higher than actual values. In comparison, ration

grain content and ADF analysis were useful predictors of performance

for steers fed high oil silage but was not accurate for steers fed

brown midrib.

In conclusion, determination of ration grain content is an

alternative method to chemical analysis of feedstuffs for predicting

feedlot performance. From a farmer's viewpoint, determination of corn

silage grain content from forage yields and bushels of grain produced

per acre is a practical method of predicting performance of feedlot

rations. ADF was an accurate predictor of feedlot performance; it

accounted for 78% and 91% of the variation in gain and feed efficiency,

respectively. In comparison, ration grain content accounted for 87%

and 93% of the variation in gain and feed efficiency, respectively.

When regression equations were applied to high oil and brown midrib

corn varieties, ration grain content and ADF analysis were useful
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predictors of feedlot performance for steers fed high oil but was not

accurate for those fed brown midrib si1age. With the exception of high

grain rations, dry matter intake was not influenced by ADF or ration

grain content. Dry matter digestibility was increased as ration grain

content increased and ADF was reduced. When steers were fed rations

with 30% to 70% grain, ADF and ration grain content accounted for a

low degree of the variation in NEg but increased to 62% and 63% as

ration grain content increased to 100%. Associative effects pose a

problem in accurate estimation of net energy value of feedstuffs,

particularly when the ration contains between 60% to 70% grain.

Influence of Ration Grain Content on Cost of

Feeding, Manure Handling anH'Storage,

and Manure Credit

 

 

 

Economic analysis of the impact of the level of corn in corn-

corn silage rations requires an analysis of nonfeed as well as feed

costs (Black and Fox, 1977). Total cost per unit gain is:

 

(———> (W) (W

Increasing the level of corn silage in the ration influences

nonfeed costs per day in three ways. First, the amount of feed that

must be handled per day is more than three times larger for an all-corn

silage ration than an all-concentrate ration. Second, daily manure

production goes up as the percent corn silage in the ration increases

since corn silage is lower in digestibility than corn grain. More

manure requires more storage space and more handling cost. Third,
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the value of the manure "credit" per day is influenced by the

percentage of corn silage in the ration, both in terms of volume

and nutrient (N, P205, and K20) density. All of these factors must

be considered in the determination of the most profitable feeding

program.

The influence of ration grain content on manure storage and

nutrient composition was analyzed from data obtained in the two-year

feedlot trial (Table 36). A slatted floor housing area is assumed;

input-output coefficients and costs are based on a 600 to 800 head

one-time capacity. The cost factors for alternative grain levels are

partitioned into annual use cost for building and pit, feeding, labor,

manure handling, veterinary and cattle processing expenses.

The facility cost was based upon the cost of the building plus

pit for manure storage of a six-month period. Pit investment cost per

head capacity is given by:

Investment cost = $94 + 5 x pit depth (ft.)

The investment cost is based upon discussions with builders and data

from Petritz (1977). Daily use cost was estimated as investment cost

times 17% depreciation and interest, repairs, and property tax (given

annual use cost per year) divided by 340 days (effective capacity).

Cost of the building structure with slatted floor was figured at

$5.40 per sq. foot; 20 sq. feet was allotted per steer (Petritz,

1977). Daily building cost was:

Building cost = [(cost per sq ft x 20 sq ft/steer) x l7%] % 340 days
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The manure handling costs reflect labor and machinery expense

(Hughes, 1973). Labor charge was calculated at .0004l hours required

per gallon times the total gallons of manure per day at an hourly wage

rate ($5.00):

Labor cost = (hrs/gal x total gal/day) x hourly wage rate

Pump and spreader use cost was .49¢ per gallon times the number of

hours required for handling the manure (.0004l hours per gallon times

gallons per day).

Feeding cost was divided into labor and machinery components

(Hughes, l973). Time was estimated at .000l hours per pound of feed

times the number of pounds fed per steer (as-fed basis). The labor

cost for feeding was calculated at an hourly wage rate ($5.00). The

machinery cost consisted of wagon plus tractor expenses. A cost of

62¢ was charged per hour of feeding time. Tractor cost for feeding

was calculated as previously for manure ($6.00 per hour times hours

required per day). Labor cost for handling and processing cattle was

estimated at .6¢ per day.

The nutrients available were developed from metabolic trial

data and their economic value given ration grain content were deter-

mined. A 40% storage loss and a 5% application loss of N was assumed

(Beef Housing and Equipment Handbook, 1976). Phosphorous availability

was determined by conversion of elemental P to P205 by division of .44;

75% of P205 is available to the plant. Available potassium was deter-

mined by conversion of elemental K to K20 by a division factor of .83,
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90% of which is available. Nutrient availability from manure was in

agreement with Peverly (l966) who reported values for nitrogen (5l%)

and phosphorous (8l%). Fertilizer value (¢ per day) was determined

using values of ll.5¢ N; l6$ P205; and 8¢ per pound for K20.

The impact of ration grain content (corn in silage plus added

corn) is reported in Table 36. Urine production is independent of

ration grain content. Feces, in contrast, is a linear function of

ration grain content. Wells gt_al, (1972) reported a manure volume

of 2.3 pounds (DM) for steers receiving an all-concentrate ration

and 5.0 lbs/day for those receiving a high roughage ration. Snapp

and Neuman (1960) reported a yield of 63 pounds of wet manure for

steers fed high roughage rations compared to 36 pounds for high grain.

Nutrient density is influenced by ration grain content.

Nitrogen excretion per day is constant except for the high concentrate

diets, which are l5% lower. Thus, the nitrogen per pound of manure is

lower for a high silage than a high concentrate diet. The daily

excretion of phosphorous tends to fall as the percent concentrate

increases; potassium shows a similar but more pronounced pattern.

Manure handling costs and feeding costs y§_ration grain content

are reported in Table 37. As total grain (corn in silage plus added

corn) in the ration increases from 30% to l00%, there is a decrease in

the manure storage (.72 cu. ft. vs .37 cu. ft.), reduced pit depth

(8.58 ft. g§_4.90 ft. per head capacity) and a lower manure handling

cost per day (6.87¢ !§_5.95¢).
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Building cost, including building structure plus slatted

floor, is constant. Total facility cost is reduced from 12.27¢ per

day to ll.35¢ per day as the ration grain level is increased.

Manure handling cost is divided into labor and machinery

components. The labor cost required for manure handling is l.ll¢ per

day for the all-silage ration v§_.57¢ per day for the all-concentrate

ration. Machinery cost, including pump and spreader, is reduced from

3.97¢ per day to 2.06¢ per day. Total cost for manure handling is

2.35¢ per day less for the steers fed the high concentrate ration.

Feeding cost for the rations varying in grain content was divided

into labor and machinery components. The labor cost is reduced from

2.73¢ to .92¢ per day as ration grain level increases. Machinery cost

falls from l.47¢ to .76¢ per day. Total feeding cost per day is lower

for the high grain ration (4.20¢ to l.67¢ per day).

Manure handling plus feeding cost is 5.90¢ lower per day for

the high grain ration. When comparisons are made for the total feeding

period, steers fed all concentrate rations for 217 days had a facility,

manure handling and feeding cost of $35.26 per steer as compared to

$65.79 for the steers receiving the high si1age ration for 297 days.

The influence of ration grain content on total nutrients

available from manure and corresponding fertilizer values is reported

in Table 38. Nitrogen availability (pounds per day) was constant as

grain level was increased, but decreased slightly for the high con-

centrate diets. Phosphorous decreased from .10 to .07 pounds per day

and potassium was reduced from .12 to .06 pounds per day. These values
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are similar to estimated fertilizer nutrient in liquid beef waste,

as reported by Pherson (1973). Fertilizer value from the manure was

calculated from the nutrient availability for the various grain rations.

Nitrogen value was 1.50¢ per day for the silage rations but was

slightly reduced to l.27¢ per day for the high concentrate rations.

Phosphorous (P205) and potassium (K20) were reduced by .48¢ per day

as grain level was increased.

Total returns (credits) from manure (¢ per day) are 4.06¢ for

the steers fed the low grain gs 2.87¢ for the steers fed the all con-

centrate ration (Table 39). When comparisons are made for the total

feeding period, steers fed all concentrate for 217 days had a lower

return for manure ($6.23/steer) as compared to steers fed all-si1age

($12.06/steer) for 297 days.

Pricing Corn Silage
 

Economic analysis of feedlot trials, particularly those

involving alternative levels of corn in the diet, requires prices

for shelled corn and corn silage. A whole farm budgeting approach

(Connor gt 31., 1976) is required to accurately assess the roles of

corn silage and shelled corn in farmer-feeder operations including

factors such as labor and machinery scheduling and machinery inventory.

A good approximation can be developed based upon the fact that pro-

ducers have the option of selling corn as cash grain as well as

harvesting it as silage. Thus, the "cost" of producing corn silage

is influenced by the market value of corn grain through the opportunity
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Table 39. Net Coat of Feeding, Manure Handling and Storage and Manure

Credit

 

 

Percent gain in ration dry matter

 

30 40 50 60 70 80 90 100

 

Feeding, manure

storage and

handling cost

(¢/day) 22.15 21.62 21.01 19.04 18.36 17.68 16.89 16.25

Manure credit

(¢/day) 4.06 3.90 3.74 3.50 3.42 3.18 2.95 2.87

Net cost/day (¢) 18.09 17.72 17.27 15.54 14.94 14.50 13.95 13.38         

cost of 1and--the net earning capacity of land if it were used to grow

corn. Other costs indlude fertilizer, seed, herbicides and insecti-

cides, field operations, storage and interest on operating capital.

When corn is harvested as silage, the corn stalks are not returned

to the soil; the dollar values for nitrogen, phosphorous and potassium

must be adjusted accordingly. Too, adjustments must be made for

handling and storage losses between the field and at the feedbunk.

The cost of growing, harvesting and storing corn g§_corn

si1age for different plant populations is reported in Table 40. Total

nonland costs are partitioned into seed, fertilizer, herbicide and

insecticide, field operations, management and supervisory labor, and

interest on operating capital. A seed cost of $45 per unit (80,000

seeds per unit) was budgeted; a 10% loss during germination was assumed.
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Table 40. Cost of Corn and Corn Silage Production

CORD Corn silage (plants/acre)

ra1n

20,000 10,000 20,000 30,000 50,000

Price/unit 100 bu 14 T 16 T 18 T 20 T

Item ($) ($) ($) ($) ($) ($)

Seeda b 45/80,000 12.50 6.24 12.50 18.75 31.25

Fertilizer

N .llS/lb 12.65 20.13 21.85 23.58 25.30

P205 .16/1b 8.00 9.12 10.40 11.68 12.96

0 .08/1b 4.80 21.00 24.00 27.00 30.00

Lim 11.00/T 0.80 0.90 1.10 1.30 1.50

Herbicides and

insecticidesc d 16.00/A 16 00 16.00 16.00 16.00 16.00

Field operations

Plowing 8.50 8.50 8.50 8.50 8.50

Disking 4.40 4.40 4.40 4.40 4.40

Planting 6.00 6.00 6.00 6.00 6.00

NH application 3.00 3.00 3.00 3.00 3.00

Cuitivating 3.20 3.20 3.20 3.20 3.20

Spraying 2.50 2.50 2.50 2 50 2.50

Combining 17.00 -- -- -- --

Grain hauling .07/bu 7.00 -- -- -- --

Chopping, hauling

& silo filling -— 27.00 30.00 33.00 36.00

Drying .023/point 23.00 -- -- -- --

Grain storage .15/bu 15.00 -- -- -- --

Silage storage 1.75/T -- 24.50 28.00 31.50 35.00

Management and

supervising labor 6.00 8.00 8.00 8.00 8.00

Interest on operating Avg. 7 mo.

capital 10%/yr 5.42 6.31 7.19 8.07 9.31

Total nonland cost

Per acre 155.77 166.80 186.64 206.48 232.92

Per bushel 1.56 -— -- —- --

Per ton -- 11.91 11.67 11.47 11.65

 

a$45/unit (80,000 seeds per unit), 90% germination.

b
Warncke gt_gl,, 1976.

CNott gt_gl , 1977.

d
Schwab and Gruenewald, 1978 (costs include fuel plus labor).

eHoglund, 1977 (calculated as bunker cost x 17% for property tax,

depreciation and interest.
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Fertilizer cost was determined by accounting for the removal of

nutrients from the soil when corn is harvested as silage as compared

to harvesting as grain. Corn yielding 100 bushels of grain per acre

when harvested as shelled corn is estimated to remove 110 pounds of

nitrogen, 50 pounds of P205 and 60 pounds of K20 per acre (Warncke

gt_gl,, 1976).

It is estimated that 16 tons of corn silage removes 175 pounds

of nitrogen, 57 pounds of P205 and 262 pounds of K20 per acre. Prices

used were: 11.5¢, N; 16¢, P205; and 8¢ per pound for K20. Lime was

budgeted at $11 per ton. Herbicides and insecticides were budgeted

at $16 per acre (Nott gt_al,, 1977).

Field operations were priced at custom rates (Schwab and

Gruenwald, 1978). They were adjusted upward if it appeared they were

inadequate to yield an adequate return on machinery investment as well

as covering depreciation, labor and cash costs such as fuel and repairs

(Black, 1978). Silage costs were increased as yield per acre was

increased. Silage storage costs are based upon a moderately large

bunker; a 12 year life and 10% opportunity cost on capital were used

in pricing. The nonland costs reflect the differences in the cost of

growing and harvesting corn as si1age v§_grain.

The total "cost" of corn silage based upon yielding the same

net per acre to land as corn grain is derived as follows:

Step 1.

Sum of nonland costs of

= growing, harvesting and

storing corn as grain

"Imputed" rental = Gross return if

on land sold as grain
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Step 2.

Calculate the cost Sum of nonland costs of

of si1age ($/acre) Step 1 + growing, harvesting and

storing corn as corn silage

Step 3.

Calculate the cost = [Cost of silage

of silage ($/ton) per acre é Yield:] 1 Net retention

where net retention is the ratio of corn plant forage dry matter into

the silo compared to the corn silage dry matter that is removed. A

7% loss was assumed (Prigge and Owens, 1976). This is a low estimate

compared to many literature values; however, part of the losses

reported in the literature reflect errors in dry matter determination

for corn silage that run between 6% and 13% (Fox and Fenderson, 1977).

The total nonland cost for corn grain and for corn silage

grown at different plant populations is reported in Table 40. Seed

cost increased from $6.24 to $31.25 per acre as plant population was

increased. The si1age yield increased from 14 to 20 tons per acre.

There was an increase in the nitrogen cost from $20.13 to $25.30,

P205 from $9.12 to $12.96 and K20 from $21 to $30. Fertilizer costs

increase considerably when corn is harvested as silage as compared to

grain due to the removal of stalks and leaves from the field during

harvest (Warncke gt_gl,, 1976).

Field operations, including the cost of plowing, disking,

planting, nitrogen application, cultivating and spraying, were the

same for corn grain and for corn silage harvested for all plant

populations. Grain hauling was estimated at 7¢ per bushel and drying
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at 2.3¢ per point of moisture removed. Cost for chopping and silo

filling increased from $27 to $36 per acre as yields increased.

Interest on operating capital was based upon 10% per year. As corn

silage yields per acre increased, interest on operating capital

increased from $6.31 to $9.31.

Total nonland costs per acre increased from $166.80 to

$232.92 as silage yield increased from 14 to 20 tons/acre. However,

on a dollars per ton basis, cost was reduced from $11.91 to $11.65.

The price of corn silage per ton required to give the same

net return as when crop is harvested as grain, is shown in Figure 18.

This relationship was obtained by first determining the "imputed rental

charge" on 1and--the net return to land if the corn had been sold as

cash grain. As the price of shelled corn increased from $2.00 to

$3.50/bushel, the "imputed" land rental increased from $44.23 to

$194.23. Second, silage cost per acre considers the land rental

charge plus the sum of nonland costs for corn grown, harvested and

stored as si1age. With a $2.00/bushel shelled corn price, si1age

costs per acre were $211.00, $230.90, $250.70 and $277.15 per acre

as yields increased from 14 to 20 tons per acre, respectively. With

a $3.50/bushel corn price si1age costs were $361.00, $400.70 and

$427.15 per acre as yields increased from 14 to 20 tons per acre.

As reported in Table‘41,tota1 costs of si1age/ton at $2.00/bushel

shelled corn price are $16.20, $15.52, $14.98 and $14.90 for yields

of 14, l6, l8 and 20 tons, respectively; at $3.50/bushel they

increased to $27.73, $25.60, $23.94 and $22.97 per ton.
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Table 41. Price of Corn Silage Per Ton as Influenced by Corn Price

 

  

 

  

Corn silage yield/ton

 

 

Corn price

($/bu) 14 ton 16 ton 18 ton 20 ton

2.00 16.20 15.52 14.98 14.90

2.50 20.05 18.88 17.96 17.59

3.00 23.89 22.24 20.95 20.28

3.50 27.73 25.60 23.94 22.97

 

The following equations describe the relationship between the

season average price of shelled corn and the price of corn silage:

Silage yield of 14 ton per acre (10,000 population)

Price of corn silage = $0.82+-7.69 - price of corn

Silage yield of 16 ton per acre (20,000 population)

Price of corn silage = $2.08+-6.72 - price of corn

Silage yield of 18 ton per acre (30,000 population)

Price of corn silage = $3.044-5.97 - price of corn

Silage yield of 20 ton per acre (50,000 population)

Price of corn silage = $4.14+-5.38 - price of corn.
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In summary, the costs of growing corn silage, dollars per

ton, is developed for alternative prices of shelled corn. Silage

is priced such that it yields equivalent net returns to land as could

be achieved growing shelled corn. The standard price is based upon a

loamy clay soil capable of producing 100 bushels of shelled corn or

16 tons of corn silage per acre. The "out of the silo" price is

$15.50, $18.00, and $22.25 at $2.00, $2.50, and $3.00 per bushel,

season average shelled corn prices, respectively. Additionally,

corn silage prices were developed for alternative plant populations,

hence different yields and grainzforage ratios were considered.

Economic Analysis
 

The economic impact of the level of grain in the ration is

evaluated from a total cost/cwt gain perspective; namely,

  — = < 22:: > we... +

The framework is described in Black and Fox (1977).

Nonfeed costs included labor and machinery for feeding, labor

for observing cattle, housing and machinery for manure storage and

handling. The costs are adjusted for manure credit. The costs of

manure storage and handling and the manure credit adjustment are

reported in Table 39. As the ration grain content was increased

from 30% to 100%, costs were reduced by 5.9¢ per day (22.1¢ !§_16.2¢)

but the manure credit increased by 1.l9¢ per day (4.06¢ y§.2.87¢ per
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day). The resultant net cost per day was 4.71¢ higher (18.09¢ vs

13.38¢) for the cattle receiving all si1age with 30% grain than those

receiving the 100% concentrate ration.

As reported in Table 42, feed disappearance for rations varying

in grain content from 30% to 100% was determined from developed

equations, as previously discussed.

The cost of producing corn silage from different plant

populations is reported in Table 41. Corn si1age is priced such that

it yields the same net return per acre as corn grain. The additional

costs for fertilizer and handling are reflected in the si1age price.

At $2.00 per bushel corn, the prices are $15.52 and $14.90 per ton

for silage containing 47% and 30% grain, respectively. At $3.50 per

bushel corn, the prices are $25.60 and $22.97, respectively. The

prices of urea and minerals were held constant for all corn prices,

as was the interest charge per head per day.

The cost summary, based upon the feed disappearance summary

in Table 42, is given in Table 43. A basic question is: "How high

does the price of corn have to get before the relatively higher non-

feed costs per cwt gain, associated with the high silage system, are

more than offset by the widening feed cost differential following from

the fact that corn prices rise faster than silage prices?" The high

concentrate system has a clear advantage at $2.00 per bushel corn

over the all-silage ration containing 50% grain. But, at $2.75 per

bushel corn, the all-silage ration with 50% grain has an advantage.

The 30% grain, all-si1age ration is never competitive.
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Table 42. Feed Disappearance

 

 

Percent grain in ration dry matter

 

 

Measure 303 sob 70C 903“

Performancee

Daily gain, kg 0.82 0.99 1.16 1.24

Feed/gain 9.55 8.38 7.22 6.05

Days on feed to gain 600 lbs 333 275 234 219

Feed disappearance/cwt gain

Corn si1age (T, 32% DM) 1.37 1.22 0.56 0.12

Corn (bu, 85% DM) -- -- 6.52 10.25

Supplement (lbs, 90% DM)f 84.9 74.5 57.1 47.0

 

aLow grain corn silage (27% grain in si1age DM), 92%;

supplement, 8%.

bHigh grain corn silage (47% grain in si1age DM), 92%;

supplement, 8%.

cHigh grain corn silage, 50%; corn grain, 43%; supplement, 7%.

dHigh grain corn silage, 12.3%; corn grain, 80.7%; supplement, 7%.

eDeveloped from regressions on pooled data. The 80% added corn

rations were excluded due to the "erratic" values in Trial 1 relative

to Tril 2 and previous experimental work.

fCorn-urea-mineral supplements are described in Table 10.
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Table 43. Cost Summary ($/ch Gain)a

Percent grain in ration dry matter

30 50 70 90

Measure ($) ($) ($) ($)

Nonfeed costs:

Yardage, net manureb 10.05 8.13 5.84 5.09

Interest on feederc 4.50 3.72 3.15 2.96

Tota1 14.55 11.85 9.00 8.05

Feed costs:

$2.00/bu corn 24.41 22.39 24.28 24.30

$2.75/bu corn 30.66 29.21 32.50 33.06

$3.50/bu corn 36.92 36.06 40.70 41.71

Total costs:

$2.00/bu corn 38.96 34.24 33.28 32.35

$2.75/bu corn 45.21 41.06 41.50 41.11

$3.50/bu corn 51.47 47.87 49.70 49.75

 

aSee Table 42 for performance data. Costs reflect experimental

condition; they are not adjusted for death loss, very poor doers, or

time to get on feed.

bSee Table 39. Excludes veterinary and marketing costs since they

are similar across feeding systems.

cThe interest charge budgeted is 8.1¢/head/day irrespective of corn

price. In fact higher corn prices reduce feeder prices and resultant

interest cost. However, in the long run, high corn prices reduce beef

supplies which raises fed beef prices; resultant increase in feeder

prices will raise the interest charge although not the previous levels.
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As reported in Table 44, the two-phase system is competitive

with the high concentrate system at $2.00 corn and is competitive

with the all si1age system at $3.50 corn.

Table 44. Cost Summary of Various Feeding Systems

 

 

Feeding systems

 

 

Total costs 100% Two- 50%a 90% concentrate,

($/bu corn) corn silage phase corn silage 12% si1age

2.00 34.24 31.70 33.28 32.35

2.75 41.06 39.39 41.50 41.11

3.50 47.87 47.05 49.70 49.75

 

aApproximately 50% grain in si1age.



CONCLUSIONS

Corn si1age grain content increased from 27% to 53% as plant

population was decreased.

Average daily gain and feed efficiency was influenced by

ration grain content (P <.01).

Ration grain content influenced carcass fat, fat thickness

and dressing percentage (P <.05).

Steers fed a11 si1age increased in gain 17% and feed

efficiency improved 12.3% as si1age grain content increased

from 30% to 50%.

NEg of corn silage increased from .94 to 1.04 Mcal/kg as

grain content increased from 30% to 50%.

NEg was 8.9% lower than predicted when the ration contained

70% grain.

NEg sharply increased from 1.14 to 1.28 Mcal/kg as ration

grain content was increased from 70% to 96%.

Steers fed on the two-phase system had similar gains but

improved in feed efficiency by 6.5% over those fed constant

added grain.

Acid detergent fiber or ration grain content were equally

useful for predicting performance and NEg.

141



10.

11.

12.

142

Relative to corn price, silage costs were $15.50, $18.90

and $22.25/ton at $2.00, $2.50 and $3.00/bushel.

Non-feed cost minus manure credit was 4.71¢ higher per day

for steers fed silage y§_those fed high concentrate rations.

At $2.00 per bushel the high concentrate system is more

economical, but at $2.75 per bushel a11 si1age (50% grain)

has an advantage. The two-phase system was competitive at

$2.00 and $3.50 per bushel corn.



APPENDIX
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Table A.1 Acid Detergent Fiber Determinations of Plant

Components of Silages Varying in Grain

Content in Trial 1

 

 

Percent grain in silage dry matter

 

 

Plant

component 27 43 49

------------ (% ADF)-------------

Leaf 35.1 35.1 37.7

Stalk 38.1 42.7 44.0

Husk 35.6 37.8 38.1

Cob 42.0 43.9 45.2

Grain 3.8 3.6 4.0

 

Table A.2 Crude Protein Determinations of Plant

Components of Silages Varying in Grain

Content in Trial 1

 

 

Percent grain in si1age dry matter

 

 

Plant

component 27 43 49

----------- (% protein) -----------

Leaf 11.5 9.5 11.1

Stalk 5.7 5.7 6.0

Husk 4.4 4.8 5.1

Cob 4.0 3.8 3.2

Grain 11.0 11.1 12.4
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Table A.3 Acid Detergent Fiber Determinations of Plant

Components of High Oil, Brown Midrib and

Normal Corn Silage in Trial 1

 

 

 

Plant

component Normal High oil Brown midrib

---------------- (% ADF) ----------------

Leaf 35.1 34.3 35.4

Stalk 42.7 40.0 33.6

Husk 37.8 37.7 35.5

Cob 43.9 45.4 37.4

Grain 3.6 4.9 4.2

 

Table A.4 Crude Protein Determinations of Plant

Components of High Oil, Brown Midrib and

Normal Corn Silage in Trial 1

 

 

 

Plant

component Normal High oil Brown midrib

-------------- (% protein) --------------

Leaf 9.5 14.3 8.5

Stalk 5.7 6.8 6.3

Husk 4.8 5.1 5.0

Cob 3.8 3.0 3.4

Grain 11.1 10.8 10.1

 



145

Table A.5 Acid Detergent Fiber Determinations of Plant

Components of Silages Varying in Grain

Content in Trial 2

 

 

Percent grain in si1age dry matter

 

 

Plant

component 36 50 53

------------- (% ADF) -------------

Leaf 38.0 34.4 33.4

Stalk 48.4 42.7 36.0

Husk 3916 38.6 37.9

Grain 3.3 3.3 4.3

 

Table A.6 Crude Protein Determinations of Plant

Components of Silages Varying in Grain

Content in Trial 2

 

 

Percent grain in si1age dry matter

 

 

Plant

component 36 50 53

----------- (% protein) -----------

Leaf 8.3 9.2 12.2

Stalk 6.3 4.1 6.5

Husk 3.8 3.9 4.0

Grain 9.7 10.1 11.7
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Table A.7 Fermentation Values for Silage Varying in Grain Content, High

Oil and Brown Midrib Corn

 

 

 

 

  

Plant population Corn variety

Brown

10,000 20,000 30,000 50,000 High oil midrib

Trial 1:

Lactic acid, % 4.28 3.89 5.49 -- 6.36 4.50

Soluble N, % 43.71 56.9 57.69 -- 54.23 42.18

pH 3.83 3.72 3.88 -- 3.73 3.97

1%:

Lactic acid, % 3.55 3.62 -- 3.24

Soluble N, % 48.70 49.63 -- 44.88

pH 3.93 3.90 -- 3.92
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Table A.10 Scanoprobe Estimates of Fat Thickness Over the Twelfth Rib

 

 

 

(Trial 1)a

Estimated Actual Estimated Actual

Pen Steer fat fat Pen Steer fat fat

no. no. cm cm no. no. cm cm

24 626 0.25 0.76 20 614 0.76 0.76

639 0.51 0.51 616 0.25 0.76

657 0.76 1.14 631 0.64 0.76

671 0.25 0.13 642 0.51 0.38

677 0.25 0.89 650 0.38 0.51

680 0.51 0.76 669 0.76 1.02

681 0.64 1.02 684 0.51 0.64

695 0.76 1.02 737 0.64 0.89

23 629 0.76 0.64 19 647 0.76 0.51

630 0.76 0.89 654 0.76 0.76

634 0.64 0.64 670 0.51 0.51

651 0.51 0.76 673 0.64 0.76

655 0.25 0.76 676 0.76 1.02

662 0.76 1.14 691 0.25 0.25

690 1.02 1.27 692 0.76 0.89

736 0.76 1.02 734 0.76 0.64

22 623 0.76 0.76 18 622 1.02 1.14

637 1.02 1.14 635 0.51 0.76

659 0.51 0.89 665 0.64 0.38

664 0.76 0.76 666 0.51 0.38

674 0.64 0.38 667 0.51 0.51

683 0.51 0.76 675 0.64 1.14

697 0.25 0.89 689 1.02 1.40

735 0.51 0.64 700 0.38 0.38

21 624 0.76 1.02 17 613 0.76 0.51

627 0.51 0.89 633 1.52 2.16

632 0.64 0.51 649 0.76 1.27

648 0.76 0.89 652 1.02 1.52

656 0.76 1.02 653 1.02 0.89

672 1.02 1.14 663 1.02 1.02

679 1.27 2.03 668 0.76 1.02

693 0.76 0.76 687 0.51 0.38

 

aITHAco ultrasonic SCANOPROBE, Ithaca, New York.
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Table A.10--Continued

 

 

Estimated Actual

Pen Steer fat fat

no. no. cm cm

16 615 0.25 0.64

617 0.51 0.64

640 0.25 0.38

641 0.25 0.64

685 0.25 0.51

686 0.25 0.76

688 0.25 0.51

696 0.51 0.25

15 619 0.64 1.02

621 0.76 1.02

625 1.02 2.29

628 0.76 0.51

644 0.25 0.64

660 1.27 1.02

698 0.51 0.89

699 0.76 0.76

 

aITHAco ultrasonic SCANOPROBE, Ithaca, New York.



153

Table A.11 ScanOprobe Estimates of Fat Thickness Over the Twelfth Rib

 

 

 

(Trial 2)a

Estimated Actual Estimated Actual

Pen Steer fat fat Pen Steer fat fat

no. no. cm cm no. no. cm cm

24 220 0.76 1.02 20 204 0.89 0.76

227 0.64 0.89 221 0.64 0.38

338 0.64 0.76 242 0.51 0.76

252 0.89 1.14 300 0.51 0.51

260 1.14 1.02 304 0.89 0.89

265 1.02 1.02 318 0.76 0.76

296 0.64 1.40 335 1.02 1.52

345 1.02 1.40 340 1.02 1.14

23 212 1.27 1.27 19 199 1.14 1.65

223 1.14 1.27 256 1.14 1.65

233 0.89 1.02 263 1.52 2.03

272 1.02 0.89 264 1.27 1.91

275 1.14 1.27 321 0.89 1.27

316 1.52 1.91 343 1.02 1.02

327 1.14 1.65 348 1.14 1.52

351 1.02 1.27 358 1.52 1.91

22 238 0.64 0.89 18 207 1.14 1.52

253 1.02 1.27 215 1.14 1.27

270 0.89 1.27 216 1.02 1.52

292 0.76 0.76 217 1.14 1.40

303 0.76 1.40 228 1.14 1.91

305 0.76 1.14 261 1.65 1.91

307 0.64 0.51 322 1.02 1.52

313 0.76 1.27 349 1.02 1.27

21 205 0.64 1.02 17 214 1.14 2.29

206 0.89 1.78 224 1.27 2.21

210 0.89 1.27 244 0.51 1.60

312 0.76 0.76 246 1.02 1.14

329 1.02 1.27 273 0.76 1.27

336 1.02 0.89 306 1.14 2.03

337 1.40 1.02 314 1.02 1.14

363 1.14 1.02 331 1.02 1.27

 

aITHAco ultrasonic SCAOPROBE, Ithaca, New York.
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Table A.11--Continued

 

 

 

Estimated Actual

Pen Steer fat fat

no. no. cm cm

16 235 1.02 1.40

239 1.02 0.89

262 1.02 1.40

271 1.02 1.02

297 1.65 1.65

311 1.02 1.14

341 1.02 1.78

344 1.14 0.76

15 202 1.02 1.27

229 1.14 1.40

267 0.51 0.89

269 1.78 2.51

302 1.02 1.02

332 0.76 1.14

339 0.51 1.14

362 1.27 1.27

 

aITHAco ultrasonic SCANOPROBE, Ithaca, New York.
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Table A.14 Nitrogen Retention of High Oil and Brown Midrib y§_Norma1

Corn Silage (Trial 1)

 

 

Corn variety

 

 

High Brown

Measure Normal oi1 midrib

Dry matter intake (kg/day 7.1 7.9 7.3

Nitrogen intake (g/day) 137.1 137.8 153.4

Urinary nitrogen (g/day) 50.2 45.0 52.2

Fecal nitrogen (g/day) 48.1 53.2 43.4

Total nitrogen excretion (g/day) 98.3 98.2 95.6

Nitrogen retained (g/day) 38.8 39.6 57.8

Nitrogen retained (% of intake) 28.3 28.7 37.7
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