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Bhalchandra Tanaji Sangle

- THESTS ABSTRACT

The breeding and semen collection records of bulls belonging to
Michigan Artificial Breeders Association were analyzed for a period of
about a year in order to study some of the factors influencing the per-
centage of non-returns. The factors studied were age of semen, bull,
breed, month and season of breeding, registered and non-registered
females .

The data were compiled by IBk machines and analyzed yielding follow-
ing results:

In general, the yearly percent of non~returns for bulls and for
breeds declined as age of semen advanced from 1 to 5 days. Hence semen
should be used as fresh as possible,

Bulls as well as breeds varied widely in the decline of percent of
non~-returns for day-to-day storage of seme~ from 1 to 5 days.

The over-all yearly percent of non-returns was the highest for Angus
and was the lowest for Red Dane breed. Holstein ranked 2nd whereas
Jersey ranked 3rd to Angus in percent of non-returns,

The over-all yearly percentages of non-returns for dairy bulls for
1, 2, 3, 4, 5-day-old semen were 69.59, 63.05, 56,20, 51,5, and 50.8L
percent, respectively. .

In Red Dane, the percent of total services for l-day-old semen was

markedly low compared to other breeds.
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The percent of non-returns was lowest in May for Holstein, It was
lowest in August for Guernsey, Jersey and Red Dane, whereas for Angus,
it was lowest in September.

For all dairy breeds, the percent of non-returns was the highest in
fall whereas it was highest in spring for Angus. For Holstein and Red
Dane, the percent of non-returns was the lowest in winter whereas for
Guernsey and Jersey, it was lowest in summer.

The weighted average of percent of non-returns with l-day-old semen
was 10.9% greater in 1lst service registered females than lst service non-
registered females.

The number of females inseminated with a day's collection of semen
for a bull was the highest in Holstein breed.

Concentration of semen was the highest in Jersey breed. Semen volume,
sperm concentration, percentage of sperms alive in non-stored semen and
progressive motility of sperms in non-stored semen were higher in dairy
bulls than the Angus bulls. However, the raw semen movement was lower
than Angus bulls.

A highly significant positive correlation was found between raw semen
movement and progressive motility of sperms in non-stored semen (r=+0.1465).

A highly significant (1% level) positive correlation was noted be-
tween each of the following semen characteristics and percent of non-
returns:

Raw semen movement (r = +0.195)

Percentage of sperms zlive in L-day-old re-examined semen (r = 40.1262)
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Concentration of sperm per 1/1000 cubic mm, of diluted semen
(r = +0.1213)
Progressive motility of sperms in non-stored semen (r = +0,088L)
Observations on progressive motility of sperms either in 3-day or
in l-day-old re-examined semen seem to be of very little use in predict-

.ing the percent of non-returns.



VITA

Bhalchandra Tanaji Sangle

Candidate for the degree of

Doctor of Philosophy

Final examination, July 2L, 1953, 10:00 4, M., Room 213, Dairy Building

Dissertation: Some Factors Influencing the Percentage of Non-returns
of Dairy Bulls in Artificial Breeding

Cutline of Studies;

Major subject: Dairy Production
Minor subjects: Animal Physiology, Animal Nutrition

Biographical Items

Born, August 29, 1925, Dhulia, Bombay State, India
Undergraduate studies, College of Agriculture, Poona,
19L5-L8

Graduate Studies, #ichigan State College, 1949-53

Experience: Captain of Inter-collegiate Kho-Kho Team
College of Agriculture, Poona, Bombay State
19L7-L8
Agricultural Officer, Crop Breeding Station,
Shahada, Bombay State 19L8-L9

Member of The American Dairy Science Association




LCKNONLED@IENTS

The writer wishes to express his sincere feelings of gratitude to
Dr. N. P. Ralston, Professor of Dairying, for his valuable guidance, un-
failing interest and encouragement during the course of this investi-
gation and for his assistance in the critical reading and preparation of
this manuscript. :

The author is greatly indebted to the Govermment of Bombay for the
award of scholarship and to the Scholarship Board, Michigan State College,
for the award of Alumni Predoctoral Fellowship which made it possible for
him to continue his study for the advanced desgrees. Grateful acknowledg-
ment is also due to Dr. Earl Weasver, Head of Dairy Department, Michigan
State College and to Mr. A, C, Baltzer, Secretary and Treasurer of
Michigan Artificisl Breeders Cooperative, Inc., Fast Lansing, for the
allotment of funds in order to carry out the present investigation.

The author deeply appreciates the help of Mr, A. C, Baltzer, for
the availability of the semen collection and breeding records of Michigan
Artificial Breeders Association, Sincere appreciation is also expressed
to Mr, R. W, Green, Research Assistant, Michigen Artificisl Breeders
Lssociation, and to Mr. Fred Dombroske, Plant Manager, Michigan Artificial
Breeders Association, and to Messrs ntobert Wheelock and Cliris Hebden of
Michigan Artificial Breeders Association for their helpful suggestions
and assistance in acquainting withh some of the data on semen collection
and breeding. The author is highly obliged to Miss Norma Taschner,
Assistant Superintendent, Tabulating Depertment, for her kind help in
punching and compilation of semen collection &nd breeding records by IBM
machines. Sincere thanks are extenced to Dr, W, D, Baten for his kind
assistance in statisticsl analysis and to Miss Frances R, Allen, dairy
extension department, for supplying the census figures regarding the
percentage of cows bred artificislly during the past few years on
Michigan farms,

The writer is very greteful to Dr, C, F. Huifman, Dr. E. P, Reineke,
Dr. C. 4. Hoppert, Dr, C, R. Megee and to Dr., L, C. Grosclike for helpful
suggestions, assistance and encouragement throughout his advenced train-
ing in this great institution of egriculture and epplied science.




TASBLE Of CONTENTS

INTRODUCTION ., .. ittt tienennnnns e e et e tec e e e ettt
GENER AL OB T I S ., § ittt iet it ittt iesnnesesonnsesesnsnasnnsssnnennn
MATERTALS AND METHODS USED . ...t iiie i ietvenenoneenannanes c e
(A) COLllection OFf SemMETN. ..e. s vrtneentenesnsneasoneeeeoeenas
(B) Examination of Semen (Techniques, Hatings, etc.)..........
(C) Dilution and Storage of Semen...... e
(D) Shipment of Semen........ C ittt teet ettt
(E) Re-examination of Diluted Stored Semen.........eeeeeeoene..
(F) Preparation of Egg-Yolk Citrate Diluter...............o....
GENERAL INVESTIGATIONAL PROCEDURE . ...t ieirateenseeneenoncconnenns
(L) Source of Dabd...ue.eueereenenneeenasenenenioneneeneeenns
(B) Placing Data on IBM CardS ....ee.e o eeecnennernnennonenenn,

(C) Compilation of Dsta from Isk Cards (Standard Card Nos. 1
BNA 2) D OT ottt ettt et
(a) Calculation of percent of non-returns............
(v) Correlation between semen characteristics........

(¢) Correlation of semen characteristics and percent
(Xl s o) o B o= 1 o P OO

SOM# Of THE FACTORS INFLUENCING PERCENT OF WON-REIURNS Ok HATE OF
CONCEPTICN, .... e e re e es s eee s a s aceavan s ea e acsntons s
(A) Review of Literabure . .. .u.ee. ceeeeenieeeenenneeennenenns .

(a) Age of semen in relation to percent of non-
returnS........... e
(b) Relative fertility of bull.....ve. e ninnenn..
(c) Relative fertility of cow and cow families..... ..
(d) Breed Oof animal .. .v.ueeeeneeennrenneenenneneaeenns
(e) Health of animal........ e et eiaeieeaan
(£) Age of animal. . ..uuveeneneronenannenenennennennnns
(g) Month and season of breeding.......ecveerncennnns
(b} Time of insemination in relation to time of

o b B 3 v e o
(i) Time of breeding after calving........eveieee.nn.

(j) Skill and experience of technicians snd insemi-
g = e 0 3



TABLE OF CONTENTS - Continued PAGE

(k) Herd management...... e et e e e ... 36

(1) Breeding efficiency by'artlflclal vs . natural
method, .... ceceei v e Cettetrecerecaeanecsrnas 37
(B) Experimental Procedure....... e eesetenrerenenreate e 38
(C) RESULbS . v ittt et e eteee e e e et e eeeaaeenenaeas Lo
(D) DiscusSSion.....eeeeeenee.. e eercecret st e 61
(E) Summary and ComCluSiomnS . uue e seseneeneeceennceoennn oennns 68

INTER-RELATTIONSHIP OF CERTATN SEMEN CHAERACTERISTICS AND RELATION-
SHIP BETWEEN VARIOCUS SEMEN CH/RACTERISTICS AND PERCENT OF NON-

RE U RN S . i it et ettt s ot oeeeeosoancncsnasocsneesesassnensesosnoecennos 72
(A) Review Of Literabule . . .o e reeee e e e ee e e e e et e 72
() Experimental Procedure....... f et eascacesaaa e 7T
(C) Results......... e tee et ittt ettt et €o
(D) DiSCUSSIO et v e s s oe s e eanneseonneeneseeenensennenasnneoennens 86
(E) Summary and ConcluSionS .. .....eeeeeeeeeeeeeeoacaennennnanns 90

LT RATURE Gl D . st e it s o e ce s eaeonoeeeseseeasseonsessesanonnneens ol




INTRODUCTION

Dairy cattle breeding is one of the main tools for the improvement
in the performance of a dsiry herd. It can either "make or mar™ the
improvement depending on the ability in the selection of the sires.
Judicious selection of the bulls, therefore, is very importent, However,
it is rather a difficult task as it requires a trained personnel heving
a good knowledge of genetics and animal breeding. A sound breeding pro-
gram, therefore, is less likely to be within the reach of an average
dairymen unless lie resoris to artificial insemination, This 1s because
experts in cattle breeding are concerned with the selection of superior
sires for the artificisl breeding association.

| A constantly growing, incressed interest for the use of artificial
insemination has been demonstreted by Michigan dairymen over the past
number of years. This can be easily seen from the reports of the
Michigan Agricultural Statistics (1951), Michigan Cooperative Crop Report-
ing Service (1953), and from Annual Report of Mr. A. C. Baltzer (1951-
1952), According to these reports, 6 percent of the total number of cows
(2 years old and over) on Michigan farms were bred srtificially in the
year 19465 12.7 percent in 19483 1L.8 percent in 19L9; 17.1 percent in
1950; 20.5 percent in 1951 and 22.3 percent in the year 1952

About 90 percent of the dairymen in Michigan could have a fairly
rapid and substzntial genetic dmprovement in their deiry herds -if only

they would use the superior inheritance that is provided for them by




Michigan Artificial Breeders Cooperative, Incorporated. Dairymen are
becoming more conscicus of the fact that artificial insemination does
possess greeat potentialities for great improvement through the use of
outstanding sires which few dairymen could afford to own. Artificial
insemination is now considered to be the cheapest and easiest way of
introducing the desired inheritance in the average quality herd in
Michigan.

In order that the artificial breeding program be a success not only
the proper selection of bulls for high production and good type is
essential but also bulls that produce high gquality semen which will stand
up during processing, shipping and insemination, thus resulting in a high
conception rate. Equally important is the gquality of the inseminator-
technicians and the use of the best techniques of insemination. The herd
owner also has a major role to play in the success of artificial breeders
cooperatives. Besides good breeding, he must be conscious of many factors
such as proper feeding (nutrition), efficient management and disease
control which are responsible for getting a high conception rate in his
herd.

Hducational programs beamed at the men working in the stud, the
inseminators working in the field, the individual herd owners, and the
agricultural public service personnel are important and must be‘maintained
with a great deal of enthusiasm and finesse. The most efficient teaching
is through the use of current local personszal information to demonstrate
the proper and improper techniques, methods and procedures. By con-

stantly developing a program through different approaches by compiling,



analyzing and interpreting the work of the organization, the morale.and
ehthusiasm of the personnel can be maintained. This also favors the
development of new ideas for more efficient methods and ways of bring-
ing the latest information about the details of operation that are so
important if high conceptioh rates are to be obtained through artificial

insemination.




GENERAL OBJECTIVES

The objectives of this investigation are:
I. To study some of the factors which may influence percent of
non-returns:
(A) Age of semen
(B) Bull
(C) Breed
(D) Month and Season of year
(E) Registered and non-registered females
IT, To study the interérelationship of certain semen characteristics
and relationship between various semen characteristics and per-

cent of non-returns.




MATERTALS AND METHODS USED

The data used in this investigation were taken from the records
kept at the Michigan Artificieal Breeders Cooperative, Incorporated, East
Lansing. In 1951-52 the Michigan frtificial Breeders Association con-
sisted of 1Ll local organizations located throughout the State of
Michigen. The bull stud is located at the central heasdguarters in East
Lansing. The semen was collected from bulls representing © breeds.

Of the 5 breeds, L were of dairy type (Holstein, Guernsey, Jersey, Red

Dane) and one was of beef type (fngus) .

(4) Collection of Semen

In the majority of cascs, semen was collected from each bull at an
interval of 6 or § days. The cjeculates (semen) collected at less than
5 days apart from a bull is not included in the present investigation,
This is because of the fact that the current scrvices resulting from each
of these ejaculates cannot be completely separated by the procedure used
in this study for determining the percent of non-returns. The collection
of semen with very few exceptions, was made at night every day, except
Saturday, starting from about 9 p.m. to about 12 midnight. Semen was

collected by means of an artificiasl vagina.

(B) Examination of Semen (tectmiques, ratings, etc.)

Immediately after ccllection, the semen samples were examined in
the laboratory by trained, experienced personnel, for the following semen

characteristics:




Volume of semen: It was messured to the nearest 0.1 ml. by

means of a graduated measuring cylinder.

Raw semen movement: It was determined by examining a drop of

undiluted fresh semen under a microscope by using 100 magnifi-
cation. An appropriate rating for movement of raw semen de-
pending on the vigor of movement of the sperm mass was

estimated as follows:
Estimated Value

Rating Explanation of the Rating for the Rating
+ Maximum raw semen movement 90 percent
/ or M Intermediate raw semen movement 70 percent
- Very little or no raw semen
movement O percent

No semen sample was discarded on the basis of raw semen move-
ment alone even though the sample had - rating for raw semen

movement .

Concentration of semen: It was determined by a photelometer

as described by Willett and Buckner. One-tenth ml, of undi-
luted fresh semen was mixed thoroughly with L ml. of 3.2
percent sodium citrate (Na,CgHgO;.2H,0) in the glass cylindri-
cal absorption cell (vial) and the photelometer reading was
teken. The reading was then converted into concentration
(number of spermatozoa per cubic mm. of undiluted semen) after
referring toa standard table, Semen samples shiowing less than
500,000 spermatozoa per cubic mm, of undiluted semen were not
sent for insemination‘énd hence could not be included in the

present investigation.
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Progressive motility of sperms: A drop of fresh semen diluted

with egg-yolk citrate buffer was examined under a microscope
using a magnification of 400O. £n appropriate rating for pro-
gressive motility of sperms depending on the nature of forward
movement (fast or sluggish) of live-sperms in the semen sample

was estimated as follows:
‘ Estimated Value

Ratin Explanation of the Ratin for the Ratin
Lauing xp g g
E Excellent progressive motility
of sperms 90
VG Very good progressive motility
of sperms 80
G+ Good plus progressive motility
of sperms 70
G Good progressive motility of
sperms 60

In very rare cases, semen samples having less than G+ rating
for progressive motility of sperms, were obtained. Such samples
were discarded on the basis of other semen characteristics such
as percentage of sperms alive, raw semen movement and concen-

tration of semen.

Percentage of sperms zlive: A drop of fresh semen diluted with

egg~yolk citrate buffer was observed under the microscope using
a magnification of LOO and the percentage of sperms alive in
the sample was estimated as 80, 75, 70 etc. Semen samples with
a‘percentage of live-sperms less than 70 were usually dis-
carded and hence could not be included in the present investi-~

gation,




When the semen obtained during the first ejaculation from a bull
was small in volume, a seccond ejaculate was collected subsequently from
the same bull. The first and second ejaculates (non-stored semen) were
examined separately for volume of semen, raw Semen movement, concentra-
tion of sperm, progressive motility of spermatozoa and percentage of
sperms alive. After examination, the two ejaculates were mixed together
for insemination, However, the number of mixed ejaculstes was small,
In the present study, whenever two ejaculates from a bull were mixed,
welghted aversges for raw semen movement, concentration of semen, pro=-
gressive motility of sperms and percentage of live-sperms were calculated
on the basis of semen volume used for dilution. The weighted averages
thus obtained represent the ratings for various semen characteristics of
the mixed semen. In the case of volume of semen, the arithmetic average
of the volume of two ejaculates was taken to represent the volume of
mixed ejaculate.

In some cases, the first ejaculate from bulls was lost and hence the

second ejaculete from the same bull was collected subsequently.

(C) Dilution and Storage of Semen

While a portion of the semen sample was being examined microscopiceally,
the remaining portion contained in a glass tube was placed in warm wzter
at about 900 F., If the semen sample was found to meet the minimum re-
quirements of semen characteristics or combination of seme characteristics
such as percentage of sperms alive, progressive motilily of sperm, raw

semen movement and concentration of semen (characteristics listed in order




of importance for judgment), it was poured into 55 ml. of egg-yolk

citrate diluter previously warmed to 90° F. The diluted semen was then
placed in a refrigerator and cooled on thie average not faster than 10 F.
per minute to MOO F. More diluter at hOO F. was then added to the
original 55 ml, dilution making up a total volume of diluted semen on
each bull according to the semen needs for a particular day's collection.
Lbout 3 to I ml. of diluted semen was stored in the refrigerator at hOO F
in order to re-examine on the 3rd and/or Lth day of storage for progressive
motility of sperms and percentage of sperms alive. The remaining, fresh,
diluted semen was poured into & ml., glass vials. The vials were plugged
with a cork stopper and the top of the vial along with the stopper was

peraffined.

(D) Shipment of Semen

1. Parcel post shipment: Glass vials containing diluted semen

were placed in a hollow tin can with a jacket containing ice.

The cean was wrapped in an insulated bag which was then packed

for shipment by parcel post. The semen was in transit from

16 to 2L hours at about hOO F. and was received by inseminators
after about 12 to 35 hours from the time of collection. However,
the majority of the inseminators received the semen about 3L
hours from the time of collection.

2. Airplane shipment of senien: Glass vials contéaining diluted

semen wWere wrapped in several thicknesses of paper and were
placed in the insulated bag in contact with a tin cen enclosing

ice. The bag was then packed in a cardboard box for shipment
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by airplane. The semen was in tramsit from O to 5 hours at
about L0° F. and was received by the inseminators after 11 to
16 hours (on an average 137 hours) from the time of semen
collection.
Semen received by the inseminators either by parcel post or by air-
plane delivery, was kept in a refrigerator at about 40° F. until used.
The semen was carried to the farms for insemination in a thermos bottle

o
or ice chest at temperature of about LO F,

(E) Re-examination of the diluted stored semen.

Semen samples stored in a refrigerator at AOO F. were re-examined
under a microscope (LOO magnification) for progressive motility of sperms
and percentage of live sperms on the 3rd and/or hth day of storage. An
appropriate rating for progressive motility of sperms depending on the
nature of forward movement (fast or sluggish) of live-sperms was estimated
as follows:

Progressive Motility of Sperms

Estimated Value

Rating  Sxplanation of the Rating for the Rating
G+ Good plus progressive motility of sperms 70
G Good progressive motility of sperms 60
G- Good minus progressive motility of sperms 50
F+ Fair plus progressive motility of sperms Lo
F Fair progressive motility of sperms 30
F- Fair minus progressive motility of sperms 20
P Poor progressive motility of sperms 10
Dead No progressive motility of sperms 0

Percentage of sperms alive: It was estimated as 60, 55, 50, L5,

etc .,
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(F) Preparation of Egg-Yolk citrate diluter:

The egg-yolk citrate diluter was made up of 1 part of egg-yolk to
1 part of citrate buffer. To this egg-yolk citrate mixture, 500 mgms.
of crystalline dihydro-streptomycin (Merck) and 500,000 units of
crystalline penicillin (Merck) were added for every 1000 ml. of the mix-
ture. The egg-yolk citrate was prepared every day exceplt Saturday, about
8 hours vefore use. The diluter was kept in a refrigerator at 1,0° ¥,
until it was needed for dilution.

Citrate buffer that was used for prepsring the diluter was made
every week by adding O grams of sodium citrate (Merck) (iasCeHgOr.2Hz0)
and 2000 ml. of distilled water. The citrate solution was heated in a
pressure cooker at 212° F. for 20 minutes at 15 pounas pressure, It was
then cooled and stored in the refrigerator at hOO F. and used whenever

needed during the week,
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GENpRAL INVESTIGATIONLL PHOCEDURL

(L) Source of Dats

The data on semen characteristics wzs taken from the semen collection
data shicets (records) of the Michigan Lrtificial Breeders Lssocistion and
covers the period from the semen collection date of June 1, 1951 to lHay
31, 1952, The breeding recerd corrsspon.ing to tlese ejoculates was ob-
tained from IBM cards (Standard Card No. 1) punched according to the out-
line mentioned below and covers the period from June 1, 1951 Lo September
L, 1952. Breeding records were analyzed on the basis of 9C day non-returns
for 1, 2, 3, L, 5 day olc semen. A& female (cow or heifer) was assumed to
be precnant if she was not bred 90 days following the last ssrvice. The
percent of non-returns was calculated on the total of first, second, third,

fourth, fifth and over services to a female,

Outline of Standard Card No. 1 (Breeding Record)

Columns punched Description

1 First service females registered or non-regisbered

2-L Code number for local organization of Michigan aArtifi-
cial Breeders fssociztion

56 tonth of current service to the femeale
7-6 Day of current service to the female
g Year of current service to the female

10-~-12 Code number of pull used on current service to the
femele

13-1l;  Service number of the female
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15-16 Month of previous service to the female
17-18 Day of previous service to the female
19 Year of previous service to the female

20-22 Code number of bull usad on previous service to the
female

23 Automatic punch out.

(B) Placing Data on IBM Cards

IBM cards (Standard Card No. 2) were punched showing information
from Michigan Artificial Breeders Cooperative, Inc. (MABCI) semen collection
data sheets starting from the semen collection date of June 1, 1951 to
May 31, 1952. There were some calculations made on this card. The data
were punched in the columns indicated according to the following instruc-
tions:

Columns Punched Description

1-3 Code number of bull used for semen collection; also
punch high "X" in column 1 for bulls which are used
for semen collection at less than 5 days apart,
(encircled by blue pencil in M/BCI semen collection
data sheets)

L~5 The month of semen cocllection
6~7 The day of semen collection
8 The year of semen collection, that is punch the year

1951 as 1 and the year 1952 as 2

9 Name of the day ccded as:
1 for Mondsy, 2 for Tuesday, 3 for Wednesday,
i for Thursdey, S for Friday, 6 for Saturday,
7 for Sunday

10 Seasoﬁ%of semen collection coded as:
1 for fall season which includes October, November
and December




Columns Punched

11-13

14-17

18-20

21-23

2l-25
26-27

28-29

1k

Description

2 for winter season which includes January, February
and March

3 for spring season which includes April, May and
June

i for summer season which includes July, August and
September

Volume of semen in milliliters

The concentration of semen per 1/1000 cubic milli-
meter

The dilution rate of s=men, for example, 1 to 100,
punch out the latter figure of the ratio only, that
is 100

The total volume of semen after it has been diluted
The percentage of sperms alive in non-~stored scmen

The progressive motility of sperms of non-stored
semen. Motility ratings are given in the semen
collection data sheets as £, VG, G+, G

Punch the figure 90 for E (Excellent)
Punch the figure 80 for VG (Very Good)
Punch the figure 70 for G+ (Good plus)
Punch the figure 60 for G (Good)

The raw semen movement

If there is a plus sign following the figure of
percentage of sperms alive in the non-stored semen
it means that there is maximum raw semen movement
which is estimated to be 90%,

If there is a diagonal line or letter M after the
figure of the percentage of sperms alive in the
non-stored semen it means that the raw semen movement
is only intermediate and estimated to be 70%. If
there is a dash mark after the figure of percentage
of sperms alive in the non-stored semen, it means
that the raw semen movement is very little or none
and therefore it is estimated to be 0%

In brief, for raw semen movement punch the figure:
90 for + 7O for/or for letter M O for -
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Columns Punched Description

30
31-32

33-3L

35

36-37

38-39

Lo

L1-L2

One day old re-examined semen. Punch out the figure 1

The progressive motility of sperms of one day old re-
examined semen.

Progressive motility ratings are given in the semen
collection data sheets as:
G+, G, G~, F+, F, F-, P, Dead

Punch the figure 70 for G+ (Good plus)
Punch the figure €0 for G (Good)
Punch the figure 50 for G- (Good minus)
Punch the figure LO for F+ (Fair plus)
Punch the figure 30 for F (Fair)
Punch the figure 20 for F- (Fair minus)
Punch the figure 10 for P (Poor)
Punch the figure O for Dead

The percent of sperms alive in one day old re-examined
semen .,

It is the three day old re-examined semen, Punch
figure 3

The progressive motility rating of sperms of the three
day old re-examined semen. Estimation (values) of
motility ratings is similar to that in the columns

31-32

The percent of sperms alive in three day old re-
examined semen

It is the four day old re-examined semen. Punch out
figure U

Progressive motility ratings of sperms of the four
day old re-examined semen., Estimation of progressive
motility ratings is similar to that in the columns

31-32

The percent of sperms alive in four dagy old re-
examined semen

The concentration of sperms per 1/1000 cubic milli- -
meter of diluted semen. This can be obtained by

dividing the figures in columns 1L-17 by the figures
in columns 18-20 of this same card (Standard Card #2)
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Columns Punched Description

L,8-52 The volume of semen in milliliters squared. This
can be obtained by squaring the figures in columns
11-13 of this card,

53-59 The concentration of raw semen per 1/1000 cubic
millimeter squared, This can be obtained by squar-
ing the figures in columns 1L-17 of this card.

60-63 The percentage of sperms alive in non-stored semen
squared, This figure can be obtained by squaring
the figures in columns 2L4-25 of this card.

6h-67 The progressive motility of sperms of non-stored
semen squered, This can be obtained by squaring
thie figures in columns 26-27 of this card.

68-71 The movement of raw semen squared. This can be ob-
tained by squering the figures in columns 28-29 of
this card.

72-77 The concentration of sperms per 1/1000 cubic milli-

meter of the diluted semen squared., This can be ob-
tained by squaring columns L5-47 of this card.

(Columns 2lLi-Lli: These data are given (written) under
the heading of "Motility rating" in MABCI semen
collection data sheets,§

liote: Forget the sign (+ or -) before the figure of
percentage of sperms alive. For example, +70 means
that the percentage of sperms alive is 70, Similerly,
-70 means percentage of sperms alive is 70.

# In the present investigation, regrouping of months into seasons
was done as follows:

Fall season includes September, October and November
Winter season includes December, January and February
Spring season includes March, Lpril and HMay

Summer season includes June, July and August

]

(C) Compilation of Data from IBM Cards (Stendard Card Nos, 1 and 2) for:

(a) Calculation of percent of non-returns

Preparation of "Current service" summary card: =
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Stepsi:~

(1) For each date of semen collection (coluwmns L-& of Standard
Card No. 2) per bull, 5 master cards were made to represent
five consecutive dates starting from tlie date of semen col-
lection. On these master cards were punched the bull code
number and the age of semen in days and the serial number.

The date of semen collection is l-day-old semen, whereas the
next four consecutive dates represent 2, 3, L, S~day old
semen, respectively. A1l the master cards were sorted by
bull code number and by datc of semen collection in order to
arrange them by bull and by date of semen collection

(2) A1l IBM cards (Standard Card No. 1) having the date of current
service from June 1, 1951 to June L, 1952, were sorted by date
of current service (columns 5-9 of Standard Card No. 1) and by
bull used on current service (columns 10~12 of Standard Card
No. 1) so as to arrange them by bull and by date of current
service.

(3) IBM cards sorted in step 2 were collated with master cards
arranged as mentioned in step 1, for twobje-tives: (i) to
eliminate the current services corresponding to semen of a
bull collected at less than § days apart, (ii) to eliminate
the current services corresponding to two ejsculates from a
bull which were not mixed but sent to inseminators separately.

(L) Only the IBM cards that matched in step 3 were used to cut
Current service" summary cards showing the bull used on cur-

rent service and the date of current service. ALge of semen
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in days and the serial number were then transferred from
master cards of step i, into "Current service" summary cards

after collating by date of semen collection and bull code

number .

Preparation of "Return service" summary card:-

(s)

(&)

A1l IBM cards (Standard Card No. 1) having the date of previous
service from June 1, 1951 to September L, 1952, were sorted

by date of previous service (columns 15-19 of Standard Card
No. 1) and by bull used on previous service (columns 20-22 of
Standard Casrd No. 1) so as to arrange them by bull used on
previous service and by date of previous service. Later, they
were collated with UCurrent servicem summary cards mentioned
in step I for two purposes: (i) to eliminate the breeding
record corresponding to semen of a bull collected at less than
5 days apart, (ii) to eliminate the breeding record correspond-
ing to two ejaculates from a bull which were not mixed but

sent to inseminators separately.

Ninety-day master cards were prepared as follows:-

L number from 1 through L62 was assigned for the date
(current service and previous service) from June 1, 19%1 to
September L, 1952. IBik cards were punched showing the date
of current service, the date of previous service and the
nunbers assigned for the date of current service and for

the date of previous service.
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(7) IBM cards arranged by date of current service as mentioned
in step 2 were matched with 90-day master cards and the number
assigned corresponding to the date of current service was
gang-punched on each card.

(8) IBM cards matched in step 5 were further collated with 90-day
master cards and the number assigned corresponding to date of
previous service was gang-punched on each card,

(9) The number corresponding to date of current service was sub-
tracted from the number corresponding to date of previous
service so as to get return period in days. The return period
thus obtained was punched on each IBM card (Standard Card No.
1). These IBM cards were then sorted by return period in
days in order to obtain 1 to 90-day returns for cach bull for
each date of semen collection. Then they were resorted by
date of previous service (columns 15-19 of Standard Card No. 1)
and by bull used on previous service (columns 20-22 of Standard
Card No. 1). They were collated with the "Current service"
summzry cards and the matching cards were used to cut the
"Return service summary cards showing the bull used on previous
service znd the date of previous service.

Preparation of "Final" summary card:-
(10) The "Return service" summary cards were collated with the
"Curfent service' sﬁmmary cards and the returns were trans-
ferred to the corresponding "Current service" summary cards

so as to get "Final" summary cards. The percent of non-returns
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was calculated according to the following formula:-

Percent of non-returns = Current services - Returns
Current services

X 100

(11) The Y"Final" summary cards were used to arrange tlie breeding
data conveniently in order to study the various phases of

this investigation.

"Final® Summary Card

Columns punched Description
1 -3 Bull code number
L -5 Month of semen collection
6 -7 Day of semen collection
8 Year of semen collection
9 - 10 Current first services to registered females
11 - 12 Returns of first services to registered females
13 - 15 Current first services to all femeles
16 - 18 Returns of first services to all females
19 - 21 Percent of non-returns for first services to a1l
females
22 - 2, Current second services to 8ll females
25 - 27 Returns of second services to all females
28 - 30 Percent of non-returns for second services to
all females
31 - 32 Current third services to all females
33 - 3L Returns of third services to all females
35 - 37 Percent of non-returns for third services to all
females
36 - 39 Current fourth services to all females
Lo - L1 Returns of fourth services to all females
L2 - L Percent of non~returns for fourth services to all
females
L5 - L6 Current fifth and over services to all females
L7 - L8 Returns of fifth and over services to 2ll females
L9 - 51 Percent of non-returns for fifth and over services
to 8ll females
52 - 5l Total current services (1, 2, 3, I, 5 and over) to
all females _
55 - 57 Total returns for 1, 2, 3, L, 5 and over services
to all females .
58 - 60 Percent of non-returns for total current services

(1, 2, 3, b, 5 and over) toc all females
61 Age of semen in days




(b)

(c)
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62 - 6l Percent of non-returns for first services to
registered females
76 Season of year
77 Day of week
78 - 80 Serial number

Correlstion between semen characteristics

IBM cards (Standerd Card No. 2) were used to obtzin XX, £X°,
2Y, Y2, XY and N for various semen characteristics of
Holstein, Guernsey, Jersey and Red Dane bulls.

Correlation of semen characteristics and percent of non-returns

In view of the results reported by Ludwick et al. (19L8) and
Erb et al. (1950) and 2lso beczuse of the fact that about 83
percent of total services in the present investigation were to
first and second service females, 1t was decided to use the semen
samples each of which bred to forty or more females, in order to
determine the correlation of semen characteristics with percent
of non-returns. Accordingly, the "Final" summary cards were
sorted on the number of total current services (1, 2, 3, L, 5 and
over service females) so as to eliminate cards (bulls) showing
less than forty total current services,

IBM cards (Standard Card No. 2) and the "Final" summary cerds
having LO or more total current services were collated so as to
obtain £X, £X?, Y, £Y?®, 5 XY and N for each of the semen

characteristics under study.
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SOME OF THi& FACTORS INFLUENCING PERCENT OF NON-RETURNS
OR RATE OF CONCEPTION

(A) REVIEW OF LIVERATURE

(a) Age of Semen in Relation to Percent of Non-returns

Milovanov (1932) reported that diluted semen could be stored for 6
hours with good results. According to Komarso and Gladcinove (1937) semen
may be stored successfully at temperature of 15-250C,for 12 hours, or at
8-12°C. for 2l hours. Hatziolos (1937) reported conception with semen
stored up to L8 hours. Edwards and Walton (1938) also obteained conception
with bull semen stored for as much as 57 hours. Altsra and Adriano (1938)
reported that the vitality of semen was unaffected after storing for 100
hours. Kust (1939) using L8-hour-old semen found that 60% of cows became
pregnant. He &lso noted conception in some of the cows inseminated with
72-hour and 120-hour-old semen stored at low temperatures, Success with
stored semen was also repcrted by Bonadonna (1939) who concluded that
semen of cattle can be stored from 50 to 120 hours.

Phillips (1939) using egg-yolk phosphate diluter reported conception
with 100-hour-old semen. Successful conception was also reported by
Phillips and Lardy'(l9h0) by using egg~yolk phosphate buffered bull semen
stored for 150 to 180 hours. Herman et al. (19L3) obtained successful
results with semen having 70-90% motility befére shipment and which was in
transit from L8 to 130 hours. Out of 12 cows that were inseminated, 8
conceived. Vaidya and Bhattacharya (19L5) reported conception in cows

with semen stored for & days.
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Attempts have been mace by some of the research workers to determine
the effect of length of semen-storage on the rate of conception or per-
cent of non-returns. Herman and Ragsdale (1939) found that approximately
one~-third more services were required per conception with L to S-hour-old
dairy bull semen as compared with semen less than 1/2 to 2-~hour-cld.

Henderson (1939) using SGC-2 as diluter (Milovanov formula) observed
no decrease in rate of conception (apparent pregnancy) with diluted semen
stored up to 30 hours.

Burch (1939) reported that the use of good samples of stored semen
for insemination of cows, 2L or more hours after collection, resulted in a
conception rate which compared favorably with that obtained by the use of
average fresh semen samples.

Margolin et al. (19L43) observed a slight decrease in the percentage
of conception (conception was ascertained by palpation or by calving)
with the use of l-dav-old semen (€L.9%) as compared to thatb obtained with
fresh semen (63.7%) .

Lasley end Bogart (19L3) in & study on range cattle failed to store
non-diluted semen successfully. However, with the use of egg-yolk-buffer,
they were able to maintain a satisfactory level of fertility of diluted
semen stored for 2 days. These investigators obtained 60% conception rate
for non-stored semen and 57.1% conception rate for diluted semen stored
for 2l hours and for LE& hours.

Underbjerg et al. (19L42) in 2 study involving 931 cows reported that
regardless of the kind of diluter used, the conception percentage (con~

ception ascertained by palpation or by calving) obtained with the use of
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semen stored from 24-177 lLiours was much less than that wiﬁh the use of
fresh semen samples (l-hiour-old). The difference in conception rate be-
tween the stored and fresh semen samples was found to be hipghly significant.

Schultze et al. (194&) in a study with 25,1L0 first and second
services from over 2,500 scmen samples used in 13 artificial breeding
locels at Nebresska found that the percent of non-returns decreased an
average of L.5Ll percent per dey up to L dsys of storage of somen.  The
average decline in percent of non-returns from the lst day to the 2nd
day of storage of semen; from the 2nd to 3rd day; from 3rd to Lth day were
5.32, 4.63 and L.5L percent, reSpectively.hThe percent of nbn-returns for
the 2-year period of study for 1, 2, 3 and l-day-old semen was found to
be 63.21, 57.89, 53.26 and LE.72 percent, respectively. The Chi-square
test showed a hLizhly significent diff'erence in the non-return rstes re-
sulting from the use of 1 to lL-day-old scmen.

Decrease in conception ratz with increase in the age of semen wes
also noted by-Sohaefer (1L9L8) in a study of breeding records of HEPA
Artificial Breeding Co-op, Tunkhannock, Pennsylvania., Schaefer feported
that with thie use of fresh, l-day, 2-day, anc 3-day-old semen, the percent
non-returns obtained was. 70, 466, 6l and 56%, respectively,

Erb et al. (1950).in a study involving 23,930 first and sescond
services from bulls at WNorthwest Co-op Breeders (vt . Vernon,'Washington)
and Hveragreen Breeders (Chehalis, Washington) found that the average of
percent of non-returns with l-day-old semen was equal to thsat of 2-day-old
semen (&Lh%) . However, a decrease in non-return rate was noted with 3-day-

0ld semen (59%). These investigators reported en over-ell percent ol non-

returns to-be 63%.
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Swanson (1951) analyzed the records of the East Tennessece Artificial
Breeders' Association, Inc. during two msnasgement periods. In the first
period when semen was collected in the carly morning and no bactericidal
substances added to semen, he obtained non-return rates of 63,3, 62 and
55.7% with l-day-old (5 to lB-hour'-old') , 2 day-old (29 to 37-hour-old),
and 3-day-old (53 to 6l-lhour-old) semen, respectively. Statistically,
the difference in non-return rate between l-day and 2-day-ola semen was
not significant. However, a highly significant difference was noted in
non-return rate between 2-day and 3-day-old semen. During the secorxi
period of management, semen was collected in late afternoons and penicillin
and streptomycin were added to the semen. The non-return rates obtained
during this period with l-day-old (1& to 26-hour-old) semen snd with
2-day-old (L2 to H0-hour~old) semen, werc G1.5 and 58.2 percent, respectively.
Statistically, the difference in non-return rate between 1 and 2-dgy-old
semen was found to be highly significant.

Sweetman (1953) under Alaska conditions reported that the percentages
of non-returns on lst and 2nd services for 1 to L-day-old semen were 58.7,
53.3, L8.1 and L5.3%, respectively.

Controversial results have been reported by various investicators
regarding the effect of storage of ssmen on the conception rate., Willett
et al. (194L0) aftef a study involving more than 1,500 inssminations came
to the conclusion that with proper vrecautions in hendling the semen and
diluent., the percent of non-returns resulting from diluted semen stored
up to I days is ss satisfactory as that oobbtained with semen used on the

day of semen collection. Further investigations confirmed the same general
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conclusion (Salisbury 1941). Similar results have also been reported [
various investigators. Henderson (1946) stated that with good quality
semen that is properly cooled and diluted, no significant decrease in
fertilizing capacity should result up to L days of storage. Anderson (19L5)
repérted that conception rate from the use of semcn stored up to 72 hours
was equal to that of fresh semen.

The literature revicwed above shows minor disapgreement in the rcsulis
obtained with the use of stored semen. The controversial results reported
may be due to one or more factors affecting conception rete or percent of
non-returns., Variation in potential fertility of semen, or veriation in
methiod of handling of secmen might bs responsible for the disagreement.
Various factors have been reported to affect conception rate. Some of the

important factors arec:

(b) Relative Fertility of Bull

Bulls vary in fertility. White et al. (1925) in a study on LO bulls
noted a great variation in the fertility of bulls., The number of services
required for conception varied from 1 to 3.16. £ still larger variation
was reported by Miller and Graves (1932) who observed that the number of
services for e conception from the bulls veried from 1 to 5.65. Schultze
et al. (1948) in an investigation to determine the effect of 1 to L-day-
old semen on percent of non-returns, found that bulls veried in the rate
of decline of conception rate. However, a daily decline in fertilify of
semen from a group of bulls having more than 0% of non-returns did not
differ significantly from that of semen obtained from group of bulls having

less than 55% of non-returns. Swanson (1951) also noted a great variation
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in the decline of breeding efficiency between bulls with age of semen.
However, no significant difference in the decline of breeding efficiency
with age of semen was found between the group of bulls having low breed-

ing efficiency and the group of bulls having high breeding efficiency.

(c) helative Fertility of Cow and Cow Families

According to ilerman and Ragsdale (19L6) cows are more to ve blamed
for lowered conception rate rather than the impotency of the bull. Erb
et 8l. (19LO) and Trimberger et al. (19L5) noted a varistion in the fer-
tility (breeding efficiency) between cow families. Seath et al. (1943)
reported a large variation in the breeding efficilency between cow families,
ranging from a low of LO.6% to a high of 92.3% conception rate. These

investigators, therefore, believed that breeding efficiency may be in-

herited.

() Breed of Animal

Schultze et al. (1948) found that the over-all percent of non-returns
for Holstein, Guernsey and Jersey were 57.66, 56.1L and 50.72 percent,
respectively. Lewis (1948b) reported that the percent of non-returns for
the Holstein ﬁreed was 6.3% greater than thet for the Guernsey breed,

On the contrary, Erb et al. (1950) fournd no difference in percent of non-
returns for Holstein (6L%) and Guernsey (6L%) . rowever, the Jersey was
found to have the lowest percent of non-returns (5 %) .

Mercier and Selisbury (19L5) raeported that the conception rate based on

two months! non-returns was greater by 12.2 percent in the Holstein breed

than the Guernsey oreed. In an attempt to attribute this breed difference




to semen quality, these investigators found no statistically significant
difference between breeds in semen volume, percent motile sperm and con-
centration. However, the breed difference in percentage of morphologically
abnormal spermatozoa was highly significant. Contrary results were ob-
tained in a later study by Mercier and Salisbury (1947) who observed thiat
the Guernsey bulls had a slightly higher fertility (percent of non-returns)

than the lHolstein-Friesian bulls,

(e) Health of hAnimal

White et al. (1925) studied the influence of B. abortus infection
and reported that 1,62 services were required per conception in the case
of non-reactors whereas 2,09 services per conception were reguired in the
case of the reactor cows. Fitch et al. (1929) reported 1.7 services per
conception for a clean herd as against 2.l services per conception in the
herd infected with Bang's disease. According to Perry et al. (1952)

severe abscesses and swelling, trauma (inflamed scrotum), epididymitis and

hypoplasia adversely affect the breeding powers in bulls,

(£) Age of Animal

Gowen and Dove (1931) in a study involving 7,879 cows observed some
decline in conception rete as age of the cows advanced. Conception rate
was found to be 70% for the females under one year of age whercas it was
7% for cows of 17 vears of age. A decline in the fertility of the bulls
" as age of bull advanced was also noted.

Miller et al. (1932) found that more services were required per con-

ception to the heifers than to the cows. These investigators also noted
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that more services were required by females for conception with mature
bulls (above 6 years of sge) than with young bulls (under 6 years of age).
With mature bulls, 3.83 services were required whereas with young bulls,
2.28 services were required per conception.

Morgan and Davis (1938) reportad that virgin heifers reguired more
services per conception thsan cows from 2 to 9 (inclusive) years of age.
However, little difference was observed in number of services redquired
per conception in cows of agesfrom 2 to 12 (inclusive) years with the ex-
ception of 1O0-year old cows. They also reported that the conception rate
was the highest with young bulls under 2 years of age. However, a very
little difference was noted in the number of services per conception with
bulls from 2 to 8 (inclusive) years of age. Further, in an analysis of the
data on the mating of bulls and cows of varying ages these investigators
concluded that the number of services required per conception was the
smallest when 2-year-old bulls were mated with 2-year-old cows,

Bartlett and Perry (1939) reported that heifers required more services
per concepticn than cows. They observed that a higher conception rate
was generally obtained with young bulls. . tendency for young bulls
settling the heifers at a higher rate than mature bulls was also noted.

Bowling, Putnam and Ross (19L0) reported that heifers required a
significantly greater number of services for conception than cows. They
also found that less services per conception were needed by heifers when
bred to bulls under L years of age as compared to older bulls. A graduzl
decline in the breeding efficiency of bulls with increasing age was also

noted,
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According to Erb, Wilbur and Hilton (19L40) breeding efficiency was
highest in 1 andvE-year—old bulls. .Thereafter, a gradual decline in
breeding efficiency with advancing age resulted.

Hilder et al. (194L) in a study on the Bureau of Deiry Industry herd
at Beltsville, Md., observed that the number of services per conception
was higher for heifers than for cows. These investigators also noted a
gradual decline in the breeding efficiency of bulls with increasing age.
However, the 7-year-old group was found to be an exception to this
observation.

Tanabe and Salisbury (19L6) studied the effect of age (1-12 years)
of bull on conception rate and found that young bulls of the age group

1-3 years had the highest breeding efficiency.

(g) Month and Season of Breeding

Miller and Graves (1932) in a study of breeding records of 22 Holstein
and Jersey bulls at Beltsville, Md,, found that on an average the breeding
efficiency (based on conception regardless of whether females reproduced
normal live-calves) was lowest in July, fugust, September. This lowered
breeding efficiency in summer months was attriouted to high enviromnmental
temperature .

Morgan and Davis (1938) in a study of records of 5 dairy breeds at
the University of Nebraska, reported that the percent of conceptions was
the lowest in August (35.9%) and September (35.1L4%) but it was highest

in December (51.61%). These investigators also noted a higher percent

of conceptions in July.
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Erb.EE al. (19L0) in an examination of thie records of the Purdue
University dairy herd for a 20-year period found that breeding efficiency
based on calving results was highest in May (7L .3%) and lowest in August
(58.2%) .

Seath and Staples (1941) in an analysis of the records of the lorth
Louisiana experimental (Banzs free) herd and the Louisiana State University
herd located in South Louisisna reported that maximum nunber of services
per conception were required during summer months. In the experimental
herd, conception rate was highest during winter and second highest in fall,
whereas, in the University lLerd, conception rate was highest in the fall
and second highest conception rate was noted in winter season., Later,
Seath, Staples and Neashiam (1943) in a study of breeding records of the
TLouisiana State University dairy herd and the North Louisiana Experiment
Station herd, reported that conception rate was the highest in fall and
winter and lowest in svring and summer season,

Phillips et al.(1943) in an analysis of 1,135 matings from Beef
“Shorthorn and4Milking Shorthorn bulls found that the breeding efficiency
expressed as the percentage of fertile matings, was the highest in April
(59.6%) and the lowest in Lugust (LO.6%) . The breeding efficiency in
summer season (July-September) was found to be the lowest of all seasons.

According to Hilder et al, (19L)) the number of services per con-
ception was much higher in July and August then other months of the year.
It was also higher during September, February and March. During the fall
season howefer, 8. sharp decline in the number of services per conception
was observed. The lowest conception rate obtained during midsummer wes

attributed in part to high environmental temperatures.
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Trimberger and Davis (1945) in an analysis of the breeding records
for the Ayrshire, Guernsey, Jersey and the Holstein females of the
University of Nebraska dairy herd found that of all the seasons, the con-
ception rate as determined by actuel pregnancy examinations per rectum
was the lowest in summer. The number of inseminszstions required per con-
ception was the highest in August and was highly significant.

Ellenberger et al. (19L6) found little or no relationship of season
of the year with conception rate under Vermont conditions.,

Mercier and Salisbury (1946) reported a highly significant monthly
variation in the fertility (percent of non-returns) of bulls of New York
Artificial Breeders'! Co-op, Inc.

Mercier and Salisbury (19472) in a study of conception rate of cattle
under natural breeding conditions in Eastern Canada found that the con-
ception rate expressed as percent of successful services was the lowest
during winter and spring and highest during summer and fall., The differ-
ences in the conception rate between seasons were significant. These
investigators concluded that light (length of day light) is an important
factor in the breeding efficiency of cattle.

Mercier and Salisbury (1947b) in an analysis of the artificial breeding
records of about 125,000 cows and 71 bulls in iew York State reported that
the breeding efficiency expressed as percent of non-returns was the lowest
in winter. 4 significent correlation between the breeding efficiency and
the length of daylight was also reported. Effect of season on the breeding
efficiency was more readily noticed in the younger (under L years of age) and

older (over 8 years of age) cabttle then in the mature cattle (L to &-year-old).
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Schultze et al. (1948) of Nebraska State reported that the over-all
conception rate expressed as percent of non-returns was the highest in
June and was the lowest in August. Spring season was found to be the
best for conception rate and summer season the poorest. The percent of
non-returns for spring, winter, fall and summer seasons was found to be
59.36, 57.63, 56,90 and 52 .48, respectively. In an analysis of the same
data by age of semen (1 to L days), these investigators obtained no
seasonal difference in the rate of decline of percent of non-returns.

Lewis (1948b) in a study of breeding records of Holstein and Guernsey
bulls of Michigan Artificial Breeders! Association reported that the per-
centages of non-returns with these bulls were poorer in winter and summer.
The percent of non-returns for Holstein breed was found to be highest in
Merch and April (spring) whereas for Guernsey bulls, breeding efficiency
was highest in October and November (fall season) .

Erb et al. (1952) in an anslysis of breeding records of Guernsey,
Jersey and Holstein bulls used by Northwest Co-op Breeders, it. Vernon,
Washington, reported that the average non-return rate was the lowest in
January and highest in September. Breeding efficiency showed a definite
pattern in that the percent of non-returns was lowest in Janusry to April,
followed by a gradual increase to the highest level in September, October
and November.

Sweetman (1953) using dairy bull semen up to 8O-hour-old under Alaska
conditions, noted that the percent of non-returns on all lst and 2nd

services was the highest in fall (59.1%) , whereas, it was the lowest in
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winter (L9.2%4). The percent of non-returns for summer was 5.2% whereas

it was 52.9% for spring.

(h) Time of Insemination in Relation to Time of Owvulation

Kufarev (1935) reported that the second half of estrus was the opti-
mwrﬁﬁefm*hmmﬁmmﬂm.

According to Kirillov (1937), in 0% of the cows that were bred at
the beginning of heat, re-breeding was necessary whereas in only 26% of
the cows of the same herd that were bred 18-2L hours after the beginning
of heat, re-breeding was required.

Herman (1939) inseminated cows L to 12, 12 to 2L, 2L to L8 and LB to
60 hours following the first signs of heat and noted that the average
number of inseminations required per conception was 1.72, 2.19, 2.13 and
2.70, respectively. Thus, a high breeding efficiency was observed when
cowshwere bred during "active heat". Herman, therefore, concluded that
for good results cows should be inseminated within 12 hours after the first
signs of heat.

Bartlett and Perry (1939) obtained highest rate of conception when
inseminations were done during full and late estrus.-'The periods of £6-12
hours and of 12-2L4 hours from the time of onset of heat were considered
by these investigators as full and late estrus, respectively,

Trimberger and Davis (1943) in a study involving 295 dsiry cows and
heifers found that when females were inseminated at the middle of estrus
or when bred artificially at the middle of estrus and rebred in 2L hours,
the conception rate was much higher than when inseminated at the start of

estrus or at 12 hours or more after the end of estrus.
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Barrett and Casida (1946) observed a little difference in the per-
centage of conception when cows were inseminated from 3 to 25 hours from
the onset of heat. On the contrary, when cows were inseminated less
than 3 hours or when inseminated 25 or more hours after the onset of
heat, lower concepition rate resulted.

Trimberger (1948) found that when females were inseminated more than
6 hours but less than 2L hours before ovulation, very high rates of con-
ception were obtained, But when the females were bred after ovulation,
very low conception rates resulted.

Brewster et al. (1940) found that the average time of ovulation from
the end of the estrus was 13.57 + 0.63 hours. Heifers ovulated on an
average 3.0L hours earlier than cows, No significant difference between
the age of animal and the rate of sperm travel was noted. Thne minimum
time required for sperm to reach the fallopian tube in mature cows was 5
hours and 30 minutes as compsred to L hours and 15 minutes in heifers,

VanDemark et al. (1951) using & more refined technique found that
the motile svermatozoa was transportad from cervix to ovarian portion of

oviduct in 2.5 minutes after insemination.

(1) Time of Breeding after Calving

In a study of 79 cows having fairly good breeding efficiency, Hofstad
(19L1) reported that when the cows were bred ovefore the &0t day following
parturition, the percentage of abortions, ceses of metritis, aystocias

and retained placentae were relatively uigh and conception rates were rela-

tively low as compared with the cows bred after the 00th day of calving,
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The results suggest that the breeding of the cow before the 60th day
after calving should be discouraged.

VanDemark and Salisbury (1950) in a study involving 1,67L pregnancies
(pregnancies confirmed by calving) found that on an average, when cows
were first bred 1-20, 21-LO, L1-60 and 61-80 days after calving, the per-
centages of services resulting in conceptions (reproductive efficiency)
were 35.0, L4L1.0, L4 .0 and 50.8 respectively. With a further increase
in post-partum interval to 1lst service, the average reproductive efficiency
increased and reached the maximum (57 .8%) when the cows were first bred
101-120 days after calving., Thereafter, the reproductive efficiency showed
a decline and reached the level of L6.3% when the post-partum interval to

first service was 201 or more days.

(j) Skill and Experience of Technicians and Inseminators

Perry and Bartlett (19L5) have pointed out that the skill of the tech-
nician is an important factor in relation to conception rate. Dickensheet
and Herman (19L9) have quoted Peterson who reported that experience of
the inseminators does have a great infiuence on the conception rate.
According to Peterson, efficiency of the inseminators was found to reach

the peak with an experience of 7 months.

(k) Herd Management

Herd management has been shown to affect conception rate. In the
efficient herds, poor management has been reported to have required 1.90
services as compared to 1.7L services per conception in the satisfactorily

managed herds (Dickensheet et al. 19L9).
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(1) Breeding Efficiency by Artificial vs. Natural Method

For the success of artificial breeding program the breeding effic-
iency obltained with artificial insemination must compare favorably with
that by natural service.

The number of artificial services per conception reported by various
investigators varies from sbout 1.6 to 2.,07. 4ccording to Davis and
Trimberger (1937), Swanson and Herman (19l1b) two services by artificial
breeding were reguired per conception. Cole and Winters (1939) reported
that 1.77 artificial services were required per conception. Henderson
(1939) reguired 1.91 inseminations per conception. Trimberger et al.
(1945) reported that 1.95 inseminations per conception were required.
These investigators also reported that 60 .25% of the females conceived
to the lst services, 18.31 percent to the 2nd, 7.82 percent to the 3rd
service, 14.23 percent to the Lth, 3.91 percent conceived with 5 or more
services and 5.L8 percent of the females were found to be sterile. Tanabe
and Salisbury (1946) in a study of the records of the New York Artificial
Breeders! Cooperative Association found that on the average 2.07 services
were required per conception by artificial insemination. Schaefer (19L8)
in a study of breeding records of 23,1L1 cows reported that 1.53 services
by artificial breeding were required per conception.

The number of natural services per conception reporited by various
investigstors varies from about 1.5 to 2.2, tlorgan and Davis (193&) found
that on an average, females of all ages required 2.21 natural services per
conception. In a study of 20 year period breeding data of lMissouri

Station herd, Herman (1939) reported that on the average 1.53 natursl
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services were reduired per conception. Later, in a study of breeding
data of 2 year period, Herman found that 1.66 services were required per
conception when half the herd was bred naturally. The other half herd
which was bred artificially required 1.59 services per conception.
Dokudovskii (1934) found a little variation in conception rate between
the natural and artificial breeding. Erb et al. (1940) in a study of
breeding records of Purdue University Dairy herd reported that 1.56
natural services We&re required per conception. Perry and Bartlett (19&5)
gquoted Larseﬁ (Veterinarian in Denmark) who reported that the rate of
conception by artificiszl breeding (1.68) was as good as by naturai breeding.
From the literature cited above, it can be said that the artificial
breeding is as efficient as the natural breeding from the standpoint of

breeding efficiency .

(8) EXPERIMENTAL PHOCEDULE

The "Final" summary cards were used to arrange and tabulate the breed-
ing data in order to study the influence of various factors on percent of
non-returns (percent N.R.) as per outline mentioned below., The factors
studied were age of semen, buil, breed, month and season of year, registered
and non-registered females.

(1) Yearly percent of non-returns for total current services (1, 2,

3, L, 5 and over) to all fémales, by bull and by: (a) age of semen (1, 2,

3, L, 5 day-o0ld), (b) irrespective of age of semen
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(2) Yearly percent of non-returns for total current services (1, 2,
3, b, 5 and over to all females, by breed and by: (a) age of semen (1,
2, 3, U, 5 day-old), (b) irrespective of age of semen
(3) Yearly percent of total current services (1, 2, 3, L, 5 and over)
for each age of semen,‘by<breed
(L) Yearly percent of non-returns for total current services (1, 2,
3, L, 5 and over) to all dairy females regardless of breed, by: (a) age
of semen (1, 2, 3, L, 5 day-old), (b) irrespective of age of semen
(5) Percent of non-returns for totzl current services (1, 2, 3, L,
'5 and over) to all females, by breed, by month of breeding and by:
(a) age of semen (1, 2, 3, L, 5-day-old), (b) irrespective of age of semen
(&) Percent of non-returns for total current services (1, 2, 3, L,
5 and over) to all females, by breed, by season of breeding and by:
(a) age of semen (1, 2, 3, L, 5-day old), (b) irrespective of sge of semen
In the present investigation, the months were grouped into seasons
as follows:
Fall season: September, October and November
Winter sesson: Decémber, January and February
Spring sesson: March, April and May
Summer season: June , July and fLugust
7 Yearly percent of non-returns with l-dgy-o0ld semen for 1st serv-
ice registered females and for lst service non;registered females by bull
(Holstein)
(8) Mean and the distribution (standerd deviation) of total current

services (1, 2, 3, 4, 5 and over), by breed, for cach date of semen col-

lection for a bull.
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The results obtained in the present investigation were tested for
significance at the 5% level of probability and at the 1% level of prob-
ability. In this manuscript, the 5% level of probability will be referred

as 5% level and 1% level of probability will be referred as 1% level.

(C) RESULTS

Table I shows the yearly percent of non-returns on total current

services (1, 2, 3, b, 5 and over) by bull, and by: (a) age of semen,

(v) irrespective of age of semen. From the Teble, it can be seen that

the yearly percent of non-returns for both dairy and beef bulls decreased
as the age of semen advanced from 1 to 5 days. Few exceptions, however,
were noted. For exsmple, in bull 123 (code number), the percent of non-
returns for S5-day old semen was 1% greater (L9-L8) than that for li-dasy-old
semen. This is more likely to be due to less number of total services
with 5-day-old semen.

Bulls were found to vary widely in the amount of decline of semen
fertility (percent of non-returns) for dsy-to-day storage of semen. In
bull 126, the percent of non-returns declined 1% (71-70) from l-dey to
2-cay-old semen, S% from 2-day to 3-day-old semen, 1l% from 3-day to
Li-day-old semen and 1% from L-day to 5-day-old semen. On the contrary,
in bull 128, the percent of non-returns declined 10% from l-day to 2-day-
old semen, 10% from 2-day to 3~day-old semen, 7% from 3-day to }j~-day-old
semen and 3% from lLi-day to 5-day-old semen. £ wide variation was also

noted between bulls in the average daily decline of fertility of semen




. TLBLE T

YEARLY PERCENT OF NON-RETURNs BY BULL AND BY AGE Or SEMEN

Lge of Semen in Days

e 1 2 3 L 5 Total
Bulls
Services N.R ,'2“' Services N.R. Services N.R. Services N.R. Services N.R, Services. N.R.
Number 4 Number % HWumber % Number A lumber % Number %
106 6L6 70 690 €9 235 57 30 L3 § 5o 1,609 67
107 L5k 70 &83 6l 8L6 58 291 52 30 L3 2,504 6l
111 LT3 73 959 71 392 €0 62 &3 17 65 1,903 69
113 58h 72 556 aly s 58 15 53 7 29 1,309 66
115 1,063 73 1,5L0 &2 73k L7 59 L9 22 5 3,h58 62
1é L68 72 608 6l 383 &1 92 51 19 56 1,570 és
117 L30 71 673 &5 L&s 51 139 50 22 55 1,9L9 62
121 1,550 71 2,313 71 1,578 67 657 62 go 66 6,188 69
122 799 66 1,138 6 9L L7 39k 37 57 Lo 3,337 53
123 Lg9 7L oh9 &8 1,31k g 650 L5 70 Lo - 3,282 62
125 Lé&0 71 1,051 65 7hLO 58 175 L3 52 L& 2,478 62
126 755 71 1,488 70 1,38k 65 726 5h 125 53 L L5 66
127 559 &2 1,183 58 627 by 119 L1 33 Lz 2,521 5
128 1,120 69 1,681 59 1,159 Lg 35L L2 59 37 1,373 5
130 651 75 1,5L0 76 2,060 72 1,237 5 L3 €0 5,831 72
131 19 61 22 {e} 153 Lo 27 Lily L o) 1,025 53
135 580 71 650 &0 257 Lo 51 L3 29 L1 1,567 61
136 1,217 n 1,909 66 1,897 59 g29 52 71 51 5,923 I
140 362 7h 505 71 297 § 125 62 12 75 1,301 68
1k 53l 71 912 53 581 Sl 157 5L L2 55 2,226 62
153 1,701 59 2,h56 55 1,035 L& 125 36 37 L3 5,354h 8
1hh 1,808 69 ,;50 & 2,139 51 610 L2 193 hL 7,508 57
1Lg 526 74 986 73 635 70 199 8¢ 90 56 2,436 71
16 126 75 211 61 7h 55 16 31 2 50 L29 63
147 769 58 1,201 6k 577 Sh 72 57 18 61 2,637 63
18 53L 73 1,055 63 675 52 1Ll Lo 25 68 2,h33 61
kLo 1) &7 95 62 78 28 12 25 2 0 233 L9
150 371 & 905 57 59 LG 205 3 33 56 2,106 55
151 S1ih 77 1,034 €9 1,018 65 LE3 59 35 71 3,06L 67
152 1,329 7h 1,997 65 1,hkh 5¢ 510 L7 100 59 5,360 63
155 209 &6 335 50 136 61 25 Lo 11 36 716 61
156 S 72 9zl 71 558 66 107 6l 21 52 2,28h &g
157 1,233 72 2,505 68 1,239 60 222 9 L5 62 gkl - 67
158 1,258 &2 1,888 52 938 Ll 158 L1 L7 L5 ,339 53,
159 99 76 135 70 72 12 10 70 & 50 324 72
160 LkE kL 758 65 Lsh 8l 7é 53 22 50 1,758 56
161 657 69 1,L32 63 1,691 55 772 50 97 39 1,6h9 59
142 1,88 66 93L & 666 L3 172 31 28 29 2,266 52
163 1,2h2 72 1,943 68 1,017 59 131 5 Sh 57 by, hoT 66
1ébL BlL7 72 1,331 68 587 61 101 52 21 a7 2,087 57
165 182 73 hs3 72 227 6L 20 60 18 50 900 69
185 34O 70 691 62 3L3 53 Ll 52 & 17 1,bkel 61
1o7 13k 7C 305 58 153 55 23 39 5 Lo 620 &7
168 197 7C 271 60 1sh Ly L3 53 3 33 668 59
1469 LS 57 91 5¢ 23 8 & &7 7 57 172 59
170 20 g 36 66 22 sl 5 Lo 2 100 &7 69
Los: 265 50 L57 35 221 33 L2 36 8 3e $93 39
LA CTar] LA U7 A1 AL N TAE 24 30 L7 1419 5
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h72 &1 1,002 sh 7L6 L6 181 L7 37 51 2,L38 52
&2 71 121 67 79 L2 17 33 2 50 281 59
367 2 90k él 721 62 339 55 L3 63 2,37k ol
266 &6 35k L7 176 ine 32 L 5 g8 £36 52
18l 63 291 5§ 126 z 23 57 & 3& &1z 58
363 71 639 61 199 58 50 Ll 36 56 1,287 63
517 68 1,081 61 727 59 254 51 la &1 2,622 61
277 37 455 52 L87 Lo 263 38 Lé il 1,738 Lo
562 GE 951 &5 GEl 51 hé3 57 70 L7 2,930 63
280 67 7656 &0 533 c1 200 e 31 LE 1,830 57
162 59 291 53 1h9 Ll L2 52 5 100 669 5
198 &2 981 63 Altly 56 217 53 35 €0 2,375 50
Lol &7 863 65 6L3 56 210 Ll 3b i 2,154 50
391 56 667 55 héo 13 160 39 9 Ll 1,707 53
L2 71 6l 59 28 L 3 33 1 100 136 60
347 19 &6l 70 L30 55 19% 51 sk o] 1,690 65
527 72 1,125 yal 628 45 162 62 Lo 66 2 hoé 69
122 a7 2L6 62 k5 51 35 56 7 100 556 61
2he &3 55k 55 306 bly 109 36 20 Ly 1,231 o2
280 73 130 72 1869 63 16 56 15 27 892 70
1L 58 361 L7 251 5 117 50 33 L2 91.0 Le
102 75 150 55 10¢& 55 22 59 I 50 396 66
313 &9 56 L7 379 12 5 35 1o 54 1,3L9 50
215 71 L1& &9 351 &7 218 54 22 55 1,222 66
21¢ 58 Lal &5 3&6 s& 139 56 32 L7 1 239 52
53 o2 109 &l 79 L1 1l 7 2 50 257 S
339 &1 5% 53 654 57 3hé 51 72 LS 2,105 59
130 70 301 7h 233 &l 113 & S 67 786 &L
42 7h 1k L7 97 29 3= L& 9 33 3Lk Lé
Sl a3 12z 5L 102 57 7 29 3 33 298 59
&l 77 133 74 1ES & 76 3 3 100 L 71
17 &z 27 &7 19 5¢ 3 100 2 50 &8 65
23 Th 33 5E 20 30 1 o] 1 100 7F 55
31 &3 LE3 57 251 52 73 LE 15 53 1,1s 57
272 70 L2 6L 3L 57 77 L3 25 Lé 1,181 62
T T 17 71 13 =3 3 33 - - Lo &6
33 79 50 56 T 57 5 &7 1 0 97 69
225 Th 387 71 270 65 £s <5 5 Lo ;
1356 58 147 =G 71 HES 19 5 L 0
194 55 303 57 168 &0 71 72 20 50
313 =2 555 5o LEL L 1451 5 1l 50
31 03 515 53 EHE 5 és 5. 16 20
175 &2 3Ls &6 265 5k 1s 52 10 50
198 7 520 83 L&s 51 2G3 35 1& 50
32 T2 33 17 z L 25 1 0
Ll & 118 75 g2 72 2& e 7 71
110 75 363 71 33% &1 216 &0 31 52
173 T4 51l 3 3¢ 48 246 &1 c2z &3
£5 50 371 £9 305L 68 1ig &8 20 &0
2% 52 Lé 59 L& 1O 27 52 13 L&
18y 77 5352 Th Lre &3 2LE &3 56 &l
ish 72 377 75 255 &6 112 &3 20 65
1Ls 58 367 59 301 L5 173 L3 5L L3
Th Ll &h L20 53 225 55 z2 LE
5% 2hs 51 3hLE L3 1248 35 23 65
73 1k8 55 is57 59 LE he ic Lo
7L 338 66 328 63 i &g 26 58
&2 523 &1 &h9 51 363 50 il 37
79 372 67 388 63 196 57 3 51
72 1205 sk 225 50 103 Lo, iy 29
20 2718 &2 2l 57 88 56 2L L6
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(percent of non-returns). For example, the averape daily decline of
semen fertility for bull 126 was L.5% (71-53), whercas, it was 7.5% for
bull 151,

Bulls varied widely in the ability of semen to maintain fertility
(percent of non-returns) during storage for 5 days. In bull 130, the
yearly percent of non-returns for l-day-old semen was 75%,whereas,it was
60% for S-day-old semen. Thus, there was a drop of 15 percent of non-
returns from l-day to 5-day-old semen. On the other hand, in bull 161,
the yearly percent of non-returns for l-dey-old semen was 69%,whereas, it
was 39% for S5-day-old semen,resulting in a drop of 30 percent of non-
returns from l-day to 5-day-old semen,

There was a great variation in over-all (i.e. regardless of age of
semen) yearly percent of non-returns between bulls in a breed and between
bulls irrespective of breed. In Holstein breed, for example, the over-all
percent of non-returns for bull 162 was 52 whereas,it wes 12% for bull
130. The over-sll percent of non-returns for Holstein bull 145 was 71%,
whereas,it was only 39% for the Guernsey bull L05.

Table II shows the yesrly percent of non-returns for total current
services (1, 2, 3, L, 5 and over) by breed and by age of semen in days.
In Figure 1 is presented, by breed, the effect of age of semen on yearly
' percent of non-returns based on total current services (1, 2, 3, 4, 5 and
over) . From the Table II and Figure 1, it is cleer thet the yeerly per-
cent of non-returns in Holstein, Jersey, Red Dane anc¢ Angus breed, declined
for dey-to-day storage of semen. The same was true in Guernsey breed ex-

cept that the percent of non-returns with 5-day-old semen was slightly




T/BLE II

YEARLY PuRCENT OF NON-REIUARNS Y BREED AND BY AGE OF SEMEN

Lge of Semen in Days

1 2 3 L 5
Breed

Lumber % Nunber % Humber % Number % Number %

Services HN.R. Services §i.R. Services N.R. Services N.K, Services N.R.
Holstein . 29,790 70 .52 18,032 6l ,12 32,595 57.13 10,730 £1.96 1,632 51.31
Guernsey b,6l1 57.02 17,224 60.57 11,695 5l,.06 1r,35h 50.00 765 51.3L
Jersey 2,28l 66,51 3,403 51,69 2,761 56.36 867 53.33 133 L7.37
Red Dane 265  Th.7hL 2,52 &1.L9 2,756  5h.21 1,290  52.09 23h  L7.Lk
Angus 936 72,01 2,706 69.76 2,29L  &2.h2 1,167 59.13 253 56,92

€




Percent of Lon-Returns

80

70

60

50

LO

Ll

Holstein
_____ Guernsey
—  Jersey |
...... ... Hed Dene-

—H—¥—  Angus

Fig. 1.

L} ] 4

2 3 L 5
Lge of Semen in Days

The effect of age of semen on yearly percent of
non-returns, by breed,




L5

higher (51.34-50,00 = 1,3L%) than that with L-day-old semen. This dif-
fereﬁce of 1.3l percent, however, was not statistically significant
(5% level).
In Holstein and Guernsey breeds, highly significant differences
(1% level) were noted in the yearly percent of non-returns between 1 and
2-day, 2 and 3-day, and between 3 and li-day-old semen, but not between
ly and 5-day-old semen. The differencé in percent of non-returns between
l; and 5-day-old semen was not stetistically significant (5% level). In
Jersey and Red Dane breeds, highly significant differences (1% level) were
noted in the yeerly percent of non-returns between 1 and 2~-day and between
2 and 3-day-old semen, but not between 3 end L-day and between li and 5-day-
0ld semen. The difference in percent of non-returns between 3 and L-day
and between L4 and 5-day-cld semen was not statisticelly significant
5% level) . In ingus breed, thers was a highly significsnt difference
(1% level) in yearly percent of non-returns between 2 and 3-desy-old semen
but not between 1 end 2-day, 3 and L~day, and between L and 5-day-old
semen. The percent of non-returns between 1 and 2-day, 3 and L-day and
between L and 5-day-old semen wés not statistically significant (5% level).
From Table II it can be stated that there was a wide varistion be-
tween breeds in the average daily decline of semen fertility (percent of
non-returns) during storage of semen, The average daily decline of semen

fertility up to 5 days of storage of semen was the highest (7L.7L-L7.LlL=5.83%)

in Red Dazne, wheress, it was the lowest (3.77%) in Angus breed. In other
words, the ability of semen to meintein fertility duwring the storsge period

up to 5 days was the highest in Angus breed and was the lowest in Red Dene.




Table IIT shows by breed, the difference in percent of non-returns
between 1 end 2, 2 and 3, 3 and L, a=nd between L and 5-day-old semen. The
percentages of non-returns sre based on total current services (1, 2, 3,
L, 5 and over) for the period of one yeer. From the Table it can be
stated that in each breed there was a varietion in the amount of decline
of percent of non-returns fof day-to-day storage of semen. For cxample,
in Red Dane, the percent of non-returns decreased 13.25% from 1 day to
2-day-old semen, 7.28% from 2 day to 3-day-old semen, 2.12% from 3 day to
‘h—day—old semen and L .65% from L doy to S—day-old semen. A wide variation
between breeds in the amount of decline of percent of non-returns for day-
to~day storage of semen was also noted. In Jersey, the decline of percent
of non-returns from 1 day to 2-day-old semen was L.82% (66.51-61.69) &nd
that from 2-day to 3- day-old semen was 5.33%. On the other hand, in Red
Dane, the decline of percent of non-returns from l-day to 2-day-old semen
was 13.25% and that from 2-day to 3-day-old semen was 7.28%.

Table IV shows the yearly percent of non-returns for total current
services (1, 2, 3, L, 5 and over) by breed ifrespective (regardless) of
age of semen. From the Table, it is clear that the yearly percent of non-
returns, regsrdless of age of semen, was the highest for fngus breed whereas
it wes tlie lowest for Red Dane. Holstein was the 2nc¢ highest whereas
Jersey ranked the third highest in yearly percent of non-returns., Statis-
tical analysis revesled highly significant differences (1% level) in
yearly percent of non-returns between Angus breed and Holstein, fLngus
and Jersey, Angus and Guernsey and between fngus and Red Dane. Highly

significant differences (1% level) in percent of non-returns were also
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T/BLy IIT

DIFFEHENCE IN PERCNT OF LON-nETURNS sEIWEEN 1 AND 2, 2 £ND 3,
3 AND L, L AND 5-DAY-OLD SHENEN
(BY BLESD)

Age of Semen in Days

Breed 1-2 2 - 3 3 -4 L -5

4u.R. #u.R. @ m.R. %R,
Holstein -6.40 ~0.99 -5.17 -0.65
Guernsey -G 45 -6,51 -l ,06 +1 .34
Jersey -l .82 -5.33 -3.03 -5.96
led Dane -13.25 -7.26 -2.12 -l .65

Angus -2.25 -7.3k -3.29 -2.21




TiBLE IV

YEARLY PRECENT OF wON-RATUINS BY BH&kD HAGARDLESS OF 4GE OF SHMEN

Breed
fdolstein Guernsey Jersey Red Dane Angus
Services N.R, Services N.,R, Services IR, Services N.R, Services N.R,
fumber % llumber % Number % Number % Numbper %
123,379 62.57 112,709 56.6L 9,928  60.37 7,069  57.02 7,356 65.63

8M
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noted between Holstein and Jersey, Holstein and Guernsey and between
Holstein and Ked Dane, Similarly, the difference in percent of non-
returns between Jersey and Guernsey and between Jersey and Red Dane was
highly significant (1% level). There was also & highly significant dif-
ference (1% level) in the yearly percent of non-returns between Guernsey
and Red Dane breeds.

Table V shows by breed, the yearly percent of total services (1, 2,
3, 4, 5 and over) for each age of semen. From the Table it can be stated
that the yearly percent of total services for each age of semen in
Holstein and Jersey breeds was salmost the same. In Guernsey, the percent
of total services for each age of semen was nearly the same as in Holstein
and Jersey except that for l-day-old semen, it was sbout 3 - L% less.
In Angus and particularly in Red Dane, the percent of total services for
l-day-0l¢ semen was markedly low as compared to other breeds. The percent
of totsl services for 2-day-old semen in these breeds was also low as com-
pared to other breeds,

Table VI shows lhe yearly percent of non-returns by age ol semen in
days, regardless of breed. Date for hngus breed are not included in
Table VI, The percentagesof non-returns are based on totzl current serv-
ices (1, 2, 3, 4, 5 and over) to all females. From the Table it is clear
that the percent of non-returns decreased es age of semen advanced. The
decline in percent of non-returns from 1 day to 2~day-olc semen, 2 day to
3-day-old semern, 3 day to lL-day-old semen, and from L day to 5-day-old semen
was O6.5L, 6.85, Lj.o6 and 0.70 percent, respectively. Statisticel analysis

revealed a highly significant difference (1% level) in the percent of




TiBLE V

YEARLY PERCENT OF TOTAL SERVICES BY BREED I'OR BLCH AGE OF SHMEN

Lge of Semen in Days

1 2 3 I 5

Breed Percent Percent Percent Percent Percent
Services of Total Services of Total Services of Total Services of Total Services of Total
(Wumber) Services (Number) Services (Number) Services (Number) Services (Number) Services

Holstein 29,790 2,15 L8 ,132 39.26 32,595 26,42 10,730 5,70 1,632 1.4h9
Guernsey g,0h1 20.23 17,224 L0.33 11,495 27.38 L,36h 10,22 765 1.0k
Jersey 2,28l 23.01 3,563 38.91 2,761 27.¢61 687 6.93 133 1.3k
Red Dane 285 | L.02 2,52k 35.60 2,756 35.68 1,290  18.20 23l 3.30
Angus 936 12.72 2,706 36.60° 2,294 31,18 1,167 15.86 253 3.Lk

0s




TLBLE VI

YEARLY PERCANT OF HOW-RETURNS BY AGE OF SHMEN REGRDLESS Or BHEED (DAIRY)

hge of Semen in Days

1 2 3 i 5
Services k.R. Services R.R. Services N.R. Services Ii.R. Services N.R.
fiumber % Number 4 Number % Humber % Humber %
L1000 69.59 72,0b3  63.05 Ly,b07  56.20 17,271 51.54 2,96L 50,6l

TG
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non-returns between l-day and 2-day-old, 2 day and 3-dsy-old, and between
3-day and Li-day-old semen. The difference in percent of non-returns be-
tween li-csy and 5-day-o0ld semen wes not statistically significant (5%
level) .

The over-all yearly percent of non-returns on total current services
(1, 2, 3, b, 5 and over), for dairy bulls under study was &1 .13, whereess,
it wes 61.53% for all bulls, including beefl bulls,

Table VII shows by breed, the percent of non-returns on total current
services (1, 2, 3, L, 5 and over), by month of breeding, regardless of age
of semen., From the Table, il can be seen that for liolstein breed, the
percent of non-returns was the highest in October, The percent of non-
returns was also high in September as compered tec other months., May was
found to be the month of lowest percent of non-returns for Holstein.
Statistical anslysis showed a highly significant difference (1% level) in
percent of non-returns between October and May.

In Guernsey breed, the percent of non-returns was the highest in
September. It was also high in fpril and October as compared to other
months, The percent of non-returns was lowest in August. The difference
in percent of non-returns between September and fugust was highly signifi-
cant (1% level).

In Jersey breed, the percent of non-returns was highest in April and
was also higher in October and September as compared to other months.

The percent of non-returns was lowest in August. The diiference in per-
cent of non-returns between April and Lugust was hignly sipnificant

(1% 1evel).




TiBLE VIT

PERCENT OF NON-RETUHiS 8Y BhesD BY HONTH REGARDLESS OF AGE OF SHIEN

Montlh: Breed
of Holstein Guernsey Jersey Red Dane kngus
Breeding humber % Number % Humber % Humper % Humber %
Services N.R, Services i .R. Services I.R, Services N.R, Services HN.R,

Jenuary 12,763 60,46 3,893 59.35 1,088 61.21 571 54,29 911 62.13
February 11,478 62,07 3,967 57.95 1,1i6 57.59 726 56,10 923 65.55
Harch 11,692 63.26 3,b55 59,0l 769 58.52 651 57.30 955 68.90
hpril 11,h86  62.81 3,206 61,29 932 66,52 625 62,10 770 75.19
Hay 13,5186  =0.25 L,shé 58,01 1,146 57,16 891 Sh.tb 937 A7 .66
June 12,159 62.27 5,199  58.t0 1,000 56.30 t29  57.06 166 &0.2l
July 10,219 92.45 L,050 56,65 gg2  58.50 799 56.95 232 6ly .66
hugust 6,163  63.16 3,b71 58.36 €01 55.57 336 52.0¢ 372 63.L4
September 7,280 65,49 2,995  &l.Lh o0L  65.40 19 56,00 206 57.77
October T,L97  66.97 2,519 60,90 600  66.50 Lo6 6,29 1,06 62 .t1
lovemper 7,286 63,18 2,L56  59.57 560  Oby,l1 310 5L.19 5L9 bly k8
December 9,6t 62,05 2,9h2 58,74 600 59.50 523 5L.68 931 £1.55

€S
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In the Red Dane breed, the percent of non-returns was the highest
in October and was also high in April compared to other months. The
percent of non-returns was the lowest in August. The difference in per-
cent of non-returns between October and fugust was highly significant
(1% level).

For the Angus breed, the percent of non-returns was the highest in
April and was the lowest in September. The difference in percent of
non-returns between April and September was highly significant (1% level) .

Table VIII shows the difference in percent of non-returns between
1 and 2 day, 2 and 3 day, 3 and L-day-old semen for the month of highest
(October) and lowest (May) breeding efficiency (percent of non-returns)
in the Holstein breed. The percentages of non-returns are based on total
current services (1, 2, 3, i, 5 and over). The number of total current
services for S5-day-old semen was less and hence the amount of decline in
percent of non-returns from lLi-day to 5-day-old semen is not shown in
Table VIII.

From the examination of Table VIII, it can be stated thal the amount
of decline in percent of non-returns from 1 day to 2-day-ola semen was
L,.82% (&.33 - 3.51) greater in May than that in October. However, the
amount of decline in percent of non-returns from 2 day‘fo 3-day-old semen
in October and May was about equal. Similarly, the amount of decline in
percent of non-returns from 3 day to lL-day-old semen in October and May
was nearly the same,

Table IX shows by breed, the percent of non-returns on total current
services (1, 2, 3, L, 5 and over), by season of breeding, regardless of

age of semen.




TABL VIIL

DIFFERENCE IN PERCENT OF MON-R&TURNS BuTWEGN 1 AND 2, 2 AND 3,
3 AND L-DAY-OLD SEMEN FOR 1ONTH Of HIGHWST AND LOWEST
BREsDING EFFICIENCY In HOLSTEIN BREFD

Age of Semen in Days
Month of

Breeding
ree ing 1 -2 > - 3 3 - L,
% . R, % . R. % . R.
October -3.51 -6.70 -5 L6

May ~-8.33 -6.4L6 -1 .86




TASLE IX

PudCENT OF WNON-RETURNS BY BReEEBED BY SZASON REGLRDLESS OF AGE OF SHMEN

Ssason - Breed
of | Holstein Guernsey Jersey Red Dane Angus
Breading Humber % Number A Humber % Humber g thuniber A
Services R, Services  i.R, Services N.R. Services N .R, Services N.R,
Fall 22,053 65.23 7,970 60,69 1,76 65.36 1,135 58.77 1,161 62.70
Winter 33,659 61.45 10,602 58.67 2,63 59.39 1,620 56.0L 2,765  63.07
Spring 36,696 62 .01 11,207 59.217 2,ch7 60.59 2,170 57.70 2,062 70.29
Sumer 30,561 &2 .51 12,730 57.LE 2,483 57.71 1,96L 56,16 770 63.12

95
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In Figure 2 is shown by breed, the effect of season of breeding on
the percent of non-returns (regsrdless of age of semen) based on total
current services (1, 2, 3, L, 5 and over).

From Table IX and Figure 2, it is clear that for Holstein breed, the
percent of non-returns weas the highest in fall znd was the lowest in
winter season. Statistical analysis of the data revealed that the dif-
ference in percent of non-returns between these two seasons was highly
significant (1% level). Highly significant differences (1% level) in
percent of non-returns were &lso noted between winter anc¢ summer and be-
tween fall and spring seasons.

In the Guernsey breed, the percent of non-returns was the bighest
in the fall and was the lowest in summer. Statistically, the difference
in percent of non-returns between the fall and the summer was highly
significant (1% level). There was no significant difference (5% level)
in percent of non-returns between winter and summer.

In the Jersey breed, the percent of non-returns was ihe highest in
fall and was the lowest in summer. The difference in percent of non-
returns between £all and summer was highly significant (1% level).

In the Red Dane breed, the percent of non-returns was the highest
in fall and was the lowest in winter season, However, the difference in
kpercent of non-returns between fall and winter was not statistically
significant (%% level).

In the Angus breed, the percent of non-returns was the highest in
spring and was the lowest in fall. The difference in percent of non-~returns

between spring end fall was highly significant (1% level). There were no
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significant differences (5% level) in percent of non-returns between
summer and fall and between winter and fall.

Table X shows the difference in percent of non-returns between 1 and
2-day, 2 and 3~dey and between 3 and L~day-old semen for the season of
highest (fall season in both the breeds) and lowest (winter in Holstein,
summer in Guernsey) breeding efficiency (percent of non-returns) in
Holstein and in Guern§ey breed. The percentages of non-returns are based
on tetal current services (1, 2, 3, L, 5 and over), The number of total
current services for 5-day-old semen was less and hence the amount of
decline in percent of non-returns from L day to 5-day-old semen is not
shown in Table X.

From the examination of Table X, it can be stated that for Holstein
the amount of decline in percent of non-returns from l-day to 2-cday-old
semen was 0.45% (6.1L-5.69) greater in winter season than that in fall
season, Similarly, the decline in percent of non-returns from 2-day to
3-day-old semen was 0.73% greater in winter, whereas, the decline in
percent of non-returns from 3-day to L~-day-old semen was 2.26% greater
in winter than that in fall season.

For Guernsey breed, the amount of decline of percent of non-returns
from l-day to 2-dsy-old semen was 0.93% greater in summer season than
that in fall season. Similarly, the decline in percent of non-returns
from 3-day to L-day-old semen was 3.82% grester in summer than that in
fall, On the other hand, the amount of decline in percent of non-returns

from 2-day to 3-day-old semen was 2.79% less in summer than that in fall

season,




TABLE X

DIFFERENCE IN PERCENT OF NON-RETUERNS BETWEEN 1 AND 2, 2 AND 3,
3 AND L4~DAY-OLD SEMEN FOR SEASON OF HIGHEST ANUD LOWEST
BREEDING EFFICTENCY

Age of Semen in Days

Season
of 1 -2 2 -3 3 -1
Breeding % N. R. % N, R. 4 N. R.
(A) Holstein Breed
Fall -5.69 -6.54 _ -3.11
Winter -6.1L -7.27 -5.37
(B) Guernsey Breed
Fall -5.60 -8 .6L -2.20

Summer -6.,53 -5 .65 -(.02




Table XI shows the yearly percent of non-returns based on first
current services for l-day-ocld semen in the registered and non-
registered females,

Statistical analysis of the data presented in Table XI, showed a
highly significant difference (1% level) in the percent of non-returns
between registered and non-registered females in favor of registered
females. The weighted average of percent of non-returns with 1l-day-old
semen was 10.9% (79.36 - 68.446) greater for the registered females than
for'the non-registered females,

In Table XII are presented the mean and distribution (standard devi-
ation) of total current services (1, 2, 3, L4, 5 and over), by breed, for
each dete of semen collection for a bull, The mean of total current
services for each date of semen collection for a bull wsas the highest in

Holstein breed and was the lowest in Jersey breed.

(D) DISCUSSION

Willett et al. (1940) reported that with proper precautions in
handling the semen and diluent, thie percent of non-returns resulting from
diluted semen stored up to L days is as satisfactory as that obtained
with semen used on the day of semen collection. According to Henderson
(19&6)'with good quality semen that is properly cooled and diluted, no
significant decrease in fertilizing capacity should result up to Ly days
of storage. Anderson (19L5) reported that conception rate from the use

of semen stored up to 72 hours was egual to that of fresh semen.
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TABRL: XX

YEARLY PERCENT OF WON-RETURNS FOR 1~DAY~OLD SEMEN
IN REGISTERED AND NON-REGISTERED FEMALES

Registered Females Non-Registered Females
Bull Services N.R. Services N R,
Number % Number %
106 83 81 325 69
107 26 73 255 71
111 35 83 237 7L
113 .oh2 63 367 71
115 61 78 583 72
116 52 85 230 69
117 30 73 229 69
121 171 79 &1L 7L
122 ' 70 76 L2l 61
123 33 o7 267 &1
126 37 &l 376 69
127 29 62 300 59
128 105 77 561 &7
130 29 76 430 72
131 53 81 217 53
135 79 70 256 72
136 111 Th 615 70
1,0 31 66 172 76
L1 27 69 326 70
143 151 &1 916 68
1hh 181 el 1,009 6
145 L7 T 250 69
1L7 50 o8 L23 70
151 32 75 260 73
152 130 &5 U7 70
156 L6 91 338 67
157 86 80 68l 70
158 91 66 701 61
160 LO 83 2L3 70
161 53 87 L83 o7
163 100 88 709 67
16l Tl 89 LLO 67

Weighted
Average - 75 .36 -~ 68,46




TiBLE XTI

MELN /ND DISTRIBUTION OF TOTLL CUHHENT SsRVICES FOR EACH DATE OF
SEFN COLLECTION FOR £ BULL
(BY BRasD)

Breed
dolstein Guernsey Jersey lied Dane Angus
W 1302 756 2k 12 123
kMean 95 57 ) 50 59
Std. Deviation L7 31 20 19 26

e

" lumber of items or frequency.
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Erb et al. (1950) reported that the average of percent of non-returns
with l-day-old semen was equal to that of 2-~day-old semen.

The results obtained in the present investigation do not agree
with the results reported (mentioned above) by Willett et al, (19L0),
Henderson (19L46), Anderson (19L5) end by Erb et al. (1950). Our results
confirm the findings of Schmltze et al. (1948), Schaefer (194E€), and those
of Sweetman (1953) in that the over-all percent of non-returns decreased
as age of semen advanced., However, the amount of decline in percent of
non-returns for day-to-day storage of semen was somewhat higher than
that reported by these investigators.

In the present study, a great variation in the fertility (percent
of non-returns) of bulls was observed., The result agrees with that re-
ported by White et al. (1925) end Miller and Craves (1932). Bulls were
found to vary widely in the amount of decline of semen fertility (percent
of non-returns) for day-to-day storage of semen. The result is in agree-
ment with that reported by Schultze et al. (1948) and Swanson (1951).
From the data presented in Table I, it cen be seen that in bull 126, the
amount of decline in percent éfrnon—returns (fertility) from 1-day-old
to 2-day-old semen, 2-day-old to 3-day-old, 3-day-old to L~-day-old semen
was 1, 5 and 11 percent, respectively. In bull 12&, the amount of decline
in percent of non-returns from l-day-old to 2-day-old semen, from 2-day-
old to 3-day-old semen was 10 and 10 percent, respectively. The results
quoted above suggest that in bull 126 or in bulls showing similar decline
of percent of non-returns for day-to-day storage of semen, efforts should

be made not to use semen which is more than 2 days or 3 days old. On the
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other hand, in bull 128 or in bulls showing similar decline of percent
of non-returns for day-to-day storage of semen, efforts should be made
to use semen as fresh as possible in order to secure higher percent of
non-returns.

Schultze et al. (1948) reported that the over-all percent of non-
returns for Guernsey breed was greater than that for Jersey breed. Erb
et al. (1950) found no difference in percent of non-returns for Holstein
and Guernsey. However, Jersey was found to have the lowest percent of
non-returns. Mercier and Salisbury (19L7) reported that the Guernsey
bulls had a slightly higher fertility (percent of non-returns) than the
Holstein-Friesian bulls. The results obtained in the present investiga-
tion do not agree with the results reported by Schultze et al, (19L8),
Erb et al. (1950) and Mercier and Salisbury (1547). On the contrary, our
results confirm the findings of Mercier and Salisbury (19L6) and Lewis
(19L46b) in that the percent of non-returns for Holsﬁein breed was greater
than that for the Guernéey breed. However, the difference in percent of
non-returns between Holstein and Guernsey was much less than that reported
by these investigators.

The yearly over-a2ll (regardless of age of semen) percent of non-
returns for Red Dane bread, in the present study, was the lowest of all the
breeds (dairy and beef type) even though the percent of non-returns with
l-day-old semen was the highest in Red Dane. This might be attributed to
some exbent to the fact that the percent of total current services for
l-day and for 2-day-old semen was the lowest in Red Dane as compered to

any other breed under study. Moreover, our results, presented in Table IIl,
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showed that the amount of decline of yearly percent of non-returns from
1-day-old semen to 2~-day-old semen was the largest (13.25%) in Red Dane
as compared to other breeds. Hence, in order to obtain higher percent

of non-returns, efforts should be made in Red Dane breed in particular,
to use the semen as fresh as possible for breeding the females.

In Angus breed, the amount of decline in semen fertility (percent
of nén—returns) from l-day-old semen to 2-day~old semen was 2.,25% whereas
the amount of decline in percent of non-returns from 2-day-old semen to
3-day-old semen was 7.3L%. The results suggest that much higher conception
rate (percent of non-returns) with Angus bulls could be secured by using
semen wWhich is 2-dgy-old or less than 2-day-old.

Of all the breeds under study, the breeding efficiency (percent of
non-returns) was the highest in Angus breed. This, to some extent, might
be due to greater ability of Angus breed compared to other breeds, to
maintain the fertility of semen (percent of non-returns) during storage
for L or 5 days (Table ITII).

Lewis (19L8a) noted that the breeding efficiency (percent of non-
returns) in Holstein bulls was the highest in March and /Zpril and was the
lowest in December, In Guernsey, the percent of non-returns was the
highest in November and lowest in July. The percent of non-returns in
Guernsey was also high in October and March. Our results for Holsteiln
breed showed that the percent of non-returns regerdless of age of semen,
was the highest iﬁ October and was the lowest in May. In Guernsey breed,
the percent of non-returns was the highest in September and was the lowest

in August.




Lewis (1948a) found that the percent of non-returns for iolstein
breed wes much higher during spring season as compared to other seasons.
The percent of non-returns was the lowest in summer. However, the per-
centages' of non-returns in summer (6L .L%) and in winter (6L.5%) for
Holstein were almost equal. In Guernsey, the percent of non-returns was
the highest in fall and was the lowest in winter. However, the percentages
of non-reburns in winter (57.8%) and in summer (57.9%) were slmost equeal.

In the present study, the percent of non-returns (regardless of age
of semen) for the Holstein breed was the highest in fall and was the lowest
in winter. The difference in percent of non-returns between winter and
summer seasons was highly significant (1% level). A highly significant
difference (1% level) in the percent of non-returns was also noted between
fall and spring seasons in llolstein. 1In Guernsey breed, the percent of
non-returns (regerdless of age of semen) was the highest in fall and was
the lowest in summer . However, the difference in percent of non-returns
between summer and winter seasons was not statistically significent
(5% level).

In the present investigation, the weighted average of percent of non-
returns with l-day-old semen was 10.9% greater for registsred females
than for non-registered females. Stetistical analysis revealed a highly
significant difference (1% level) in the percent of non-returns between
registered and non-registered females. The higher percent of non-returns
in registered females might be due to better management of the registered
females. Poor management of the herds has been reported to affect adversely

the conception rate. '(Dickensheet et al. 19L9).
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Attempt was made to find out whether the difference in percent of
non~-returns between registered snd non-registered females with l-day-old
semen was due, in part, to more use of fresh semen in the registered
females. The breeding data showed that the percent of total services
with l-day-old semen was 26.LL% in registered femeles as against 2L .90%
in the non-registered females, Thus, the use of l-day-o0ld semen in the
registered females was somewhat greater than that in the non-registered
females. However, the difference in percent of total services with
l-day-old semen in registered and non-registered females was nol statis-
tically significant (5% level). Similarly, the percentages of total
services with 2-day-old semen in registered (39.35%) =nd in non-registered
females (39.L3%) were almost equal. The results indicate that factors
other than asge of semen, such as betler feeding and beltter management
(care, disease control, etc.) mizht be responsible for the higher percent
of non-returns in fegistered females as compered to that in non-

registered females,

(E) SUMMARY AND CONCLUSIONS

The breeding records of dairy and beef bulls of Michigan Artificial
Breeders Association were analyzed starting from the current service date
of June 1, 1951 to June L, 1952, in order to study the influence of
varioﬁs factors on percent of non-returns. The faclors studied were age
of semen, bull, breed, month and season of breeding, registered and non-

registered females in relation to percent of non-returns. The percentages
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of non-returns were based on $90-day non-returns of all females with 1, 2,
3, L, 5 and over services except in the study of registered and non-
registered females, the percentages of non-returns were based on lst

v

service females owing to unavailability of data for 2, 3, L 5 and over
services to registered females, The investigation led to the following
findings and conclusions:

(1) Influence of Bull

In general, the yearly percent of non-returns for botli dairy and
beef bulls deéreased as age of semen advanced from 1 to 5 days. Hence,
semen should be used as fresh as possible in order to secure higher percent
of non~-returns.

Bulls varied widely in the amount of decline of percent of non-returns

for day-to-day storage of semen, & wide variation was also noted between

i

bulls in the average daily decline of percent of non-returns up to o days
of storage of semen. There was a great variation in over-zll (i, e.,
regardless of age of semen) yearly_percent of non-returns between bulls
within a breed,

(2) Influence of Breed

The yearly percent of non-returns in Holstein, Jersey, Red Dene, and
Angus breed, declined as the age of semen advanced from 1 to 5 days.
Similar finding was also noted in Guernsey breed except that the percent
of non-returns for 5-day-old semen was slightly higher (statistically not
significant) than that for L-day-old semen. |

There was 2 wide variation between breeds in the average daily de-

cline of percent of non-returns during storage of semen for 5 days. The
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eaverage daily decline of percent of non-returns up to 5 days of semen
storage was the highest in Red Dane, whereas, it was the lowest in Angus
breed. In each breed there was a variation in the amount of decline of
percent of non-returns for dsy-to-day storage of semen. A4 wide variation
between breeds in the amount of decline of percent of non-returns for
day-to-day storage of semen was also noted, The decline of percent of
non-returns for l-day to 2~day old semen was the highest in Red Dane
whereas it was the lowest in fngus. Of all the breeds under study, the
yeariy percent of non-returns, regardless of age of semen, was the highest
for Angus breed and the lowest for Hed Dane., Holstein ranked the second
highest in yearly percent of non-~returns, whereas Jersey ranked the third.

(3) Influence of Percent of Toltal Services for Each iLge of Semen

In Red Dane, the percent of total services for l-day old semen was
markedly low compared to other breeds. This might, in part, explain the
lowest percent of non-returns observed in Hed Dane.

() Over-all Yearly Percent of Non-returns Regardless of Breed

The over-all yearly percent of non-returns on toteal current services
(1, 2, 3, L, 5 and over), for all bulls under study was 61.5%.

(5) Influence of Month of Breeding

For Holstein and Red Dane breeds, the percent of non-returns was the
highest in October. For Jersey and Angus, the percent of non-returns wss
the highest in jpril whereas for Guernsey, the percent of non-returns was
the highest in September.

For Holstein, the percent of non-returns wes the lowest in May. For
Guernsey, Jersey and Red Dane, the percent of non-returns was the lowest

in August whereas for Angus, it was the lowest in September.
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(6) Influence of Season of Breeding

In éll the dairy breeds under study, the percent of non-returns was
the highest in fall season whereas in beef breed (Angus), 1t was highest
in spring. For Holstein and Red Dane, the percent of non-returns was the
lowest in winter whereas for Guernsey and Jersey, it was lowest in Summer.

In Holstein, the amount of decline of percent of non-returns from
l-day to 2-day, 2-day to 3-day, 3-day to L-day-old semen was greater in
season of lowest percent of non-returns (winter) as compared to season
of highest percent of non-returns (fall) .

(7) Influence of Registered and Non-registered Females

The weighted average of percent of non-returns with l-day-old semen
was 10.9% greater for first service registered females than for first
service non-registered females,

(8) Number of Females Inseminated with a Day's Semen Collection for a Bull

The number of females inseminated with the semen obtzined from a day's
collection for a bull was the highest in Holstein breed (95 females) and

was the lowest in Jersey breed (Ll females).




72

INTER-RELATIONSHIP OF CERTAIN SEMEN CHARACTERISTICS AND RELATIONSHIP
BETWEEN VARIOUS SEMEN CHARACTERISTICS AND PERCENT OF NON-REIURNS

(A) REVIEW OF LITERATURE

According to Davis (1938) initial motility of the spermatozoa is one
of the best, if not the best, single evidences of viability of semen.

Davis and Williams (1939) in a study on dairy bulls found a slightly
significant correlation between volume of semen and initiszl motility of
spermatozoa, volume of semen and concentration of spermatozoa per cubic
mm., and between percentage of motility (initial) of spermatozoa and con-
centration of spermatozoa per cubic mm, Motility in this study was
expressed as percentage of spermatozoa showing progressive motion,

Anderson (19L0) found that infertile bulls produced less volume of
the ejaculate.

Dougherty and Bvalt (1941) reported little correlation of initial
motility of sperm, percentage of abnormsl spermatozoa and concentration,
with breeding efficiency.

Swanson and Herman (19L41a) in a study of semen from 10 dairy bulls
used in the University of Missouri dairy herd reported thai semen volume,
concentration, pH of semen, percentage of abnormal spermatozoa and initial
motility of spermatozoa were not correlated with the fertility of the
bull. The semen characteristic most nearly correlatéd with fertility was
the length of survival with vigorous mdtility when the semen was stored
undiluted at LO°F. When sepafate ejaculates from the same bull were

considered, initizl motility was found to be roughly correlated with
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viability in storage. Pregnancies, in this stﬁdy, were determined by
examination and by failure of the cows to come in heat after service.

In the study of semen from ‘rizona rasnge beef bulls, Lasley and
Bogart (19L3) found no significant correlation of semen volume with con-
centration, initial motility rating, abnormal spermatozoa, percentage
live spermatozoa in semen immediately after collection, Concentration
of spermatozoa was highly correlated with initial motility rating but
was negatively correlated with the percentage of abnormal spermatozoa.
Motility (initial) rating was significantly correlated with the per-
centage of live spermatozoa immediately following collection,

Ejaculates containing larger amounts of semen were found to give
the greatest fertility. Concentration of spermatozoa and the number of
spermabozoé per ejaculeate were highly correlated with fertility. The
correlation between concentration of spermatozoa and fertility was
curvilinear (concave type) in that the ejaculates containing 800,000 to
1,000,000 sperﬁ'per cubic millimeter gave the lowest fertility whereas
ejaculates of lower and higher concentration gave grezter fertility.
Initial motility rating and the percentage of sbnormal spermatozoa were
not significantly correlated with fertility. Semen containing less than
50 percent live spermatozoa immediately following ejaculation, was of
questioneble fertility. But semen samples containing 50-90% of live
spermatozoa, varied little in fertility.

The number of spermatozoa per insemination was significantly corre-
lated with fertility. The number of live spermatozoa uscd per insemi-
nation was more closely related to fertility than the total number of

spermatozoa,
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In this study all the semem samples were given an initial motility
rating of 2 or over 2.

Margolin et al. (19L3) reported a significant correlation between
longevity (duration of motility) of diluted semen samples stored in a
refrigerator at hSOF and the conception rate., Conception was sascertained
by palpation or by the calving of the cows served.

Lasley (19LL) found a highly significant correlation between live
and pergentage of motile Spermatozoé.and,between live and progressively
motile spermatozoa in non-stored semen. Furthermore, a correlation be-
tween the percentage of motile spermatozoa and fertility was also noted,

The percentage of live spermatozoa in this study was determined by
the opal blue-eosin staining imethod.

Swanson and Herman (19LlL) reported that concentration of sperm,
abnormal sperm and pH of semen of dairy bulls were not significantly
correlated with conception rate. Conception was determinec either by
calving, manual examination for presence of fetus or by failure of cow to
return to heat within 90 days after insemination,

A highly significant linear correlation between viability of the
sperm in storage and conception rate was found. There was also a signifi-
cant curvilinesr (convex type) relationship between motility rating of
semen st the time of insemination and conception rate. With the increase
of motility rating up to rating of 3, conception rate increased bub with
further increase in motility rating, conception rate showed a nonsignifi-

cant increase.
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Laing (1945) found that bulls of higher fertility gave on the average
more volume of semen than bulls of lower fertility. Laing suggested that
although the fertility is adversely affected if a minimum requirement in
quantity and quality of spermatozoa is not met, factors other than semen
quality are in operstion within the range of fertility from 1.0 to 3.5,
which may vary breeding results irrespective of quality of semen,

Fertility in this study was measured by the number of services per
conception based on diagnosis of pregnancy by rectal examination at about
50 days from the date of last service.

Mercier and Salisbury (1946) in an snalysis of the combined data for
the ejaculstes of Holstein and Guernsey breed found highly significant
correlation of concentration of spermatozoa with percent of non-returns.
Percentage of abnormal spermatozoa and methylene blue reduction time were
significantly correlated with percent of non-returns.

Ellenberger and Lohmann (1946) found that volume of ejaculate, con-
céntratiOn of spermatozoa, total number.of spermatozoa per ejaculate of
dairy bulls were not significantly correlated with conception rate. These
investigators believed that there was little to be gained by continuing
observations on duration of motility in storage beyond periods of from
3 to 7 days.

Madden et 2l. (19L47) in a study on dairy bulls reported s highly
significant correlation bebtween initial motility and initiel percentage
of live sperm. However, this relationship was fairly variable. These

investigators found no significant differences in the initial motility,
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initial percentage of live sperm or longevity in storage between semen
samples which resulted in conception and samples which did not.

Lewis (19L8s) in a study on dairy bull semen found a significant
correlation between semen volume and initial motility (percent of pro-
gressively motile spermatozoa) for Holstein bulls but correlation for
Guernsey bulls was not statistically significant. Correlations between
concentration and initial motility were highly significant for the
Guernseys but were not significant for the Holsteins. Semen volume, con-
centration, iotal spermatozoa per ejaculate or initial motility of the
semen shipped was not significantly correlated with percent of non-returns.

Percent of living sperm determined with eosine-aniline blue staining
method was reported by Schaffer and Almguist (1949) of having a highly
significant curvilinear regression with percent non-returns. However, the
predictive value with relatively high quality semen was questionable.

Ludwick et al. (1?h8) using semen samples bred to 30 or more cows
obtained a high correlation (r = 0.8 x 0.03) between incubation time
(time for sperm to lose all activity when held at 100° F) and percent of
non-returns. However, the correlation was lowered considerably when semen
samples bred to fewer cows were used.

Erb et al. (1950) reported that a minimum of 30, first and second
services were required before the conception rate (percent of non-returns)
of a single semen sample could be accepted as a reasonsble approximation
of its fertilizing capacity. These investigators found no significant
relationship of initial motility, concentration of sperm or initial pH

with fertilizing capacity of semen from dairy bulls with acceptable breeding
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efficiency. The correlation of the percentage of sperms alive at the

time of semen collection and the fertilizing capacity was highly signifi-
cant. Motility for each day of storage up to 6 days showed a highly
significant correlation with percent non-returns. The correlation between
initisl motility and concentration was highly significant.

Branton et al. (1951) in an analysis of semen quality and breeding
results of 100 semen samples found no significant correlation of initial
motility of spermatozoa with percent of non-returns. But there was a
highly significant correlation between concentration of the individual
ejaculates with percent of non-returns. & still greater highly significant
correlation was observed when the analysis was based on the means for the
individual bulls. The numbers of motile spermatozoa per milliliter of
diluted semen or per insemination showed a highly significant correlsation
with percent of non-returns.

Table XII1 shows the correlation between semen characteristics re-
ported by various investigators. Table XIV shows the correlation of semen
characteristics with conception rate or percent of non-returns reported

in the literature.

(B) EXPERIMENTAL PROCEDUKRE

Semen collection records (Standard Card No. 2) for bulls of various
breeds, namely, Holstein, Guernsey, Jersey, Red Dane and Angus were used
to find the aritimetic mean and standard deviation for various semen

characteristics, by breed and regardless of dairy breed. The semen




TABLE XIIT

CORRELLTTON BETWEEN SEMEN CHERACTEZRISIICS

Davis et al. - Lasley et al. Lesley
(1939) (1943) (190h)
Correlation Between LT r 1 r N r
(Pearson)
Semen volume and sperm - concentration 224 +O.3553* W76  -0.035
Semen volume and progressive motility of .
sperms of non-stored semen 22, +0.37863°
Semen volume an¢ sbnormal ~ spermatozosa 176 -0,006
Semen volume and percentage of sperms alive
in non-stored semen 22y 40,075
Sperm concentration and progressive motility _ 5
of sperms of non-stored semen 26l +0,3095

Progressive motility of sperms in non-stored
semen and percentage of sperms alive in
non-stored semen

(9

o
g

3

158 +0,696

+ Mumber of semples used in calculating the
% Significant at 5% level of probepility
#% Significant at lk level of probability

coefficient of correlation (r)



TABLE XIV

COHRELATION OF SEMEN CHARACTERISTICS WITH CONCEPTION RATE OR PERCENT OF NON-RETURNS

Lasley et al., Swanson et al, kercier et al, Erb et al. Brenton et al.
(19437 (194h) (1948) (1950) (1951)
oo B r i} r ) r N r

Semen volume 303 +O.909¥* 330 -0.033
Sperm concentration 559 40,63 326 +O.162** 550 40,03k 100 40,2837
Initial motility of

sperm (non-stored |

semen) 167 10.136
Percentage of sperms

alive (non-stored x

semen) 196 40,212
pH 205 =0,16 373 +0.002
Percent abnormal sperm 525 -0.12 280 -0.133*

Viability in storage L75 40,647
lMotility of sperm in

semen stored: sy

for 3 days 187 +0.335,
for L days 187 +0.,3177°
lio, of sperm per
insemination 316 -0.096

+ lumber of samples used in calculating the coefficient of correlstion (r).
% Significent at 5% level of probapility.
% Significant at 1% level of probability.

6L
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collection and breeding data of dairy bulls, (regardless of dairy breed)
were then subjected to correlation analysis so as to find the inter-
relationship between various semen characteristics and the relationship
of semen characteristics with percent of non-returns. The non-return
rates (percent of non-returns) were based on 90~day non-returns of
females with 1, 2, 3, 4, 5 and over current services regardless of age

of semen. In view of the results reported by Ludwick et al. (1948),

Erb et al. (1950), only the semen samples bred to LO or more females
were used to determine the correlation of semen charsacteristics with per-
cent of non-returns, However, no such restriction of the number of

services, was placed in determining the correlstion between various semen

characteristics

(C) RASULTS

Table XV shows the arithmetic mean and standard deviation (distribu-
tion) for various semen characteristics of dairy bulls. In this Table
are also shown by breed (dairy and beef) the arithmetic mean and the
standard deviation'for certain semen characteristics, namely, semen
volume, sperm concentration, percentage of sperms alive in non-stored
semen and progressive motility of sperms in non-stored semen. The rew
semen movement for Angus bulls is 2lso included in the Table. From the
Table, it can be seen that in dairy breeds, the semen volume was the
largest in Guernsey and was the smallest in Jersey. Concentration of

semen (sperm concentration) was highest in Jersey and it was lowest in
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Guernsey. However there wes not much difference between dairy breeds in
the percentage of sperms alive in non-stored semen ard the progressive
motility of sperms in non-stored semen.

The semen volume, sperm concentration, percentage of sperms zlive in
non-~-storec semen and the progressive motility of sperms in non-stored
semen were greater in dairy bulls than in the beef bulls (ingus). However,
the raw semen movement in dairy bulls was slightly less than that in beef
bulls.

The percentage of sperms alive in L-day-old re-exemined semen and
the progressive motility of sperms in 3-day- and L~day-old re-examined
semen showed a marked decline as compsared to fresh semen examined soon
after the collection.

In Table XVI are presented the r-vslues (coefficient of correlation)
for the correlation between semen characteristics of dairy bulls. From
Table XVI, it can be seen that there were highly significant (1% level)
positive correlations between the fcllowing pairs of semen cheracteristics:
concentration of semen and percentage of sperms alive in non-stored semen;
percentage of sperms alive in non-stored semen and progressive motility
of sperms in non-stored semen; rew semen movement and concentration of
semen; raw semen movement and percentage of sperms zlive in non-stored
semen; raw semen movement and progressive motility of sperms in non-stored
semen,

Highly significent (1% level) negative correlstion was noted between
volume of semen and concentration of semen and between volume of Semen ana

percentage of sperms alive in non~stored semen.




T4BIE XVI

CORRELATION BETWEEN SEMEN CHAR/CTERISTICS OF DAIRY BULLS

Simple
No, of Correlation
Correlation Between Samples  Coefficient (r)
. n Eas
Volume of semen and concentration of Semen 2070 -0.0856
¢
Volume of semen and percentage of sperms alive in non-stored semen 2470 -0.0531
Volume of semen and progressive motility of sperm in non-stored .
semen 2170 +0.001:2%
Concentration of semen and percentege of sperms alive in non- e
stored semen 2L70 +0.,0629
Concentration of semen and progressive motility of sperm in .
non-stored semen 270 +0.0430
Percentage of sperms alive in non-stored semen and pregressive s
motility of sperm in non-stored semen 2470 10,2711
Haw semen movement and volume of Semen 1204 +0,0057
Rew semen movement and concentration of semen 120k +0.4195
Raw seman movement and percentage of sperms slive in non-stored e
senen 120L +0 2696
Raw semen movement and preogressive motility of sperm in non- ot
- - - - J.- ('
stored semen 120k 40,1065

* Significent at 5% level of probability.

b
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Volume of semen was positively correlsted with progressive motility
of sperms in non-stored semen. The correlation was found to be statis-
tically significant (5% level). 4 significant (5% level) positive corre-
lation was also noted between concentration of semen and progressive
motility of sperm in non-stored semen, However, there was no significant
correlation between raw semen movement and volume of semen.

Table XVII shows simple correlation coefficients obtained for the
correlation of characteristics of dairy bull semen with percent of non- -
returns. From the Table, it can be seen that there was highly significant
(1% level) positive correlation between each of the following semen
characteristics and percent of non-returns. However, the r-values (co-
efficient of correlation) obtained were small,

Progressive motility of sperms in non-stored semen

Raw semen movement

Concentration of sperms per 1/1000 cubic mm. of diluted semen

Percentage of sperms alive in h-day~old re-examined semen.

The correlation between volume of semen and percent of non-returns
was not statistically significant. Similarly, the correlation of the
concentration of semen and that of percentage of sperms alive in non-stored
semen, with percent of non-returns was not statistically significant.

The progressive motility of sperm either in 3-day-old or L-day-o0ld re-

examined semen was not significantly correlated with percent of non-returns.




TABLE XVII

CORRELATION OF SEMEN CHARACTHERISTICS OF DAIRY BULLS WITH PERCENT OF HON-RATURNS

. Simple
Semen Characteristic No, of Correlation
Samples  Coefficient (r)

Volume of semen | , 1897 +0,007L
Concentration of semen 1897 +0,0138
Percentage of sperms alive in non-stored semen 1897 | +0,01C0
Prcoressive motility of sperm in non-stored semen 1897 +0,088L%F
Raw semen movement 1000 +O,l950-xﬁ\":
Concentration of sperm per 1/1000 mm.® of diluted semen 1887 +0.1213JH'
Progressive motility of sperm in 3-day-old re-examined semen 820 -0,0059
Percentage of sperms alive in Li~day-old re-cxamined semen 830 10, 1262%F
Progressive motility of sperm in L-day-old re-exsmined semen 630 +0,0405

¥ Significant at 5% level of probability.
** Significant at 1% level of probability.

3
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(D) DISCUSSION

Statisticael analysis of the data in the present investigation showed
a highly significant (1% level) negative correlation (r = -0.0856) between
volume of semen and concentration of semen of dairy bulls. Contrary re-
sults were reported by previous workers. Davis et al. (1939) in dairy
bulls obtained a significant positive correlation (Pearson r = +0.3553)
whereas Lasley et al. (1943) in beef bulls found no significant correla-
tion of semen volume with concentration of semen,

In the present study, a highly significant (1% level) negative corre-
lation (r = -0.0531) was obtained between volume of semen and percentage
of sperms alive in non-~stored semen. The result obtained is not in agree-
ment with that reported by Lasley et al. (1943) who found no significant
correlation in beef bulls.

Davis et al. (1939) feported significant positive correlation between
sperm concentration and progressive motility of sperms (Pearson r = +0.3095)
in non-stored semen of dairy bulls. Our results confirm the finding of
above investigators in that there was a significant position correlation
between those characteristics.

In the present investigetion, & highly significant (14 level) positive
correlation (r = + 0.27L1) was noted between percentage of sperms alive
in non-stored semen and progressive motility of sperms in non-stored
semen. Similar finding was also reported in Beef bulls by Lasley (19LL).
However, the correlation coefficient. reported by Lasley was much higher.

(r = +0.696) .
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Lasley et 2l.(19L3) in beef bulls reported highly significant cor-
relation between volume of semen and conception rate. Mercier et al.
(19L6) in dairy bulls found no significant correlation between semen
volume and percent of non-returns. The results obtainec in the present
investigation are not in agreement with that reported by Lasley st al.
(1943) . On the other hand, our results confirm the finding of Mercier
et al. (19L&) in thet there wes no significant correlation between semen
volume end percent of non-returns,

Swanson et &l. (19Lh) and Erb et al. (1950) found no significant
correlation vetween sperm concentrztion and conception rate or vercent
of non-returns. On the contrary, Mercier et al. (19L5) and Branton et 2l.
(1951) noted highly significant (1% level) ccrreletion between sperm
concentration and percent of non-returns. The resulis obtzined in thLe
present study confirm the findings of Swenson et al. (19LL) and Erb et el.
(1950) since no significant correlation was obtained in our stucy be-
tween concentration of semen anc vercent of non-returns.

Ero et al. (1550) reported a highly significant (1% level) correla-
tion bestween percentage of sperms zlive in non-stored semen and percent
of non-returns. However, in the present investigation no significant
correlation wes obtained between percentage of sperms alive in non-stored
semen enc percent of non-returns.

Mercier et al. (194L6) founc no significant correlation ovstween number
of sperm per inseminstion and tie percent of non-returns. On the other

hand, our results showed a highly significant (1% level) correlsation
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between concentration of sperm per 1/1000 cubic mm, of diluted semen and
perceﬁt of non-returns,

The disagreements in the results reported bj various investigetors
and also those obteined in the present investigation might be due to one
or more factors mentioned below:

(1) Small number of samples

(2) Differences in methods used for determining various semen char-

acteristics

(2) Restrictibn as regards minimum regquirements of various semen

charascteristics (percentage of sperms alive, concentration of
semen, etc.) before semen sample could be sent for insemination

(L) Restriction regarding the total number of services from a semen

sample before it can be used in correlation study

(5) Type of animal (dairy or beef type)

In the present investigation, of all the semen,characteristics under
study, the raw semen movement showed the highest correlation with percent
of non-returns. Percentage of sperms alive in L-day-old re-examined
semen ranked 2nd to rsw semen movement in correlation with percent of
non-returns. Concentration of sperms per 1/1000 cubic mm, of diluted
semen ranked 3rd in correlation with percent of non-returns, whereas pro-
gressive motility of sperms in non-stored semen ranked Lth in correlation
with percent of non-returns. The resulis obteined suggest that in Michigan
Lrtificisl Breeders hssociation, a semen sample meeting the minimum re-
quirements of semen characteristics or combination of semen characterdastics

can possibly be judged with greater accuracy as regards its pctential
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ability for higher percent of non-returns from the following character-
istics. These characteristics are listed in ordsr of importance.

Rraw semen movement

Percentage of sperms alive in lL-day-old re-cxamined semen

Concentration of sperms per 1/1000 cubic mm. of diluted semen

Progressive motility of sperms in non-stored semen

The concentration of semen and the percentage of sperms alive in
non~stored semen may not be considered in Jjudging the potential ability
for higher percent of non-returns, of a semen sample meeting the minimum
requirements of semen characteristics or combination of semen character-
istics in Michigan Artificisl Breeders! Association. 7This is because,
in the present study there was no significant correlation between con-
centration of semen and percent of non-returns. Similarly, the correla-
tion between percentage of sperms alive in non-stored semen and percent
of non-returns was not significant .

In the present investigation, there was no significant correlation
of progressive motility of sperms in 3-day-old re-examined semen with
percent of non-returns. Similarly, there was no significant correlstion
of progressive motility of sperms in the l-day-old re-sxamined semen with
percent of non-returns. These results indicate that there is very little
to be gained by continuing observations on progressive motility of sperms
in 3-day and that in L-day-old re-examined semen, so far as predicting
the percent of non-rsturns is concerned.

In the present study, a highly significant (1% level) correlation

of raw semen movement and progressive motility of sperms in non-stored




semen was noted. However the correlation coefficient (r value) was not
high. Similarly, the correlation coefficient (r-value) for thz correla-
tion of raw semen movement and percent of non-returns was not high, The
results suggest that the observations on progressive motility of sperms
in non-stored semen be continued even though the observations on raw semen

movement are being taken.

(E) SUMMARY AND CONCLUSIONS

The semen collection records of Micligan /frtificial Breeders Associ-
ation were studied from June 1, 1951 to May 31, 1952, with two objectives:
(1) to determine the inter-relationship of certain semen characteristics
and relationship between verious semen charscteristics and percent of
non-returns for dairy bulls, (2) to find the mean and distribution
(standard deviztion) of certain semen characteristics of dairy bulls and
of beef bulls,

For the study of correlation of semen characteristics with percent
of non~returns, only the semen samples bred to LO or more females were
used. The percentages of non-returns were bpased on 90-dsy non-recturns of
females with 1, 2, 3, L, 5 and over current services.

The investigation led to the following findings and conclusions:-

Semen Characteristics: Mean Values

(1) Of all the dairy breeds under study, the semen volume was the
largest (7.2ml.) in Guernsey and was the smallest (5.5 ml.) in Jersey.

Concentrestion of semen was the highest (1&69 per 1/100C cubic mm.) in
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Jersey end was the lowest (1727 per 1/1000 cubic mm.) in Guernsey.
There was not much difference between dairy breeds in the percentage of
sperms alive in non-stored semen and the progressive motility of sperms
in non-stored semen.

(2) The semen volume and concentration of semen were much greater
(1.5 mls. and 174 per 1/1000 cubic mm,, respectively) in dairy bulls
than in Angus bulls. The percentage of sperms alive in non-stored semen
and the progressive motility of sperms in non-stored semen were also
greater (2.1% and 0.9%, respectivaly) in dairy bulls than the fingus bulls,
However, the raw semen movement in dairy bulls was somewhat low (0.6%) as
compared to that in beef bulls.

(3) The percentage of sperms slive in lL-day-old re-examined semen
and the progressive molility of sperms in 3-cday and in L-dasy-old re-
examined semen showed a marked decline as compared to fresh semen examined

soon after the collection.

Correlation between Semen Characteristics

(L) A highly significant (1% level) positive correlation between the
following pairs of semen characterisiics was found.

Concentration of semen and percentage of sperms alive in non-stored
semen (r = +0.,0829).

Percentage of spems alive in non-stored semen and progressive motil-

ity of sperms in non-stored semen (r = +0.2741) .

Raw semen movement and concentration of semen (r = +0.4195) .

Raw semen movement and percentage of sperms slive in non-stored

semen (r = +0.2690) .
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Raw semen movement and progressive motility of sperms in non-stored
semen (r = +0.1L65).

There was a highly significant (1% level) negative correlation be-
tween volume of semen and concentration of semen (r = -0.0856) and between
volume of semen and percentage of sperms alive in non-stored semen
(r = -0.0531).

Volume of semen was significantly correlated with progressive motility
of sperms in non-stored semen (r = +0.0LL2). A significant (5% level)
positive correlation was also noted between concentration of semen and
progressive motility of sperms in non-stored semen {r = +0.0L3). However,
no significent correlation was found between raw semen movement and

volume of semen.

Correlation Between Semen Characteristics and Percent of Non-Returns

(5) Highly significant (1% level) positive correlation was noted
between each of the following semen characteristics and percent of non-
returns, However, the r-values (simple correlstion coefficient) obtained
were small. Progressive motility of sperms in non-stored semen (r = +0.088L)

Raw semen movement (r = +0.1950)

Concentration of sperm per 1/1000 cubic mm, of diluted semen

(r = +0.1213)

Percentage of sperms alive in li~day~-old re-examined semen

(r = +0.1262)

The volume of semen, concentration of semen and the psrcentage of

sperms alive in non-stored semen, were not significantly correlated with
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percent of non-returns. Similarly, no significant corrslation was noted
between the progressive motility of sperms either in 3-day-old or in L-day-
cld re-examined semen and percent of non-returns.

(4) The results (r-values) obtained suggest that a semen sample
meeting the minimum requirements of semen characteristics or combination
of semen characteristics at Michigan srtificial Breeders hAssociation can
possibly be judged with greater accuracy as regards its potential ability
for higher percent of non-returns from the following characteristics
listed in order of importance:

Raw semen movemenvu

Percentage of sperms alive in L-day-old re-examined semen

Concentration of sperms per 1/1000 cubic mm, of diluted semen

Progressive motility of sperms in non-stored semen

(7) Observations on progressive motility of sperms either in 3-day
or in h—dayjold re-examined semen seem to pe of very littles use in pre-
dicting the percent of non-returns,

(8) The correlation of raw semen movement with progressive motility
of sperms in non-stored semen (r = +0,1L55) and that of raw semen movement
with percent of non-returns (r = +0.,1950) was highly significent (1% level).
However, the r-values were not large. his, together with the fact that
there was a highly significant correlation (1% level) between the pro-
gressive motility of sperm in non-stored semen and the percent of non-
returns (r = +0.088L) suggests the desirapbility of continuing the observa-
tions on progressive motility of sperms in non-stored semen even though

the observations on raw semen movement are oeing recorded.
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