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INTRODUCTION 

Literature dealing with bovine semen has been based almost exclu­

sively on that produced by bulls that may be generally classified as 

mature. In instances where experimental data have been obtained on 

the semen of young dairy bulls, the semen was evaluated on standards 

developed from mature bull semen ( 3, 21, 41, 52, 54, 77, and 85). 

The validity of such procedures and interpretations based thereon may 

be seriously questioned. 

A primary purpose of the data reported here has been to formulate 

standards by which the semen of young bulls might be evaluated, as well 

as to study the semen of young dairy bulls that were maintained on 

known but varying int~kes of phosphorus. Another objective was to 

obtain semen data on young dairy bulls raised under climatic conditions 

existing in the Southwest. 



REVIEW OF LITERATURE 

Experimental data concerning dairy bulls and their semen is 

voluminouso In order that these data may be readily comprehended the 

subject matter has been subdivided as follows~ storage tilne; volume; 

motility; percent of abnormal spermatozoa; concentration of spermatozoa 

(both alive and dead); pH; effect of age; effect of exercise; effect 

of ration; effect of climate; effect of collection procedure; effect 

of diluter; effect of antibacterial agents; and the effect of cooling 

and storage on semen quality. 

Storage T :iJl1e 

The number of days that spermatozoa exhibit the property of move­

ment has been defined as "storage tinie 11 o This definition has been 

arbitrarily modified in various ways by some workers in the field. 

Hannan and Swanson (32) found that time of survival with good mot.ility 

was a good index of fertili.ty. This observation was based on .3L,2 

ejaculates of semen produced by 55 dairy bulls. Swanson and Her.man 

(76) were able to show a linear relationship between,viability or 

livability of spermatozoa and conception rate. A 2.6% increase in 

conception rate per 20 hour increase in storage time of tmdilute,d 

semen was shown. Weeth and Herman (80) found that. a 20 hour increase 

in storage time was associated with a l~b increase in per cent non­

return rate. Swanson and Hennan (74) had shown earlier that storage 

time had a higher correlation with fertility than other characteristics 

studied. Weatherby et al. (79), working with 108 paired first. and 
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second ejaculates, found that the livability of spermatozoa in second 

ejaculates exceeded that of first ejaculate spermatozoa for all bulls 

studied. 

Volume 

Lagerlof (32) found the average ejaculate to contain 3 c.c. of 

semen with a range of 2 to 8 c.c., whereas, Herman and Ragsdale (31) 

reported an average volt1me of 4.2 c.c. with a range of 2.1 to 6,1 c.c. 

Their data were based on 161 ejaculates from 12 bul.ls. 

Davis and Williams (19), working with 190 to 22l, ejaculates from 

11 fertile bulls, found correlations of 0.51 or less when the volume 

of the ejaculate was related to pH, concentration and motility. In 

this study 3 ejaculates were collected from each bull on each day of 

collection. Swanson and Herman ( 7l:.) found no relationship between the 

volume of semen produced by a bull and his fertility leveL VanDemark 

and associates (78) obtained a highly significant correlation between 

volume of semen and the methylene blue reduction time of the spermatozoa" 

Magill and associates (48), working with one pair of Jersey identical 

twin bulls found that the volume of semen per ejaculate was essentially 

the same when both animals were handled in the same way prior to collec­

tion. However, their results with one pair of crossbred monozygoti.c 

bulls showed significantly (P <.o oOl) that teasing for five minutes 

resulted in a superior volume per ejaeulateo Both pairs of bulls were 

less than lJmonths of ageo During the period oflJ.to 16 months of 

age one bull of each twin pair mounted a liv.e animal while the other 

bull of each pair mounted a dUillillyo With this p:rocedure there was no 

difference in volume. Later when the bulls were 17 to 20 months of age, 

one bull of each twin pair was teased for five mi11utes ppior to 
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collection. There was a significantly superior volume ( P< O. 01) per 

ejaculate in favor of the teased Jersey bull over his twin. Between the 

crossbred pair there was no difference due to treatment. 

Patrick and associates (55) found no significant difference in 

volume per ejaculate where one group of bulls was ejaculated once each 

four days; a second group was ejaculated twice every eighth day; or 

in the third group which was ejaculated three times every twelfth day. 

Weatherby and associates (79), working with 108 paired first and 

second ejaculates from three mature bulls, found t,he second ejaculates 

to be almost twice as large as the first. 

Davis, Kuhne, and Miller, as reviewed by Herman and Swanson (32), 

found that volume per ejaculate was affected by the method of collectiono 

Rectal massage produced larger volumes per ejaculate than did other 

collection methods. 

Lasley and Bogart (43), working with normal range bulls found volume 

per ejaculate to be positi.vely correlated vrith fertility. 

Wiggins and associates (81) found a slight correlation between 

volume per ejaculate and par cent of ewes lambing. B~mbouillett, 

Columbia, and Targhee rams were used" 

Motility 

Branton and associates (10) S'tated that the per cent of motile 

spermatozoa in an ejaculate should be at least 50%. Davis and 

Williams (19) suggested that per cent of motile spermatozoa in com-

bination with pH would give a better ,appraisal of semen quality than 
I 

any individual observation. 

Swanson and Herman (74) could distinguish between bulls of 

high or low fertility on the basis of the abi.li ty of the spermatozoa 
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to exhibit vigorous motility. They suggested that semen of good 

fertility should maintain a high degree of motility for 30 hours or 

more at JJJ° F. 

Beck and Salisbury (5) found that the decrease in' per cent of 

motility in a water bath for one hour at 46.5° C. was highly corre­

lated with the decrease in motility in storage for 10 days at 5° C. 

(r = 0.9088). VanDem.ark and associates (78) obtained a highly signi­

ficant (P<0.01) correlation between init.ial motility and methylene 

blue reduction time. They recommended that initial motility, sper-

m.atozoan concentration and methylene blue reduction time should be 

utilized for routine prediction of semen quality. 

:Madden and associates (47), working with 13 dairy bulls that 

were not on any definite collection schedule, studied the relation­

ship of rate of initial motility to per cent of motile spermatozoa as 

well as the effect of each on conception rate. The comparison of 

semen resulting in conceptions with semen resulting in non-conceptions 

showed little"t~ifference in a.verage rate of motility or per cent of 

live spermatozoa" They found a wide ra.nge in per cent of live sper-· 

m.atozoa in each motility classification. A comparison of initial per 

cent of live spermatozoa with the hours that a rate of 2 in motility was 

maintained also showed a wide variation of values" Simila:dy, a com-

parison of rate of :initi.al motility wit,h the hours that a rate of 2 

was maint,a.ined gave a wide varia.tion. The variability of the data 

reduces the emphasis that could otherwise have been placed on the 

fact that all three of these comparisons yielded highly significant 

(P<:0.01) correlations. 
' 
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Swanson and Herman (76) found a curvilinear ~relat.:'Lon.ship between 

motility of spermatozoa and concept.ion rate. They observed that there 

was li.ttle difference in the conception rate resulting from ejaculates 

rated .3 to 5 with over L~5% progre(rnively motile spermatozoa. Weeth and 

Herman (80) were able to show that the hours duration of a motility 

rate of 1 in diluted semen was significantly correlated with per cent 

:non-returns (r = 0.198). Therefore, routine determination of this value 

should be of value to ar0tificial breeding assoc:1.ations. 

Ehlers and Erb (23) compared i.ni.t.ial motility and motility in 

storage (up to 6 days) with 60-90 day non-returns for 7,421 first and 

second inseminations from 275 ejaculates by 18 bulls. The relationship 

between initial motility and non-return :rate ·was lcw (r = 0.138). How-

eYer, the er values between mctility during storage and non-·return rate 

we:r'e highly significant (P<OoO~ and 1,Jere higher: 1 day r = 00205; 

2 days r = 0.335; 3 days r = 0.~335, 4 day,s r "' Oo317; 5 days r -

O • .306; and 6 days r :: 0 o 291. An a.naly,s.is of variance of their data 

showed a significant difference (P<0.05) between bulls and between 

ejaculates. The ability of semen to withstand storage up to 6 days was 

deemed to be a better criterion of fertilizing capacity than initie.l mo-­

tility. 

Stone and associates (7:2), working with 2.36 ejaculates from 19 

dairy bulls, found highly s.:l..gnificant (P<0.01) differences among bulls 

with regard to initial motility, duration of time in hours that a rate 

of 2 was maintained and duration of time that any motility was maintain­

ed in undiluted semen. Likewise, they found highly significant (P<o.01) 

differences among bulls for: initial per cent of live spermatozoa; per 

cent of live spermatozoa following cold shock; and fe:r,tility, A mult::Lple 

correlation coefficient of O, 69 (P<o .05) was obtained for per cent of 
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motile spermatozoa following cold shock, sper:m.atozoan concentration 

and fertility o Harvey and Hu1et ( .30) , .i:n studying reproductive 

efficiency of young Jersey and Holstei.n bullsj found considerable 

variation within bulls of the same age and breed with respect to initial 

motility and the rate of decrease per day in motility. They found 

initial motility to increase with age up to 13 months. At that point 

this characteristic tended to level off. With the increase in initial 

motility they obtained an increased rate of decline of motility with 

storage. The age of the bvJ.l was not related diI·ectly, at least to 

decline of motility ,Ji th storage. 

Johnston and associates (33) presented data from 350 ejaculates 

from 14 bulls that were used on 15)029 first service cows. They found 

that initial motility and per ce.nt of live spermatozoa were highly 

significantly ( P< 0 o 01) correlated with 60-·90 day non-return rate. 

Other criteria utilized failed to show significant correla:1:,ion to 

fertility. 

Magill and associates (48)J working with Jersey and crossbred 

twin bulls, found a significant difference (P<0.05) between bulls in 

per cent of motile spematozoa after 168 hours of storage. 

Heman and Swanson 02) observed that the length of time that 

spermatozoa survived in sto:r·age w·as a good index. of fe:r.0t:Uity while 

initial motility was related to fertility to a very limited extent. 

Lasley and Bogart (43), working with range bulls, found per cent 

of live spermatozoa to be positively correlated with fertility. They 

were not able to show significant correlations between fertility and 

per cent of spermatozoa surviving cold shock or rate of spematozoan 

motility in undiluted semeno They found that as the interval between 



collections increased, the per cent of spermatozoa retaining motility 

after cold shock decreased. During the breeding season the per cent 

of live spermatozoa pe:r' ejaculate showed definite variation. 
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Lasley (L,2), obserir~d 78 ejaculates from 7 Hereford bulls and found 

the average per cent of motile sper.matozoa to be 64.1 with an average 

progressive motility of 5L6~;. After 4 days storage in egg yolk-· 

· phosphate buffer these same ejaculates averaged 34. 9% motility. A 

highly significant (P<0.01) cor·:r·e1ation was found between per cent of' 

live spermatozoa and progressively motile spermatozoa in fresh semen. 

The correlation (r = 0.314) between per cent of motile spermatozoa 

and fertility was significant (P<Oo05), but lowo However, the corre-· 

lation (r = Q.167) between progressively motile spermatozoa and fer­

tility was not significanto 

Comstock and Brady (16) found a curvilinear relationship between 

per cent of motile spermatozoa after storage for 2 and 5 days and head 

length of the spermatozoa. Wiggins and associates (81) observed that 

rate of motility,. per cent of motile spermatozoa, and estimated mot:ile 

spermatozoan concentration were significantly correlated (P<0.05) with 

the per cent of ewes lambing. 

Abnormals 

The abnormality of a spermatozoa is recognized by its shape. 

Lagerlof (38) has categorized them :i.nto types as follows~ not normal 

size; twin heads or twin tails; abnormal shape of head; abnormalities 

.on connecting piece or tail; deficient staining capacity; and loose 

heads. Normal bull semen has been found to contain 10-12% of 

abnormal spe:r.rnatozoa. Lagerlof (39) also reported that sterile bulls 

and old bulls with reduced fertility produced semen w:ith 33-35% abnormal 
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spermatozoa per ejaculate. Green and Comstock (29) suggest that an 

abnormality concerning the head of the spermatozoon is indicative of a 

more fundaments.l ph;ysiologica1 inju:r·y than i;s an abnornali of the tailo 

They state that the type of abnormality shoc:lld be considered along with 

the per cent, 

The method of preparing smears for making abnormal c01.m.ts may affect 

the munber of abno::.111a.ls accord.ing to ,Sali::::bury and associates ( 68). 

Frequency of ejaculation was also pointed out as a factor infL.:tsncing 

the percentage of almcr1nal spermatozoa by McKenzie and Phillips (L,9). 

They f0tmd that a sexual rest of sevsra,l weeks or mo:ee, me.te:c.ially .i.n-

creased the abnormal cou_ntc Differences between bulls have been sho1rm 

in thi.s respect by Magill and associates (48). 

Attempts to associ.ate the percentage of abnor·mal spermatozoa per 

ejaculate with fert.i.li ty have not yielded ::significant c o:rrela tion3 

(32 1J L~ ry; c~d ?('.)") 
' ~ ' },..) ' I -+ :J ._,. J_.;. .• • c;; VanDemark and associates (78) did not 

obtain significant correlations betwe6n per cent of abnormal sper-· 

matozoa and meth:rlene b1ue 1°eduction t:1.:me, initial ascorbic acid 

content, initial glucose level 1 or glucose loss in diluted semen 

after 10 days storage at 5o C, 

Concentration and Dilution Rates 

Evaluation of spermatozoan density, or concentr·ation, I·JaE; " 0 o:r~J~g.i ···" 

nally determined by use of the hern.acytometer (63)o All other methods 

have been based on the density of the ejaculate. Visual compar·if,an 

with opacity standards, based on hemacytometer counts, has enjoyed 

but 1:Lmited use (63). The most eornmon method of detennirijng the m.rn1ber 

of spermatozoa per lmit volmne has been the use of the photolometer. 

The validity of the use of this technique was established by Salisbury 
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and associates (6.3), Willett and Buckner (8.3), and Emick and Sidwell 

The number of spermatozoa per mJ... has been reported by many workers 

(8, .32, 38, .39, and 79). The average concentration reported has ranged 

from 800 million to 1,150 million with a range of .300 million to over 

2,500 million sperm.a tozoa per ml. 

Attempts to correlate concentration of spermatozoa with fertility 

have been conducted on one of two bases: (a) semen diluted to an 

arbitrary voluJ11e regardless of spermatozoa present, and (b) semen 

diluted to a constant munber of live spermatozoa per mL The:r,=:, we:r·e 

no significant corr-elat.ions between concentration and fertility as . 

long as each volurne used per insemination contained 12 million or more 

spermatozoa (12, .3.3)1 61, 62, 65 9 and 76)., or i.fhere semen was diluted to 

contain a constant number of spe:n11atozoao Ho1,reve,r, when semen was 

diluted to such an extent that it contained less than 12 million live 

spermatozoa per ml. there was sig11ifica.nt relationship between con-

cent.ration and fertility (11!1 6!+, and 82). Lasley and Bogart (LiJ) 

working with range bulls found a relationship between number of sper-

matozoa resistant to cold shock and fertiJ.ity that was higher' than the 

relationship of nmnber of spermatozoa inseminated and fertil5.ty. 

pH 

Experi..1D.ental data regarding the pH of freshly ejaculated buJ..l 

;semen indi.cate a :l:'ange of values from 5 to more than 7 (21, .32, and 

69). The average pH of bull semen was desc:•ibed by Shergin (70) as 

6.71+• He noted that the pH of semen of a given species is usually 

levter than the blood pH for that species. 
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The method .:if semen collection has been found to have an effect on 

the pH of a given ejaculate. Semen collected by recta.l massage is al-

most always alkaline, whereas that semen collected via the artificial 

vagina is acid unless contaminated v.rith urine or ether' ::ontmn:i.nantz or 

is produced by very young bulls (18, 21, and .32). 

Ejaculates having a pH greater than 7.0 are usually thin and dis-

colored, whe~2eas those of 6,8 or' lower are associated idth high co:o."' 

cent:r,ation and mctility (32, 69), Schnee:1:-,son ( ) p::,es921ted evidence 

that as the pH of the ejaculate rises the number of spermatozoa,9 sur-

vival of spermatozoa at room temperature and resistance to salt so-

lution all decrease. Others (19, 32, 76, and 81) have found 110 s::Lgn~· 

ificant relationship between concept1,::m rate and pIL Dubincik (20) 

found that motility of spermatozoa of var:i.m:i.s farm animals stopped at 

a pH of 4o2 but resumed if a pH shift toward alkalinity was made. He 

demonstrated irreversible immotility when the pH was aJ.lowed to drop 

to J.4-.3.5o 

VanDerr:ark and associates ( 78) found a highly significant correlation 

between pH and methylene blue reduction time • 

.Age 

The age at which sexual interest was first shown and the age at 

which semen was first collected from young experimental dairy bulls has 

been reported by several workers (.3, 21)1 JOJ 52, and 77), Baker and 

VanDemark (.3) using nine Holstein male calves, found tha.t sexual in-· 

terest was first exhib.ited at 25-"Le5 weeks of a.gee ll. teaser fern.ale we.a 

used in thfa study. The same bulls produced first ejaculates at 36-

46 weeks of age. The13e 

and Musgrave (52). 
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Harvey and Hulet (.30), using young Jersey and Holstein bulls, :re-

ported semen production from these bulls began at 8 or 9 months of age. 

Considerable variation existed in initial motility and in average daily 

drop in motility between bulls of the same age within a breed. The 

authors suggested that some bulls may reach their peak at an earlier 

age than others. Initial motility was found to increase with age up 

to 13 months, where it began to level off. As initial motility increased, 

ths rate of decline un.de:t' storage also .incr-eassd. Age, however, ·;;as 

not directly assooiated with decline under storage. 

Dunn (21) and Musgrave (52) have shown that the age at which the 

first ejaculate is produced can be altered considerably by the level of 

nutrition. They were able to collect ejac.ulates at 28 and 30 weeks of 

age from two bulls. Using a Holstein bull calf, VanDemark and associ­

ates (77) were able to obtain the first ejaculate when the calf was 

38 weeks of age. 

Williams (85) states that mature bulls produce a much greater 

volume of semen per ejaculate than young bulls. 

Exercise 

The effect of exercise on semen production by dairy bulls has 

' been the subject of some controversy. Bartlett and Perry (4) report-

ing on three bulls in an artificial b:·eeding stud)) stat,e that regular 

systematic exercising of the bulls yielded as :much as 51% incre,ase i.n 

semen produced. Tota.1 volume for three bulls for one month (August) 

when no exercise was given was 147 c .c. The nex.t month when the bulls 

were walked at a rate of two and one-half miles per hour, semen pro-

duction totaled 223 c.c. for the month. This increase was attributed 

to the forced exercise given 9 since the rest of the management program 
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remained fairly co:nstant. 

However, Snyder and Ralst::>n (71) conducted a study with eight 

Holstein and eight Guernsey bulls. These bulls were forced to exercise 

six days a week for six months. A comparable gr,oup of bulls was given 

no exercise.. Ne significa:n.t. differences were found between the groups 

in semen quality and in non-return rates. 

Ration 

The effect of ration on semen production of young dairy bulls 

was studied by Lardy and associates (41). They reported low sperma­

tozoan count, small volume, poor motility and short storage periods for 

three bulls reared on a low manganese ration. In contrast, semen from 

three bulls fed the same ration of corn, corn gluten, timothy hay and 

minerals plus a supplement of manganese was found to have no:':.".mal voL;rr.1L;; 

high spermatozoa count, excellent motility, and long l.i.vability of 

spermatozoa.,. Three other bulls fed a supplement of ground oats pro­

duced semen comparable to that, of the bulls on the manganese supple­

ment. 

Branton a.nd associates ( 8), in comparing the effects of protein of 

plant and animal origin on aemen production and fertility of dairy bulls, 

fed three rations to 18 bulls. A "double change over 11 experiment with 

three 120-day periods was used. The two protein supplements of pln:nt 

source fed \1Jere corn gluten feed a:nd soybean oil :nea.L The an:'t.111..al 

protein was skim :milk powder. Timothy hay was fed to all groups. The 

three feeds appeared abo1xt equal, based on semen data. Howeverl' the 

per cent non-retur~1s showed the soybean oil meal significantly better 

than the sk.ir.1 milk powder. Pe:::' cent non-:r,eturns for the ski.in milk 

powder, corn gluten feed and soybean oil m.eal, respectively, were 
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found to be 61. 6%, 6.3. 5% and 65. 7%. In a study of 17 young Jersey and 

Holstein bulls, Harvey and Hulet (.30) found that bulls fed a regular 

dairy ration plus a fish oil (vitamin A) supplement produced semen 

averaging 1.1 points higher in initial motility rate than a. control 

group that received no vitamin A supplement. Motility was estJ..mated on 

a basis of 0-10. They found that the ration hr.d no apparent effect on 

average daily drop in motility of semen uno,er storage for six days. 

Musgrave (52) conducted a study using 36 Holstein male calves. 

Three groups were fed rations varying in TDN, protein, mineral and 

vi ta.min c ontenL The levels of nut:c:t tion for each group were 7 5, 100, 

and 140% of the upper limit of Morrison's TDN standard for growing dairy 

heifers. Semen data wer·,e obtained on six of the calves in each group 

with the exception that one bull in the lower group failed to produce 

any semen in the 48 week trial. The other five bulls in this group 

produced first ejaculates from .38 to 4L, weeks of age. Bulls fed the 

normal ration produced fir-c::t ejaculates fr·om .32 t.o 42 weeks of age., 

while the bulls receiving the 140% ration bega.n semen production from 

30 to .38 weeks of age. 

Ejaculates containing motile spermatozoa were first produced 

from 44 to 46 weeks by the lower group; fr.om 34 to 44 weeks by the 

normal group; and from .34 to .38 weeks by the upper group. Mot,ility 

rate and percent in semen of the norm.al group was found to be low 

until 42 to 46 weeks, while the group rec ei vlng the 140% ra tj_on 

averaged 58% motility w:i.th an average rate of J.O at 38 weeks. 

The first ejaculates with sufficient concentration to be measured 

by routine laboratory procedures for the lower, normal and upper 

group13 were produced at 46, 42 anct' .36 ·,...reeks r·espectively. 
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In a further study o.f the effect of three levels of nutrient intake, 

Dunn (21) modified the nutrient levels used by Musgrave (52), and used 

60, 100, and 160% of the upper limit of Morrison's recommended TDN allow-

ances for growing dairy heifers. Ages at which the lower, normal and 

upper group first produced ejaculates were reported to be l,,,L,,, to 46, 42 

to 46, and. 28 to JS weeks~ respectively. Three bulls in the 60% and 

one bull in the normal group wer'e rspo:r·ted to have pr·ocluced no EH3men at 

1,8 weeks of age wh,3:ri the trial endecL M(Jllt:lle spe~c:rn.atozoa were first 

produced at 44, 42 and .34 weeks of age by the lower, normal and upper 

groups, respectively. These samples were the first of which a measure-

nBnt was made for spermatozoan concentrationo This work was in agree·· 

ment with that done by Musgrave (52). 

Climate 

Knowledge of the extent t,o which climatic conditions affect semen 

quality and fertility is relatively limited. However~ definit,e varia­

tions in semen quality and in fertility have been related to season of 

of the year by some workers (25, 50, 56~ and 59), Swanson and Herman 

(75) found significant differences (P<Oo05) bet-ween months regarding 

initial motility and sto!"age timE," The foct ths.t pour\SI" qu.;;;.lit;, ser:1-2n 

was prooduc ed in the wintEi.'.'.' wa0.1 attributed partly, however' 1 to the old 

age of the bulls and to the influence of inadequate housing facilities" 

In comparing non-return rates from 9.3,113 first and second services 

for Guernsey, Jersey and Holstein bulls over a e::ix year period, E::'b and 

Non··returnc:3 were lowest in January and highest .in September. The 

period of July th:r-ough December averaged 3o4 per cent higher than 

January through June in non-return :r:-ates. This difference between six 
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month periods was found to be highly significant also (P<OoOl). 

Monthly correlations were made of initial motility, spermatozoa.n con­

centration, motility after .30 minutes incubation at 45° C Q and drop in 

motility during incubation with non-return rates. These relationships 

were reported to be quite variable from one period of the year to an­

other. Therefore, the usefulness of the quality tests mentioned might 

well var; with the season of the ye.'1l'o 

Results of the analysis of .i+L/5 eJa.culates from 10 bulls for initial 

motility were reported by Mercier and Salisbury (50). Highly signi­

ficant (P<0.01) variation was found bet-ween months. The highest mean 

per cent :motility was fo1.md 1n and the lowsst in December. 

Phillips and associates (59) reported on ·1,.rork dore with six bulls col­

lected every two weekso No significant difference was found between 

motility score and seasonso From 11-35 matings made from 1935 to 1942, 

the highest fertility results were obtained in April (5906%) and the 

lowest in August (4008%)0 

A study was made of two bulls in a c ::mtrolled chamber w:i th the 

temperature at 80° F. and the hmrd.di.ty at 19 1mn. of Hg. st,s compa,red 

with two bulL3 11nd_e:,:· ordina:2y envi:t.;;r.:.:111ent:~1l condit:icms by Pa.trick and 

associates ( 56). Ths -::.:~·ia.1 1asi.:.ed f::::om ,June th2ou.gh Jl:c:gust. N:i.nety·-

one per cent of the ejaculates from. bulls in the chamber wa~3 urn::i.ble, 

while only /+?% of ejact.1.lD, from tha control bulls v-;as usable. B::,oed-" 

ing efffoi.e:ncy .fc:c the bulls kept at So° F. was 730650, while for the 

control bulls was 71.09%. During ,Jul;;r and August, semen collected from 

the t·,w bullr3 i.n t};e lat g:,:,oup 1,xas fou.nd to be ver; poor in quality. 



Collection 

Kust (37), using Russian techniques, found sperm collected with 

an artificial vagina better than that collected by the rectal massage 

methodo He stated that bes1.des being slow, the rectal massage method 

produced contaminated sperraatozoao 

Branton and associates (9) 5 conducted an 18 week st-ady LL:ling six 

mature bul:Ls to dete:r111ifos bet·frieer1 Sf;J.D}.a1 e:Kc.i.te111eYJ.t, 

semen productionj fr,;ctose content., and fertility. Three levels of 

restraint were ·used, namely, no restraint, one falss mov.nt, and 

~ 1 ra se Il10\.1D.ts o c.f 

numbe:r cf of' 

fractose per pe:C' cent usable ejaculates, and pe:r' cent 60-90 day 

non-returns. All of these criteria were found to be influenced mark-

edly by the level of restraint" The f:!.rst level (no r,estraint) 

poorer aveJ:>age :results than the othe:::c t 1,J.J 

recom.1,1ended one false mount fo:c routine practice by bull studso 

Using two sets of monozygotic twin bulls, Magill, et al. (L,8) 

found tha,t bulls showed decreased libido when d-:.:urn.ny mounts we,,e 1:sed 

ir1steE1d o.f 1.i 1.re L1,)u.r.tt.: ~ 

In a d,,J.cly to d.eti:,r:mlno the ,:,f.fect.r~ o.f various time intervals 

between col.lectiona upon semen product:l.on and fe1:,ti.lit:1~ fatr.i.ck and 

associates ( 55) u.fied. s:.br bulls for 180 di.:iys. Three t:r,::.!atment.s were 

applied, us:ing two .3X.3 latin square designs and three s.ixty~•da.y 

periods. The treatments were one ejaculate ever-y fourth day; two 

ejaculates every eighth day, and t.hr-e0., ojacrJ.ate.s every t"mlf'th di:ty. 

l\To .signi.ficant di.ffr:1:·(0ence1., were found between treatments in comparing 
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volume per ejaculate, per cent motility, methylene blue reduction time 

and per cent cf shippable ejaculates. Fe::,tility :re.sults~ a.s mea.s-:xred 

by 30-60 days non-returns, showed no significant differences. 

In an effo:r·t to det0:n.'YJ.in.e the effect of frequency of ejaculation 

upon semen chs.ract6r·i.stics and libido, Bake~c and Va.nDemark (3) made a 

study of nine Holstein male calves. Calves were assigned at random to 

three groups, with collections made O!l.ce, twice, or th:r.ice weekly. 

The semen characteristics were highly variable. Total spermatozoa, 

per cent motility, per cent normal spermatozoa, and rate of rrwtility 

11 . ' . 11th genera y 1:ncrsa:.Je<:1 1r, a _ , .ree in the f.i.:r·st eight t,eek.s of 

collection. Two bulls, howeve:c, in the thrice-weekly collection group 

showed a reduction in libido by th9 sixteenth week of collectiono 

In comparing firnt and second ejacule.tes, Wea.the:rby et al. (79) 

ma.de a study of 108 paiJ:,ed ejaculates from three mature bulls. Us:ing 

volume, concenb:at:1011 and 1.".Lvability as the cr.ite:tia.)l the second eja.cu-

lates were supe:2io:.r. in average volume and longevity. Two bulls showed 

higher average concentration in the second ejaculates while the third 

bull had a higher avez,age concentration in the f:i.rst ejaculates. An 

average volume from the three bulls for the first ejaculates was 3.4 ml., 

while the second ejac-u.la.tes had an aver-9.ge volume of 6.2 :ml. Likew1.se, 

averag;e livabil:i.ty fo::- the .first ejaculates was 9,3 daysl' and for the 

second eja.culo.tes, 12 .• J days. Concentration ave:::'.J.gecl 1,2.69 mil:2.:1.on. 

spermatozoa for the first ejaculates and 1,247 million spermatozoa for 

the sec·ond ejaculates. 

VanDemark and associates (77) reported on semen production of one 

Holstein bull ejaculated three times pervie~ for three consecutive years 

after puberty. During the first year the 153 ejaculates avera~ed 2.8 ml., 
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with a concentration of 1,089 X 106 spermatozoa per ml. and an average 

initial motility of 56%0 The second year the 151 ejaculates averaged 

308 ml" in volluney with a concentration of 1,530 X 106 spermatozoa 

per ml., and an average initial motility of 59%. The 143 ejaculates 

collected during the third yea:r had an average volume of 5.0 mL, an 

average concentration of 1 9 51.3 X 106 sper111atozoa per ml. and an average 

motility of 57%. During the third yea:r' the bull was proven fertile, 

with no .indication of a reduction in 1ib.id.o or semen qualityo 

Diluters 

In work done with d:Uuters fm, bull semen, Phillips (58) showed 

that an egg yolk-phosphate solution se:rved as a metabolite as well as 

a diluter for the semen. 

Lardy and Phillips (40) compar'ed the hours that motility of sper·· 

m.atozoa was maintained .in an egg yolk,-buffer diluter with that of semen 

alone» using semen from t·,,ro. bulls~ a stallion j a ram and a turkey. In 

every case spermatozoan livability was considerably gre&ter when the 

semen was dilutedo In a.ri.ly· cme instance did undiluted spermatozoa 

survive up to 24. hours, while diluted spermatozoa from the same ejaculate 

maintained motility for 388 hours. 

In order to determine the differences in extending semen b$fo:re 

cooling as compared to extending after cooling9 Foote and Brat·ton ( 26) 

compared 11 split ejaculates on t,he ba,sis of mean per cent of motile 

spermatozoa during six days of storage in yolk-citrate-sulfanilamide 

extender. A comparison between slow and rapid cooling was made with 

the same ejaculateso All samples were extended at a rate of 1~100. 

Mean per cent of motile spermatozoa during storage for semen diluted 

after cooling was 29% and 47% for the rapid and slow-cooled samples~ 



respectivelyo Using the same criterion, semen cooled after dilution 

showed a mean per cent motile spermatozoa c©unt of 57% and 62% for 

the rap.id and slow-cooled groups, respectivelyo 
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Sixty-four split ejaculates were cooled with and without ex.tender 

and stored after dilution at 5° Co Pei" cent motility estimates were 

made at O and 2 days of storageo Average readings for semen cooled 

after dilution were 63% and 51.Jb~ while semen cooled before dilution 

averaged 4.8% and 34% motility at O and 2 days 9 respectiYelyo Comparison 

of per cent of 2.8-35 day :non-returns of semen cooled before dilution 

with that cooled afte1" dilution wa:3 made w.ith 32 of the 6L, ejacula.tes Y 

using 3 y067 first service eows. The results of 71% non-·returns for 

semen coo.led before dilution as compared to 76% for semen cooled after 

dilution showed a statistically s.ign.ifica:nt difference (P<0.05) o 

Similar work repo:i:->ted la"t;er by Fotite and Bratton ( 27) gave 

essentially the same fertility resu1ts 9 .in compar:tng pre-extended 

semen ( diluted wtth yolk-c:ttrate"-sulfaniJ.a.m.ide extender befo:r'e cooling) 

with post extended semen ( semen diluted after cooling). S.ixty four 

e,jaculates from 31 Holstein bulls were d:ivided into two equal. portions, 

with one port.ion being pre-·extended:,, 'While the other ·was post·-exte:nded. 

Comparison of the t,1,ro cooling procedur"es was bas~?d on t;he percentage 

of 60-90-day 11011-,,:r·etrcr:ns w:tth inseminations to 8 ~ 518 first a,nd second 

service cows o Semen .in both treatments wa:s eooled from 30° C. to 

5° Co in 75 minutes. Fertility lev-el of the two groups were: pre­

extended semenJ 59.3% and post-e.xtended semen 5208%. The difference 

between treatments was stat.istically highly significapt (P<0.01) o 

In a study made to establish the best concentration of sodiun1 

citrate to use in egg yolk sodium citrate buffer diluters, Swanson (73) 



concluded that 3o0% sodium c.itrate was superior when cornpared to 

solutions of 1 9 2, 4, and 5% sodium citrate" Reducing the ratio of 

egg yolk to 20% gave motility and livability as good as the commonly 

used 50% leveL Reducing the le'ITel cf egg yolk ·t;o 10% gave good 

protection from cold sl:wck 9 but motility was slightly impairedo 
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Bratton and associates (14) ma.de a comparison of six different 

diluents regarding their effect on sper.rnatozoan. livability and fertilityo 

Sixty semen samples fron1 10 Holstein bulls were diluted at a rate of 

1:200. Spermatozoan livabilit,y at 5° Co ·11ras sat,isfactor-J for all 

six diluentso Fertility data ·were obtained .from about 1J850 first, 

service cows for each diluter. Based on the percentage of cows not 

returning for service in 60 to 90 days, the mean fertility levels 

for the respective diluents were: phosphate·-·yolkj 50" 5; 3. 6% 

citrate-yolk, 50o5; 3u6% citrate-sulfa11ilam.lde-yolkj 55o3; 2o9% 

citrate-su.lfanilamide-yolk 9 560 5; Ortho tablet-yolk, 56ol+; and 

Ortho liquid, 5500%" The last four diluents mentioned contained 

sulfonamides. The sulfonamide-conta.i11ing liquids averaged 5 

percentage units higher than the other diluentso This difference 

was significant statistically (P<_OaOl)o 

Almquist ( 2) conducted two exper0im.ent,s comparing heated milk 

with yolk-citrate .. ·pen.icillin-streptomyc::i.n diluters with respect to 

their influence on fe!·tlllty o In the f'.i.!'at experiment 12 Guernsey 

and Holstein bulls were used" Six were of relatively high fertility, 

while the other six were of relatively low fertilityo Fertility data 

were collected on inseminations for 6y670 first ser'ITice cows. Milk 

was used with and without penicillin and streptomycino Per cent 

non-returns for the three diluters were~ yolk-citrate·-penicill:in-
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streptomycin, 64.1%; heated homogenized milk, 66.2%; and heated milk­

penicillin-streptomycin, 72.1%. A difference between milk with anti­

biotics and yolk-citrate with antibiotics of 8% was highly significant. 

An increase of 5.9% in milk with over milk without antibiotics was 

significant at the 5% level. 

In the second experiment, 240 ejaculates from 30 Guernsey and 

Holstein bulls were used to inseminate 8,400 first service cows. 

Results with milk and yolk-citrate diluters both containing anti­

biotics showed a significant difference in favor of the boiled milk­

penicillin-streptoroycin. Egg yolk-~itrate-antibiotics showed a fertil­

ity level of 63.5% (60-90 day non-returns), while the milk diluter 

with antibiotics had a non--return rate of 7LO%. All bulls were 

classified either as rela:t.i'vely high or relat,ively low in fertility. 

The difference in favor of milk over yolk-citrate diluter for the 

high fertility bulls in experiments one and two was 4.2 and 3.4% 

fertility respectively. The advant,age for the milk over the yolk­

citrate diluter for the low-fertili.ty bulls -was 11. 5% in experiment 

one and 12.4% in experiment two. 

Perkins and associates (5'7)y using fertility data of semen 

collected from Jersey, Guernsey9 Holstein and Brown Swiss bulls, 

made a comparison of the value of boiled h0111ogenized milk and egg 

yolk-citrate as diluters. l!J.ter:nat.e collections of semen were diluted 

1:50 in homogenized milk heated to 97o C. for 10 minutes or in 1:4 

yolk-citrate dilutero To each diluter was added 500 units each of 

penicillin and streptomycin per ml. During the four-month experimen­

tal period, f e:rtili ty results j based on 60·-90-day no:n-retUl."lls ll were 

taken from 19,939 first services. No significant difference wa,s 



found betwe,en diluters when total non·=returns were compared. Approx~· 

imately half the insem:inatfons were made with 2=day-old semen and 
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half with 3-day-old se.me:no Milk di.luter gave better results than 

yolk-citrate diluter when used at two days after collectiono However~ 

yolk-citrate diluter was considerably better than milk when both were 

used as 3-day-old semeno Differences bet1..teen fertility level for 2-

day-old and 3-day-old semen were found to be highly sigi.1.ific:ant (P<OoOl) 

by analysis of varianceo Jnteractlon of age of seme:n and d::Uuters \•ms 

also highly significant (P<OoOl)o Lower fertility bulls in the study 

tended to improve in fertility when milk diluter was used. Th.is was in 

agreement with work done by Almquist (2) • 

.Antibacterial agents 

Considerable work has been done recently regarding the use of anti­

bacterial agents in semen diluterso Sulfanilamide has been most common­

ly used in diluted semen» along with penicillin~ streptomycin and otherso 

Certain organisms that have been isolated from bull semen were shown by 

Edmondson and as·sociates (22) to reduce substantially the livability of 

the semen in storageo Willett and Larson ( 8Ji.) have shown a significant 

improvement in breeding efficiency by th,.:: use of antibiotics o Using 

.300 mgo of sulfanilamide in 100 mL of .3.6% citrate buffer, Salisbury 

and Knodt ( 67) :reported an iric1°ea.se in fertility when ·the buff er 

solution was protected from direct light rayso An increase of 601% 

non-returns was found in one experiment and L1,o 5% in another. The 

authors concluded that the beneficial effect of sulfanilamide on 

fertility were largely due to metabolk influences~ rather than to 

bacterial controL 

A study was made by Knodt and Salisbury (.35) as to the effect of 
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sulfanilamide on livability and metabolism. of bovine spermatozoa. 

A level of 300 mg. per 100 ml. of diluter gave a highly significant 

increase in storage time (P..C-0.01). Bacterial grow.th was prevented in 

the diluted semen. Also, a depression of glucose and oxygen utilization 

in the presence of sulfanilamide was noted. Lactic acid accumulation 

was increased in the presence of sulfanilamide. The a.mount of lactic 

acid accumulation was also increased in relation to glucose utilization. 

The 300 mg. per cent level of sulfanilamide in buffer solution was 

suggested as optimal. 

A study was made by Mixner (51) to determine the effects of 

sulfanilamide and penicillin used singly and in combina~ion on the 

fertility of semen of nine relatively fertile bulls. A comparison of 

diluters was made, using 1,000 units of penicillin per ml. of diluter 

in one d.iluter, three mg. of sulfanilam.:tde per ml. of diluter in the 

second, and a combination of penicillin and sulfanilamide at the same 

rates in the third. Fertility data were based on 60-90-day non-returns 

from 520 first and second services. Analysis of variance sho'W'ed no 

significant difference between diluters. 

In studying the influence of antibiotics on delayed returns, Foote 

and Bratton (28) compared non-return rates on 1129312 first services 

maqe with semen diluted in citra·te-sulfanilamide-yolk extendery with 

non-return. rates on 233,354 first services using the same diluter 

plus antibiotics. The addition of 500 units each of penicillin and 

streptomycin was made to each ml. of t,he second diluter. Without 

penicillin and streptomycinj the percentages of 28-35-day, 60-90-day 

and 150-180 day non-returns were 79.1 9 64.1 and 60.3%, respectively. 

The corresponding values for insemination with penicillin and :: 
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streptomyc'in were 82.5, 73.0 and 69.7%. Improvement.in delayed returns 

by the second treatment was considered indirect evidence of a marked 

decrease in embryonic mortalities connected with control of infectious 

organisms in the semen. 

Branton and Prather (13) have shown evidence that sulfanilamide 

may reduce viability as well as depress metabolism. Fructose loss, 

lactic acid gain and per cent motility of bovine spermatozoa stored at 

4.5° C. was determined at four and ten days of storage. A combination 

of egg yolk-citrate-penicillµi-s·treptomycin gave the best motility 

results. Spermatozoa in the egg yolk-citrate-sulfanilamide diluter 

showed less motility than either egg yolk-citrate alone or egg yolk­

citrate plus streptomycin or penicillin or both. Except for the 

control (egg yolk-citrate) these differences with the sulfanilamide 

containing diluent were highly significant. (P-<.0.01). 

Almquist (1) studied the effects of various levels of penicillin 

on the semen of five bulls of relatively low fertility. Five treatments 

were applied to the semen of these bulls. Penicillin was adqed to 3.6% 

sodium citrate dihydrate buffer at rates of 250, 500~ 750 and 1,000 

units per ml. of buffer solution. This solution was mixed with equal 

parts of egg yolk. A control group contained no penicillin. A total 

of 3,576 first and second inseminations were made for the trial with 

approximately the same number of services used with each treatment. 

Fertility results were based on 6-month non-returns to service. 

Improvement of the 500 and the 1,000 unit treatments over the control 

was highly significant (P-<.0.01). An increase that was noted in the 

other two trea:tm.ents (250 and 750 units) showed no significance 

statistically. Considerable variation was found in individual 
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response, some bulls showing a much greater increase with the penicillin 

than others. 

Cooling and storage 

Conflicting reports are found in the literature on methods of 

cooling semen for storage. Much of the change in ~ooling procedure 

has accompanied the development of new diluters. 

In discussing storage, Waltonj as cited by Herman and Swanson 

(32) states that the cooling of semen is perhaps the most important 

factor for maintaining the fertility of spe:r.rnatozoa outside the body. 

Komarov and Gladcinova (36) found the optimum temperature for survival 

of spermatozoa in storage to be 8° to 12° C. although fertility was 

somewhat higher for spermatozoa kept at 15° to 25° C. for a short 

time. The authors stated that spermatozoa deteriorated within 12 

hours when kept at o0 to 5° C. According to Bernstein (6) the reduc­

tion of the temperature of spe:r.rnatozoa to 120 C. caused a decrease in 

glycolysis which corresponded to a loss of motility. However, immotile 

spermatozoa appeared to maintain some glycolysis. 

Davis (18) recommended an hour's time for cooling freshly collected 

semen to 50° F. After storing semen at 35°, 42° and 50° F., he 

considered 50° F. the maximum temperature for proper storage of semen. 

(This is equivalent to 100 c.). Workj.ng with bull and ram semen~ 

Birillo and Puhaljskii (7) found a rapid decrease of resistance and a 

loss of the ability to be reactivated when semen was cooled from 40° 

too° C. in 30 to 60 minutes. It was further noted that spermatozoa 

cooled gradually for three to four hours were readily reactivated. 

In a report by Miller9 as cited by Herman and Swanson (32), it was 

suggested that semen should be cooled gradually to 45° F. in preparation 



for storage. Use of a normally operating household refrigerator was 

found sufficient for gradual coolingo 
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Steensma, as cited by Herman and Swanson (32), found that cooling 

of semen to 5° C. within 15 minutes gave better motility than that of 

semen cooled slowly" Foote and Bratton (26), using 11 split ejaculates, 

compared per cent motility results of four different cooling and ex­

tending procedureso All semen was extended either before or after 

cooling at the rate of 1:100 in citrate-sulfanilamide-yolk dilutero 

The four methods used wereg (a) rapid cooling (from 30° to 5° Co in 

5 minutes) before extension; (b) slow cooling (from 30° to 5° Co in 

75 minutes) before extension; (c) rapid cooling (.:30° to 5° Co in 

5 minutes) after extension; and (d) slow cooling (30° to 5° Co in 75 

minutes) after extensiono The mean per cent motility during six days 

of storage for each group was found to be (a) 29; ( b) ~-7; ( c) 57; and 

(d) 62%. A significant difference (P<Oo05) was found between all 

treatments except (c) a.nd (d)o These results seem to indicate that 

rapid cooling of undilut,ed semen has a very detrimental effect 9 while 

rapid cooling of diluted semen gives essentially the same motility 

results as slow coolingo 



EXPERIMENTAL PROCEDURE 

An experiment was established to determine, by a laboratory study, 

the characteristics of semen of young dairy bulls. The data reported 

here are in conjunction with another experiment designed to characterize 

semen of young bulls on known levels of phosphorus intake. All ejaculates 

of four bulls of each of two experimental groups were evaluated for the 

following characteristics: (a) total -volume of ejaculate; (b) per cent 

of initial motility; (c) rate of initial motility; (d) pH of the fresh 

ejaculate; (e) per cent of abnormal spermatozoa; (f) concentration of 

sper.matozoa; and (g) days of time that motility could be observed in a 

subsample that was diluted 1 to 50 with egg yolk-citrate-sulfanilamide 

and stored at 5° C. The data obtained in categories "a" through 11 f 11 

were related to "g" by a multiple correlation technique (46). In this 

procedure data from categories "a 11 , "b" and "f11 were combined., so that 

the relationship between total live spermatozoa per ejaculate and 

livability might be obtained. 

All bulls were offered similar amounts of total protein and TDN 

as recommended by the National Research Council (NoR.C.) sub-committee 

on nutrition of dairy cattle for growing dairy heifers (53). Group I, 

consisting of one Guernsey and three Holstein bulls (numbers 3, 4, 15 

and 21), received essentially two-thirds of the recommended phosphorus 

allowance. The four Ayrshire bulls (34, 35, 36, and 37) making up 

Group II were offered approximately one-third of the recommended 

phosphorus allowance. All eight experimental animals were changed from 
28 
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a conventional type ration to the experimental rations at an age range 

of four to six months by Poitras (60). 

The animals were housed in the main section of the Oklahoma 

Agricultural and Mechanical College Dairy Barn. Adequate protection was 

provided against weather extremes. Water was available at all time. 

Conventional swinging steel stanchions limited movement of the bulls,% 

Essentially no exercise was given the animals. 

Collection of semen was accomplished by the use of artificial 

vaginas. Collections were made at weekly intervals, with a few 

exceptions. At these times the schedule varied only a few days. Semen 

was collected from the animals as soon as they would ejaculate. One of 

the bulls in the group served as a dUlllllly for the other bulls to mount. 

,,All collections were made outdoors in a chute constructed for that 

purpose. Only one collection per bull was made each week except in 

cases where the first ejaculate was not considered a true ejaculate. 

At each collection, bulls were restrained and given at least one false 

mount before serving the artificial vagina. 

Freshly collected semen samples were evaluated immediately for 

volume, initial rate of motility, per cent of motiJesper.matozoa, 

concentration of spermatozoa, and pH._ A subsample of semen was diluted 

and stored at 5° C. to determine days livability and motility in storage. 

Abnormal spermatozoan counts were made at a later date, using stained 

slides prepared on the day of collection. 

Volume of each sample was easily determined, since all samples were 

collected in graduated tubes. 

Thorough mixing of semen samples was accomplished by gently in­

verting the test tube ten times. Care was taken not to mechanically 
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damage the spermatozoa by vigorous motion (32). Motility estimates 

were made by use of the microscope. A drop of raw semen was diluted 

in a drop of 3% sodium citrate solution. Per cent motility was esti­

mated on the basis of the per cent of spermatozoa that exhibited notion. 

An interval of ten per cent was used for all motility of ten per cent or 

over. B.ate of motility was estimated on the basis of 0-4. Spermatozoa 

that were difficult to follow because of their rapid motion were given 

a rate of four. A rate of three was given spermatozoa that were 

easily seen, yet moved rapidly across the microscopic field. Those cells 

with a rate of two showed forward motion, but moved rather slowly. A rate 

of one indicated movement other than forward motion. All cells that 

were immotile were rated zero. It is possible that some of these 

spermatozoa were alive 1 although motionless. Several fields were observ­

ed for the rate and per cent motility estimates for each sample in order 

to decrease the bias of the test. 

A pH reading for each semen sample was obtained by use of an 

electric Beclanan H-2 pH meter. 

Concentration of spermatozoa was deter.mined by use of an Evelyn 

photoelectric colorimeter and by the standard hernacytometer method of 

counting red blood~cells. Hemacytometer readings were discontinued on 

February 16j) 1955. Prior to this da.tej both hemacytometer and color­

imeter readings were made on nearly all ejaculates. 

Colorimeter readings were ma.de with a one ml. subsample of semen 

diluted in nine ml. of a solution of J% sodium citrate and 0.6% 

sulfanilamide. A one in ten dilution was used because the semen of 

young bulls has a lower optical density than that of older bulls. 

Percentage of light transmission of the diluted semen was determined 



with a no. 620 filter. 

Previous work reported on standards for determining approximate 

spermatozoan nurnbers by measurement of optical density of the ejac­

ulate has been done with mature bulls (17, 63). In order to develop 
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a standard for estimating spermatozoan numbers for young bulls, the re­

gression of colorimeter reading on hemacytometer count was calculated, 

using information from 127 ejaculates. 

A small drop of semen from each sample was used to prepare a 

stained slide, using rose-bengal dye. Approximate percentage of 

abnormal spermatozoa was later determined for each ejaculate by examin­

ing a total of 333 spermatozoa on each slide. 

A 0.05 ml. subsample from each freshly collected ejaculate was 

extended in 2.5 ml. of diluter for storage. The diluter was composed 

of 50% egg yolk and 50% of a buffer solution containing 3% sodium. 

citrate and 0.6% sulfanilamide. Distilled water was used in prepar-

ing the diluter. The sodium citrate-sulfanilamide solution was never 

stored longer than two weeks after preparation. The buffer solution was 

mixed with the egg yolk on the day of collection. Test tubes contain­

ing diluted semen were placed in beakers of water at room temperature.; 

Cooling and storage at 5° C. were accomplished by placing the beakers 

in an ordinary electric refrigerator. 

Rate and per cent motility during storage were estimated every· 

other day for the first week and. every day thereafter until motility 

ceased. These estimates were made on the same basis as were the 

initial motility readingso 

In an effort to determine the best time to make motility readings 

to predict storage time, an experiment was set up using 28 ejaculates 



from seven bulls during one four-week period. Estimates of motility 

rate and per cent were made on all ejaculates at various intervals 

during the first 24 hours following collection. Each sample was 

inspected cold as well as warm (100° F.). Initial readings were made 

before and after dilution in egg yolk-citrate diluter, followed by 

readings made a~er 2j4,6,8,12,20 and 24 hours of storage at 5°C. 

All motility estimates in this study were made by one technician 

in order to minimize the amount of variation in technique. Code 

numbers were used, so that the technician did not know which bull's 

semen he was examining. 
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All statistical analyses of data were made according to Love (46). 



RESULTS AND DISCUSSION 

Data for 3M. ejaculates used for analysis in this study are presen­

ted in Appendix tables I through VIL Every ejaculate was used on 

which information concerning total volume, rate and per cent of 

motility, pH, per cent of abnormal spermatozoa, total live spermatozoa, 

live spermatozoa per ml. and days livability was complete. The first 

ejaculates used in the study were collected on Februa!""J 22, 1954, and 

the last on July 28, 1955. Seven of the bulls on the experiment produced 

semen. Bull noo 36 failed to produce an ejaculate and exhibited very 

little libido, although given an opporti.u1ity to serve the artificial 

vagina each week. 

Bulls noo 3~ 4-, 15, and 21 produced semen at 55j 47'} 45 and 56 

weeks of age, respectively. In Group IIj bulls no. 34, 35, and .37 

produced ejaculates at 71J> 68 and 77 weeks of age, respectively. 

Therefore, Group I bulls produced semen approximately 21 weeks of age 

earlier than the three bulls which produced semen in Group IL This 

difference between groups has been attributed to the difference in 

ration. This compares somewhat with work done by Dll.i.'111 (21) and 

Musgrave ( 52) with bulls on low and normal levels of 111...lt,:dtion. A 

gross study of data presented in tables I through VIII reveals that 

the semen produced by these bulls was of comparable quality and 

quantity to that reported for other young bulls elsewhere (21 and 52). 

No direct comparison has been made between Group I and II regard­

ing the quality of semen produced. Appendix table VIII gives a sum­

mary of the totals and means by bulls of the volume, rate and per 
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cent of motility, pH)l per cent of abnormal spermatozoa, days livabilit,y, 

and total spermatozoa per ejaculate for all ejaculates analyzed. How­

ever, a direct comparison of the means in table VIII would be biased, 

since each bull in Group I had a considerably larger nUlllber of ejaculates 

in this summary than any of the bulls in Group II. Since Group I bulls 

were approximately seven months older, the average quality of semen 

they produced should be superior to that of bulls of Group II because of 

their greater maturity. 

Fertility data are not available on these bulls at this time, al­

though their actual ability to reproduce is now being establishedo 

Therefore, it was assumed here that spermatozoan livability in storage 

would give the best indication of fertility that was available (32l' 7L,, 

76, and 80). 

Multiple correlation 

Values derived from the multiple correlation of motility rate, per 

cent abnormals 1 pH, and live spermatozoa per ejaculate on livability 

are presented in table L The corr2lations between rate and pH (r:= .... 0.3107) 

rate and days livability (r:: Oo3059)J> and pH and days livability 

(r =-0.1975) were highly signi.fieant (P<0.01) for semen of Group I 

bullso The other correlations between variables were not significant 

for this group. The muJ.tiple correlation co~,fficient (R = 0 • .3300) was 

statistically significant (P<0.01). Storage t:ur1e was fou.1."1.d to be 

dependent on the other four var,iables to the extent of 5.6%. 

Table 2 shows the c1orrelation coefficient for rate and pH 

(r =-0.155.3) was not significant. On the other hand, pH and live 

spermatozoa per ejaculate were significantly correlated (P<OoOl), 

with a coefficient of r =-0.5411-8. The correlation coefficients of 



Rate 

Abn. % 

Table l 

Summary of the multiple correlation of semen 
characteristics of bulls of Group I 

Values L~ve spe~m/7 
with Abn. % pH eJac •. (x 10 ) 

livability (r) (r) (r) 

0.2~94 0.0426 **~0.3107 0.0108 

0.0166 Oa0859 0.0696 

Livability1 
(days) 
(r) 

**0.3059 

0.0223 

pH ~0.1134 -0.0327 **~0'.1975 

Live sperm/ 
ejac. (x 107) 

0.0575 000652 

N: 274 R: **0.3300 
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l·11vability was the dependent variable, the other four characteristics 
independent variables. 

Rate 

Abn. % 

Table 2 

Summary of the multiple correlation of semen 
characteristics of bulls of Group II 

Live sperm/7 

1!) ejac. (x 10 ) 
(r) 

Values 
with Abn. % 

livability (r) 

· 0.3405 o.o.'.37.3 ~o.1;52 0.1418 

.. o.1359 -0.0110 0.1900 

Livability 
(dars) 
(r 

**0.3996 

-0.1684 

pH -0.3965 **-0.5448 **-0.4237 

Live sperm/7 -0.0532 
ejac. (x 10 ) 

N: 70 

o.185.3 

R :.! **0.5182 

l 

l Livability was the dependent variable.,, the other .four characteristics 
independent variables. 
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rate and storage time (r = 0 • .3996) j and pH and storage t:bne (r =-O.L:-237) 

were statistically signi.ficant (P<0.01). The multiple correlation coef·­

ficient (R = 0.5182) was found to be highly significant (P<:0.01). 

Storage time was f01.md to be dependent upon the independent variables to 

the extent of lL~.4-7%. It is evident that other factors not included in 

the two above multiple correlati.ons had an influence on livability. 

Storage time and per cent motility ·were correlated, using data 

from Group I and II separately., The correlation coefficients deter­

mined from Group I data ( r = 0 •. 3997) and Group II data ( r :::s O. J .364) 

were found to be significant (P<:.0.01). 

The results of these analyses would indicate that rate and per 

cent motility and pH are fairly good measures of the potential 

livability of an ejaculate of semen of young bulls in storageo 

Further analyses:; including a p13.rtial correlation.9 would possibly 

give a better indication of the relationship of these four variableso 

In this study, per cent of abnormals and live spermatozoa per ejaculate 

had no real value in predfoting storage time. The significant nega­

tive correlation between pH and live spermatozoa found with Group II 

data is in agreement with the results of Kuhne a.s reviewed by Herman 

and Swanson (32) and Schneerson (69) in their work with pH and total 

spe:r.matozoa o The correlation coefficient (r ::.-,-o 00327) of pH and live 

spermatozoa per ejaculate in Gr;;:iup I vJas not s.igniffoant. 

0-24 Hour semen characteristics and livability 

Semen data (livability9 pHJ total spermatozoa, and motility) for 

the 28 ejaculates collected from seven bulls in Group I and II are 

recorded in table IXo Correlation coefficients between motility 

(rate and per cent) readings and days livability 1 initial pH, and 



total spermatozoa are presented in table J. Motility readings were 

made at nine different til.nes after collection. 

The results shown in table 3 would seem to indicate that initial 

pH had considerable influence upon initial motility, using the cold 

stage readings. The correlation coefficients between initial pH and 

initial rate, undiluted (r =-,0.5887) (P<0.01) and pH and initial per 

cent, undiluted, (r =-0.4709) (P<0.05) for cold stage readings were 

significant. ,Sfatilar motility per cent and x•ate values o]Jtained 

37 

with the use of a microscope stage warmer were correlated with the 

initial pH of the ejaculates" These values approached significance 

but were not significant. .Similar 1wrk was done by Davis and Williams 

( 19) • They found a correlation of r• =-0. 5900 between pH and m.otili ty. 

Motility and total spermatozoa were not significantly relatedo 

In correlating total spermatozoa 1,dth initial rate undiluted and per 

cent motility readings~ coefficients of correlation for cold stage 

readings were positivej while those for warm stage readings were 

slightly negative. No significance was found. Silnilarly~ tables 

1 and 2 show only a slight relationship between rate of motillty and 

total live spermatozoa, Davis and W:Ulia.m.s (19) reported a correlation 

of 0.3095 between per cent motility and concentration. 

A compar:i.son of the initial warm and cold stage motility readings 

(before dilution) and livability shows a higher correlation between 

cold stage readings and livability • .iUthough no significance was 

found, the results indicate that the cold stage readings were of 

greater value. In corTelating these motility readings with pH and 

with total spermatozoa, cold stage values ·were again higher. Apparently · 

when fresh m1diluted semen is at room temperature it is disadvantageous 



Table 3 

Correlation coefficients and standard deviations of warm and cold 
stage motility readings (rate and%) with days livability, 

initial pH and total spermatozoa (xl07) at various 
times after collectiono (N ~ 28) 

Hours Warm stage Cold stage after 
col lee- Rate %_ Rate ~ 
tion r s.n. r S.Do r -s.D. r 

.38 

:w:, -S.D. 
~--···---·----·-···· --------- - . ---··-,---------------~ 

(r of motility and livability) 

01 0.0597 0.9371 001004 19.38 0.2675 o.6342 
02 0.0096 o.6506 0.1008 12.72 ~0.1006 0.7201 
2 -0.0658 0.5040 0.0265 11.33 -0.1346 o. 7381 

4 0.2677 0.4757 0.3248 9.81 -0.0388 0.5077 
6 0.1150 0.4409 0.2380 11.00 0.2791 0.5040 
8 0.2086 0.4757 0.3136 12.47 0.0388 o.5077 

12 0.3420 0.3901 0.2888 11.00 0.1612 0.4880 
20 0.2671 0.3564 0.2002 10.44 0.1654 0.4880 
24 **0.4439 0.5481 0.1071 12.17 ~0.0559 o.7229 

(r of motility and pH) 

01 ~0.3490 ~0~3559 **-0.5887 
02 -0.0022 =0.2128 -0.0078 

(r of motility and total spermatozoa) 
01 -0.0207 -0.1405 
02 ~0.2256 o. 1319 

* level of significance (P<0.05) 
** level of significance (P<:.0 0 01) 

1 before dilution in egg yolk citrate 
2 a~er dilution in egg yolk citrate 

0.2998 
0.2078 

0.2186 13.97 
0.0284 12.01 
0.2301 10.66 

o.1586 9.79 
0.1914 9.95 
0.1082 9.57 

0.0287 9.37 
0.1156 9.94 
0.0405 8.70 

*-0.4709 
-0.2020 

0.2291 
0.0.310 
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to incubate it before making a motility estimate. 

All livability-motility correlation coefficients were low for 

initial readings made after dilution. This may have been due to the 

change of environment made by dilution. Correlation coefficients for 

the 2 hour readings were very low except for per cent motility estimated 

on the cold stage. 

Beginning with the 4 hour readings, with the exception of the 6 

hour readings? warm stage rate and per cent correlations with livability 

are higher than corresponding correlations for cold stage readings and 

livability. The correlation between rate of motility, warm stagej at 24 

hovxs after collection with livability was significant (P<:.0.05). It is 

likely that the readings made on the cold sta;ge after storage varied to 

some extent in temperature at the time they were examined, while all 

samples examined on the warm. stage were approximately 100° F. Warming 

of samples of semen after 4 hours storage increased the rate over that 

of samples on the cold stage. By increasing the rate of those spermatozoa 

that were potentially more active, some real differences may have been 

brought out. Per cent of motility was increased in some cases and 

decreased in others by incubationo The results of this trial indicate 

that the only justification for using a microscope stage war.mer is 

that the procedure is thereby further standardized to that extent. 

Further work with the semen of yourig bulls will possibly clarify this 

situation. 

A significant (P<0.05) negative correlation (r::. - 0.4266) was 

found between total sperm.atozoa and the initial pH value of the ejaculates. 

This is not in accord with the data of Davis and Williams (19) in 

which they reported a positive correlation (r = o.6300) between these 
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factors. It should be pointed out that an inspection of the published 

data of Davis and Williams (19) does not demonstrate the positive 

nature of this corre1at.ion coefficient. In fact, a careful study of 

the sur@1ary data as published would lead the investigator to suspect 

a strong negative correlation. 

The relationship between total spermatozoa and livability was not 

significant (r = 0.1264) but was positive. This is in agreement with 

values shown in tables 1 and 2 where the relationship between total 

live spermatozoa and livab:Hity was determined. 

In this trial the correlation between initial pH and livability 

(r = -0 • .3190) approached significance but was not significant. This 

relationship is in the same direction as the correlations shown in 

tables 1 and 2. It is thought that added numbers in this trial would 

also have produced a significant relationship between these factors. 

Calibration of Colorimeter 

.An Evelyn colorimeter was calibrated, according to procedures 

used by Salisbury and associates (6.3), to determine concentration of 

spermatozoa by measuring the optical density of the ejaculate. Data. 

from 127 ejaculates (Appendix table X) were used for this purpose. 

A significant correlation coefficient (r = 0.85) (P<:.0.01) was obtained 

for the mean of two hemacytometer counts and the Log 100 • 
reading of'sample ~ 

Therefore, a total of 72% of the va:riance between samples was accormted 

for by the calculated regression equation E =- 1211. 9.38X - 58,76 (where 

X = Log _ 100_ and E = nuniber of spermatozoa per ml. 
· ~TI!'fig o1 "s&.mple -~ 

x106). The results of the application of this regression equation 

to most of the colorimeter scale a!'e presented in table Xo 

Eighty-four ejaculates produced by these bulls at 18 to 24 months 
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of age were selected from the group of 127 ejaculates. This was done 

to determine if this refinement would reduce the variation between 

ejaculates as measured by hemacytometer count. A significant correlation 

(r = 0.85) (P<.0.01) between the hemacytometer counts and the 

Log 100 
reading of sample 

was found. Again, 72% of the variance 

between ejaculates was accounted for by this relationship. 

It appears, therefore, that there was little difference in variabil-

ity of optical density that was due t.o spe:rm.atozoan concentration within 

the ages during which the 127 ejaculates were produced (ten months to 

two years) as compared to the ages at which the 84 ejaculates were pro-

duces (18 months to two years). 

This leads, therefore, to the hypothesis that variability between 

ejaculates during the entire period was due to something other than 

numbers of spermatozoa. Based on observations made during hem.acyto-

meter counts and routine microscopic examinations it is thought that 

this variability is due pril.narily to the amount of epithelial-like cells 

present in the ejaculates. Although there are no data presented here to 

substantiate this~ ejaculates varied considerably both within and be-

tween bulls as to the amounts of these cells observed. 

These correlation coefficients are not as high as those reported 

by Salisbury and associates (63) for mature bulls, where a correlation 

of 0.9820 accou..."J.ting for 96% ·of the variance between ejaculates was 

obtained. 



SUMMARY AND CONCLUSIONS 

A laboratory study was conducted involving 344 ejaculates from 7 

young dairy bulls (1 Guernsey, 3 Holsteins, and 3 Ayrshires) that were 

maintained on two levels of phosphor"Us intake. _Livability was used as. 

the dependent criterion of semen quality in this study since fertility 

data were not available. Semen quality was acceptable for bulls of 

this age. 

Two multiple correlations coefficients were calculated (one for 

each phosphorus level group). A highly significant (P<:._0.01) corre-

lation was found in each case between livability and rate 9 % of ab-

normals, pH, and live spermatozoa per ejaculate. Simple correlations 

showed initial rate and pH; initial rate and livability; and pH and 

livability to be significantly correlated (P<0.01) for semen of 

Group I bulls:; whereas initial rate and livability; pH and live 

spermatozoa per ejaculate; and pH and livability were sign:ificantly 

(P<..0.01) correlated for Group II bulls. Apparently the percentage 

of abnor111al spermatozoa was of little importance in the deter.mina-

tion of livability for the ejaculates of Group II bulls. 

Simple correlations between livability and per cent motility for 

each phosphorus group were both found highly significant (P<::::.0.01). 

A short time study involving 28 ejaculates from seven bulls 

producing semen was run to determine the time after collection that 

livability could best be predicted from microscopic evaluation. A 

micriscope stage incubator and an unincubated or cold stage microscope 
42 
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were used to make evaluations at O hours (both before and after dilution 

with egg yolk citrate) 2, 4 j 6, 8, 12, 20, and 24 hours after collection. 

Highest correlation between O hour motility and rate (before dilution) 

and livability was with the cold stage. However, this was not signi­

ficant. After four hours storage the highest correlations were found 

between warm stage readings and livability with the only significant 

(P<::.0.01) correlation being between rate of motility at 24 hours of 

storage and livability. Initial rate of motility (undiluted) was 

significantly (P<::0.01) correlated with initial pH, and initial 

per cent of motile spermatozoa (cold stage, undiluted) was significantly 

(P<-0.05) correlated with pH. All other relationships studied did not 

show significant correlation coefficients. 

Results obtained in the calibration of a colorimeter to determine 

sper.matozoan concentration by optical density were not as precise as 

has been reported for semen of mature bulls. It is felt that this 

decrease in precision is largely due to the presence of considerable 

numbers of extraneous epithelial-like cells in the ejaculates of' these 

young bulls. Whether this is characteristic of young bulls in general 

cannot be definitely stated at this time. 
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TABLE I 

Semen data for bull Noo 3 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility. Abn. pH mlo ti.me ejaco 

( 1954) (mlo) (rate) (%) (%) (xl07) (days) (x107) 

Feb. 
22 2.3 l 5 20o0 7o.3 6 1 .69 

Mar. 
11 5.0 .3 70 30 00 7.0 l4 10 4980.50 
19 2o5 3 80 30o3, 608 l4 12 2846.00 
25 4.0 3 50 17.,l 7 /2 12 10 2466000 

Apr. 
6 2.,0 0 0 20.1 6.8 .32 0 o.oo 
9 2.4 3 70 37o5 609 4 17 67.20 

May 
4 2.7 l 10 17o7 6:7 49 6 13.3.3.26 
4* 2.3 2 L~O 1.8.,6 6.7 40 16 3659.'76 

11 3.,0 4 70 22.s 6.,6 49 19 102.,90 
June 

11 2.0 4 70 20.0 5.8 104 18 145.60 
18 .3.0 4 50 10.0 5.9 14,7 16 220050 
25 2.2 4 40 10.0 6.8 70 14 61060 

J11ly 
2 Jel 4 60 20.0 6,,3 65 18 120.90 
9 1., 3 60 30.9 6.6 38 20 .34.20 

23 2o7 4 50 ;20.,0 5.8 114 '7 153.90 
28 2.,2 4 70 10.,0 603 31 8 47.74 

Aug., 
6 3.0 4 70 lOnO 603 14 3 29.,40 

20 3.3 4 50 43.,8 60'.l 130 18 214.50 
26 2.4 4 50 20.,0 7.0 2'7 l .32.40 

Sept. 
7 3.2 2 10 10 .. 0 6.,6 79 8 25.28 
7* 2 .. 0 4 90 lOoO 6.4 55 13 99.00 

10 2o0 4 60 20.,0 6.6 24 18 28.80 
15 1.,6 I+ 50 lOoO 602 77 17 61.,60 
22 Oo7 4 30 20.,0 607 18 11 3.713 
22* 1.5 4 60 lOoO 6.,6 135 l3 121.,50 
29 1.,6 0 0 20o0 '7n9 17 0 o.oo 

* rfenotes 2nd collection and ,taken on1~· where first Gollecrticm was 
t . . n · ~ 

~jacula.ta p.ot 1a t,;rue ejaculate. A.ll (!;t.p.el" da,~1 r@present a true 
o:n f'it'st, collectiono · 
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TABLE I (contid.) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abno pH ml. time ejac. 

( 1954) (ml.) (rate) (%) (%) (x107) (days) (xl07) 

Oct. 
6 o.3 0 0 o.o 7.5 0 0 

13 2.5 4 70 10.0 6.2 116 18 31.50 
20 1.5 4 50 10.0 6.8 64 21 48.00 
27 1.7 4 60 49.5 6.7 94 15 95.88 

. Nov. 
3 3.7 4 60 34.5 6.8 124 15 275.28 

10 2.8 4 70 l4o4 6.4 141 14 276.36 
17 3.0 4 60 18.3 6.5 92 17 165.60 
24 4.0 4 60 13 .. 8 6.7 54 14 129.60 

Dec. .. 
l 2.4 4 90 20.7 6.6 80 18 172.80 
8 2.5 4 70 23.1 6.6 84 14 147.00 

15 3.7 3 40 25.2 6.8 86 12 127.28 
21 3.0 3 40 30.3 6.6 40 17 48.00 
30 4o4 3 50 27.9 6.6 76 14 167.20 

(:1955) 
( tra:n:~, 

5 2.6 3 40 24.0 6.8 42 5 43.68 
12 3 .. 5 3 40 23.0 6.5 72 16 100.80 
21 5.0 3 30 6.o 7.2 21 11 31.50 
26 1.,5 4 40 24.9 6.,7 59 12 35.40 

Feb. 
2 4.0 3 40 31.5 6.6 82 17 131.20 

10 .3 • .3 3 30 27.,0 6.,8 62 5 61.38 
16 4.0 3 50 20.4 6.6 115 17 230.00 
26 6.o 4 50 27.9 6.7 98 14 294.00 

Mar. 
l 1.6 4 60 11.4 6.4 64 13 61.M, 
8 2.4 3 50 15 • .3 6.6 106 15 127.20 

15 3.1 3 40 20.4 6.5 87 18 107.88 
2.3 2.4 .3 70 13 .. 8 6.1 95 27 159.60 
29 3.8 .3 60 24.6 6.4 125 14 285.00 

Apr. 
4 4.5 .3 50 16.2 6.5 79 17 177.75 

12 .3. 5 .3 70 l.3 .8 6.5 65 16 159.2:5 
19 .3.5 .3 70 26.1 6.5 69 14 169.05 
28 2.8 .3 70 12.9 6.4 87 12 170;,,2 
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TABLE I (eontva.) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH ml. time ejac. 
., 

( 1955) (ml.) (rate) (%) (%) (xl07) (days) (x107) 

May 
3 5.8 3 50 17 .7 6.6 62 14 179.80 

12 3.6 4 50 28.2 6.6 67 13 120.60 
17 4.1 2 60 28.2 6.4 100 19 246.00 
27 2.7 2 70 15.0 6.3 98 19 185.22 

June 
l 4.9 3 40 19.2 6.4 117 13 229.32 
9 3.8 3 70 7.5 6.5 91 15 243.12 

16 6.4 3 60 30.0 6.4 90 l3 344.68 
23 3.1 4 70 34.2 6.6 106 · 15 229.41 
30 4.2 2 50 36.o 6.5 96 20 201.10 

July 
6 5.3 4 40 30.0 6.2 87 22 185.25 

15 4.5 4 80 30.6 6.3 104 l3 372.85 
21 7.2 3 40 30.0 6.5 84 7 243.0l 
28 4.1 4 50 28.8 6.2 108 16 221.32 
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TABLE II 

Semen data for bull No. 4 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH mlo time ejao. 

( 1954) (ml.) (rate) (%) (%) (x107) (days) (xl0'7) 

Feb 0 

22 6.5 2 30 20o0 608 37 4 72ol 
Mar. 

.3 5.0 2 70 20.0 609 49 5 1'71.5 
11 600 .3 70 40.0 7.2 62 13 260.4 
19 .3.2 .3 70 20.4 6.8 165 15 369.6 
25 5.6 3 70 27.0 6.8 112 8 439.0 

Apr. 
6 2 • .3 2 60 15.0 605 82 20 11.3 .6 
9 2.0 2 40 21.6 6.9 .32 10 25.6 
9 3.3 2 40 37.2 6.9 77 19 101.6 

20 2.0 4 80 10.0 6.8 89 25 142.4 
May 

4 4.6 2 50 12.3 6.5 128 22 294.4 
4 4.8 .3 70 1908 6.5 74 24 24806 

11 s.o 4 80 lOoO 6.4 94 28 601.6 
Jmie 
11 5.1 4 90 20.4 5.5 187 19 858.:3 
18 5.5 4 60 18 • .3 5o4 182 19 60006 
25 6.5 4 60 21.6 5.6 190 36 741.0 

July 
2 3.0 4 70 JOoO 5.5 176 23 .369.6 

16 4o5 4 60 .33.0 6.o 100 14 27000 
2.3 3.5 4 80 .3708 602 62 4 17.3.6 
28 4o0 4 70 2lo.3 6.2 76 .3 21208 

Aug. 
6 3.5 4 80 10.0 6.2 76 5 212.8 

13 lOoO 3 50 20.0 6.5 92 5 460.0 
1:3* .3.1 4 70 10.0 6.9 .33 12 ' 71.6 
20 4.3 4 70 16.2 5.9 208 17 626.l 
26 4.2 4 90 29.l 5.8 140 14 529.2 

* Denotes 2nd collection and taken only where first collection was 
not a true ejaculate. All other data represent a true ejaculate 
on first collection. 
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TABLE II ( contv d.) 

Semen data for bull No. 4 (Group I)· 

Live 
Sperm/ Sto.r. sperm/ 

Date Vol. Motility Abn. pH ml. time ejac. 

( 1954) (ml.) (rate) (%) {%) (x107) (days) (xl07) 

Sept. 
7 4.5 4 60 19o2 6.1 133 12 359 .. 1 

10 3o5 4 60 24o0 607 83 9 174 • .3 
15 3o7 4 70 20.7 6.,2 126 18 326 • .3 
22 3.4 4 70 8 .. 4 6.,6 83 13 197.5 
29 1.6 4 70 21.6 6.,8 27 5 30.2 

Oct. 
6 3.0 4 90 20.1 6.,7 84 13 226.8 

l3 3.9 4 90 8.7 6.2 134 20 470.3 
20 5.2 4 80 18.o 6.2 147 24 611.5 
27 2.0 4 70 18.3 6.7 166 15 232.4 

Nov. 
3 4.5 4 80 17.7 6.7 129 12 464.4 

10 5.3 4 80 13.2 6.o 153 14 648.7 
17 3.9 4 70 1s.o 6.2 135 1? 368.5 
24 2.0 4 70 13.5 6.4 144 15 201.6 

Dec. 
l 3.6 4 90 17.4 6.6 58 13 187.9 
8 7.5 4 80 41.7 6.6 99 18 594.0 

15 3.5 4 60 9.6 6.4 177 17 371.7 
21 5o3 4 80 20.4 5.8 120 22 508.8 
30 

(1955) 
4o2 0 0 30.0 7.5 28 0 o .. o 

.· J a.n. .•. 
5 9.0 4 80 26.4 6.9 105 11 756.o 

12 3.0 4 80 16.0 6.4 107 15 256.8 
21 5.2 4 70 28.5 6.6 119 10 433.2 
26 2.5 4 70 26o0 6.7 63 5 110.2 

Feb. 
2 2.0 4 60 13.0 6.4 123 14 147.6 

16 6.4 4 80 13.8 6.3 152 15 778.2 
26 3.4 4 70 15.0 6.7 69 9 164.2 

Mar. 
1 5.3 4 60 11.7 6.4 1]4 16 362 .. 5 
8 2.6 4 70 18.3 6.6 104 15 189.3 

15 7.6 4 70 51.0 6.7 127 16 675.6 
23 5.3 4 70 9.9 6.4 142 19 526.8 
29 4.0 4 70 16.2 6.4 142 21 397.6 
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TABLE II (contud.) 

Semen data for bull Noo 4 (Group I) 

~ 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abno pH mlo time ejac. 

( 1955) (ml.) (rate) (%) (%) (x107) (days) (xl07) 

Apr. 
5 5.5 4 60 20.4 6.4 132 22 435.6 

12 7.4 4 70 9 .. 6 6.4 140 17 725.2 
19 9 • .3 4 70 9.0 605 129 18 839.S 
28 5.4 4 80 6 • .3 6.4 1]4 19 492.5 

May 
.3 6.1 4 60 11.7 6.2 1.34 20 490.4 

12 7.1 4 50 33.0 6.1 130 15 461.5 
17 6.2 4 80 16.8 6.4 125 19 620.0 
27 7.4 4 70 11.4 6.4 102 30 528.4 

June 
l 4.5 2 50 13.8 7.0 60 8 135.0 
9 8.0 4 60 13.2 6.4 101 12 484.8 

16 8.4 4 60 17.7 6.2 134 11 675.4 
2.3 6.o 4 80 8.,1 6.4 99 12 475.2 
.30 6.5 4 50 18.3 6.4 125 14 406.2 

July 
6 10.5 3 80 9 .. 6 6.1 118 16 991.2 

15 5.1 3 30 9.,6 7.1 90 8 137.7 
21 8.3 2 10 15.0 6.8 82 3 68.l 
28 8.8 .3 20 29o0 6.5 .36 5 63.4 
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TABLE III 

Semen data for bull No. 15 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abno pH ml. time ejae. 

( 1954) (ml.) (rate) (%) (%) (xlo7) (days) (x107) 

Mar. 
11 4o5 3 80 30.6 6.8 62 17 223 .2 
19 2.8 3 60 44.4 7.3 123 21 206.6 
25 6.4 3 80 14.4 6.8 69 18 353.3 

Apr. 
6 2.9 2 60 25.8 6.6 72 24 125.3 
9 2.2 3 50 18.9 6.9 94 34 103.4 

May 
4 4.0 3 50 17.7 6.5 119 28 238.o 
4 4.0 1 60 33.0 6.5 132 8 316.8 

11 2.4 4 90 45.9 6.7 166 27 358.6 
June 

11 2:1 4 70 20.1 5.9 90 22 170.l 
18 3.5 4 50 27.3 5o5 162 21 283.5 
25 3.2 4 50 34.5 6.3 85 19 136.o 

July 
2 2.8 4 80 25.8 6.o 124 23 277.8 

16 4.5 4 70 12.0 6.2 94 11 295.1 
23 5.5 4 60 22.5 5.7 135 21 445.5 
28 2.1 4 70 38.7 6.3 67 5 98.5 

Aug. 
6 6.o 4 60 .10.0 5.9 14.3 14 514.8 

13 5.1 4 50 10.0 5.8 152 24 387.6 
20 3 .• o 4 90 2106 6.2 153 20 413.l 
26 2.6 4 80 31.2 6.2 88 12 176.o 

Sept. 
7 2.8 4 80 50.4 6.4 -- 52 22 116.5 

10 2.0 4 80 26.l 6.2 105 16 16s.o 
15 2.5 . 4 60 49.8 6.2 103 19 154,o 5 
22 l.9 4 90 29.l 6.6 105 14 179.5 
29 2.2 4 80 · 24.0 6.3 99 38 174.2 

Oct. 
6 3.2 3 40 30.9 6.6 78 15 99.8 

13 2.9 4 60 10.0 6.2 121 29 210.5 
20 4.5 4 60 45.0 6.3 106 21 286.2 
27 4.9 3 50 27.6 6.7 142 21 347.9 

Nov. 
3 5 .o 3 50 27.6 6.7 121 15 302.5 

10 2.3 4 90 25o5 6.3 12.3 l4 254.6 
17 4.9 4 70 :31.8 6.4 119 26 408.2 
24 4.5' 4 60 24.0 6.5 105 16 283.5 
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TABLE III (oont~do) 

Semen data for bull No. 15 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH ml. time ejac. 

( 1954) (mlo) (rate) (%) (%) ·c~io'i> (d~ys) · -<xio7) 
Dec. 

l 4.0 4 90 2706 6.7 83 19 29808 
8 4o5 4 80 26.1 6.9 78 14 280.8 

15 3.5 4 70 18.0 6.6 89 23 218.0 
21 6.o 3 60 3.3.9 6 .. 8 117 22 421.2 
30 

(1955 
6.4 4 90 20.1 605 10.3 32 593.3 

J.i;l~!I 
5 6.8 3 60 29.4 6.9 103 20 420.2 

12 4.5 4 80 70.0 6.6 97 19 .349.2 
21 4o0 3 70 1908 606 103 26 28804 
26 .3o2 3 30 1Jo5 6.6 111 17 10606 
26* 4o7 4 60 87.2 605 154 24 434.3 

Febo 
2 2o3 3 60 27o0 607 103 16 J42ol 

10 602 .3 60 18.6 6.8 160 22 59502 
16 4o.3 4 70 23o7 606 110 36 331.l 
26 5.3 4 70 22.5 605 102 20 .378.4 

Mar. 
l 1.8 3 40 27.0 6.8 76 1.3 54.7 
8 4.5 .3 70 27o3 608 91 29 28606 

15" 4.5 3 50 29.4 6.8 118 27 265 .. 5 
23 5.0 4 80 21.6 6.3 118 26 472.0 
29 4o0 4 60 24.6 6.6 132 26 31608 

Apr. 
5 1.9 3 60 11.1 6.6 104 26 118.6 

12 5o0 4 70 3006 6.4 124 27 4.3400 
19 L7 4 70 37.8 606 106 27 12601 
28 5.2 4 70 24.3 604 118 20 429.5 

May 
.3 .3 • .3 4 80 llol 6.3 125 28 330.0 

12 6.7 4 70 49.8 6.3 119 19 558.1 
17 6.o 4 80 27.9 6.3 114 32 547.2 
27 8.5 3 70 26.7 6.6 101 23· 600.9 

"* Denotes 2nd collection and taken enly where first collection was 
not a true ejaculateo All other data represent a true ejaculate 
en first collectiono 
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TABLE III (oont 8do) 

Semen data for bull No. 15 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abno pH ml. time ejac. 

( 1955) (ml.) (rate) (%) (%) (xl07) (days) (x107) ., 
June 

l 6.7 4 90 25.8 5o9 130 16 621.l 
9 8.2 3 60 27o9 605 127 16 62408 

23 5.7 4 80 13.5 6.4 119 14 542.6 
.30 6.2 4 60 40.2 6.3 117 12 435.2 

July 
6 6.8 4 80 35.4 6.2 121 21 658.2 

15 7.0 4 80 12.6 605 107 15 599.2 
21 6.1 .3 80 17.4 6 • .3 121 13 590.5 
28 7.1 4 60 25.5 602 132 19 56203 
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TABLE IV 

Semen data for bull No. 21 (Group I) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. _·pH ml. 
1'•, 

time ejac. 

( 1954) (ml.) (rate) (%) (%) (xl07) (days) (x107) 

Maro 
25 3.5 3 60 13.5 6.9 45 17 94.5 

Apr. 
6 3.5 3 90 24.6 6.3 84 23 264.6 
9 2.0 3 60 24.3 6.8 73 25 87.6 
9 2.2 3 60 31.8 6.8 64 17 84.5 

20 4.0 4 90 10.0 6.8 36 22 129.6 
May 

4 1.2 1 10 25.8 7.2 25 4 3.0 
4* 1.3 3 90 20.1 7.1 43 15 50.3 

11 2.8 4 80 19.2 6.6 77 17 172.5 
June t,_i:,i. 

11 1.5 3 40 16.5 6.2 68 11 40.8 
11* 3.0 4 80 13.8 5.8 106 17 254.4 
18 3.0 4 50 12.9 6.o 105 12 157.5 
25 3.0 4 60 19.5 5.7 126 15 226.8 

July 
2 2.2 4 70 26.l 6.3 77 10 118.6 
9 3.2 4 80 60.0 6.2 118 17 302.l 

28 3.1 4 60 13.5 6.3 90 5 167.4 
Aug. 

6 5.2 4 60 10.0 6.1 136 12 424.3 
l3 3.7 4 40 20.0 6.6 59 12 87 • .3 
20 4.8 4 60 24.6 6.2 181 14 521.3 
26 4.9 4 90 19.8 6.3 92 12 405.7 

Sept. 
7 1.7 3 90 10.2 6.4 127 10 194/3 

10 3.3 4 60 32.l 6.5 106 11 209.9 
15 3.0 4 60 3.0 6.2 143 18 257.4 
22 3.5 4 50 26.4 6.6 128 13 224.0 
29 4.4 4 90 8.4 6.6 153 24 605.9 

Oct. ·:1 

6 1.9 4 60 31.5 6.6 79 l4 90.l 
13 4.0 4 80 17.7 6.1 129 15 412.8 
20 ~.5 4 80 21.3 6.4 122 22 244.0 
27 2.0 4 70 27.3 6.7 95 17 133.0 

* J)enotes 2nd collection and. taken only where first colleotbn was 
nGt a true ejaculate. All other data represent a true ejaculate 
an first collection. 
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Semen data for bull No. 21 (Group I) C :; ~ · :) . 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH ml. time ejac. 

( 1954) (ml.) (rate) (%) (%) (xl07) (days) (x107) · 

Nov. 
3 3.0 4 70 18.9 6.8 94 14 197.4 

10 2.7 4 80 12.3 6.3 122 11 263.5 
17 2.0 4 80 14.4 6.6 80 17 12s.o 
24 3.7 4 60 21.0 6.8 132 11 293.0 

Dec. 
l 3.0 4 50 7.2 6.8 117 17 175.5 
8 3.5 4 70 31.8 6.9 66 12 161.7 

15 3.0 3 50 7.8 6.6 144 14 216.0 
21 3 .. 2 3 80 20.7 6.8 133 · 17 340.5 
30 5.5 4 80 5.4 6.5 113 18 497.2 

( 195~) 
.Jan.: 

5 4.0 4 60 19.5 6.6 118 14 28.3.2 
12 4.5 4 90 36.3 6.3 113 19 457.6 
21 5.0 3 60 15.9 6.5 114 16 342.0 
26 4.5 3 90 42.0 6.5 125 14 506.2 

Feb. 
2 5.5 4 60 40.s 6.5 119 9 392.7 

10 5.4 3 60 48.9 6.6 121 11 392.0 
16 6.4 4 50 26.l 6.7 118 15 453.l 
26 1.7 4 60 45.0 6.7 109 l3 111.2 

Mar. 
l 2.3 4 90 is.a 6.8 76 11 139.8 
8 7.4 3 60 29.7 6 • .3 124 17 550.6 

15 1.7 3 50 30.0 7.2 79 9 67.l 
23 1.7 4 50 38.7 6.8 69 9 58.6 
29 7.7 4 70 .34.2 6.5 140 17 754.6 

Apr •. 
5 5.1 4 90 31.2 6.5 98 25 449.8 

12 4.8 4 70 28.2 7.3 56 .8 188.2 
19 4.6 4 80 17.4 6.3 132 24 485.8 
28 5.4 4 80 15.9 6.5 105 21 453.6 

May 
3 3.8 4 80 9.6 6.2 130 27 395.2 

12 5.8 4 70 44.3 6.3 125 27 507.5 
17 5.6 4 70 21.0 6.5 114 19 446.9 
27 5.3 .3 60 16.8 6.2 121 24 384.8 
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SeJ11endata for,rb.u11. N6 0 -ZQ.: (Group I)." 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH mlo time ejaco 

( 1955) (ml.) (rate) (%) (%) (x107) (days) (x107) 

June 
1 6.6 4 90 llol 5o9 122 17 724.7 
9 7.1 4 70 2706 603 121 11 601.4 

16 4.5 4 80 27o0 6.4 114 13 410.4 
23 6.5 4 80 43.5 6.5 114 17 592.8 
30 6.3 4 60 19.2 6.4 115 14 434.7 

July 
6 8.7 4 80 27.0 6.2 117 17 8]4.3 

15 6.2 4 80 30.9 6.3 108 13 535.7 
21 6.8 4 90 18.3 6.2 119 9 728.3 
28 6.2 4 80 38.7 60:3 134 16 664.6 
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TABLE V 

Semen data for bull Noo 34 (Group II) 

Live 
Sperm/ Storo sperm/ 

Date Volo Motility Abno pH mlo time ejaco 

( 1955) (mlo) (rate) (%) (%) (x107) (days) (:x:107) 

Jan. 
26 2o7 4. 50 27o3 609 75 12 101.25 

Feb., 
2 4.2 4 60 16.2 7.0 67 14 168.84 

26 2.2 4 '70 36.o 6.7 69 19 106026 
Mar. 

l 1.5 4 60 17o4 7.1 23 12 20.70 
8 2.1 4 50 26.1 6.6 76 12 79.80 

29 2.2 4 50 14.7 6.6 96 11 10,.60 
Apr. 

5 2 .. 2 4 50 23.1 6.8 68 15 74.80 
12 2 .. 3 4 40 16.5 6.7 63 18 57.96 
19 3 .. 7 4 80 24.,6 6.5 102 24 301.92 
28 lo5 4 70 16 .. 2 6.6 111 15 116.55 

May 
3 2.1 l 40 24.,9 6.8 39 7 .32. 76 

12 3o5 2 60 9.0 6.,9 43 11 90.30 
17 3.3 3 80 11.0 6.5 100 18 264.00 
27 1 • .3 2 70 7.8 6.,7 66 7 60.06 

June 
l 5.2 3 50 12 .. 9 6.5 76 15 197 .. 60 
9 3.0 4 60 18.9 6 • .3 81 19 l45oS0 

16 1.1 .3 60 18.,6 6.7 .3.3 15 21.78 
23 .3.2 4 80 16.8 6.6 - 65 14 166040 
.30 1.8 .3 50 15.6 6.6 57 17 51.30 

July 
6 2.6 4 60 18.3 6.o 94 23 146.,64 

15 10.5 2 2 17.4 7.0 37 0 7 o'77 
21 .3.9 3 40 10.8 605 91 12 141.96 
28 1.,8 4 70 14.7 6.8 28 14 35.,28 
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TABLE VI 

Semen data for bull No. 35 (Group II) 

Live 
Sperm/ Storo sperm/ 

Date Vol. Motility Abn. pH mlo time ejao. 

( 1954) (ml.) (rate) (%) (%) (x107) (days) (x107) 

Deco 
30 2.2 3 60 29.4 6.6 118 11 155.76 

(::1.955) 
.··{:Ya:aw~:: 

.12 1.5 3 40 38o0 608 103 16 61.80 
21 1.0 3 40 29.5 6.9 134 11 53060 
26 1.3 3 30 1506 6.8 58 10 22062 

Febo 
2 2.2 4 80 8.4 6.7 113 19 198.88 

10 2o4 2 20 40.5 6.6 69 8 33.12 
16 2.7 3 50 2706 605 121 17 163035 
26 2o2 2 60 24.,9 604 118 16 155076 

Maro 
l 2o5 2 60 15.9 706 28 5 42000 
8 3o0 3 60 1908 6.,5 82 l4 147060 

29 3.3 3 40 16o5 7.7 15 11 19.80 
Apr. 

5 206 4 60 llo7 6.6 100 25 156000 
12 lo7 4 50 15.,3 6.7 134 21 113090 
19 3o4 4 60 l3o2 6.,4 ;,. 105 22 214020 
28 3.2 4 40 20.1 605 125 15 160.00 

May 
3 3 .. 4 3 50 30.6 6.7 125 11 212050 

12 308 3 70 25 .. 5 6.5 114 24 303024 
17 2o7 2 90 20.1 6.5 105 19 255.15 
27 4ol 2 70 20.l 6.3 129 14 370.23 

· June 
1 4.2 4 80 2lo9 6.2 122 16 409092 
9 3.4 3 60 10.2 606 96 13 195084 

16 3.9 4 40 8.4 6.,4 130 15 202080 
23 308 4 80 28.8 6.4 124 14 376.96 
30 3.9 4 50 17.,l 6.5 108 13 210060 

July 
6 4.4 2 40 15.3 6.2 110 16 19.3 060 

15 7.2 3 70 36.6 6.3 152 8 766.08 
21 4.,2 3 40 14o4 6.4 134 11 225.12 
28 4.,0 .3 40 22.5 6.6 87 10 1.39.20 

\ 
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TABLE VII 

Semen data for bull No. 37 (Group II) 

Live 
Sperm/ Stor. sperm/ 

Date Vol. Motility Abn. pH ml. time ejac:. 

( 1955) (ml.) (rate) (%) (%) (x107) (days) (x107) 

Mar. 
15 2.2 3 50 23 .. l 6.8 17 8 18.70 
23 3.6 2 40 29.l 6.9 18 9 25.92 
29 3.5 3 40 37.2 6.8 104 10 145.60 

Apr. 
5 4.6 4 40 22.5 6.7 87 20 160.08 

12 2.7 4 60 28.2 6.6 67 10 108.54 
19 3.8 4 70 22.2 6.7 60 18 159.60 
28 3.7 3 20 24.6 6.5 109 11 80.66 

May 
3 4.6 3 80 19.2 6.7 70 12 257.60 

12 2.6 3 90 34.5 6.6 67 13 156.78 
17 3.4 2 70 17.l 6.4 73 18 173.74 
27 4.4 3 70 22.8 6.5 99 8 304.92 

June 
l 3.2 3 60 16.2 6.6 87 12 167.04 
9 3.6 2 50 22 .. s 6.8 63 12 113.40 

16 3.9 4 50 28.5 6.6 88 15 171.60 
23 3.7 4 70 27.9 6.7 67 ·s 173.53 
30 6.2 4 40 17 .. 7 6.5 91 14 225.68 

July 
6 3.5 4 50 16.2 6.6 63 8 110.2; 

15 6.8 4 50 40 .. s 6.6 124 11 421.60 
21 4.7 4 ;o 18.9 6.6 91 1.3 21.3.85 



TABLE VIII 

Summary of totals and means of all semen data by bulls 

Group I Group II 

Bull noo 3 4 15 21 34 35 37 
N:;: 69 71 67 67 23 28 19 
Volume 
(toto) 216.9 35709 291.4 271.1 tJ7o9 88.2 74.,7 
(a.vgo) 3 .. 1 5.0 4.3 4.0 , . .3 .o J.2 3.9 

Mot. rate 
( toto) 220.0 256.o 242.0 250.0 78.0 87.0 63.0 
(avg.) 3.2 3.6 3.6 3.7 3.4 3.1 3.3 

Mot.,% 
(tot.,) 3575.,0 4630.,0 454000 4650.,0 1302.0 1530.0 1050.0 
(avg.) 51.l 65 .. 2 67.8 69.4 56.6 54.6 55.3 

pH 
( tot.) 454.0 453.3 431.9 434.7 153.4 184.9 126.2 
(avg.) 6.5 6.4 6.,4 6.5 6.7 6.6 6.6 

Stor., time 
(tot.) 915.0 1036.o 1394.,0 1028.0 324.0 405.,0 230.0 
(avg.) 13.1 14.6 20 .. 8 15.3 14 .. l 14.5 12.1 

Live sperm 
(tot.) 2~888.8 26768.4 

' 
22141.6 21564.4 2495.3 5559.6 3189. l 

(avg.) 341.3 377.0 330.5 321.7 108.5 198.6 167.8 

Apn., % 
(tot.,) 1461.1 1359.8 1871.l 1576.2 414.8 597.9 469.5 
(avg.) 21.2 19.1 27.9 23.51 18.0 2lo4 ?J+.7 
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TABLE IX 

Warm and cold stage semen motility estimates 

for 24 hours after collection 

0 Hours (before dil.) 0 Hours (after dil.) 

Warm Cold Warm Cold 
-

Date Bull (rate) (%) (rate) (%) (rate) (%) ' (rate) (%) 
1955 
June 

1 3 3 60 3 40 2 80 2 80 
15 4 90 4 90 2 90 2 90 
21 4 90 4 90 .3 90 3 90 
4 2 60 2 50 2 90 2 90 
4* 4 90 4 70 3 70 .3 '70 

34 .3 50 3 50 .3 70 3 70 
35 4 70 4 80 2 90 2 90 
37 .3 60 3 60 3 80 2 80 

9 .3 2 60 .3 70 3 80 3 80 
15 1 30 3 60 3 60 .3 70 
21 l .30 4 70 4 80 4 70 
4 4 50 4 60 4 70 .3 60 

.34 3 60 4 60 .3 70 3 60 
35 2 50 3 60 3 50 .3 70 
37 3 40. 2 50 .3 50 2 50 

16 3 4 50 3 60 3 60 3 60 
21 4 60 4 80 4 80 4 80 
4 4 40 4 60 4 50 4 50 

34 3 60 3 60 .3 60 .3 60 
35 .3 40 4 40 4 60 3 50 
37 4 50 4 50 3 80 3 60 

23 15 4 90 4 so 3 80 2 70 
3 3 40 4 70 4 60 3 60 

21 4 90 4 80 4 so 4 70 
4 4 80 4 80 3 80 4 70 

34 4 90 4 80 3 90 3 80 
35 4 60 4 so 4 70 4 70 
37 4 80 4 70 3 70 4 70 

Total 2 92 11720 100 1,850 88 2,040 84 1,970 
Corro S 23.,7 10,14.3 10 .. 9 5,268 11.:4 4.,371 14.0 3,896 

* Second ejaculate for bull 4 on June 1, 1955~ Same f dr fol~owing 
pages of TABLE lX. 
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TABLE, IX (cont~d.) 

Warm and cold stage semen motility estimates 

for 24 hours a~er collection 

2 Hours 4 Hours 

Warm Cold Warm Cold 

Date Bull (rate) (%) (rate) (%) (rate) (%) (rate) (%) 
1955 
June 

l 3 3 60 2 60 3 80 3 70 
15 3 90 3 80 4 70 3 90 
21 3 90 4 80 3 80 3 70 
4 3 80 3 70 3 70 ~' 3 70 
4* 4 80 3 80 3 80 3 80 

34 4 80 3 70 4 90 ; 3: 60 
35 3 70 3 80 4 70 3 70 
37 3 70 3 80 3 60 3 60 

9 3 3 80 l 60 3 70 3 70 
15 4 80 2 80 4 80 3 70 
21 4 80 4 70 4 80 4 80 
4 4 80 .3 70 4 70 4 70 

34 3 70 3 70 4 80 4 70 
35 4 60 3 60 4 60 4 70 
37 3 60 3 60 4 60 3 50 

16 3 3 50 3 50 3 60 3 50 
21 4 80 3 80 4 70 4 70 
4 3 50 4 50 3 50 4 60 

34 4 70 3 50 4 60 4 90 
35 4 50 4 60 4 60 3 60 
37 4 60 4 80 4 60 4 70 

23 15 4 80 3 70 4 80 4 80 
3 4 60 3 60 4 60 3 70 

21 4 70 4 80 4 80 4 80 
4 4 70 4 80 4 70 3 80 

34 4 70 4 80 4 80 4 80 
35 3 70 4 60 3 70 4 70 
37 4 80 4 60 4 60 4 70 

Total 100 1,990 90 19 930 103 1,960 97 1,980 
Corr. s2 6.9 3,468 14.7 3J)068 6ol 2,600 10.0 2,586 
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TABLE IX ( e0nt Id o ) 

Warm and cold stage semen motility estimates 

for 24 hours after collection 

·. 16 Hours····· ... 
· 8 iH'burs:· ,. ;,,.., r 

Warm Cold Warm Cold 

Date Bull (rate) (%) (rate) (%) (rate) (%) (rate) (%) 
1955 
June 

1 3 3 50 3 50 3 60 .3 60 
15 4 70 4 70 4 90 3 80 
21 4 80 4 90 4 90 4 90 
4 3 80 .3 70 3 60 3 80 
4* 4 80 3 90 4 80 4 70 

34 3 90 4 80 .3 70 4 70 
.35 4 80 4 80 .3 80 3 70 
.37 .3 70 4 70 .3 70 3 70 

9 .3 .3 70 3 70 .3 60 3 80 
15 4 80 .3 70 4 70 .3 70 
21 4 80 4 80 4 80 4 80 
4 4 80 4 70 4 70 4 70 

34 4 80 4 70 4 80 4 80 
.35 4 70 4 80 4 60 3 60 
37 4 60 3 60 .3 50 3 50 

16 3 4 50 3 60 4 50 3 60 
21 4 70 4 80 4 70 4 80 
4 4 50 3 60 .3 40 4 60 

.34 4 80 4 80 4 80 3 80 

.35 4 60 3 60 4 60 3 70 

.37 4 60 4 70 4 60 4 60 

23 15 4 70 3 70 4 80 4 80 
3 3 60 4 60 4 70 4 60 

21 4 80 4 90 4 80 4 70 
4 4 80 .3 70 4 80 3 80 

34 3 80 3 80 4 80 4 80 
35 4 70 4 70 3 60 4 80 
37 4 60 4 70 4 80 4 80 

Total 105 1,990 100 2,020 103 1,960 99 2,020 
Corr. s2 5.2 3,268 6.9 2,671 6.1 4,200 7.0 2,471 
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TABLE IX (contua.) 

Warm and cold stage semen motility estimates 

for 24 hours after collection 

12 Hours 20 Hours 

Warm Cold Warm Cold 

Date Bull (rate) (%) (rate) (%) (rate) (%) (rate) (%) 
1955 
June 

1 3 .3 50 .3 60 3 60 3 60 
15 4 90 .3 90 4 80 4 80 
21 4 90 4 90 4 90 4 90 
4 3 70 3 80 4 80 .3 80 
4* 3 70 .3 70 4 70 3 70 

.34 4 90 4 60 4 80 4 80 
35 4 80 3 70 4 80 .3 70 
37 4 70 3 70 3 70 .3 70 

9 3 .3 70 .3 60 4 80 .3 60 
15 4 70 4 70 4 70 3 .7.P 21 4 80 4 80 4 70 4 70 
4 4 80 4 80 4 80 3 70 

34 4 80 4 80 4 80 4 80 
.35 4 70 4 70 4 70 4 60 
37 3 60 .3 60 4 50 .3 50 

16 3 4 60 3 70 4 60 3 60 
21 4 90 4 80 4 70 4 80 
4 4 50 4 60 4 50 4 50 

34 4 80 4 80 4 70 4 60 
35 4 60 3 60 4 60 3 60 
.37 4 70 4 80 4 60 3 60 

23 15 4 80 4 80 4 60 .3 70 
3 4 70 4 60 .3 60 .3 60 

21 4 80 4 70 4 80 .3 70 
4 4 80 4 80 4 80 4 70 

34 4 80 4 80 4 80 .3 80 
35 4 7,0 4 70 4 80 3 70 
.37 4 80 4 80 3 80 .3 80 

Total 107 :2079 102 ·~9.49 108 .2000 "94 1930 
Corr. s2 4.1 ,32680 6 .. 4 23TI.,, ~ .. 4 .2943. 604 266$ 
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TABLE II (contod.) 

Warm and cold stage semen motility estimates 

for 24 hours a~er collection 

24 Hours 

Warm Cold days total 
st!rage sperm pH 

Date Bull (rate) (%' (rate) (%) (x10'7) 
1955 
June 

1 3 3 50 3 50 13 573;,3 6.4 
15 4 80 3 70 16 · 871.0 5o9 
21 4 90 4 80 17 805"2 5.9 
4 3 60 3 70 8 270.0 7.0 
4* 4 80 4 70 11 115.0 5.8 

34 4 80 4 70 15 39502 6.5 
35 4 70 4 70 16 512.4 6.2 
37 3 80 4 60 12 278.4 6.6 

9 3 4 60 2 60 15 .347 • .3 6.5 
15 4 70 2 50 16 1041.4 6.5 
21 4 70 4 70 11 859.l 6 • .3 
4 4 80 3 70 12 8os.o 6.4 

.34 4 70 3 70 19 243.0 6.3 
35 3 60 2 60 13 326.4 . 6.6 
37 2 40 2 60 12 226.8 6 .. 8 

16 3 3 60 3 60 13 574.5 6.4 
21 4 70 4 70 13. 513.0 6.4 
4 4 50 3 50 ll 1125.6 6.2 

34 4 80 4 60 15 36.3 6.7 
3, 4 60 4 60 15 50700 6.4 
37 3 70 4 60 15 343.2 6.6 

23 1;· 4 80 3 70 l4 678.3 6.4 
3 4 70 3 '70 15 .327 0 7 6.6 

21 4 70 3 80 17 741.0 6.5 
4 4 80 .3 70 12 594.0 6.4 

34 4 80 4 80 14 200.0 6.6 
35 4 60 4 70 l4 47102 6.4 
37 3 90 4 80 8 247.9 6.7 

Total 103 1960 93 1860, .382 14040.2 180.0 
Corr. s2 8.1 4000 14.l 2043 176.4 2155974.4 1.9 
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TABLE X 

Spermatozoa per milliliter of undiluted semeh~ 

Color- L .· 100 Sperm Color= Lo _ 100 Sperm 
imeter og reading no.6 imeter g reading no. 
reading of sample . (xlO ) reading of sample (xl06) 

0.25 10.50 0.97881 1J)l27.50 
0.50 .75 0.96859 lJ.)115.11 
0.75 11.00 0.95861 1J)l03.02 
1.00 2.00000 2J)365.12 .25 0.,94885 19091.19 

.25 1.90309 2J)247.67 .50 0.93930 1,079.61 

.50 L82391 2~151. 71 .75 0.92996 . 1,068.29 

.75 l. 75696 2,070.57 12.00 0.92082 1J)057 .. 22 
2.00 1.69897 29000.29 .25 0.91186 l.9046.36 

.25 1.64782 ly938.30 .50 0.90309 19035. 7.3 

.50 1.60206 lj882.84 .75 o.89449 1,025.31 

.75 1.56067 1,\)832.67 13.00 0.88606 lJ.)015.09 
.3.oo L52288 lj786.88 .25 0.87778 lJ.)005.05 

.25 1.48812 19744.75 .50 o.86967 995.23 

.50 1.45593 19705.74 .75 o.86170 985.57 

.75 1.42597 lj669.43 14.00 o.85387 976.08 
4.00 1.39794 1))635.46 .25 o.84619 966.77 

.25 1 • .37161 l.9603.55 .50 o.83863 957.61 

.50 1.34679 1»573.47 .. 75 o.s.3121 948.61 

.75 1.32.331 1»545.01 15.,00 o.82391 939 .. 77 
5.00 1..30103 1,518.01 .25 o.81673 931.07 

.25 1.27984 19492.33 .50 0.,80967 922.51 

.50 1.25964 lJ.)467.85 .75 0.80272 914.09 

.75 1.24033 l.11444044 16.00 o.79588 905.80 
6.oo 1022185 1,422005 .25 o. 78915 897.64 

025 1.20412 1))400056 050 0078252 889.61 
.50 1018709 19379092 .75 0.77599 88L69 
.75 1.17070 19360006 17.00 0.76955 873.89 

7.,00 1.15490 19.340091 .,25 o.76.321 866.20 
025 1.13966 19322043 .50 0.75696 858.63 
.50 1 .. 12494 19304.60 075 0.75080 85Ll6 
.75 1.11070 l.9287.34 18.00 o.7447.3 843.~n 

8.,00 1.09691 1))270.,6.3 .25 o.73874 8.36.55 
.25 1.08355 1»254.44 050 o. 7.3283 829.3g 
.50 1.07058 l.11238.72 .,75 0.72700 822 .. .32 
.75 1.05799 lp223.46 19000 0.72125 816.05 

9.00 1.04576 l.9208.64 .25 o. 71557 808.47 
.25 1.03386 1))194.21 .50 0.70997 801.68 
.50 1.02228 ljllS0.18 .75 0.70443 794.96 
.75 1.01100 l:1166.51 20.00 o.69897 788.35 

10.00 1.00000 1,153.32 .25 o .. 69357 781.80 
.25 0.98928 1,140.19 .50 o.68825 775.36 
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TABLE X (oont'·d· .. ) 

Color- L . 100 Sperm Color- Lo 100 Sperm 
imeter og reading noo imeter g reading no.6 
reading of sample (x106) reading of sample (xlO ) 

20.75 o.68298 768.97 32.00 0.49485 540.97 
21.00 o.67778 762 .. 67 .25 . 0.49147 536.87 

.25 o.67264 756.44 .50 0.48812 . · 532.81 

.50 o.66756 750.28 .. 75 0.48479 528.77 

.75 0.66254 744.20 33.00 0.48149 524.78 
22.00 o.65758 738.19 .25 0.47821 520.80 

.25 o.652,67 732.24 .50 0.47496 516.86 

.50 o.64782 726.36 .75 0.47173 512.95 

.,75 0.64302 720.54 34 .. 00 0.46852 509006 
23.00 o .. 63827 714.78 .. 25 0.46534 505.20 

.25 o.63358 709.10 .. 50 0.46218 501.37 

.50 0.62893 703.46 .75 0.45905 497.58 

.75 o.62434 697.90 35.00 0.45593 493.80 
24.00 . o.61979 692/39 .25 0.45284 490.05 

.25 0.61529 686 .. 93 .50 0.44977 486.33 

.50 0.61083 68L5.3 .. 75 0.44672 482.64 

.. 75 0.60642 676.18 36.oo 0.44370 478 .. 98 
25.00 0.60206 670.90 .25 0.44069 475.33 

.25 0.59774 665.66 .50 0.43771 471.72 

.. 50 0.59346 660.48. .75 0.43474 468.12 

.75 o.58922 655.34 37.00 0.43180 464.55 
26.00 0.,58503 650.26 .25 0.42887 46loOO 

.25 0.58087 645 .. 22 .50 0.42597 457.49 

.. 50 o.57675 640.22 · .75 0.42308 453.99 

.75 0.57268 635.29 38.;00 0.,42022 · 450.52 
27.00 0.56864 630.40 .25 0.41737 447 .. 07 

.25 o.56463 625.54 .. 50 0.41454 443 .. 64 

.. 50 0.56067 620 .. 74 .75 0.41173 440.23 

.75 0.55674 615.97 39 .. 00 0.40894 436~85 
28.00 o.55284 611.25 .. 25 0.40616 433.48 · 

.25 o.54898 606.57 .50 0 .. 40340 430.14 

.50 0.54516 601.94 .75· 0 .. 40066 _ 426.81 

.75 0.54136 597.33 40.00 o.39794 423.52 
29.00 o.53760 592.78 ,,25 0.39523 . 420.23 
.• 25 0 .. 53387 588,,26 .50 o.39254 416.97 

.50 0.53018 584.55 .. 75 o.38987 413.74 

.75 0.52651 579.34 41,,00 0,,38722 410.53 
30.00 0.52288 574.94 025 o.38458 407.33 

.. 25 0.51927 570.56 ,,50 0.38195 404.14 

.50 0,,51570 566,,24 .75 o .. 37934 400,,98 

.75 0.51215 561.93 42.00 0 .. 37675 397.84 
31.00 0.50864 557.68 ,,25 o.37417 394 .. 71 

.25 0.50515 553 .. 45 .so . 0.37161 391 .. 61 

.. 50. 0 .. 50169 549.26 .75 ··0 .. 36906 388.52 

.75 0.49826 545.10 43.00 0,,36653 385.45 
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TABLE X ( cont~ d • ) 

Color- Log 100 Sperm Color- Lo .....1..QQ_ Sperm 
imeter reading no. imeter g reading no.6 
reading of sample (x106) reading of sample (xlO ) 

43025 0.36401 382.40 55.,00 0.25964 255.91 
.50 0.36151 379.37 .. 25 0.25767 253.52 
.75 0.35902 376.35 .50 0.25571 251.14 

44.00 0.35655 373.36 .75 0.25376 248.78 
.25 o.35409 370.37 56.oo · 0.25181 246.42 
.50 0.35164 367.41 .25 0.24988 244.08 
.75 0.34921 364.46 .. 50 0.24795 241.74 

45.00 o.34679 361.53 .75 0.24603 239.41 
.25 o.34438 358.61 57.00 0.,24413 237.11 
.50 0.34199 355.71 .25 0.24222 234.80 
.75 0.33961 352.83 .50 0.21+033 232 .. 50 

46.00 o.33724 349.95 .75 0.23845 230.23 
.. 25 o.33489 347.11 58.00 0.23657 227.95 
.50 0.33255 344.27 .25 0.23470 225.68 
.75 0.33022 341.47 • 50 0.23284 . 223.43 

47.00 0.32790 338.63 · • 75 0.23099 221.19 
.25 0.,32560 335.85 59.00 0.22915 218.96 
.50 0.32331 333.07 .25 0.22731 216.73 
.75 0.32103 330.31 .50 0 .. 22548 214.51 

48.00 0.31876 327.56 .75 0022366 212.30 
.. 25 0.31650 324.82 60000 0.22185 210.11 
.50 0.3Jl~26 322.,10 .25 0.22004 207.91 
.75 0.31203 319.,40 .50 0.21824 205.73 

49.00 0.30980 316. 70 .75 0.21645 203.56 
.25 0.30759 314.02 61.00 0.21467 201041 
.50 0.30539 311.35 .25 0021289 199.25 
075 0030321 308071 ~50 0021112 197 .10 

50.00 0.30103 306007 .75 0.20936 194.97 
.25 0.29886 303.44 62.00 0.20761 192.85 
.50 0.29671 300.83 .25 0.20516 189.88 
.75 0.29456 298.23 .. 50 0.20412 188e62 

51.00 0.29243 295.6:5 .. 75 0.20239 186.52 
.25 0.29031 293.08 63.00 0.20066 184.43 
.50 0.28819 290.51 .25 o.19894 182.34 
.75 o.286C9 287.96 .50 o. 19723 180.27 

52.00 0.28400 285.43 .75 0.19552 178.20 
.25 0.28191 282.90 64.00 o.19382 176.14 
.50 0.27984 280.39 .25 o.19213 174.09 
.75 0.27778 277.89 .50 0.19044 172.04 

53.00 0.27572 275.40 .75 o.18876 170.00 
.25 0.27368 272.92 65.00 o.18709 167.98 
.50 0.27165 270.46 .. 25 0.18542 165.96 
.. 75 0.26962 268.00 .50 o. 18376 163.95 

54.00 0.26761 265.57 .75 0.18210 16lo93 
.25 0.26560 263 .13 \ 66.oo 0.18046 159.95 
.50 0.26360 260.71 .25 0.,17881 157.95 
.75 0.26162 258.31 .,50 o.17718 155 .. 97 
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TABLE X (cont 0a.) 
--· ........ --~~· 

Color- 100 Sperm Color- - 100 -- Sperm 
imeter reading 

(~~06) 
imeter reading no. 6 

reading of sample reading, of sample (xlO ) 
·-

66.75 0.17555 154.,00. 78.25 0.10652 70.34 
67.00 o.17393 152.03 .50 0.10513 68.65 

.25 Oo 17231 150.07 .75 0.10375 66.98 

.50 o.17070 148.12 79.00 0.10237 65.31 

.75 0.16909 146.17 .25 0.10100 63.65 
68.00 0.16749 144.23 .50 0.09963 61.98 

.25 0.16590 142.30 .75 0.09827 60.34 

.50 0.16431 lL,-0.37 Bo.oo 0.09691 58.69 

.75 0.16273 138.46 .25 0.09555 57 .ot,, 
69.00 0.16115 136 .. 54 .50 0.09420 55.40 

.25 o.15958 134.64 .75 0.09286 53. 78 

.50 o.15802 132. 75 81.,00 0.09151 52.14 
,,75 0.15646 130.86 .25 0.09018 50.53 

70.00 0.15490 128.,97 .50 0.08884 48.91 
.25 o.15335 127,,09 .75 0.08751 47.30 
.50 0.15181 125.22 82.00 0.08619 45.70 
.75 0.15027 123.36 .25 0.08486 44.08 

71.00 0.14874 121.50 .50 0.08355 42.50 
.25 0.14722 119.66 .75 0.08223 40.90 
.50 o. lL,,569 117.81 83.00 0.08092 39.31 
.75 0.14418 115.98 .25 0.07962 37.73 

72000 0.14267 114.15 .50 0.07831 36.15 
.25 0.14116 112.32 .75 0.07702 34.58 
.50 o.13966 110.50 84000 0.07572 33001 
.75 Oo 13817 108069 .25 0007443 31044 

73000 Oo 13668 106.89 .50 0.07314 29.88 
.25 o. 13519 105.08 .75 0.07186 28.33 
e50 0.13371 103.,29 85.00 0.07058 26.78 
.75 0.13224 101.51 .25 0.06931 25.24 

74.00 0.13077 99.72 .50 0.0680.3 23.69 
.25 0.12930 9'7.94 .75 0.06677 22.16 
.50 0.12784 96.17 86.oo 0.06550 20 0 t2 
.75 0.12639 94.42 .25 0006424 19.09 

75.00 0.12494 92.66 .50 0.06298 17.5'7 
.25 0.12349 90.90 .75 0.06173 16.05 
.50 0012205 89.16 87.00 0.06048 lli-.54 
.75 0.12062 87.42 .25 0.05923 13.02 

76.oo 0.11919 85.69 .50 0.05799 11.52 
.25 o.11776 83.96 075 0005675 10.02 
.50 0011634 82.24 88.00 0.05552 8.53 
.75 0.11492 80.52 .25 0.05429 7.04 

77.00 0.11351 78.81 .50 0.05306 5.54 
.25 0.11210 77.10 .75 0.05183 4.05 
.50 0.11070 75.40 89.00 0.05061 2.58 
075 0.10930 73.70 .25 0.04988 1.69 

78.00 0.10791 72.02 
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