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l. INTRODUCTION. 

THEILER, GREEN, and nu ' Torr (1924), showed that, in general, the 
soils and natural pastures of South Africa, are deficient in phosphates. 
On the Veterinary Research Station, " Armoedsvlakte ", where 
conditions are representative of a large part of the semi-arid regions 
of the Union of South Africa, this deficiency was the cause of inferior 
growth, production and reproduction in cattle. 

To de-termine how far bovine function could be improved, in such 
semi-arid regions, by the correction of t he phosphorus deficiency in 
the diet, large scale experiments with cattle, were .commenced at 
Armoedsvlakte in 1925. Du Toit and Bisschop (1929) described the 
results obtained by phosphorus supplementation to hal£bred 
Afrikaner, Fries, Redpoll and Sussex cattle. The results were so 
encouraging that the authors. suggested that phosphatic supplemen
tation to ranch cattle might prove to be the solution to the failure 
experienced by cattle breeders in the semi-arid regions of the Union 
in trying to improve the native stock, by " grading " them up with 
sires of European breeds. · 

Bisschop (1938) reported that the results of the experiments since 
1928 had shown that such hopes could not be substantiated. He 
stated: " Instead of maintaining the improvement evident in the 
first crosses and instead of progressively approaching the confor
mational, productive and reproductive excellence of their paternal 
ancestors, in their respective " home " environments, the topcrossed 
generations of the exogenous bonemeal fed grades manifested a 
distinct phenotypical deterioration,-in some cases even to below the 
standard of their unimproved, maternal ancestors. Such deterioration, 
however, confined i tsel£ specifically to the exogenous grades, i.e., to 
t he! and ith bred Fries, Redpoll and Sussex cattle. The comparable 
Afrikaner generations maintained their original standard of 
excellence. 
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THE OVARIAN CYCLE OF HEIFERS DURING SUMMER. 

" The above facts demonstrated clearly that although one of the 
limiting factors, inherent in the prevailing environment, had been 
successfully combated by phosphatic supplementation, further 
limiting factors still caused phenotypic deterioration in the higher 
grades of imported cattle breeds.'' 

Once it was realized how complex the environment is and how 
potent its forces are upon animal function, the researches at Armoeds
vlakte became more critically bionomic. As fast as suitable techniques 
can be devised, the prevailing environment is being analysed into the 
constituent factors of its climatic, nutritional, pathological and 
sociological complexes, and their effects determined, singly and 
collectively, upon bovine function. It is obvious that such investi
gations, if they are to produce results of value, must be continued for 
many years. In the meantime a second line, along which bionomic 
investigations are being conducted, is yielding much information of 
both practical and academic importance. In these latter researches 
the prevailing environmental forces as a whole, are measured in 
terms of the functional reactions of the experimental cattle, i.e., in 
terms of their growth, development, production, reproduction, and 
of their vital functions, such as respiration, circulation, heat 
elimination and preservation, etc. etc. 

THE SEx PHYSIOLOGICAL RESEARCHES AT ARMOEDSVLAKTE. 

As part of the latter line of bionomic researches at Armoeds
vlakte, a series of sex physiology experiments were commenced in 
1938. The object of these investigations was to study the development 
of the genital system in bovines under the prevailing conditions, from 
birth up to breeding age,-to obtain information concerning the age 
at which the different types and breeds on the Station reach sexual 
maturity,-to determine the duration of their ovarian cycles and 
oestrous periods,-to observe the effect upon these sexual phenomena 
of changing environment during the various seasons of the year,
and finally to investigate the physiological changes in the ovaries 
during the ovarian cycle. 

The present article is concerned only with the sexual reactions of 
heifers to summer conditions at Armoedsvlakte,-duriug January and 
February, 1940. 

III. LITERATURE. 

Text books, state that the frequency o£ the ovariaiL cycle in 
cattle varies from 17-24 days, and that the duration of oestrus 
ranges from 18-24 hours. No detailed information is available, as to 
the environmental conditions to which these standards are applicable. 

Andersen (1936), working with Zebu cattle in Kenya, reported 
that their ovarian cycle varied from 17· 9 to 24 · 2 days, with a mean 
of 20·1 days. He found the duration of oestrus to be extremely 
short, i.e., from 81 to 111 minutes. He also reported an apparent 
seasonal fertility in Zebu cattle, in that fertile matings appeared to 
occur more frequently at certain times of the year. With regards to 
this latter observation, Bonsma (1939) reports that in South Africa, 
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t h e mu:;t fa1·u urahlt' seasons !'or <o;c ni('c are }larch :wd April an d 
again Aug u st and :-)eptemher: th at i;:; of cour~e, on ranf·h e:s II" here 
' · free .. or " all iluo yea r wulle1 .. breeding is prar..!ised. Although 
Yery litt le ha ,.; beeu puhli :;becl n •g':trditt g til t• sexttn l n' adion of ('att le 
to uu c:ontro11 ed e t11·i ronntenbl t·t Jndilion ,.;, a fair uutnber of artit·les 
appt>ar iu t he:· liter:ttme dea l ing 11·i t lt t hei r r eae ·t ion s to coniTolled or 
artificial con d ition ,.; . 'l'lw,.;p artic les h::tY(' hC'Pll di~C"ussPfl bv Quinla n 
and Hou:s: (HJ:W) 11 · h ~·u they n•pol'ted u pon :1 11 itl l·e,;t iga l'iot; in IYhic h 
beef eo II'S a nt1 h eifer s 11·er e kept fen· six .1·en1·s i u :1 n en 1· ironml'nl 
enforci ng so nt t> fa e·to rs p opula rly nssueiated ~-ith lo11· fert.ility; i .e . , 
Jack of ::; uuJigJtt, Ja(·k o{ e:xen· i:;P, dry r:di on,.;, :1 11d high e:ondit ioll . 
Th ey font1d that Lh e:;e :d nJOl'l llal Ctllldit io us did nol inHue uee ei l he1' 
t he ·dura tion or t he rhyt lt 111 of the 01·:1ria n ('ye lP. Alth ough abnorma l 
,-ycles a;:; slwrL as Ill eb.1·,.; nncl :1 " lon g :1s '1:(:{ day,.; IH'l'f' notee1, 7!) 
JH' r ('t n t. of !) J(i ovari an l',Yc-l es, ft·ll 11· ithin thl" ra11g-e of l S t o :2J day~, 
11·it h a, mode uf :20 Jay~. Q uinlau, H ou:s: :1nr1 1:1 1L A ,.; ll' ege n (19J!:J) , 
kep t h eifer s from l1irth up to nwturi ly und ,•t· si nti lnr !'Ollr1itions, :.t nd 
fou nd ihat !:11 p e1· ('l'tl t. o f :JK:l o1·a ria11 c·y c·l es rnng-e tl from I.S-:.!>l rla .\·s, 
11· ith a JlltHl e of .:20-:l days . ] n ll' rnt s of t hP 111·:ni :Jrl c:\'C·le, t hPi r re:;ulls 
l'll ll fonn to t il t> sL1nd nn ls fou nd in jy:d hooks otr gy nn t> <·ology. I t 
II'01tld nppea r fro JII l ite re~ulb of these t11·o inYestigatio ns, ~·hich ll' ere 
botl1 cnnied out on high gTacle Su ~sex fe ntnles, on th e sn me experi
nt Pntn l st atiotl, t h:1 t uncl t' r si n1i lnr ,- unclitiun ~ si mibrl y bred ndt lt> 
11·ill r ead in a l ike m:mn er. Th at dif'i'Pre ne·C's in reaction do o<Tur, due 
to e1Hi1·11 nnw nt a ne1 hrl'!'d IWC" uliari tie,.; , st•e m t o lH" ~upp11rte c l h~· 
Schmalb: (1!!'2 1) 11·ho rep11l'ts th at" step]H' !':ti tle e1o not !'llllle into 
breed ing befon· th Pir fourth ~· ,·ar · · . :Jiarshall an cl Hammond (19'2u; 
and Hn nnnonll (1!)2 7), 11 :11·e nt :t de s intil a r llhfic>rYations. Quin1nn , 
Houx und Yan A.S11·eg-en ( 1 93~)) fo1111cl t h:tl thPir hig h g r nt1e Sus~ex 
h eifers r ea ch ed ;:;e:s:ual ma turity on t he :n·er age at ;):29 cl ays, while 
Hamnwncl (1940) r t> poTtc>e1 to I he sPn i11 r :t ut hor <·a ses of J erse:-;· 
lH·ifers in th t' r.s.,\ . (ohsenl'd hY D r . T t•il lhoeck), \\'hi l'h l'U i \·pcl 
ut abou t :t .)'Par olcl. * J 11 this (·o u.ntr\· too , the inuigc•nou;:; breed,.; of 
catt le appt>a r to be Yery late in arri1· in~· at sex,w l maturity e·omparr(1 
1\"it h h t> i f<"l'~ or Europeftll br t>Prl . ..; . Tlw hrf'c •d cliffer t> nC" PS in tht> agp 
of ,.;c•:X1r:ll maturi ty, qu otec1 abon:, Y:ny from 1\'P il lw.low to 11'011 nhoYP 
the• JinLi L,.; of 1·:tri:11'inn (;-! to , ,-! month s, 11·ilh ;r lli Ofl c of~) m onth s) 
pu h1i s ltt' l1 i n the I.P:d boo ks . 

\\'ilh rPft-'l'l' IH' t' to oestru,.; in c·a t-tle. ~1part fron t t he 11·ork of 
Ancl eJ'S\0 11 ( HJ:Hi) . 110 litPratun• is :n· :~ ila b l e to th r 011· 1i g-1L t upon \l·h nt 
~c·ll,., .t;,, .if an y, enl·iroiiJII! ' ll tal infl e uli ('PS PC\t'l 't upon it,,.; dur:t t ion . 

IV. 'l'tn: PLAN OF THE Ex:rr:nnLENT . 

(n) Ani111nl .l!rr!Priol. 

All the hig·hg-r~u1 e a ud p urehreel h ei fers hom clming th e 193b 
r-n hing- Sf'3SO II, \\'[-'I '(' t est f'f1 fo r oe,..;{ ru s from the age of ('j mon th ~ 
onwards; nt fi r ,.;! onl y oncr a d:ty , lal t>r hYire n day,- ::d; 8 n .m. nnd 

* ~OTE.-Tn n lf'ttf'l'. dat<:'d 2-i. / 2/ 41. Or . ( 'nrl Te n Bro<:'c-k \note to t lw 
s0 ni or n n thor stnting thnt in the C':l'<' of 2:2 .Je rs<'-'. lwifNs . e xposf'd to the hn ll 
fro 111 bir·~ h . t he n1·en1 g<' ng<' '' l fi rst cnl1·i ng 11·ns J.fJl dn:-·s. On p a nitnal h nd :1 
ca lf at :3(jD days. and the re ll'l' l'e se1·e t·al t ha t had e·n h·rd a r oun d -100 dnYs. 
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4 p.m. In this way i t was possibl e to establish t h e age of sexual 
maturity, and after thil:l h ad been r each ed, to detennine the o\·arian 
periodicity for each h eifer . It " -as not possible, by means of t h ese 
tests, to obtain information conceruiug- the exact duration of oestrus. 
Various other m ethods, sueh as G-l10urly tests, running teaser bulb 
with the heifers during the clay, etc ., were tried, but t hese failed to 
provide the detailed data required. After a short " trial period " , it 
was finally decided to conduct tests at hourly inter.-als during clay and 
night, for a ,; ufficien t ly long period to obtain coJltpan:tll le <lab 
concerning- the duration of oe,;trus in th e heife rs of til e A frikaner, 
l•'ries, Hedpoll and i::lussex h erds. . Such Lhta would alllm n 
compa1·atiYe study, not only of the sex physiologil;ul reactions of t he 
four breeds m en tion ed , to the pteYailing environment, but a lso of 
incligenou .~ as ngainst exogenous cattle types, a nll ,,·ithin t he latte r, 
of possible difterences bebYeen milk, dual purpose and beef types . 
Of the 70 heifers included in the experilll ent, 58 recei.-ecl a bonem e:tl 
supplement , while the remniuing 11 <li<l uot . A comp::ui:;ou lwhYt'en 
hone1ueal feel a11 d " control · · heifer :; wm1l<l th m·efme a 1 ,;o Jw po;;;sih le _ 

At Armoeclsvlakte controlle<l breeding is practised. 'l'he cahing 
season l asts from early iu ~ ovember to t he middle of ,1 au1.Wl'y . At 
the tim e " -hen th e hourly tests were comlll en ced , on J.l.l9-:l-ll, t he 
heifers were therefore, approximately 2 years old. 

~b) The Season durill[) 1chich the T es t leas conrl ul'ted . 

The hourly tests \Yere conducted for (j weeJ, s from January Jrcl to 
l"ebruary 15th , 1940. 'l'he period was ~elected as rep1·e;;en1:1tlYe of 
annual optimum environmen tal conditions at Armoell sdakte . B,v 
comparing the sexual activity under such conditions, with that 
exhibited by the same experimental h eifers during a lll i <hYiuter 
period, (this part of the programme i:; nmY in pnJgr ess), Ya luahl •~ 
information co ncerning the sex r eaction during different seasons of 
the year would be obtained. 

(c) Th e lumTlJ; T ests. 

h..il a result of the twice a day tests, which \Yere eontinued aR a 

routine procedure, i t was known \Y hen b eifers we1·e li kel v to come 
into oestrus. Heifers \Yere remoYe<1 from the g-eneral herd to the 
" tei:it gToup · ·, 18 days after t h eir la st oestrus. Th ey remai ne<l in 
tile " test group " till th e encl of their oestrous period , or, if oe~tn t s 
was uo t obsened, until t he 24th day. 

During the day time, the test gToup of h eifer s was kept under 
"onstant supervision in a well-grassed camp. From 9 n.m. until niter 
li p.m. , t he hourly tests were concluded in this camp; the bnlls 
being brought to the h eifers. D epencling upon t he number of 
h eifers in the group (this of course varied from day to da:v) t h e test 
occupied from a f ew minutes, up to 20 minutes . After completion of 
a test t he bulls were taken awav a nd the h eifers alJo,Yed as much 
free grazing as possible, sinee for tb e night tests, thev hMl to he 
kraa led durin g the t ime, " ·b en u su ally they clo most of t<hE>ir feeding 
u t sumJner. 
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After t he (j p.111 . te;:;t , the · · t e.~ t group '· c\Jl i n~ab IH're bro ught 
to ~JH'eia I lJ <Jddt wk~, ::;11p[ll it•d 11 it lt t• led rit· lig h t~, a t i lte !J OJli L' .~icad . 
l'he,;c pa ildu('k~ t·o nsi,;it•d of a ('oUt•t ·iioJI p l' ll , f ron1 ,,-IIL'l'E' t h t· il Pi fer~ 
11·er e dr;il' ted Oll l' by 0 11 e at e,p·IJ houri.\- tl' ,;t, into ,;JJJa l lt•r p <'l i=' ill 
,,·hi(' h i ht• l: ui L ,,.t' lt ' :Jt·t·o J,Jnltldatt·d . Lli'I'L' t he• :Jd u;d tt•sting tool; 
p ia('(•. <U 1d t he n t lte hei l't·rs ,,.f i'L' P<L~='t'd i1d o a la rgt• '' n·;-;t ludd t ~t· k .. 
11 hPn· t lu·y rP nJained in betll't'<'n 11';-;l:<. ll t·rp g·oocl q ua l i ty tPil li ~ty 
II<IS al·ai i:Jh lt• a nd tilL' h l' i fPr .~ ,,.t• re di .,turl H·cl ;J .~ liitl e a ,; po;-;si hl t-• . 

l<' iYt' l'<l ~t · cto l lli ~ l' tl .. tt'<l =' t' l' .. h ull ~ , ll sl'cl i n i ll <· tw i(·t' <I tb_,. h •" ts. 
ll't' I'P al so usPd i11 the hourl1· te:<h . Til t•\· 111' 1'1' \l't•ll-traint•d a llll 
qtti<·k in · • .- pott in g " :1 hPift•t: ll <'<li' to . Ill' i1; ht•:Jt-. T il t• ~t rain of th e· 
JiOIII'J _y tl';-;b il ()\\'('\' ('1' . l'=' jll't·i:JJ ]\· durill g' hot tby ,; . \;pg;J JI to li'JJ. II!JOn 
t li t·ir ='1':\ t!<d <tt·ti,· ih ·. aJJcl i11 o rdt-' 1' t h;d 110 .~i!.(- 1 1.~ of ot';-;(ru,; ,;htHil d 
p:t,; . .; tln td l><' l'\'i'd . d,; ,. t11 .; ]n gg· i;-; 1! l,u ll ,; , four .. · :tpi·ll n t•d . , hulL.; \\.1'1'1' 
-,J,.;t•cl , \\-l! t'lli'\'L'I ' n t•t·(•;-;,;:1 1' \- . I' Jll lll .J:lllll:ll'\- j.-1(1! 01 1\\-:IJ't] :', 11nt iJ t il l' 
<' lid ol' i h t· it•:<t. ' l' 11·o lJil l.],.; ,,-1'1'1' u,;t•d :II 1: .,,. n tl' ;-; t , <l ll d no hull ,; \l'<'l'l' 
li't·d rill' 111()1'1' t 11 :1 11 .~ ('III J:'('(' Ut i\'( • IJolll'h· t't·,;h. 'l'ht·ir ft'l'tl i ltg' <!l id 
ll l:l ll:J.!.(' l'lll<' n t. \\'1'1'1 ' :i ll (' li :1" t11 nl: l iiJ I<Ji ll ! ht• !Ji g·ill' ='l ='<'.'\ :I: Ji :Jt·(il· iiy . 

1 ' IJot~ J · a ph of "11 

T h e h eifers too, ,,·er e a potential ::;out'Cl' of l ll cH·<·urcltc tb ta. Du e 
t o t l1 e e 1d'on ·ecl ch:1n gc in ! h t· ir gnu ing lw llih , a nd io constan t 
handling, SO ill E' h,·ifer s ,;huii'Ptl ~igus of ,,· eariu e ~,; , !o11·ard s ih e Pncl of 
t lw ir st a y i n t he "te::;t g-rou p .. , esp ec ially if ue,;( ru :; o< -c lllTt·d 
i o11·nnL t he te rmi nation of thPir I d av::; .. 1111de r tc>~t •·. To cou nter 
ad t hi s, thP a l'iu ::ll (e;-; t ,; ,,.Pl'L' co 1 1~ l uded P.'\Jl('rli!io u ~ ly , an <l t he 
an imaL in h• rfen' <l 11· ith a ,; littlt· a .~ pos .~ i hlt' tlu r ing- t lw in!PrY:Ji s 111'
h ,·t·e u (p,;fing·. Sincl' ;~ II t lw he ift-•l':i L'X('qd. Xo . .; . S!IHi :tnd fi9-J . ..j. w t•r t· 
<i< ·t·tH;toJII l'd to " Ll'<lst• r:; , . an1l to en itus, tht· d;~ i:J ('oll .-ded ,,·p n· IIlli 
i nfl nen r·e cl h:-· thP P=':'ld10lo_gi r :1l n• ::t dion :< (o 11·h il'i1 h t·i.ft•r,; <ll't' ,;nb.it·l'! 
\\·hon lll atC'd for i·he :llrst lunc. 
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Both in t he day camps and in the night paddocks the " test 
group " h eifers were unrler t he constant obsen·atiun of t rained rne11 , 
i.e ., of lllPll t>xperiPnce<l in "spotting ,. th e signs of m~str'ns. Any 
~ lll'h ,; ign,; Jloticecl , no f· onlY rlnring- actual t e:,t~, lmt. at an5· ti n!l' 
du ri ng t he day or night, wPre r ecord ed . 

'fable No. ] g ives cletaih concerning thP symptcum; of oestru s 
of whieh a r ecord was kPpt, nn cl t b e symbols usecl to r econl them . 

ij 

7 
8 

TABLE No. l. 

S_vmptoms of Oestrus. 

Heifer served ................. .. .......... .. .............. . 
H eifer stands for bull , but. is not suved (Aproned bulls ) ....... . 
H eifer stands for other heifers . . .............. .. ........ .. . . . 
H eifer mounts ot.her heifers .... . ... . ........ .. . ... . . .. ..... . 
H eifer shows a m ucous discharge fmm v ul va . .. .. . . . . ... .... . 
H< ifcr shows a haemorrhagic discharge from vulva . .. . ... . ... . 
Hull intrrested in heifer. prio r to lw r allowing coitus .. .... . .. . 
.Bull intuested in heifer, sutseq u<mt to coitus, but heife r will no 

longll' stand . ...... . .............. . .................. . .. . 

Sm1 bol 
~sed . 

ED 
e 
+ :vr. 
T. 

• 0 

<> 

Table K o. 2 g1ves extract s from the daily observation reg iste1· 
and shows a fe \\" representative oestrous periods in terms of the 
symbols employed. 

V. 'f HE ARMOJ::DSVLAJ\TE ExvliWXMEKT. 

Situated at an alti tude of 4,000 feet , on latitude 26° 551 S., ancl 
on long itud e 2-1: 0 351 E. , in the semi-arid, summ er rainfall al'ea of the 
U n ion of i:> . Africa, the Armoedsvlakte environment is that of a high 
and dry inland plateau. In ad dition to climatic draw-backs such as a 
short rainy season,-low total precipitation,- ver y lo'" effective rain
fall, - very lm,· 1·elatiYe humiility, extr emes of temperature, both 
seasonal and diurna l , etc . , the soils are sh allow ,- physically l oose and 
poor in humus, and chemically Yery poor in phosphorus. Under t h ese 
(·onclition,; , it is ob.-ious why the vegetation is sparse ancl why it can 
supply cattle with a rliet, qualitively adequate for normal fun ction, 
only for 4 to 5 months per year, even when the phosphorus deficiency 
i~ m ade good. 

'l'able No . 3 g ives details of t he climatic and nutrition al 
c:onditions which prevailed at Armoedsvla kte during January and 
February, 1940, i .e., during the 11eriod of the hourly observations 
on h eifers. So t hat these condition s can be appreciated data are givt>n 
for t h e whole of the 1939-1940 season, and, as a comparative back
grou nd, monthly aver ages, for a num her of years, have been added . 

A study of the rainfall data reYeals t ha t t h e 1939-1940 season 
was quite abnormal. Except ional rains fell late du ring " ·inter, early 
during spring, an<l again in au tumn , while the u sual high ra infall 
period during midsu mmer was abnormally dry. A s a result, the 
pasture growth season wa s an extendecl one. Temperature~ too wen~ 
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TI-IE• OVARIAN CYCLE 01'' HEIFERS D URING SUMMER. 

unusual. Throuo·hout the season maximum temperatures were 
considerably low~r than during average years, and minimum 
temperatures considerably higher. Relative h~1midity fig-~ues sho~ed 
the same tenelency as the rainfall data and hke them, favoured an 
early and prolonged pasture growth season. Climatically therefo~·e 
the Armoedsvlakte em·ironment, although somewhat subnormal Ill 

terms of rainfall during the actual period of hourly observations, 
must be reO'arded in terms of the 1939-1940 season as a whole, as 
having bee; exceptionally fa~ourable to both plant and animal life. 

According .to du 'l'oit, Louw and Malan (1940) ~n SOU 11. 
bovine requires 1G pounds of dry matter per day and m Ol'(ler to 
obtain its normal growth requirements from its grazing, the paRture 
must contain (on absolute dry matter basiR) ai. least: 

7 · 00 per cent. Protein. 
0 ·14 per cent. PhosphornR. 
0·1G per cent. Calcium. 
0 · 02 per cent. Sodium. 
0·07 per cent. Chlorin e. 

The pasture analyses in Table No. 3 show that the ArmoedR
vlakte vegetation as· eaten by the cattle, is parti(~ularly deficient in 
phosphorus throughout the year; it is also relatively deficient in 
sodium and contains insufficient protein for normal growth require
ments during 7 month s per year. Since all cattle on tbe farm, 
except the " controls ", receive an adequate bonemeal supplement 
and all cattle, including " controls ", h ave daily access to salt licks, 
the protein deficiency is the only one which needs comment. Table 
No. 3 shows that during spring and autumn of the 1939-1940 season 
the pasture contained considerably more protein than during average 
seasons, but that duri11g January and February it containe<l not 
only a subnormal but an in sufficient amount. 

Notwithstanding this, it seems justifiecl to conclnrle on arconnt 
of the early and extended pnsture growth ReaRon and temperate 
dimatic conditions which prevailed, that the nutritional environment,
during the 1939-1940 season, WaR better than during an average 
season, and that the functional r eaction of the experimental heifers 
to the prevailing conditions was also as good. as, if not better than 
during average seasons. 

To determine the correctness of this conclusion, the body weight 
curves of the experimental h eifer s were plotted against comparable 
average body weight curves of all t he heifers horn during the 1935, 
1936, and 1937 calving seasons. From Graph No . 1, it will he seen 
that during the first 12 months (when the heifers were from 6 to 18 
months of age), the experimental group curves fit the average curves 
closely. From July 1939 until the end of the 1939-40 season, the 
curves show a general diverging tendency, indicating that due to 
better than average environmental conditions, the experimentul 
heifers developed more rapidly than usual, i.e., were functionally 
more active. Although this statement holds good for the season as 'a 
whole, it will be noticed that the curves of the experimental groups 
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all flatten out somewhat during the actual period of hourly 
observations. The question therefore arises whether during this 
period of temporary subnormal rainfall and of crude protein 
deficiency, the functional activity of the experimental heifers,
including their sex activity,-diminished proportionally to their 
growth rate, and whether this reduction in functional intensity 
brought them to below average sexual activity for January and 
February. It is not possible to answer this question. Nevertheless 
it appears reasonable to assume, because of the excellence of the 
season as a whole, that the heifers were functionally well within the 
~·ange of normality during the experimental period, i.e., for the 
months of January ancl February, 1940. 

GRAPH I._:_ WEIGHTS. 
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· VI. ExPERIMENTAL RESULTS AND DiscussiON . 

.A.ll the bonemeal fed heifers came into .oestrus during the 
experimental period. Five of the heifers (i.e. 8 · 5 per cent.) 
completed 3 oestrous periods,-49 heifers, (72·9 per cent.) completed 
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2 oestrous periods, ·and the remaining 11 heifers (18·6 per cent.) 
passed through only one period of heat. For purposes of statistical 
analysis it was decided to use the data of only those heifers which 
completed 2 oestrous periods. The data of the 11 grade heifers with 
only one period and the last oestrus of the 5 heifers with 3 
completed periods were therefore discarded. Acting on the same basis, 
the data of the purebred Redpoll and purebred Sussex heifers had to 
be excluded, since these groups •vere reduced respecti,ely to 5 and 
2 animals. 

'rhe comparative type and breed studies therefore became confined 
to groups o£ high grade ith and 15

}'10th bred Afrikaner, Fries, Redpoll 
and Sussex heifers. 

'rable No. 4 gives details of the sexual activity of these heifers. 
]'or each heifer details are given of 2 oestrous periods and of 1 di
oestrous and 1 ovarian cycle. The oestrous periods have been divided 
into 3 phases, namely:-

(a) Onset of Oestrus.- This phase starts as soon as a bull takes 
· interest in a heifer and lasts until she stands for coitus. · 

(b) Oestrus proper.-Which phase covers the time during which 
a heifer will allow coitus. 

(c) Disappearance of Oestrus.-This phase covers the subsidence 
of sexual activity and lasts from the last coitus until the 
bull loses interest. 

•rable N v. 4, also g-ives similar information about the eleven 
'.' control " heifers, included in the experiment. 

(a). Control and Bonemeal fed heifers compa?'ed. 

While lUU per cent. of the bonemeal heifers came into heat 
during the experimental period, only 36 per cent. of the control 
heifers did, and of these, only two (incidentally both 3

[ 4 bred animals) 
00mpleted :!, oestrous periods. ' 

"For purposes of comparison a group of bonemeal heifers was 
s·elected at random from all the highgrade heifers. It consisted, a8 
did the control group, of one Fries, 2 Redpolls and 8 Sussex. 'fhe 
control g-roup showed 6 oestrous periods against 23 periods in the 
bonemeal group,- a difference of 283 per cent. in favol'tr of the 
latter group. This marked difference is statistically sigiiificant to 
]fisher's P=0·001 level. 

At Armoedsvlakte therefore, the aphosphorosis amongst the 
control heifers manifested itself also in .subnormal oestrous activity, 
either by directly depressing the oestrous function, or indirectly by 
retarding sexual maturity. The tests now in progress seem to indi'cate 
that the latter explanation is correct. 
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(b) Type and Breed compansum. 

All data used in the comparison o£ types and breeds were 
analysed statistically. In the tables which follow, significant 
differences are shown in thick print, and the degree o£ their signifi
cance indicated (according to Fisher's, P=0·05, = 0·01 or =0 ·001) 
by a 5, 1, or 01 within brackets abo;e and to the right o£ the figures 
in thick print, 

(i) Duration of the Ovarian Cycle.-i.e., The period £rom the 
onset o£ one oestrous period to the commencement o£ the next period. 

Table No. 5 supplies details, concerning the average length of 
the ovarian cycle £or thB indigenous and · exogenous type groups 
and £or each o£ the £our breedgroups. It also gives the actual 
djfferences between the type and breedgroup averages. 

TABLE No.5. 

Duration of Ovarian Cycle. 

(Average duration in days). 

Exogenous 
Type (Fries, 

Types and Breeds. Redpoll 
and 

Fries. Redpoll. Sussex. 

Sussex). 

20·0 19·8 19·8 20·6 

Afdkaner (Indigenous type) .... . 20·2 20·2 20·2 20·2 

Differences ......... - 0·2 - 0 ·4 - 0·4 + 0·4 

- - 19·8 20·6 

Fries ........ ..... ...... ... ... . - - 19 ·8 19 ·8 

Differences ......... - - 0·0 + 0·8 
-

- - - 20·6 

Redpoll ..... .. ........ ......... - - - 19·8 

Difference .......... - - - + 0·8 

No differences existed either between type or breedgroup 
averages,-in £act, the average duration o£ thBir ovarian cycles is 
strikingly similar. 'l'he Fries and Red polls averaged 19 · 8 days; 
the Afrikaners 20·2 days and the Sussex 20·6 days. The average 
for the exogenous type group, i.e.,£or the combined Fries, Redpoll 
and Sussex groups was 20 · 0 days. 
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Limital vari'ations within each breedgroup (on Table 4) 
were:-

~b) Fries ............ 17·6 .to 21·4 days. 17 .6 to 23 days. 

(a) Afrikaner .. . .. . .. . 19 ·1 to 21· 9 day~. } 

(c) Redpoll ............ 19 ·1 to 21· 0 days. 
(d) Sussex ............ 18 · 8 to 23 · 0 days. 

All these ranges fall well within the standard range o£ 17-24 
days quoted in textbooks. Andersen (1936) found that in Kenya too, 
the range of ovarian cycle duration conforms to this textbook 
standard, and it appears therefore as if environment does not influence 
the duration o£ the ovarian cycle to any significant extent. 

(ii) Dumtion of Di-Oestrus .-Because this period is very similar 
in duration to the ovarian cycle, i.e., ovarian cycle duration minus 
the duration o£ oestrus (in this test up to 22 h()urs), it was found that 
what applied to the one also applied to the other. Consequently no 
special comments are necessary. 

(iii) Duration of Oestrus p-rope1•.-i.e., The period during 
which heifers allow coitus to take place. 

Because o£ the hourly intervals between tests, the period 6£ 
oestrus proper was reckoned £rom hal£ an hour before the first until 
hal£ an hour after the last test during which coitus occurred. 

In Table No. 6, the average duration o£ oestrus is given £or the 
individual type and breed groups o£ experimental heifers. Significant 
tli:fferences are shown in thick print. . 

TABLE No. 6. 
Duration of Oestrus. 

(Average in hours). 

Exogenous 

Types and Breeds. 
Type (Fries, 

Redpoll Fries. 
and 

Sussex). 

11·74 11·67 

Afrikaner (Indigenous type) .. . .. 7·88 7·88 

Differences ........ . + 3 ·86(1) + 3 ·79(5) 

- -

l'ries . . . ... ... . .......... . .. . .. - -

Differences ... . .. . . . - -

- -

Redpoll. ................ . ..... . - -
Difference .......... - -
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14·00 9·00 

7·88 7·88 

+ 6 ·12(1 ) + 1·12 

14·00 !J·OO 

11·67 11·67 

+ 2·33 + 2·67 

- !J·OO 

- 14 ·00 

- - 5:00(5) 
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'l'he group averages ranged hom 7 · 88 hours in the- Afrikaners, 
to 14·00 hours in the Redpolls. This range is much below . the 
staudard range of 18 to 24 hours, given iu textbooks, in fat;t 81 
oestrous periods, or 94 per cent. of the 86 periods included in Table 
No. 4, lasted less than Hi hours. Un the other b aucl, the range at 
Armoedsvlakte "-as much higher than that eRtablished for Zebus in 
Kenya by Andersen (1936). 

It would appear, therefore, as if the duration of oestrus p1·oper 
is influenced by environmental forces. The results show, that during 
the summer months at Armoedsvlakte, even the highgrade heifers of 
Etuopean breeds, had a much shorter oestrus than hail been accepted 
as normal for them. 

Coming to a comparison of types, 'l'able 1\o. fi sho\YS an average 
oestrous duration for the Fries, Redpoll ancl Su;;sex gToups, of 11·74 
hOlns while that of the Afrikaner group was 7·88 hours. 'l'he 
difference of 3 · 86 houn,; is significant to Fisher's I> = 0 · 01 level. 
It will be noticed, however, that although the Afrikaner group har,; 
a significantly shorter average oestrous per·iod than the Fries and 
Redpoll groups, there is statistically no difference between the 
average duration of oestrus in Sussex and Afrikaner heifers. This 
fact nullifies, to a great ext~nt, the biological significance of the 
difference found between indigenous ancl exogenous type groups. 

'l'able No. 6, supplies no evidence of differences in the average· 
oestrous periods between milk, dual purpose and beef types of cattle. 
There is no difference between Fries and Redpolls (milk and dual 
purpose) or between Fries and Sussex (milk and bee£). -

'l'he significant differeuceR which do occur, must be regarded as 
breed differences. Thus the Afrikaner heifers on the average 
remained in oestrus proper for a shorter period thm1 the Redpolls. As 
already stated there was no difference between the Afrikaner and 
Sussex, :V"ries :md Sussex, and Fries and Redpoll groups. 

The results of the im·estigation have therefore sho\\-n up certain 
breed differences; they indicate a possible difference between 
indigenous and exogenous types, but haYe failed to demonstrate 
differences between functional types. 

So far the JiseLission- on duration of oestrus proper, has_ been 
in terms of group averages.' Diagram 1 gives, in histogram form, the 
frequency clistributi,ons of the duration of oestrous periods for the 
individual and combined breedgroups of bonemeal fed heifers. In the 
histogram for the combined g-roups (No. 5), the "mean " and 
" mode " fall together, indicating for the whole of the experimental 
population a regularly parabolic (listributiou curYe. h the Redpoll 
histogram the mean -and mode also coincide, but in the Afrikanel' 
histogram they are separated by a full hour and in the Fries by oYer 
4 hours. In the Sussex histogram no mode shows up at all. Although 
it is of course possible that a tendency , exists in the Afrikaner and 
Fries breeds to an irregular distrihution of oestrous period duratiohs 
it is far more likely, in .terms of histogram No. 5, that the sepamtio~ 
of mean and mode in the present investigations, was due to the
limited data available. The 9 bsence of a mode in histogram, No. 4,_ 
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must be ascribed, possibly to an even greater extent, to the same 
cause. In other words, the available data, although sufficient to 
demonstrate some type and breed difference, were probably not 
sufficient to show up all such differences. It is hoped that the hourly 
tests now in progress (October, 1940), upon the same experimental 
population, will supply the missing information. 

DIAGRAM No.· 1. 

Frequency Distribution. 

Duration of Oestrus . 

It has been mentioned that, whenever the vasectomised bulls 
lost interest in the heifers, they were replaced by aproned bulls. 
While " teaser " bulls actually serve heifers, aproned bulls riwunt 
but cannot serve. The observers in charge of the hourly tests 
reported that with aproned bulls heifers seemed to remain on heat 
longer than when tested with " teasers " . This contention is being 
tested out in the hourly test period now in progress, and so far the 
indications are that the observation made is correct. The duration 
of oestrus appears to be shorter when coitus takes place. 
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The data on which our present discussion is based is of " mixed " 
origin, i.e., obtained from the use of both " teaser" and apt·oned 
bulls. As such the values for the duration of the oestrus lie in between 
those obtained with " teaser " and with aproned bulls. 

(iv) Duration of onset and of disappearance of oestrus.-Where
as the duration of oestrus proper, is a fixed perio1l, i.e., from the 
first to the last coitus, the duration of onset and of disappeamnce of 
.oestrus is very indefinite, and difficult to determine. 

In the present investigation, as stated, " onset " was reckoned 
to commence as soon as a bull began taking interest in a heifer, aud 
" disappearance " taken to terminate when the bull finally lost 
interest. This criterion, however, eannot be rigidly applied. This is 
evident from the example of an oestrus period given in Table N tJ. T. 

The bull firs-t showed interest at 12 noon on January 18th, but 
then not again for lG hours, until 4 a.m. on Janunry 19th. Another 
interval, this time of 15 hours, followed. From 7 p.m. on the 19th 
of January the bull showed continuous interest an1l oestrus proper 
set in. After the last coitus at 4 p.m. on January the 20th, the bull 
maintained more or less continuous interest till 9 a.m. on January the 
21st, and thereafter showed interest only once more, i.e., after 11 
hours, at 8 p.m., on the same day. 

It is very doubtful whether the two isolated cases of interest 
prior to service and the last case of interest after termination of 
oestrus proper, form part oi the phases of onset aiHl of disappearance 
of oestrus. 

In determining therefore the duration of these phases, isolated 
single or double cases of interest by the bull, separate1l from 
subsequent cases during onset, an1l from succeeding cases of interest 
d ur·ing the disappearance of oestrus by more than G hours, were 
discarded. 

Table No. 8 gives details concerning the average duration of 
the onset and disappearance of oestrus in the various type and 
breed groups. Although the latter g-roups 1liffered up to !l·f>!J hours 
(G9 per cent.) in the average duration of onset and 2·4f> hours (49 
per cent.) in that of the clisappearance of oestrus, theRe differenees 
were not statistic>ally signifieant, on account of the marked variation 
in duration within the breed groups (see Table 4). 

- Tnhle No. 8 shows, that uncler the conditions prevailing at 
Armoedsvlnkte during the inveRtig-ntion, the onset of the oe;;trous 
phase averagecl from 5·19 hours in the Sussex group, to S·iS hours in 
the Fries g-roup, with an average for the pombine1l exog-(mous heifer 
g-roups of 7·37 honrs. This was only 5·4 minutes shorter than for 
the indigenous (Afrikaner) heifers. 

'Ihe duration of disappearance of oestrus was in g-eneral shorter 
but not significantly so than the clurntion of onset. It varied from 
5 hours in the Sussex group to 7·45 hours in the Redpoll g-roup. 
The indig-enous atHl exog-enous type nverages were again very similar 
i.e., 5·73 and G•H hours respectively. · · 
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Diagram No. 2, gives, in histogrammatic form, the frequency 
distribution .of the duration periods of .both the onset and disappear
ance .of oestrus. 

As could be expected from the fact that they constitute the 
commencement and termination phases of the oestrous period, their 
distributions are nut parabolar, hut ·linear, with a dominant tendency 
toward::; snort durations of onset and disappearance. This supports 
the contention that isolated cases of. interest in a heifer by a bull, 
separate1l by intervals of many hours from subsequent or preceding 
cases of interest do not form part of the onset or disappearance 
phenomena of oestrus. 

DIAGRAM N 0. 2. 

Pha.se 

VI. CoNCLUSIONs AND SuMMARY. 

(a) To obtain information concerning the sexual activity of cattle 
under the environmental conditions prevailing in the north western, 
semi-arid, summer rainfall areas of the Union of South Africa, a 
series of sex-physiological researches are being carried out at the 
Veterinary Hesearch Station, Armoedsvlakte, near the town of 
Vryburg, in the Cape Province. 

(b) This article reports upon the sexual activity of groups of 
2 year old, Ath bred, Afrikaner, E'ries, Redpoll and Sussex heifers, 
which were tested for oeRtrus day and nig-ht at one hourly intervals 
from January 3rd to February 15th, 1940, ie., during full summer 
conditions. 

(c) The experimental animals, the prevailing environmental 
conditions and the technique employed to record sexual activity, are 
described. 
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(d) The results of the investigation show that the bo.-J.erues:. · bu 
heifers were sexually much more active than the heifers which 
received no phosphu tic supplement. Nutritional deficiency therefore 
affected sexual activity. 

(e) The duration of the ovarian cycle, not only of the groups, 
but also of the inclividual experimental heifers, fell within the 
standard range of 17 to 24 days, us found in textbooks. The Annoeds
vlakte environment did not influence the duration of the ovarian cycle. 

(f) The stanrlard range for the duration of oestn1s proper is 
given in textbooks as 18 to 24 hours. During the investigation, · 
the average duration for the Afrikaner group was 7 ·88 hours; for 
the Fries 11·fi7 hours; for the Uedpolls 14·00 hours, and f'or the 
Sussex 9·00 hours; for the exogenous breed groups together it was 
11· 74 hours. Of the 8G oestrous periocls recorded no less than 81, or 
94 per cent. were shorter than 18 hours. At Armoedsvlakte the 
environment shortened the duration of oestrus to a very significant 
degree, i.e. compared with the accepted standard range. 

(!J) 'l'he results indicate, but do not prove, a difference in dnration 
of oei'.it rus proper between indigenous and exogenous types of heifers. 
With mo1·e information it is probable that such a type difference will 
be demonstrated. 

(h) The available data show that the oestrus proper of the 
Afrikaners· was shorter than that of the Fries and Hedpolls, and that 
the Heclpolls have a longer duration than the Sussex. "With more 
data, other significant breed differences will probably emerge. 

(j) Observations on the reactions of heifers to actual · services by 
" teaser " bulls ancl on the use of aproned bulls (which cannot serve 
the heifers) suggests that oestrus proper is shortened in duration 
by the former method. 

(k) -Oestrus proper was precerlerl by a period during which 
sexual activity waxed and was succeedecl by a phase during which 
actidty waned. The period of "onset" of oestrus varied from 
5 ·19 to !; · 78 hours in the inrlivirlua l breerlgToups, and the average 
period of" disappearance" from 5·00 to 7·45 hours. No hreeclgroup 
differ-enc·es were founcl. In Loth phases, the- frequency distribution 
showed a dominant tendency to short durations. 
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T llE () \ ".\1 11.\S l "Y C L E 01-· 111-: II' EH:--' IJ\ HIS(: :--'L".\Dll-: 11 . 

ThP follo11· iJI"' photogr:lph~ _..; ho11· tlt t> typt· .~ of h<·i f"e r .-; u.-;(•<1 fo r 
' ubc" <'J 'I";dion : - ,-. 

l' ig. l. - .-\frik:1 m•r He if'PJ'. 

Fi g . :?. - C:ro11p nf .-\ frik:lllE'r l::l t• i fc r ' . 
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L lH~TXL.'.X , .f. II. H. lHSSCHOP AXD T . .F . ,\DEL.\AR. 

Fig. 3.- Friesland Heifer . 

Ftg. -±.- G roup of Friesland H <' ifL' I'S. 
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[•' ig. S.-·Gronp of H 0d P oll Heif0rs. 
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J. Ql' I:\J. ,\~, .J. H. IL II ISSCHOP :\:\J) '!'. F. ADELAAR. 

Fig. /.- R ed P oll } l <> i fer. 

Fi g;. H.--Group of Hed Poll H e if<'rs . 
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THE OY.UU .·\X CYCLE OF ITEH"EHS .DCI'liXG Sl"l\DIETL 

J<ig . fJ. - Pun·-hrPcl Red Poll H ei fe t· . 

Fig. HI.- Group of Pure-hred Heu l'oll He ife " 

240 



,J, Q\.' 1:'\L.\~, J. 11. H. lllSS<TfOP .1:'\D T. F . . \JJEL.\AR. 

Fig. li .- r.ed Poll H e ifer - l'n11trol. 

Fig. 12.---T II·o Yn se<·t·nni .-wd teaser' 11·it h h2 ifer~ in tea ~ing pan. 
Other heifers \\·nit ing to be tested . 
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