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INTRODUCTION

It has long been known that supplementation of the

ration of dairy cows with concentrates was necessary if maxi-

mum milk production was to be attained. The feeding of rough-

age as the entire ration usually resulted in low levels of

milk production. The feeding of concentrates concurrently

with good roughages -- whether hay, pasture or silage -- re-

sulted in greatly improved production. This improved produc-

tion due to concentrate feeding was explained on the basis

of increased intake Of total digestible nutrients.

More recently experiments have been performed in

which roughage was compared with concentrate on the basis of

total digestible nutrient content. Replacement of a portion

of the roughage ration of a cow with the same amount of total

digestible nutrients in the form of grain resulted in higher

level milk production. Attempts have been made to explain

this on the basis of insufficiency of the "total digestible

nutrient" system for the evaluation of feeds with concurrent

attempts to substitute the "calculated net energy" system of

feed evaluation to account for variation in milk production

in the cases of ration change. Neither system of feed evalua-

tion seems to hold the answer to the question since there Oh-

viously are complementary effects amoung certain feedstuffs

which affect the "balance of the ration."



2

This investigation was initiated in an attempt to

evaluate mathematically the value of total digestible nutrients

in the form of concentrates relative to the value of total

digestible nutrients in the form of roughages.



REVIEW OF LITERATURE

Factors known to affect milk production are easily

divided into 2 categories -- inherent and environmental. The

inherent factors affect milk production through efficiencyof

feed conversion and level of maximum.productive capacity.

The environmental factors may be classed as climatic, geo-

graphical and.managerial.

Climatic variations are uncontrollable and influ-

ence milk production through variations in quality and quanti-

ty of feed available for consumption as well as the comfort of

the animals. The geographical variations can not be separated

from climatic variations because the latter are an essential

causative agent in both. Variables such as plane of nutri-

tion, season of calving, age at calving, length of dry period

are managerial in nature and may be controlled.

Several investigators have not agreed on the effect

of season on.milk production. Ragsdale and Brody (1922) at-

tributed responsibility for seasonal fluctuations to tempera-

ture variations. High temperature greatly reduced.milk pro-

duction. Cannon (1933) working with data from 68000 Iowa

Cow Testing Association records found that cows calving in

November produced more milk than those calving in June.

WOOdward (lQhS) analyzing lSth Dairy Herd Improvement Asso-

ciation records essentially agreed with Cannon differing

only in the low month -- July in this case. Contrary to the

findings of Cannon and of WOodward, wylie (1925) using 2900
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Register of Merit records made in one year found that cows

calving in June had the highest production. Woodward explain-

ed this inconsistency on the basis of conditions under which

the records were made. All of wylic's data came from records

made by cows on unusually high planes of nutrition and con-

centrate consumption. Arnold and Becker (1935) working with

319 records made in Florida found no significant differences

in season of calving. They attributed the lack of significant

variation in season to small changes in climatic conditions

throughout the entire year. Oloufa and Jones (l9h8) in a

study of 2690 records made in western Oregon found no signifi-

cant differences in season of calving.

The effect of age at first calving was shown by

Reed 33.21, (l92h) to affect milk production. Heifers

calving at 2 years of age produced less milk than heifers

with similar inherent abilities and environmental conditions

calving at 2 1/2 years of age.

Length of gestation during a lactation has been

shown to exert a decided effect on production. Gavin

(1913) found that lactation curves started drOpping off

very slightly from normal A months after conception. The

maximum.decline was reached during the fifth and sixth months

following conception. Brody‘gg'gl. (1923) found that cows

in America took more time to reach the same point in decline

than those in England. They noted that gestation exerted

its maximum.effect during the latter part of the fifth and



the sixth months. Gowen (1924) stated that the amount of

energy needed by the developing fetus was equivalent to 400

to 600 pounds of milk. He also found that gestation exerted

the greatest drain on the dam's energy as she approached 5

years Of age. Lower nutritive requirements attributable to

gestation were found as the cow aged beyond this point.

Another variable which can be controlled to some

extent by management is dry period. Klein and Woodward (1943)

reported that a 55-day dry period was optimum for cows calving

at 12-month intervals. Longer period had much less effect

on production. Hammond and Sanders (1923) in earlier work

found 80 to 119 days to be the optimum interval. They re—

ported a 13 per cent reduction in milk production following

a O to 39—day dry period; 2.5 per cent reduction for A0 to

70 days; and over 120-day dry period resulted in a 2 per cent

increase in milk production over that of their Optimum.

Rations fed to dairy animals vary from an all rough-

age regime to one nearly devoid of roughage. In the heavily

populated sections of the United States heavy concentrate

feeding is practiced while in the western section of the coun-

try all roughage feeding programs are used by many farmers.

Reed 33 El. (1924) reported that heifers raised on roughage

alone were slower maturing than heifers raised on a combina-

tion of roughage and concentrates. Such heifers not only

matured later but produced less milk in subsequent lactations.

Numerous investigators have worked with rations



composed entirely of roughages. Willard (193h) reported

cows fed only roughage declined from peak production faster

than cows fed some concentrates. In an experiment with high

quality roughages, alfalfa hay and irrigated pastures, Wood-

'ward (19h5) found production equivalent to that of cows fed

concentrates at the rate of 2 to 12 pounds per day. Haag gt_gl,

(1929) studying the physiological effect of an all alfalfa

ration noted that cows produced only half as much milk as ex-

pected. These workers attributed this to a probable insuffi-

ciency of total digestible nutrients. Lindsey and Archibald

(1932) comparing low roughage rations with high roughage

rations found greater consumption of total digestible nutrients

on the former. The low roughage group produced more milk

and were in better general physical condition. Efficiency

of production was in favor of the low roughage group. Graves

_e_t_:_ g1. (1938) working with an all alfalfa ration and with a

full-feed ration found that the alfalfa fed group produced

only 57 per cent as much.milk and 60 per cent as much butter-

fat as when fed under a full-feed program. Cows fed alfalfa

for 2 consecutive lactations produced 10 per cent less the

second lactation than was produced during the first lactation.

They found little difference in the efficiency between the 2

rations but that little difference was in favor of the alfalfa.

Reed (1937) reported essentially the same results. Cows on

roughage produced only 67 per cent as much.milk and 62 per

cent as much butterfat as when they were fed grain in addition
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to roughage. Jensen 23 31. (19h2) in a report compiled from

10 cooperating experiment station herds in a feeding pro-

gram.found that cows fed roughage alone produced only 80 per

cent as much.milk as comparable cows fed grain at the rate

of one pound to 6 pounds of milk. This study in covering 10

states eliminated sectional variations. Graves 22,21, (19h0)

experimenting with A different rations found that full grain~

feeding produced approximately 16 per cent more milk than

a ration in which barley was the sole concentrate. The

barley ration was superior to an all roughage ration. Jones

ggigl, (193E) reported that cows on a low-grain ration had

very low production while similar cows on a similar ration

but with more grain consumed more total digestible nutrients

with greater efficiency of production and with less gain in

weight. Smith.g£‘g£. (1945) at the same station found that

replacement of 13 to 25 per cent of the alfalfa total diges-

tible nutrients with concentrate allowed cows to produce nor-

mally. W011 (1918) working with alfalfa as a sole feed for

dairy cattle found that cows produced ES per cent more butter-

fat on a mixed ration during the first lactation and 23 per

cent more butterfat during the second lactation than When

fed an all-alfalfa ration.

Haag (1931) reported that alfalfa crude protein

was deficient in cystine. Huffman and Duncan (19h2, 19hh,

19h7, 19h9, 1950) in a series of experiments indicated that

cystine was not a limiting factor in alfalfa for milk
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productiOn. They found in nearly all instances that concen-

trate in addition to alfalfa increased milk production. To

compare different feeding stuffs cows were depleted on alfalfa

until milk production leveled off. The feedstuff in question

was then added to the ration. They found that cystine

corn starch and sugar were all inactive in this regard since

these feedstuffs did not increase production of 4 per cent fat

corrected milk but iso-caloric amounts of corn and wheat in-

creased milk production significantly. Davis and Kemmerer

(1948) in paired feeding eXperiments found that milk produc-

tion could be maintained when near iso-caloric amounts of

dried citrus ne’l Taft Substitutnd for corn.

Headley (1930) indicated that alfalfa hay and grain

were equally efficient for butterfat production on the basis

of total digestible nutrient content. Redman (1952) conclu-

ded that roughages and concentrates are not freely substitut-

able but are complimentary. Milk was produced more effi-

ciently when some grain was fed. He agreed with Jensen et 31.

(19A2) that milk production was a curvilinear function of

feed consumed. Increasing increments of feed were required

to produce the same amount of four per cent fat corrected

milk at higher levels of production. Headley (1943) indicated

that a logarithmic function existed between total digestible

nutrients and 4 per cent fat corrected milk. Baker and

Tomhave (1944) found a straight-line relationship between

total digeStible nutrient intake and milk production. Borland

.gt‘al. (19A2) found that the milk yield per pound of grain



decreased as the amount Of grain increased. Tennant and

Fowler (1941) noted that annual production of 4 per cent fat

corrected milk increased approximately 90 pounds for each 100

pounds increase in grain. Autrey (1941) reported significant

differences in milk production when cows were fed roughage

alone, limited grain and full grain. Saarinen 22.2l0 (1951)

reviewed work of other investigators and found that iso-

caloric amounts of grain substituted for roughage were not

equivalent "calculated net energy" values. They designed an

experiment using "calculated net energy" as the basis for

substitution of concentrates for roughages. Results of their

eXperiment indicated corn was not superior to roughage on the

"calculated net energy" basis formilk production. moors 33 a1.

(1952) studied the relationship between the "total digestible

nutrient” system and "calculated net energy" system for feed

evaluation. They found that the difference between the two

systems became progressively greater as the feedstuff total

digestible nutrient value lowered and that variations "up to

100 % difference in the energy value of 1 lb. of TDN, depend-

ing on the feed" could be expected.

Huffman and Duncan (1952), in rebuttal to the pro-

ponents of the ”calculated net energy" system of feed evalua-

tion for the solution of this problem, showed that the in-

clusion of abnormally large amounts Of indigestible organic

matter, "ballast", in the ration did not cause a depression
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in milk production as long as the balance of the ration was

maintained. This group of workers (Huffman at 31., 1952a)

further substantiated their position by demonstrating that

the inclusion of oakwood meal, wheat straw or peanut hulls

in a balanced ration did not depress milk production. They

demonstrated further that immature alfalfa and timothy hays

had milk producing power not accounted for on the basis of

coefficients of digestibility, starch equivalent, total diges-

tible nutrient, or calculated net energy content (Huffman

g§_§l. 1952b). These workers indicated that the values of

feeds were not necessarily additive in all cases, especially

in the case of grain supplementation of a hay ration.

Davis 32 El° (1953) indicated there are no uniden-

tified factors in concentrates for milk production. They ex-

plained the increased production on increases in productive

energy consumed and "balance of the ration."
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PROCEDURE

The data used in this study were those accumulated

from 1934 to 1953 in the Michigan State College Experiment

Station dairy nutrition herd. The study was made on 323 lac-

tation records from 78 cows; 285 records made by 63 Holsteins,

26 by 6 Jerseys, and 12 by 9 scrubs.

Lactations of less than 250 days were not included

in this study and those of more than 305 days were terminated

at the 305-day point. The monthly fat test used was an aver-

age Of 3-day composite tests for the month. Four per cent

fat corrected milk was computed for each month by the use of

Gaines' (1928) formula. The records were neither corrected

for age of cow at calvingnor for length if less than 305 days

in duration.

June 1 to May 31 was selected as the feeding year.

The year was divided into the seasons suggested by Cranek

(1952). These were December, January and February in Group 1;

MarCh, April and May in Group 2; June, July and August in

Group 3; and September, October and November in Group 4.

Lactations were grouped for age-at-calving analysis

by 6-month intervals. The first group included all cows

which calved prior to 2 years of age. Cows 12 years old and

over were grouped in the last group. The procedure of drop-

ping 15 days or less and adding a month to the age for 16

days or more was followed.

Weight changes were calculated for each lactation
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of each cow. Three patterns were followed for obtaining cow

weights during the time covered by this study. For periods

when cows were weighed on three consecutive days each month,

the first such weighing after calving was taken as the init-

ial weight. The final weight was the weighing closest to

the end Of the lactation period. In cases where daily weigh-

ings were made, the initial weight was an average of the

weights for the first month after calving and the final weight

of the weighings for the last month of the lactation period.

For records where weighings were made every third day, the

fourth, fifth and sixth weighings after calving were aver-

aged and used as the initial weight. The final weight was

an average of the last 3 weighings before the end of the lac-

tation.

Daily feed records were totaled for each lactation.

The total digestible nutrient values for feed consumed were

calculated using the values for each feed listed in the Appen-

dix Table 2. The table was compiled from data compiled by

Huffman (1953), Morrison (1948) and Schnieder (1947). Corn

silage was separated into roughage equivalent and concentrate

equivalent by using 1b3- cogn silage X 80.1 for total diges—

tible nutrients of corn grain and corn silage total digestible

nutrients minus corn total digestible nutrients for hay value

of the corn stalk-pnrtion of the silage.

Bartlett's test of homogeneity of variance (1937)

indicated that the data were sufficiently homogenous to be
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analyzed. Statistical analyses for the effect of pasture,

age at calving, season of calving, year of lactation and

length of dry period were carried out according to patterns

set forth by Snedecor (1946). Analysis of variance for each

variable with 4 per cent fat corrected milk production was

run without taking into account any other variable.

Correlation coefficients and regression equations

were calculated for:

1. FCM vs. total TDN

2. FCM vs. Roughage TDN and Concentrate TDN

3. FCM vs. Roughage TDN, Concentrate TDN and Weight

Change.

Since it was necessary to know the entire total digestible

nutrient consumption during each lactation, 42 lactations

during which the cows were on pasture for 2 or more days were

eliminated from the analysis.
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RESULTS

Three hundred-twenty-three records made by 78 cows

were analyzed. The average number of lactations per cow was

h.lh. The mean lactation, the 3.69th, indicated a predomi-

nance of first lactations as well as cows with unusually

large numbers of lactations. First lactations comprised 22.3

per cent of the total. Seventy-five per cent of the lacta-

tions were 300 days or more in length with the average being

298 days. Individual records ranged from less than #000

pounds to more than 15000 pounds of h per cent fat correCted

milk. Bartlett's test was employed and indicated that the

population was homogenous.

An analysis of variance for the effect of pasture

on milk production (Table 1) indicated no significant dif-

ference between the averages of the 2 groups.

The analysis of variance for the effect of age at

calving on milk production may be found in Table 2. The F

test indicated significance at the 5 per cent level of

probability.

The analysis of variance for the effect of the sea-

son of calving on.milk production is recorded in Table 3.

The seasonal differences were significant at the 5 per cent

level of probability. The season of calving for maximum

milk production was September, October, and November.

The year in which the lactation took place had a

highly significant effect on the milk production level
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(Table 4). The P value Of 4.281 was highly significant at

the one per cent level of probability. The average yearly

production was significantly larger during the early years

of this study.

The analysis of variance for the effect Of length

of previous dry period on milk production did not approach

significance in this study (Table 5). The dry periods ranged

in length from one day to nearly a year. Only 2 lactations

were preceded by dry periods of 30 days or less.

The amount Of concentrate total digestible nutrients

received by cows in this study ranged from one to more than

6000 pounds. Roughage total digestible nutrient intake ranged

from approximately 2000 pounds to approximately 7000 pounds.

The total digestible nutrient intake ranged from approximately

4000 pounds to approximately 9000 pounds.

Age at calving, season of calving and year of lac-

tation, variables which exerted barely significant effects

on 4 per cent fat corrected milk production, lost their iden-

tity with redistribution Of data and were not included as

variables in the correlation analyses.

Necessarily lactations during which the cows were

on pasture were not included in these analyses, leaving 281

lactations available with complete feed data.

The correlation coefficient, 0.817 3: 0.020, between

4 per cent fat corrected milk and total digestible nutrients

was highly significant. The predicting equation for the
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relationship between these two variables was found to be

FCM - 1.716 TDN - 2272-1 1316 pounds.

The multiple correlation coefficient, 0.845.: 0.017,

between fat corrected milk and roughage total digestible nu-

trients and concentrate total digestible nutrients was highly

significant. The predicting equation for this relationship

was found to be

FCM - 1.783 conc. TDN + 0.858 rough. TDN 4

1858 i 905 pounds.

An analysis of variance in the regression showed that

both regression coefficients were highly significant as well

as being highly significantly different from each other.

The multiple correlation coefficient, 0.844 1 0.017,

between 4 per cent fat corrected milk and roughage total diges-

tible nutrients, concentrate total digestible nutrients and

weight change was highly significant. Since the inclusion

of the fourth variable, weight change, had practically no

effect on the multiple correlation coefficient it was assumed

that any relationship between weight change and 4 per cent

fat corrected milk was not significant.
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TABLE 1

Pasture vs. NO Pasture for Milk Production

A. Analysis of Variance

 

 

Source DF Sum of Squares Mean Square F

Groups 1 2340796 2340796 0.414

Individuals 321 1702101451 5302497

Total 322 1704442247

 

B. Comparison of Groups

 

 

Groups Cows Records Average

(no.) (no.) (1b.)

Pasture 23 42 7176

NO Pasture 65 281 7483

 

Standard Deviation = 2302 pounds of 4% FCM.



TABLE 2

Effect of Age at Calving on Milk Production

A. Analysis of Variance

l8

 

 

 

 

 

Source DF Sum of Squares Mean Square F

Groups 21 191324662 9110698 1.812*

Individuals 301 1513117585 5026968

Totals 322 1704442247

E. Averages for Each Age Group

Age Group Records Average g Age Group Records Average

(yr.) (no.) (1b.) i (yr.) (no.) (1b.)

under 2 5 5425 g 7-7 1/2 18 7153

2-2 1/2 35 6782 E 7 1/2-8 15 8627

2 1/2-3 28 6532 S 8-8 1/2 9 7808

3-3 1/2 22 7748 g 8 1/2-9 13 8475

3 1/2-4 29 7233 5 9-9 1/2 4 7095

4-4 1/2 21 8119 g 9 1/2-10 10 7205

4 1/2-5 21 7283 E 10-10 1/2 5 7297

5-5 1/2 17 8198 E 10 1/2-11 3 9377

5 1/2-6 20 8260 E 11-11 1/2 7 6524

6-6 1/2 16 7744 E 11 1/2-12 4 6290

6 1/2-7 12 8194 g 12 and over 9 5730

 

*Significant at the 5 per cent level of probability.

Standard Deviation = 2242 pounds of 4 per cent FCM.



TABLE 3

19

Effect of Season Of Calving on Milk Production

A. Analysis of Variance

 

Source DF Sum of Squares Mean Square F

 

Seasons 3 58995789

Individuals 319 1645446458

Total 322 1704442247

19665263 3.8l3*

5158139

 

fi"

B. Season Averages for Production

 

 

Season Average

(1b.)

Dec., Jan., Feb. 7585

Mar., Apr., May 7323

June, July, Aug. 6852

Sept., Oct., Nov. 8120

 

*Significant at the 5 per cent level of probability.

Standard Deviation = 2271 pounds of 4 per cent FCM.
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TABLE 4

Effect of Year of Lactation on Milk Production

A. Analysis of Variance

 

 

 

 

 

Source DF Sum of Squares Mean Square F

Years 18 360745018 20041390 4.5342**

Individuals 304 1343697229 4420057

Total 322 1704442247

E. Average Lactation by Years

I

Year Records Average E Year Records Average

(50.)7 (1b.)? (no.)fi (1b.)1

1934 8 8733 g 1944 18 8181

1935 7 10030 E 1945 19 7799

1936 5 10821 E 1946 22 8025

1937 11 6601 g 1947 26 6113

1938 11 7892 E 1948 25 6695

1939 17 9653 g 1949 17 6598

1940 15 7963 E 1950 25 6272

I

1941 23 7131 : 1951 20 6729

1942 27 7144 E 1952 6 7130

1943 21 7865 g

u
 

**Significant at the l per cent level of probability.

Standard Deviation = 2106 pounds of 4 per cent FCM.





TABLE 5

21

Effect of Length of Dry Period on Milk Production

A. Analysis of Variance

 

 

 

 

 

Source DF Sum of Squares Mean Square F

Periods 4 15733773 3933443 0.695

Individuals 247 1397109229 5656312

Total 251 1412843002

E. Averages for Dry Period Length

Period Records Average

(day) (no.) (1b.)

0-59 71 7828

60-89 101 7510

90-119 51 8125

120-149 15 6835

150 and over 13 7281

 

Standard Deviation = 2378 pounds of 4 per cent FCM.
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DISCUSSION

In the process of evaluating the effect of total

digestible nutrients in the form of concentrate separate from

that of total digestible nutrients in the form of roughage

it was necessary to establish that the data were homogenous

in nature. The use of Bartlett's test established this point

and opened the way for further analysis of the data.

It was deemed necessary to determine significant

environmental sources of variation in milk production other

than those connected with feed intake in the barn. Lack of

significant variance due to the effect of pasture and to

length of dry period eliminated these as factors to be con-

sidered. Variance due to age at calving and season of calv-

ing was barely significant. The year in which the lactation

was made exerted a highly significant effect on milk produc-

tion with the early years of the study having the higher

level of milk production. Inspection of the feed intake data

indicated that this effect was largely due to the level of

concentrate intake during those early years and would be in-

cluded in the analysis of nutrient intake.

Separation of the total digestible nutrient intake

into 2 catagories, roughage and concentrate, increased the

correlation coefficient between nutrient intake and milk pro-

duction from 0.817 to 0.843. This indicated that roughage

and concentrate total digestible nutrients did not exert

equal effects on milk production in the group of lactations





studied since a greater portion of the variance was accounted

for by regression when the nutrient intake was separated into

the 2 categories. The addition of a fourth variable, weight

change, to the analysis resulted in no increase in the cor-

relation coefficient indicating the insignificance of weight

change as a factoraffecting milk production in this study.

The simple regression equation calculated from the

data indicated that when the total digestible nutrient intake

was used as a single criterion that a pound of total diges-

tible nutrients would produce 1.716 pounds of 4 per cent fat

corrected milk after the constant for the equation was sat-

isfied. Since no attempt was made to Correct the feed intake

for it, the maintenance nutrient requirement appeared in the

form of the constant, -2272 i 1316 pounds of 4 per cent fat

corrected milk or its equivalent in total digestible nutrients.

This indicated theoritically that the cow had to eat nut-

rients equivalent to this amount of milk before milk could

be produced. It is entirely possible that the relationship

might be more curvilinear if zero milk.production were app-

roached. Insufficient data were available in this study in

the very low levels of production to make any definite pre-

diction regarding the maintenance total digestible nutrient

requirement of the cows.

The relationship between nutrient intake and milk

production has been reported to be curvilinear (Headley, 1943:

Jensen 32 31., 1942: and Redman, 1952). The data used in





24

this study were not analyzed for curvilinearity. However,

it is highly improbable that the relationship is more than

slightly curvilinear since 66 per cent of the variance is

accounted for by linear regression. The range of points

from which this regression equation for these 2 variates was

calculated was so narrow that curvilinearity might well be

masked.

The multiple regression equation showing the rela-

tionship between h per cent fat corrected milk and the sepa-

rated categories of total digestible nutrients, roughage and

concentrate, indicated that total digestible nutrients in

the form of concentrate were approximately twice as efficient

for milk production as were those in the form of roughage.

It is probable that roughage total digestible nutrients were

penalized for milk production by the maintenance requirement

of the cows. The fact remains, however, that the regression

coefficients fer roughage nutrients and concentrate nutrients

were highly significantly different from each other, 0.838

and 1.783, respectively. A 6

The results of this study, that concentrate total

digestible nutrients are more efficient for milk production

than are roughage total digestible nutrients, are in agree-

ment with those of Huffman and Duncan (l9h7, 19h9, 1950,

1952, 19522), Lindsey and Archibald (1932) and Smith _e_t_ 9;.

(19h5). All of these studies were made with the roughage

concentrate ratio greater than 1/1. In each investigation

the substitution of concentrate for rOughage on the basis
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of total digestible nutrients resulted in more efficient milk

production. It is entirely possible that this relationship

might not continue to hold if the above ratio were much

smaller than 1/1. It is well known that cows are unable to

tolerate very small roughage/concentrate ratios, very little

roughage and the remainder of the nutrients as concentrate.

Redman (1952) has attempted to explain the apparent

inconsistencies in the results obtained from the feeding of

equal amounts of total digestible nutrients from different

nutrient sources with varying results in lactation experi-

ments. His explanation recognizes the need for a "balanced

ration" including optimum quantities of all nutrients for

maximum production and proposes that "roughages and grain

are not perfect substitutes for each other, but possess a

degree of complementarity." Davis gt El. (1953) attributed

the increased productivity of rations after the addition of

grain on better "balance" in the ration and on greater in-

take of "productive energy". The need for concentrate to

complement or balance roughage is indicated by the results

of this study and agrees with the results of Huffman and

coworkers (Huffman and Duncan, 1952; Huffman gt g1., 1952a).



A study ncs made on 325 lactation records accumu-

lated from 1934 to 1953 made by 78 cows oredoulnrntly of the

holstein breed.

Variance of 4 per cent fat corrected milk due to

the effect of pasture, length of dry period, age at calving,

season of calving and the year in which the lactation wa.s

made wss inelanliicant, insignificant, significant, signifi-
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cent, and high

feed intake data indicat ed that tr.6 si ificance Of the year

in which the lactation was made was largely due to the level

of concentrate intake during the early years Of the study.

The 281 lactation records with complete feed data

(no pasture) were subjected to correlation and regression

analyses. The correlation between 4 per cent fat corrected

milk production and tota diwetible nutrient intaas was 0.817

with the corresponding regression equation FCM - 1.716 TDN -

2272 :_1316 pounds. The correlation coefficient be.tween 4

per cent fat corrected milk production and roughage total

digestible nutrientswas 0.843, indicating advantage in the

separation of the 2 categorise of nutrients fa? the analvsis.

The regression equation for this relationship was FCM - 1.783

conc. '1‘DN’+ 0. 888 rouggh. TDN + 1358 + 905 pounds. A analysis

of variance of t;18 regression inciicated that both coeffi—

Clents of regression were highly significanta8 well as

being highly significantly different from each other. This
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equation indicated that total digestible nutrients in the

form of concentrate were more efficiently used for milk pro-

duction than were those in the form of roughage. The possi-

bility that roughage total digestible nutrients were penalized

by the maintenance nutrient requirement of the cows was dis-

cussed. The addition of a fourth variable, weight change,

added nothing to the multiple correlation.

The need for a "balanced ration" for milk produc-

tion and the complementarity of concentrate and roughage

were discussed.
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Feeding Stuff TDN Reference

 

A7's grain

Barley

Beets, sugar

Beet

Beet

tops,

PU1P

sugar

Bran, wheat

Butter oil

Buttermilk powder

Casein

Chickery

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

Corn

and cobmeal

Gluten meal

Starch

0008

oil

and shavings

and peanut hulls

gluten meal and peanut hulls

Complex No. 2

Cottonseed oil meal

Dried Molasses

Linseed Oil

Linseed oil meal

Liver meal

Meat Scrap

Molasses

Oats

Palm Kernel oil meal

Peanut hull mix

Rye malt

Ration no. 1

Ration no. 2

Semi-synthetic concentrate

Skim milk

Special mix

Solubles mix

Soybeans

Soybean oil

I
O

:
0

H
m
:
:

#
4
4
4
#
4
4
m
m
m
4
w
m
4
4
:
t
w
p
z
m
m
q
m
m
m
m
p
m
m
m

4
4

h
)

R
)

A

Q

\

o
o

o
o

o
o

o
o

o
o

o
o

o
o

O
O
O
O
N
O
-
fi
'
W
I
-
J
O
U
I
I
-
‘
O
C
h
-
x
]
N
O
O
O
N
O
O
O
O
O
K
I
O
N
I
O
I
D
I
-
‘
O
O
U
J
O
M
C
D
K
O
C
D
-
‘
I
O

-
I
=
'
-
]
O
\
O
\
®
O
\
-
I
=
'
O
\
0
0
\
O
\
0

—
=
’
\
O
O
\
-
\
]
F
-
P
’
O
W
O
N
O
C
D
-
P
’
W
K
‘
I
0
0
0

O
-
Q
-
K
I
U
‘
I

-
I
=
'
-
<
I
‘
~
I
0
\
O
-
<
I
U
'
I

E
H
3
5
3
5
2
U
H
E
U
S
Z
H
I
C
E
E
H
Z
E
E
E
H
Z
G
E
D
:
E
H
3
C
E
Z
H
E
D
S
E
H
Z
E
Z
E
H
Z
E
i
fi
fl
fl
O
D
E
H
Z
E
§
U
H
W
S
i
m

.
)
’



APPENDIX TABLE 2 (continued)

Total Digestible Nutrient Values for Feeding Stuffs

51

 

 

Feeding Stuff TDN Reference

(%)

Soybean oil meal 78.5 M

Sugar 90.0 H

Synthetic Corn 46.0 H

Synthetic Corn and Corn Gluten Meal 46.0 H

Velvet beans 81.7 M

Wheat 80.0 M

Yeast 70.5 M

Hay

1934 51.88 H

1935 49.52 H

1936 48.55 H

1937 48.33 H

1938 48.17 H

1939 46.77 H

1940 49.08 H

1941 50.86 H

1942 49.24 H

1943 49.60 H

1944 50.77 H

1945 50.40 H

1946 51.31 H

1947 49.84 H

1948 49.73 H

1949 50.61 H

1950 44.21 H

1951 53.78 H

1952 50.71 H

Ladino Clover 57.50 H

Corn Silage

1934 18.21 H

1935 15.79 H

1936 15.38 H

1937 17.37 H

1938 15.83 H

1939 20.49 H

1940' 18.29 H

1941 18.40 H1

1942 17.70 H

1943 17.52 H
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Feeding Stuff TDN Reference

7%)

Corn Silage (continued)

1944 16.20 H

1945 19.44 HEOhio M-15)2

1945 11.80 H Eureka)

1946 21.16 H

1947 20.88 H

1948 19.13 H

1949 17.26 H

1950 19.06 H

1951 18.88 H

1952 21.27 H

Alfalfa-brome silage q

1937 8.8 H3

1938 16.8 H

1939 12.4 H

1940 15.5 H

1941 17.3 H

1942 .17. H

1950 22.0 H

All analyses 15.74 H

Clover-timothy silage 16.7 H

Ladino clover silage 17.9 M

Alfalfa-pea silage 17.0 H

Oat-pea silage 16.8 H

Green oats 16.9 M

Stalk silage 13.1 M

Sudan grass silage 14.7 M

 

H Huffman (1953g

M Morrison (194 )

S Schneider (1947)

1 No corn silage analyses were made in 1941. The value

used for 1941 is an average of analyses for these data.

2. Two different corn varieties were ensiled. Ohio M-15

was an early maturing variety with a relatively large

number of ears. Eureka was a later maturing variety

with unusually large stalks and relatively few ears.

3 The alfalfa-brome silage had an unusually high butyric

acid content.
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