R )

e —

LD
Y634 3
PS

UREA AND YUCCA (MANIHOT ESCULENTA)
FOR DAIRY CATTLE IN COLOMBIA

A Thesis

Submitted to the Faculty
of
Purdue University
by
Jaime Edwnardo Pineda Morales

In Partial Fulfillment of the

Reguirements for the Degree

of
Doctor of rhilosophy .

January 1971



it

ACKNOWLEDGMENTS

The author takes pleasure in expressing his gincere
appreciation to br, Carl I, Nﬁller for his guwidance, con-
stant assistance and encouragement throughout graduate
school and the course of this research,

Special thanks are extended to pr, J. J, Franco to whom
the author is indebted for continuous help during the re-
search,

The author is indebted to the hockefeller Foundation
whose financial assistance through a Fellowship made possi-
ble the completion of his graduate study and research; and
to the Colombian Institute of Agriculture (ICA} whose sup-
nort aﬁd approval were indispensable in the conduct of this

study,
Special appreciation is due to the author's wife,

Ligia, whose sncouragement was constani,



1i1

TABLiE OF CONTENTS
rage
LIST OF TABLES . v & 4 & ¢ ¢ ¢ o o o o o o o o o o o & v
LIST OF FIGUKES. . . + + + + = S viii
ABSTRACT , . . & o« v o« 4 v o o o s o o s o & o » o » ix
INTRODUCTION . . & & + v o v o & o s & o &« o o o o =+ = 1

SECTION ONE. INFLUENCE OF UHEA FEEDING ON PROVUCTION
AND HEPRODUCTIVE PEZRFOQRMANCE OF DAIRY CATTLE.

Introduction . . . . . ¢ ¢ 4 ¢ 6 4 4 e 4 e e e e s 7
Heview of Literature . . . . . . + .+ « + + & s s s 9
General, . . . . . e e e e e e 9
Urea in Ratlons for Dalry Cattle . e e e 12
Effect of Urea on Reproductive Performance of
Dairy Cattle ., . e e s e e m e e e e e e e e 16
Pathological hffects e e s e e 4 et e e e e e s 19
Minerals . . . e e e e e e e e e e e e ' 20
Materials and Methods T 21
Results and discussion . B 27
Feed Intake. . . . . . B 27
Production ., . . .« + + v 4 ¢ 4 ¢ o s o v s e e 2. 31
Milk Fat . . . . ¢ v v 4 v o o v o o o v e e e e 34
height Changes . . o o o v o o o o &+ o + o o s o o 34
Blood Minerals . . . . « + « ¢« ¢« ¢ o o s 4 e 38
Calcium, , . . « + & o o o s s o o « = o » o & » 8
PhoSphlOTUS . . &+ « « « v & o 5 o = o o o + o + 1
MAZNEBIiUWM, . + ¢ ¢ & o o o o » o & = . e e e s 43
POtaBBiumM, . . . v + o ¢ « o o ¢ o o = s o o o Ls
UPBB . o o o o « o 2 ¢ o s ¢ + = s o« o 3 = « s L5
Reproduction . . . . & 4 « & o o o o o o s o o o = Lo

SECTION TWO. COMPARISON OF CORN AND YUCCA (MANINOT
ESCULENTA ) AS SOURCES OF cNBEaGY ¥FOR GROWING JAIRY
HEIFERS FEp SUGAR CANE TOPS AS TiHe SO0LE RUUGHAGK,

Introduction . . . . . . .

Heview of Literature . . . . . + « « « o o o o o « & 56
Growth of Dairy Heifers, . . . . . . . « « o « « 56
Origin of Yucca. ., . . & v v ¢ v 4 4 e 0 4 e e o . 58
Climate and SoilB, . . . . . + + ¢« ¢ « « ¢ o o o = 59



iv

TABLE OF CONTENTS
{continued)

Page

Pla'n.tin!; hiethods » * ] » » L > > - » - - - » - » - 60
Fertilization, . .

Diseases . e e e e e e e . e 61
Harvest, . e h e e e e e . . 61
Yields e e e e e e e s e . . . 62
Use of Yucca . . . . . . . . . . s . e . 62
Materials and Methods, ., . . . . . ., . . . o . 65
Hesulte and biscussion . , . . . . . . . . . .. 68

Gh:NML SU}{M i::Y L] - * - . . * . - L] (] L] * L] L3 - . . - L] ?6
BIBLIDGMPEIY (] L] L] L] L3 L] L] - . » . L] - - - » L] . L] - » ?9
APPENA‘)IX - » - » L] L] - . . L] - - » » * . - - . . » . L 8?

VITA » . - * L] L] - L] L] . L] . L] . * » - L] - - * » . - . 112



LIST OF TABLES
Table
l. Composition of Concentrates Fed on As Fed Basis .
2. Chemical Composzition of the Concentrate Fed . , .

3. Average Chemiocal Composition of the Corn Silage
FYed During the Experiment . . . , . . . . . . .

k., Average Feed Consumption, Milk Production, Fat
Percent and Boedy Weight Changes of Cows During
the First lactation . . . . . « ¢« . .« + « ¢« . .

5. 4verage Feed Ceonsumption, Milk Production, Fat
Percent and Body Weight Changes of Cows during
the Second lactation (0 to 140 days). . . . . . .

6, Summary of Reproductive PFerformance of the Exper-
imental Animels . , . . . . . . . . . e e . .

7. Common Names for Yucca, Countries Growing, and
Areas Under Cultivation . . . . . . . . . . . . .

8, Chemical Composition of Yucca Hoots . . . . . .
9. Composition of Supplements Fed. . . . . . . . . .

10, Average Chemical Compomition of the Feeds Used
puring the Experiment. . . . . . . .+« . . ¢« ¢« « + .

11. Average Dapily Feed Intakes and Weight Gains of
I{eifare L ] - Ll - - * - » L] L] - - - - - - - - [ ] -

12, Sexual Maturity and Heproductive Performance of
Helfers. a L) - Ll - . * & ¢ * ¢ L LI B 1 L I B ] *

Appendix
Table

13. PRlood Serum Calcium Levels of Animals in Group I
At Different Stages of lactation (mg/100 ml), .,

14. Blood Serum Calcium Levels of Aniwals in Group II
At Different Stagzes of Lactation (mg/100 ml). . .

Page
26
28

28

36

37

52

58
64
67

73
74

75

87



vi

Appéndix - B . Page
Table

15, DBlood Serum Calcium Levels of Animals in Group III
at Different Stages of Lactation (mg/100 ml)., . . 89

16. [Blood Serum Phosphorus lLevels of Animals in Group
I at Different Stages of Lactation (mg/100 ml), . 90

17. Blood Serum Phoaphorus Levele of Animals in Group
I1 at Different Stages of Lactation (mg/100 ml) . 91

18, Blood Serum Phoaphorus Levels of Animals in Group
IIT at Different Stages of Lactation (mg/100 ml), 92

19. Blood Serum Magnesium Levels of Animals in Group
I at Different Stages of Lactation (mg/100 ml). . 93

20, DBlood Serum Magnesium Levels of Animals in Group
II at Different Stages of lactation (mg/100 ml) . ob

21. Blood Serum Magnesium Levels of Animals in Group
"IIT at Different Stages of Lactation (mg/100 ml}. 95

22, Blood Serum Potassium levels of Animals in Group
I at Different sStages of Lactation (mg/100 ml), . 96

23, Blood Serum Potassium Levels of Animals in Group
I1 at Different Stages of Lactation (mg/100 mi) . 97

24, Blood Serum Potassium Levels of iAnimals in Group
111 at Different Stages of Lactation (mg/l00 ml), 98

25. Blood Serum Urea lLevels of Animals in Group I at
Different Stages of Lactation (mg/100 ml) , ., . . 99

26, Blood Serum Urea levels of Animale in Group II at
Different Stagees of Lactation (mg/100 ml) , . . . 100

27. EBlood Serum Urea Levels of Aniwals in Group 1II
at Different Stages of Lactation (mg/100 ml). . . 101

28, PEody Weizhts of Animals in Group I Recorded Every
28 B&ys (kg ) » L] L] . - - - L] - L ] - - 1 ] L] L L - - 102

29, PBody Weights of Animals in Group II Recorded
Every 28 Daye (K3). . + + + « &+ « ¢ o o « o o« o« 103

30, Individual Daily Consumption of Sugar Cane Tops
by Animals in Group I, Contrel (kg on as fed
baaia). - - L] L] Ll » L] - . v L * - » " - - - - - - . 101"



Appendix

Table

31. Individual Daily Consumption of Sugar Cane Tons
by Animals in Group II, Experimental (kg on as
fed ha'sis)l - - - - - - - L] L) - L] L] v - [ ] » . L

32. body Weight Changes and Daily Feed Consummtion of
bairy leifers Accordinzg to Age. . . . . . . « . .

33, Lry Matter Consumption According to Body veight
Changes as Compared to NAS-NRC Allowances (1966),

3. Summary of Individual Heproductive Performance of
the Kxperimental Animals. . . . . . « . + « + .+ &

35. Individual Feed Intakes, Milk Yields and Fat Test

vuring 305~day Lactation., . . . . « + +¢ &+ + o «

vii

Page

105

106

107

108 ~

110



LIST OF FIGURES

Figure
1. Concentrate Consumption During First Lactation,
305 days, and Second Lactation, 140 days . . . . .
2. Milk Production: Experimental Groups Compared to
llerdmates During First Lactation, 305 days, and
second Lactation, 140 days . ., . . . . . . . . . .
3. Daily Protein Consumption of Experimental Groups
a8 Compared to NAS-NUHC dequirementes. . . ., ., . .
4, ¥ilk Fat Tesi of Experimental Groups Compared to
Herdmates During First Lactation, 305 days, and
second Lactation, 140 days . . . . . . . . « « . .
5. Calcium Content of blood at Differeni Stages of
Lactation, . . . . . . . . . . . L
6. Phosphorus Content of iBlood at LDifferent stages of
Iactation., . . . + 4« v 4 4 4 4 s e 4 4 e e e e e
7. Magnesium Content of Blood at bDifferent Stages of
I-ﬂ'cta'tionl » - - - . [ ] - > - - L ] - » . » » L L .
8. Potassium Content of ilood at Different Stages of
l‘a‘Cta'-tion. - [ ] » L ] - L] L] L L ] - L] L] - - L] - L - - ,
9. Urea Content of ulood at Different Stages of Lac-
tation L] - L ] L . - L3 - » - Ll » * L] L] [ ] [ ] [ ] . L] L) L)
10, Hody Weight of Animals Accordlng to Age Compared
te Two Growth Standards. . . . c e e e e e e e s
11. Average Sugar cane Tope Dry Matter Intake, . . . .
12. Averagze Daily Protein Intake of Animale flelated to

Body weight and Compared to NAS-NHC Allowances .| .

viii

Page

30

32

33

35

40

L2

LYy

46

8

69
71

72



ix

ABSTRACT

Pineda Morales, Jaime Eduardo, Ph.D. Purdue University,
January 1971, Urea and Yucca (Manihot bsculenta) for bairy
Cattle in Colombia. Major Professor: Ur. C. H, Noller.

Two experiments were conducted in Colomﬁia, south
Amefica: 1) to determine the effects of urea on production
and reproductive performance of dairy cows when incorpora-
ted, as a source of protein, in the concentrate mixture;
and 2) to evaluate the substitution of yucca (Manihot
Esculenta) for corn as a source of energy for growing dairy
heifers,

On the urea experiment, twenty-four liolstein dairy
cows were assigned at random to three treatments; I) con-
-trol, II) 33 percent of the supplementary protein from urea,
and III) 66 percent of the supplementary protein from urea,
Corn silage was fed as the sole forage. The exXperiment was
initiated about one month prepartuﬁ and continued through
one lactation to 140 days into the second lactation,

Statistically significant differences (P<£,05) were
found in overall concentrate intake during the first 305~
day lactation period bhetween the control and the experimen-
tal groups. Differences in intake were not significant
during the second lactation period. Concentrate intakes

were 1869.4, 1548.5 and 1619.4 kg, respectively, for cows in



groups I, II and III during the first lactation period,
Intakes of urea averaged 0, 118 and 216 g, for cows in the
reapective 3 groups,

Milk yields were 5457.9, 4915.9 and 5120.7 kg, respec-
tively, for cows in groups I, IT and I1] during the first
305-day lactation., Highly significant differencea (P«.01)
in percent milk fat were found between the groupe during
both lactations. Avergge milk fat percentages were 3.45,
3.54 and 3.74 for the first lactation and 3.44, 3.61 and
3.70 for the second lactation for groups I, II and III, re-
spectively. No significant differencees were found in fat-
corrected milk produced.

Statistically significant differences between groups
were found in blood serum levels of Ca, P, K and urea, par-
ticularly, immediately after parturition. Animale in the
high urea group (Group III) consistently had the lowest
levele of Ca, P and K, and the highest levels of blood urea
nitrogen (BUN). BUN increased as dietary levels of urea in-
creased, No significant differences were found in blood
serum Mg.

Number of services required per conception were 1,50,
2.75 and 3.66 for the first period and 1.57, 2.71 and 2.25
for the second period, for groups I, II and III, respec-
tively. In group I, one cow aborted, was rebred and had a
normal second parturition on experiment., A4ll animals in

this group conceived after the second parturition on experi-

ment.
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In group II, one cow aborted, ? calved a second time and
all 7 were diagnoeed pregnant after the second p&rturitibn
on experiment, 1In group 111, 2 cows aborted, 2 did not con-
ceive after 5 and 6 inseminationsas, respectively, and 1 cow
died at time of second varturition. Only 3 cows entered a
second lactation. The 3 mentioned cows and one of the ani-
mals that aborted were diagnosed pregnant a second time,

On the energy experiment, 20 eight-month-old lolstein
heifere were assigned at random to two treatments: Group
I, corn grain as the main supplementary energy source; and

group 1I, yucca (Manihot kKsculenta}, substituted for corn

on a dry matter bazis, Sugar cane tops were used as the
sole forage in both groups.

Statistically significent differences (P<£.05) were
found in body weight zains in favor of the yucca-fed heifers
between 8 and 16 months of age (224 days). Average daily
weight gains were .781 and .833 kg, respectively, for groups
I and II., Feed intakes, on a dry matter basis, were similar
in both groups.

Average age for the first breeding was 15 and 14.5
months and average services per conception were 1.88 and

1.77 for groups I and II, respectively.



INTRODUCTION

0f the natural conditions limiting intensification of
livestock production in Colombia, rainfall and temperature
are the principal factors; rainfall fluctuations cause
either a lack or abundance of pastures,_

Denendine unon the interaction hetween climate and
§0il, Dboth quantitative and qualitative nitritional problems
arigse on the natural nastures., In arid rezions, the veceta-
tion cover, though accentable in feed valne, is too srarse
to nermit a high productivity. (n the other hand, in the
more fertile regions, the marked variations between dry and
rainy season conditions give rise to equally sharn seasonal
fluctuations in the amount and nutritive value of the pas-
tures. Temperatnre per se also limits the extension of
;ivestock production. The tropical, and even subtronical
conditions prevatling overrvast areas of the country, pro-
mote the deceneration of unadapted types of livestock and an
increased incidence of disease. These, in‘brief, constitute
some of the major limitations which confront the animal in-
dustry of Colombia, Of course, various hreeds and tynes of
livestock which have evolved are reasonably productive and
economical within the zciven limits of their respective hab-

itats. besides, there exists an appreciable population of



nurebred dairy animals which, if properly managed and bred,
perform very efficiently.

Even though a high degree of progress has been achieved,
attempts in the past were too frequently directed toward ab-
golute cenetic improvement without consideration of the vre-
vailinz environment. The most fundamental cause for the
failure with which breeders meet in their attemnts to im-
prove their animals with imported stock is,-therefore, the
lack of understanding of the conditions under which the
exotic breeds evolved, not only from the view of ecological
environment but also from that of nutrition and manasement,
Besides, the low overall nroductivity of indigenous types
of livestock has heen adacribed to the inferiority of their
cenetic wmake-un, while the scantiness of highly nutritive
food anﬁ reasonahle manazement conditions, as compared with
foreign standards, were up to recent times completely ignored,

The first stewns in the richt diregtion have come from
the realization, through investication, that mineral re-
ficiencies, phosphates in particular, occur in the natural
vastures of vast areas. Thus, clearly showinz that problems
other than those of a genetic hasis play their part.

during the last iwo decades attention has been directed
mainiy towards the disease aspect and, no doubt, with remark-
able success. This has led not only to further territorial
expansion of livestock farming, but also to a reduction in |

losses due to disease, The combating of many enzootic and



epizootic diseases havelbecome largely a matter of routine,
and those whic are meking use of the knowledere offered are de-
riving full benefit from it:

The cattle industry in Colombhia is finally realizing
that apart from mineral deficiencies and the limitations set
by disease, our pastures also lack certain other essential
ingredients if an acceptable level of production is to bhe
achieved. Since the beneficial influence of protein-rich
supplements is an accepted fact all over the world, the en-
ercies of research workers in Colombia have been, in the
past years, directed in that way.

Detailed investirations with humans and animals have re-
vealed that the nrotein problem is of the utmost sicnifi-
cance in much of Colombia, It has also become clecar that
this deficiency is closely linked with shortages of total
digestible nutrients‘or, the energy problem, It is now
realized that the nutritional problem in cattle is extremely
complex, and that it varies from one region to another de-
pending upon variations in the local climatic and s0il con-
ditions, Some areas suffer from an acute lack of essential
food ingredients during the dry season and experience an
abundance during the early rainy months, while others main-
tain a reasonably higch nutritional level throuchout the year.
From these observations it is clear that the nrescrintion of

a national livestock nutrition policy is wholly impossible,



The nature of supplementary feeds and also the extent
to which it should be made available calls for a regional
survey which will take into consideration the divergency of
natural conditions prevailing in Colombia, During dry
veriods, or in low rainfall regions, for example, sunnlemen-
tation should be based unon the utilization of certain in-
dustry by-products such as suzar cane tons, cane baggase,
cane molasses, urea, etc., and of indizenous crops like
yucca (Manihot utilissima), nlantains, etc. which should be
seriously considered as alternatives for regular forages,
at least, to be used in periods of nutritional scarcity for
livestock; while in the more humid areas, fodder crops,
silages and harvest surpluses are to be stored for periods
of nutritional depression.

The lagt limitation in the way of livestock improvement
is the climatological one. Althouzh there is an awareness
of the nutritional problems and there are resources to com-
bat the disease factor successfully, the contrel of the cli-
matic factors remains beyond our means. Iliowever, during
recent years the investicationa of numerous reseesrch workers
have shown that even thourh a decline in the vigour and growth
of unadapted types of livestock is a result of adverse cli-
'matic conditions, most of the poor performance of the ani-
mals wnder trOpicai conclitions is due to extremely poor rrac-
tices of nutrition and management and, in fact, promising

results have been obtained with purebred cattle as well as



with their crosses with native cattle when the required nu-
trients were nrovided and improfed mansgement Praétices were
used {ICA, 1968},

The need for a creater abundance of animal products is
of equal imnortence in Colombia and most other parts of the
world, In short, the demand remains unsatisfied, but the
gquestion also evidently arises whether it can be satisfied,

tqually clear are the possibilities of increasing the
present outpuit by the application of existing knowledze and
by further research on the basic problems already pointed
out. The scope of such an understanding is therefore nrac-
tically unlimited, and only during recent years has the im-
nortance thereof begzun to he fully annreciated,

It is renerally accented that the growth rates of cat-
tle, raised exclusively on nasture exhibiting monihly vari-
ations in its feed value, will also show a seasonal trend,
These seasonal fluctuations which are particularly charac-
teristic of thé zeneral rezion (Cauca River Valley) where
the present experiment on energy sources was conducted, are
senerally closely allied with the distribution of the rain-.
fall throuchout the year,

purine part of the year the grazing suffices for the
crowth reguirements of the animeals, whiie during the exw
treme dry neriods, when shortages prevail, growth not only
ceases but a considerable loss in weight occurs (ICA, 1969).

Instead of the normal growth cycle, the whole process is
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thus retarded, and since reproduction and production are
essentially functions of growth, these disturbances upset
the whole physioclogical balance,

The experiment on enerczy presented here was designed
to test the possibilities of using yucca as a source of
concentrate energy and urea as a source of protein to he
used as surplements to counteract the mentioned feed short-
azes, This research exrlores the wnossibilities of providing
the cattlemen with alternatives to their common nractices of
management and nutrition of lactatine cows and of rrowing
dairy heifers by using non-protein sourccs of nitroszen, such
as urea, and makinsg full usge of native sources of energy in
replacement of the traditional cereal grains, énd managinge
of the crowing heifers for acceptahle rates of crowth and

early sexual maturity,
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INTROUUCTION

Hesnite widespread use of moderate amounts of urea in
dairy concentrates, msny dairymen and some nutritionisis be-
lieve that hich producing cows will not nerform satisfac-
torily when fed urea-bearing concentrate mixtures,

Certainly, the concentration of urea in dairy rations,
the level of feeding, and the nature of feeding practices
have an effect on the extent to which urea can replace plant
protein nitrogen for the dairy cow.

Chalupa (196R) in a recent review, summarized the basic
nroblems in feeding urea to ruminants. uLeports of Colovos,
1967; iolter, 1968; iupel, 1943; and Ven Horn et al., 1967;
have dealt, at least in part, with the effect of urea on
wmilk wroduction. Althouch much has teen learned about the
utilization of urea and its effect on feed intake, very
limited information is availalle in the scientific litera-
ture recardinzg the effect of different levels of supplemen-
tal urea on milk vield, blood minerals, and reproductive
performance of lactating cows,

Many experiments have been of rather short duration
{Colovos, 1964; llolter et al,, 1963; Van Horn et al., 1967)

and have not considered blood mineral measurements or



reproductive performance, In some otber cases (Van Horn

et al., 1967; Huber et al., 1867} the effect of using urea
10 renlace rlant protein nitreven in the concentrate apnar-
ently has heen masked by wide variations in the number and
nroportions of energy-bearing insredients ir the concentrate
mixtures,.

Loeononic advantace is the main justification for in-
cludine urea in dairy concentrate mixiures, A saving is
generally realized only to the extent that urea nitrogen re-
rlace s expensive oilmeal nitrogen. when medium protein
cereal grain hy-nroducts comprise a major portion of a con-
centrate mixture containinz 16 to 20 percent crude rrotein,
the economic advantagze of using urea essentially disapnears,
However, when & hivh energy concentrate is desired,-as iz
frequently the cage in medium to high producing herds fed
nedium to low guality forace, the opportunity to substitute
urea for oilmeal nitrosen is zenerally maxinal. At the eane
time the incidence and severity of concentrate refusal may be
increased hecause'of either too much urea or too limited a
variety of energy-type ingredients. This prohlem has been
discussed hy ifiolter et al. (1968),

The objective of this work was to determine the short
and long-rancge effects of substituting urea for natural ni-
trogen sources in the concentrate on milk production, feed
intake, milk fat, blood mineral levels and reproductive per-
formance of medium to high producing dairy cows in Colombia,

sSouth America.



REVIEW OF LITERATURE

eneral

Many stwlies have been conducted since 1891, when
German workers (Zumtz, 1391) realized that non-nrotein ni-
trocen could be incorporated into microbial protein by the
rumen microorganisms, to determine the amount of non-protein
nitrogen which may bLe included in diets for domestic rumi-
nants,

It has heen suggested that when ruminanis are being fed
for maintenance only and a considerable portion of the ener-
ry of the ration comes from corn or an eqguivalent energy
gsource, urea may be used effectively to make un a nitrogen
deficiency. (Albert, 1953; Brown and Jacobson, 1966; Colovos
et al., 1963; larris et al., 1940). liowever, there seems to
e a denression of utilization of dietary nitrosen when all
of the supnlemental nitroszen comes from urea, or other non-
protein nitrogen sources, in high roughage maintenance or grow-
ing diets (Nelson et al., 1961; Nelson et al., 1962; imleigh
et al., 1943; woods et al., 1962).

aesearch cén he found to support either a view that
urea is not as efficient as natural protein supplements

{Perry et al., 1967; smith et al., 1960; Theurer et al.,
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1962), or that urea is equivalent to natural protein sup-
plements for growing and fattening cattle and sheep (Beeson
et al., 1965; Campbell et al., 1963),

reasibility of the use of urea and other non-protein
nitrogen sources in ruminant rations, particularly dairy
cattle, is consideréd in this review. Further encourage-
ment for using additional amounts of uresa must come from
introducing into feed practices new concepis devéloped in
the lgst decade and diligently applying some facts that
have been known for some time. As Van Horn et al,, (1967)
have pointed out, it is questionahle whether the rule of
thumb for using urea of "3% of concentrate or 1% of dry mat-
ter," is in agreement with the response that can be exnec-
ted from high producing cows. It mueti be rememberéd that
recent studies (Colovos, 1967; Conrad et al., 1963} show
that high-producing cows responded to high levels of urea
when the urea was fed with rations specifically constituted
for rapid utilization of non-protein nitrogen.

The success of urea feerding is dependent on the compo-
gition of the carbohydrates fed, The gquantity needed ap-
proximates 1.0 kg of readily fermentable carbohydrate per
100 g, of urea in an adepted cow. About two-thirds of the
readily fermentable carbohydrate should he starch,

The total gquantity of food consumed is equally important
t0 the cow in determining the amount of nitrogen used. Ni-

trogen utilization has been found to be a linear function of
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direstible energy input regardless of body weight of the
cattle used (Conrad et al., 1968).

The pathway for utilization of non-protein nitrogen is
via rumen microorganisms., As microorganisms multinly, they
synthesize proteins as constituenis of thieir own cells from
nutrients available in the rumen. Ammonia, the usual end-
nroduct of urea hydrolysis, is the nreferred source of ni-
trozen for a larce majority of the rumen bacteria studied
(tryant, 1962}, and is efficiently used for nrotein syn-
thesis if conditions are maximal for continuous fermenta-
tion. Juantitatively, amrmonia may be & growth limiting nu-
trient in the case of nitrogzen deficiency, At dietary
levels of less than 1.2% nitrogen, rumen function is im-
paired, feed intake reduced, and crowth of the host animal
stopped or markedly 1limited {(larris and Mitchell 1941).

rhosphorus is probhably the most important mineral nu-
trient with urea in most rations. Mineral mixtures of var-
ious kinds have hgen found to stimulate urea conversion to
microbial protein., The mineral mixture used by Virtanen
(1966) to meet the needs of the rumen microorganisms and
the cows on ourified diets, contained sodium, notassium,
calcium, nmenesium, conver, selenium, boron, cobalt, iodine
and molybdenum, Much about the contribution of microor«are-
ism synthesis to the amino acid nutrition of the cow cen Le
concluded by consideration of the quantity of any essenti&i

aminoacid produced in the rumen. Recently (Conrad et al.,
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1967) the hio-synthesis of methionine and its transfer to
milk nrotein have been quantitated, using an inverse isctope
dilntion method following single doses of sulfide - 353. In
this study, hay was superior to =silage for stimulating rumi-
nal methionine synthesis, The most extensive studies of
aminoncid patterns in the blood of Iactating COwWS were re-~
ported by Virtanen (1966) who used urea and ammonium salts
a8 the sole nitrogen source in purified diets. The concen-
trations of most of the free aminoacids, narticularly the
essential aminoacids, in the nlasma and whole blood of lac-
tating cows fed nurified diets were lower than those in
plasma of the control cows on normal feed, The relative de-
"crease in histidine was greater than for any other amino-
acide, It is noteworthy that the »lasma aminoacid natterns
vary amnong runinants in different physiolozical states,
Ultjen and Putman (1966) measured the free aminoacids in the
plasma of zrowing Anrus steers fed a purified diet supple-
mented with isolated soy protein or nrea. They found vgline,
isoleucine and phenylalanine tc be relatively lower in urea
supnlemented steers, and histidine to be lower on either of

the purified diets than on natural feeds,

Urea in Rations for Dairy Cattle
Conrad and ilibbs (1966) userd a pelleted combination of
66% dehydrated alfalfa, 31.6% urea, 2% monosodium phosphate,
0.4% sodium metabisulfite, and a vpreservative, as the only

supnlemental protein concentrate in rations of high oroducing
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cows, This protein supplement (Dehy-100) contained 16% ni-
trogen, or = . 100% crude protein equivalent, When added to
corn meal at the 9% level, it resulted in a concentrate ra-
tion containine 13 to 19% crude »rotein equivalent. Milk
yields of cows fed Dehy-100 were gimilar to those receiving
soyhean meal as the nrotein sunnlement. lowever, there was
a tendency for actual wmilk yield to be slightly lower and
milk fat to be slightly higher in the cows fed urea, From
-35 to 405 of the total nitrogen consumed by these cows was
urea nitrozen, -

A field test (Conrad and Hibbs, 1966) was conducted
with a 48-cow herd to determine the effect of inserting the
high urea~containing mixture abruptly into the ration in
place of soybean meal. Urea made up 2.1% of the concen-
trate ration. The cows were divided into two grouns and
chanced abruntly at the end of alternate 30-day feeding

-

perionds, (n a 47 IFFCM basis, the avefage milk yields were
the same for cows fed the urea-containing mixture and those
fed soybean meal,

The grain concentrate containing urea was eaten readily
without any noticeable effects on the cows after the abrunt
change-overs., This was in contrast to eariier resultis when
the cows were allowed to eat freshly chopped alfalfa contain-
ing 20 to 24} crude protein equivalent per unit of dry matter,

Urea introduced abruptly into the ration in nlace of soybean

neal under these conditions caused the cows to eat grain
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concentrate irregsularly and refuse larce amounts, After a
two-day neriod, they began to eat the zrain concentrate in
normal amounts. It seems that the total ration in this case
contained a guantity of nitrogen far in excess of the cow's
requirements when freshly chopped alfalfa was fed, This in-
stance of depressed concentrate consumption wag interpreted
to indicate that the critical physiological level for the
readily solublie non-protein nitrogen in the diet had been
exceeded, J

sSome of the problems in feeding vrea to dairy cows are
intensified hy a srowines emnhasis on hirh concentrate ra~
tiong to increase »roduction anrd to nrovide increased quan-
t;ties‘of energy. A stuwdy withr hizh nroducinf Cows receiv-
ing various levels of urea in a high concentrate ration
showed that hi:h urea levels (20 to 407 of the total ra-
tion nitrogen) denressced both milk yield and feed efficiency
(Luber et al,, 1965). The same investigators conducted ni-
trozen bhalance studies which indicated that milk production
efficiency decreased when urea was added due to a decreased
nitrogen retention,.

Many attempts have been made to imnrove the utilization
of urea by lacfating dairy cows. In a recent study, lelmer
et al, (1970) used milk nroduction, grain intake, body
weight change, and the production and concentration of milk
constituents as the criteria to evaluate starea, an intimate

mixture of g¢elatinized starch and urea, as & protein
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supplement for lactating dairy cows., In this experiment,
cows fed grain rations supplemented with either soyhbean meal
or Starea (23% crude protein) consumed more grain and pro-
“duced more milk containing more protein than cows fed the
same rrain rations supplemented with urea. Starea was ap-
proximately egual to soybean meal as a nrotein sunnleﬁent for
lactating cows. In this same study the anparent direct re-
lationshin hetween grain intake and mil% nroduction indi-
cates that ration acceptability affected animal performance,.
uther investizators (Van liorn et al., 1967) have noted a
similar relationship when urea was fed to lactating cows,
Using hody weicht changes'as a criteria for comparison,
lielmer et Q%i (19709 fqynd tﬁat ?OWS conguming urea in the
concentrate,'ioStﬁwe§zh£\@s C6h§ﬁ£§d to cows on starea and
those on_soybeﬁn. 7: ) “

In tw%mgfperimenis conducted in ingland (by waite et al.,
1963) and desivned to commare urea and biuret containing
concentrates to a concentrate containin~t natural nroteins,
milk production was about 10: less on the urea and hiuret
treatments than on the control treatments. There was no
significant difference in milk yield between the urea and the
biuret treatments. The percentages of fat and nrotein in
the milk from the wrea and biuret treatments were hicher
than from the control treatment. The above results on pro-
tein are in contrast with those obtained by OIltjen (1966) in

which protein was somewhat lower in the urea treated groun,
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In Russia, Loskutou (1964) rlso found that a diet which pro-
vided 25% of the digestible nrotein as urea resulted in a

higher »nrotein content in milk as comnared to the contirole.

Effect of Urea on Renroductive Performance of bairy Cattle

There seems to be a generalized belief among farmers,
especially dairymen, that using urea as a part of the ration
of dairy cattle adversely affects the reproductive behavior
and efficiency of cows (Pieterse, 1967).

The vresent literature review shows that results have
heen found either to sunport the possibility that urea-
containing feeds micht have an adverse effect on reproduc-
tion, or that renroductive performance is not affected at
all. In reneral, it can be said that data at the present
- time are made un of zeneral ohservations made during multi-
purnose studies usinzg non-protein nitrozen. Virtanen (1966)
nlaced several mature dairy cows on a nurified diet contain-
iny urea and ammonium salts as the sole source of dietary
nitrogen and renorted successful reproduction by the cows,
waever, the cows required as many as five services to be-
come pregnant. The pnosgsibility that a deficiency of vitamin
L was the cause of the problem was eliminated when subse-
guent vitamin £ sunnlementation failed to improve fertility
(Virtanen, 1969), 0Oltjen (1967) using two sets of identical
twin heifers in order to determine the effect of urea on

arowth and reproduction, reported increased services vper
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conception, shortened lenygth of estrous cycle, a longer gzes-
tation period, increased rate of abortion, and decreased
weight of calves at birth for heifers that were on a urea
diet, As far as onset of nuberty, it was noted that bulls
and heifers fed urea diets reached puberty 2 and é months
Iater than control animals, Illowever, Pustovaja (1967) foﬁnd
that heifers on urea matured somewhat earlier than controls
on plant nroteins,

Feoktislov (1966) found that with cows fed 200 z, urea
per day in a low-protein diet, the incidence of infertility
was greater than in the controls fed a dict sunnlemented
with plant protein. 1In a studies conducted by Udo-Aka (1970)
and latton (1970) the effeét of urea on estrozen excretion
rates and reproduction in 27 holstein heifers fed 100: of the
gunhlemental dietary nitrogen as urea was compared with 27
control animals receiﬁing soybean meal instead of urea., The
control and the urea-fed heifers required 2.55 and 2,49 ser-
vices per conception, respectively. Six control heifers and
seven urea heifers hecame pregn&nt at first service, Ltach
groun had 16 live and 5 dead calves, There were thrce re-
tained placentas in the control group and four in the urea
groun,

several experiments reviewed have indicated that no
deleterious effects from wrea-feeding were found. Archibald
(1943) fed 8 dairy cows a concentrate ration that had 42% of

itg nitrogen supnlied by urea and 8 cows on a control ration
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without urea, For two coneecutive lactations, the cows con-
sumed an average of 15 pownds per animal per day of the con-
centrate, Heproductive performance, as far as services per
conception was concerned, was identical in each group: 11.55
and 1,50 services per conception were reguired by the con-
trols and urea-~fed groups, respectively, Lizal (1967) found
thAt heifers fed a diet containineg 235 g, of urea incornora-
ted as an ingredient of a liquid suoplement had rezular es-
trous cycles. An avérage of 2.33 services ner conception was
required to settle nine of ten heifers,

wupel (19473) did not find any adverse effects from urea
on the estrous cycle when dairy cows were fed‘a concentrate
ration which contained 3% urea. In this experiment, six lac-
tating dairy cows consuming ten pounds of the concentrate per
animal per day required a total of 13 services to obtain six
conceptions, Then, during the following lactation, while on
a urea-free diet, the same & cows required 16 services,

Pustovaja (1967) reported that heifers fed diets con-
taining urea matured somewhat earlier than the controls, in
contrast to the study by Oltjen {1967) in which heifers fed
non-protein nitrogen reached puberty six months later than
controls,

In the study of the possible effects of urea on repro-
duction, several approaches have been examined, one of them
being the denaturing effect of in vitro high concentrations

of urea on gonadotrophiné. £llis (1961) studied the effect
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of incubation with urea on gonadotrophic activity and showed
that the luteinizing activities of standard NIl-LH and
NIJI-FSi] were greatly rednced by urea while the follicle-
stimilating activity of the follicle-stimulating hormone
(FSH) was only slichtly decreased or wmnaffected,

bonaldson and liansel (1965) found that LI incubated in
the presence of 6-) urea at 40°C for 24 hours had no luteo-
tronhic effect and could not nrolong the 1ifesn§n of an in
situ corpus luteum, as compared to LIl not incubated in urea,
It is not known if circulating levels of urea, whatever

these levels may be, in blood can denature protein hormones,

Patholocical kffects

some other side effects have been attributed to urea-
feeding., For cxample, Gorskova (1967) found that hulls fat-
tened on a diet of corn and straw silage supplemented with
urea had fatty infiltration of the liver, whereas, conirol
animals failed to show any 1i§er digordecrs. Also, Gorcevaki]
(1967) after examining liver tissue from 40 steers, which had
been fed 80 z, of urea daily durine 150 days, and from 29
control steers, found fatty infiltration of the narenchyina,
and necrotic cells scattered in the liver tissues of animals
fed urea, llowever, in disagreement with these findints is
the work conducted by Colenbrander et al. (1968) in which
272 ¢. of urea daily as supplemental nitrocen were fed to
thirteen liolstein steers from six months of age until slaugh-

ter at 11 months, ilistopathological examination of the



20
viscera did not reveal any type of tissue damagze,

Minerals

un the mineral asnect, Lomba et al., (1969), usin: dry
and lactating cows with variable intakes of phosphorus,
found that phosphorus fecal and urinary losses show wide
variations and may be imﬁortant. They are not influenced
by phosphorus intake, and are relafed, among the many other
nutritional factors analyzed in this research, only to in-
rested water and to a legser exient to the nitrogen of the
diet. The rhosrhorus ralance is also very nuch variable and
not really related to the commosition of the ration. The low
influence of the diei on the annarent fﬁte of phosphorus can
ke explained by the interference of variable amounts of en-
dogenous phosrhorue excretion,

Pajuay et al. (1969) reported that 3 nutritiona! fact-~
ors, potassiwma, dry matter and niirogen intakes influence the
fate of dietary potassium. They pointed out that at any
level of incestion, dizestion, excretion, there is a very
close correlation between potassium and nitrogen, They
found no significant correlation hetween the fate of potas-—
giuvm and that of calcium, magnesium or vhosphorus., Also they
found no difference between dry and lactating cows as far as'

potassium direstion was concerned,
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MATCRIALS AND METHODS

Twenty-four Holstein cows beiween the 7th and 8th months
of pregnancy were chosen from the dairy herd of the Colombian
Inetitute of Agriculture (ICA) Experiment sStation at Logota',
Colombia, These animals were isolated from the regular herd
and fed a ration containing urea at a level which permitted
them to adapt to the urea feeding without physiological dis-
turbances, Thus, time prior to parturition was basically an
adaptation period for the animals which received the urea
supplemented rations,

The animals were assigned, at random, to three treat-
ments with 0, 33 and 66 percent of the supplemential protein
in the zrain mixture being supnlied by urea. All animals
were not available at the same time; thus, Ccows were as-
signed to the different treatments when they entered the dry
period.

The criteria employed for the assignment of animals to
the groups were age, body weight, previous levels of milk
production, previous reproductive perform@nce and health, to
obtain as liomogeneous a group as possible, In addition,
twenty cows were chosen from the "Tibaitata" Experiment
Station Dairy Herd. These cows were wmaintained under the

standard manazement procedures for the herd, that is, silage
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or grazing, and a concentrate supnlement twice a day during
milking., The milk production of this group, which was main-
tained with the recuvular herd, was compared to that of the
control and experimental animals and also the same hlood
measurements were made at 28 days before parturition and at
2 and 28 days after nmarturition and compared with values
found in both the control and experimental grouns,

The treatments consisted of: a}) Group l, Control, re-
ceiving a diet with all the protein from natural sources;

) Group 11, receiving 33% of the supplemental protein in

the grain mixture from urea; c¢) Group I11I, receiviner 664 of
the supplemental protein in the grain mixture from urea, The
compogition and estimated chemical analysis of the concen-
"trates are presented in Table 1.

The animals were housed in individual pens in an open-
shed barn and milked twice a day in a milking parlor, They
remainecd on the experiment throuéh one lactation and about
five months into the second lactation. OUnce an animal was-
assigned to a treatment it remained on that treatment until
removed from the experiment. All three groups received corn
silage ad libitum twice deily as the only source of forage.

Feed refusals were recorded before the morning feeding
the following day. The concentrate was fed to meet the re-
quirements for maintenance and production and the amount was
adjusted weekly according to milk production. The cows re-

ceived part of the concentrate mixed with the silage and the
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halance during the milking periods., The amount of grain fed
to the animals was calculated on the basie of the corn si-
lage consumption with intake balanced to meet energy, pro-
tein and mineral requirements according to NAS-NRC (1966) al-
lowances, It was calculated that each animal would receive
6.4 ¢, of total direstible nutrients (TuN) per kilozram of
body weirht for maintenance and 330 ¢, per kilocram of &
percent fat—corrected milk nroduced,

The measurements made were: Dbody weight, milk yield,
individual feed intake, milk fat, milk nrotein, chemical
compogition of feed based on nooled samples for chemical
analysig every 28 days. Blood urea, calcium, phosphorus,
magnesium and potassium were determined every 28 clays
throughout the experiment. The hlood samples were collected
consistently between 9:00 and 11:00 a,m, and feeding times
were 6:00 a,m, and 4:00 p,m. Llood samples for mineral and
urea determinations were drawn from the jugular vein, taken
to a laboratory where nlasma was obtained by centrifugation
of non-coaznlated blood and serum by precipitation of the
proteins with a 107 trichloroacetic acid solution (TCA).
Millierams of urea in blood serum were determined then by
the method described by Chaney and Marbach (1962). Phos-
phorus in blood serum was determined by the calorimetric
technique of liarris and Porat (1954), Calcium, magnesium
and potassium were determined by the analytical methods for

the determination of these minerals in hbiological materiale
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by atomic absorntion spectrorhotometry as published by the
Perkin-ilmer manuals (1965-1966),

Dody weizhts were recorded every 28 days throuzhout
the experiment. Milk yield was :ecorded daily during the
first complete lactation on exneriment and then until 140
days into the followihg lactation., \Milk fat was determined
every 28 days, on npooled samples, by the Babeok technique.

sSamples of corn silage and concentrate were taken
daily, weighed dried and pooled for proximate chemical an-
alysis for moisture, crude protein, crude fiber, ether ex-
tract, nitrogen-free extract and ash, All feed samples
were collected during the morning feeding, and the analysis
were made every tweniy-eicht days throughout the two lacta-'
tion periods,

Veterinary ohservations of the animals included re-
cording renroductive cycles, nurber of services per concen-
tion, normalcy of cestation and any events at parturition,
During the dry period all the cows received one to two ki-
lograms of concentrate to maintain the urea-adapted ruminal
microflora in the urea-fed cows and to aveid vhysiological
disturbances when the animal returned to normal levels of
concentrate feeding after the second calving. At about one
week preceding the expected date of parturition the cows
were confined in a corral with adequate shelter and bedded
with wheat straw until parturition when they returned to in-

dividual management under their respective treatment,

RI——— R
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The statistical anaiysis wage a group-treaiment analy-
s8is, using the Analysis of Variance for the completely ran-
domized design (Steel and Torrie, 1960) and the MACE opera-
ting system version 4,1 STATPRF-I of the Purdue University

computer center,
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Tabkle 1, Composition of Concenitrates Fed on As Fed hasis,.

Treatment
Ingredients tGroup 1 Group II Group 111
Yellow corn, % Wy, 5 55,0 76.0
Cottonseed Cake, % 26.5 9.0 -
dMolasses, % 8.0 9,0 17.0
Urea, % — 2.27 4.1
wheat hran, % 18.0 21.5 --
Limestone, % 2.0 2,03 ) 1.1
vical, % — -— 1.4
Salt, % .8 1.0 .2
premix, % 2 .2 .2
Total 100,0 100,0 100,0
Chiemical Qompositioni/

Crude Protein, % 19.¢ 19.7 19.7
Total Dizestible

Nutrients, % 70.0 70.0 70.0
Caiciun, .9 .9 .9
Phosphorus, % .6 .6 .6

l/Calculations based on NOPCU, 1965 feed ingredient analysis
table for ruminants and on Colombian Institute of Agricnlture
(ICA), Tutrition lahoratory Annuql deport, 1967.
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disULTS AND OISCUSSION

Feed Intalke

The three concentrates fed in this experiment were bal-
anced to be similar in percent crude protein, energy and
major minerals using estimated feed ingredients composition
values (NOPCO 1966; ICA 1968)., Laboratory analysis per-
formed every 285 days from pooled samples did not reveal
much variation in nrotein content as compared to the calcu-
lated values (Tables 1 and 2}. 7he average comnosition of
~the corn silage fed is shown in Table 3.

Average feed consunmption, actual milk production, per-
cent fat, 4 percent fat-corrected milk vproduction and body
weirht changes, along with‘their respective standard errors
for the two lactation periods recorded'are summarized in
Tableg 4 and 5, sSilage intake varied slightly without
showing any significant differences between treatment
croups in both the first and second lactation periodas,

Concentrate intake varied widely, consumption being
significantly different (P«<,05) between the control group 1
and group 11, 33% supplementary protein from urea, and also
between the control group and group III, 66% supplementary

protein from urea, There was no significant difference in
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Table 2, Chemical Composition of the Concentrate Fedi/

Lroun

Ingredients 1 I1 I11

% % %
ory matter 33,00 37.13 87.01
Cruce protein 19,71 19.73 19.77
kther extract 2.81 .12 2.90
Crude fiber 5.95 3,70 2.00
Ash ' 6,00 6.13 5,01
Nitrogen-free extract 65.53 66,32 70,32

l/Analysis of 23-day nooled gsamples,

Table 3. Av%rage hemical Composition of the Corn i5ilage
' Fed During the ﬂxneriment.g

%
ury matter 27.70
Crude protein 8.17
ibther rxtract .36
Crude fiber 24 .79
Ash 4,60
Nitrogen-free extract 53.58

l/Analysis of 28-day vooled samnles.
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intake between groups II and I11. These results indicate
that addition of urea depressed intake (P«,035) as shown in
Fig, 1, ‘

It should be noted that a better consumption of the
concentrate mixtures containing urea might have been achieved
if the animals had been fed the concentrate ration complete-
ly mixed with the corn silace.

For management conveniences, part of the daily concen-
trate ration was fed at milking time, At the beginning of
the first lactation grain refusals were high in the urea-fed
groups, After the first month of lactation the urea-fed an-
imals increased their intake of concentrate and wmilk »nroduc-
tion tended to remain constant with a rate of decrease leas
accentuated as compared to the conirol animals and to the an-
imals in the regular herd.

Perhaps because a higher percentage of the concentrate
was fed with the silage in the second lactation, differences
in concentrate consumption were not significantly different
during the 140 days of this lactation. 8imilar results have
been found by other workers (Van jlorn et al., 1967).

Tables nunber 4 and 5 and Figure 3 show the levels of
protein fed to the different grouns of animals and also the
amount of urea fed per day to the experimental grouns of an-
imals. It should he noticed that NRC requirements for main-

tenance and production were closely met in all three groups

of animals (Fig. 13).
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The amounts of urea fed daily averaged 114 and 216
grams consumed per day in experimental groups II and III,
respectively, during the first lactation and 141 and 240 gm,
per day for the same groups, respectively during the second

lectation {(Tables 4 and 5).

Production

Even though the control group, which consumed the most
concentrate, prcduced slightly more milk than each.of the
urea-fed groups, the differences in actual milk and 4 per-
cent fat-corrected nilk production were not statistically
gsignificant (Tables 4 and 5). The actual wmilk production in
the control group averaged 5,457.9 kg in the 305-days lacta-
tion period and waslvery gimilar to the average production
of 5,316.2 kg by the 20 herd cows in a 305-day lactation
(Fig, 2). |

Reports Ly Huber (1967), Helmer, et al., (1970) and
Van Horn et al., (1967) have indicated that the devression
in milk vroduction was related to levels of urea in the con-
centrate, However, the present study‘did not show any sig-
nificant differences in milk production indicating that even
when there were differences in feed consumption, they were
not large enough to affect production_and that the three
rations were used by the cows with the same degree of effi-
ciency, These results agree wiih those found by Conrad and
Hibbe (1966) in a field test with 48 cowe in which wilk

yields for cows fed a urea-containing mixture and those fed
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a soybean meal mixture were sgimilar on a 1 percent fat-

corrected milk bhasis.

Milk Fat

During the two exrerimental reriods, the percentare of
fat in milk was significantly different (P<.01l) between the
groups (Fig. 4). A yuncan's new multiple range test (Steel
and Torrie, 1960) showed that the cows fed the highest
amount of urea, Group 111, showed a highly.significant
(P£.01) increased average fat content in milk as compared
with groups 1 and I1 (Tables &4 and 5). Thg difference in
fat content of milk between groups I and II aleo was highly
gignificant (P<.01) with groun 11 averacing higher in fat.

It arnpears thaf fat content in milk tended to increase
as the levels of urea in the ration increased. Seversl
workere (Helmer, et al., 1970 and %aite, et al., 1968) have
noted similar changes in fat test when urea was introduced
into the ration of dairy cows.,

The average milk fat percentage in the control group

(3.45%) was similar to the milk fat percentare of the herd

cows (3,48%).

WYeight Changes
weicht changes between calving and 305 days in the first
lactation and é&lving to 140 days in the second lactation
were very similar in the three gcroupe. There were no ata-
tistically sicnificant differences in body weight gains be-

tween the groups. The results obtained in this experiment
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Table 4. Average Feed Consumption,
’ ges of Cows During the First Lactgtion,

Milk Production,

Fat Percent and Body Weight Chan-

Group
Item I I3 JIT

Number of Animals 8 8 8
FEED INTAKE:
Grain, kg 1869.43 + 93.61  1548.5P £ 62.2 1619.4° + 17.7%
Silage dry matter, kg 3023.3° « 81.5 2895.1% + 150,9 2708.7% + 85.3
Dry matter intake per 100 kg

BW, kg 2.65 2.36 2.50
Dry matter from grain, % 35.4 32.0 34.0
Crude protein intake, gm/day 1835 1644 1630
Urea intake, gm/day -- 114 216
Protein intake from Urea, % -- 19.85 38.4

MILK PRODUCTION:;/
Actual milk, kg
Fat-corrected milk, kg
Milk fat, %

WEIGHT CHANGES:
Parturition to 305 days, kg

5457.9°% 3 247.7
5006.52 £ 224.4
3.45% 3 01

106.09 + 10.3

4915.99 4+ 223.9
4456.59 + 176.3
3.549 4+ .02

116.62 £ 13.8

5120.72 + 247.9
4912.13 4 237.0
3.74% « ,02

82.7% + 12.3

l/Standarcil error of mean.

2/Means with a different superscript within a row are significantly different {P<.05}.
3/The 20 herd cows produced an average of 5,316.2 kg milk with 3.48 percent fat during

a 305-day lactation.

9L



Table 5. Average Feed Consumption, Milk Production, Fat Fercent and Body Weight Chan-
ges of Cows during the Second Lactation (0 to 140 days),

group
Item i pili IT1

Number ©of animals 7 7 3
FEED INTAKE: _ .
Grain, kg 976.23 + 63.8% 871.22 ¢ 65.6 820.48 4 27.62/
Silage dry matter, kg 1370.1% + 14.8 1365.4% + 19.3 1353.62 + 9.2
Dry matter intake per 100 kg

BW, kg 2.73 2.68 2.65
Dry matter from grain, % 37.3 ' 35.5 34.5
Crude protein intake, gm/day 1995 1874 1774
Urea intake, gm/day ~- 141 240
Protein intake from urea, % ~- 21.72 38.90
MILK PRODUCTION: 5 ,
Actual milk, kg 2897.6% + 235.7 2704.8% + 197.4 2888.9% 1 101.0
Fat-corrected milk, kg 2652.59 4 224.8 2545.85b¢ 182.3 2474.3dcx 87.1
Milk fat, % 3.44% + .01 3.617 + .02 3.707 + .03
WEIGHT CHANGES: a
Calving to 140 days, kg 22,8% + 7.6 33.3% r 4.6 11,79 + 3.2

l/Standard error of mean,
g/Means with different superscripts within a row are significantly different (B«£.05).

A
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are in contrast to those presented by various workers (Helmer
et al,, 1970; Van Horn et al., 1966; and Huber, 1965) who
indicated that animals on urea-containing rations lost weight,
and agree with resulis of other workers, such as Waite et al.
(1968), who found that liveweizht changes were not affected
by experimental treatments when biﬁret and urea were tested
in concentrates for milking cows,

From the resulteg found in this experiment, it appears
that the animals fed the urea-containing rations were abhle

to maintain normal rates of weight gein as compared to the

control animals (Tables & and 5).

Blood Minerals

Calcium., From the one-way analyeis of variance made
and the use of the Duncan's new multiple range test to com-
pare each treatment mean with every other treatment mean
(Steel and Torrie, 1960), the results indicate a sharp drop
in the blood values for calcium in all the experimental
groups in the samples taken 2 dayes after calving and from
there until 56 days after calving when the bLlood levels
hegan to increase hack to the values found bhefore calving.
Toward the end of the lactation period, at 280 and 305 days
of lactation, the levels of calcium in blood decreased again
in the urea~fed groups, II snd 111. The statistical analysis
ghows that there were hichly significant differences (P<,01)
in the magnitude of decrease between the control and the ex-

perimental groups when the calcium levels in blood were
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compared at 28, 196, 280 and 308 days after calving. Hesults
obtained during the second lactation were similar to those
obtained in the first lactation., Highly significant differ-
ences (P<£,01) in blood calcium levels were found between
group 1 and group 111 between 56 days after parturition and
1430 days after parturition (Fiz. 5). ' |

The lowest blood calcium values were found in the bigh
urea group (8.72 mg, Ca wer 100 ml, blood gerum}, liowever,
Ehese values were still between the range for nonparetic
cows at the respective stages of lactation, Littledike et
al., (1970} found calcium values of 10.0 + 0,10 mg. per 100
ml. seruwa during the dry period and 7.6 + 0.52 between 12
and 48 hours postpartum in normal animals. Also, Kendall

t al (1968) reports 11,26 mg . calcium before calving

== ==
and 5,85 mg . in serun immediately after calving,

14lood levels of calcium analyzed in the 20 cows kept
with the herd at 28 days before, and at 2 and 23 days after
parturition were 9.9“,79.53 and 6.08 myg ﬁ for the three nrer-
iods, resnectively. The calcium data from the herd animals
were gimilar to the 9.%1, 9.0L and 9,50 mg » found in the
controcl group anirals at equivaleni stages df lactation.

These results show that the hlood calcium levels varied
from 8,72 to 10,71 my “ with the high urea-fed animals (group
111) showing the iowest values (fig., 5}, uifferences he-

tween the control gzroup and the high urea group animals were

statistically highly significant (P£,01} at the beginning and
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end of lactations, No statistically significant differences
were found between the two urea~fed groups (II and III}. No
hiological significance can be attributed to the aforemen-
tioned differences at this time since all values for calcium
found in the three exmperimental croups remained hetween usu-
ally considered normal ranges (Littledike et al., 1970;
Maynard and Loosli, 1962; Kendall et al., 1968),

Phosphorus, Statistical analysis of the blood phospho-

rus values showed a trend similar to that for calcium, ile-
sults of blood serum_analysis at 2 days and then every 2B
days after parturition indicated that the blood levels of
phosphorus decreased after parturition and that the average
values found were significantly different (P<.0l) hetween the
control group and the two urea-fed groups at 2, 28, 56, 84
and 112 days after parturition with the highest urea group
consistently having the lowest values for bleod phosphorus
(Fig., 6).

After about 4 months of lactation the values were simi-
lar for the three groups and continued in the normal range
until the end of lactation. Again, immediately after the
second parturition, blood phosphorus values dropped sharply
in the three groups and once more the iwo urea-treated
groups showed below normal levels of phosphorus as compared
to low values of 3,90 mg % phosphorus immediately after par-
turition reported by Littledike et al., (1970). Phosphorus

levels fownd in animals in groups II and III, immediately
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after parturition, averaged 3.51 and 3.25 mg %, respectively.

Values for groups II and I1I decreased more than those
for the control group. Significant differences (P..05) were
found between the control group and experimental group II
which received the lowest amount of urea, at 28, 56, 84 and
112 days after the first parturition on the experiment and |
at 2 and 28 days after the second parturition.

These results indicate that blood phosphorus levels in

L
the urea-fed animafs were significantly lower than in the
control group and that these levels reached their lowest
value shortly after parturition. A return to higher levels
wae apparent after 28 days of lactation, but the trend was
for the urea-fed grouns to show significantly (P..01) lower
blood levels of phosphorus throughout the experiment as com-
pared to the control group (Fig. 6).

Blood phosphorus values for the 20 herd cows used for
comparative purposes, at 28 days prepartuh and at 2 and 28
daye postpartum were 4.73, 4.32 and 5,17 mg % respectively
as compared to 5.12, %.05 and 4,51 mg % of phosphorus in
blood of the control animals at equivalent stages of lacta-
tion,

Magnesium. 03lood magnesium levels remained hetween por-
mal physiological ranges (Maynard and Loosli, 1962; Little-
dike et al,, 1970) and the statistical analysis of the deta

collected throughout the two lactation periods indicated no

gignificant dtfferences due to treatments (Fig. 7).
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Potasgium, All blood potassium values for the three ex-

perimental groups were consistently between normal physiolo-
rical ranges (Altman 1961)., The lowest and highest average
blood potassium values were 17,80 and 19.64 mg %, respective-
ly (Fig. ©). Tilowever, there were highly significant (P«, 01}
differences between group treatments beginning 56 days
after parturition in both lactation periods. After 56 days
lactation the urea-fed arimals consistently showed signifi-
cantly (P«.01) lower hlood potassium levels as compared to
the contirol group. These results indicated that the blood
levels of potassium varied with treatments and that these
differences were highly significant (r<.01). Again, however,
no hiological significance can be attributed to those differ-
ences since the values found were lhetween generally consji-
dered normal ranges. Littledike et al., {(1970) reported
values of 13.7 mg % for the dry neriod and 13,7 mg % for 12
to 43 hours postpartum in normal cows.

Herd data for hlood potassium levels in herd animals at
25 days before and at 2 and 23 days after parturition aver-
aged 19,16, 19.28, and 12.04 mg % respectively, which com-
pared favorahly to 19.40, 19.11 and 19,03 mg % found in the
control groun at the egquivalent stages of lactation,

Urea, Juring both lactation periods, the blood urea
levels found showed a direct relationship to the levela of
urea fed in the rations, with the lowest, intermediate, and

hizhest blood urea levels occurring in groups I, II and 11I,

respectively (Fig. 9).
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Analysis of variance and the Duncan's new multiple range
test performed with data collected every 28 days throughout
the'experimental neriod indicated hizhly significant differ-
ences (Pz.01) between the treatment means at each period an-
alyzed,

ievels of urea~N in blood were 23,30 and 24.74 mz %
for groups IIY and 11, respectively, when the concentrate
consumption was ﬂighest during the first months of lactation.
The level of urea in blood of the control animals showed
little variation and the wvalues remained between 13 and 20
mg %. These values were closely related to those found in
the 20 herd animals which were sampled 28 days before and 2
and 28 days after parturition. The levels found were 17.23,
17.34 and 13,92 mg % for the three mentioned sampling periods

respectively. These findings indicate that the control an-

imals were behavinz in a manner similar to animals in the gsen-

.eral herd, The above results also indicate that blood urea

levels increased with increasing amounts of urea in the
ration and that at the hizhest levels of urea fed, 216 o, per
cow per day on the average, the levels of urea in bhlood were
almost double that found in the control animals,.

Wide ranges of 2.9 to 22.4 mg of blood urea-N per 100
ml have been reported in cattle (Lane and Camphell, 1966},
Based upon the results of this study, it is apparent that as
the level of urea fed increased (Table 4) there was a con~

comitant increase in blood urea levels (Fig., 9).
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COMPARISON QF CORN AND YUCCA (MANTHOT LSCULLNTA )

A S0UACES 0F eNudGY Fur si0aIdG DALY HelPFusls

FLo SUGAR CANL TOPS As Ttz sSC0LZ ROUGHAGYE,
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Rpproduction

Table 5 shows a summary of the reproductive performance
of the three experimentsl groups, The animals in the control
group bhehaved normally, conceived with relative ease, comple-
ted one lactation, and with the cxception of one cow that
aborted, seven out of eizht calved normally a second time,

At the present tiwe, these seven cows are pregnant and pro-
ducing normally. The number of services per concention for
the first lactation was 1,50 and 1,57 in the second lacta-
tion. The general rewroductive performance of the control
animals was similar to that of the 20 herd cows used for
commarative purnoses, The munber of services required per
conception for the herd animals averaxed 1,89,

The average number of days in milk for the first lac-
tation on experiment, days dry, interval between parturi-
tions and the number of days completed on the second lacta-
tion for the control group were: 355, 34, 409 and 182, re-
spectively. The second group required an average of 2,75
and 2,71 services in the first and second reproductive
periods, respectively.

In the second lactation, the average number of servi-
ces per concention for group I1 included a cow that requiread b4
services, could not he settled and was diagnosed asrhaving
ovarian cysts., A second cow did not enter the second lacta-
tion period due to an abortion at 150 days of the first

pregnancy. She continued milkins for 530 days, was bred
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and, at the time the experiment was concluded, was 127 days
in gestation. The average number of days in milk during the
first lactation, days dry (7 cows), interval hetween nartur-
itions (7 cows), and number of days in the second lactation
(7 cows) were 384, 71, 434 and 196, reepectively (Table 5},

Cows in groﬁp III had a high incidence of revnroductive
problems. In the first lactation, 2 of the 8 cows in the
croup could not be settled after ¥ and 6 inseminations, re-
spectively. One of the cows was diaznosed pyometra and has
been under treatment; the second was diagnosed hilateral
ovarian cysts and wag sold after completion of the first
experimental lactation., The remaining & cows requiréd 2.00
services per conception. Two of these animals aborted and
a third cow gave birth, at term, to a dead female calf. of
the two cows that aborted, one conceived for a second time
after 2 services; and the other one developed pyometra after
the abortion., A fourth cow of the group of six that conceived
died of parturient nafesis at time of parturition.

Under the above circumstances, only 3 cows of the group
of 3 entered the second lactation veriod., All 3 animals
plus the cow that aborted and was inseminated again are
pregnant afier requiring an average of 2.25 services per
conception and have completed an average of 209 days of the
second lactation, It should be noted that the number of
gservices per conception for this group of 8 animals was 1,75

prior to entering the experiment,
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The reproductive performancekg} the three groups indi-

cates that the incidence of reproductive problems increased
with increasing levels of urea in the ration., 7The reproduc-
tive performance of the contrel zroup was similar to that of
the general herd which did not receive urea and #as on a
different feeding regime, Attempts have been made to corfe-
late reproductive resnonse of the urea-fed groups of animals
“to Dblood minerale and urea levels in blood, However, as it
was observed hefore, since-the blood levels found, even though
different, do not appear to be abnormal, the cause of the
reproductive failure, particularly in the hich~urea groun,
cannot ?e explained under the scope of the nresent work.

More detailed research anpears {to be justified.
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Table 6, Summary of ueproductive Performance of the ixperi-
mental Animals,

Groups
Firet lactation 1 11 111
Number of animals 3 3 8
Average days in milk 355 384 400
Average dry neriod, days 54 ?li/ 72£/
Interval between varturitions 409 3l 3911/ /
Services per conception, no, 1.5 2.75 3.662

1/0n1y 7 animals incliuded, 8th animal aborted.

E/Only 4 animals included. ©f the remaining, 2 aborted and
2 did not conceive,

Q/Unly 7 animals inclnded, One animal aborted at 159 days
pregnancy, rebred,

E/Unly 4 animale included, See 2 above.

i/ﬁased on 8 animals, Includes 2 animals which required 4
and 6 services without conception, (ne animal was diag-
nosed pyometra and the other ovarian cysts,.

Groups
Second lactation 1 I1 111
Number of animals 9 81/ 7
Average days in milk 182 196 2092/
services per conception, no, 1.572/ 2,?1—/ 2.252/

l/7 animals included, 8th animal aborted and did not enter

2nd lactation,
E/Unly 3 cows entered 2nd lactation, (2 abortions, 1 death,

2 did not conceive),
2/7 animals pregnant, 8th cow not bred due to recent partur-
U ition,
~/7 animals pregnant, 8th took 4 services and did not con-

/ceive a 2nd time,
3 Based on 4 animals. Remaining 1 death at calving, 2 py-

ometra, 1 ovarian cysis.
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INTAGDUCTIUN

There is a need for basic and applied research in the
fields of nuirition and physiology of dairy heifers of ages
"féﬁging from 8 months to first hreeding. In Colombia, and
especially in the Cauca Hiver ?alley where this experiment
was conducted, dairy heifers do not always receive & diet
which meets the requirements for normal sgrowth and carly
achievement of an appronriaie weight and size for breedinc.
Thus, breeding of heifers is usually delayed until twenty-
four or more months with a consequent loss of valuable nro-
ductive time,

According to HcDowell (1963), the average growth rates
of cattle kept in the lower elevations in countries within
~the North-South 302 latitudes are generally 10 to 30 percent
below those accentable for the 359_50% North latitudes. The
differences are usually atiributed to seasonal fluctuations
in feed supplies, the direct effect of climate, disease, and
parasitism, and poor genetic stocks, The first apnears to
have, directly or indirectly, the greatest influence on cat-
tle production in most situations in the tropics. In the
general area where the results of this type of research

could have influence, neither disease nor genetic quality
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appear to be the main factors determining wnoor results in

dairying., It appears that inadequate management and nutri-

tion are the mest limiting factors affecting the dairy in-
dustry. In fact, it has been demonstrated (ICA, 1969). that
renerally accepted standards of growth for holstein heifers
(Matthews and Fohrman, 1954; Regsdale, 1934) can be obtained
withh relative ease providing that nutritional requirements
are met, Goals such as 350 kr of bhody weight at an aze of
15 months for first breeding can he achieved without a very
zophisticated system of management.

Uairymen, which at the n»nresent time are not providing
supplements to their heifers, or which are suoplying very
low amounts and on an irregular basis due to the high prices
of commercial products but that are interested in an im-
provement of their practices, would welcome a supplewent
with the characteristics of low price and easy availability.
(n the other hand, data are needed on the effects of differ-
ent energy sources on growth and reproductive performance of
youne adult dairy cattle grown under local conditions in Co-
lomhbia,

Under the conditions in which the present experiment was
conducted, the ﬁse of sugar cane tops &s an alternative for
other forages seems to offer an answer to the problems which
the dairymen must face during ceriain periods 6f the year,
It is thus necessary to he able to evaluate these kinde of
foragzes more accurately in accord with requirements related

to level of performance,



According to Conrad (1966) the total value of a forage
depends upon many characteristics, the most important are
those whiclh contribute to energy availability including:

1) Factors contributing to the gquantity of feed consumed
per it time Ly animal and 2) Factors contributing to the
availability of energy per wmit of feed consumed, Indivi-
dual characteristice of forages may affect both sets of
factors but not necessarily to the'same"degree.

The objectives of this experiment were to determine
whether a native and easily available energf feed, such as

yucca (Manihot esculenta), could efficiently replace corn in

supplements for heifers hetween eisght and sixteen wmonths of
age fed sugar cane tops as the sole roughage. The growth
rates of the experirmental animals were compared {0 growih

standards (datthews and Yohrwan, 1954%; Hagsdale, 1934 ),



56

dEVILw OF LITLRATUE

Growth of Jairy heifers

Accordincg to Jonbert (1954}, an adequate ration increas-—
es the rate of growth, especially weight, hastens the time
of maturity, and allows the animal to develop to the full
limit of its inheritance, tLiowever, it should be pointed out
that the most important considerations in the growth of dairy
animals are those which influence reproduction and lactation,
Growth in body weizht, aside frowm its effect on reproduciion
and lactation, is of only limited importance. The optimum
growth pattern for dairy heifers is that regimen which will
develop in the heifer her full lactation potential at a de~
sired age and at a minimum of exvense (Swanson, 1967). Ac-
cording to Crichton et al. (1959}, appearance of puberty is
directly and positively related to rate of growth and ig de-~
pendent on size more than aze, First estrous in liolsteins
has been reported to occur between weights from 250 to 274
ke, At fast growth rafes, averaging 0.9 kg per day, puberty
appears at about 9 months in Holsteina (udeid et al., 1959),
However, Reid et al. (I964) did not find significant differ-
ences in conception rates of slowly and rapidly crowing

heifers, leifers growing rapidly encuzh to cycle at 14
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months of age should be expected to conceive readily when
bred,

Calving problems are inversely related to the size and
phyeical condition of the heifer, 1In a comparison of slowly
growing with normally growing identical twins at Tenneasee,
20 percent of the low-plane heifere were lost at 24 months
due to calving difficulty (swanson and Hinton, 1964). In the
New York study bj reid et al. (1964), none of 31 low-plane
heifers were lost when calving at 32 months of age, but 50
vercent required aid during parturition; whereas, only 25
percent of the normal and hvigh plane of nutrition heifers
frequired assistance, These observations have been confirmed
also with identical twins by Swedish investigators (iansson,
1956). Since difficult birth in heifers frequently results
in the loss of a calf or a poor start in lactation, or both,
it is recommendeq that a good nutritional level be provided
all heifers for at least 2 months before calving.

According to Swanson (1967), the major features of an
economical growing regimen for dairy heifers producing opti-
min lactations are outlined as: a) s moderately slow growth
rate of heifer calves resulting in just enough body size and
development to allow breeding at 14 months, b) continue the
slow growth rate, possibly on roughagze feed only until ¢ to
12 weeks prepartum, c) gradually increase the level of feed-
ing by adding concentrates, so that the heifer is gaining

weight rapidly before calving, d¢) continue feeding the
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heifer liberally through the first lactation, to allow for

growth as well as lactation,

Origin of Yucca. (Manihot Esculenta)

Table 7, Common Names for Yucca, Coumtries Srowing, and
Areag Under Cultivation,

Commo Approximate Area ledi-
Names _/ Countries cated to Cultivation,
ha. 3/

Yucca Caribean Islands, brazil 1,600,000
Colombia, Central Colombia 180,000
America, kcuador,
Peru

Guacamote Mexico India 250,000

Caxcamote Guatemala Indonesina 1,500,000

Macaxeira Brazil Paraguay 90,000

Mafioco Puerto WHico Africa 4, 000, 000

Yucuta The Antillas

Cassave U.5. A,

Tapioca tngland, U.5.4.

Y/ istrada et al. (1970)

2/Voght and Penner. (1963)

“According to Mejia (1960), the cultivation of yucca is
common in the equatorial and tropical regions of lLatin Amer-
ica and the Caritbean Islands. In certain Asiatic colonies,
it has been recently introduced. According to Lstrada et
al.,. (1970) yucca originated in the Amazon bay and was taken
from there to Africe where alwmost four million hectares are
cultivated today (Table 7), In South America it is very com-
mon in countries such as Argentina, Braéil, Colombia, kcua-
dor, Paraguay, Peru and Venezﬁela. Voght and Pemner (1963)
indicated that EFrazil may te considered as the country where

yucca orircinated but that today it is cultivated in all the
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tropical regions and when the Spaniards arrived in America,
Yucca was already established in the Caribbean Islands, and

in Central and South America.

Climate and Soils

According to Mejia (1960), yucca originated as a tropi-
cal plant and is easily adapted to the different temperatures
of the tropics and for this reason it is a high yielder in a
range of environmental temperatures between 16 and 3000. or
course,_there exist different varieties which give better
results at a given temperature. Yucca is very resistant and
not very demanding as& to the chemical composition of the
soils, especially inltropical soilg. However, since it is
a plant whose most valuable portion is located underground,
looge and well-drained soils are more desirable.

sased upon the research conducted on its cultivation,
(bstrada et al., 1970), it has been concluded that more at-
tention ought to be given to the -physical conditions rather
than to the chemical conditions of the soils.

Yucca requires temperatures hetween 16 to 3500 and rain
for its growth during the first months, then a dry season is
convenient for the translocation of the carbohydrates, or the
movement of the starches from the leaves down to the roots
(Estrada et al., 1970),

Ospina (1960) reported that sandy loam soils and clay
loam s0ils are best suited for the cultivation of yucca with

the former being more efficient for high yields. The
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chooging of the land, cultivation practices, physical charac-
teristices of the soils, Qltitude above sea level, and clima-
tic conditions mugt be considered for better results, (Mon-
tejo, 1940), The most appropriate soils appear to be those
that are dry, exposed to sunlight, protected against strong

winds and slightly sloping to facilitate drainage (Colom,

193%9).

Planting Methods

According to Estrada and Varon (1970), even though
¥ucca produces fertile seeds, vegetative propogation is the
commercial method, utilizing stalk pieces known as "sticks,"
*nieg" or "cangres," The sticks musi be planted slightly
inclined or tent and with about 8 to 12 inches remaining ahbove
ground level., Planting should be shallow in order to facili-
tate harvesting which is somehow difficult when the roots
are too deep. Distances between rows must range from 12 to
15 inches and between plante from 15 to 30 inches. In the
early stages of growth the use of weed killers is recommended.
After two months of growth the shade formed by the vlant

controls weeds,

Fertilization
A 10-30-20 (N-P-K) fertilizer applied at a level of 400
to 500 kg per ha, significantly increases yields, A 10-30~10

can also be used at 500 kg per ha, (Estrada and Varon, 1970).
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Diseasesn
Only two diseases are known to have some importance, hoth
of them are produced by varasite fungi; the first of them is

caused Cercospora Hennigeii Alleschi which appears when the

leaves have already matured and causes little damace., The

second is due to the (loscosvropium Manihot, earle that ini-

tially attacks and kills the highest and immature branches

and then continues down causing a lot of damage (Colom,

1939},

Harvest

Age for harvesting is variable and very dependent on
the different varieties., It ranges from ten to twenty-iwo
months, The lesaves dé not wither and the harvestinz can he
done over a period of several months, If the yucca is to
be used as food for humans or aniwmals, it must be harvested
early. If it is going to be used for starch extraction, the
harvesting can be delayed depending on labor or season.
Mechanical bharvesting is known to be more efficient with va-
rieties of yucca with short roots. The stalke must first be
cut for an easier machine job (Estrada, 1970).

The main factors determining the harvesting date are
the starch content of the roots and how they will be used.
Yucca, whoee roots are to be used for starch production, must
be harvested when the roote have achieved complete maturity
and development since the content of starches varies with the

age of the roots (Colom, 1939).



Yields
According to Ospina (1960), yields vary with the verie-
ties and the climate and s0il conditions. The yield range
is wide and it may vary from 11 to BO tons of yucca roots
per hectare, This outstanding amount of high-energy dry
matter per unit of land wmakes it very promising as an energy

source for livestock.

Use of Yucce

Yucca ié used in the human diet, as feedstuff for ani-
mals, in commercial production of starches, in starchymeal
industries, in the fabrication of glucose, dextrin and alco-
hel, and as a substitute for barley in the beer industry
(gstrada and Varon, 1970),

According to Rogers (1965), of all the plants used ex-
tensively as human foods, yucca is the least knowm. Corn,
beans and cucurtbites all are major elements in the diet of
large gegments of temperate and tropical populations. These
have been extengively studied, not only from a bhotanical and
etnological standpoint, but also agronomically by many work-
ers., Yucca agsumes major importance in lowland tropical
areas among people of relatively low economic status, The
only ﬁroduct of yucca that ieg at all well known to temperate
zone people is a minor sfarchy material called "tapioca."

Rogers (1963) proposed that yucca first becomé an
important elewent in the diet of lowland tropical people

somewhere in the Memso-American complex and was distributed
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from there to the other portions of its present-day range,
To millions of inhabitants of the tropical countries, yucca
is ag common in the daily food as potatoes are to the North
Americans and Ekuropeans,

According to Oyenuga (1955), when yucca is employed as
food, only the "sweet" varieties migt be cultivated since
they contain less hydrocyanic acid, As livestock feed it is
recqmmended in combinatiqn_with brahs, cottonseed meal or
cake, and other sources of nitrogen in order to balance the
-bfotein of thé rations.r

In swine feeding, the digestibility and the starch coh-
tent of yucca (Table 8) have been found to be very high.
Significant body weight gains have been rapidly achieved
when yucca was used (Ospina 1960). In one experiment conduc-
ted by Maner et al. (1970) fresh chopped yucca was fed free
choice with each of six different nrotein supplements to
weanling pigs during a 111-day triesl., Average daily gains
ranged from .59 kg for yucca plus cottonseed meal supplement
to .73 kg for yucca plus meat and blood meal éupnlement.

The average daily consumption of yucca by pigs ranged be-
tween 3.1 kg and 4,1 kg. The feed/gain ratic ranged hetween

3.07 and 3,47,



Table 8, Chemical Composition of Yucca Rootal/

1ca?/ A1ba/
Dry matter, % 35,00 87.0
Crude protein, % 3.96 2.5
Ether ixtract, % : .95 1.6
Crude fiber, % 4,93 1.9
Nitrogen-free extract, % 86.25 80,0
Ash, % 3.91

l/Compoaition on a dry matter basis,

2/colombian Institute of Asriculture 1CA  (196¢).

3/A1ba. 1954} .
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MATERIALS AND METHODS

An exveriment with twenty Bemonth -o0ld Holstein heifers
was conducted at the the "Palmira" Experiment Station of the
Colomhian Institute of Agriculture (ICA), The Experiment
Station is located at 1000 meters above sea 1evel, with an
average temperature of 23°C and an annual rainfall of 1005
millimeters, The itwenty heifers were selected from the Ikx-
periment Station lerd and assigned at random to two treat—
ments to compare yucca and corn grain as sources of energy
in the supplement.

The two treatments consisted of: Group I, conirol an-
imals fed sugar cane tops ad libitum nlus 3.0 kg daily of a
concentrate (Tﬁble 3} in which the energy source was pri-
marily corn grain. The concentrate contained 1.5% ures on
as fed basis, Groun II, animals fed sugar cane tops ad libi-
tum plus 1.23 kg of a concentrate (Table 9) and 4.5 kg of
yucca containing 35% dry matter.

The dry matter intake from supplement was 2.64 kg per
day for animals in both‘groups. In group II, the dry matter
supplied by corn was replaced by an equal amount of dry ma.t -
ter supplied by yucca, Urea was utilized in this ration in

an amount equivalent to that in the control group,

-
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The sugar cane tops were harvested daily from a nearby
sugar cane field, The material uszed ae forage was the top
part of the sugar cane plant, the material remaining after
the sugar cene stalks had been removed for processing of
sugar, The sugar cane tops contained the leaves and the
upper part of the stalk which is enclosed between the leaf
sheath,

- The sugar cane tops were chopped, weighed and fed to
the heifers on an individual basis. The animals were fed
twice daiiy and the refusals were recorded daily every morn-
ing before feeding. The concentrate was fed every morning
miXxed with the sugar cane tops,

The yucca was harvested every morning, free from dirt,
chopped in small nieces, weighed and fed to the experimental
heifers. Each animal had free access to water and mineral-
ized salt, ~

Individual feed intakes of sugar cane tops, concentrate
and yucca were recorded for all the animals daily during the
experimental period of 224 days. Samples of sugar cane tops,
yucca and concentrate were taken daily, weighed, dried, ground
and stored to make composite samples to be analyzed every 28
days for dry matter, crude protein, ether extract, crude
fiber, ash and nitrogen-free extract (A.0.A.C., 1965).

Body weights were recorded every 28 days and the animals
carefully obeerved for the appearance of first and subse-~

quent estrous cycles,
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The statistical analysis was an ANOVA of the completely

randomized disign (Steel and Torrie, 1960},

Table 9, Comrosition of Supplements Fedl/

Ingredients Group Ig/ Group Ilg/

Yellow corn, % 59.0 -
wheat bran and dried '

molasses mixture, % 24,0 28,2
Cottonseed cake, % 13.0 61,1
Urea, % 1.5 3.7
Bone meal, % 1.5 L.6
Microelements mixture, % 1,0 2.4
Total 100.0 100.0

l/As fed hasis,

E/Group 1 received 2.64 kz supplement/day dry matter basis.
Group Il received 1,08 kg DM grain mixture plus 1,56 kg DM
from yucca. .

Both groups received 2,64 kg bDM/day from supplement,

Calculated Chemical Analysis

Crude protein, % N 18.0 40,18
Total digzestible nutrients, % 71.0 60.0
Calcium, % .5 1.3

Phosphorus, % .5 1,
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RESULTS AND DISCUSSION

The experimental animals fed yucca asm a replacement for
corn grain on a dry matter basis in the concentrate, had
higher body weight gains than the-control animals, Statis-
tical analysis of body weight zains showed a significant
difference (P..05) in favor of the yucca—fed'heifers during
the period of time between eight and sixteen months of acge
(Table 11). The rate of growtﬁ’of the control and the ex-
perimental animals was similar t¢ the rates reported for
Holstein heifers of the same ages by Beltsville (Matthews
and Fohrman, 1954) and Missouri (Ragsdale, 193&) as shown in
Fig.10,

No statistically significant difference was found be-
tween the groups in the consumption of sugar cane tops during
the experimental period., However, on a dry matter basis, a
8lightly higher amount of sugar cane tops was consumed by an-
imals in the control group (Table 11). The results indicate
that even though the experimental animals consumed slightly
loas forage and a similar amount of dry matter from concen-
trate as compared to the controls, the average body weight
gaine during the experimental period were 186.,7 and 175.9

kg, respectively, for the experimental and the control groups,

These differences were statisticelly significant (P<.05).
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The results also indicate that sugar cane tops are.a
gsuitable roughage substitute for growing dairy heifers and
permit to expect satisfactory rates of growth when fed with
an adequate sunpplement. On the other hand, it appears that
yucca, a8 a Bource of energy (Table 10), may be used as a
replacement for corn grain, on a dry matter basis, in the
formulation of concentrate mixtures for growing dairy
heifere up to firet breeding, with growth rates approaching
the current standards for growth of heifers (Fig. 10).

Figure 12 shows the average daily protein intake of both
the control and the experimental groups related to body
weight and compared to NAS=-NRC (1966). The data show that
even though the experimental animals consumed slightly lower
amounts of protein ver day intakes of protein from the sup-
plement and the sugar cane tops were adequate to allow the
animals to grow at a rate comparable to published standards
(Matthews and Fohrman, 1954; Ragsdale, 1934),

Table 12 shows the reproductive performance of the
heifers in experiment, The animals began to show signs of
eatrous at 11 months in both groups., The average age for
first detected estrous was 11.1 and 11.3 months for the
control and the experimental animals, respectively. The
number of services per conception was 1,88 and 1,77 for
groups I and II, respectively. At the conclusion of the ex-
periment, eight animals were diagnosed pregnant in the con-

trol group and nine in the experimental group. The remaining
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three heifers were recently bred and no diagnosis of preg-

nancy wag made,

Table 10, Average Chemical Compo

?}tion of the Feeds Used
During the Experiment,=

Item sugar Yucca Control BXp,

Cane Concentrate Concentrate
Tops

ury watter, % 28.00 33,00 88,00 88,00

Ccrude protein, % 4,36 3,77 18.10 40.00

Crude fiber, 3 31,48 .68 5,80 9.90

gther extract, % 1.61 .90 .20 2.70

Ash, % ?7.87 3.69 .20 5,80

Nitrogen-free

extract, % 54.68 86,96 68.70 37.62

l/Dry matter basis,



24

Table 11. Average Daily Feed Intakes and Weight Gains of

lleifers,
Group '
Item I {(Control 11 [(Experimental)
Number of animals 10 10
Initial body weight, kg 191,83 190.6
Final body weight, kg 366.8 377.3*
Body weight gains, kg 175.0 186.7+
Average daily gain, kz 781 ,B833*
Dry matter intakes from:
Sugar cane tops, kg/day .82 b.17
Concentrate, ke/day 2.64 1.08
Yucca, kg/day - 1.56
Total, kg/day 7.46 6.81
Protein intake gm/day 667 672

*Jignificantly different (P<«.05).
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Table 12, Sexual Maturity and Reproductive Performance of

Heifers.

rounp

1 {Controlj

11 {(Experimental )

Number of animals

Averaze aze at first de-
tected heat, months

Average ace at first
breeding, months

Average body weight at
firat breeding, ke

Animals diagnosed preg-
nant, no,

Servicee per conception, ho,

10

11.1

15
.352.9

8
1.88

10
11.3
14,5

- 355.9

1/
1.77

l/The remaining heifers were recently bred for the firat

time,
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GENEHAL SUMMARY

Two experiments were conducted in Colombia, sSouth Amer-
ica: 1) to determine the effects of urea on pfdduction and
reproductive performance of dairy cows when incorporated, as
a source of protein, in the concentrate grain mixture; and 2)

to evaluate the substitution of yucca (Manihot Esculenta) for

corn as a source of energy for growing dairy heifers.

{n the urea experiment, twenty-four Holstein dairy cows
were assigned at random to three treatments; 1) control, I1I)
33 percent of the supplementary protein from urea, and I11)
66 percent of the supplementary protein from urea, Corn
silage was fed as the sole forage, The experiment was ini-
tiated about one month prepartum and continued through one
lactation to 140 days into the second lactation.

Statistically significant differences (P£,035) were
found in overall concentrate intake during the first 305-
day lactation period between the control and the experi-
mental groups. Differences in intake were not significant
during the second lactation period. Concenirate intakes
were 1369.4, 1548.5 and 1619.4 kg, respectively, for cows
in groupe I, II and 1II during the first lactation period.

Intakes of urea averaged O, 118 and 216 g. for cows in the

respective 3 groups,
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Milk yields were 5457.9, 4915.9 and 5120.7 kg, respec-
tively, for cows in groups I, II and III during the first
305-day lactation. Highly significant differences {(P£,01)
in percent milk fat were found between the groups during
both lactations. Average milk fat percentages were 3.45,
3.54 and 3.74 for the first lactation and 3.44, 3.61 and
3.70 for the second lactation for groups I, Il and III, re-
spectively., No significant differences were found in fat-
corrected milk produced.

Statistically significant differences beitween groups
were found in blood serum levels of Ca, P, K and urea, par-
ticularly, immediately after parturition, Animals in the
high urea group (Group 1I!) consistently had the lowest
levels of Ca, P and K, and the highest levels of blood urea
nitrogen (BUN). BUN increased as dietary levels of urea in-
creased, No significant differences were found in blood
serum Mg,

Number of services required per conception were 1,50,
2,75 and 3.66 for the first period and 1,57, 2.71 and 2,25
for the second period, for groups I, II and III, respec-
tively. In group I, one cow aborted, was rebred and had a
normal second parturition on experiment., All animals in
this group conceived ﬁfter the second parturition on experi-
ment, |

In group II, one cow aborted, 7 calved a second time and

all 7 were diagnosed pregnant after the second parturition
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on experiment. In éroup I1I1, 2 cows aborted, 2 did not con-
.ceive after 5 and 6 inseminations, respectively, and 1 cow
died at time of second parturition. Only 3 cows entered a
second lactation; The 3 mentioned cows and one of the sni-
mals that aborted were diagnosed pregnant a second time,

On the energy experiment, 20 eight-month-old tolstein
heifers were assisned at random to two treatments: Grouv
I, corn grain as the main supplementary energy source; and

group 11, yucca (Manihot Esculenta), substituted for corn

on a dry matter ba®is, Sugar cane tops were used as the
sole forage in both zroups.

Statistically significant differences (P£,05) were
found in body weight gaine in favor of the yucca-fed heifers
between B and 16 months of age (224 days). Average daily
weight gains were .7381 and .833 kg, respectively, for groups
I and II., Feed intakes, on a dry matter basis, were similar
in both groups,

Average age for the first breeding was 15 and 14.5
months and average services per conception were 1,88 and

1.77 for groups I and 11, respectively.

L
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Table 13. Blood Serum Calcium Levels of Animals in Group I At Different Stages of Lac-
tation (mQg/100 ml),

Davs after Parturition

Animal Initial
Number Sanple 2 28 56 84 112 140 168 196 224 252 280 308

L io

6600 10.02 9.55% 10.05 10.01 9.98 9,36 10.63 11.00 11,01 10.89 10.70 11.37 11.06
6249 9.856 9.00 9.0 9,87 9,81 9,83 10.70 10.68 10.93 11.00 10.47 10.78 10,04
6511 10.30 9,40 9.71 10,06 9.94 10,00 11.01 11.33 11.02 10.48 10.66 10.91 10.73
62120 9.71 8.71 9.40 9.54 9.83 9.81 10.36 10.39 10.90 10.26 10.07 10.60 10.59
6214 9.91 8.95 ©6.41 9,73 9.86 9.92 9.60 9.87 10.91 11.02 10.87 9.5%4 10.06
62156 10.01 9,30 9.67 10.31 10.40 10.31 10.47 10.27 10.33 9.86 10.01 10.46 10.39
62163 9,87 8.75 9.31 9.52 9.87 9.84 9,79 9.63 10.43 ©9.681 9.54 10.00 ©.86
6063 9.60 8.42 8.85 8.80 9.11 9.41 9.04 9.15 10.15 9.3 9.50 9,95 9,87

ave, 9.91 9,01 9.30 9,73 9.85 9.81 10.20 10,49 10.71 10.31 10.22 10.50 10.40

L 1

6600

6249 8.20 9,48 10.00 10.16 10.25 10.36
6511 9.43 9.63 10,02 10.03 10,20 10.29
62120 9,31 9.47 9.85 9.96 10.05 10.21
6214 9,42 9.36 10.05 10.20 10.35 10.51
62156 9.40 9,50 9.90 9.91 10.15 10.28
62163 9,39 9.45 10,01 10.30 10,30 10.39

6063 10.35 9.60 9.47 10.49 10.45 10.41

Ave. 9,51 9.50 9.90 10.15 10,25 10.35

8



Table 14. Blood Serum Calcium Levels of Animals in Group II at Different Stages of
Lactation {(mg/100 ml),
_Days after Parturition

Animal Initial

Number Sampile 2 28 56 84 112 1490 168 196 224 222 280 308
First Lactation

6509 9.31 8.86 9.01 9.46 9.53 9.89 10.00 10.46 10.40 10.06 10,20 10.29 9.80
6611 10.30 9.05 9.00 9.95 9.97 10.02 9.98 10.02 10.36 10.40 10.32 10.26 10.05
6419 10,34 9.83 9,77 9.76 10.31 10.48 10.40 10.37 10.65 10.61 10.41 10.30 10.40
6521 9.96 8.71 8.96 8.49 9.63 9.88 10,02 9.97 10.00 9.87 9.66 9.86 9.77
6466 8.94 8.04 8.43 9,20 9.72 10.00 9.80 10.00 9.99 9.30 9.69 10.00 9.94
6455 10.33 9.35 9.20 10.00 10.46 10.45 10,33 10.29 10.71 10.33 10.52 10.34 10.15
6605 10.41 8.60 8.94 9,77 9.98 9.79 9.92 10.04 10.52 9.89 9.76 9.96 9.33
6671 8.89 8.13 8.77 9.37 10,00 9.58 9.56 10.61 10.97 9.95 9.28 9.79 9.94
Ave. 9.81 8.82 9,01 9,50 9.95 10.01 10.00 10.22 10.45 10.05 9.98 10.10 9.92
Second Lactation

6509 8.41 9.61 9,80 10.06 10.00 10.35

6611 10.01 9.98 9,91 9.8 9.98 9.71

6419 9.33 9.46 10.00 9.75 10.12 9.67

6521 9.06 9.55 9,69 9.89 9.%0 10.31

6466 9.37 9.76 9.86 9.91 10.02 10.06

6455 9.56 9.45 9.63 10.21 10.15 10.22

6605

6671 9.06 10,09 9.37 9.62 9,91 9,07

Ave. 9.40 9.70 9.75 9,90 10.01 10.00
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Table 15. Blood Serum Calcium Levels of Animals in Group III at Different Stages of

Lactation. {mg/100 ml),

- Dayvs after Parturition

Animal Initial
Number Sample 2 28 56 84 112 140 168 ___196 224 252 280 308
Eixst Lactation
6621 10.01 9.19 9.15 9.46 10.00 10.01 10.54 10.21 10.11 9,91 10.22 9.55 9.89
6528 9.86 8.54 8.96 9.21 9.48 9.40 9.85 10.30 6.95 10.00 9,91 9.81 9.60
6601 9.53 8.47 8.78 8.86 9.36 9.54 9.60 9.91 10.00 10.26 9.89 9.83 9.41
6149 10.20 9,15 9.00 ©.77 10.03 10.15 10.09 10.12 10.36 10.04 10.12 9.95 10.05
6647 9.38 8.70 8.95 9,17 9,28 9,51 9.61 9.89 9.87 9.51 9.89 9,76 9,76
6437 9.76 8.67 8.69 B.96 9,35 9.70 9,83 9.76 9.96 10.15 9.78 9.90 9.58
6584 9.66 8.66 9,06 9,31 9,60 9.81 9.69 9.84 9.44 9.79 9.71 9.68 9.50
6612 9.44 8.40 8.85 9.66 9.62 92.47 9.68 9.72 9.91 9.57 9.93 10.00 9.80
Ave. 9.73 8.72 8.93 9.30 9.59 9.70 9.86 9.97 9,95 9.90 9.93 9,81 9.70
Second Lactation
6621 9,11 9.%2 9,50 9,70 9.77 10.00
6528
6601
6149 8.94 9,33 9.31 9.43 9.63 9.71
6647
6437
6584
6612 9.18 9.35 9.55 9.69 9,73 9.82

Ave, 9.08 9.40 9.45 9.60 9.71 9.85

o
i
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Blood Serum Phospheorus Levels of Animals

Table 16. in Group I at Different Stages of
Lagtation {(mg/100 mi}. :

- Days after Parturition

Animal Initial

Number Sample 2 28 56 24 112 140 168 196 224 252 280 308
i L

6600 6,30 4.4 4.67 4,12 3.88 4.21 4.96 4.49 4.56 4.89 5,12 5.00 5.12

6249 4.85 3.96 4.32 4.52 4.86 4.78 3.98 4.0 4.30 4.81 4.93 4.70 4.69

6511 4,96 4,13 5.01 4.99 5.46 6.03 5.12 4.36 4.57 5.40 5.20 4.24 4.53

62120 5,26 4,10 5.41 5,31 5.37 &6.31 7.02 6.,4B 5.63 4.93 4.78 4.36 5.04

6214 5.31 3,96 4,32 4,43 4.64 4,89 5,01 4.80 4.63 4.88 4.66 4.93 4.88

62156 4,83 4,29 4,01 4.46 4.57 4.47 4,40 4.64 4,36 4,38 4.50 4.40 4.51

62163 3,95 | 3.80 3.90 4.39 5.36 5,16 5,00 5,15 4.83 4.90 4.91 4.76 4.686

6063 5.51 3.75 4,44 5.37 4.98 4.96 4.58 4.63 4,40 3.83 4.29 4.01 4.98

Ave, 5.12 4,05 4.51 4.70 4.89 5.10 5.01 4.82 4.66 4.75 4,80 4.55 4.80

Segond Lactation

6600

6249 4,35 4.40 4.53 5,13 5.17 5.03

6511 3.93 4.51 4.90 4.86 4.8B8 4.76

62120 3.99 4.20 4.34 4.53 4.63 4.52

6214 4.06 4.8B7 4.81 4.60 4.61 4.63

62156 4,43 4.70 4.12 4,79 4.70 4.58

62163 4,05 4,33 4.36 5.00 4.99 5,04

6063 4.42 4.98 5.49 4.70 5.04 4.27

Ave, 4.16 4.60 4.65 4.80 4.86 4.69
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Table 17.

Blood Serum Fhosphorus
Lactation (mg/10Q ml),

Levels

of Animals

in Group II

at Different Stages of

Days after Farturition

Animal Initial
Number Sample 2 28 56 84 112 140 168 156 224 252 280 308

, I . _
6509 6.03 4.36 4,37 4.29 5.21 4.86 3,71 3.8B9 3.70 3.66 4.36 3.99 4.31
6611 5.30 3.80 4.06 4.17 3.99 4.20 5,02 5,12 5.46 4.51 5,20 4.86 5,20
6419 4.96 4,01 4.00 4.1 4.21 4.16 4.19 4.36 4.86 4.20 3.86 4.17 4.36
6521 4.87 3.79 3,95 4.12 3.86 4.12 4.61 4.49 5,04 5,03 4.70 4.5 5,05
6466 5.20 3.99 4,15 4.31 4.20 3.98 3.98 4,12 4.43 3,95 4,31 4.07 3.90
6455 3.99 3.7} 3.89 4.45 4,37 4,30 3.88 4,36 4,74 4,06 4.00 4,12 4.36
6605 4.86 4.02 4.15 4.10 4.16 4,13 4,03 4.89 5,00 5.82 4.70 4.63 3.00
6671 6.80 3.92 4,31 4.73 4.79 5.36 6,43 4,77 4.75 4.51 4.96 4,63 5,03
ave. 5.25 3,95 4,11 4.29 4.35 4,39 4,48 4,50 4,75 4,47 4.51 4.39 4.40
Second Lactafion
6509 4,12 4.36 4,30 4.67 4.63 4.31
6611 3.36 4.680 5.02 6,10 5,93 4.79
6419 3.50 4.01 4.23 4,08 4.13 4.00
6521 3.47 3.99 4.18 3.99 4,06 4.33
6466 3.52 4.70 4.68 4.46 4.39 4.76
6455 3,70 4.43 4,40 4,32 4.05 5.13
6605
6671 2.90 5.34 4,06 3,19 3,74 4.19
Ave. 3.51 4.49 4.41 4.40 4.42 4.50

16
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Table 18, Blood Serum Phosphorus Levels of Animals in Group III at Different Stages of
Lactation (mg /100 ml), '

Davs after Parturition

Animal Initial .
Number Sampple 2 28 56 g4 112 140 168 196 224 252 28Q 308

First Lactation :

6621 5.21 3.23 4.17 5.16 5.03 4.86 5.74 5.17 4.36 5,43 5,08 4.93 5.00
6528 4.66 3.43 3,54 3,99 4.16 4.06 4.12 4.31 4.16 4.12 4.37 4.26 4.19
6601 4.03 3.51 3.58 3.87 3.81 3,96 4.03 3.99 4.10 4.00 3.98 4.12 4.15
6149 5.46 3.86 4.03 4.28 4.13 3.99 4.16 4.20 3.97 4.05 3.97 3.96 4.21
6647 4,77 3.54 3.55 3.81 4.05 4.31 4.22 3.26 3.83 4.23 4.28 4.19 4.06
6437 4.84 3.46 3.69 3.94 3.86 3,97 4.03 4.20 4.06 4.00 3.81 3.87 3.80
6584 5.06 3.63 3.70 4.16 3.65 4.00 3.88 4.05 3.97 3.86 4,03 4.13 4.33
6612 4.35 3,75 3.83 3.67 3.30 3.24 3.89 3,95 3.56 3,98 4.08B 4.55 3,96
Ave, 4.80 3.85 3.76 4,11 4.00 4.05 4.26 4.14 4.00 4.21 4.20 4.25 4.21

second Lactation

6621 3.15 3.46 4,00 4.12 4.33 4.20
6528

6601

6149 3.61 3.87 3.89 3.95 3.90 4.00
6647

6437

6584

6612 3.00 3.32 3.62 3.91 3.91 3.64

Ave. "3.25 3.55 3.84 3.99 4,05 3.95

26



Table 19. Blood Serum Magnesium Levels of Animals in Group I at Different Stages of

: Lactation (mg/l00 ml),

Days gfter Parturition

Animal Initial
Number Sample 2 28 56 84 112 140 168 196 224 252 280 308
First Lactation
6600 1.85 1,91 1.96 2.02 2,00 1.96 1,99 2.08 2.05 2.00 1.98 2.13 2.12
6249 2.01 2.03 2,00 2,12 1.98 2,07 1.86 2.09 1.94 1.90 2.06 2.08 2.06
6511 1.93 1,99 1,99 1.97 2.02 2,06 1.85 2.13 1.96 1.93 2,11 1.99 2.0l
62120 1.90 1.87 2.19 1.94 1.87 1,94 1.93 2,15 2.03 1.96 1,97 2.15 2,16
6214 2.05 l1.92 2,01 2,11 2,11 2.09 2,06 2.10 2,08 1.95 2.06 2.10 2.09
62156 2,06 l.9¢ 2.06 2,06 2,01 2,05 1,90 2,09 1.94 2.03 2,10 2.18 2.12
62163 2,05 2.0¢0 2,10 2,11 1.96 1.9 1.89 2,14 1.94 2.00 2.04 2.14 2.12
6063 2.15 2,00 2.01 2,46 2.04 2,11 1.B1 2.17 2,07 1.75 2,09 2.10 2.11
Ave. 2.00 1.9 2,04 2.10 2,00 2.03 1.91 2,12 2,00 1.94 2,05 2.11 2,10
S L
6600
6249 1.98 1.90 2.06 2.03 2.08 2.03
6511 2.00 1.93 2.03 1.94 2.05 2.01
62120 2.05 1.91 1.98 1.96 1.98 2.00
6214 1.94 1.90 1.96 11.96 1.98 1.99
62156 1,99 1.98 2.10 2,01 2,00 1.97
62163 2.01 1.95 2.04 1.97 2.08 2.05
6063 1.3 2.03 2.06 1.99 2.12 2,01
Ave. 1.99 1.95 2.04 1.98 2.04 2,01

£6



Table 20. Blood Serum Magnesium Levels of Animals in Group II at Different Stages of
Lactation (mg/100 ml),

Davg after Parturition

Animal Initial
Number Sample 2 _28 56 84 112 140 168 196 224 252 280 308

First Lactation

6509 2,11 2.10 2.03 2,05 2,11 2,12 2.07 2.03 2.07 2.13 2.11 2.08 2,03
6511 2.10 2.08 1.95 2.00 2.09 2.09 2.05 2.10 2.08 2.05 2.01 2.00 1,95
6419 1.98 2,00 1.99 2.02 2,14 2.15 2,05 2.07 2.01 1.96 1.98 2.01 1.97
6521 2.11  1.99 1.99 1.98 2.05 2.06 2.09 2.04 2.06 1.99 2.03 1.95 1.93
6466 2.10  2.09 2.01 2.00 2,09 2.09 2.10 2.10 2.13 2,04 2.09 2.07 1.92
6455 2.11 2.06 2,05 2.03 2,13 2.12 2.02 2,05 2.06 2.01 2.07 2.01 2.02
6605 2,07  1.93 1.98 1.99 2,08 2,10 2.04 1,99 2,11 2,05 2.00 1,99 2.03
6671 2.13 2,13 2,00 2.08 2,11 2,14 2.13 2,09 2.05 2.06 2,10 1,98 2.00
Ave. 2.09 2,05 2.00 2,02 2,10 2.11 2,07 2.06 2.07 2.04 2.05 2.01 1.98
Seco io

6509 1.95 2.05 2.08 2.09 2.10 2.13

6511 1.98 2.05 2.04 2.07 2.12 2.11

6419 2,00 2.10 2.04 2,04 2,09 2.07

6521 1.91 2.11 1.99 2,02 2,06 2.09

6466 1.93 2.03 2,08 2,07 2.13 2.12

6455 1.90 2.10 2.07 2.06 2.05 2.10

6605

6671 1.97 2.06 2.05 2,05 2,14 2.16

Ave. 1.95 2.07 2.05 2,06 2.10 2.11
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Table 21. Blood Serum Magnesium Levels of Animals in Group III at Different Stages of

Lactation {(mg/100 ml),

Days after Parturition

Animal Initial
Number Sample 2 28 56 84 112 140 le8 196 224 252 280 308
First Lactation
6621 2.12 2.04 2,11 2,00 1.99 1.95 1,90 1.89 1.81 1,80 1.85 1.80 1.79
6528 2.06 2,01 2,07 1.91 1.90 1.91 1.96 1.96 1.90 1.90 2.01 1.98 2.01
6601 2.09 2.04 2,08 1.88 1.89 1,94 1,89 1.95 1.91 1.83 1.93 1.89 1.88
6149 2,10 1.99 2.05 1.89 1.80 1.86 1.88 1.93 1.9 1,80 1.82 1.88 2.00
6647 1.96 1.95 2,07 '1.86 1.81 1.83 1.84 1,83 1.83 1,75 1.84 1.80 1.95
6437 1.98 1.96 2.10 2,01 1.82 1,81 1.85 1.84 1.81 1.79 1.96 1.84 1.86
6584 2.06 2,00 2.,1¢ 1.85 1.81 1,91 1.86 1.89 1.90 1.90 1.86 1.80 1.85
6612 2.04 1.99 2.1 1.88 1.80 1.89 1.86 2,02 1.85 1,88 1.97 1.88 2.00
Ave. 2.05 2,00 2.09 1,91 1.85 1.89 1.88 1.91 1.86 1.83 1.90 1.86 1.92
second Lactation
6621 '1.82 1.83 2.00 1.80 1,95 1.93
6528
6601
6149 1.80 1.85 1.88 1.83 1.89 1.80
6647
6437
6584
6612 1.80 1.92 1.94 1.80 1.80 1.79
Ave. 1.80 1.86 1,94 1.81 '1.88 1.84
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Table 22,

Blood Serum Potassium Levels of Animals in Group I at Different Stages of

Lactation (mag/100 ml).,

Animal Initial

Davs after Farturition

2 2 1
6600 19,35 19,86 20.07 20,20 20.19 19.95 20,21 19.98 20.15 20.26 19.96 19.80 19.03
6249 20.15 19,95 19.87 20.03 20.15 20,30 20.16 19.76 20.22 20.03 19.38 19.12 19.70
6511 19,30 18.40 18.36 18.40 19.30 19.03 19.00 18.88 18.79 19.43 19.67 19.28 18.87
62120 19.35 19.05 19.40 19.86 19,67 19.86 19.96 20.00 19.50 18,70 18.50 18.01 19.04
6214 17.89 18.50 18.81'18,96 19,39 18.90 19.01 19.19 19.43 19.67 19.40 18.90 1B,63
62156 20,17 19.50 19.08 20.15 19.50 19.67 19,30 19.46 19.04 19.00 19.15 19.04 19.00
62163 18.91 18.64 18.55 19.00 18.84 19.06 19.41 19.21 19.40 18.71 18.96 18.70 17.99
6063 20.10 19.00 18.11 19.78 20.06 19.30 18.78 18,30 19.77 20.23 19.05 19.40 19.04
Ave. 19.40 19.11 19.03 19.55 19.64 19.51 19.60 19.35 19.41 19.50 19.26 19.03 18.91
L

6600

6249 18.60 19.00 20.15 20.18 20.25 20.01

6511 15,03 19.15 19.20 1%9.76 19.86 19.70

62120 18.14 18.00 19,03 19.30 19.37 19.00

6214 18.67 18,50 18.99 19,05 19.00 18.66

62156 18.04 18.36 18.95 1B.87 19.01 19.40

62163 19.00 18.55 19.50 19.30 19.47 19.03

6063 19,12 19.98 19.62 19.41 19.54 20.22

Ave. 18,75 18.90 19.35 19.41 19.50 19.43
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Table 23.

Blood Serum Potassium Levels of Animals in Group II at Different Stages of
Lactation {ng/100 ml) .
Days after Farturition

Animal Initial _
Number Sample 28 5% 84 112 149 168 196 224 252 280 308
6509 20.12 20.03 19.95 20.15 19.86 1B.66 18.00 18.47 18.60 19.00 18.90 19.15 18.99
6511 18.63 18.50 18.30 18.76 19.03 18.50 19.01 17.86 18,04 18.01 18.09 18.19 18.00
6419 17.99 18.15 17.90 18.50 19.67 19.15 19.30 19.46 18.77 19.40 19.12 19.95 19.50
6521 20,15 19.67 19.95 20.20 20.11 19.55 19.36 19.67 19.50 19.04 18.87 18.30 18.02
6466 19.67 19.55 19.30 19.50 19.41 19.11 18.67 19.00 19.33 18.43 17.89 18.15 17.86
6455 19.53 19.04 19.60 19.50 18.87 18.85 18.86 18.40 18.00 17.79 17.60 18.00 17.87
6605 19.98 18.01 17.86 18,40 18,90 18.03 19,12 18.66 18,15 19,15 18.50 18,77 18.40
6671 19.88 18.66 18.44 19.39 19.10 19.34 19,31 18.06 18.10 17.99 18.88 17.79 18.49
Ave. 19.50 18.95 18.91 19.30 19.37 18.90 18,95 18.70 18.56 18.60 18.48 18.54 18.39
Second Lactation
6509 17.95 18.60 18.10 17.90 19.20 18.73
6511 17.95 18,00 18,20 18,20 18.70 19.40
6419 19,35 19.40 19,60 19.80 18.00 18.66
6521 18.50 19.00 19,04 19.40 18.03 19.00
6466 19.06 18.70 18.70 18.70 19.06 18.40
6455 18.00 18.50 18.61 18.50 18.80 18.06
6605 ‘
6671 17.99 17.63 17.95 18.00 19.46 19.05
Ave. 18.40 18.55 18.60 18.64 18.75 18,76
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Table 24. Blood Serum Potassium Levels of Animals in Group 111 at Different Stages of

Lactation {(mg/l0Q ml),

Davs _after Farturition

Animal Initial
Number Sample 2 28 o6 g4 112 14Q 168 196 224 2922 280 308
Fj I A
6621 20.12 19.73 20.10 20.00 19.37 19.03 19.15 19.47 19.66 18.01 18.40 18,03 17.98
6528 20.03 19.05 19.66 19.75 19.56 18.99 18.50 18,36 18.50 18.33 17.99 17.70 17.80
6601 19.35 18.40 18.77 19.03 18.50 18.67 18.35 17.98 18.00 18.13 18.06 18.12 17.96
6149 17.99  17.81 18.00 17.95 18.33 18.01 17.80 18.35 18.43 17.71 17.70 18.00 17.75
6647 18,05 17.66 18.13 18.56 1B.35 17.99 18.00 18.66 18.37 17.65 17.87 17.66 17.71
6437 20.01 19.70 19.13 19,04 18.00 18.25 18.12 17.8%9 18.15 17.60 17.79 17.69 17.60
6584 17.86 17.67 18.22 '18.11 18.00 18.51 18.21 18,01 18,40 18,23 17.96 18.00 17.87
6612 19,54 19.48 18.02 17.66 17.75 17.74 17.87 17.51 17.78 17.52 17.58 17.59 17.75
Ave. 19,12 18.692 18.75 18.76 18.48 18.40 18.25 18.28 18,41 17.90 17.92 17.85 17.80
Second Lactation
6621 17.81 17.83 18.55 18.67 19.11 18.98
6528
6601
6149 17.99 18.01 18.21 18.20 18.01 18.25
6647
6437
6584
6612 17.78 18.11 18.09 18.06 18.22 18,02
Ave, 17.86 18.15 18.28 18.31 18.45 18.42
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Table 25,

Blood Serum Urea Levels of Animals

tion (ng/10Q mi).,

in Group I at Different

Stages of Lacta-

. Days after EFarturition
Animal Initial :
Number Sanmple 2 28 S56 g4 112 140 168 196 224 252 280 308
Py Lactatio
6600 17.00 18.20 21,03 23.18 22.16 19,37 20.08 20,20 17.23 18.15% 16.33 15.05 16.20
6249 14.9% 16.36 17.15 16.94 18.41 18.06 17.96 18,00 17.90 17.03 14.67 13.81 13.90
6511 17.06 19,14 16.27 18.61 18.33 17.6€3 18.15 18,07 17.84 16.30 13.91 13.00 12.97
£2120 13.20 15.66 18.87 15.96 17.16 15.98 17.63 17.96 18.31 16.93 15.68 15.65 15.03
6214 12.65 14.37 15.30 16.07 19.57 18.66 19.90 18.90 17.95 15.67 14.63 15.20 14.95
62156 16.70 19.21 19.00 20.15 22.33 19,95 20.15 21.30 18.51 19,98 17.81 16.03 15.55
62163 15.85 14.36 16,54 15,33 18.41 18.26 18.55% 19.00 18.332 17.01 14.50 14.97 14.46
6063 16.59 18.79 19.67 13.81 22.82 16.19 21.97 18.65 17.91 16.98 14.97 16.23 17.05
Ave, 15,50 17.01 17.98 17.50 19.90 18.00 19.30 19.01 18.00 17.25 15.2]1 14.99 15,01

I,

6600
6249 13.01 12,20 14.97 13.85 14.00 16.33
6511 10.56 11,65 13.50 14.01 13.70 14.13
62120 17.86 14.90 16.84 15.00 14.56 16.89
6214 15,25 14.33 15.69 13.89 14,25 15.06
62156 12,67 12,80 13.70 14.12 12.89 14.75
62163 14,00 12,60 14.88 14.10 15.12 15.79
6063 15,71 10.71 15.75 16.53 13.42 18.90
Ave. 14,20 13.02 15.04 14.50 13.99 15.98
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Table 26. Blood Serum Urea Levels of Animals in Group II at Different Stages of Lacta-
tion (mg/l00 m}).

Davs after Parturition

Animal Initial

Number Sample 2 28 56 84 112 140 168 196 224 252 280 308

First Lactation

66509 19.30 23.01 22,51 20.50 21.56 20.71 19.30 29,66 27.18 22.36 23,01 20.15 20.96
6611 13,95 17.30 19.73 21.17 22,30 22.66 23.55 25.10 23.95 19.81 20.50 18.63 19.30
6419 17.64 20,50 21,33 22.50 30.17 31.20 26.66 26,79 24.31 23.60 21.39 20.46 21.55
6521 14.36 18.76 18.85 19.86 18.71 19,95 21.36 22.00 25.08 22.66 23.07 21.17 21,03
6466 16.06 20.37 20.06 18,95 21.50 23_.30 22.60 23.06 24.10 19,93 20,00 17.16 19_.50
6455 19.26 22.80 23.15 26.00 23,40 23.07 22.75 23.87 23.55 21.11 20.76 19.38 18.95
6605 13,70 17.65 19.65 18.04 20.56 19.75 21.04 21.76 23.11 17.96 19.45 17.30 22.98
6671 14.62 15,71 22.51 20.73 25.05 25.34 18.78 22.15 26.66 21.36 21.59 21.66 23.48
Ave. 16.11 19.50 21.11 20.97 23.03 23.25 22.00 24,30 24.74 21.10 21.22 19.49 20.97
second Lactation

6509 23,12 25.06 24,31 23.79 23,15 24.8B6

6611 20,17 19.68 20.20 22.20 20.66 20.04

6419 17.86 18,21 19,68 21.07 19.04 21.36

6521 21.30 20.70 21.46 21.00 19.30 21,77

6466 19.96 21.04 22.55 23,79 20.03 2l.16

6455 21.20 20.66 21.37 21.03 19.76 21.40

6605

6671 16.59 21.50 24.58. 26.34 18B.46 23.56

Ave. 20,03 21,00 22.02 22.75 21.49 22,01
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Table 27. Blood Serum Urea Levels of Animals in Group IIYI at Different Stages of Lac-
tation (mg/100 mi) .
Davs after Parturition

Animal Initisl
Number  Sample 2 28 56 84 112 140 168 196 224 252 280 308
First Lactation
6621 12,31 21.74 23,89 24.16 19,77 21.31 24.66 23,67 22.91 23.45 26.38 24.86 25.20
6528 10.15 18.63 22.33 24.71 26.16 25.84 28.07 27.86 20.40 22,33 22.66 21,15 22.50
6601 18.67 23.55 25.51 25.50 24.90 23.63 25.17 27.61 28.08 26.17 26.13 26.80 25.53
6149 15.34 20.05 24.67 22.04 23.71 21.63 27.09 29,00 30.28 25.61 31.23 26.81 2B.90
6647 17.77 21.81 23.13 24.01 22.03 21.74 24.61 23,16 25.44 23.00 24.46 23.87 23,00
6437 15.96 19.46 20.00 22.67 24.55 26.15 27.10 28,04 26.18 27.60 29.30 28.55 29,33
6584 20.47 28,64 30,15 31.33 29.87 28.4) 31.15 32,91 33.40 31.69 31.30 28.47 29.14
6612 23,27 31.72 34,41 35.67 30.61 27.36 30.47 31.60 29.47 27.27 28.63 29.56 25.35
Ave, 16,74 23,20 25.51 26.25 25,20 24.50 27.29 27,98 27.02 25.89 27.5) 26.26 26.12
Second Lactation
6621 26.03 24,31 30.66 28.46 27.62 27.00
6528
6601
6149 22.16 22,17 27.71 26.30 25.44 23.81
6647
6437
6584
6612 26,51 27.11 26.52 26,30 27.19 27.09

CAve. 24.90 24.53 28.30 27.00 26.75 25.97
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b 8, B i o imals in I o E

Davs of Age

Animal Birth '
Number Weight 240 268 296 324 352 380 408 436 464

6909 44 188 208 230 251 273 295 318 338 354
6911 36 192 213 232 255 276 298 320 341 366
6920 43 214 236 256 278 300 321 340 36l 380
6924 32 194 213 234 255 274 300 323 344 365
£929 38 180 201 222 243 262 283 304 332 359
6934 40 200 218 236 256 275 299 318 335 354
6937 34 182 200 228 252 275 301 324 349 365
6946 30 168 186 208 229 251 274 300 322 346
6948 36 212 236 259 280 302 327 350 374 395
6950 36 188 208 230 252 275 301 328 354 384
Ave. 36.9 191.8 211.9 233.5 255.1 276.3 299.9 322.5 345.0 366.8
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O IT

Davs of Adgde

Animal Birth

Number Weight 240 268 296 324 352 380 408 436 464
6906 36 204 224 248 273 300 325 351 372 392
6907 30 188 209 235 260 280 304 324 342 362
6915 36 184 214 238 261 285 210 329 347 360
5916 27 186 211 240 267 290 311 331 350 366
6927 44 190 216 241 268 291 317 338 358 375
6928 36 188 212 245 266 290 315 347 360 383
6933 30 176 203 231 252 277 297 319 341 362
6935 32 208 234 265 290 316 341 367 388 409
6942 34 184 209 235 259 288 314 339 363 386
6943 35 198 221 244 270 295 317 337 358 378
Ave. 34.0 190.6 215.3 242,2 266.6 291.2 315.1 337.7 358.0 377.3
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Table 30.

Individual Daily Consumption of Sugar Cane Tops by Animals in Group I, Con-
trol (kg on as fed basis),
Days of Age
Animal 240 268 296 324 352 380 408 436
Number to to to to to to to "to
267 295 323 351 379 407 435 463
6909 6.93 6.75 10.47 14,08 14,54 16.60 19.31 19.00
6911 7.48 8.68 12,47 14,23 15.79 17.04 19.31 18.49
6920 7.65 11.58 15,20 l6.02 18.18 19.91 19.28 23.53
6924 7.85 13.74 15.00 18,02 19.75 19,30 20.72 23.70
6929 7.98 13.34 13.20 14.70 17.60 18.16 22.34 24.37
6934 11.05 10.97 12.76 16.74 16,64 19.98 22,52 24.27
6937 9.12 12.72 17.42 19,49 18.50 22.33 24.12 24.52
6946 9.34 13.35 15.51 15.90 21.25 20.59 19.95 21.42
6948 13.24 18.81 19.57 19.02 23.60 23.99 24.41 24.78
6950 12.54 17.34 17.77 20.39 22.79 23.57 24.10 24,20
Ave.
Daily 9.32 12.72 14.93 16.86 18.86 20.14 21.60 22,82
Intake
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Table 31. Individual Daily Consumption of Sugar Cane Tops by Animals in Group II, Ex-
perimental (kg on as fed basis),

_ _Davs of Age

Animal 240 268 296 324 352 380 408 436

Number to to to to to to to to

267 295 323 351 379 407 435 463

6906 6.10 8.61 11.36 14.96 15.03 18.11 21.32 20.85
6907 5.89 7.71 11.03 16.50 17.00 18.68 19.25 18.57
6915 5.43 6.89 13.78 14.71 16.54 17.32 17.28 20.50
6916 5.89 8.43 13.46 13.86 15.96 16.50 15.18 17.10
6927 6.60 10.67 12.14 14.46 17.64 15.75 19.18 19.67
6928 7.14 11.29 12.21 14.50 16.36 15.07 19.60 19.64
6933 8.57 9.93 "12.46 14.86 14.71 20.03 19.36 19.64
6935 9.39 10.93 14.53 17.14 17.68 19.75 19.68 19,93
6942 8.29 10.71 14.07 17.29 23.07 22.75 23.54 23,82
6943 7.39 11.93 13.10 12,50 16.25 19.14 19.57 19,57
Ave.

Daily 7.06 9.71 12.81 15.08 17.02 18.31 19.40 19,93

Intake
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Table 32. Body Weight Changes and Deily Feed Consumption of Dairy Heifers According To

Age
Days of Age
268 296 324 352 380 4Q8 436 464

Croup L
Average body weight,

kg 212 234 255 276 300 323 345 367
Average daily gain, kg .718 771 .771 .757 .843 .807 . 804 .782
Dry matter intake, kg 5.25 6.19 6.82 7.36 7.92 8.28 8.69 9.03
Dry matter intake from

sugar cane tops, kg 2.61 3.55 4.18 4,72 5.28 5.64 6.05% 6.39
Dry matter/100 bw/day 1.23 1.50 1.63 1.70 1.76 1.75 1.75 1.74
Dry matter intake from

concentrate, kg 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64
Dry matter intake from

yucca, kg

ro I
Average body weight,

kg 215 242 267 291 315 338 358 377
Average daily gain, kg .882 .960 .871 .905 .853 .807 .725 .693
Dry matter intake, kg 4.50 5.31 6.19 6.84 7.39 7.75 8.08 8.22
Dry matter intake from

sugar cane tops, kg 1.98 2.72 3.59 4,22 4.77 5.13 5.44 5.58
Dry matter/100 bw/day .92 1.12 1.34 1.45 1.51 1.52 1.52 1.48
Dry matter intake from

concentrate, kg 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08
Dry matter intake from

yuceca, kg 1.44 1.51 1.52 1.54 1.54 1.54 1.56 1.56
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Table 33. Dry Matter Consumption According to Body Weight Changes as Compared to NAS-
NRC Allowances (1966},
Davs of Age
268 296 324 352 380 408 436 464
Ave. body weight of control animals, kg 212 234 255 276 300 323 345 367
Ave. body weight of exptl. animals, kg 215 242 267 291 315 338 358 377
Dry matter intake of control animals,
kg/day 5. 6.2 6.8 7.3 7.9 8.2 8.6 9.0
Dry matter intake of exptl., animals,
kg/day 4. 5. 6,2 6.8 7.3 7.8 8.0 8.2
NAS-NRC dry matter allowances, kg/dayl/ 5. 5 6.4 6.7 7.2 7.8 8.0 8.3
Protein intake of contrel animals, ‘ ‘
gm/day 579 630 657 681 705 721 739 754
Protein intake of exptl. animals,
gm/day 572 608 645 674 698 714 728 734
Protein requirements,l/ 522 590 630 650 661 668 680 684

L/Based on NAS-NRC Dairy, 1966.
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First Lactgtion

sSecond Lactation

Total Number of Interval Total Number of
Animal Days Services Dry Between Days Services Fregnancy
Number in per Period Calvings in per Diagnosis

Milk Conception MilKk Conception
66OOE 560 2 66 626 56 -- --
6249 364 1 58 422 221 1 Pregnant
6511 392 3 68 460 219 1 Pregnant
62120 305 1 9l 396 245 3 Pregnant
6214 305 1 16 321 265 1 Pregnant
62156 305 1 46 351 171 2 Pregnant
62163 305 2 53 358 145 2 Pregnant
6063 305 1 34 339 136 1 Pregnant
Ave. 355 1.5 54 409 182 1.57
Ircatment I
6509 392 4 60 452 192 2 Pregnant
66112/ 476 4 78 554 124 4 -~
6419 392 3 78 470 216 4 Pregnant
6521 336 4 101 437 199 3 Pregnant
6466 336 3 62 398 225 3 Pregnant
6455 305 1 61 366 225 1 Pregnant
6605 530 2 -- -- -- 2 Pregnant
6671 305 1 60 365 188 1 Pregnant
ave, 384 2.75 71 434 196 2.71
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Table 34, cont,
First Lactation Second Lactatjon

Total Number of Interval Total Number of
Animal Days Services Dry Between Days Services Pregnancy
Number in per Feriod Calvings in per Diagnosis

Milk Conception Milk Conception
Treatment III
6621 . 305 1 46 351 309 2 Pregnant
65284/ 663 3 -- -- -- 2 Pregnant
66012/ 364 4 - -- -- -- -
6149 305 2 84 389 196 3 Fregnant
66475/ 504 2 o -- -2 - z-
6437/ 364 1 79 443 - -~ -
65845/ 392 6 -= - -- -- -
66122/ 305 3 77 382 122 1 Pregnant
aAve, 400 3.66 72 391 209 2.0

l/Aborted at 194 days of first pregnancy, bred and settled,
bred again.
g/Not pregnant, left ovaric cyst.

3/Aborted at 149 days of first pregnancy,.
é/Aborted at 180 days of first pregnancy, continued milking,
i/Could not be settled,
5/M:\orted at 73 days of first pregnancy,

Y

a/JJA:Eter 6 services,

E/Calf dead, 65 days of second pregnancy on exp.

continued milking.

calved normally, not yet

162 days pregnant.
no heat after 4 services, pyometra diagnosed,

bred, pyometra diagnosed.

Died at second calving, parturient paresis,
could not be settled, diagnosed bilateral ovaric cysts, scld.
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I LV i F Mi Yi E i -
Animal Grain con- Silage dry Milk yield, kg Fat test, % 4% FCM, kg
Number sumed, kg matter, kg
Group 1
6600 1499.0 2715 4486,1 3.50 4149.6
6249 1580.0 3100 4714.5 _ 3.42 4303.8
6511 1879.5 3269 5615.0 3.50 5193.8
62120 2215.5 2891 6673.8 3.45 6123.2
6214 1720.1 3057 5165.0 3.48 4762.1
62156 1829.4 2700 5441.9 3.41 4960,3
62163 2165.0 3202 5516.3 3.44 5052.9
6063 2067.2 3260 6050.8 3.40 5506,2
Ave. 1869.0 3024 5582.9 3.44 5006.5
Group I1
6509 1269.4 2822 4506,5 3.61 4242.8
6611 1757.9 . 2624 5745.5 3.59 5392.5
6419 1534.3 3519 4981.2 3.60 4682.3
6521 1778.8 2926 5843.4 3.55 5448.0
6466 1608.3 3093 5013.9 3.54 4667.9
6455 1432.6 3337 4429.9 3.48 4084.3
6605 1605.3 2667 4803.8 3.50 4443.4
6671 1402.0 2173 4003.0 3.48 3690.7
Ave. 1548.5 2895 4915.9 3.55 4581.5
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Table 35. cont.

Animal Grain con- Silage dry Milk vield, kg Fat test, % 4% FCM, kg
Number sumed, kg matter, kg

Group IIT

6621 1273.9 2711 4084.3 3.73 3918.8
6528 1783.4 3035 5428.5 3.76 5233.0
6601 1507.3 2469 4533.8 3.77 4317.3
6149 1562.2 3020 5139.2 _ 3.70 4907.9
6647 1625.3 2481 5276.0 3.66 5007.0
6437 1819.1 2692 5672.7 3.82 5519.3
6584 1886.5 2837 6261.3 3.68 5960.6
6612 1497.2 2425 4570.2 3.80 4432.9
Ave, 1619.4 2709 5120.7 3.74 4912.1
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