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SUMMARY 
This monograph sunmarises knowledge of the reproductive biology of
 
cows, with emphasis oni1o,.) 
 hi/it Is types. After a brief ilthrodiuctIon to the
reproductive anatomy and enidoc rinology of the cow. subsequent chapters
describe changes which occur at puberty, during the Oestrous cycle, and at
pIrCgnancvy; iinleires tII rep r td uctiVe performance; cansCs of ini'fertiltv,

and how these can be diagnoLsed and tICi r effects ininimised ; the role f
 
ii utritio in catie replOductioii lactatiorial aInOestrus and the effect of

weaning ; and hcr !ealth programmes. )ata fr mi Africa, Asia, America
 
and Australia are presented. \Whiere ta frorii zcht ctthe were 
iot available,
points are illustrated (r rL1pliasised LSillg data Oil B(h)S /(/I/, ; cattle, or other 
species. 

This nioniOgraph is iltCnded for- field workers il a'.Ariculture and

livestock production and health, particularlY iii Affrica. lowever, it gives

enough detail to be usCul also it)
IIiAhier degree studeri ts arid researchers. 
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FOREWORD 
This monograph gives an account of current information on factors 
affecting reproduction in female zebu cattle. It includes a summary of basic 
reproductive anatomy and endocrinology, followed by in-depth reviews of 
the effects of nutrition, genetics, herd management and disease on overall 
reproductive performance in this type of cattle. 

In the tropical areas of the world, zebu (Bu. indicu) cattle are much 
more numerous and important than the European breeds of the Bos /wwus
species. Zebu cattle are well adapted to the tropic-it conditions of high 
temperature and humidity, parasites and low quality forage, but their 
reproduction and fertility are usually rather low. They are charactemised by
late puberty in the female and long calving intervals. However, there are 
zebu herds in some tropical regions that have very acceptable levels of 
reproduction. We may raise the question, if adequate reproducti,,e levels 
(80 to 85% pregnancy) can be achieved with zebu breeas in some tropical 
areas, why cannot the principles involved in achieving these levels also be 
applied in other areas to provide needed protein for the human population? 

The information in this volume should be helpful to teachers, 
researchers, livestock extension workers, cattle producers, agricultural 
leaders, political leaders and planners in their efforts to improve the 
reproduction rate in zebu cattle in many areas. 

Alvin C Warnick 
Professor and Animal Science Physiologist 
Department of Animal Science 
University of Florida 
Gainesville 
Florida 32611 
USA 
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1. INTRODUCTION 

ILCA's studies over the past 15 years have shown a high degree of 
complementarity between livestock and crop production, and indicate that 
improving livestock production can stimulate crop production and increase 
the acreage cultivated by small-scale farmers. 

Smallholder mixed farming systems predominate in the tropics. 
Livestock play sevcral roles in these systems: they use resouces that would 
otherwise go to waste, such as crop residues and fallow land; they provide 
meat and milk for consumption or sale; and their manure can be used as 
fuel, fertilizer and, sometimes, cement. Cash generated by theic sale can be 
used to purchase farm inputs such as seed, fertilizer and implements. Larger 
animals, e.g. cattle, provide draught power for cultivation, transport and 
crop threshing. lxports of live animals and animal products and byproducts 
make substantial contributions to the foreign exchange earnings of many 
countries. 

Despite their economic importance, the productivity of cattle in tie 
tropics is low. The reasons for this include the low genetic potential of 
indigenous breeds, poor husbandry and a variety of environmental factors, 
including high ambient temperature and hu,midity, seasonal shortages of 
feed and water, diseases and parasites. 

Some breeds of cattle, usually Bos indicuts or those with a large 
proportion of /os hulius blood, are well adapted to the harsh environmental 
conditions of the tropics. Essential adaptive traits include resistance to, or 
tolerance of, pests and diseases; tolerance of intense sunshine, heat and 
humidity; and ability to utilise high-fibre forages (Koger, 1963). However, 
tile potential for meat and milk production of los indicuscattle is 
commonly low: they mature late and produce little milk, which they often 
let down only in the presence of their calves. One way to increase the 
productivity of Bos imdicis cattle is to cross them with temperate Bostarnuls 
breeds, such as the Holstein-Friesian and the Hereford. 

1.1 Bos indicuscattle in Africa and worldwide 
Tile African cattle population derives from three major ,ntroductions from 
Asia (Epstein, 1957; Faulkner and Epstein, 1957; Williamson and Payne, 
1977; Oliver, 1983). The first cattle introduced into Africa, the humpless 
Hamitic longhorn (los lulirts /olmgi/rous), arrived about 5000 BC. They 
were followed bY tile humpless shorthorn (los tu/wws hrachvceos)about 
2500 years later and the humped zebu (Bos indiczis) in about 1500 BC. Most 
cattle followed the Nile Valley through Egypt or came through the Horn of 
Africa (Figure 1). Further migrations resulted in a heavy concentration of 
cattle in the highlands of Ethiopia and Kenya, regarded today as one of tile 
original sites of Africa's indigenous cattle. Interbreeding among these three 
types resulted inI the Sanga, a so-called intermediate type because of the 
length of its horns and the location of its hump (Mason and Maule, 1960). 



Figure 1. Poxible minriouroiltesofdwstic cattle inj/Afiica 

..---5000 BC 

2750-2500 BC 

15 BC- 80 

- 4 . .. V ".. 2onghorn20'0 

' ...... - Shorthorn 

Sanga 

Source: Oliver (I 983). 

The name Sanga was original!y applied to the giant-horncd Gallo cattle: in
the Oromo (formerly Galla) language of Ethiopia, Sanga mcans ox. 

Native breeds of Africa include the humpless N'l)ama, Kuri and I)warf
Sho,'tho-II; the humped Azaouak, Sokoto, Senegal Fulani, White Fulani,
Red Bororo, Abyssin ian, Boran, Small East African Z ibind Angoni; and
jihrmedjiatC types such as the Banibara, Ankole, I)anakil, Bar (ie, Tuli,
Mashonta, Nguni, Basuto and Africandcr. 

ZebuI cattle are coimmon inI other parts of the world. There are about 30
zebu, breeds in the Indian region alone, inclLing Gir ((,Vr), Harvana,
Kankrcj (Guzerat), Ongolc (Nellore), Red Sindlli, Sahiwal and Tharparkar.

The American Brahman was developed by crossing native American 
cattle with Asian zcbu cattle (Phillips, 1963). Brahmans are n(ow usedwidel fororiginates 
widely for beef production in the tropics (Koger et al, 1973). Large numbersof Asian cattle were introd uced into Brazil between 18 13 and 1964, and 
subsequientlV spread to other countries in the region. The Brahman breed 
has been maintained in its originml form, improved, and used in the
development of new breeds , such ,as the Indu Brazil (Gir x Guzerat), 
Canchin, Jamaica I-lope, Sibovey, Santa Gertrudis, Brangus, Beefimaster 
and Simbrah. The Nellore (Ongole), Gi- and Guzerat (Kankrej) breeds are 
also present in substantial n,unLbers i South America. 

Australia's large BOS i .1U1/C!L%population originates mainly from cattle
introduced from India, Pakistan, South Africa and America. The Africander 
breed was used in the development of the Belmont Red, the Brahman 

lh,., 11,s is 
usedimetrchange­

hls,,with the 
ter,,",", 
,,.io trontm 

tht Tibetan 
w,,,,rdZcb.a, zei,which 

m.n, "the 
hump,,fthc
Camel". 



breed for the Droughtmaster, and the Australian Milking Zebu was 
de-, eloped partly front the Sahiwal. Further details can be found in Mason 
(1951),Joshi and Phillips (1953), Mason and Maule (1960), Epstein (1971), 
and McDowell (1972, 

1.2 Productivityand reproduction 
The productivity of cattle largely depends on their reproductive
 
performance. Cows that rarely deliver a live calf are not worth keeping.
 
Poor reproductive performance is caused by:

" failure of the cow to become pregnant, primarily due to anoestrus
 

(prepubertal or postpartum); 
* 	 failure of the cow to mai, tan tie pregnancy; and 
* 	 calf losscs. 

This monograph summarises knowledge of the reproductive biology of 
cows, with emphasis on/ 's nidicus"types. After a brief introduction to the 
reproductive anatomy and endocrinology of the cow, subsequent chapters 
describe cianges which occur at puberty, during the oestrous cycle, and at 
pregnancy; measurs oft eproductive performance; causes of infertility, 
and how these can be diagnosed and their effects minimised; the role of 
nutrition in cattle reproduction; lactational anoesti us and the effect of 
weaning; and herd health programmes. Data from Africa, Asia, America 
and Australia are presented. Where data from zebu cattle were not available, 
points are illustrated or emphasised using data on Blostatomscattle,or other 
species. 

This monograph is intended for field workers in agriculture and
 
livestock production and health, particularly in Africa, who may not have
 
access to current publications on this subject. However, it gives enough
detail to be useful also to higher degree students and researchers. It ishoped 
that this review will stimulate more research, especially in Africa. 
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2. 	ANATOMY AND ENDOCRINOLOGY 
OF COW REPRODUCTION 

2.1 Anatomy 
Tile genital tract of non-pregnant cows normally lies in the pelvic cavity and 
consists of the vulva, vagina, cervix, uterus, Fallopian tubes (oviducts), 
ovaries and their supporting structures (Figure 2). Most of the reproductive 
structures can be palpated through the rectum; this is the basis of routine 
fertility work described in tubsequent sections of this monograph. In 
general the reproductive tract of Bos imdicus"cattle is smaller than that of 
taurine cattle. The reproductive tract is supplied by blood from the 
utero-ovarian and uterine arteries, of which the middle uterine artery is the 
largest. 

Figure 2. 	 The )(Irotli'L'trat of the tort,(lateralvieu')showinci itspositiotreside 
SoepeeicPeerda .and min l c9i8w7 
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Source: Peters and Lap ing (1987).
 

The uterus is amuscular organ consisting of abody,about 4 to 5cm 
long,and two terine horns (cornua),each 15 to 25 c inlength and to3 cmn in diameter. The uterus is suspended by the broad ligament in a coiled 
or curled manner. Its size varies With breed, age, parity, pregnancy and 
disease 

The cervix is a sphincter-like structure with a thick wall and a narrow 
lu.11eC. This h,nen is tightly closed, except during oestrus and at 
parturition, and tihe cervix forms a barrier between tile uterus andi the outside 
environment. The length of the cervix varies from 1.5 cm in heifers to 8 cm 
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in multiparous cows of larger breeds. Interlocking ridges and complex
folding of the lumen mucosa can hamper insertion of a pipette or tube for 
intra-uterine insemination or infusions. 

The vagina extends backwards from the cervix and opens into the vulv?.
Its length varies with breed and stage of pregnancy. The vaginal epithelial
cells near the cervix secrete mucus, especially around tile time of oestrus.

The ovaries are oval-shaped structures, f to 4 cm long and 1to 3 cm in
diameter; their size depends on the stage of the reproductive cycle. They are 
linked to the uterus by the Fallopian tubes which open anteriorly into the
fimbriae-funnel-shaped structures close to, but not attached to the 
ovaries. The fimbriae guide unfertilised eggs from the ovary into the 
Fallopian tubes. 

Figure 3 is a schematic representation of the mammalian ovary. The 
ovary has two major functions: gametogenesis (the production of female 
gametes) and steroidogenesis (tile production of steroid hormones, which 
play vital roles in the reproductive cycle). 
Figu re 3. 'The mn phuhwjt~' (lUj(l/ hlltllm' ua/u mcnimtliaHcu,,r'l'I'.un ther'/rgdhrte',ctc/' 
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Source: Erickson et al (1985). 

The ovary of a new-born heifer may contain up to 100,000 primordial
follicles (Erickson, 1966). However, only a few of these mature and release 
an ovum. From birth to shortly before puberty the primordial follicles are 
in a state of arrested development (dictyotene; the resting stage). Shortly
before puberty, many primordial follicles start to grow and develop in 
response to hormone (gonadotrophin) stimulation. File presence of 
developing follicles indicates active gametogenesis and steroidogenesis.
During each oestrous cycle, several follicles may develop to tile Graafian 
stage, but usually only one reaches full maturity and ruptures to release the 
ripe ovum (ovulation): tile others become atretic (also known as 
degenerating, luteinising o, anovulatory follicles) (McI)onald, 1980).

Ovulation involves changes in steroid, gonadotrophin and prostaglandin
secretions along with alterations in ovarian neuromusculature, in particular
the breakdown of the follicular wall, escape of tile ovum and release of 
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follicular fluid. The ovulation fossa formed after ovulation fills with blood 
to become the corpus haemorrhagicum and eventually the corpus luteum 
(yellow body), which protrudes from the surface of the ovary. For details 
on the histology of the corpus luteum, see, for example, Corner (1915); 
McNutt (1924); Foley and Greenstein (1958); Gier and Marion (1961); 
Donaldson and Hansel (1965); Parry et al (1980); Alila and Hansel (1984); 
and Braden et al (1988). The corpus luteumn is part of the endocrine system. 

2.2 Endocrinology of reproduction 

The development of radio-immunoassay (RIA), competitive protein 
binding (CPB) and enzyme-linked immunosorbent assay (ELISA)
methods since the I960s has allowed rapid, accurate and sensitive 
measurement of the concentration of several pituitary, ovarian and adrenal 
hormones in blood, tissue, milk and urine. Ovarian tissue can now be 
studied in vitro. Cells can be broken down and the secretion and use of 
hormones by their organellcs examined. The interrelations among
hormones at various stages of the reproductive cycle in the female cow are 
therefore better understood, as are the physiological control mechanisms 
that govern reproductive function (Entwistle, 1983).

The endocrine system comprises a series of ductless glands, each of 
which secretes one or several hormones that integrate body functions. 
Hormones are secreted directly into the blood and act on tissues elsewhere 
in the body.

The reproductive cycle of tile caw is mainly coordinated by hormones 
produced by the hypothalamus, pituitary and ovary. Gonadotrophic 
releasing hormone (GnRH), secreted by the hypothalanmus, stimulates the 
anterior pituitary to secrete two gonadotrophic hormones - follicle 
stimulating hormone ([SII) and huteinising hormone (LH). Both of thesehormones control ovarian function: FSH initiates maturation of follicles, 
and LH induces ovulation and luteinisation of granulosa and thecal cells. 
The major hormones produced by the ovaries are oestrogens (primarily
oestradiol- 173), which are produced by the follicles, and progesterone,
secreted by the corpus luteum. Oestrogens play important roles in oestrus 
manifestation, and progesterone inimaintenance of pregnancy. Both 
reguilate the reproductive cycle through a series of feedback mechanisms 
acting on tile hypothalanms and pituitary glands. In addition to these 
hormones, prostaglandins, which are produced by several tissues, including
the uterus, also control the cow reproductive cycle in various ways. Details 
of the functions of these hormones at puberty, during normal oestrous 
cycles, during pregnancy, and in the postparttm period are given in the 
following sections. Other hormones. produced by tile thyroid, parathyroid
and adrenal glands, the placenta and the pancreas are also important in 
regulating repro:iction. 

For informatio;n on hormone action at tile cellular level, see, for 
example, Eisenfeld (1972), Calandra et al (1974), Kato et al (1974), Catt et al 
(1975), Saxena (1976), Greenstein (1978), Cermak et al (1983), Spellberg et 
al (1983), Saxena et al (1984), McCracken and Okulicz (1984), Smith et al 
(1985) and Bergh et al (1985). 

Ther,. are differences in the hypothalamic, pituitary and ovarian 
relationships in zebu and taurilne cattle (Rollinson, 1955; Plasse et al, 1970; 
Griffin and Randel, 1978; Randel, 1976, 1984; Rhodes et al, 1979). These 
differences probably account for differences in fertility between the two 
species even when similarly fed and managed (Rhodes et al, 1982). 
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This section highlights the endocrinology of reproduction in Bos indicus 
cattle. Data from taurine cattle and other species are used for emphasis and 
where information for zebu cattle is not readily available. 

2.2.1 Endocrine changes in the prepubertal heifer 
Little information is available on the hormonal control of puberty in the 
zebu. Early studies tended to compare the endocrine patterns in heifers 
with those of more mature animals. It was originally thought that the 
pituitary of prepubertal animals was incapable of elaborating sufficient 
gonadotrophic hormones to stimulate the ovaries. This was based on 
observations, such as those by Macfarlane and Worrall (1970) among Boran 
zebu,;, that administering gonadotrophins stimulated follicular growth
and ovulation. However, follicle growth starts soon after birth (Desjardins
and Hafs, 1963), as does the release of gonadotrophins, FSH and LH (Peters
and Ball, 1987). The ovaries of 2-month old calves can respond to 
gonadotrophin therapy (Onuma et al, 1970) and calf follicles can secrete 
oestrogeus. Prepubertal ovaries also respond when transplanted to mature 
animils (Russell and I)ouglas, 1945) and injecting oestradiol results in LH 
release in calves as vo,ung as 3 months OIL] (Schillo et al, 1983). The possible 
causes of sexual maturation at puberty appear to be an increase in pituitary
hormones Output culminating in increased size and activity of the ovaries 
(Hunter, 1980), and maturation of th hypothalanmo-pituitary axis, 
resulting in secretion of gonadotrophins (Ramirez, 1973). 

2.2.1.1 Luteinising hormone 
1.1H levels fluctuate before puberty (I)esjardin and Hafs, 1968) but tend to 
increase as puberty approaches (Swanson et al, 1972). By taking samples 
more firequently from Angus heifers, Gonzalez-Padilla et al ( 1975a)
confirmed that prepubertal heifers do not lack LH as such, but there is no 
cyclic pattern to its release. Two 1I1 peaks were observed prior to puberty,
the first (priming) peak at 9 to I days before first oestrus. This diphasic
profile was also observed among Bi-own Swiss heifers by Schams et al 
(1981). In heifers attaining puberty at 10 months old, LII and FSH levels 
increased from birth to 3 months, declined to a nadir at 5-6 months and 
then increased to a second peak at about 9 months, (Figure 4).

LH secretion in preptibertal heifers is probably suppressed through an 
inhibitory feedback (gonadostat) effect (Anderson et al, 1985). As noted 
above, components of the endocrine syitem can apparently function soon 
after birth (Ramirez and McCann, 1963). LI is secreted from the pituitary
gland and stimulates ovarian follicles to produce oestradiol-'1713. However, 
the hypothalamus-pitultary axis is highly sensitive to the negative feedback 
effect of oestradiol, and further [.H release is inhibited. Ovariectomy of 
immature rats significantly increases the concentration of plasma LH 
(Ranirez and McCann, 1963; Caligaris et al, 1972) and FSH (Kragt and 
Masken, 1972). The same is true in the calf (Odell et al, 1970). The 
sensitivity of the hypothalamus-pituitary axis to oestradiol must thus 
decrease prior to puberty in the heifer (Schillo et al, 1982). This allows LH 
to stimulate follicular growth and leads to increased oestrogen production
(Foster and Ryan, 1981) and ovulation. 

2.2.1.2 Oestradiol and progesterone 
There are few reports on the plasma concentration of oestradiol-170 in 
prepubertal heifers. Glencross (1984), using a sensitive and fully validated 
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12 motiths ot()qe 

4 -40
 

2- -20o''130
 

I - 1 

Of 

0 2 4 6 8 10 12 

Months 

Source: Adapted from Schams et al(1981). 

radio-imnmnoassay, found that the plasma ocstradiol- 17/3 levels of four 
British-Friesian heifers varied randomly within the range 1to 4 ng/litre 
between 59 and 15 days before puberty. About 8 days prior to puberty, 
oestradiol- 1713 levels increased significantly (P<0.02) to a mean of 
6.3 ± 1.3 .g/litre, C(zparable to the normal preovo latorv peak in 
po it-pubertal hei fers. It Was not clcar, however, ifthis ind ,CC- an .isurge 
and ovulation. Progesteromc !evels subsequently rose (P<0.001) to a peak 
of 1.0 ± 0. 1pg/litre on the fourth day, indicating soic hutein isation. After 
the return of the progesterone to basal levels, oestradiol- 17/3 again rose 
significantly (<K0.001) to a second peak of9.0 ± 1.0ing/litre on the day of 
first oestruLs. Following this second peak, concentration of progesterone in 
the plasnia remained high and pregnancy was confirmed in three of the 
heifers. lie second peak in oestradiol- 17/3 concentration had therefore 
been followed by ovulation. A third oestradiol- 17/3 peak (P < 0.02) of 
4.3 ± 0.8 ng/litre occurred 4 days later, when progesterone levels were 
rising sharply due to the formation of a corpus luteum1. The changes in 
oestradiol- 1713 and progesterone on or after the day of first oestrus were 
similar to those observed in post-ptibrtal heifers (Glencross and Pope, 
1981; Glencross et al, 1981) and :,attIre cows (l'chternkiamp and Hansel, 
1973; Glencross et al, 1973, Smith et al, 1975). 

Studies among luox im-its heifers showed that progesterone concen­
tration is low through most of the prepubertal period with two rises before 
puberty ((onzalez- adilla et al, I975a). The first occurred between 18 and 
II days before the IH peak and was thought to be of adrenal origin. 'File 
second, from 9 days before until the day of the 1.11 peak, was assuimed t)be 
of ovarian origin. .chaims et al (1981) also observed an increase in progesterone 
concentration for 8-12 days before first oCstrus in four Brown SWisS heifers 
that attained pubert v at about 10 niontlis old (Figure 5). A fifth heifer, 
which showed first oestrus at 14 moiiths, exhibited a progesterone 
secretion pattern resembling that of a normal corpus luteu in during the 
18 days before first oestrus. Prior to this rise, levels were elevated for 8 days, 
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but Only s llht!x (Figure 5). Similar elevations inprogesterone concentration 
were reported by Berardinelli ct al (1979) who attributed them to small 
luteal tissues, dee'ply embedied in th ovary, which could not be palpated.
This agrees with ( )jcda et a](1980), who stated that, in general, there is no 
compelli'g evidence tr aIrle t adrenal sex steroids in the onset of 
puberty. These initia! rises in priogesterone may establish aphasic pattern to 
.I-I release and/or sensit ise the ovaries to 1.1-1 (Berardinclli ct al, 1979) as in 

somie postpart um,cO Ws. 
The above observations have led to attempts to stimulate puberty. Most 

efforts have tried to sit t,late1the thrMsiCrt rise in progesterone prior to first 
oestrus using implants or daihl injections of progesterone combined with 
oestrogeh or pregnant mare serum gonadotrophin (Gonzalez-Padilla et al,
1975b ; Raiamahendran et al, 1982). Cenerally the treatments have been 
more su,:cesSful in animals approaching puberty. 

2.2.2 Endocrinology of the oestrous cycle 
Figure 6illustrates how the concentrations of the main reproductive
hormones in the plasma change during the cow oestrous cycle.
ivpothalaiic C(;nl1K-I induces the release of both 1+1 and FSH from the 

pituitary (Kaltenbach et al, 1974; Schans et al, 1974). LI.- is released inpulses
(Rahe et at, 1980, 1982) (Figure 7). E'ach LH pulse appears to be in response
to a release of GnRI-I from tie hypothalainus and L secretion can be 
stimulated by GnRl- injections. I.1 induces ovulation and luteinisation of
the granulosal and thecal cells. It also appears to be the principal Lteotrophic
factor in the cow (Peters and lamming, 1983). 

2.2.2.1 Luteinising hormone 
1.11 concentration is low during most of the luteal phase of the oestrous 
cycle, with one pulse every 4or more hours. It begins to rise a few 
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Figure 6. Scbenmatic representationofthe changesinplasmahormone 
concentrationsduringthe bovine oesirouscycle 
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days prior to oestrus. Pulse frequency increases to one or more per hour; 
pulse amplitude, however, falls. The large preovulatory LH peak or surge
that occurs near the beginning of oestrus is preceded by a rise in the 
concentration of oestradiol one or 2 lays before oestrus. 

Randel (1976) estimated the interval between oestrus onset and the LH 
surge to be 0.4 ± 3.4 hours in Brahman cows, 6.8 ± 2.1 hours in 
Brahman x Hereford cows and 5.3 ± 1.3 hours in pure Herefords. Randel 
and Moseley (1977) recorded intervals of 2.0 ± 1.3 in Brahman cows, 
3.0 ± 1.0 in Brahman x Hereford cows and 6.5 ± 1.8 hours in Hereford 
cows. The preovilatorV 1.1-1 su,rge therefore seems to occur sooner after the 
onset of behavioural oestrtts in zebu than taurine cows or their crosses. In 
addition, Randel (1976) estimated the interval between the LH surge and 
ovulation to be 18.5 ± 3.1 hours in Brahman cows, 22.2 ± 2.6 hours in 
Brahman x Hereford cows and 23.3 ± 2.1 hours in Hereford cows. Zebu 
cows thus appear to o'ulate sooner after the 1.I- surge than Ios1im-urs cows. 

2.2.2.2 Oestradiol 

Oestradiol- 17/3 is the pri-cip-. biologically active oestrogen. Randel (1980) 
measured total serum oestroo n (TSO) from 72 hours before oestrus Until 
24 hours after oestrus in Brahman, Brahman x Hereford and Hereford 
heifers. TSO did not differ significantly between breeds prior to oestrus. 
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The highest pro-oestrous TSO level occurred 24 hours before oestrus in 
Brahmans, 8 hours before oestrus in Herefords and 16 hours before oestrus 
in the crossbrcds. The pattern was similar for the lowest levels after oestrus: 
24 hours after oestrus TSO levels were lower in Brahmans than the other 
two genotypes (1)< 0.05) and these lower values coincided with ovulation. 
This finding agreed with data showing that Brahman cows tend to ovulate 
within 24 hours of the onset of heat, earlier than taurine cattle (Plasse et al,
1970; Randel, 1976). Randel's (1980) data also indicate that the oestradiol 
surge has two peaks. Fchternkamp and Hansel (1973) proposed that the 
pre-oestrus rise in oestrogen mediates tile LH release from die bovine 
pituitary, which in turn might stimuhte the second oestradiol rise. 

Glencross and Pope (1981), working with taurine cattle, found that
oestradiol- 17/3 levels are low in peripheral plasma for most of the oestrous 
cycle and rise as the concentration of progesterone begins to fall, reaching a 
peak 3 to 4 days later. Probably the drop in progesterone concentration 
following luteal regression allows the preovulatory follicle to increase its 
secretion of oestradiol- 17/3 (Karsh et al, 1978). In the Holstein heifers used 
by Glencross and Pope (1981), plasma oestradiol- 17/3 concentration was 
low at the start of luteal regression (2.2 ± 0.5 pg/mil), increased to 3.8 ± 0.6
pg/mil the next day and reaclied 6.6 ± 0.9 pg/mil when the concentration of 
progesterone in the blood had fallen to a iinimum. The highest concentra­
tion of oestradiol- 173 (10.1 pg/nl) was recorded one or 2 days after complete
luteolvsis. A similar trend was reported by Wettemann et al (1972).

Glencross et a (1973), Smith et al (1975), Glencross and pope (1981) and 
Hansel and Convey (1983) observed a second, postovulatory, peak in 
oestradiol 5 to 7 days after oestrus (Figure 8). The last authors observed this 
peak in non-pregnant cattle and those inseminated but failing to conceive. It 
appeared to be related to the presence of a large follicle. Its physiological
significance is not clear but the follicle is not destined to ovulate (Peters and
 
Ball, 1987).
 

2.2.2.3 Progesterone 

Mukasa-Mugerwa et 1l (1989), using the ELISA method, found that tile 
concentration of progesteronie in the plasma of Ethiopian highland zebu 
cattle was less than 1.0 ng/nl Itm 2 days before oestrus to 3 days after 
oestrus. Llewelyn et al (1987) referred to this as the "basal progesterone"
period. Progesterone concentration gradually increased from 4 days after 
oestrus (the "rising progesterone or early luteal" period), as the corpus
luteum became functional. It reached a maxinmm of 8.0 to 10.0 g/mIl at II 
to 15 days after oestrus (the "plateau, progesterone" period) and then 
declined (the "falling progesterone" period) to basal levels before the next 
oestrus and ovulation (Figure 9). A similar pattern in progesterone
concentration was reported by Adeyenio and Heath (1980) in White Fulani 
cattle, Edu,vie and l)awuda (1986) in Bunaji cattle, Coetzer et al (1978a) in 
Africander cattle, Vaca et al (1983) in Indu Brazil cattle, llewelyn et al
(1987) in Boran cttle, Randel (1980) in Brahman cattle and their taurine 
crosses and Hansel (198 !) in 1Holstein heifers.
 

Coetzer et al (19 78a) observed a drop in the concentration of
 
progesterone in the bh", d of zebu cows about 13 days after oestrus.
Similar observations were made by Erb et al (1971) and Schams et al (1977)
in taurine cows. Coetzer et al (1978a) associated the decrease with 
mid-cycle follicle growth and development. They also found a small,
but consistent, peak in progesterone concentration, 18-25 hours after the 
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preovulatory LH surge, the time of ovulation. If consistent, this could be 
used to determine more precisely the time of ovulation. 

Randel (1980) noted that progesterone concentratien was generallv 
lower in Brahman and Brahman x Hereford crosses than in purebred 
Hereford heifers. Between-breed differences in progesterone 
concentration have sometimes been suspected to arise from differences 
in ovarian size (Adey'emo and Heath, 1980; Irvin et al, 1978; Segerson et al, 
1984a). The exact relationship is, h.owever, not clear. Randel (1 984), 
for example, sug ested that the lesser responsiveness of the ovaries of 
Brahman cows to gonadotrophic hormo e dCtring forlation of a corpus 
luteum might also re:sult in a smaller corpus luteum. Nevertheless, the 
corpora lutea of B-rah an and Bralitnan x Hfere ord cows had similar total 
progesterone contents. The Brahna,1I corpora lutea seemed to have 
compensated for the small size. In fact, the activit, of 3/3-hydroxy'steroid 
dehydrogenase, the enzyme responsible for converting pregnenolone to 
progesterone, was greater in corpoIra I]utCa f'lm lrahnan cows. 

2.2.2.4 Prostaglandins 

Oestrus usually occurs I to 5 days after the corpus luteurn starts to regress. 
The regression of the bovine corpus luteum is brought about bv the action 
of prostaglandin I ,2' (P( ,2,r) (Knickerbocker et al, 1988). )obson and 
Kanonpatana (1986) suggested that the variation in this interval is duC 
partly to diffe-rences in the time ovulatory follicles take to develop and 
mature. Views on1 the growth, distribution and selection of follicles in the 
ovary differ. Choudarv et al (1968), )onaldson and Ilatsel (1965) and 
Marion and (;el (1971) suggested that follicular growth is continuotis and 
independent of the phases of the Oest'otlS cycle. Natton ct al ( 1981 ) thought 
that ulmbers (>t follicles dho not vary' betsween stages of the cycle. In 
contrast, Rajak(?kli (1960) suggcstel that antral follicles grow anti regress 
th roughotit the estrous cycle in two waves: tile first ends around day 12 
and is folhlwed by at resia; the second culminates in oCstrus. 

There is little information about prostaglandin concentration In 
zebu cow.s. Studics in the buffalo showed increases in prostaglandil 
concenliatioll ill lood plasmna and milk from 250 tc) 900 pg/nil over the 2 or 
3 clays prior to0 nestmiS (Baltrl and lIanceV, 1983). Similar increases (150-750 
pg/nil) were reported for the tac rine cow by Klindhal et al (1976). lciquist 
and Kilhal (1981) give olrlll'e informationl Oi the use of prostaglandins in 
animal reprodctitI1(11. 

2.2.3 Endocrinology of prcgnancy 

Wien a cow coticeives, plasma ad 1tilk proIgeterAlon0e I,:,,eis rise as ina 
normal oeStrOLus C\'cle but ii stead of decli iing at about 15 to 18 days after
oestruIs, irClaini high flr the rest of' the gestation period, preventing ftt rtlie, 

ovatiall cVclCs (l),etcrI-s anti I.amming, 1983). \Vorking with Holstein ieifers, 
Hansel (198 1)notedl thlat 1ugular plat;ita prog.sterolle concentratitons wrT 
higher (P < 0.05) in pregnant than cyclic non -pregilant ailimals 10 cavs 
after nestrus (I:igurc 10), ini icati ng that tiet bovine blastocvst is able to 
stimulate gst,hteil NV nithe'sis by as cru ais the 10th lay atTcr CIlCCI.ptioll. 

In a SttlV of th hio d prolgester'llClclI' during the gestation period 
of Ft11 ipi all zebtLi cows, I\ul a-NIlgerw, .111d A,W Tc'egegiC (1989) 
([igure il) obsCrv'cd a trend sitilar to that found bY Agarwal et al (1977, 
1980) in I farVaia Z/ebu and (oetzer et A (1978b) in Africander cows. 
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Figure 10. Merin (± 1).j411arplasua progLeroneco~lcetltrtionsill 
pregplzill, C)'C/ic ti itnsnliflel'd ron-"pregnan heikis (thuing -in 
I8-dti(r'period 

o----o Pregnant n = 18 1/

....... Inseminated, non-pregnant n= 12 
 t 
-* Uninseminated control n = 17 

E 

2 4 11,r 1' 14 I tta,17 '11 
Days 

Source: Hansel (198 1). 

Progesterone levels inl Ethiopian zebu cows were high (over 5 ng/ml) until 
thle last 12 to 18 days of pregnrancy. This was followed by a decline to 
3.7- 8.2 nlg/nil one to two days before parturition. Hashmnat and Shiehata 
(1982) observed that progesterone levels declined to 1.2-2.0 ng/il dluring
the last 12-24 houirs before calving and Were less than I nig/rnl 24-48 hoursafter deli very iii local Fgyptian cattle. Thle differences in progetrn 
COnlcentrattonl amlong thle Studies probably reflect breed and/or assay­
techitque variabtlit'x'. 

AlIthough thle corpuLIs LIt uinI remiains1 active thrlou~ghIout pregnancy its 
weight atnd progesterone conltent do not perfectly reflect changes in Jugular
plasma progesterone, id icating an extrai-ovarian Source (Er eta,17)
Abortion can be Induced using pIOStalglnc in 1, a (1l:G V ) prior to 
120 days Of pre'gnla0Cy (I )obSOnl and Kamtonpatana, 1986). After this time,
both thle placent; (Melampv et al, 1959) and( adrcnals (\Venclorf et al, 1983)
Canl prod..ncrogCsterone. lProgesterone front these Sources probably 
maintains pregnancy after nild-terin ovariectomyi (Estergreen et al, 1967).
These Sources probably also accou nt for the low abort ion rates after 
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1'igure 11. .lh'ttl ( +_./::il ).llcqll/hl cI/n-otnllt'sl'ohze CCllilis ill Zelb 
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adinistring tprostaglalndins ,at 120 to 250 days Of gestation, and tile 
ad nIllistrattlol of PC( IS flonttvr St,CCCSSflIILl tilafter 250 da\,s of' 
pregnancy (Johilsoll, 198 I) 

(]o)tzt,r.t a1 (1978b) i-rLi- t1cdthat tlile Vc'ofLIu1ctOnlugatCd O)t,'trt1CilS 
was lovw (193 to 267 1)- till])andc f airly ctat~~nt dluring pregnancyll lli 
Africandcrf caIttle, BC-t\VCCn 2a11d 0 I)tO's tile Ic\'Cf 1CicesedI(IV <rt<> dClI\V'-
sh arp ly to 27 1 t o!i2 3 tp il]. T he' t)Cr li111t ISCO IIIta',b lI- tijp ,u le to tile 50 1p 1t/ 
obtah1*1CC b V,Stel~fIlu t al ( 178)lot-Angus and H-erford beef cow s. 
Tw o dlays 1, 1 1u IC\'CI lab ilised W ithitio ll til e. 
little val'iatlion bCt\VCell illdilId , rb ct al (i 

le 1t'ar tar-OLu nt{ 110 p !,/111, 
l:. 97 1 ) ha~d nloted the Same 

t 'C i'll i a u CaIttIle..)stanl l lll~ Oft I'O ,l ;o P r -oLiLC e.dI n t:I .ull t Il lIIltS t ' ,t.l)S a rct. 

hi'tie bovine t)LaCCnta afLTc100 dayVs 0ft'lrC11I,lnIcv (Vttilh liVC'IICt a1,1960; 
Inlwworth amll R van, 190,; Rober~ctsom ni in,,, 1979; F".',uilS1L anld Wal-Illel',
 

198"1; Shldtol 111LIStilllii1.'l,,1983 ).
 

224 Maternal recogiion of pre~gna-ncy 

T ile a C t i11t I,'t' 1 i'uC()g lliti o nlo f g llan cy' a rc'tC.' l l 111S 5I hil o ' k C d IllIllaltt:1lla p r'e, 

no01 ftill\uildei-StlO O .I t()\Ve\ CIr, IL un1 itat)t)car Siet. CS,al'v th at ()c l'P tlS Ul~lt 
fu n cti~llISl lI n lalt,1 theI IH ; 'i.b etC,lild (11) CYClic releaXse I aI .C'l 0'LI 
lt-IrnihlatCLI, I)Ir~ lta 1i11h1LIilltlIt be StOtI)IcLI tif-OlI l,IItile COr-I)L~iSreaC I" 
h.ltt.t 0.1r IIt, b$ ,lll n1Ltl -t.Ced ItoChICA tile. 'lll, SOl StI CCl. t[bo'S C . CVC I l ctio nl 0 
Pr-ost lIS. IS ,uI-S>C'CtCd th all t e~ OII)l d opt,l ltIld It LTlCt S bC't\\c'cll tilt, e\'el in. 
CO nICC'PtuS a 11ti 1Maternal S\It e, inlO VC L.T he i C1,'tll Sre-C,llarIT, Si~i ulatiilg 
tile estab lish m et'l 'llin ct. oifrIC01lI n 'v and lllaililt . ill cattle ILtl~t b et. 

d l beforeC III IIIu b ed Clt )tC, Ce tilt.'Id etC t, 
early tilbryon~ic mortality (Sege-son et a], I98-ha). 

u.1tt Ot(/ tC'C CS, 11 [ t c,\.,,l t o rT LLu IIIC 'f 
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Plasma progesterone levels are significantly (P <0.05) higher in 
pregnant than cyclic non-pregnant Holstein heifers by as early as 10 days
after fertilisation (see Figure 10). Shemesh et al (1979) found that tile bovine 
blastocyst call produce progestcrone, some testosterone and limited 
amounts of oestradiol- 17/ by day 13 to 16. Blastocysts 15-17 days old are 
also able to convert androstenedione to oestrogen in vitro (Eley et al, 1979).
Oestrogens have a lteolytic action in the cow (Wiltbank et al, 1961; Eley et 
al, 1979). 

Homogenates of sheep embryos (Martal et al, 1979) and sheep 
couceptus secretory protein; (Godkin et al, 1984) can extend corpus luteum 
function and cycle Iengtli wheii administered into the uterine lumen of 
cyclic ewes. Thus, in sheep the pre-iniplantation emibryo appears to 
produce a luteotrophic ';ubstance that contributes to the maintenance of
early, pregnancy b di' cc".' stimulating progesterone secretion by the 
corpus tutetim. In c-ttle too, Knickerbocker et al (1986) found that treating 
cycling Holstein cos with cOriceptus secretory' proteins extended the 
life-span of corpora lutca and inter-oestrus interval. Ai evaluation of 
spoitaneois prOstaglandin respoInse suggested that proteins svithesised 
and secreted b. the boivine conceptus accoimmodate luteal maintenance 
duririg early gestation \ ia,1i1attenuation of prostaglandin production. In 
sheep and co,,,s, iest rolen, which is luteolvti' in the late luteal phase, mar 
idi rectly induce uterine pro)staglandin synlthesis. The role of the einbronic 
hormoneC, which the abOve substaIIce apIears to be,may be to counter the 
lrtic action of thelpWostaglaidi,;s. FuI'tl ICrdetails on the subject and tie
 
proteins secreted are presented iII Roberts and Parker (1974, 1976), Laster
 
(1977), Segerson et al (I98-1a, 1984b), Thatcher et al (1984) and Roberts et al
 
(1985). 

2.2.5 Endocrinology of the postpartum period 
The interval between cal virig and conception depends on the 
re-establishment of normal ovarian cycles after calving, the occurrence of 
oestrous behaviour at tlie appropriate time in the cycle., and the pregnancy 
rate following service (Peters, 1984). 

The interval between parturition and ovulation is characterised by
sexual quiescence (postpart Urn aIIoestr'ts). Tihe dtrration of this interval 
vxarres \vithi breed, 111ilk Vicd level, animal age, stickling or lactating status, 
nutritional level before and after calving, season and associated photo­
per;odisii, climate, health status and calving difficulty. f these factor's, 
Inu" rition antisucklIg appear' h very inpo,'atit.

Schalleniergr t l (97)noted thatpregnancy reduces te sensitivity 
of tihe ptuitar 5' to R. Sensitivit (f the pituitary to nRH icreases 
Oni gridtiilly,f ter calving. TIre resuoptio ifovarian rclicitr depends 
i thle tsrablish met of a ptlisati le pattern ofII secretion (Pleters and 

larnrliing, 1983). the observed delay is due, probabr, to their being 

isufficieIIt oest rad il t( 'ince tile pre-ovtilatory [A Istirge (Peters et at,
1981). 

2.2.5.1 Luteinising hori1ione 

Peters and Lamming (1983) est;nated that a pulsatile pattern of LH 
secretion with a frequtiCnery (if 0.25 to I per hiotIr appears to be a prerequisite
for tire fir-st ovulatiin postpartuii . This results in g'auall v increasing 1II 
coricei Iration bfoIre tile first [I- stirge. Hansel and Ali a (1984) stated that 
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the frequency of LH pulses is due to increased frequency of pulsatile
releases of GnRH and that the factors aff-',ting the duration of postpartum 
anoestrus also affect the time taken to est .olish the pulsatile pattern of LH 
release. Peters and Lammi ;(1986) thought that changes in gonadotrophin
concentration may be brou 'tabout by cho ges in pituitary responsiveness 
to GnRH during the postpa, um period. The time at which the pulsatile
releases of LI-I appear and pituitary sensitivity in'reases varies among
breeds and is also affected by suckling. 

Tile exact mechanisms by Which suckling interferes with tile 
Iiypothalanms-y'pophysea axis are not wvel defined (Hanzen, 1986), but it 
is unlikely that teat manipulation alone can alter L-I release patterns in the 
cow (Williams et ill,1984). Other factors, such as the presence of the calf or 
social interactions, might be necessary before teat stimulation has an effect 
(Hanzen, 1986). Sucling reduces the frequency and amplitude of LI­
release (Carruthers and Hiafs, 1980), pituitary sensitivity to GnRH 
(Carruther's et al, 1978) and the puIsatiIC release of Gni(1-1 by the 
hypothalamus (Catothers et al, 1980).

Suckling probably inhibits 1.1-I .d ;nRl IIrelease and their action 
rather than their synthesis (Hanzen, 1986). Both the hypothalamic
concentration of GnRH and the pitu,itarv concentr'ation of LH are similar 
in milked and suckled cows (CarrtIthers et all, 1978; Saiduddin et al, 1967;
Graves et al, 1968). Suckl ing can also inhibit the positive effect of 
endogenous or exogenous oest,'adiol on the release of pituitary L-I (Short
et ill,1979; Stevenson et al, 1983). Temporary \wean ing (48 hou rs) may,
however, increase plasma 1I-I concentratiol((Walters et al, 1982a), but LH 
concerntrationl falls to previous levels within 4 hours of call return (Walters
et al, 1982b). Suckling delays I.-I release and reduces the amotint of I1 
released in response to C 1RI-I injection. Temporary call removal can,
however, enhance the total am1ount of 1Ireleased Inresponse to Gn RH 
injection (I )unn et il,1985).

Using sIckled beefcows, Rawlings et al(1980) noted that the maximum 
magnitude and freqjtiency Of 1.I-peaks occurred 10 to 33 days before the 
initial increase Of plasma progesterone, i.e. when there was a marked 
development of large follicles and a large variation in oestradiol-17/3. These 
and similar observations have led researchers to (i) :;uggest that there might
be a deficiency of Gn 1 doring the early postpartum period and (ii) 
attempt to stimulate ovulation and ovarian cycles by repeated injections of
Gn1H (Peters and L.amming, 1986) in orderto simulate the events of th 
preovulato ry period. RestihIs from GnRI Itreatment have been inconsistent 
(Riley et all, 1981 ;Walters et al, 1982b; Edwards .ial, 1983). The number ofanimals, whether milked or suckled, that respIod positively to G 11 
injection increases diring the p1ostparttiiii1 perioTd. Suickled cows are,
however, less likely to respond during the init:a11 5 days than milked cows. 
This difference IimInin ishes during subsequtient weeks (It-anzen, 1986). After 
this peried tlle nagn ii of GiRI-- inliced 1.11 release appears to be 
directly proportional to follicutilar development (Smith et al, 1983). 

2.2.5.2 0estradiol 
It is difficult to monitor pulses of oestradiol- 17/3 in the Jtigular vein. Peters 
and Lamming (1986) reported unlpblished work in which cann ulaC were 
insertetL into the posterior vella cavil, anterior to the junction of the ovarian 
veins, tIf recently calved cows. Oestradiol- 173 plses, both naturally
occurring and induced by three-hourlv injections of GloRI, were detected: 
similar ptlses cotuld not be registered inthe jugular vein, although int reases 
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in oestradiol concentration were measured. It was concluded that the early
postpartum cow is sensitive to GnRH-induced gonadotrophin release and 
responds by secreting oestradiol. 

2.2.5.3 Progesterone 
Two types of luteal activity have been observed in the postpartum cow. Fiftyto 80% of milked or suckled dairy cows exhibit an initial luteal phase in which
 
increases in plasma progesterone concentration are of shorter duration atnd
 
progesterone concentrations 
are lower than in the normal cycle (I)onaldson ct 
al, 1970; Schanis et al, 1978; Odde et al,1980; Peters and Riley, 1982). This is
referred to as tile short lteal phase and lasts 6 to 12 days. The second Lteal 
phase lasts about 14 days and tends to have lower than normal progesterone
levels. This dual progesterone pattern occurs even alter GnR- challenge
(Fonseca et al,1980), early weaning (Odde et al, 1980) or limited suckling
with (1Iunn ct al, 1985) or without ;niRH treatment (Flood et al, 1979).

Tribblc ct al (1973) thoutght that progesterone can be released from 
follicles that fail to ovulate. Scharus et aI (1978) felt that short progesterone 
cycles are caused by shortage of 1.1H or its receptor However,no 
differences in plasmla I l.lconcentration are o+bservCd before or after an

oCst rts asso)ciated with a short cycle (Ramirez-G dinez et al, I9 82a).

Troxel ct al (1980) ski.Cested that tile short life-span may be the rcsult of 
short CuR H-inrdluced 111 surges. Alternaively, the ainOunt of I.H 
receptor and lnber of granulosa cells inay not be sufficient to g'ive
optimuni response to this Ituzcotrophic,. stimlu ls (Channing et al, 198 1).

Hanzcn (1986) poihltCd out that the corpus luteunm from a cow with 
regular cycles responds po)sitive1v in vitro to 1.!1H addition but that a corpus
luteum forlmCd after (;n RI in ccti.on does not. This may be due to luteal 
tissuC of th latter [)Cin, tnable to recognise 1I (Kesler Ct Al, 198 I. It has 
been shown that the ill sit) mcsponse of the postpartun co)rpus luteumL 
du ring the first tlrec Ce k is relatetd to the integrity of lutcal tissue at the 
time of removal (1)ub. ct 11,1985). "llesC observations s. igcst that there 
may be prelature lttCol VSis duc t) I (;:,(StsvnthesisCd after caIng 1v 
caruncu lar uterinCe tissue ('lOXeC aid Kesler, 1984). It has bewen suggest'Cd
that ONVttchri can mciCasc pr ocltctionof PGFMI (a nietabolite ofof( )
and lead to earl ier lutcolh'xis (Troxel et al, 1984). Whatever th1e cause, tile 
abnolrmal short cycles can l etlt illincreased early cvembVronic mnortalitV 
(Ralmirez--Godin(.z et al,1982b; 'I'ro)xel Ct al, 1983).

In a study of 20 postpartum plt,riparous Blraliunari cattle, RUitter aiid 
RancId (1984) reported a higher incidence of abnormal cycles after the first 
eat than the scond (35,. vs 5" ,'1'<0.05). It was suggested that the higher

incicccc o a)biorral huteal ftriictioI fCllowing the first and secolnd 
Pt stpart urn cycles contributes to lower conception rates in aninrals bred 
durllthe first ofr Second postpartul heat. 
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3. PUBERTY, OESTRUS AND PREGNANCY 
3.1 Puberty 
Pubert, iS Igiradual quatMIFative phenomenon rather than an acute and 
qualitative enlocrinological event. It OccurS when the gonads begin to 
sucrew s1u fficient StCroids to accelerate the growth of the genital organs and 
tlC dvclopiiient of scondarv sexual characteristics. Post and Reich (1980)
defined pubrt v in /h~ h S hCifCrS in AuIst ral ia as the age at which'.1I 

plasma progstCrone levels iacl 1.0 ng!inl. 

3. 1.1 Importance and estimates of age at puberty 
Age at puihrt y ISal detetrniinant of rcpro)ductive Cficiency.
 
Mallycicr ,espcially 1.ur1lt1, call reach pubertv ,N
and breed fairly

satisfactorily at one sen 1 t.Ilowever, the cost of hieving this varies
 
ailloilg brCed anild I1leifCrs with tilea1llicifCrS within the salle breCd. 
inl)0irn ability to rCaCh Iubci'tv, leIssearly thlns attain pujbcrtV and breed ait 

cost thal tiho)se with later iilecict age
at puibcrty (Brinfs, ntl.).


su'trocs f A ubert, in lfo. iltl 
 l.cattle in the tropics and
 
sulltr<)pI~c" range between 16 ald 40 months (Table I). /?o. 
 indiciuscattle reach 

'laible I. 5
u'Ulc ('\/iflla/,.,,/iq"a ,'(1//et'(r <h, I os indicu( ilt,/inthec tropics 

Breed lAcAli I11 S) (11s(ilits)1(,11 O I'cC 

Boiall KcnIva 15.6 onningci. a]( 972) 
Africander lonisiana (USA) 18.1 IcRvinilds ctil(19603) 
M,ishiin.i ( :citral Africa 19 Rakla ct al(1970) 
Sok0)to( ;Udah Nigcri1 19.0 23.5 ( )Vedipct Ll (1982) 
Brlhinaln Florida (USA) I9.4 Il.lisl. cL,i 1 96198a) 
Anigoni :Ceniral Africia 20 RKala c't1]( 1970) 
Alricancr (enirll Alrici 20 RaI,.cLal (1970) 
Kankrci India 22.5 Fnlsoiidcr ci,](1984) 
Zebu tliopi, 22. Alberr)( 1983)
 
Brahman VCnCIL1a 23.3 ()'titil'Z et aI(11974)
 
Boran x SaIlIiwal I'allalia 26 Micladlllcai.nd \Vorrall (1970)
 
Brahiiall I .Ilti anua (USA) 27.2 ItoCVnld ct Il ( 1963) 

1 lalvalla Indii 10 't (196 I)Alui c .1I 
Zeb Solia 31.5 Aria and ( rishit'ri (1980) 
Gir India 36.5 Malk aiid ( ,li (1977) 
Red Sindhi Inidi. 36.7 McI ),,wel ctiI197(i) 
Ankofel Kvalnda 37 ()o'i 1903 )
 
\Vhite ulai Nigcrli, 40.2 KiluSCi intl So)hlie (1970) 
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puberty later than k-)s laiwS X I3os hidicujs crossbreeds or purebred
taurine cattle (Table 2). This is due to genetic and environmental factors,
including nutrition, disease, temperature and season of birth. These factors 
affect heifer growth rates. 

Table 2. 	 ,"O htr'I'sli /t (,( /ll( ti.t'Ui(),l Bos taurus C'(lditCUir)o&Ls 
uil) Bos indicus /1)jpo il lhet///usamlsubthroics 

Breed 	 Location (months) Sucrstiatee 

Brown Swiss Rwanda 8--15 Compere (1963) 
Jersey 	 India 14.1 ± C.- 4 Mcl)owell et al (1976)
 
Angus USA 14.4 
 Reynolds et al (1963) 
3/4 BIs lwinrtscross India 14.5 ± 0.23 McI)owelletal(1976) 
Brahman x Angus USA 15.3 RcYnoldsetal(1963) 
1/2 IoshJllltuns cross India 15.3 ±40.23 Mcl)owell ct al (1976) 
1/4 IBiShlll/'l. cmv1,, I idia 16.8 ± 0.46 Mcl )owcll ct al (1976) 
Brahinan 	;XShrthrn Fhida (USA) 17.0 Plasse etal (I 968a) 
I'FIcroj, , l'tiopia 17.0 ± 1.5 Alberro (1983) 
Africander x Angs USA 18.1 Rev nolds eta] (1963) 
3/4 Friesian x 1/-1 

zeb/.u Trinidad 19 Duckworth (1949) 
Bralian I Iorida (USA) 19.4 Plasse et al (1968a) 
Pure Flriesian Nigeria 19.5 KnudsCl and Sohael (1970) 
3/4 lric 	 in x 1/-1 

White I:ulalni Nigeria 20.0 Knudsen and Sohacl (1970) 
1/2 [riesiati 1/2 

White Inlani Nigeria 21.2 Knudscn and Sohatl (1970) 
CrOSstbreeIt',s South America 22.5 L.inares ct Al (1974.) 
Bralhial x (riWllo South America 23.3 Ordornez ctal (1974) 
CroNhbrccds Somalia 24.5 Aria and Cristofori (1980) 
Ankole x Jersey Rwanda 26.5 Co111"ere (1963) 

3.1.1.1 	 Genetic factors affecting puberty 

Age it puberty varies among species, breeds and even strains and families. 
On average, the zebu reaches pit lbert' 6 to 12 nionths later than 13os t/uiws
cattle (Wartiick, 1965; Wiltbatlk ct al, 1969). lttperate taurine breeds of 
dairy cattle reach putberty at 30 -40', of their ado It body weight, compared
with 45-55',, for beef cattle (HIafez, 1980). In contrast, tanched Boran zebo 
heifers in Etlhit pia do not attain pulberti until they reach 60% of their adult 
bodyweigh t. /ebki iMi fers raised traditionatllV attaitIed puberty at an even 
higher percentiage, of adith wcight. 

Estimates of the heritabilitV of ,age at puberty range from 0.20 to 0.67 
(Arije and \Viltbanl, 1969; St1it et al, 1976; L.astet et il, 1979; Rathi, 1979;
Werre, 1980; lonstra, 1982; King et il, 1983). 1leritabilitv of weight at 
piberty tranged frotn 0.30 to 0.4-. 

Several studies, paiticularlIv anitong tal rine cattle, have attempted to 
relate age at puberty with otler productioll traits. \Verre (1980) found 
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strong, negative genetic correlations between age at puberty and measures 
of growth: faster growing heifers reached puberty earlier. Genetic 
relationships with average daily gain to weaning, weight at puberty and 
yearling weight (-0.31 + 0.82,-0.44 ± 0.41 and -0.25 + 0.70, respec­
tively) were stronger than the phenotypic correlations (-0.13, 0.07 and 
-0.03, respectively). Thus, heifers growing faster for genetic reasons are 
likely to be younger and heavier at puberty. Arije and Wiltbank (1971) and 
Steffan et al (1983) reached similar conclusions. 

Wiltbank et al (1966) observed that the breed of sire and dam and their 
interaction affected age and weight at puberty. Laster et al (1972) thought 
that both heterosis and maternal effects (lactation and mothering ability) 
affected age, but not live mass, at puberty. 

Reynolds et al (1963) estimated the average age at puberty in Brahman 
heifers in Louisiana, USA, to be 27.2 months, compared with 14.4 months 
for Angus lifers. The estimate for Angus x Brahman crosses was 15.3 
months (26.4% heterosis). McI)owell et al (1976) calctlated heterosis in age 
at puberty to be 18.4% among Red Sindhi x Jersey crosses inIndia. 
Ordonez et al (1974), working witl, 3rahman x Criollo crosses in Latin 
America, ascribed the heterotic effect on age at puberty to better growth 
rates in the crossbreds. 

3.1.1.2 Environmental factors affecting puberty 

NIIIIritioll mu oldi('tll-'ctfg 

The major factors controlling the onset of puberty are body weight and 
growth rather than age (Sorensen et al, 1959; Boyd, 1977; McDonald, 
1980): until heifers reacb a particular (target or critical) weight, oestrus is 
unlikely to occtIr. Short and Bellows (1971) observed high pregnancy losses 
and low milk production in heifers that were fed poorly prior to puberty. 

Poor nutrition sAignificantly delays ptiberty inboth zebu (Morales et al, 
1977; Mancio et ai, 1982; Oyedipe et al, 1982) (Table 3)and taurine cattle 
Uoubert, 1954; Sorensen et al, 1959; Bedrak et al, 1969; Short and Bellows, 
1971). 

Table 3..\t e wid u' iit at /)lt)(' (t1( ucfiti)ttctlptio,1 a/en tq 'c'rjatt .elt he-
oil higb, Iledillill (IIt lou' lev'els (?/'dt'eliY1'[-olett iiitake 

Hight Medium .ow 

Age at puberty (days) 570.4 640.8 704.2:' 
Weight at pu,berty (kg) 207.1 187.0 161.7 
90-day' conception rite (1%') 58.8 27.8 16.7:" 
Weight at conception (kg) 240.0 240.2 248.0 
Age at conception (days) 624.3 759.0 930.8 

,

III III )i I I ncc I,ct,-%vcct% C,I :ItI II.t Ig i m tI ' 0.05. 

IIad low [at.im , c :mi.imcd I S0, 100 Ili 41(1 tl'IChilgh, II'ditim estimated requirements,respectiveIy 

Source: Ovedipe ta (1982). 

Heifers on a high-protein diet are often younger and heavier at puberty 
than those on a low-protein diet (Sorensen et al, 1959; Wiltbank et al, 1966; 
1969; Garcia and Calderon, 1978) and are more fertile after puberty. 
However, although poor nutrition delays ptuberty, very high levels of 
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feeding do not necessarily result in earlier puberty than adequate levels. No 
data are currently available that indicate how much energy or protein zebu 
heifers need daily to achieve a given weight and puberty at a given age. The 
role of nutrition on pubertal development is detailed in Chapters 4 and 6. 

I)iseasc'(ifl/)(Wsitehi nrhn. 
Post and Reich (1980) studied the effects of parasite burden and repro­
duction in 212 heifers from 10 breed groups in Australia. The animals were 
grazed in 4 groups: (1) control with no treatment for gastro-intestinal or 
ecto-parasites; (2) treated monthly with an acaricide against ecto-parasites; 
(3) treated monthly with an anthelninthic for endo-parasites; and (4)
treated monthly with both acaricide and anthelninthic. By 25 months, 197 
of the 212 heifers had reached puberty (Table 4). Weight at puberty differed 
significantly (P < 0.05) among treatment groups but age did not. No 
significant interactions were recorded bLtween breed and treatment for 
either age or weight at puberty. Similar data for traditionally raised zebu 
cattle, in which both problems are often more prevalent, are not available. 

Table 4. Iff'wc u/aceiricide mid i1lc'/mj,'ilhIc traIminc'll oil (I[c (lil/d 4''llhli a 

Number Age (days) Weight (kg) 
attaining

Treatment n1 puberty Mean Range Mean Range 

No treatment 50 45 557 413-735 253 158-338 
Acaricide 56 47 533 328-760 253" 169-330
 
Anthelminthic 50 
 50 511 390-670 262 

'h 169-398 
Anthelminthic 

+ acaricide 56 55 522 340-735 274", 163-360 
Overall 212 197 530 328-760 2611" 158-360 

In ll tl lean %eiglht CotIllllii, ni iwirit t a st' olle tmollmi l super s+cipt are differcnt (P <0.05). 

Source: Modified from Post and Reich (1980). 

3.1.2 Anomalies in age at puberty 

In some heifers, first oest'us, conventionally the first sign of puberty, is not 
followed by ovulation and a nunlber Of"oestrotis periods may occur before 
the start of persistent cyclic ovulation. This phenomenon of "adolescent 
sterility" was referred to bv Rutter and Randel (1986) as non-pubertal 
oestrus (NP0) - behavioural oestrus without subsequent development of 
functional luICal tissue. 

NP(O was demonstrated by Macfarlane and \Worrall (1970) in1 
Boran and Borari x Sahiwal hei fers in Tanzania. The NIP) period was 
significantly longer (1) < 0.001) dIiuring the dry season (Table 5) which 
stiggested that nutritional status might be involved. 

O 43 Simnental x Hereford-Brahnan heifers studied by Rutter and 
Randel (1986) in Texas, USA, 27 (62.8%) exhibited NI() after their first 
behavioural oestrus. NIP) tended to be more common in light-weight 
heifers than in heavier heifers (P = 0. 12). 
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Table 5. Intemal between fht o, .ts and ovtaftion inlBorat and Boran X 
Sahitt'clheiet inl Tanzania 

Interval C.V. 
n (days) (%) 

Rainy season 56 67.0 

Dry season 24 103.4 24.5 

Source: Macfarlane and Worrall (1970). 

After first oestrus (puberty), the ability of heifers to conceive improves 
with age, reaching optimum levels at sexual maturity. Thus, although 
oestral activity was exhibited at 15.6 months in Born cattle at Muguga in 
Kenya, first service was delayed until 21.7 months (Ronningen et al, 1972). 

3.2 The oestrous cycle 

3.2.1 Oestrous cycle length 
Tile oestros cycle comprises all events related to reproduction occurring 
between two periods of sexual activity. But this definition can be erroneous 
in tile cow as it overlooks silent heats, which Plasse et al (1970) found in 
26% of Brahman cows studied in the Florida Gulf Coast area of the USA, 
and fails to accommodate very early embryonic mortality, both of which 
can increase oestrous cycle length. 

Several efforts have been made to define the length of the oestrous cycle 
of zebu cattle. Anderson ( 1936, 1944) reported the normal range to be 17 to 
24 days in zebu cattle in Kenya. Cycle lengths within this range have since 
been reported by several other investigators (Table 6). 

Cycle length has generally been determined by monitoring cow sexual 
behaviour but similar information can be obtained by palpating ovarian 
structures or by ecasuring progesterone levels (Martinez et al, 1984; 
Llewelyn et al, 1987). Cycle length varies among breeds and animals within 
a breed. and with season, nutrition, disease, age, management and cowproduction status. For examtle. Zak= et ai (19'1) -malvsed 379 oestrous 

cycles of 4- to -vear-old Buiiaji (White Fulani) and Bukoloji (Sokoto 
Gudali) covs in Nigeria. Average cycle length was 22.87 ± 0.70 and 
23.76±0.65 days, respectively. There was no significant (1)>0.05) 
difference in cycle length between the breeds within season but cycles were 
significantly longer during the dry (pre-rainy) season than at other times of 
tile year (P< 0.01). A similar trend was observed by Ra kha and Igboeli 
(1971) in Central Africa. Rectal palpation of aninals failing to return to 
oestrus showed that 55% had developed quiescent ovaries. Ovaries were 
functional in the remaining 45% but it was not clear xvhat proportion might 
have been exhibiting silent heat. The associated bodyweight changes that 
would have given more information on the physical Londition of aninals 
failing to shr'w oCstrtus were not reported. However, Bakei (1967, 1968) 
observed that Sahiwal X Shorthorn heifers showing oestrus were heavier 
(P <0.01) in any month than anoestrous heifers (Table 7) and Bartha (1971) 
reported 1mre irregular cycles in Azaouak cows that had high milk yields or 
that had lost a lot of weight postpartum. 

Zakari et al (198 1) found that about 43% of the oestrous cycles occurred 
during the rainy season, 25% during the pre-dry, 19% in the dry and only 
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Table 6. Some estima -s oJ'oestroUtscrce lentgth in Bos indicus cattle 

Breed 

Zebu 

Africander 

Zebu 

Indu Brazil 

Azaouak 

Zebu 

Dangi 

Nganda 

Garre 

Bunaji cross 

Angoni 

Small East 

African Zebu 
White Fulani 

Grade 

Sahiwal 

White Fulani 

Boran 

Zebu 

Bunaji 

Red Sokoto 

Z,bu 

Zebu 

Table 7. ,,eraiPt', 

Location 

Cuba 

South Africa 

Zambia 

Mexico 

Sahel 

Kenya 

India 

Uganda 

Somalia 

Nigeria 

Zambia 

l'thiopia 

Nigeria 

Kenya 

Somalia 

Nigeria 

Kenya 

Kenya 

Nigeria 

Nigeria 

Cuba 

Ethiopia 

Estimate 
(days) 

17-31 

19.3-21.7 

19.6 ± 1.2 to 

22.0 ± 1.5 
20 ± 1.9 


20-22 


20.1 

20.4 0.2 

20.9 + 1.4 

21.5 

21.5 ± 3.4 

21.9 

22.2 ± 6.0 

22.4 ± 0.7 

22.42 

22.5 

22.9 ± 0.7 

23 ± 0.4 

23.03 

23.4 ± 2.7 

23.8 ± 0.6 

24.2 ± 10.7 

25.1 ± 6.0 

Source 

Martinez et al (1981)
 

Coetzer et al (1978)
 
Rakha and Igboeli (1971)
 

Vaca et al (1985)
 

Bartha (1971)
 

Anderson (1936)
 

Purbey and Sane(1978a)
 

Rollinson (1963)
 

Aria and Cristofori (1980)
 

Johnson and Oni (1986)
 

NCSR (1970)
 

Mattoni et al (1988)
 

Johnson and Gambo (1979)
 

Andc.'son (1944)
 

Aria and Cristofori (1980)
 

Zakari et al (1981)
 
Llewelyn et a! (1987)
 

Anderson (1944)
 

Johnson and Oni (1986)
 

Zakari et al (1981)
 

Ma.rtinez ct al (1984)
 

Alberro (1983)
 

bo dyujc)t ." e)U:tntf8 (111(1 cuoesl nis ,ouhui'/l X Shorlhorn 
hc'i/i,tN, (w't'nts/ud, ,.\utt /thi, ,vui'c,,nh',r l()()./ t.1]/tw 190i 

Average bodywcight (kg)
 

Month 
 Oest roIs hei fers Anoestrous heifers 

November 1964 313 284 
December 335 273 
January 1965 315 291 
February 320 258 
March 321 301 
April 331 289 
May 358 
 306
 
June 337 314 

Source: Baker (1967). 
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12% in the pre-rainy period. In India, Purbey and Sane (1978a) recorded 
that about 40% of the oestrous cycles in Dangi cows occurred in the 
summer, 34% in the winter and 26% in the monsoon season. These 
differences might have been due to fluctuations in nutrition level but the 
periods when oestrus was irregular and less frequent were also characterised 
by low relative humidity, high ambient temperature and increased sunshine. 

Kaikini and Fasihuddin (1984), using Sahiwal and Gir cows in India, and 
Hutchison and Macfarlane (1958), working with Boran and other 
unspecified zebu cattle in Tanzania, found that 3 to 7.5% of pregnant cattle 
exhibit a gestational oestrus. These are aberrant cycles with no ovulation or 

R ) RIandel. corpus lu tetMn formation I 
Texas A & M
U ni,et
S Mv,* 

College 3.2.2 Oestrus durationiexas, UISA, 
.....
a.. USA 	 The mean duration of oestrus in zebu cattle is around 10 hours, but with a 
......
i'ati... 	range of 1.3 to 20.0 hours (Table 8). Estimates of the duration of oestrus in 

Bst(WVL 1s cattle iII the tropics and subtropics range from about II hours to 
about 15 hours (11, 1l et al, 1959) with intermediate values being reported by 
Esslemont and Bryant (1976) and Blanton et al (1 957). The wide variation in 
the duratie: of oestrus in zebu cattle partl~v reflects variation in the 
observation methods and actual breed peculiarities of oestrus in zebu cattle, 
some of which are highlighted below. 

'able 8. .'. l' 'JIMS', )//)(' eliTlljIu( /, I. 1 " (0/1Is'/iil 

Breed .(Ialin -stimlat Source(hours) 

Zebu Kenya 1.3 to 4.78 Anderson (1936) 
Nganda Uganda 2.2 Rollinson (1963) 
Small East 1-thiopia Mattoni Iet2.53 to 7.36 al (1988) 

African /'ebu 
White I:ulani Nigeria 3.1 ± 0.2 .ohnso and Ganbo (1979) 
Bunaji Nigeria 3.6 + 2.2 Johnson and Oi (1986) 
Blukoloji Nigeria 4.03 ± 0.96 to) Zakari et al (198 ) 

10.70-± 0.92 
Zebu lthiopia 4.5 ± 2.2 Alberro(1983) 
Brahman USA 4-6 Warnick (1965) 
Buiaji Nigeria 5.15 ± 0.92 to Zakari et al (1981) 

11.44 
Brahiani USA 6.7 + 0.8 lPlassect al (1970) 
Buinaji cross Nigeria _+2.8 jlohnsul and C.)ni (1986) 
N'Dama Ivory Coast 8- 9 Ralainbofilinga (1978) 
Zebt, (Cntral Africa 13.3 ± 0.22 to Rakha and Igboeli (1971 

16.5 ± 1.0 
Shorthorn Australia 13.4 - 0.7 Baker (1967) 
Zebu Cuba 14.3 f. 3.1 Solano etal (1982) 

ZCbL (Cubim 15.3 + 41.3 ,lartiLi il (198-) 
Zebu crosses latin Aierica 15.3 + -1.37 Morales et a](1983) 

ZCbu ( uba 15.3 + -4.4 M,:rtineCZ cta (19)S I 
Angoni Z7amnbia 16.3 N(CSi (1970) 
Baotse Zambia 17.4 NCSi (1970) 
Zebu Mexico 20 ± 1.9 Vaca et al(1985) 
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Heat stress catvs Inw intens;:y Jestru:, i. zebu and, sometimes, lBos 
tautrnscattle raised in the tropics (de Alba et al, 1961). NCSR (1970) and 
Cuq (1973) also noted that oestrus in zebu cattle tends to be subdued, with 
few external signs. In a general review of oestrus in tropical zebu cattle, Cuq
(1973) estimated that 30-40% of oestrous activity occur; ed at night, which 
agrees with the 34.8% reported by Rollinson (1963) anong NJanda cattle 
in Uganda. 

Rollinson (1963) calculated the average duration of tro-oestruIs and 
meta-oestrus to be 14 and II hours, respectively, compared with 3.5 ± 1.5 
and 2.8 ± 0.7 hours obtained by Baker (1967) for Saliiwal X Shorthorn 
crosses and 3 to 3.5 hours by Ma ttoni et al (198S) for the Small Fast African 
Zebu in Ethiopia. 

Rollinson (1963) found that although cows may remain attractive to 
bulls for an average of 27 hours, they stood for service for only 2.2 hours. 
Nearly a third (3 1.2%) of the heats started between 0600 and I00 hours. 
Cows were ,n'st active soon after day-break. Similar observations were 
reported by Zakari et al (1981) in Nigeria and Solano et al (1982) in Cuba. 
Orihuela et al (1983) (observedthat tp t( 63, of nounts occurred at night
(1800 to 0600 lirs) in zebu cows in Mexico. All these studies show that many
of the heats start when animals are CollfinCd for the n i gIt and would be 
Undetected by daytime observation only. Noreover, in the cooler 
Ethiopian highlands, Mattoni et al (1988) observed that, although 63% of
 
heats started during the day, m)untilg activity was greatest when cows
 were not grazing. TherC thus appears t be a I)recd X Cnvirmnt
 
interaction on oestrus manifestatioI in zebu Cows. I1igh lavtiIle
 
temperatures and the 'Iced for feed appear to have a strong influence on
 
oestrus onset.
 

Oestrus cai,. preventcd by psychological influences (BoVd, 1977). An
 
animal used to being bullied m1ay be inwilling to stand for riding, as will
 
animals with painful esions of tihe limbs or back. I-Lunger or extreme
 
weather conditions may prevet an an iinal from expressing heat or
 
non-oestrous animals from mnounting those in oestruLS. These factors act on
 
both the male and the female. 

3.2.3 Oestrus detection 

Accurate detection of OCStllmS is essential for effective reproductive 
management, particu lary where artificial insemination or hand mating is 
practised. Poor heat detection can cause Increased levels of apparent or 
managemental infertility.

1Ir a controlled breed ing experiment in Sri Lanka, Abeyratne it al (1983)
found that most farmers were llaware that their aninials were displaying 
oestrous cycles. About 10',"of tile 1ni-pregnalit niiiimals were in heat when 
examined prior to treatment. In imany cases animals had been seen in heat,
served, and assunled pregnant, auid stibsequent oestrotis cycles were 
overlooked. M.iy of tie farII'I1CI'S kept ,MhI uic or two breeding females, 
either tethered or confincd. ThCy used nia:lv bcl hWing, restlessness and 
mucous discharge or nioun tiiig by the btill to iientify oestrus. Zenijanis
et al (1969), working in VcnezuelI, estimated that 90,;, of animals thought 
to be anOestrOtis W'ere actuall\v cyclin'.

The heat detection Method uLsei shoulud idlent ify oistrus simpl\y,
accurately and positively. Successful Iiat iete t ion is possible only, when 
cows can be correctly identified, proper records are Maintained, stockmen 
atre properly trained and sufficient time is spent watching for oestrus. 
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Esslemont et al (1985) recommended that in order to improve heat 
detection among I sltimr'uscattle, it is useful to watch for heat three or fotr 
times a day, leaving not more than 8 hours between visits. Such a system
improves heat detection rates to 80% (Table 9). In a study of 1460'oestrous 
periods in 270 h-olstein-lIriesian dairy cows and heifers ilI.ouisiana 

Table 9. 1I"*/'( / )/ nnnulN'/ ti/ /mhi ',s it/ (ti /im 'ti//t'lh'tll(/ ' u llminloll; 
[A9I1 1 ,'1)(l,T , 	'Murml',(Wl'.'
 

Number of I)ctcction
 
observations ()bservation tirc rate P-)
 

2 0600 I800 	 69
 
3 0600 1400 2200 84 
4 0600 1200 1600 2000 86 
5 0600 1000 1-10 1800 2200 9! 
2 0800 16003 54 
2 0800 ISO0 58 
2 0800 2000 65 
3 0800 1400 2300 73 
4 0... 200 100 2200 80 
4 08 -I 120 1600 2000 75 

Source: [ssfelnmunl al(19c5). 

(USA), 1la1l et A (1959) ttiLtlld thlt 10"- mor01e oestroItiS periods were 
detected if the Co\*s wcre checked t1 rC times daily (a,0600, 1200 and 1800 
hours) than when ceckCd twice a day (at 0600 and! I800 hours). A fourth
 
Check (at 24030r,)rested in an increase of' nealyh 20", comupared to
 
twicC-daily, checks.
 

OCstrts,,can I:
detected by visual, nou-visual, hormonal and lapara­
scopc meanCs. \Visual mNet1hts are c'eLed extelSivel' here becauIse then'
 
constitute some od the first steps for improving reproductive perf.ormance.
 

3.2.3.1 Visual methods and aids to heat dctcction 

Elsslemont et al (1985) identified tic folhwing pattern in the oestral 
behaviour 	of taurule cows: 

.icking and rubbing each other. 
* Sniffing the vagina of another cow. 
* NIutual chin resting. 
* l.ining up to Mount ttother cow. 
* Mounting another cow. 
* Starding to be mounted by another cow. 

This is a general pattern only andllint a seqtuence of events to expect in 
individual cows. In taturine or taurine X ZCbu cows the most characteristic 
signs to look for are standing to be IOunted atnd ounilting head to head. 

Other signs of heat are less reliable. Cows in ocstrus tend to be restless 
and nervous, and to feed less, and their nil k productiout may alsokfall. TheY 
sniff the vul va or urine of other cows. They bellow, lick an1d bunt anI 1nayV
urinl1 Iretl1 ueithlV (dribblilri). In large herds a Iw, usuatllv restive,liore 
cows t.I to congregate and itouilt eatch otlteC. Aii malIs standitig for 
mounting often develop a ruffling antd abrasion of tile' hip, rulpor pin bone 
hair (niutid. ribbed back and sitLes). So,"te cows Iischlarge copi uS 
quantities of iLiucus from the vagina. The vulva of an oestroLis cow 
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may become swollen, soft and reddened, particularly if the cow is
 
repeatedly mounted by a bull.
 

Changes in the amount of oestrogen secreted by the cycling cow are,
probably, the main Cause of variations in the visible signs of oestrus. From 2 
to 3 days before oestrus until oestrus, oestrogen increases blood supply to
the uterus and increases uterine tone and turgidity, relaxes the cervix,
increases cervical MUcus production and the number of endometrial 
glandular cells and initiates oestrous behaviour. Therefore, shortage of 
oestrogen may L'ad to failure or reduced intensity of oestrus symptoms, or 
short oestrus. Alternatively, low levels may fail to trigger the luteinising­
hormone surge necessary for ovulation and the mature follicle would 
become atretic or cystic.

Rollinson (196.) found that zebu cows remain attractive to buil, for 
12.1 to 38.3 hours, with variations both within and among animals. Over 
this period cows were successfully mounted an average of 4.4 times (range
1-11).The total nu,mber of mounts, including those without intromission,
averaged 9.5 (range I-28). The author "::ygested that the limited number of 
actual, rather than attempted, nioMnts was dLuIe to the short duration of 
oestrus relative tc' pro- and meta-oestrus in zebu cattle. This is supported by
lsslemont and Bryant (1976) Who found that taurine cattle, which tend to 
have a longcr oestrtus, werc 11ou4'nted 56.3 ± 34.8 times. 

Oestrus is difficult to detect in zebo cattle, probably because their 
highly organised social hierarchy is disturbed by changes in management,
such as the introdtuction of a teaser bull not known to the her'd or removing
animals from their natural environment. Galina et al (1982) reported that 
zebu cattle do not allow themselves to be ridden repeatedly. Anima!s 
studied averaged onl1 I inount per hour compared with 2.8 mounts per
hour for Charolais. Mattoni et al (1988) estimated an average of 8 mounts 
per hour for the Small Fast African Zebu but with a range of I to 58. Up to 
5% of heats were characterised by a single mount. 

The nntiber of cows in heat at any time, and the type of bull or teaser, 
can also affect oestrous behaviour. [or example, Esslemont et al (1985)
observed that among lostIwiruls"cattle, the nutuiber of moun ts per cow tends 
to be greatest when three animals are in heat at the same time, and then 
declines. Johnson and Oni (1986) observed oestrous behaviour if,Binaji

and Bunaji x Friesian heifers over 96 days using either vasectomised bulls 
or herd-mates as teasers. The animals were watched from 0600 to 1200 and 
1300 to 1800 hours daily. The nuLber of mlounts per heifer over the study
period ranged from 68 to 170. Crossbred btills mounted crossbred heifers 
more than did Bunaji bulls Ofr herd-mates: they averaged 28.3 ± 5.3 mounts 
with crossbred heifers, compared with 24.5 - 4.9 and 22.0 + 4.6 mounts 
by Bunaji bulls and herd-mates, respectively. The pattern was the same with 
Bunaji hei fers, crossbred bulls averaging 21.4 ± -4.6 mounts compared with 
18.6 	 ± 4.3 and 16.4 ± 4.1 mounltlS by the other two teaser types.


De Alba et al (1961) noted that some zebu cows refused to be mounted
 
more than once dturing oestrt,s. Orihuela et al (1983) also observed that 85% 
of riding behaviotIr was by cows in heat. Some zebu cows change their 
oestrous behaviour when confined. Ina study of 10 prinuparous 3-year-old
Boran cows, l.lewelyn et al (1987) found that behavioural signs were only
27% accurate in indicating oestruis, although this appears to be a very low 
estinate. 

Ina studV of ovarian function and oestrous behaviour involving
15 oestros cycles of 5 zebu heifers in Zimbabwe, Symington and Hale 
(1967) observed clear sticky mucus in the vaginas of 5 heifers 2 days 
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before oestrus and of 3 heifers 2 days after oestrus. At other times the vagina
contained varying amounts of cream-coloured mucus. The volume of 
mucus was less and its consistency looser during the luteal phase of tile 
cycle. In a study of Ethiopian Highland Zebu type cows, Mattoni et al 
(1988) found mucus discharge in only 64% of the oestrous per:ods. The 
appearance of the mucus may at times be haenorrhagic. Larger amounts 
tend to be discharged when the oestrous cow mounts others, lies down or 
urinates. It can thus be easily missed, especially at night. At other times, tile 
only evidence of vaginal mucous discharge may be a pasting of the tail 
and/or legs. Therefore, althougl vaginal mucus discharge can be a useful 
indicator of oestrus, it is not precise. 

The intensity of signs of oestrus appears to be related to conception 
rates. Hall et al (1959) used a scale of I to 3 to score intensity of oestrus: 
1. 	 Thin, glary vaginal discharge, nervousness, and unusual interest in
 

herd- mates
 
2. 	 More intense periods with increased vaginal discharge, considerable
 

excitemCnt ad mounting of other females
 
3. 	 The animal stands to be mounted, with or withott the symptoms given 

for (1) or (2). 
In a study 3/4 -folstein-Friesian x 1/4 zebt, cows, Morales et al (1983) 

observed conception rates of 66, 50 and 93% (P < 0.05) in animals showing 
weak, moderate and strong signs of oestrus. 

The fact that few herders are properly trained to detect heat, the 
difficulty in identifying the signs of heat in zebu cattle, the large variability
in tile duration of oestrus, plus the reluctance of some bulls to mate, all 
make heat detection a major problem in peasant herds. These herds 
comprise few animals, sometimes a single cow, an ox and a yearling bull or 
a heifer. In such cases thc best chance of detecting cows in heat would be at 
the commt, nal graziing pastures when animals interact with others from 
elsewhere. v-IoWever, daytime observations alone will miss those animals 
that exhibit oestrus at night, i.e. roughly one-third of the herd. In addition, 
animals are often not taken to pasture Until late morning. As a result, several 
heats would be missed, some cows fit for insemination may not be 
presented, a few would be inseminated when they are actually pregnant and 
some would be inseminated during the luteal phase of the oestrous cycle.
All of these factors contribute to poor results where artificial insemination 
or hand mating are used as tile breeding methods. Several devices have, 
therefore, been developed that aid visual recognition of oestrus. Some are 
discussed below. 

7?illctiii mmrls 

In the tail-paint-mark system, a strip of paint is applied to the rump of the 
cow: When the coW is mounted the paint becomes scuffed or cracked. For 
large taurine breed cows tile paint is applied in a strip 20 cm long and 5 cm 
wide running from a point 12 to 15 cm behind the level of tile tuber coxae 
towards the tail along the mid-line. Anatomical variations between breeds 
may lead to slight differences in the best position to place the paint mark. 

The paint is stripped into the hair and s11otld reach the skin. The animals 
should be examined at least daily to determine whetl r,"they have been 
mounted. WitI experience, the cracking pattern of the paint can be used to 
estimate the time at which the animal was in heat. 

Although several special paints or pastes are commercially available, 
ordinary high gloss enamel, paste or water-based paint can be used 
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successfully. Where ordinary household paint is used it should be applied 
every 3 or 4 days. 

Kerr and McCaughey (1984) found the tail painting method to be 88% 
accurate in a study in which oestrus was also determined by regular 
progesterone assay. Smith and MacMillan (1980) reported 99% accuracy,
33% higher than the rate of detection by farmers using behavioural 
observation alone. Given the ease with which these paints can be acquired, 
they should be used more often. 

CNiH!NIdls aim t<tm11(scN
 

Chinball tral kers or harnesses (1FImore et al, 1986) consist of a halter, worn 
by tile bull or teaser, with a built-in "roller ball" or crayon that leaves a strip
of paint on the back of the cow after mounting. The crayons must be 
replaced reguLarly. If commercial crayons are not easily available, crayons 
can be made from beeswax (20%), stearic acid (15%), oleic acid (10%),
mineral filler, suh as asbestos powder or talc (50%) and pigment (5%). The 
pigment must be insoluble. A softer product can be made by reducing the 
proportion of stearic acid relative to oleic acid. 

Chinballs or harnesses are normally used on "prepared" teaser animals, 
e.g. epididectomised or vasectomised bulls, bulls with an amputated penis,a penile deviation, a preputial stenosis (pen-o-block), or a penis which is 
anchored posteriorly or ventrally to the scrotum, and steers injected with 
oestrogen or testosterone. 

Androgenised cows (treated with male hornmnes) have been used as 
teaser animals. Kiser et al (1977) administered testosterone for 20 days
(inducing regime) followed by a maintenance (lose every 10-14 (lays.
Alternatively, a single intra-muscular injection of 200 Ing testosterone 
anathate can be used, followcd by a booster after 3 to 4 weeks (personal
experience). SLch cows, which should not be milking, marked others in heat 
as effectively as surgically prepared bulhs. Nymphomaniac cows or heifers 
that are cystic can also be used as teasers. 1-1 ackett and Lin (1985) used 
oestrogen, in addition to testosterone, to prepare teaser cows. 

Because they actuallv serve the cow, vasectomised bulls can transmit 
venereal diseases. Their libido may also decline when they are Used over 
several season:. Bulls with a deviated penis offer a safer alternative since 
they mark cows without intrornission, but they may also lose libido and a 
few have been observed to serve cows by mounting at an angle.

Three or four teasers should be used per 100 cows. They should be 
worked in groups with frequent rest. Bulls within iagroup should be moved 
frequiently to avid tile formation of favourite, tnits. 

,1I -kilti Wt('/) c/ cl eC 

The marking web device is a simple and ,ciiable oestrus detection aid 
recently reported by Broadbent et al (199). It is constructed from a piece of 
calico (8.5 x 8.0 cm) and an 8.5 x 2.5 cm :trip of household tape, covered 
by a layer of black ma.,stic, stuck across the calico. The device is fixed to the 
sacral region of the cow or heifer Using a suitable adhesive. Pressure from 
the chest of the animal muounting peels the mastic from tile underlying tape.
When tested on two groups of heifers kept at pasture (n= 22) or indoors 
(n = 134), tile device was found to be 86 and 59% as accurate, respectively, 
as four times per day visual observation; there were 14 and 41%, 
respectively, of false positives, but no false negatives. 
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3.2.3.2 Non-visual methods 

IRectalp/pation
 

An experienced practitioner can predict when a cow is likely to come 
into heat by rectal palpation of the ovaries and uterus. Care has to be 
exercised in examining z,:bu cows because their ovaries tend to be smaller 
than those of /us iriius cows. Rectal palpation is more effective in heifers 
because their ovaries tend to be smaller and smoother than those of older 
cows and the corpus Luteum (CL) and follicles can thus be identified more 
easily. Rectal palpation is particularly valuable because bulls may fail to 
detect heat in some cows with apparently normally functioning ovaries 
(Symington and Hale, 1967). This could arise from silent heats, bull 
exhaustion, too many cows per bull or the physiological inability of oestral 
cows to attract bulls. 

Five stages can be differentiated by rectal palpation during a 21 -day 
oestrous cycle: (I) pro-oestrus (days 17-20), (2) oestrus (day 1), (3) early 
meta-oestrus (day 2), (4) late meta-oestrus (days 3-6), and (5) di-oestrus 
(days 7-16). 

l)uring pro-Oestrus, a growing follicle and a regressing CL can both be 
felt. They may be on the same ovary or on different ovaries. The uterus 
feels swollen alnd its turgidity is increasing. Such a cow should be expected 
in heat in 1to 4 days. For increased accuracy the cow should be palpated 
every 6 to 12 hours. 

During oestrus the ovary has a mature follicle and a C1. that is almost 
completely regressed. On palpation, the uterus is very turgid, or responds 
by toning uIp. Oxvtocin released after gentle palpation catuses the smooth 
mtzsctulatu re of the oestrogen-sensitised uterus to contract. Rough 
palpation can, lowever, cause the release of adrenalin, which would inhibit 
this response. The uterus must, therefore, be massaged gently to elicit 
response (Studer, 1975). When this condition is observed, the cow should 
be inseminated. 

In early neta-oestrus, an ovulation fossa or depression can be felt on the 
ovary. However, this can be difficul to detect unless the ovaries have been 
repeatedly palpated near to oestrus to establish the presence, size and side of 
the follicle. There are often no other palpable structures, but it may be
possible to detect a regressing CL and small follicles. ihe uterus is swollen 
and the tone decreasing. Such an animal can be expected in heat after 19 
days. L)Tring late meta-oestrus the ovary has a new developing CL from the 
previous ONtilatiOn. Uterine tone is greatly decreased. Such cows can be 
expected in heat after 15 to 18 days. 

In di -oestrus, ovaries have a mature CL and small follicles may or 
may not be palpable. The uterus is flaccid. Such cows can be expected in 
heat after 5 to 14 days. 

A common problem in the zebu is failure to estinia'e the age of tile CL. 
Symington and H aw (1967) suggested that the aberrant behaviour of the 
zebti CL. may indicate that ovarian hormonal activity is less intense or that 
the morphological changes of the ovary are less pronounced than in tatirine 
cattle. 

The follicle is smooth and fIltIctuant and blends evenly into the ovary. Iii 
contrast, the C. is liver-like (friable) in consistency and often has a clear 
line of delarc'at ion between itselff and tie ovar\ anid, often, a crown. The 
CL also tends to change the size and shape of tfe ovary while the follicle 
usually does not. 
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Cel 'icl'or iUt'gihl 1c1)tis cZIC1yw t lljol chmrac'rlisics 
God and Rao (1971) studied the characteristics of 88 samples of mucus,
collected at different stages of the oestrous cycle of zebu cattle in India, and 
concluded that their crystallisation pattern (arborisation) could be used to 
detect oestrus. 

In samples of cervical and vaginal mucus collected daily from day 16 of 
the oestrous cvcle until ovulation, Alliston et al (1958) found that the 
crystallisation patterns before and after oestrus were "fern-like", and were 
more visible near oCstrus than during the luteal phase. This pattern
appeared 3.5 days (84 hours) before oestrus and started to decline befoce 
ovulation. Crystallisation patterns of vaginal mucus were less reliable 
Indicat( )rs of'ocstrus than those of cervical mucus in a study in which the 
pattern was also related to rectal palpation findings (Bane and Rajakoski, 
1961). 

Although oCstros and ovulation were associated with "fern-ldie" 
patterns of air-dried cervical mucus from cows in Zimbabwe, I)onkin
(1980) observed that the same patterns ma', occur at other time. in the cycle.

hbanrnan1 and SorCnsen (1967) found tie inucous patteIrn meth i~ useful
 
only for pregnancy diagnosis.
 

Cervical mucus 
glucose content was studied by Symington and Hale
(1967) in zebu helifers in ,hodesia using Clinistix strips (Ames). Pooled 
information rom all animals iiidicated a tendency for the glucose test to be 
more positive on day 0 than at other ties. However, there was a large 
variation in individual rcsults, leading to the conclusion that cervical in ucus 
glucose content is of little predictive value. 

(,6rjic'dI (/ / lIiY 1 )1(I/s/11/I "s/U"l'tll c /'()c/ / /I 'I1' 

Changes in the electrical resistance Of mucus in the anterior vagina can be 
associated with oestrus in cattle. In a studY of three cows, Metzger et al
(1972) found that electrical resistance was lower at oestru,s than during
di-oestrus (P<0.001). 1cidl and Stolla (1976) made a similar observation.
 
Electrical resistance was well correlated (r = 0.92-0.99) with milk
 
progesterone levels iil Honlstein cattle diring the 4 days before and including
oestrus (Heckmann et al, 1979). This agreed with Gartland et al (1976) and 
McCaughey and Patterson ( 198 1). Foote et al (1979) inseminated 58 dairy 
cows on the basis of iow probe readings and obtained a pregnancy rate of 
52% versus 49'%o for 86 controls inseminated following the normal artificial 
insemination rOotinie. 

Symington and Hale (1967) stained Mucus from the fornix area of the vagina
of 5 zebu heifers i tIn I.eishmain 's stain. The preparations were examined 
InicroscopicalY ( x 100). There was little variation inthe cytological
characteristics of the mucus throughout the oestrous cycle. In contrast,
Cuq and Pessiiiabe (1979) reported that oestruis could be detected in zebu 
cattle using the differential staining properties of vaginal smears and the 
demlonst ration of cvtoplasmic lipids (histochieniistry') in vaginal smears or 
urilna-V sediments. Thev f1OLIld the histocheniical method to be more accurate 
and was therefore recolillendcd sinice Urine saniples are easier to obtain. 

\"t~lll llt I~ /'I -I''
I/co~l Id/ 0l W ctitle/ I(1m1[c(1(11 we1"
 

Using a self-retaining heat-flow probe, Abrams et al (1973) measured the 
thernial conductancc of tine vagina of four jersey and one Angus X Holstein 
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heifers I to 2 hours before and 4 to 5 hours after injecting 3 mg oestradiol­
17(3 intravenously. There was an oestradiol-1713 induced rise in vaginal 
thermal conductance that appeared to result from an increase in the rate of 
vaginal blood flow. This technique is not widely reported elsewhere. 

Bane and Rajakoski (1961) reported observations by others that the 
average vaginal temperature of the cow increases gradually from the start of 
oestrus to a maximum after about 12 hours and then falls to the di-oestrus 
level. 

Hurnik et al (1985), using infrared image display equipment, observed 
that the area enclosed by the 3 7 "C isotherm on the glu teal region of 27 
Holstein/Friesian cows tended to increase at the beginning of oestrus. The 
technique was, however, hampered by frequent false positives (33%) and 
inability to detect heat in 7% of the animals. 

Ball et al (1978) measured rectal temperature of 10 cows each morning 
and milk temperature at morning and evening milking over 40 days, in 
order to determine the best time to inseminate, with or without standing 
oest:-us. The best determination was based on the observation that milk 
temper ature was at least 0.1 "C higher during oescrus than before oestrus. 

Zust (1966) and Schilling and Zust (1968) reported that cow intravaginal pH 
tends to decrease during oestrus. The pH was nearly consti.nt during 
di-oestrus, ranging from 6.86 to 6.98 at the cervix, from 7.26 to 7.38 at the 
middle part and from 7.54 to 7.71 at the caudal part. Tile pH at the cervix 
decreased from 7.0 to 6.72 one day before oestrus, with a further decrease to 
6.54 at tile beginning of oestrus. The lowest pH (6.45) was recorded at the 
end of heat, immediately prior to ovulation. 

3.2.3.3 Hormonal changes 

Radio-immunoassay (RI A) and enzyme-linked immunosorbent assay 
(FLISA) enable prompt study of ,endocrine events. For example, the 
characteristic changes in blood or milk progesterone and other hormone 
levels can give an accurate indication of tile time of cestrus (Hill et al, 1970; 
Dobson et all, 1975). Some FIISA techniques take as little as 5 minutes to 
yield results. HOwever', saimples must be taken frequently and this is 
impracticable under farm conditions. Moreover, the results may also 
require careful iI terpretation and, thus, adequate training of operators. 

3.2.3.4 Laparascopic techniques 

Many internal organs can be examined using the laparascope without 
causing extensiye traula (Wilson and IFerguson, 1984). The laparascope has 
been used to study tile r'eproductive organs of many species, including cattle 
(Megale et al, 1956; Lamond and lolnes, 1965; Wishart and Snowball, 
1973). Although the tech niqne can be used to detect oestris accurately 
(Ireland et ill,1980), it requires sophisticated equipment and training and is 
thus of little us, to farmers a1d most field practitioners. 

3.3 	 Gestation length, parturition and 
uterine involution 

3.3.1 	 Gestation length 
Gestation is tile period froiti conception to parturition. Estimates of the 
gestation length among Ius idicius cattle average 285 days (Table 10), 
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Table 10. Soie esimat'su/thc,w,,tafion 'iodill Bos indicus catll 

Estimate
 
Breed location (days) Source
 

Zebu Ethiopia 275 Glenn et al (1963)
 

Arsi Ethiopia 276.2 ± 6.2 Swensson et a (1981)
 

Sahiwal India 278.1-289.5 Sinha etal (1982)
 

Garre Somalia 279 Aria and Cristofori (1980)
 

Zebu Ethiopia 279.8 ± 1.7to AzageTegegn etal (1981)
 
281 ± 2.2
 

Zebu Cuba 281.5-287.7 Rodriguez etal (1983)
 

Zebu Vrious 283-291 Mcl)owell (1972)
 

Highland zebu Ethiopia 283 ± 4.8 Mukasa-Mugerwa and
 

Azage Tegegne (1989) 

Kankrej India 284 ± 5 Fulsounder et al (1984) 

l)angi India 284.7 Purbey and Saie (1978b) 

Sahiwal Somalia 285 Aria and Cristofori (1980) 

\Vest African West Africa 285.3 Sada (1968) 
Shorthorn 

Angoni Zambia 285.9 NCSR (1970) 

Angoni Zambia 285.9 ± 13.2 Rakha et a1 (1971) 

Kenana Sudan 286 ± 0.2 Saeed et al (1987) 

Red Sindhi India 286.3 Ghose et al (1979) 

Mashona Zambia 286.5 NCSR (1970) 

Zebu Sudan 287 EI-Amin (1976) 

N'l)ama Ivory Coas 288.2 Ralambofilinga (i978) 

N'l)ama West Africa 288.5 Sada (1968) 

(;ir Brazil 289.7 Carregal (1975) 

Sokoto Gudali West Africa 290.5 Sada (1968) 

Highland zebu Ethiopia 291.0 ± 37.2 Alberro (1983) 

Brahman USA 292.8 Plasse et al (I 968b) 

A fricander Zambia 297.5 NCSR (1970) 

which is within the range of 270-292 days reported for Ibs Wallt-Is cattle 
(Andersen and Plum11, 1965; H-unter, 1980; Bazer and First, 1983; Rodriguez 
et al, 1983). Mcl )ovell et al (1959) suggested that gestation tends to be 
longer in animals with a high proportion of zebu breeding. 

Gestation length is largely determined by foetal factors, with some 
modification due to parity and maternal environment. Ordonez et al (1976) 
gave tlae heritability of gestation length in zebu cattle in .atin America 
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as 0.10, with a repeatability of 20%. Other estimates range from zero to 0.71 
in taurinc cattle, with most estimates between 0.25 and 0.50 (Andersen and 
Plum, 1965). 

Egbunike and Togun (1980) noted a breed effect and Rodriguez et al 
(1983) observed that gestation averaged 281.5 ± 7.25 days in dairy cows. 
compared with 287.7 ± 9.23 days for beef cattle. Ordonez et al (1976)
reported a significant effect of sire and dam of calf, sex of calf and year of 
calving and a significant sex of calf x parity interaction among zebu cattle 
in Venezuela. Bazer and Fi:st (1983) found that when embryos of short 
gestation breeds were transferred into dams of long gestation breeds, 
gestation was identical to the gestation average of tile breed of the embryo,
indicating the influence of the foetus on gestation length. This agrees with 
the findings of Sinha et al (1982), who calculated a gestation period average 
of 289 ± 3.2 days in Sahiwal cows bred with Sahiwal semen, compared with278.08 ± 1.46 days in those bred with Jersey semen. Gestation was loger 
in cows carrying a crossbred male foetus (280.5 ± 1.85 days) than in those 
carrying a crossbred female foetus (277.0 ± 1.89 days), wille the reverse 
was true for purebred foetuses (291.6 + 4.6 days for females vs 286.0 ± 0.71 
days for males). The observation th' male calves are carried for I to 5 days 
longer than females has also been made elsewhere (Plasse et al, 1968b; Brito, 
1973; Carregal, 1975; Chhabra and GOSWva11i, 1980; Jainudeen and Hafez, 
1980; Azage 'l'egen et a], 1981; Chandrainohan and Bhat, 1981; Khalafalla 
and Khalifa, 1)83). These differences, however, tend not to be significant. 

Gestation for t winus tends to be 3 to 6 days shorter than for a single birth 
(Bazer and [irst, 1983) and heifers conceiving younger tend to have slightly 
shorter gestation periods (11afez, 1980). 

Lobo et al (198 1) observed that, in Brazil, gestation length was 
significantly affected by year of calving but not genetic group (proportion 
of zebu blood), in1on th of Lairing, parity or lactation length. E1-Amin et al 
(1981), however, fou nud a significant effect of month of calving in Red 
Butaria cows in Sudan. Bartha (1971), working with Sahelian zebu cattle, 
and Carregal (1975), using Gir cows, failed to deriIonstrate significance due 
to season and 'l'avlor et al ( 984) found that season, calf sex, year of calving 
and darn parity were not important sc'.irces of variation in gestation length 
of Malvi cattle. 

3.3.2 Parturition 

Parturition is initiated by the foetus. This conclusion is based on the 
observation that defects in the foetal brain or adrenal gland prolong 
gestation in sheep, goats and cattle (Bazer and First, 1983). 

The foeti.- pituitary releases adrenal-cortico-trophic !ormone (ACTH) 
which stiiulates tile foetal adrenal gland to increase release of cortisol. II 
the cow, increases in foetal cortisol concentrations precede but parallel 
increases in oestrogen before deli ery (H uniiter et ill, 1977). Foetal cortisol is 
therefore partly responsible for initiating parturitioi because it induces 
oestrogen synthesis in tile placenta and elevated levels of prostaglandin F2 oe 
(PGF,2(), which results in the regression of the corpus ItitetIin of pregnancy.

PGF,a (or its analogues) causes abortion when adminiiistered di Ing the 
first 120 days of pregnancy and induces delivery in I or 2 days when
adiinistered after 250 davs. Between 120 and 250 days it appears to have 
very little effect (SchultZ and Copeland, 1981), or the incidence of abortion 
is lower, probably due to extra-ovarian sources of progesterone. Similar 
effects can be achieved by adminiitering ghLucocorticoids, Which tend to 
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mimic foetal cortisol by altering placental steroid synthesis (Wagner, 1 80).
Long-acting glucocorticoids can be used between day 120 and day 250,
while short-acting glucocorticoids are more effective from day 250 to day
280. Administering both glucocorticoids and prostaglandins, either 
simultaneously or 10 days apart, resul:s in termination of pregnancy 
irrespective of the stage of gestation.

Parturition in cows often takes several hours (Bazer and First, 1983;
Mukasa-Mugerwa and Mattoni, 1989). The first stage lasts 2 to 6 hours and 
the delivery stage about 30 to 40 minutes. The placenta is usually expelled 2 
to 6 hours after delivery. Rao and Rao (1980a) calculated the average time 
for the expulsion of foetal membranes in Ongole cows and their crosses to 
be 5.16 ± 0.20 hours. 

Delivery involves the coordinated rhythmic contraction of uterine 
smooth musculature, involuntary contraction of abdominal muscles and 
softening and dilation of the birth canal. Smooth muscle contractions are 
initiated by an increase in intracellular c 'cium under the influence of
oxytocin and prostaglandins. Althog-h relaxin is known to control the 
relaxation of the birth canal in swine, its exact role in cattle is not known. 

Rao and Rao (1980a) calculated the mean weight of the membranes in 
Ongole cows to be 2.62 ± 0.08 kg, which is comparable to the 2.4 kg
obtained by Mukasa-Mugerwa and Mattoni (1989) for Ethiopian Highland
zebu. Foetal memnbrancs were approximately 10-I 3% of calf weight and 
0.66-1.0% of dam weight at parturition. Oi average, there were 
91.56 ± 2.16 cotvledons per placenta; this is within the range of 70-142 
noted for other Cattle genotypes. 

3.3.3 Uterine involution 

Uterine involution in cattle takes 23 to 35 days (Dennis and Gachon, 1974)
in two phases (Tennant et al, 1967; Donkin, 1980).

Bastidas et al (1984) found that uterine involution took an average of 
33.0 ± 1.0 days iin Brahman cows in Venezuela, and was influenced by
month of calving (P < 0.01) and cow age (P < 0.05). Rao and Rao (1980b)
estimated that, in Ongole cows, complete vulva involution took 20.2 ± 1.64 
days, cervical involtition 34.1 ± 2.61 days and involution of the gravid and 
non-gravid horns 28.20 ± 1.45 and 21.50 ± 1.23 days, respectively.
Involution was more rapid in purebred Ongole cows than ill those crossed 
with Jersey, Brown Swiss and Holsteins. Involution tends to be accelerated 
by walking.

Kadu and Kaikini (1976) calculated a significant correlation coefficient 
of 0.39 between the time taken for complete Uterine involution and the 
interval from calving to first postpartIm c)estrus. This is important for 
reproductive management as it implies a link between postpartum ovarian 
activity and uterine contents and environment. In lms indicus cattle, the 
duration of postparttim anoestrus is also affected by lactation and suckling.
Maree et al (1974) observed, however, that calf presence did not significantly
influence uterine involution time, as did EI-Fadaly (198 1) working Oil 
milked and suckled buffaloes in Egypt.

Involution rate is significantly affected by parity andI month of calving
(Bastidas et al, 1984). Involution among Brahman cows studied was slower 
during the dry season, but was not affected by suckling regime or calf 
birthweight. It was positively correlated (r = 0.55, P <0.01) with interval 
to postparttin follicle formation but negatively correlated with cow weight at 
calving (r = -0.31, P < 0.05) and cervical involution (r = -0.63, P <0.01). 
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The regression rate (Y) was defined by the equation:
 
Y = 13.3- 0.67X + 0.015X 2
 

where X is the diameter of the gravid horn. The equation accounted for 
83% of the variation. Martinez et al (1982) found rno important seasonal 
effect on uterine involution rate in zebu cows suckled twice daily. The 
overall average was 24.5 ± 8.74 days while complete absorption of the 
gestational corpus luteum was achieved after 27.83 ± 11.41 days. 

3.4 Summary 

Puberty can be defined as a qualitative or quantitative trait. Zebu heifers 
attain puberty later than taurine or taurine x zebu crosses. Puberty 
precedes sexual maturity and is influenced by the output of pituitary
hormones and the size and activity of the gonads. Age and weight are the 
most important factors affecting the onset of puberty in heifers. Many
heifers, particularly younger and lighter animals, exhibit non-pubertal 
oestrus. 

Oestrous cycles last about 21 days in zebu cattle and the oestrous period 
lasts about 10 hours (range 2-18 hours). Oestrus is often subdued and 
affected by physiological and psychological factors. Almost a third of heats 
start at night which, with their short duration, implies that many may be 
missed. 

Heat detection is primarily a management problem. Considerable skill 
is needed to detect oestrus from visible signs. Farmers who mailtain good
records and spend more time watching for heat will obtain better results. 
Many farmers in the tropics raise few cows and the main signs to look for 
are standing for mounting and/or mucus discharge. When animals can be 
aggregated, the use of teaser animals, with tail painting, chinball markers or 
marking web devices, offers the best aid to visual detection of oestrus. 
Hormonal assays, laparascopic examination and vaginal probes are very
expensive and require extensive training, and offer little added advantage 
under field conditions. 

The length of gestation in the zebu is about 285 days. It is primarily 
determined by foetal genetic factors, with some modification due to parity 
and sex of calf. Uterine involution is independent of factors such as season, 
suckling or calf birthweight following normal delivery. 
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4. 	MEASURES OF REPRODUCTIVE
 
PERFORMANCE
 

Fertility is the ability of male and female animals to produce viable germ
cells, mate, conceive and deliver normal living young (Ensminger, 1969).
The lifetime productivity of acow isinfluenced by age at puberty (Chapter 3), 
age at first calving and calving interval. 

This chapter presents data on age at first calving, calving rate, number of 
services per conception, calving interval and other measures that can be 
used to estimate cow productivity. 

4.1 Age at firstcalving 

First calving marks the beginning of acow's productive life. Age at first 
calving is -!osely related to generation interval and, therefore, influences 
response to selection. 

Under controlled breeding, heifers are usually mated when they are 
mature enough to withstand the stress of parturition and lactation. This 
increases tile likelihood of early conception after parturition. In traditional 
production systems, ho'vever, breeding is often uncontrolled and heifers 
are bred at the first opportunity. This frequently results in longer
subsequent calving intervals. 

The average age at first calving in o/s iez/ictis cattle is about 44 months 
(Table 11), compared with about 34 months in Bhskoiwus and BIs iuidiclS X 
BIs laiwts crosses in the tropics (Table 12).

Heritabilities of age at puberty, at first conception and at first calving are 
generally low (Table 13), indicating that these traits are highly influenced by
environment,,,l factors. 

Jochle (1972) studied the effect of season on the reproductive
performance of Brahman heifc-r.: that first conceived at between 15 and 37
monthS old inI the Mexican Gulf coast. Of III heifers that first conceived at
15 to 24 months old, significantly more (P<0.001) did sO during tile dry 
season than during the wet season. Il-owever, among heifers that first 
conceived at more than 2-months old, ,lhst conceived d uring the rainy 
season and overall there was no significant differ .:ncebetween the 
percentage of heifers conceiving first during the rainy or dry season. 

Oliveira (1974) obsCrved that Nellore cows in Brazil that calved first in 
tile dry seaSon were 'Ouunger than those that calved first in tile rainy season. 
Miranda et a!(1982a) found that age at first calving in Brazilian Nellore 
heifers was significantlv affected by year and month of birth: calves born 
from Janutiary to Ma" tended tO be vounger at first calving than those born 
between June and l)ecember. Sabino et al (1981) also found a year-of-birth
effect among t-Haryana, (;ir and another uiLiispecified zebu type cattle in 
Venezuela, as did Sharma (1983) in Nagauri cattle in India. However,
Sabino et al (1981) found that neither month of birth nor breed significantly 
affected age at first calving. 
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Table 11. Soe estinatesof (ge atfinst calving in Bos indicus cattle 

Breed Location 

Kenana Sudan 
Gobra Senegal 
Boran Kenya 
East African Ethiopia 

Zebu 
Red Sindhi India 
Sahiwal India 
Azaouak Sahel 
InduBrazil South America 

Brahman Costa Rica 
Tharparkar India 
Various zebu Brazil 
Sokoto Gtdali West Africa 
N')arna West A frica 
Nellore Brazil 
White Fulaii Nigeria 
Nganda Uganda 

Zebu Bangladesh 
Haryana India 

East African Uganda 
Zebu 

Butana Sudan 
Deshi India 
Brahman Mexico 
Gir and Zebu Venezuela 
Nagori India 
Sahiwal Pakistan 
White Fulani Nigeria 
Sudan Fulani Mali 
Horro Ft hiopia 
Ilaryana India 
Kenana Sudan 
Fulani Niger 
Haryana India 
Ankole Uganda 
Zebu Uganda 
Highland zebu lthiopia 

Non-descript India 
White Fulani Nigeria 

Estimate
(months) 

23-58 

31-40 


34 


35.1 ± 3.1 


35.6 

35.8 

36-60 
36.8 

37-50 


37.2 

37.5-50 


38.6 


39.2 

39.4 ± 0.02 

40.4 ± 0.7 


42 


42-52 

42-56 


43 


44 


45 

45.9 


47 ± 0.7 


47.43 ± 1.06 

48.8 ± 0.4 


49.4 


49.5 

50 


50 ± 0.5 


50.1 

50.2 ± 9.1 


51 


51.3 

51.7 
53 

58.6 ± 1.0 
60 

60 

Source 

Alim (1960)
 
Dennis and Thiongane (1978)
 
Reinhardt (1978)
 
Alberro (1983)
 

Basu et al (1979)
 
Basu et a (1979)
 
Bartha(1971)
 
Temblador and Sanchez
 

(1977) 
Bazan et a!(1976)
 

Basu et a (1979)
 
Weitze (1984)
 
Sada (1968)
 

Sada (1968)
 
Oliveira (1974)
 
Oyedipe et al (1982)
 
Mahadevan and Marples
 

(1961)
 
Mia and Ali (1974)
 
Luktuke and Subramanian
 

(1961) 
Galukande et al (1962) 

Alim (1962) 
McDowell (1971) 
Eversbusch (1978) 
Sabino et at (1981) 

Sharma 1983) 
Ahniad and Abmad (1974) 
Knudsen and Sohael (1970) 
Wilson (1985) 
Mcl)owell (1971) 
Kumar and Bhat (1979) 
Saced et at (1987) 
Wagenaar et al (1986) 
Mcl)owell (1971) 
Sacker and Trail (1966) 
Sacker and Trail (1966) 
Milukasa-Mugerwa et a! 

(1989) 
Singh and Raut (1980) 
Pullan (1979) 



Table 12. Some estimatesofageatfirstcahingatnongBos taurus atidBos taurus x 
Bos indicus cattlein the tropics 

Breed 

Jersey 
Jersey 
Jersey 

1/2Jersey 
1/2Jersey 
1/2Jersey 

3/4Jersey 
3/4Jersey 

Ayrshire 

Friesian 
Friesian 
Friesian 
F, Friesian x zebu 
1/2 Friesian 
3/4 Friesian 

Brown Swiss x zebu 

Jamaica Hope 

Costello 

Blanco Orejine 

Bostau/rs X 
Bos"ielics 

Boran x Charolais 

Two breed cross 
3/4 Cross 

losteainitts 

Location Estimate(months) 

India 27.5 
Egypt 28.4 
Ceylon 30.0 

Uganda 29.4 
India 31.7 
Rwanda 36.5 

Egypt 27.4 
India 39.5 

Iraq 35.0 

Nigeria 29.0 
India 30.1 
Uganda 40.0 
Ethiopia 29.1 
Nigeria 31.9 
Nigeria 30.0 

India 37.2 

Jamaica 34.2 

Colombia 39.5 

Colombia 40.7 

Fthiopia 35.5-40.3 

Kenya 34.0 

Various 33.8 
Various 44,5 

Various 36.5 

Source 

Kumar(1969)
 
Khishin and El-Issawi (1954)
 
Mahadevan (1956)
 

Kiwuwa and Redfern (1969)
 
Kumar(1969)
 
Compere (1963)
 

Khishin and El-Issawi (1954) 
Kumar (1969) 

Asker et al (1966) 

Knudsen and Sohael (1970) 
Arora and Sharma (1980) 
Trail and Marples (1968) 
Alberro (1983) 
Knudsen and Sohael (1970) 
Knudsen and Sohael (1970) 

lype et al (1984) 

Wellington et al (1970) 

Lemka et al (1973) 

Lemka et al (1973) 

Galal et al (1981) 

Gregory et al (1984) 

McDowell (1985) 
McDowell (1985) 

Mcl)owell (1985) 

Trail and Gregory (1981) found no significant difference in age at first 
calving (1)>0.05) between Boran and Sahiwal heifers on a ranch in the 
Kenya Rift Valley, but Cihikara et al (1979) found that breed differenlces 
had a significant effect on age at first calving ill Haryana, selected Haryana,
Tharparkar and Sahiwal heifers in India. In an analysis of production data 
covering 14 vears, Aroeria et al (1977) found that Gir heifers tended to be 
older than Nellore or lnd uBrazil heifers at first calving. Breed differences 
probably reflect differences in management conditions. The time taken by 
an animal to attain puberty and sexual maturity depends on the quality and 
quantity of feed available, which affects growth rate. 

W agenaar et al (1986) found a mean age at first calving of 50.2 ± 9.1 
months in 146 Fulani-tVpe dams in Niger. None of the factors tested for in 
the least square.s nalysis (herd, season and year of birth of dan, sex of the 
calf) significantly iffected this parar eter. However, Saeed et al (1987) 
found that year of birth significantly (P<0.001) affected age at first calving 

61
 



Table 13. 	 Some estimtes ofheriabilit (fage at pubert, age atfin t COtcqption and 
age atfit'mt cII/'iiq 

Cattle type 	 Estimate Source 

Age at puberty 

Haryana crosses 0.4 ± 0.21 Rathi (1979) 

Age at first conception 
Zebu 	 0.14 ± 0.19 Bastidas and Verde (1981) 
Guzerat 	 0.20 Baliero et al (1981a) 

Age at first calving 
East African Zebu 0.08 Mahadevan and Marples (1961) 
Guzerat 	 0.15 ± 0.18 Campos et al (1981) 
Gir 	 0.15 ± 0.24 Campos et al (1981) 
Sahiwal 	 0.20 Mahadevan et al(1962) 
Gir 	 0.20 ± 0.11 Singh et al (198 1) 
Zebu 	 0.24 ± 0.30 Bastidas and Verde (1981) 
Haryana 	 0.24 ± 0.02 Jegan and Tomar (1983)
 
Small Fast African Zebu 0.25 Galukande et al (1962)
 
Haryana 0.3 ± 0.27 Kumar and Bhat (1979)
 
Hlaryana crosses 0.36 ± 0.29 Ratii (1979)
 

in Kenana cattle in Sudan but that month of birth did not. Wagenaar et al 
(1986) observed a significant correlation (P<0.001, r = -0.52) between age 
at first calving and body weight at 3 years; heifers that weighed 10 kg more 
than average at 3 years old first calvCd 2 months earlier than average-weight 
heifers. There was no significant correlation between age at first calving and 
weight at 1, 2 or 4 years. 

Dennis and Thiongane (1978) found that Gobra (Senegal Fulani) heifers 
kept on pasture and fed a balanced concentrate supplement calved first at 31 
months old, compared with 40 months for unsupplemented heifers. 
EI-Khidir et al (1979), working in Sudan, also found that improved 
nutrition significantly decreased age at first oestrus (P<0.001), which in 
turn reduced age at sexual maturity, first conception, calving and total 
rearing costs. Weitze (1984) found that supplemental feeding during the dry 
season reduced the average age at first calving from 45.0 to 37.5 months in 
Nellore, Gir and Indu Brazil cattle in Brazil. Calving interval was also 
shortened by 52 days to 492 (lays (16.4 months), with a calving rate of 83%. 

Singh et al ( 1982a) found age at first calving to be positively correlated 
With lactation milk yield and lactation length *1i Gangatiri cattle, as did 
Fl- Khidir Ct al (1979) and Singh et al ( 1981) working with Kenana and 
Indian-type cattle, respectively. 

In general, earlier first calving increases lifetime productivity of cows. 
For example, Meaker et al (1980) showed that, despite lower first 
conception rates, Africander heifers calving first at 2 -,,carsold produced 0.6 
more calves over their productive lifetime than those calving first at 3 years
old, while P'inney et al (1962) estimated the increase to be 0.8 of a calf. 

Meaker et al (1980) recorded heart girth, wither height, rump height, 
chest depth, body length, height and width, and hip width of beef cows 
until 6 "ears o1 age ;nd found that only bodyweight at 2 years and wither 
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height at 3 years were affected by early calving. They concluded that animal 
growth up to 6 years is not significantly depressed by early calving. 

Ahmad and Ahmad (1974) found that late first calving was associated 
with longer first dry periods (r = 0.29) and longer calving intervals 
(r = 0.36). Basu et al (1979) observed also that the number of services per 
conception increased with increasing age at first calving. Most d ita thus 
suggest that it is advantageous to breed heifers as early as is ph) silogically 
possible. 

4.2 Fertility (calving) rates 

4.2.1 Estimates 

Fertility in cattle is affected by environmental, genetic, disease and 
management factors. These influence the reproductive process at ovulation, 
fertilisation or implantation or during gestation and parturition. 

The commonest estimate of fertility rate is the percentage of mated or 
inseminated cows that become ;-regnant (pregnancy rate) or finally calve 
(calving rate) However, fertility can also be expressed in other ways. For 
example, Singh and Sharma (1984) referred to two measures of fertility: a 
general fertility rate, which i:; the ratio of calves born to females of breeding 
age, expressed as atpercentage; and i specific fertility rate, which measures 
the number of births within a given group or the total fertility rates of 
females over their reproductive life. Net reproductive r-ate was giver, as the 
extent to which the female calves of one generation survive to reproduce 
themselves as they pass through calf-bearing age, expressed as the number 
of female calves that survive per 100 females of breeding age. 

Fertility rates can also be estimated prior to calving as the percentage 
non-returl rate. This is the ntimber of cows bred that do not come back in 
heat and are thus assumed to have conceived. This value may be derived at 
60, 90, 120, 145 or 200 days alter mating (Mcl)owell et al, 1976). Where 
artificial insemination is employe.d, fertility rates can be expressed as the 
number of calves born per 100 in seminations (Macfarlane and Goodchild, 
1973). Progesterone assay now makes it possible to determine conception 
rates as early as 21 days after breeding. It is also ideal for estimating th1e 
magnitude of early embryonic losses. 

Fertility rates in zebu cattle are generally low, particularly iII animals 
raised traditionally (Table 14) under less- than- idal managemena. For 
example, Rennie et al (1976) estimated the calving rate of traditionally raised 
Tswana cattle in Botswana as 46.4 7o, compared with 74.0% for similar 
animals on a ranch. The higher calving rate on the ranch was probably due 
to the animals being better fed and managed than those Under traditional 
management. Nuri and I)ennis (1976) calculated a calving rate of 67% for 
White Fulani cattle raised on government ranches in Nigeria, compared 
with about 34-55% for similar animals raised by local herders. Trail et al 
(1971) reported i conception rate of 79% in Ankole, Boran and an 
unspecified zebi-type cattle in western Uganda where feed and water were 
abundant and diseases \vere controlled. 

)e Vaccaro et al (1977) studied reproductive performance in a herd of 
Nellore cattle in the Amazon over six mating seasons from 1968 to 1973. No 
animals were culled for reproductive reasons. Calves were weaned at 250 
days Old and bceeding was between October and I)ecember each year. 
Overall calving rate was 59% (Table 15). The authors suggested that the low 
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Table 14. Some estimates offertilit (catlving) ratesamong some Bos indicus cattle, 

in the t1lvpics
 

Breed Location Estimates Source

(%) Suc
 

Traditional management 

Nellore Brazil 20-66.6 Fonseca et al (1981)
 
Fulani 
 Nigeria 34.2-54.5 Nuru and Dennis (1976)
 
Fulani Nigeria 36 Pullan (1979)
 
Native zebu Botswana 36.2-51.9 Reed et al (1974)

Southern Darfur Sudan 40.0 
 Wilson and Clarke (1976)
 
Guzerat South 42.2-100 Pires et al (1977)
 

America
 
Highland zebu Ethiopia 
 46 Mukasa-Mugerwa et al (1989)
Tswana Botswana 46.4 Rennie et al (1976) 
Zebu Malawi 52-69 Butterworth and McNitt
 

(1984)
 
Ranch/research station/migratory or improved pasture management
 

Guzerat Central 32.5 
 Texeira Viana andJondet
 
America (1978)


Nellore Central 
 45.3 Texeira Viana and jondet
America (1978)


Boran Tanzania 53-73 
 Macfarlane and Goodchild 
(1973)

Africander Zambia 54.2 Thorpe et al (198 1)
 
Native zebu Zambia 
 57.6 Thorpe et al (1981)
 
Nellore Brazil 58.3-84.7 Fonsecaet al (1981)
 
Azaouak Sahel 
 58.8 Bartha (1971)
 
Nellore 
 Peru 59 de Vaccaro et al (1977)

Dangi 
 India 60.5 Purbey and Sane (1981)
 
Zebu 
 Cuba 61.18 Rondaet al (1981) 
Brahman Costa Rica 62.8-81.7 Bazan et al (1976) 
Southern Darfur Sudan 65.0 Wilson and Clarke (1976) 
Boran Zambia 66.0 Thorpe et al (198 1) 
Fulani Nigeria 67 Nuru and Dennis (1976) 
Zebu Botswana 69-82 Buck -t al (1976)
Angoni Zambia 69.1 Thorpe et al (1981) 
Zebu Panama 72.1-90.6 Espaillat et al (1979) 
Tswana Botswana 74.0 Rennie et al (1976) 
Brahman Mexico 75 Linares et al (1974)
Boran Zambia 75.4 	 Thorpe and Cruickshank 

(1980)
Zebu Sudan 77.0 EI-Amin (1976) 
Various zebu Uganda 79.0 Trail et al (1971) 
Angoni Zambia 82.5 	 Thorpe and Cruickshank 

(1980)
Brahman Mexico 85.5 Eversbusch (1978) 
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Table 15. Calving rates ofNellore cattleaftersucce&5ive mating opportunities 

Mating
Mating 

Number of 
females Percentage of females calving for the 

Overall 
Overal 

oppor-
tunity 

feaes__r_ 
exposed 1st 2 3 4t 

F-
5t time 

calving rate 
(%) 

1 925 64 64 

2 700 26 23 49 
3 654 6 42 12 60 

4 374 3 27 22 7 59 

5 195 2 18 33 10 0 63 

6 28 - 10 10 18 0 38 

Total 2876 59 

Source: de Vaccaro et al (1977). 

calving rate after the sixth mating opportunity (38%) was due to the small 
number of cows presented for breeding, but it may also have been 
age-related. At this time, most cows would have been 9 to 10 years old, and 
fertility commonly decreases in cows of this age in the tropics. Cows calved 
irregularly and 33% of those bred for the fifth time gave birth to only their 
third calf and 18% to their second. In addition, several cows ca!ved for the 
first time after the third, fourth or even fifth breeding opportunity. 
Although such cows would have been culled in a commercial livestock 
enterprise, traditional smallholders usually have only one or a few cows and 
cannot afford to cull extensively for infertility. Many keep their animals for 
long periods in tile hope of eventually getting a calf. This practice is 
unsatisfactory because scarce feed resources are used by unproductive 
animals. 

4.2.2 Effects of age and lactation 

Analysing data from Botswana, Buck et al (1976) found that fertility rate 
increased from 69% in 2.5-year-old cows to a maximum of 82% in 6- to 
7-year-old cows and then declined. In Bolivia, Plasse et al (1975) also 
recorded an increase in pregnancy rate from 50% in 3-year-old purebred 
Criollo and Criollo x zebu crossbreds to 75% in 7-year-olds. Fertility then 
declined to 50% among 12-year-olds. Causes of these age-related
differences include lactational stress in young growing animals and the 
ability of older cows to gain bodyweight and condition quickly after 
calving. 

Lactation has a negative effect on cow bodyweight and thus indirectly
affects animal reproduction. Trail et al (1971) and Topps (1977), for 
example, observed that cows grazing medium- or low-quality forage used 
body reserves to maintain milk yield in response to suckling. Such animals 
should be supplem,:nted during lactation to increase their conception rales 
(Warnick, 1976; Topps, 1977).

In a study by Reynolds et al (1979) involving Angus, zebu and 
zebu-cross cattle in which all heifers were bred at 2 years, heifers had a6.8% 
lower pregnancy rate after 2 services (P<0.05) and became pregnant 4.2 
days later (P<0.01) than older cows. Three-year-old lactating animals also 
showed a 10.9% lower pregnancy rate than older lactating cows (P<0.01),
which suggests that lactation has agreater effect on postpartum anoestrus in 
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young primiparous animals than in older cows. Bastidas et al (1984)
confirmed this in Brahman first-calf cows: continuous suckling
significantly reduced pregnancy rate compared to suckling twice daily
(46.3 ± 0.08 vs 79.8 ± 0.08%). 

4.2.3 Effect of breed 
One of the few studies reporting extensively on the effect of breed on
fertility in Africa was undertaken by Thorpe and Cruickshank (1980) in
Zambia. They found that conception rate (averaging 82.5, 78.1 and 75.4% 
among 675 Angoni, 731 Barotse and 815 Boran cows, respectively) was
significantly affected by year but not sire breed, although conception rate 
was higher in Angoni and Barotse cows when mated to bulls of their own
breed. Evidence for dam breeds was also not conclusive. Among the 
Barotse, dry heifers had higher conception rates than lactating cows,
whereas lactating Angoni and Boran cows had higher conception rates than
dry cows. Perhaps the most significant observation among the Angoni and
Barotse (but not the Boran) was that cows that calved early in the calving 
season were more likely to conceive during the following mating season
than cows that calved late. This was consistent with observations by Trail et
al (1971) on Ankole and Boran cows in Uganda, and by Buck et al (1976) on 
zebu cattle in Botswana. 

4.2.4 Effect of bodyweight 
Thorpe and Cruickshank (1980) observed that Barotse, Angoni and Boran 
cows that calved were marginally heavier at the beginning and end of the
breeding season than cows that did not calve. This was consistent with the
findings of Buck et al (1976) and Buck and Light (1982) in Africander,
Tswana and 'Iuli cattle and de Vaccaro et al (1977) in Nellore cattle. The last 
authors calculated that licifers calving at the first and second opportunity
averaged 272 ± 33 kg liveveiglit, compared with 262 ± 27 kg (P<0.01) for
those failing to calve. Ward and Tiffin (1975) also emphasised the 
importance of cow bodvweight at time of breeding: Mashona cows that
weighed 318-364 kg at mating had acalving rate of 87.5%, compared with 
45% for cows weighing 237-273 kg. 

4.2.5 Effects of year and season 
Thorpe and Cruickshank (1980) attributed the significant effect of ,ear on
calving rate to differences between years in the quantity and quality of
forage available. Bishop (1978) found that calving percentage of Africander 
cross cows in South ifrica was positively correlated (r = 0.84, P<0.05)
with rainfall in the previous year, as did Butterworth (1983) in an analysis of
18 272 births from Nguni cattle in Swaziland. Monthly calving frequency 
was correlated with previous monthly rainfall records but most of the
variation was accounted for bv rainfall 10 months cirlier in both the 
highveld (79%) and middleveid (50%)..jochle (1972) also found direct 
linear correlations between conception rate in Brahnmn cows and
precipitation, pressure and temperature (Table 16). Thcse findings further
emphasise the importance of nutritional effects on fertility (see Chapter 6). 

4.2.6 Genetic effects 
Heritability of fertility rate is low. It was estimated as 0. 14 ± 0.19 by
Bastidas and Verde (1981) in Venezuela, while Cruz et al (1976) obtained 
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Table 16. 	 Linear comekltions betiwen tle sm'somd riprlohcihte pefinmIoe o/ 
l3ribmian cows tind c/imaticfictot.s 

Variables 	 2 3 4 5 

1. Conception 0.643 -0.751 0.827 0.324 

2. Precipitation - -0.668 0.718 0.225 

3. Pressure 	 - -0.918 0.390 
4. Temperature 	 - 0.161 

5. Humidity 

Source: Jochle (1972). 

values of 0.25 and 0.15 for conception rate, and 0.09 and 0.11 for calving rate 
in Brahman heifers and older cows, respectively. Conception rates often 
exhibit substantial hieterosis after crossbreeding (see section 4.7). 

Sengupta (1975) found a relationship between fertility rates and blood 
groups in 645 -larvana cows randomly mated over 4 years. Cows with AA 
blood group had a significantly higher conception rate (67%) than cows 
with Ali (47.5'%) and IM (51.1%) blood type. Type AA cows calved 
significantly earlier (4 1.2 months) than either the A B (44.5 months) or BB 
(44.7 months) animals. It would be useful to investigate this further in
 
animals from different populations, to find out if the phenomenon could be
 
of use in identifying animals with higher inherent fertility.
 

4.3 Number of services per conception 

The number of services per conception (NSC) depends largely on the 
breeding system used. It is higher under uncontrolled natural breeding and 
low where hand-mating or artificial insemination is used. A range of values 
for NSC is presented in Table 17 NSC values greater than 2.0 should be 
regarded as poor, and some of the factors contributing to high NSC values 
are elaborated below. 

Choudhuri et al (1984) estimated the repeatability of NSC to be 19% 
from 2152 records for Haryana cattle. The NSC was 2.81 ± 0.03 and was 

Table 17. Some 'tin s otbe at era'Ie titanh'r 'lsen es per 'oi/etion(N'C) 

Breed Location lstimates Source
(NSC) 

InduBrazil South America 1.4-1.6 Temblador and Sanchez 
(1977) 

Nagori India 1.5 ± 0.4 Sharma (1983) 

Dangi India 1.65 Purbey and Sane (198 1) 
Zebu Ethiopia 1.74-1.8 Azage Tegegn et al (1981) 

East African Fthiopia 2.0 ± 1.2 Alberro (1983) 
Zebu 

Haryana India 2.1-2.7 K umar and Bhat (1979) 
Various India 2.1-3.6 Qurcshi (1979) 

Arsi Ethiopia 2.4-2.6 Swensson et al (198 1) 
Haryana India 2.8 Choudhuri et al (1984) 
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significantly affected by herd, season, placenta expulsion time, lactation 
length and milk yield. Since heritability can be broadly estimated from 
repeatability, this study indicates that heritability of NSC is low and most
of the variation in NSC is attributable to environmental factors. 

Sharma and Bhatnagar (1975) found asignifirant effect of parity on
NSC in Sahiwal, Red Sindhi and Tharparkar cattle. The NSC was highest at
the fourth lactation for 1:1 crosses with Brown Swiss. Kumar and Bhat
(1979) noted that Haryana heifers needed more services per conception 
than cows. 

Azage Tegegn et al (1981), using 3 local Ethiopian breeds, the Barca,
Horro and Boran, found that NSC was lower for animals from wet areas 
than for those from drier areas (1.74 ± 0.6 vs 1.98 ± 0.07). Crossbred cows
required 0.12 and 0. 14 fewer services per conception than local zebu cows in 
wet and dry areas, respectively.
 

I'l-Amin et al (1981) 
 concluded that NSC did not differ significantly

between Red Butana and Red Butana crosses (average 2.6) but was
 
influenced by month of calving. NSC increased over the study period,

probably due to changes in management. This is partly supported by an
 
analysis by Busch and Furstenberg (1984) of 483 600 insemiriations
 
performed by 379 technicians on 623 farms in the USA, which showed that 
the 90- and 120-day non-return rate differed significantly among in­
seminators and the inseminator effect was greater than the farm effect. 
However, non-return rate did not differ among bulls. 

4.4 Calving interval 
Calving interval can be divided into three periods: gestation, postpartum
anoestrus (from calving to first oestrus) and the service period (first 
postpartum oestrus to conception) (see Figure 12). Factors affecting

gestation length 
were reviewed in Chapter 3. The following section
 
therefore relates to factors that inflience the length of the postpartum

anoestrous and service periods. 'his issometimes also called the "days

open" period and is the part of the calving interval that can be shortened by
imnp:oved herd manageMIen t. 

ihe "days open" period should not exceed 80-85 (lays if a calving
interval of 12 n1o1ths is to be achieved (Peters, 1984). This requires
re-establishment of ovarian activity soon after calving and high conception
rates. The duration of this period is influenced by nutrition (Wiltbank et al,
1962), season, milk yield, parity (Buck et al, 1975), suckling and uterine
involution. At an\' time, the effects of one or more of these factors may be 
confounded. 

Calving interval has been extensively analysed and reported. It is 
probably the best index of a cattle herd's reproductive efficiency.Resumption of ovarian activity in the postpartum period does not 
necessarily lead to conception and methods of stimulating oestrus must be
considered in relation to their effect on conception (I folness et .al, 1980)
and, indirectly, calving intervals. The estimates of the duratiom of the
various phIaseS of the calving interval shown in Figure 12 are based On 
averages in the literature for cows raised under traditional management. 

4.4.1 Estimates 

Pullan (1979) quoted previous work in which it vas estimated that only
abotut 4'%, of Nigerian zebu cattle calved each year, 22% calved every other 
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Figure 12. 	 Schemaic representaition ofthe rehlltiolIip)ofprogfelm'rleletels to the 
c'dh'itlt' itlIC1t ,Il I'll itS n1tinflcotnloJWlents 

Service period I Gestation period ] 

do ' Progesterone level 

Postpartum
 
anoestrous period
 

Comprising aclational anoestrus
 
and period of inadequate condition
 

Days open period 

Calving interval 

year and 73% calved irregularly. Sada (1968) suggested that, in N'Dama,
 
Sokoto Gudali and West African Shorthorn cows, calving intervals shorter
 
than 410 days (13.6 months) are ver , good, those of 411-460 (13.6-15.3
 
Months) are satistactorY and those greater than 461 lays (15.3 months) are 
unsatisfactory. 

tEstimates of calving iIterval in zCbu cattle range from 12.2 to 26.6 
months (Table 18). By Sada's (1968) standards, many of the calving intervals 
given in Table 18 are unsatisfactory. Most of the longer calving intervals 
were from traditionallY raised animals. 

4.4.2 Genetic effects 

Borsotti et al (1976) observed that genotype had a significant effect on the 
calving interval of' Brahman cows in Venezuela. In Mexico, Valesio (1983)
found calving intervals of 18.1 Imonths for Gir and InduBrazil cattle, 18.8 
months for Brown Swiss x zebu crosses and 20.3 months for pure Brown 
Swiss cattle. The long calving interval of the Brown Swiss probably reflects 
lack of adaptation to the humid environment. Nodot et al (1981) reported
that calving interval was affected by maternal grand sire. However, [Duarte 
et al (1983) fouLnd no significant effect of genetic grouping (proportion of 
zebu blood) among cows in Brazil. 

Estimates of the etpeatability of calving interval ralge fromn1ear zero to 
0.37 (Table 19). Heritability estimates range fron 0.003 to 0.33 (Table 20).
The heritability values of 0.68 ± 0.14 obtained by Parniar andjohar (1982)
in Tharparkar cows in India, and 0.8 1to 0.86 f )tind by Weitze (1984) 
aniolg Nellore cows in Brazil, appear to be exceptionally high. 

4.4.3 Effects of year and season 

Year effects on callving interval MhavC been repoIrted by (h liu ri et al 
(1984) in11larvana cows in \W'est Bengal, India, Itinojosa et al (1980) i 
unLspecifIed zCbu cathe in Mexico, Miranda et al ( 982b) in Nellore cows in 
Brazil. Aliln (1960) in Kena a cows ill Ilidia and Bors tti et al (1976) in 
Brahinan cattle n Ven ezuea 
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Table 18. Some estimtuesu/'ca'ilfte'al'U ill zehi 

Breed Location 

Horro Fthiopia 

Arsi Ethiopia 

Kenana Sudan 

Native India 
Ankole Rwanda 

Brahman USA 

Sahiwal Kenya 

Deshi India 

Brahman Venezuela 

Africander Zambia 

Nellore Brazil 

White Fulani Nigeria 

Zebo Brazil 
Nellore South America 

Brahman Mexico 

Harvana India 

Zebu India 

Haryana India 

Brahman Costa Rica 

Haryana India 

Gir Vcnezuela 

Zebu Malawi 

Gir and Mexico 
InduBrazil 

Fulani Niger 

Gir India 

Fulani Mall 

Native India 

1lighland zebu Ethiopia 

Native Rwanda 

Estimate 
(months) 

12.2 

12.9-15.1 

13.2 

13.5 

13.5-17.1 

13.6 ± 0.1 


13.7 


13.7 ± 5.9 


13.8-18.9 


14.1 


14.1 ± 0.1 


i4.2-18 


14.4 ± 3.4 


14.7-15.6 


15.1 

15.6 


15.8 


15.9 ± 3.9 


16 ± 6 


catth, 

Source 

McDowell (1971) 

Swensson et al (1981) 

Alim(1960) 

Hedgeetal(1978) 

Furnenont (1981) 

Plasse et al (1968) 

Kimenye (1981) 

MIoulick ct al (1971) 

Borsotti et al (1979) 

NCSR (1970) 

Oliveiri (1974) 

OVedipe et al (1982) 

l)uarte et al (1983) 

Miranda ct al (1982b) 

Eversbtsch (1978) 

Kumar (1982) 

Ngere (1970) 

Lemka et al (1973) 

Bazan et al (1976) 

*.I .1McDowell (1971 ) 
1- .9 ± 0.71 

18 

18.1 

19.6 ± 5.1 

20.1 

22.1 ± 6.7 

23.3 

25 

26.6 

Montoni et al (1981) 

Bt,tterworth and McNitt 
(1984) 

Valesio (1983) 

Wagenaar etal (1986) 

Malik and Gh,:i (1977) 

Wilson (1985) 

Kartha (1934) 

Mukasa- NI ugerwa et at 
(1989) 

Conpcre (1960) 

Oliveira (1974), working with Nellore cattle, observed that animals 
calving in the dry season had an average subsequent calving interval of 13.9 
months, compared with 14.5 months for those that calved in the wet season. 
Ovedipe et at (I 982), working with White Fulani he1ifers, found calving 
intervals of 15.3 and 18 months for the dry and wet seasons, respectively.
The authors suggested that the difference VWas ILe to tle fact that cows 
calving in the drv season could take advantage o improved nutritional 
conditions durintg the subsequent rainy season to meet their total 
requiIi retnttts for maintenance, growth and lactation. In addition, a larger 

inropotion of dry-season calves die dIe to inadequate nitri tion. Both 
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Table 19. Some estimatesofrepeafmbilit ofcahing interval, 

Breed type Estimate Source 

Zebu 0.022 Hinojosa et al (1980) 
Brahman 0.05-0.50 Borsotti st al (1979) 
Butana 0.111 ± 0.039 Alim (1962) 
Deoni 0.20 Deshpande and Singh (1977) 
Deshi 0.21 Moulicketal(1971) 
Kenana 0.23 ± 0.031 Saeed et al(1987) 
Haryana 0.24 Choudhuri et a (1984) 
Haryana 0.27 Dhoke andJohar (1977) 
Malvi 0.29 ± 0.02 Singh et al(1983) 
Brahman 0.32 Borsotti et al(1976) 
Gir 0.37 Singh et al (1982b) 

Table 20. Sone vstinalas oahitq/'hili(dv in/enz'l 

Breed type Estimate Source 

Haryana 0.003-0.33 I)hokeandjohar(1977) 
Nellore 0.022 Miranda et al(1982b) 
Deshi 0.09 Moulick et al (1971) 
InduBrazil 0.10 ± 0.08 Nodot et al(1981) 
Gir 0.22 ± 0.11 Singh et al (1982b) 
G uzerat 0.24 Baliero et al(1981 b) 

factors lead to earlier re-establishment of oestrus in cow, that calve in the 
dry season. These suggestions were supported by Landais et al (1980), who 
found that cows calving in October in C6te d'lvoire usually conceived 
again in the following January, while those calving in January were unlikely 
to conceive during the subsequent nating period. Early death of calves also 
reduced calving interval by nore than 2 months and abortion shortened it 
by several (lays. The calving interval for cows whose calves died prio.- to 
fertile mating was estimated by the formula: CI = 328.3 + (0.992 x age of 
the calf at the time of death) days. A similar estimate by Wilson (1985) 
among Sudanese Fulani cattle in Mali yielded a predicti('In eCqunation of 
Cl = 499.5 + (0.318 x age at calf death) days. 

Although these observations involved cows that aborted or lost their 
calves, they indicate that calf rearing strategies, such as early weaning, 
bucket feeding or partial suckling, can influence subsequnent dam 
reproduction. For example, Wells et a! (1986) found that partial suckling in 
Africander cows significantly (I'<0.0 1)reduced the number of cows that 
were anovulatory for 100 da'ys postpartum and increased conception rates 
(P< 0.001). Partial stIckling reduced the interval from parturition to first 
ovulation by 20 days and the mean interval to conception by 21 clays 
averaged over all cows. III a study of 6- to 10- vear-old Bunaji cows, E'duvie 
and l)awuda (1986) found that the interval from calving to conception 
averaged 232.5 and 72.6 days for suckled and non-suckled animals, 
respectively. The associated calving intervals were 512.5 and 352.6 days 
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with 60-90 day pregnancy rates of 21.1% and 72.7%, respectively. Serum 
progesterone levels showed that suckling interfered with ovarian activity
and thus conception during the postpartum period, resulting in aprolonged 
calving interval. 

,.4.4 Effect of nutrition 
Underfeeding delays puberty in taurine heifers (oubert, 1954a) and stops
oestrus and ovarian activity in heifers that are already cycling (Bond et al,
1958; Terqui et al, 1982). Wiltbank et al (1962) demonstrated tile same effect
in mature Hereford cows. The cows were fed ahigh- or a low-energy ration 
before calving; half of the animals in each group were then fed a high- or 
low-energy ration after calving. The resulting pregnancy rates were 95, 77,
95 and 20% on the high-high, high-low, low- high and low-low ration,
respectively. These results, which agree with those of Joubert (1954b),
indicate that level of feeding after calving has a greater effect on subsequent 
pregnancy than level of feeding before calving. The high level of feeding
after calving shortened the interval from first breeding to conception and 
thus reduced calving interval. In zebu cattle, Mukasa-Mugerwa et a] (1989)
found a calving interval of 780 days (26 months) in traditionally raised 
Ethiopian highland zebus. Lactation length was 239 days (8 months). Cows 
thus failed to conceive for more than 8 months after lactation had ceased. 
This may be the average period required to gain sufficient bodyweight and 
condition to start cycling and conceive again, given the limited nutritional 
resources of the traditional system. 

Calving intervals also tend to be shorter in animals that are more 
productive in other respects. This may be a reflection of the effect of 
nutrition, since more productive animals are usually fed better than 
unproductive animals. For example, Baliero et al (198 1b) found that the 
calving interval of Guzerat dairy cows decreased by 17.8 days for every
1000 kg increase in lactation milk yield. Dutt et al (1974) found a positive
correlation (r = 0.33-0.60) between lactation length and calving interval in
Tharparkar cows in Uttar Pradesh, as did Choudhuri et al (1984) in 
Haryana cattle and Singh et al (I 982b) in Gir cows. Dutt et al (1974) found a 
higher correlation (0.67) between calving interval and the duration of the 
service period among Tharparkar cattle. However, Duarte et al (1983) did 
not find a correlation between length of lactation and calving interval in 
zebu cattle in Brazil. 

Plasse et al (1968) found that dam age at calving, sex of calf and location 
all significantly (P< 0.01) affected calving interval in Brahman cows. The 
location X age interaction was also significant (P< 0.05). The differences 
due to location seemed to arise from differences in the length of the 
breeding season. In a study of 5356 Brahman cows in Costa Rica, Bazan et 
al (1976) also found herd and district to have a significant effect on calving
interval as did Choudhuri et al (1984) in 2152 Haryana cattle in West 
Bengal, India. 

4.4.5 Effect of age 

In zebu cattle, calving interval is longest in first-calf heifers and older cows, 
and shortest in cows of intermediate age (6-9 years old).

Plasse et al (1972) reported a maximun calving interval of 496 days in 
12- to 16-year-old cows, with similar values for young cows 3-6 years old. 
Calving interval was shortest (424 days) in cows of intermediate age (6­
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9 years old). Earlier, Plasse et al (1968) had also observed a tendency for 
calving intervals to shorten with increasing age in Brahman cows, as did 
Hinojosa et al (1980) in a commercial zebo herd in Mexico. 

In an analysis of data collected over 20 years onl zebu cattle in Venezuela,
Montoni et al (1981) found that calving interval was longest between the 
first and second calving, and shortest between the fifth and sixth calving.
Velarde et al (1975), working with Brahman cattle in Costa Rica, also found 
the longest calving interval between the first and second calving, and the 
shortest bet ween the fourth and fifth calving. Tlhese observations were 
consistent with those of Miranda et al (I982b), working with Nellore cattle 
in Brazil, Baliero et ll (1981 b), who studied Guzerat cows, and [)hoke and 
Johar (1977), working Oil Harvana cows in India. The last authors found 
that calving interval continued to shorten tintil after the sixth parity. This 
was also observed by Kumar and Bhat (1979), Ram and Balaine (1979),
Ovedipe ct al (1982), 1)uarte et al (1983) and Singh et al (1983). l)e Vaccaro 
et al (1977) noted that the first calving interval was considerably longer than 
the second or third interval in Nellore cattle in Peru: onlv 14.5% of the 
intervals lastcd lcss than 400 days (13.3 months) and 49.5% exceeded 601 
days (20.0 months) (Table 21). 

Tle 2I. (d/uur'iIh'JV'I//IIns o/A(/flor (all/cll' iI 

Percentage of intervals of various ((lays) 

Interval Mean±SI) 300- 401- 501- 601- 701- 801- 901­
no 11 (days) <300 400 500 600 700 800 900 1000 

I 584 614± 157 0.5 11 15 17 19 31 5 1.5 

2 242 495 187 - 20 25 18 19 13 4 2 

3 60 464 ±141 I 25 27 18 28 - - -

Total 886 571 ± 168 0.5 14 19 17 20 24 4 1.5 

Source: Lie Vaccaro et if (1977). 

4.4.6 Other factors 

Calving interval can be influenced by the sex of the calf (Plasse et al, 1968).
Inl a study of zebU cosS in Kenya, Reinhardt (1978) observed that cows 
with male calves had a longer calving interval than those with female calves 
(430 vs 383 days). Subset,uCtly, Reinhardt and Reinhardt ( 1981) found that 
dams stopped suckling, and therefore weaned, female calves earlier than 
males (8.8 vs I I .mtionths). Montoni et al (1981) noted that cows with male 
calves had acalving interval 19.1 days longer than that of cows with female 
calves. Wilson (1985) calculated 29 days more. 

Calving interval may be influenced by placenta expu,lsion time 
(Chtoudh uri et al, 1984) and uterine pathology. H inojosa et A1(1980) foutnd 
a favourable mean calving interval of 383 ± 3.7 days (12.8 months) in a 
well-managed herd in Mexico. They attributed the shortness of the calving
interval to the absence of brucellosis, whichLIreduced abortion rate, and 
stringent culling of infertile cows. 
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4.5 Specific measures of cow productivity 

4.5.1 Cow efficiency 

The productive efficiency of cows can be described in biological or
economical terms. Biological efficiency is usually measured in terms of calf

weight weaned per cow exposed per total digestible liutrients consumed,

because this indirectly accounts for milk production, nutrition and
 
reproduction (Ritchie, 1984).


Totusek (1984) suggested the following equation for economic
 
efficiency:
 
profit = weaning weight x percent calf crop x selling price per pound


of calf x number of cows - annual cost of cow-calf operation
 
In each case cow reproductive performance (fertility) isvery important.


Richardson et al (1975) 
 estimated that 70% of tile variability in cow
 
productivity is attributable to calving rate.
 

4.5.2 Cow productivity index 
Cow productivity index incorporates calf bodyweight at 6, 9 or 12 moiths

and the bodyweight equivalent of milk produced. As used by Trail and
 
Gregory (1981), measures of reproductive performance, cow and calf

viability, milk yield, growth and cow weight are combined to derive the
 
cow productivity index (kg) per cow per year or per 100 kg liveweight of
 
cow of breeding age maintained annually. It is computed as:
 
(cow viability (%)x calving percentage x calf viability (%)x calf weight at
6, 9 or 12 months or at weaning (kg)) + (cow viability (%1 ' -living
percentage X lactation milked-out yield (kg))/9. 

This index may also be expressed as a ratio of cow body weight or
 
estimated metabolic weight.
 

4.5.3 Most probable producing ability 
Most probable producing ability (MPPA) allows dams with different 
numbers of records for a given trait to be compared within a herd. It is
estimated as: j s Birinks, 

Colorado Siat 

M+ N Universitv,MPPA = + N (C- H)I + (N - I)R Fort (CIiis,Co, loado
 
USA, iperona 

W here: coriluni-
Catio.
- = herd average, always 100 

N = number of calvings or parturition records per dam 
R = repeatability of the trait 
C = average value f,r the trait for all yonng produced by the dam 

(Lasley, 1972). 

4.5.4 Expected progeny difference 
Expected progeny difference (FPD) uses information on sire performance 
as well as information from progeny and other relatives to account for 
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non-random mating and genetic trends. The method produces EPDs forjiS Brinks, dams as well as sires.2 

Uirsit - EPI)s are determined for different traits simultaneously. An EPD for aF:,,, 0,,i,s, particular trait is based not only on data for ' it trait but also on data for 
C:,,).....d,
other traits. An example of how EPDs can be used is given in the 1986 SireUSA, purr-nal 
.............
i 	 Summary of the American Gelbvieh Association.' 
ca~tion. 

Anricaun 4.5.5 Lactation index 
G( bvicl 
Assiati.., Narain and Chand (1980) proposed a lactation index for dairy cows, in 
5001 Nati 	 ail
wescl n , which productivity is assessed by combining linearly four economically
Dnver.,Colorado, importan; traits such that variation between animals is maximised relative 
80216, usa. to that within. I)ata on lactation length (X.), calvinglactation yield (X 1),

interval (X3) arid dry period (X1) are required.
Productivity data from Sahiiwal and Harvana cattle at the Merut and 

Agra military farms in India were used to obtain correction factors for 
converting subsequent lactation records to the firs,. The following indices 
were obtained. 
Sahiwal cattle Y = X 6.8 X, - 7.43X. - 7.33X 4 
Harvana catIle Y = XI 1.92A, + 2.47X -2.00X 4 
The inidices were not, however, highly repeatable. 

4.5.6 Breeding efficiency 

Spielman and Jones (1939) indicated that fertility in dairy cows depends on 
the frequency of reproduction and the total number of successful 
gestations. They obtained asignificant correlation of 0.804 ± 0.026 between 
reproductive efficiency measured in terms of calving intervals and longevity
in ternm of nuIL)er (festablished pregniancies. Wilcox et al (1957)
subsc(1tCntly applied the principle using the formula: 

Breeding efficiency - 365 x N-I) x 100 

Where: 	N = total number of parturitions
 
I) = days from first to last parturition.
 

4.6 Cow productivityand useful life 
Although zebtu cattle tend to reach sexual maturity rather late, their 
productive life and that of their crosses tends to be longer than that of 
taurine cattle (Fowler, 1969). 

The useful life of Zel cattle inthe tropics v'aries from 4.5 to 8.5 years,
during which cows give 3 to 5.4 calves (Alim, 1960, 1962; Aroeria et al,
1977; Pires et al, 1977; Saced et al, 1987; Mukasa-Mugerwa et al, 1989). 
Wagenaar et al (1986) estimated that the average number of parturitions 
amng Il:tlami cattle in Niger was 5. 1, including abortions.

Basu et al (1983) estimated the heritability of herd life as 0.69 ± 0.10. If 
animals 	with long prodIctive life are also highly productive in other 
respects, it is advantageous to keep them in the herd as long as possible 
(Saeed et al, 1987). This might, however, increase the generation interval 
and thus reduce the response to selection. The trade-off between immediate 
productivity and herd improvement must, therefore, be carefully 
considered. 
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4.7 	Effect of inbreeding and heterosis on 
reproduction 

Khanna et al (1980) studied the effects of inbreeding on Haryana and 
Sahiwal cattle (Table 22). Inbreeding (coefficient 6.96%) increased age at 
first calving but shortened service period and calving interval in Haryana
cattle. At a higher inbreeding level of 14.03%, Sahiwal cattle were older at 
first calving and had longer service periods and calving intervals than 
non-inbred cows. 
Table 22. Ihflect oYinbreeding oLn r'prodtucticecharacteisticsoflalcryantt-mi 

.Sah,atlcattle 

Haryana Sahiwal 

Non-inbred Inbred Non-inbred Inbred 

Average inbreeding (%) -

Age at first calving (,=ys) 1636 ± 19 

Service period (days) 241 ± 4 
Calving interval (days) 522 ± 4 

6.96 

1712 ± 32 

205 ± 9 

490 ± 4 

-

1420 ± 20 

209 ± 8 

463 ± 10 

14.03 

1441 ± 30 

222 ± 16 

528 ± 22 

Source: Khanna et al (1980). 

Odedra et al , 1)77) found little effect of inbreeding on Gir cattle 
production over a range of inbreeding coefficients from less than 6.25% to 
greater than 12.5%. However, first calving interval was markedly longer at 
an inbreeding level of 12.5% or more and the first dry period was longer in 
highly inbred animals (Table 23). 

Table 23. 1././'cl ofibreeditt on/reltctid re/rodttct 'e ciarctttsticsofGir 
cattle
 

Inbreeding level (%) 

<6.25 6.25-12.40 12.5 >12.5 

Age at first calving (days) 1715.00 1829.20 1807.00 1672.00 
1 lactation yield 1577.64 1811.69 1521.00 1792.40 
1s lactation length (days) 309.20 376.00 370.00 332.50 
1"dry period (days) 164.58 125.31 167.24 282.10 
1"calving interval (days) 491.90 491.80 537.30 612.60 

Source: Odedra et al (1977). 

Estimates of the heritability of economic traits are high; 0.13-0.48 for
birth weight, 0.06-0.68 for weaning weight and 0.50-0.57 for weight to 12 
to 24 months. However, reproductive efficiency and viability of zebu cattle 
are low, especially under traditional management. As a result, economic 
returns and response to selection are likely to be small. Most attempts to
increase the productivity of zebu cattle have therefore used crossbreeding
because the economic traits arc also associated with substantial heterosis;
10-25% for age at puberty, 10-20% for calving percentage, 5-20% for 
viability, i0-20% for pre-weaning growth, 10-20% for post-weaning 
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growth, and 25-50% for F1 cow productivity. Koger et al (1973) give an 
extensive account of the effects of crossbreeding Bos tauruswith Bos 
indicuscattle. Examples of individual studies are given in Table 24. 
Nevertheless, maximum heterosis is only expressed when cows are well 
m.naged and fed according to their genetic potential. 

Tablk 24. I fetcf crossbreedintgon reprodtucliepefomlance 

Percentage 
Type of animal pregnancy Source 

or calving 

British cattle 78.7 Warnick et al (1960) 
Brahman cattle 62.9 Warnick et al (1960) 
British x Brahman 70.0 Warnick etal (1960) 

Angus 85.1 Bazer(1973) 
Brahman 60.9 Bazer(1973) 
Angus x Brahman 88.8 Bazer(1973) 

N'Dama 45.5 Egbunike (1984) 
German Brown 77.9 Egbunike (1984) 
N'I)ama XGerman Brown 83.3 Egbunike (1984) 

McDowell (1985), in an extensive review of the merits of crossbreeding 
Bs turls and Bos in(icu1 s cattle, found that crosses with European breeds 
calved earlier than local herd-mates, gave more milk per lactation, milked 
for more days and had slightly shorter calving intervals. F, crosses generally 
performed better than indigenous breeds and had fewer health problems.
The author noted, however, that 3/4 crosses tended to calve nearly 1 year 
later and have calving intervals approximately 1 month longer than F1 
crosses. They also had higher early mortality rates and a tendency towards 
shorter herd life. Similar conclusions were reached by Franke (1980) in a 
review of work on Brahman cattle. 

4.8 Summary 

If meat and milk production are to be increased in the tropics, cow 
productivity, i.e. the number of calves produced per lifetime or per unit 
land area, must be increased and tile time from birth to slaughter must be 
reduced. The number of animals available for finishing is aiso critical. Much 
of the information presented in this chapter suggests that the number of 
animals available for finishing would increase substantially if heifers were 
bred as early as physiologically feasible. 

Fertility rates of Bos indicus cattle under traditional management are 
generally low but improve considerably, to 70-80% and more, under 
improved management. Calving intervals also shorten under improved 
management. Improving animal nutrition in traditional systems would 
increase animal productivity, and economic ways to achieve this need to be 
investigated. 

The useful life of zebu cattle ranges from 4.5 to 8.5 years, during which 
they produce 3 to 5 calves. Very high levels of inbreeding depress fertility 
and fitness traits, while crossbreeding appears to increase both traits. 
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However, maximum benefit from crossbreeding is realised only when

animals are well managed. Very high levels of taurine blood seem
 
disadvantageous in tropical areas.
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5. INFERTILITY IN COWS 
Cattle are deeed infertile when they are neither normally fertile nor 
completely sterile. Interest in bovine infertility increased with the 
introduction of artificial insemination in the 1950s and as the factors 
involved became known to farmers, herdsmen, physiologists and other 
workers (Roberts, 1956).

The causes of infertility are many and can be complex (Arthur, 1982). 
They relate to Graafian follicle development and maturation, oestrus onset,
successful coitus, ovulation, fertilisation, implantation, and the develop­
ment and delivery of the foetus and itF membranes. Anything interfering
with these routines, such as diseases, poor nutrition, inadequate herd 
management, hereditary and congenital factors, hormonal disturbances or 
environmental changes, makes tile animal infertile, if only temporarily 
(Osmanu, 1979). 

Ten to 30% of lactations may be affected by infertility and reproductive
disorders (Erb and Martin, 1980), and 3-6% of the herd is culled annually 
in developed countries for these reasons. The extent of tile problem is likely 
to be similar in the tropics, although extensive data are not available. In 
Zambia, for example, the National Council for Scientific Research (NCSR, 
1970) noted that infertility is one of the major problems confronting the 
cattle industry, but that the extent and causes were still obscure. Although it 
was believed that up to 40% of local cattle were infertile, no systematic 
studies had been undertaken at that time. Details are given below of some of 
the commn causes of infertility. 

5.1 Congenital morphological causes 

Congenital causes of infertility are often inherited. They include develop­
mental abnormalities of the ovaries, oviducts, uterus, cervix, vagina and 
vulva. Some are lethal, a few have a morphological significance and others a 
ftmcti0:,a' significance. (ommnon morphological conditions include 
ovarian (gonadal) hypoplasia and aplasia, anomalies of the tubular genitalia,
her ,i hr, ditism, freemartinisn, arrested developmtent of the Mullerian 
ducts (White heifer disease) and double cervix (l.agerlof, 1963). Many of 
these abnormalities have been documented in zebu cattle by Perkins et al 
(1954), Kodagali (197-), (:henna (1980) and Ktuni-D)iaka et al (1981). 
However, they are of little significance if an appropriate culling programme 
is practised. 

Anmong 5238 non .pregnant slaughter catt!e studied in Brazil, 17.27%, 
had abn10malit ies of the ovaries and Other reprodtictive tract segments, 
including agenCsis, atrophy, hypoplasia and Wuinours (Vale et al, 1984).
Segmental aplasia Of the Fallopian tubes and uterus, abnormalities of the 
cervix and remnants of the Mulleria:, ducts were also observed by Basile and 
Megale (I97.4) among 6054 cows and heifers in southern America. Fifty had 
abnormait ies of the hnen. Ku1toi-Diaka et al (1981) found anoestrus and 
genital abnormalities in 22.7% of 3000 cows in Nigeria, incltuding ovarian 
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hypoplasia in 13 cows and freemartinism in two. A 9.7% incidence of
hypoplasia was found among 889 cows examined over 6 years in Southern 
Kartanaka, India (Hussain and Muniraju, 1984).

Bovine gonadal hypoplasia is not easy to diagnose (Lagerlof, 1963) and 
in cases of bilateral ovarian hypoplasia heifers do not develop secondary
sexual characteristics. They are anoestrus and infertile. Where the condition 
is unilateral, normal sexual organs and oestrous activity may be observed.
Such animals are fertile, although less so than normal. The condition is 
potentiated by an autosomal recessive gene with incomplete penetrance,
and therefore the incidence of gonadal hypoplasia can be reduced by using
only animals (both male and female) with normally developed sexual organs 
as breeding stock. 

5.2 	 Functional causes of infertilityand
 
repeat breeding
 

In a sample of 510 Gir cattle in India, functional abnormalities were 
responsible for 59.4% of the cases of reproductive disturbance, compared
with 23.3%, attributed to pathological causes, 8.8% to anatomical factors 
and 4.8% to old age (senility) (Kodagali, 1974). The causes of functional 
infertility included cystic and inactive ovaries with anoestrus, early
embryonic mortality with repeat breeding, and prolonged gestation.
Anoestrus often reflects a hormonal disturbance and accounted for 47.8%
of the cases. Repeat breeding, where cows require three or more services to 
conceive, accounted for 11.5%, of cases. Singh et al (1981) also found 
functional infertility to be more common than infertility due to infectious 
diseases (76 vs 24%). 

5.2.1 	 Cystic ovaries and retained (persistent) corpora lutea 
Cystic ovaries contain one or more persistent fluid-filled cavities larger than 
aripe follicle (Arthur, 1964). This is sometimes referred to as cystic ovarian 
disease (Chatihan et al, 1984). Ovarian cysts can be classified as follicular 
and luteal. They may vary in size from that of a ripe follicle to that of an 
orange. Their effects also vary according to their number and degree of 
luteinisation. Many uinluteinised follicles tend to lead to n)mphoiania
with frequent, irregular heats, whereas a cow with a few extensively
luteinised cysts may become anoestrous. Cows with long-term cysts may
show virilism. In addition to the pathologic follicular and luteal cysts, there 
are the non-pathologic cystic corpo,., lutea. These are normal sti tictures 
that follow a normal ovulation but have a fluid-filleJ central cavity 7-10 mn
in diameter. On rectal palpation they feel like normal corpora lutea but 
more fluctuant and soft. They do not alter the oestrous cycle dur.r',ion and
when conception occurs, it can be maintained to term (Roberts, 1971). The 
term "cystic ovaries" is therefore usually applied to pathological follicular 
and Ititeal cysts.

F..timates of the incidence of cystic ovaries in zebu cattle range f umII to
13%, (Rao et al, 1965; Kuni1-I)iaa et al, 1981; Pandev et al, 1982; 1ussain 
and Muniraju, 1984). 0snianu (1979) found that in the 26% ,ofcovs
surveyed in Ghana that were infertilc, the single most important cOLse was 
cystic ovaries. Kaikini et al (1983) found the right ovary to be affected more 
(5. "A%)than the left (1.2%) and only in 0.5%, of cases were both ovaries 
affected simuhtaneotisly. The above are interesting observations since cystic
ovaries have seldom been reported among taurine beef cattle or zebu cattle. 
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Cystic ovaries are conventionally diagnosed by rectal palpation, but it 
may be difficult to differentiate between follicular and luteal cysts 
Although both tend to be smooth and convex, follicular cysts are more 
tense and thinner-w lied. 

Events in the hypothalamus, anterior pitultary, adrenals, ovaries and 
other target organs appear to be involved in the development of cystic 
follicles (Vaiideplassche, 1982). There seems to be a briak in the secretion of 
gonadotrophic-r'leasing hormone by the hypoihalamus, which increases 
the ratio of follicle-stimulating hormone (FSH) to luteinising hormone 
(LH) in circulation. Insufficient LH result,, in failure to ovulate and no 
corpus iuteum develops. Both follicular and luteal cyst, are thus 
,novulatory, in contrast to the ovulatory cystic corpus luteum. 

There appears to be a genetic ipredesposiLIon to cystic ovaries. Estimates 
of the heritability of cystic ovarie; ,angc ft oiaL 0.05 LO 0.43 (Casida and 
Chapman, 1951 ; Erb et al, 1959; Johannson, 1960). 

The incidence of cystic ovaries also appears to be related to milk yield in 
dairy cattle. Animals of all ages are susceptible, o.ttincidence is greater in
 
cows during their fifth or sixth lactation, i.e. when milk yield is often
 
greatest. The condition is also commonlh diagnoscd 1-4+months after
 
colving. It is thus suspectL~d that lactation stress iVs
a predisposing factor.
 
Menge et al (1962) reported a genetic correlati m of 022 between milk
 
production an(I cystic ovaries, but Casida and Chapman (1951) found no
 
correlati,n between the two factors. I-crnendez-I.edezma el al (1984) 
obsr'ed that the incidence of cystic ovaries increased from 8.4% in 
piinmipacou, cows to 25.9% in cows in their fifth ',.+ctation. The incidence 
overall was also higher in coy's with metritis (14.6%) and those with 
retined placenta (13.6%) than in healthy cow,(8.5%). Other factors 
influencing incidence were prolonged iritzrval from calving to first detected 
oestrus, first mating and conception, ald the interval from first detected 
heat to conception. 

Vandeplassche (192) indicated that a close association may develop 
betweeii cystic cows (the bullers) and certain herdmates and that this 
increases the like!ihood of the 'chosen friends" becoming cystic. He also 
noted that treating cows with small dose of oestradi -) benzoate may induce 
cystic ovaries. 

Forage legumes are often advoca:ed as a means of improving animal 
nutrition in the tiopics. Sc8 , however, conta in subs'ances, such as 
phytoestrogens, that may redoce fertility. Feeding cows for prolonged 
p :riods on clover, icerne (ilfalfa), or other plants rich in phytoestrogens 
may lead to cystic ovaries. Little (1976) assessed several pasture species, 
particularly ro, ical legumes, for oestrogenic activity and found that 
,j:erne(0f'd/ci, o salit) had a slight oestrogenic potential. More evidence 

is neced on the oestrogenic effects of forage lgumes, especially where they 
forn an important component of natural pastures. 

As noied ,toove, cews with cystic ovaries can show either nymplmania 
ot anoestrus. Nymphomaniac cows exhibit prolonged periods of frequent 
oestruses. They mount others and stand for mounting, even by a bull. In 
contrast, cows with %irilisn, mount others but do not stand for Inounting. 
Nymphomaniac cows have been called "buliers" becaIse of these 
homosexual tendencies. They develop oedema of the vulva, copious 
mucoI! discharges may be seen and the sacro-sciatic ligament frequently 
sinks, causing the coccyx to tilt tIp. 

FollictihIr cysts are follicle-like structures more than 2.5 cm in diameter 
that persist on tlie surface of the ovary for more than 10 days (Roberts, 
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1971). They grow in a disorderly manner, fail to regress or undergo atresia
and instead accumulate fluid. Since there is no ovulation, such cows are 
infertile until normal cycles resume. 

Follicular cysts during the early postpartum period niay regress by
themselves but several therapeutic approaches have also been tried. 
Products with high LH activity have long been used to treat follicular cysts,
to good effect (e.g. Casida et al, 1944; Roberts, 1955; Elmore et al, 1975).
Seventy to 80% recovery raLes have been recorded, although subsequent
first service conception rates tended to be low. Progestational compounds
have also been used, but their efficacy is still in doubt. LH-rich products
administered in conjunction with progesterone compounds have given
better results than either product alone. More recently gonadotrophic­
releasing hormone (GnRH) or its analogues have been used to induce LH 
release; this initiated oestrus in about 80% of the animals (Kesler and
 
Garverick, 1982) due to the induced preovulatory-like LH surge which
 
might otherwise have been insufficient for normal ovulation and corpus

luteum formation to take place. The interval from GnRH treatment to
 
oestrus may be shortened by 18 to 24 days by injecting prostaglandin F2 ce 
(JvGF,o) 9 days after GnRH. 

Care should be exercised when administering prostaglandins to cattle.
Local haemorrhages have been observed at prostaglandin injection sites due 
to prostaglandins other than PGlFx in some products. Large abscesses may
develop at these sites due to anaerobic C'oslo-idaspp. bacteria, introduced
by unsterilised needles. Therefore, clean needles should be used for PGF,a
injections, or an antibiotic (e.g., 1 ml streptomycin) should be added to the 
PGF 2,a dose. 

When ovaries are undergoing cystic degeneration, the walls of the 
growing cystic follicle may degenerate. Oocyte development is terminated 
and about a third of the cysts may luteinise. Luteal cysts are thus less
frequent than follicular cysts. Careful diagnosis is needed to differentiate 
them from cystic corpora lutea, which are not pathological. Luteal cysts
have a larger antrum surrounded by several layers of luteal cells, which 
continuously elaborate progesterone, rendering the cow anoestrous. 
Continuously high progesterone levels may therefore be indicative of luteal 
cysts. 

Pressure can be applied to luteal cysts to rupture them and express their 
lining (Arthur, 1964), but recovery rates tend to be low. Ovulation can also 
be induced by administering luteinising hormone (human chorionic 
gonadotrophin: hCG) or 0.5-1.0 mg GnRH (Vandeplassche, 1982). Most 
cows show oestrus 18 to 23 days after GnRH therapy. The interval from 
GnRH administration to oestrus can be shortened to 12 days by administer­
ing prostaglandiiis 9 days after GnRll (Kesler et al, 1978). Bovine lUteal 
cysts are difficult to differentiate from follicular cysts and this may be the 
reason that PGl:2(Y therapy is often ineffective. 

GnRH IIs also been used prophylactically to reduce the incidence of 
ovarian cysts. Administering the hormone 8 to 23 days (Britt et al, 1977) and 
12 to 14 days (Zaeid et al, 1980) after calving was found to reduce the 
number of cows that developed ovarian cysts or were culled for infertility.

Finally, reference has sometimes been made to retained or persistent 
corpora lutea, i.e. those that persist beyond the normal luteal phase. These 
continue 1o produce enoIgh progesterone to prevent further follicular 
development, ovulat ion and oestrus. Severe endometritis may be associated 
with a persistent corpus lutCuin due to toxiL damage to tile endomnetrium,
which prevents proper secretion of luteolytic prostaglandins. This can also 
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occur with pyometra, foetal mummification and maceration, i.e. conditions 
that simulate pregnancy (Boyd, 1977). Lamming (1977) reported persistent 
corpus luteum to be rare (under 2%) in cows with normal uteri. 

Diagnosis of persistent corpus luteum is based on the presence of a large, 
persistent corpus luteum on the ovary, anoestrus and persistently high 
levels of progesterone. Frequent visits and rectal palpations of affected cows, 
with accurate records of the rectal findings at each visit, are required before 
a diagnosis of persistent corpus luteum can be confirmed. Once confirmed, 
the persistent corpus luteum can be enucleated or lysed by prostaglandins. 

5.2.2 Other causes of anoestrus 
Anoestrous cows have small, flaccid uteri and small, inactive ovaries with 
no palpable corpus luteuin or follicle. In contrast, cycling cows are 
identified by the size and tone of the uterus and the presence of the corpus 
luteum or follicle or both on either of tile ovaries. Nevertheless, cows may 
show anoestrus despite having normal ovarian structures. 

Anoestrus is a major problem in the tropics and subtropics, where 
inadequate nutrition, high ambient temperature, high parasite burdens and 
disease exacerbate the problem. xow body weight and poor body 
condition, compounded with lactation stress, can further extend the 
postpartum atnoestrOus period. Vandeplassche ( 1982) indicated that the 
long anoestrous period in the nursing cow might be due to an elevated level 
of prolactin, which appears to depress the secretioa and release of GnRH, 
or that the pituitar'y may be less responsive to Gn RH during nursing. Since 
the anoestrous period tends to be longer and more common among 
first-calf hei fers, the author al:;o suggested that immaturitV coUld be a 
contributin' factor. Although dhe ovaries Of such cows may not be 
completely inactive, reduction in oestrogen secretion over long periods 
may result in under-development of other genital organs. The vagina, 
titerus and ovaries of these animals feel inactive on rectal palpation. Blood or milk progesterone levels are also iow. 

Conditions that siniulate pregnanc\ , such as pyolnetra (pyometron), 
severe nictritis, foetal inaceration or nmuimMification, may catise anoestrus. 
Pyometra, which often occurs when foetal membranes are retained or 
following postpartum metrit's, is a fr "quent cause of anloe,;trus. These 
conditions damnage the endornetrial lining of the uterus and reduce secretion of 
luteolytic prostaglandin. The cyclic activity o. ie ovary is thus interrupted 
in the Iuteal phase and the cow or heifer is anoestrous until tile condition is 
corrected. Without regular veterinary care and palpation, these conditions 
may remain undiagnosed and the cow may be believed to be pregnant. 

Although anocstr-is can, to some degree, be overcome by treatment, it is 
more practical to ensure that animals are well managed and are fed to 
maintain good condition during critical periods, i.e. prior to mating and 
during lactation, i1 order to avoid anoestrus. 

Anoestrus is normal in pregnant, preptibertal and recently-calved 
animals. Pregnancy is a common cause of anoestrus, but this Is often 
overlooked where serv',:e records are poor. Since many treatments for 
anoestrus terminate pil nancy, the possibility that cows presented as 
anoestrous are pregnant should be eliminated before treatmeni begins. 

5.2.3 Repeat breeders 

Repeat breeders are those cows that require three or more services to 
conceive (Enkhia et al, 1983; Casagrande and Goes, 1977). Kaikini et al 
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(1983) estimated the incidence of repeat breeding to be 21.9% in 4i 
Holstein X Gir cross cows studied at Rahuri, India, between 1972 and 1980.
Nuru and Dennis (1976) found that the incidence of repeat breeding ranged
from 16.6 to 58.8% in Fulani herds surveyed in six states of northern 
Nigeria in 1972-73. Singh et al (1983) reported a range from 7.4 to 18.6% 
among Holstein, Danish Red and Sahiwal cows and their crosses. 

Repeat breeding can be caused by a number of factors, inciuding
subfertile bulls, endocrine problems, malnutrition, reproductive tract 
infections and poor management. Vandeplassche (i982) cited previous
work in which adhesions of the ovarian bursa, salpingitis, cystic ovaries and 
endometritis were found in repeat-breeding cow'-. Bhatt et al (1979) found
antibodies to seminal antigen in the genital secretions of 12 repeat-breeding 
cows in Bikaner, India. Munoz de Cote et al (1980) made a similar
observation in Mexico; 32 out of 50 infertile Holstein cows had antibodies,
at a titre of 1.8 or more, to Holstein bull spermatozoa while none of 50
fertile heifers had a titre higher than 1.8. Thirty of the "infertile" Holstein 
cows conceived when inseminated with zebu semen, whereas only 7 of the
"infertile" cows inseminated with Holstein semen conceived. Proper
diagnosis of the cause of repeat breeding is very important and requires a 
careful assessment of production and breeding records. 

Repeat breeding can be treated by enucleating the corpus luteum or
causing its lysis by prostaglandins, uterine massage or manual stimulation 
of the clitoris after artificial insemination or infusion of the uterus with 
50 -200 ml of 1 to 5% Lugol's iodine, which has a stimulating effect on the 
uterus. Enucl-ation of the corpus luteum may cause adhesions between the 
ovary, bursa and fimbria or haemorrhage in the ovary. Pharmacological
enucleation with prostaglandins avoids this problem. Intra-ute,'ine infusion 
of antibiotics has been used but there is little evidence that this increases
 
fertility during the following cycle. However, fertility tends to increase by

the second or third heat after treatment. Human chorionic gonadotrophin
 
can be administered at the time of Al to promote ovulation or progesterone 
can be injected 4 to 5 days after service. Details are given in the following
sections on how pathological causes can be handled. 

5.3 Infectious causes of infertility 

Infectious agents that have a detectable effect on the animal may interfere, if
only slightly, with its reproduction. These include several bacterial, 
protozoan, viral and mycoplasmal infections. Details of the most common 
and economilcally important ones are given below. Several are important 
zoonoses. Some details on endometritis, metritis, pyometra and retained 
afterbirth are also given. 

5.3.1 Bacterial and protozoan infections 

Pathological lesions were observed in the reproductive tracts of 55.14% of 
700 cows examined at post-mortem on two ranches in Shaba, Zaire 
(Binemo-Madi and Mposhy, 1982). Most of these were on the ovary and 
salphinx. They may have been caused by aLnormal rectal manipulations or
bacterial infections of the uterus, vagina and vestibulae. About 45% of the 
cows were still capable of breeding, indicating that pathological conditions 
do not necessarily render cows permanently sterile. Their seriousness 
depends on the location of the infection. 
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5.3.1.1 Brucellosis 

hI)pOrtat ce (Ind il Lidlence 

Brucellosis is found world-wide. It affects humans, domestic animals and 
wildlife. It is caused by Brtcella abortus,B felitL'Usl, 13. suisd, B.ois and 
13. canis. 

De et al (1982), in a study of 989 com s in West Bengal, attributed 
abnormal termination of pregnancy, cervicitis, eidometritis, repeat 
breeding and anoestrus to brucellosis, campylobactcriosis, leptospirosis 
and trichomoniasis. Rao et al (1977), Hussain and Muniraju (1984) and 
Kaikini et al (1983) noted that these, and other infections, can lead to 
inflammation with bursal and uterine adhesions, periglandular fibrosis, 
hydro- and pyo- alphinx, hydrometra, pyometra, endometritis, vaginitis, 
and metritis. Other effects include early embryonic loss and repeat 
breeding, abortion, dystocia, retained membranes, stillbirth, and prolapse 
in late gestation. 

Brucellosis has been extensively studied, partly because it causes 
widespread economic losses due to abortion and extendcd calving intervals 
and because it affects humans. 

Many countries in the temperate regions have substantially reduced the 
incidence of brucellosis. Some, such as )enmark, UK, The Netherlands 
and Romania, have eradicated the disease, mainly through rigorous test and 
slaughter policies. The diagnosis of brucellosis is now well standardised 
and, in general, highly efficient. However, the disease is still prevalent in 
many cotntries, especially in the tropics. 

The reported incidence of brucellosis in Africa varies frc~m zero to 100% 
(Chtikwu, 1985; 1987). Some of the variation can be attributed to sampling 
technique, the herds sampled and the diagnostic tests used. Some cows also 
only react positively to serological tests when )regnant. Therefore, one 
must be cautious in intcrpretilg incidences across countries or among herds. 

A survey of cattle on the Accra plains in Ghana indicated an incidence of 
20-30%, with high rates of abortion and stillbirth (Oppong, 1966). 
Esortioso (1974) reported that up to 60% of breeding cow: and heifers in 
western Nigeria were infected with rtcellaahurijis. In Ethiopia, Meyer 
(1980) found that 39% of the cattle belonging to the Institute of Agricultural 
Research (IAR) were serologically positive for brucellosis in 1978, 
compared with 18.1% in 1975. A comparatively low incidence of 0.25% 
was reported in Malawi by Klastrup and Halliwell (1977). Studies on 
brtucellosis in Africa are reported by Dafalla (1962), Mustafa and Nur (1968) 
and Mustafa et al (1976) in Sudan; Waghela (1976) in Kenya; Kagumba and 
Nandhoka (1 978) inl Uganda, Kenya and lanzania; Marinov and Boehnel 
(1976) in Tanzania, and Wernery et al (1979) in Somalia. These, and reports
by Chukwu (1985; 1987), Vandeplassche (I982), Blood et al (1979), Arthur 
(1964), Roberts (1971) and Tel, dve Bekele et al (1989a), are drawn on 
sutibsequentl. 

7r(1tl.ullsli.io 
Brucellosis is normally acquired by cattle by ingesting the bacteria. 
Infection may also occur through the mucosa of the eye, nose and teat, and 
through the endometrium if the cow is artificially inseminated with infected 
semen. The multi-layered mucosa of the vagina seems to protect againsi 
infection following natural service. 

The disease is most serious in cows infected during pregnancy. The 
bacteria show a preference for the pregnant uterus, foettis and the lymph 
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glands of the udder. Both the membranes and foetus respond to Br-ucell 
infection by increasing their production of erythritol, a simple carbo­
hydrate, which increases the browth rate of the bacteria. This usually results 
in abortion at about 6 to 8 montlhs of gestation. The organism may also 
produce toxins and allergens, cau-e vascular thrombosis, in( rease uterine 
motility, and disturb production of sex steroids and prostaglandins, 
contributing to abortion (Vandeplassche, 1982). In some cases the dead 
foetus is not aborted, but isretained in amummified or macerated form. If a 
calf is born a!'ve it is liheh, to be weak and to contract calf scours easily. 
Many die soon after delivery,. 

Aborting infected cows or heifers are a major source of infection for 
other cattle and people handling them. kborted material and vaginal
discharges from infected females are heavily infeced with rhicella, and 
these contaminate pastures, pens and buildings. Orgnriisms are also present
in the milk of infected cows. BWucellosis is a professi( 'al hazard for cattle 
keepers and veterinarians. 

Foetal nembranes are commonly retained because of uterine inertia, 
placentitis or both. Retained membrlanes must be handled ,ith great care. 
Puerperal metritis may develop and cows may remain infertile for some 
time. 

After abortion, uterine infection normally declines within a month. The 
animal may not abort on tile next conception, but she will continue to 
dischar ,: the r/iicl. Some calves are born infected. Many lose the 
infection quicky but a fexw do not. The latter do not show any signs of the 
disease and represent "latent infection". The organism remaills dormant 
until the animal becomes pregnant. Calves born to serologically positive
daras are, therefore, at risk of developing tlt disease in the future and ought 
to be carefully screened when pregnant. ULddei (Alton, 1981) and milk 
infection lasts several months or years and may b2 the source of uterine 
infection dtiring subsequent pregnancies. 

1)u.td&1,flosis 
Brucellosis shou~ld be suspec!ed whenever a cow aborts unexpectedly, 
except in a Irituclhi-free herd. Confirmation requires bacteriological 
examination, culture of the organism or serodiagnosis.

A smear from the necrotic surface of placental cotyledons, stained with 
20% fuchsil. 3% acetic acid and 10% methylene blue, can assist the first 
tentative diagnosis of brucellosis. The Brucellac stain red against a blue 
background. Chlamvdiae may also stain red but are smaller and primarily 
intracellular (Vandeplassche, 1982).

The bacteria are rarely cultutred, par'tly because diagnostic material, 
particularly foettises, usu~allv reaches the laboratory in a condition 
unsuitable for proper examination. Serological tests are, therefore,
Commn lV employed. liowver, the various tests tised differ in convenience 
and accuracy. A good serological test would establish early diagnosis,
identify chronic infections, and distinguish between the antibodies of 
vaccination and infection (Fenstcrbank, 1986).

In the milk ring test (NIRT), also called the Bang Ring l'est, a drop of 
haeniatoxvli n-stained antigen is added to I ml of milk. This is incubated a' 
37"C for half to Ihour. TLh istest is widev used, fairly efficient, economical 
and easy to pertorm. A positive result is shown bv the development of a 
Clum11p of stained organsisms deposited in a ring ol the surface of the 
preparation. The negative result is bluish milk covered by an uncoOUreC1 
layer of cream. -lowever, the sensitivity and specificity of this test are 1L6v, 
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and test results can even vary for the same animal at different periods. It is 
therefore used only for quick screening or surveillance of milk samples. 
Milk should be tested monthly. To reduce the chances for misdiagnosis, 
such as can arise aft,:r Strain 19 vaccination ordue to the presence of certain 
milk proteins in late lactation, test milk can be dilited 5 to 10 times with 
normal (Bhi'czch-free) milk. 

In the spot agglutination test, developed in tile United States (Alton, 
1981), a drop each of serum and antigen are mixed on a card or on a plastic, 
ceramic or glass plate. This is also known as the Rose Bengal Test (RBT) or 
rapid plate agglutination test. RBT is performed on serum using stained 
antigen at pH 3.6. It is economical, simple to perform and gives results in 4 
minute.s. Like tile MRT, it is used a;s a quick screening test. A positive result 
is indicated bv clear agglutination. To aid judgement, a known positive 
sample is run at the same time for comparison. 

More sensitive and specific tes.s ticlude the complelent fixation test 
(CFT), which detects IgG I and IgM antibodies (Fensterbank, 1986). This is 
the most accurate and sensitive test for brucellosis and distinguishes 
between antibodies of infection and vaccination . lowever, it must be 
performed by a trainCd technician. 

Tle enzynle-Iinked immunosorbent assay (FI ISA) has been used to 
diagnose brcelhosis (Stenmshorn1 et al, 1960), but has not been extensively 
adopted as a routine test. Diaz et al (1979) described a simple inimuno­
diffusion test that the\, thought could differentiate between infected and 
vaccinated an;nmals. Kaneene et Al(1979) reported that til' level of immunity 
among vaccinated cattle could be assessed by exposing peripheral 
lynIphocVtes to 1,.'Wc//a antigen in vitro. Tley also indicated that this 
procedure could be used to diagnose tile disease. 

Bru .ellosis can be controlled through strict hygiene in tile handling of 
potentially infected material and by vaccinating all animals. To eradicate the 
disease, all infected animals must be slaughtered. 

Cows, especially those that react positively to serological tests for 
brUcellosis, should be isolated from the herd before calving and their calves 
monitored for latent infection. P}regnant animals should be observed for 
imminent, abortion and all aborted material Must be disposed of properly, 
e.g. by burning or deep burial. Farm labourers should be aware of tile 
dangers of brucellosis and avoid spreading tile disease. 

Cattle should be bought only from liruL_'/I'-frCe herds. If this is not 
possible, a imals should be tested serologically on tile farm of origin prior 
to pu.chase and again one month later after arrival on the new farm. They 
should be kept in quarantine until after the second test. If an animal reacts 
positively to the M RT or RBT tests, tile result should be checked using the 
CFT test. If the latter is also positive, the animal sh{ould be slaughtered. 

Where the incidence of brucellosis is high, calves should be vaccinated 
with the attenuated Strain 19 vaccine at 3 to 6 months old. Persistent 
antibody titres that may be hard to distinguish from infection, and infection 
of the udder, have been observed in heifers vaccinated at 8 months or older. 
Vaccinal titres tend to recede more rapidly when heifers are vaccinated at 
6 months or younger (Carroll, 1972) a.d ,here is no difference in immunity 
levels of calves vaccinated at 3, 4, 6 or 8 months old (Mathei and I)eyoe, 
1970). Sexually mature animals can be vaccinated with the killed adjuvant 
vaccine 45/20. The vaccine is given twice, 6 weeks apart, followed by an 
annual booster. The resistance developed is similar to, but not better than, 
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that from calfhood vaccination using Strain 19. Therefore, it is not advisable 
for heifers that received Strain 19 as calves. 

Bulls should not be vaccin.ted. Strain 19 organisms have been isolated 
from the genitalia of vaccinat,:J bulls (Lambert et al, 1964). These could
infect their seminal vesicles, epi didymides and testes. Bulls often stay in the
herd for a short time, during which they do not transmit the organisms
naturally. Howevet, bulls at artificial insemination centres must be
rigorously tested for the disease. Non-specific post-varcination reactions to 
serun agglutination tests have also been observed among Al bulls. Bell 
(1984) believed that the cause could be an anomaly of th., immune system,
particularly of IgM.

Prevention of the disease in human, is ccntingent upon the control ox
the disease in animals. Once tke incidence of the disease is substantially
reduced by vaccination, a test and slaughter programme can be attempted to
eliminate infected animals. Once a herd has beer. certified as being free oy
the disease, continuing vaccination may not be necessary but the herd must 
be kept closed. 

5.3.1 2 Trichomonitsis 

Iicideic',(Iud /fI1)?lS.ikji.I' 
About 40 years ago, trichomoniasis was an important cause of infertility in
cattle in many countries. The disease causes endomctritis, pyometra,
abortion and sterility. It is avenereal disease spread at service or by artificial 
Insemination with improperly treated or handled semen. It is sometimes 
called Bovine Venereal Trichomoniasis. Its incidence has been greatly
reduced where artificial insemination is widely used, as in the UK, The 
Netherlands, France and Cyprus. It nonetheless remains aproblem in other

countries, especially in dairy cattle, poorly ma:naied herds and herds which
 
use commt,nal bulls.
 

The incidence of trichoinoniasis in Africa and tile tropics is not widely
reported, partly because diagno. is is coniplex and time-consuming.
ConseqtIently, iLis not clear if the disease is widespread. De et a] (1982) did 
not find infected animals amrang 13 well-managed herds in West Bengal,
India. Only one cow from a rural herd was diagnosed as being infected. 
Klastrup and Halliwell (1977) also failed to demonstrate the disease aning
294 slaughter bulls and 54 others maintained at breeding centres in Malavi. 
However, in Egypt, Gawade et al (1981) found an incidence of 4.6% among
Holstein bulls, and in Nigiria Akinboade (1980) found an incidence of 
14.9% among slaughter animals. 

Trichomoniasis iscaused by 7)iHI )UwuL./('IIN, a protozoan about 1',t
long with an undulating membrane. In bulls, the trichonionads normaliy
colonise the crypts ok the external mucous membrane of the penis and 
prepuce. Since these cryots are deeper in older bulls, the prevalence of the
disease tends to increase with bull age. Infection does not ind-IL any local 
antibodies or specific agglutinins in the blood of bulls. Bulls carry the 
disease for a long time without showing symtoms.

Cows and heifers that have never been exposed to the disease
become infected following either natural service by a carrier bull or 
artificial inseminations with contaminated semen. Following natural 
service, the protozoa first multiply in the vagina and cervix for about 3
weeks. In about a (quarterof the cows, the organisms do not migrate to the 
uterus. With intra-uterine artificial insemination, the utertis is directly 
infected. 
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Imporance 

Trichomoniasis causes infertility, repeat breeding, delayed return to oestrus 
after mati.:g, -arly embryonic der.th and, so-.ictimes, abortion. It may' 
directly cause the death of the embryo or inmo A1o so via uterine endoihietritis 
and marked leucocytic dia pedesis into thL ern ometrium (Vandeplssche,
1982). The affectc '1cow re:urns to oestrus Cr may abort anytime from 2 to 7 
months after conception. The foetus can degenerate. The corpus luteum 
may be maintained because the endometrium does lot secrete lhteolytic 
prostaglandins. Mucus ;ccumulates, resulting ilImu,coinetra. Pus may 
eventuall, be observed, indic,,ting pyomnetra. Hov ver, the parasite tends 
to attack tile superficial layers of tile endometrium and cow fertility usuall., 
returns to normal. 

Affected cows develop agglutinating antibodis intheir vaginal mucus. 
Thi:, together with hormonal changes during subsequent oestrous cycles, 

2'.(Is to protect the cow during an infectio'; L,ut may not protect her from 
re-infection. Withdrawing infected cows loin breeding for at least 
3 months and sabsequ,ent use of clean bulls or artificial insemination can 
help control the disease. 

l iqtiloq.s
 

A low )O-to 90-day non-return rate, together with a large number of 
repeat-breeding cows and cows that exhibit )LrtIlent vaginal discharges, 
endometritis, abortion and pvometra, might indicate trichononiasis. 'File 
symptoms of trichomoniasis and caflpylobacteriosis are similar. Both lead 
to irregular inter-oestrous intervals. ThIeV are best differentiated by 
isolating the causative agents. 

Initialiv, prepuial washings, semen or sinegina fronl buIls should be 
eXanl ined i cIrosc(opical ly for the presence oi trichornorads. For preputial 
washings, about 50- 00 ml of physiological sa line is introduced into tile 
prepuce u'id1r ',ravitV or froi a syringe and tube. The prepuce is closed and 
agitated vigoriusly for 2 to 3 minute.S to free any organisms present inthe 
crypts of thlp.nis nId pretUce inucous membrane. The fluid is collected, 
cntrifuged anl the supernatanL discarded. The residual is shaken and a 

drop examined at i100% magnification, preferably with a cover-slip, at 37" C 
on a warm slide stage. To collect preputial secretions (smegnia), a dry plastic 
titerine infusion pipette attached to a 12-m syringe is ihtroduced into tile 
fornix of the unprCpared sheath, the syringe is opeiied to 10 ml and the 
pipette is moved back and fhirth. About 0.2 to 1.0 ml of smegma can be 
obtained, which is rinsed ito 3 ilof physiological .'aline. 

Cervica! and vaginal illUCUS call i'lso be examined but this is only really 
useful dutiring the first fCw weeks of iI fection. 'lhereafter, the motility of the 
trichoionads diMinishles aild oilIv tile tMdulating mellibrane can be 
discerned at 250x maganification. In the case of ainabortion, microscopic 
exatillilation of foetal fluids, placental secretions and foetal abomnasai 
C')ntellts call be useful. 

Isolation of even one tricionionad, front either the cow or the bull, 
coilfirlnls diaginosis. OyIx few trichomlonads may be present and, if tile 
disease is suspected, a second sample should be taken if no tricllomonad is 
found intile first. Samples should be examined within 6 hoturs of sampling 
as the parasite tends to (lie within 6 hours of leaving the animal's body At 
temperatures lower than 37"C the undulation of the parasite tends to slow 
or stop. Thus techniqies suitable for field studies in the tropics need to be 
developed. 
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As an alternative to drect examination, preputial washings or purulent
discharges can be cultured, preferably within 6 hours of sampling.
Immediate inoculation onto specific culture media is advisable. Where this
isnot possible, especially under field conditions, transport media may be used. 

Buffered saline solution with foetal bovine serum, and lactated Ringer's
solution are simple and effective transport media. Vandeplassche (1982)
suggested Difco-Lash medium (No. D-1016T), and Oxoid medium as 
culture media. Klastrup and Halliwell (1977) iefet'red to two trichornonasis 
culture media, one with and one without antibiotic, while De et al (1982)
used Douglas' broth and glucose broth serum medium. Both direct 
examination and culture methods can take time to yield results. Sero­
diagnostic procedures are generally unsatisfactory. 

)'c'uzm Utoinldr[e w( 
Treatment of infected cows with vaginal antiseptics has not been very
successful. In animals with pyometra, it is better to enucleate the corpus
luteum or to lyse it with prostaglandins. Treatment may be repeated 10 or 
11 (lays iater. 

Trichonioniasis is a "self-limiting" disease in the non-pregnant cow
with an involuted uterus. After being sexually rested for 3 or 5 cycles, many 
cows develop some immunity and their fertility improves. Only clean bulls 
or semen should be used for breeding and cows with abnormal genital tracts 
should be culled. 

"Carrier" bulls and sexually active oxen can re-infect treated, recovered
and susceptible females and should therefore be culled. Carrier bulls can be
treated, but treatment is lengthy ,,'id should not be considered unless the 
bull is very valuable. 

The antibacterial agents used by artificial insemination centres to 
preserve semen do not control tricliomonads. Al centres must therefore test
their bulls regularly to ensure that they are not infected. Young bulls chosen 
as breeders should not he allowed in contact with untested teaser cows. 
Both teaser animals and bulls should be selected from disease-free herds 
whenever possible and held in quarantine prior to puberty and collection. 

5.3.1.3 Cainpylobacteriosis 

IcidcJiCC, 
Abortion in cattle and sheep was first associated with vibrionic organisms in 
1918 by McFadyean and Stockman (cited by Laing, 1963). The organisms were 
first named Vihrio./'itusby Smith (1918), and later (,'/utM1)j'hacic-r species.

The species Most Comm1n1onlV encountered in the bovine genital tract are 
( ~1101)(10cic, ji,'1S stubsp. i''c'crt/i.serotvpe A, ( .'jius subsp.ftci"s
scrotype A and Cfilussubsp../c'isserotype B.Of these, infertility in cattleis most often associated with C.f rc'ic'r1,:. A (90%) and (/i'us B(10%) 
and only rarely C.//i,tis A and B (Vandeplassche, 1982).

Tihe incidence of campylobacteriosis in the tropics varies. De et al (1982)
found an incidence of 6. 1% among 194 cows sampled oil 13 well-riariaged
farms in West Bengal, India. None of 295 cows from individual rural farms 
was affected. In Malawi, the incidence reported by Klastrup and Halliwell 
(1977) was 11.5% in 294 zebu and 11.1% of 54 exotic bulls tested 
serologically. When the vaginal mucus agglutination test was performed oil 
the cows, it showed that 53.8% of the herds and 13.4% of the samples were 
infected. Using the same test in Zimbabwe, 33%, of the cows sampled were 
found to be positive (Terblanche, 1979). 
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Trinsmnsion(tnd)ahogeiesis 

Campylobacteriosis is a venereal disease and although transmission via 
fomites and between bulls has been suggested, this is unlikely. Garcia et a! 
(1983) stated that transmission is purely venereal or via artificial insemi­
natk.ic, and that attempts to infect cattle by vulval contamination failed. 
Clark (1971) indicated that direct transmision of infection between cows 
probably does not occur naturally. 

Events subsequent to infection are similar to those described for 
trichomoniasis except that the migration of the organisms from the vagina 
and cervix appears faster. In cows, infection is initially acute but eventually 
becomes chr,iic. Acute infection is associated with infertility and the 
chronic phase with abortion, although abortion may also occur in the acute 
stage (Garcia et al, 1983). Catarrhal vaginitis in the acute phase results in an 
increased production of clear, cloudy or muco-purulent discharge for 3 to 4 
months. Catarrhal cervicitis may result in a reddening of the cervix. Once in 
the uterus, the infection flourishes, causing a low grade inflammation, and 
results in infertility lasting about 6 months (ABS, 1972). Abortion may 
occur at a:ny time but usually occurs 5 to 6 months after endometritis and 
placentitis have occurred. The incidence of abortion can be over 5%. Foetal 
membranes are extensively affected. The intercotyledonary areas are 
covered by (lark brown purulent material. The animal may recover 
spontaneously after 2 or 3 mnonths despite the continued presence of the 
bacteria in the vagina. The bacteria may migrate into the oviducts and cause 
more permanent infertility due to salpingitis. 

Ordinarily a large number of cows in a herd get infected from the same 
bull or inproperly prepared semen. The bull is always a symptomless 
carrier; its genitals and semen appear normal. The inflammation in the 
female is low grade and diagnosis based on clinical signs may be difficult in 
the acute stage. Breeding records often give the first indication, with many 
cows returning to oestrus after repeated service: the repeat breeder 
syndrome (Table 25). Oest rous cycles are longer than normal, usually more 
than a month (Clark, 1971), indicating early embryonic death. After 
variable periods of infertility mariy cows recover and regain normal 
fertility. Thus, as with trichonmonasis, infected females should be sexually 
rested. 

Infected cows develop local antibodies (IgG, 1gM, IgA) in their genital 
tract mucus (Vandeplassche, 1982, citing work by others). The IgA 
antibodies may persist in the vaginal/cervical region for over 10 months. 
The antibodies that develop in the uter'us are dominated by the IgG type
(Vandeplassche, 1982), which results in rapid pliagocytosis of C../its and 
recovery of the uterus in about 2 months. However, animals that recover 
may be less fertile than normal. The fertility of the herd will remain low as 
long as susceptible heifers and cows are present and infected bulls are used. 

l)hic,
tsis
 

Breeding records showing low non-return rates, many repeat breeders and 
a high incidence of abortion at mid-term suggest campylobacteriosis. 
Isolation of C./i'sfrom the bull or cows will c.mnfirm the diagnosis. 

(.'ampvlbuaclhecan be isolated from the genital secretions (sheath 
washings or semen) of bulls. Hoerlein (1970) gives a detailed account of 
laboratory diagnosis of campylobacteriosis. G(arcia et al (1983) indicate that 
the Bartlett technique for collecting preputial material using an Al pipette 
remains widely used. They cite 1)ufty and Mc.ntee (1969), who showed 
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Table 25. 	 Comparsoof1he)lfberofsef'icesperpreglic)'in ton­
Campylobacter-inficwd he/ 
 ft a 

Infected Non-infected
Service on which heifers heifers 

conception occurred (101) 	 (108) 

1 	 5 54
 
2 	 8 32
 
3 10 11 
4 12 3 
5 17 3 
6 12 2 
7 6 2 
h 	 6 0 
9 1 0

10 2 0 
11 1 0 
12 2 0 

Total 	 82 107 

Source- Laing (1960). 

that the aspiration method is more effective than preputial washing for 
recovering Cji/us, and Tedesco et al (1977), who observed that scraping the 
preputial 	and penile mucosa was superior to aspiration and washing
methods. Special buffered saline should be used for washings (Vandep­
lassche, 1982). Various media have been recommended for initial isolation;
Laing (1963) and L)ufty and McEn~ee (1969) should be consulted for detail 
and to decide on which mediu,m is most suitabje for work in different 
locations. 

Sampies should be inoculated onto isolation media within 6 hours of 
sample collection. Where this is not possible, transport media should be 
used. C(impl'Iuhueae are difficult to culture and the immunofluorescent 
antibody (IFA) or fluorescent antibody (FAT) test is more convenient. At 
present the technique is specific for C/i'isbut cannot differentiate between 
subspecies. Samples can be kept refrigerated for several days and still yield
reliable results with this test. Using culture and FAT together gives results 
approaching 100% reliability. Where good selective media can be prepared
the two methods make the virgin heifer test, whereby the suspect bull is 
test-mated to clean heifers, unnecessary. 

A direct Gram-stain smear of an aborted foettis, placenta or foetal 
stomach may reveal the short "S"shaped organisms sometimes called 
"flying seagulls". Culture and FAT tests may then follow. Vaginal muctis 
can also be used for diagnosing campylobacteriosis. A vaginal mucus 
agglutination (VMA) test will indicate infection in a herd but does not 
reliably indicate infection in individual animals (Hughes, 1953) since the 
specific aggLutinins (IgA) are only found in 50% of infected animals (Garcia 
et al, 1983). Mucus can be collected by aspiration using a glass or plastic Al 
pipette (Schurig et al, 1973). For serological purposes tLicus may be 
recovered by a sponge tampon attached to a plunger (-Lughes, 1953; Laing, 
1963). 

If samples are to be used in an effort to culture the organism they must 
be free of contamination and oxygen tension must be minimised to ensure 
the survival ofC//us.This can be achieved with Al tubes that can be sealed 
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immediately or by storing samples in sealed tubes and shipping them at 
-70 0 C in dry ice. Alternatively, transport media can be used. The transport 
enrichment medium (TEM), after Clark and Dufty (1978), isuseful in 
isolating /cfi,ureintralis.It comprises solidified bovine serum with 
antibiotics. Organisms can be isolated from TF.M kept at 22 to 23'C for 
2 days using inocula as small as 100 organisms. The major advantage of 
TEM is that field sampls can be shipped unrefrigerated to the laboratory. 
Other transport media, based on thioglycoilate, cooked meat or veal 
infusion broth with charcoal powder, have been reported (Foley et al, 1979; 
de Lisle et al, 1982). 

')Dcn ewn (1,1( cowl/fl 

Treatment should aim to cure tile infected bull. Fat-free cream containing 
1% neomycin or polymixin can be applied to the penis and prepuce uder 
sedation. Streptomycin (Seger et al, 196( ) or erythromycin have also been 
used, but both have been associated with false cure in bulls and cows. Cows 
can also be treated by infusing streptoinycin or erythromycin into the 
uterus but this does not clear organisms in the vagina and cervix and the cow 
can be re-infected. 

Infectio with C.fi'/s does not induce immunity in bulls. Therefore, 
bulls can be re-infected after treatment. A curatie treatment based on two 
doses of 50mg fitj'(u'n'cdis(dry weight), 4 weeks apart, has been reported 
to overcome this problem (Vandeplassche, 1982). This can be coupied with 
infusion of antibiotic into the prepuce, intramuscular injection of 
streptomyciii or intravenous injection of ervthromvcin to produce a cure 
that has little effect on semen production. A boostcr vaccine is necessary 
every year for co\\ s (Carroll, 1972) to elininate the disease from the herd. 
Table 26 shows the increase in fertility resulting from vaccination. 

Table 26. 1:/1/t'l (O/U'mi(Iliont th/coflnercl'//)'p'pfoed (c IIIteled 
Cai1pylobactcr fetus iH i./ictiud i,rS 

Vaccinated Non-vaccinated 

Experimental herd No ' pregnant No pregnant 

[196 South-cast Colorado 
Iyear heifers 
2year cows 

70 
32 

83 
66 

53 
29 

39 
38 

1-198 North-east Nebraska 
Iyear heifers 26 81 23 43 

1-1106 Central Colorado 
I and 2 vcar olds 7 100 6 50 

-1107North-cast Colorado 
Iyear hcifers 147 48 150 8 

Source: HIoerlein ct al (1965). 

Although control of the disease centres around preventing tile 
introduction and spread of infection, this may be difficult in herds that use a 
communal bull. If more than one bull runs With the herd, it may be difficult 
to determine which bulls are infected. Artificial insemination with semen 
from uninfected bulls is thus one of tile best ways to control the disease 
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(Roberts, 1971). Where this is not feasible, sexual rest of affected females 
combined with vaccination may be the best approach. 

5.3.1.4 Leptospirosis 

hi)l/)oflllic, (ld(I/ (IsMibsh I 

Bovine leptospirosis is a systemic disease characterised by fever and,
sometimes, Mastitis and abortion. Leptospirosis should be suspected when 
abortion occurs in cows showing other symptoms such as icterus and
haemoglobinuria (Carroll, 1973). It is one of the most widespread zoonoses.

Leptospirosis has not been extensively researched in Africa. Moch et al
(1975), working in l:.thiopia, found incidences of 91.2% in horses, 70.7% in 
cows, 57.1% in pigs, 47.3% in goats, 43.4% in sheep, 15.4% in camels and
8.3% in dogs. Ball (1966) reported incidences of 34% in cattle and 9.3% in 
goats sampled in Kenya and Uganda.

The disease is caused by ie/)/u.\phl bacteria. These are spirochaetes.
Some 120 Ihplosphin serotypes have been identified by the World Health
Organization (Moeh et al, 1975). 'I'l serotypcs associated with bovine 
abortion are L.plo/sllt/)ft'/ lltH(, .. cmlh/fo I, .. , I../c h'u leiol-LII'l 
.haft(k and .. yi1p/,W/pu,,.t. They are all sensitive to antiseptics aid 

desiccation and their virulence anI pathogenicity are highlV variable. 
Lawson (1963) indicated that L1/> llnnlis the scrotype most commonly
implicated in bovine abortion. 

Animals infected with Io'/m~spina excrete the bacteria in their urine.
Direct or indirect contact with the urine of infected animals is the major
route of inIfection in both animals and man. The usual route of infection is
via the digestive tract, but the disease may be contracted via the respiratory
and reproductive tracts, eves or skin. In, cows, infection is often followed by
pyrexia and reduced milk"production.

In the 'i eg'nallt Co w the orgaliSmIIS Show all attraction for the uterus and
attack the f;etus or endomctrial capillaries. This may result in abortion 
during the last trimester or the birth of a weak or dead calf. Aborted
foetises show no characteristic lesions other than subcutaneous oedema
and fluid-filled cav ities. Foctal membranes may be retained, sometimes 
causing metritis and infertility. The organisms also settle inthe kidneys and 
i 2 or 3 Weeks leptospi ruria starts. If the bacteria invade the Udder the' 

cause mastitis or .. alactia. The udder is flaccid and nilk becomes thick,
may 

yellow and clotted. 
Antibody tities in the blood of in~fe ted cows are elevated aftCr an initial 

temperature rise. The titres varv from 1:400 to 1:1000 depending on the 
serotype. Antibodies can disappear after 2 months. As a result, cows may
continue to excrete the organisins in their urine. 

l )i(IR osis 

Leptospirosis Should be suspected following abortion associated with acute 
illness and the presence of blood i the milk for some days. However,
leptospirosis can cause abortion without giving any other obvious 
symptoms (Stoenner, 1968).

l.eptospirosis is usualhlV diagnosed from blood sCroh-0gV, despite major
diffictilties with interpreting the titres. As noted earlier, titres rise rapidly
after infect ion. TheV tenl to fall rapidly soon after abortion but laV remain
appreciable for vears. Titres can drop from 1:1600 arii ng aborting cows to
1:400, a titre that may also Indicate a recent infection, in three weeks (1)eas, 
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1981). Al ibodies may ei en disappear. A positive titre in the blood or foetal 
fluid of an aborted foetus is, however, confirmatory. 

The bacteria call be cultured but thle' are usually difficult to isolate fron 
the foetus o: membranes, because autolvsis of the foetus between infection 
and abortion quicl y results in the death of the bacteria. The bacteria are 
most readily isolated from the aqueous ihumniiu rof tile eve but call also be 
isolated flolm urine.. The sample should be inoculated in a transport lediumn 
of 1% seruml alb, ini Ad 5'/,,n fIuoroeiI. This can keep I.eptospi rae alive for 
4 days while inli'oiting the growth of othei bacteria. The presence of the 
disease iscoifi rnwd ifthe bacteria are seen under dark-gron d iicroscopy
or from the post- mortcm histopathoiogV of kidney tissue of culled animals. 
For more detail oin tile diagnlsis and control of ICptospho-i ]S, consult Ellis 
and Little (!986). 

7i(v(lfll(t',/l ,'111('U JlIl * 

leplospirsis can be self-hiliti"g. ThCi :'fore, all newl -purchased animals 
should be kept in quaranii ine and tested for tile disease. Hygiene measures 
outli ned earloir for bruecilosis should be appiicd in case of an abortion. 
Rodents On tle falll should be contrl'lCd and colntalllillatilll Of drinking 
places should be IvOidcd bv Isolating infected Linimals (Carroll, 1972). 

I'le'tlc'ilt Witli 'lrcpjtollVC1ii readily elimninates kidney infection, 
protectiIg the herd and people haiidliig the animal:. Each aborting cow 
sholid thrcrc,' be IrCated witi streptolnvcin at 25 ng/kg bodyweight. 
C Mws a OicC and i iv,1V to b1 culled.usually rlt nlot ha\ -lo\Vver, cows
 
that ecover Ca.1 beC.
r'-infCctCd.
 

(arroll (1973) rcporid an ffeCtiVe vaccine against [. plmoll.

I[lowcvel, this IccCill det',s illoprotect against other setolypes. He
 
Itco en1ded VAcCillatiOn areas where the disease is
anu a1M,11 of an1iilllAS ill 

preva!Cent.
 

5.3.1.5 Salmonellosis 

Saln'onellos is is iInporta.t caulls( of abortion illcattle, It is also a 
Z(OOInosIs. )11W /t'//i(/ and X .phimm-imn are the most common 
Causes of salninn'llosis in dai ry cattle. 

Infected aniilAs Tcxcrte the Orllallns in their faeces, contaminating 
pastures, water supplies and housing,. Froi these, the bacteria infect 
lealilY aniial,1S. Typical sylmptoIlls of salinlonellosis include .'pticaella, 
p'l-exia and dterVyltCV. 1llmen'ollm)illl lnlay also occur. The bacteria are 
attracted to t Uterus aiid t(geCt her \ill sCverc enteritis, CLised bylC 

endotoXiiiS, aild painful ariliritis autseabortii (Vandep)lasstehe, 1982). 
The primary cause Of aborotillo thIelCIasC Of prostaglandin ([P( ; l:_,) 
Induced 1) saVinolhiMlIla ildtoxinI. Following abortion, tile Uterus Illay, 
become scvcrily inflamCd, result inig in tilhdeaIthl of til!h Ccow. o\Ws that 
re(overl Ilay contItleIC to Cxci etC tile baIctria l1 \Cars. 

Aboitcd bCet uses show 1n0 stri kinrig feattlI e.s hlt mem'tbraCnes, retaincd in1 
aiOLh,7'"' . C.Iss, are 'ldelatLIs and ycl\ow, withm pus-like exudates. 
A tentative dtiagi ,siS baeSC(l (nIthSC signs Cill be C0oi i in'd by isolating tile 
bacteria from 'i stomach (abolliaStill) cIntlltS, liver or joints of tie 
foetuS, fromt ,lie piaccnita or fro (1,in's facces.telaile 


SalinonlC']lac can be l to h1u1nas,. Ab, rted lnatelel.1 should
p.lsseL 
therefore be handld with tretme care, It is difficul to Cure carieraimimnals, 
and tile best ConlrOl iCasure ithefo to cull ll anmalis tlai react 
positively to tests for salnomella. All an1inlIs thoLIugIht to be iiihleCted should 
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be isolated subject to confirmation by isolating the bacteria. This approach
is likely to result in better control of the disease than vaccination. 

5.3.1.6 Non-specific bacterial infections 
Many species of bacteria inhlabit the vagina, uterus, and cervix of cows.
Some are symbionts that become pathogenic when the animal is stressed;
others are immediately pathogenic.

Namboothripad and Raja (1976), Eduvie et al (1984) and EI-Azab et al 
(1988) isolated It/I)h),l'occclis (IIIr/eis, lchtrid/i( c/i, Ild'iu/umouIs 
vo' mv'cI, (.i'uPc'huc'ri .o,wn'es'.s', I'l-m/ezIs muralbilis,.Stl'/alococtcis 

spp., I'es'teu'r/,/ mzidoca Protett/s riq(ctris,KIex'sjl/iI', spp. and several
anaerobic micro-organisms from the uteri of cows with a history of repeat
breeding, retained placenta and metritis, as well as from the uteri of normal
suckling cows. .lYt'cutlactritnl /IdNercldosiswas isolated by Mohantv et al
(1980) from a -Iaryana heifer that was a chronic repeat breeder. 

Li.sleicti i llo)'/l4, also'lSmax' cause abortion incattle. When the
organism infects a pregnant cow, it invades the foetal nervous system and
forms necrotic foci onl the liver, lungs and spleen (Watson, 1979), killing the
foetus. Vandcplassclic (1982) indicated that, although the organisms are 
easily eliminated from tile utcrus, tICV May persist in the mammary system.
Antibodies to /.'ltt'rtc are short - lived, anl imunlity, is thus only temporal­
and cOws cali be re-iII fected. TrCatInen t isoften futile, even With antibiotics. 

5.3.2 Viral infections 

Several viral diseases, meil tiding infectious bovine rhi notraclicitis (IBR),
bovine virus diarrhoca/mtucosal disease (BVI)/MI)), para-influenza-3,
G- up, infectIOUs (contagious) bovine epididVmitis and Vxaginitis complex
Epivag), transin ssible fibropapi loIa and epizootic bovine abortion havc

been associated with cattle Infertility (IHorent, 1963; Gledhill, 1968;
McKercher, 1969). The major infections are described below. 

5.3.2.1 Infectious bovine rhinotracheitis 
Infectious boxine rhinotrachcitis (IBR) is caused bx a herpes virus. Its
incidence inl Africa is not widel reported but a recent field studxv bv I .CA 
on two populations of indigenous Elthiopian zebu cattle indicated a
prevalence of over 50% (Tekelye Bekele et al, 1989b). IBR can affect tie
respiratory, rep rod ntlc, iiervous and digestive s\'stems of cattle. '[le
disease can be trainsmnitted sCxuIallv or bx' droplet inhalation; in its venereal 
form it has been associated with infertilit V. 

Cows and licifers served by ainintfected bUll dcxch p a piistuIla r
vul'o-vaginitis 2 to 3 days later. This may clear up after 2 wecks. Sonc 
develop s,perficial IIlCCs O)itile ltliCosa of IItitIItile vCstib and Iiay
dischargC xyellowish pus. Iiifcctioii rarelx' extends directl\, to the cers\ix or
Uterus, and thercfore pregnancx is rar'el' terlinatCd. I Ox\%Vxr, if cvs are
artificiall\, inseminated xwith senCn from alninfectcd bull, the virtis is
deposietil ircctlv into tile uterus aiid idutLiccs eidoit tis. Infction of the
utertis disrupts the COWv's ocst'ous cycles nl red tiCtCS its fertlit\. The virus 
may also ilnvade tile tterltiS sstcni callx, incoWs stiffcriiig the rTspi rator' 
form oif the disease 

After invading tie uterIs tile virus mav rimiain for scveraliitor11ant 
months. Abortion occtirs after 4 to 7 ioniiths. [le f ettus dies soon after
being invaded bv the xirtis. The dead octtUs max be retailnCt for sexeral days 
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and appear mummified when finally expellcd. Haemorrhagic fluid and 
oedema may be seen in the foetal pleural and peritoneal cavities, with focal 
necrosis, particularly of the liver. 

The above signs indicate IBR. The presence of the disease can be 
confirmed by isolating the virus fromLthe foetl brain, liver, spleen or lung
tissues, 	placentomes or swabs from the nose, eves, penis or prepuce. The 
virus g'ows best in bovine foetal kidney cell cult ures. It can be identified by 
serum neutralisation or itninunofluor''scence ihibi stntests. 

The results of the netrit-alisation test mIaV be difficult to interpret.
Specific antibodies appear S to 10 days after in fection and persist for 10 to 20 
days (Polydorou, 1984). In general a titre of 1:32 in a sample taken 10 days
after the cow aborted i11d icat es a recent infection . Standard conditions 
should be fol cld and mainlined while pcrfor'ming the neut ralisation test 
because SCrumi1 dilition, time and telperat tire of heating the serul, aild the 
time at which the netiralisiig cffect is read affect the sensitivity and 
reproducibility of the test. 

AntibodV titic's decline after ab)ut a nittntI and tle at; ibodies may' even 
disappear.I I twever. elean iitnals that sho ntoserolotgical reactIt iomavret nain 	laten t v in fectcd. Thev.respo~nd ttso~me st ress factor by'forming" 

antibodies anod shading the Vilus (l dol'dor-O, 1984). Therefore, a single
negative serohogical I steslttold not be!taken as an indication that the an inal 
is n1ot in 	 cOued. 

(;ont rttI l~ieastles, lagai nst IBR vary. InS\vitZerlatlId andlI)etark all 
cattlC are, tested ftr IR andI tht)se reactihg p)sitivel' to tli test are 
slaughtered. I rance I tosllitiStie disease in bulls becultse it can be spread in
 
semnen. In the .IFeral Rplublic tf (,ermnt V, AlI bulls Imust be vaccinated.
 
None Of these s\ StCmt,
is uscd in the tropics. 

(arrOl] (1973) nted a modified liVe vaccine against IBR. This pro\'idCLd 
good pit ltctit I ailis abort tiin \vhell given to cows that were tiot 
pregnant, but canusedh abt trtit tti in some pregilaI t cows. Todd et al (1971) 
rep )Irtcd tat pregnant cows could be saifely vIccinated intra-nasally. 

5.3.2.2 	 Bovine virus diarrhoea 

BttvitI 	 Vieirus d iarrhtoeaitn ncosalIdisease (BV )/NIl) is widespread. It is 
caused 	bv a TO"tga-Virls. IlnfectIon ma' be acute, nild or cI ron ic. When the 
VI RIs infects ApregIi .intcow it iaV also iifect the foettis and kill it. Calves 
born al eiIav be stunted, with ceCrebel lr IIpoplasia, brain cavitation and 
mocosal uilcerationt. These signs aid diagnosis. Con fi rlatioll is by the 
demitistratittn of antibodics in ftOctal blood prior to in1gestion ofcolostruni. 
A double sample xithIidam's bh t d is ery helpful. A herd test wxillindicate 
if BVI)/NlI) was prevalellnt at the time Of 0b)rtion. 

5.3.2.3 	 Infectiou; (contagious) bovine epididymitis and vaginitis 
complex 

Infectious btiviiie epididy Inlitis arid vaginitis c(mplex (Epivag) appears to be 
coifined to [ast atid st utheri Africa. It was first described iil Kenva and 
subsequtientIlv in South Africa (Artllur, 1964). pivag isavellereal disease. Ill 
cows the tuai n svompt(ii of lpivag is inCc)-pit r lent ,Iischairges from the 
vagi na. Epivag callncause perlineilt lesiotis til the I ailh)pian tube,,. Ilthe 
buIll, it causes the epid id'Yrnis to swell, Sometilesti1( the size o agolf ball. 
The disease Canl be coitrolled bx slaughItering infected bulls and by usiig 
artificial inselillatiol. 
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5.3.3 	 Mycoplasmas 

Mycoplasmas are infective agents distinct from both bacteria and viruses. 
Several species of Al'rcol/astn cause disease in cattle. They have been 
associated with infertility, but their exact aetiological role is difficult to 
ascertain because they are present in the tracts of healthy animals. 

In a study of cattle in South Africa, .11-copkla v!'fle)o ftilim wast 
found in 43% of males, 47% of females, 25% of foettises and I1% of
placentas (Trichard and Jacobsz, 1985). ,1I'cop/lw1tnci ('/lgiqi,1 (IlkAlescen's,
Al laid(IU'ii, 11.horis, H botrhi'/is,.1. 'erci'cuditinand Al. coltclitiL were 
also isolated. 

Mycoplasmas can be transmitted by discharges from the respiratory and
reproductive tracts, and by milk, of infected animals. Infected cattle 
deveiop antibodies, but these do not give complete protection.

Symptons associated with mvcoplasmoses can also be Observed with
other conditions. l)iagnosis can only be confirmed by isolating the
organisms from nasal or ceprodu,'tive-tract mucus and discharges, milk,
arthral fluids, foetal tissues or the placenta. Consult Tricha'rd and Jacobsz 
(1985) 	 for procedural details of culture and serology.

The best way to control inycoplasmosis is to cull infected animals. 

5.3.4 	 Endometritis, metritis and pyometra, and the use of
 
prostaglandins in postpartum uterine pathology
 

Some of the svsteic and non-specific infections discussed above can cause 
endometritis, met,'itis and pyoietra. These pathological conditions are 
discussed below.The,'re is little information on the impact of metritis, endometratis or 
pyometra on the fertility of zebu cattle. Among /I'os/tmw/us cattle, Tennantand Peddicord (1968) lound that endometritis, as indicated by pus in the
vagina, significantlv reduces fertility. Cows with endometritis 'qlquired
significantly (1)<0.00 1)more services per conception (2.0 vs 1.6), had lower 
conception to firist service rate (49 vs 62%, P<0.00 1)and longer calving
interval (394 vs 383 days, P<0.00 I),and more animals were culled for 
infertility (13.6 vs 6.2 ).

Infections Wt lhe reproductive tract are usuallV coIltracted at parturition.
Non-specific infections of the uterus are more common where the placenta
is retained, in cows that need assistance with calving and incows with milk
fever. Metritis is often also associAted with uterine atone or inertia. Acute 
mctritis causes fever and depression within a week of in'fection, and is
commonly followed by chronic metritis, with perSistent pL, rulent vaginal
discharge. Specific venereal iifections, such as trihononi asis, campylobac­
teriosis and brucelhosis, may also lead to met ntis. 

Pyometra is the accum ulation of pus in the uterus. It is a common cause 
Of anoestrus and cows with pvomnetira shul0Id be treated promptlh.
Postpartuum mutri t is, end ome'tritis and px'omet ra may be common where 
cows and heifers are confined at delivery time in abuilding or area in which 
others have recently calv c.. 

The ute'us cani esist or eliminate bacteria infection. However, this 
ability is related to ovarian activity (Paisley et al, 1986). The titert's is highly
resistant to infection during the oestrogen ic phase but very suwceptible
during the peio)d of progestcrone don) inance, because (I) pi I in the uterus 
is low, allowing greater bacterial growth, (2) the epitheliin is less 
permeable to bacteria and therefore the leucOcvtic system is stimulated at a 
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later stage, (3) the appearance of leucocytes in the lumen is delayed, (4) the 
activity of leucocytes is decreased, and (5) uterine secretions have no 
detoxicating effect (Paisley et al, 1986). As a result, some cases of metritis 
resolve spontaneously when the animal's oestrous cycles resume, while 
others remain chronic. 

Cows with chronic metritis a!e anoestrous and may have a retained 
(persistent) corpus LItIteum. Where a corpus luteuLi is present, initial 
treatment should aim at removing it. This is best achieved by an intra­
mutiscular injection of prostaglandin. If there is no corpus iteum, 
endometritis can be treated by infusing antibiotic or sulpholamides into the 
uterus. Application should be repeated every 2 days for a week. 
Alternatively, about 100 ml of 2% iodine canl be inftIsed into the uterus. The 
iodine solution is an irritant and stimulates new endometrial growth. Where 
the oviduct, deeper layers of the utertIs or the cervix or vagina is infected, 
antibiotic should be ieen intra-inuscularlv. 

Prostaglandin l:, (PG reduces inhibition by progeste,'one of the(I:,) 
titerine defence nlechanisl. _estrogen secreted during the subsequent 
developneit of a follicle promotes uteriLn defence. P(;I( maV1 also 
stimtIlate ivotnctrial contractions, helping to eiptV the Uterus of Iochia 
and pus. It la%' encourage phagocvtosis. jackson (1977) found that a single 
Injection of PGFLI cured py)Vmletra in 90' ,, of cases. l'he remaining 10% of 
COWS x%'ere cured b%' a second injection. PIrostaglandin trCatment may' thus 
be sufficient to clear pYometra and additional antibiotic therapy may' be of 
little advantage (Fazell et ;l, 1980). 

Se\e:ral other postpartul conditions can reduce fertility. Cervicitis and 
vaginitis often follow adelayed or complicated delivery. Me'tritis may cause 
abscesses int the uterus; if it spreads to the I alhopian tubes it max' lead to 
salpingitis. Scars in the uterus and adhesions between parts of tfhe 
reproductive tract can result in infertilit or steriliY. Routine examination 
of cows I Or-2 ftCr delivery can"diagnose such conditions early.Ifts 

IrrespcctI e f the condition, treatment should also aim at restoring the 
animal's no)rmtal h)rtimnal status. Thus a persistent corpus IuteuL Must be 
enuclCateld 0r I"Cd. Ilnaclive ov\'aries shotuld be stimulated using small doses 
of oCst radiol ben'olte (2-5 ing I.in.) or diethyl stilboesterol (20 mg i.m. or 
orally). Cows should be given a period of sexLial rest of 2-3 cycles after 
treatllelnt. 

5.3.5 Retained afterbirth 

Two to 30'%, )f cows retain their foetal membranes for 12 to 24 hours after a 
normal delivery. The afterbirth, or foetal mnembranes, is retained if the 
cotVhdonarv villi fail to detach from the carunctular cryp's. Membranes 
retained for more than 2 or 3 da'; ! 'cO)mpose ill the uterus, leading to metritis. 

The incidence )f retaited afterbiriI is often high ilhyr e/li-infected 
herds, following a diffi cuIt deliver' and in coWs suf fering certain nutritional 
and mineral (especially seletium) deficiencies. ; runert (1984) categorised 
the basic causes .tLterbi rth reten tion as: ihmm attire pl acCitonles, oedema 
of tile chirioulic xilli, necrosis between chorionic villi and the xwalls of the 
crypts, advanced involution of the 6ili, placentome hy'peraeilni, 
placentitis and cot x' etlI) it is, 'Ind uterine inertia. 

COWvs Wv reducedith ret ained aIfterbilrtll1a\'e poor appetite ,11d n ilk and 
meat x'yields. Thiir fertility is reduced, especiaill' if Iietritis develops. 

Treatment (ft tle cow with retained afterbi rth should be aiimed at 
expelling the afterbirth and preventing infection of the uterus. In treating a 
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cow with retained afterbirth, it should be remembered that removing the 
afterbirth by hand may be harnful to the cow; it may cause haemorrhage,
haeniatomas and vascular thrombi in the uteri, reducing subsequent 
fertility. The eperator may also fail to remove all the afterbirth. There is also 
the risk of contracting brucellosis from handling retained afterbirths. 
Banerjee (1963) found, for example, that conception to first service among 
European/¢, .N" cattle ill which the retained afterbirth was manuallylu. 
removed was only 39';, compared with 50 % among cows in which no 
treatment or removal of tile afterbirth was undertaken. Manual removal 
with an intra--uterinoc infusion of (ixNt+tracvcline also resulted in 39'% 
LOncCption to first service. In contrast, intra-uterinc treatment with 
oxvtetracvcline alone without removal of the afterbirth rCst,Ihed in the 
highest conception rate (70'%,). More recent work by Bol licer et al (1988),
showed that manual removal del iyed establishment of the firit functional 
corptIs luteum by 20 days in Holstein cows induced into parturiton. 

Proper aniial husbandr' can reduice the incidence of afterbirth 
retention. Animals should bc sexually rested for at Icast 2 months after 
calving, fed Abalanced ratien, adequately exercised where they arc 
contit nusl V raised indoors and Iintnised against prevalent infectious 
diseases that"cause ablbortion. Animals should lot be utnduV stressed and 
proper sanit,ltion and managecent must be exercised at delivery; selenium 
should be added to feed where it is deficient (Youngquist and Iierschwal, 
1985). 

5.4 Summary 
Among the cOttnnloi forms Of functional iuferti lit' in cows 1re faultV 
oestrus lman ifestatloi incliding silent heat, inactiove varies with anoestrIs, 
cystic ovariCs, abnormal oestrous cycle periodicitv, and repeat breeding die 
to delay Or failure Of a1n1vulatinfertilisation or"Carly etrib-vonic death. 
These forMs Of in fert ilityv tend to affect individual an itmals, bUt they arc 
becoming itore impi 'tant as attetitlin is paid to the environmental and 
health constraints. 

Several svstinic, .eciital and non-specific inlections of tle reproductive 
tract reduce the. fetilit (dof i.'eLu cattILc. S IIe 1re AlsO important zo)onoses.
''lhcir exact freq nencv r in anl v areas is in t precisely known and warrants 
firther stud v. 

The bestl-S \I t c tttl man v of these discses is to prevent contact 
between herds.If is to1t pr~ct cabhl., herd wners sll t)l IbyVonlv 
virgin heifers+,l',S replacCmn.,t stock. All iewlv intuliced ',tock should be 
quarantined for"3 to - Vek, beolr joining, the he.rd. 

larmers slImid not buy bull, that have blLl usWd ttr breeding, inlOther 
herds unless they are pr(veil tMTbe c ItrIpletcl v fre )f imptant diselses. 
Semen for atifici.ll insemnat1,tion should be obtained frot t'eputablc centres. 

All replaccntilt hiteers sh)oul be vaccinated with Brucclla Strain 19 
vaccine when 3 to 0 motlths old. ()lIer animals shUMld be given Strain 
45/20. Once tlIhe intcile !e)fbrucel hisis hAs beeTt redCned, the herd sIht~ld 
be r'egt lar,' Vtested nl infected aimAls cIIlIled. 

Tlhe fieci lve virus tecinc for itIfectious bovine trhiltaclheitis 
cotfers good itntiunitv, am all heifers Should be vaccina'.ed. 

(attIL c.1 be \',tcciiiIatcil aaitst b)th etitpyhblcteriosis atd lepto­
spirosis iatl,lll , . Thle saites 're, Ih \ever, expetisi vi and tiav ti0t be
readily available, and C\en vLci taei ICt as a passive vectu r afteri bull car
sers'inig ,mi in fectedl cti'. 
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Infections of the uterus can be largely avoided by having cows served 
and calved under hygienic conditions. Cows should be allowed plenty of 
room during calving, and the site should be clean. Bedding should be 
changed after each calving. When conducting obstetrical manipulations, use 
only disinfected instruments and disinfect both the operator and animal 
before and after any manipulations. If a birth is difficult, or otherwise 
abnormal, intra-uterine application of a broad-spectrum antibiotic will help 
prevent infection. 

All infet tile animals should be examined to determine the exact cause of 
their infertility. If a cow aborts, the aborted material should, if possible, be 
sent to a diagnostic laboratory to ascertain the cause. 
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6. 	THE ROLE OF NUTRITION IN
 
CATTLE REPRODUCTION
 

Many studies show the influence of nutrition on cattle fertility. Differences 
in nutrition probably account for most variation in reproductive perform­
ance between herds and among animals within herds (Wiltbank et al, 1964; 
McDowell, 1972; Holness et al, 1978). Level of feeding (Wiltbank et al, 
1962) 	and bodyweight (Ward, 1968; McClure, 1970; Lamond, 1970) affect 
cow fertility. 

The effects of underfeeding arc greatest on pre-pubertal animals and 
lactating cows. Weight loss postpartum, due to underfeeding or high 
lactation demands, extends the postpartum anoestrous period (Entwistle, 
1923). Underfeeding also reduces milk yield, which reduces the growth of 
the calf. This reduces calf weaning weight and delays puberty, which 
reduces the potential lifetime productivity of the female calf. 

The effects of poor nuitrition differ depending on whether tile main 
deficiency is in energy, protein, vitamins, minerals or trace elements. Under 
traditional management, usually more than one component is deficient 
(Roberts, 1971). 

The effects of nutrition on cattle reproduction are covered extensively 
here because most cattle in the tropics arc poorly fed and improving their 
feeding can immediately increase their reproductive performance. For more 
detail, consult Cunha et al (1967), Lamond (1970), McClure (1970), Preston 
and Willis (1974) and Topps (1976, 1977). 

Tie nutritional status of animals is difficult to measure, and this 
complicates interpretation of nutrition x reproduction interactions 
(Haresign, 1984). An animal's nutritional status ISusually assessed on 
changes in its liveweight and body condition. However, these are long-term 
changes while many of the events of reproduction, e.g. ovulation, 
fertilisation and placentation, take only a short time. 

6.1 	 Effect of nutrition on heifer pubertal 
development 

Poor nutrition delays puberty, reduces conception rate and increases 
pregnancy losses in heifers (Short and Bellows, 1971 ; Milagres et al, 1979; 
Fleck et al, 1980; Iemenager et al, 1980). Wiltbank et al (1966) referred to a 
critical age-to-weight ratio which must be reached before heifers attain 
puberty. 

I)rought delayed the onset of puberty in heifers of 10 breed groups in 
Australia and stopped ovarian activity in half of those that had already 
reached puberty (Post and Reich, 1980). Bartha (1971) found that feeding 
concentrates to Azaouak zebu cows advanced puberty and first conception 
by 4 to 18 months. Penzhorn (1975) found that puberty was delayed by 
7 months in Africander heifers on a restricted diet. All heifers attained 
puberty at about the same bodyweight (279-295 kg) but at different ages. 
Conception rates after a 3-month breeding period were 80, 93, 87 and 40% 
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for heifers on high, medium, low and restricte. levels of nutrition,
respectively. These data also indicate that overfeeding can reduce 
reproductive performance. Reid et al (i964) also found that heifers reared 
on a very high level of nutrition had more breeding problems subsequently 
than those fed moderately. 

Supplementalon need not be continuous. In Ethiopia, Azage Tegegne
and his co-workers (ILCA, unpublished data) suppleMnented Boran heifers 
with 1.5 kg of concentrate (!/3 oilseed cake, 2/3 wheat bran) for 90 days
during the dry season preceding puberty. Supplemented heifers reached 
puberty earlier (596.4 vs 633.5 days), were heavier at puberty (230.7 vs 
202.4 kg) and had larger ovaries than unsupplemented heifers. The 
proportion of stpplemented heifers bred in the subsequent breeding sea,:on 
(61.9%) was nearly twice that of unsupplemented heifers (33.3%). A 
similar trend was observed among Boran x Friesian heifers. These results 
agree with those of Olivares et al (1981) in Brahman heifers (Table 27). 

Table 27. F/.i'ct o/pr'/sc-rt(w cnmlpostInart1um.sq/),Cfltattotionoi tN' reodtctit'c
I, 't( fiU/ tIcL" O/ l'att g ~/)/'i''/ 

I II 111 IV 
Prepartum cow weight loss (g/dav) 770 737 1362 1366
 
Postpartum weight loss to 120 days 41 
 81 163 162 

(g/day) 
Ycows cvcling 67 58 25 8 
' cows conceiving 50 25 8 8 
Calf weight at birth (kg) 27 29 28 29 
Calf weight at 120 days (kg) 104 102 119 108 

I Fed 2 kg omcnrres I 22 55 day prt'partuni a nd 90 days postpartum
 
II }:cd cm€ c i, pat[till
('lllr.lcs .-IIIV
 

III Fed Loi tir'rilfu , ,
s postparniil 

IV i(sCt't1ivc It'cilIAUt (WM
[i' C 0tl) 

Source: Olivar,: et a1 (1981). 

Cohen et al (1980) found a direct relationship between bodyweight and 
incidence of oestrus in 603 heifers aged 17.2 to 19.2 months and weighing
between 130 and 376 kg. 'I'he relationship between the percentage of heifers 
showing oeStLUS (Y, expressed as probit units) for a given weight (X) was: 

Y = -41.69 + 19.34 logl(,X 
The atu lhors estimaCd Ihat 5'% of tliheihiers would show oestrus when 

weighing 187 kg or less, 5(1)/ wotld show oestrus when weighing 231 kg or 
less, and 95',, would show oCstrus When or beforc they weighed 281 kg. 

6.2 Effect of nutrition on the postpartum cow 
Th reproductive perf-ormance of the postpartum coW is related to 
nutritional status (I)ulln et al, 1969; van Niekerk, 1982). Cows fed a high 
energy diet after calving conceive sooner than those with a lower energy
intake (Wilthbank et al, 1962, 1964; I1)unn et al, 1969; Hill et al, 1970).
Although protein is generally regarded as less important than energy for 
reprodut,'ion, low protein intake can also cause infertility. However, it may
be difficut to dlifferentiate the effects of low protein intake from concurrent 
low energy intake, b)ecause protein deficiency usually leads to decreased 
appetite. 
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Cattle in the tropics are usually dependent on natural pastures and crop 
byproducts for feed. The crude protein content of the feed is often below 
7.5%, which reduces rumen efficiency and ,educes the true digestibility of 
the feed. As a result, lactating cows are unable to meet their nutritional 
requirements and lose weight and condition during lactation. This prolongs 
the lactation anoestrous period, and cows tend to calve in alternate years 
(Ward, 1968). The percentage change in the cow's bodyweight during the 
first 2 weeks after calving is inversely related to the number of days to first 
ovulation (Stevenson and Britt, 1980; Buth6r .t al, 1981). 

High levels of feeding before calving reduced the postpartum anoestrous 
period in taurine cows (Bellows and Short, 1978). In addition, more cows 
exhibited oestrus before the breeding season and subsequent pregnancy 
rates were increased. King (1968) esim".cd that a 1% change in body 
weight resueltd in a I% change in first service conception rate. Similar 
results have been found iII zebu .z ttle. 

Feeding a high plane of nutrition to five anoestrous cows of each of four 
breeds for 45 days resulted in 65% resuming cycling and 55% ovulating, 
whereas the 20 cows kept on a low plane diet neither cycled nor ovulated 
(DIindorkar et al, 1982). 

In Zambia, feeding zebu cows a sub-maintenance diet resulted in 55% 
of the animals stopping cycling within a year, whereas those on a mainten­
ance diet continued to cycle normally (Rakikha and Igboeli, 1971). The cows 
on the sub-maintenance diet also had a highei incidence of silent heats than 
the maintenance-fed cows. Two out of three oestrous cvcles nlay be silent in 
underfed animals (I-lale, 1974). 

The growth and development of the foetus, parturition, lactation and 
involution of the uterus, all use energy. The energy used by these processes 
mllust be supplie'd to the cow if she is to rebreed soon after calving. 
Generally, the farmer will not be able to meet the cow's whole energy
needs, and soiiie will be met from bd y'reserves or fat. Thus a cow in good 
condition is better able to meet the energy requirements of parturition, 
lactation and invol tion of the uterus, and will therefore rebreed sooner, 
than a cow in poor condition. Cows 'hltd be fed well for 22-55 days 
before p,:'turition and, if possible, for 90 days after parturition (Olivares et 
al, 1981) (Table 27). 

Improved pastuires Can also be used to improve cow nutrition. In 
Colombia, cows grazing improved pasture and supplemented with legume 
fodder had a conception rate of up to 64.4%, compared with 6.3% for cows 
grazing onIl unimproved pasture (Kleinhesterkanp et al, 1981). In Florida, 
beef cows grazing mixed clover/grass pastures at 0.55 ha per cow had higher 
conception rates than cows grazing pure grass pasttLres at 0.83 ha per cow 
(Warnick, 1976) (84 vs -48'Yo in lactating cows): they Also had higher 
veaning rates (84 vs 64%), a shorter postparttum anoestrous period (72 vs 90 

days) and req i red fewer services to conceive (I .34 vs 1.40). Most lactatingcows grazi ng the grass pasture d'd not cycle during the 90-.ay b,'ccdingcIv no th 90daIr bree 

Hale (1975) f'ouInd that underfed dry zebu cows stopped cycling when 
their weight fell to 320 kg from 390 kg. However, when the cows regained 
weight, they did not start cycling again until they' were significantly heavier 
than the weight at which they stopped cycling. 

Mukasa-MIugerwa et al (1989) estimated that traditionally raised zebu 
cattle in the Ethiopian highlands needed 8 months after they stopped 
lactating to attain a bodyweight and condition that allowed them to 
reconceive successfully. The average calving interval was 26 months despite 
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a lactation length of only 8 months. Fertility of grazing cows is there Core 
closely related to the liveweight change during the calving-to-servic : 
interval. The animal is likely to become sexually activ -only after it has 
regained much of its pre-calving weight. 

Patil and Deshpande (1981) found that Gir cows thL gained wreight in 
the first three months after parttaition showed heat dur, g that period,
Wt'J: thoSc that lost weight remained anoestrous. Cows that lost weight
had lower blood glucose and serun protein concentrations than cows that 
gained weight, and the authors suggested that measurements of these could 
be used to indicate cows that might not show oestrus soon after parturition.

McClure (1968) found that cows with a blood glucose concentration of 
less than 30 rg glucose per 100 ml blood tended to rcturn to service. Cows 
must, therefore, be on an adequate or rising plane of nutrition and gaining 
mass during the mating season if conception is to be successful (van 
Niekerk, 1982). 

In Zimbabwe, Richardson et al (1975) found that a cow's ability to 
reconceive was a function of its final change in bodyweight at mating time,
but was not related to its rate of bodyweight change from calving to midway
through the mating season (Table 28). Similar results wiere reported by
Ward (1968), Trail et al (1971), Steenkamp et al (!975), Meaker (1975) and 
Back et al (1976). 

Table 28. Cbmtn, iI bd)Ii,trigbta p'rcctttt,n ' ?/ititi,i'egt,l u./cots (rIndtheir 
sub:;cq, lt couctItion r(tes 

Bodyweightl 
change 
(%) 

Number 
of cows 

Calving 
rate 
(%) 

Bodyweight'2 

change 
(%) 

Number 
of cows 

Calving 
rate 
(%) 

-24 1I 55 
-20 13 46 -2C 4 25 
-16 28 82 -16 6 67 
-12 32 82 -12 11 64 
-8 32 91 -8 29 69 
-4 23 87 -4 36 78 

0 to +8 31 84 0 to +20 87 90 
Bodyweight change between peak weight in early pregnancy and parturition.
 
Bodyweight change l,etween peak weight in early pregnancy and tie following mating season.
 

Source: Richardson et al (1975). 

In Botswana, Buck et al (1976) found average conception rates of 50% 
for cows weighing less than 300 kg at the beginning of the breeding season,
85% for cows weighing 430 kg, 67% for cows that lost weight over the 
breeding period and 76% for cows that gained 20 kg weight over this period. 

6.3 	 The relationship between body condition and 
cow reproduction 

Ward (1968, suggested that every cow has an optimum bodyweight for 
conception, the so-called "target" or "critical" bodyweight. Animals 
weighing less than this are less able to reproduce. Wiltbank et al (1964)
added that breeding cows mu,st be improving in "condition" during the 
mating period. This is emphasised in the work of Wiltbank (1977) (Table 29)
and Haresign (1984). 
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Table 29. 	 Effect ofcow bod) conditionatcalvingon thecumulativepercentage 

returnto oestrus 

Cumulative percentage return to oestrus 

Days after calving 

Body condition 40 50 60 70 80 90 

Thin 19 34 46 55 62 66 
Moderate 21 45 61 79 88 92 
Good 31 42 91 96 98 100 

Source: Wiltbank (1977). 

Condition scoring was started it, Australia for assessing sheep fatness: it 
was introduced into the United Kingdom for the same purpose, and has 
since been extended to cattle. Condition scoring is a subjective visual 
assessment of animals, but with practice a high level of repeatability, both 
between measurements and between scorers, can be obtained (Nicholson 
and Butterworth, 1986). A condition score is based on the amount of fat and 
musclc Issue covering the skeletal frame and is indicative of the animal's 
nutritional status (van Niekerk, 1982). 

The relationship between condition score and body fatness has been 
established from data on cows slaughtered at different body condition 
scores (Wright and Russell, 1984). Although the condition score gives a 
good indication of fatness, breeds differ in the way they deposit fat reserves. 
This is especially true of cows with more than 15% body fat. Dairy cattle 
generally deposit more fat internally than do beef cattle. Coidition scoring 
tends to assess subcutaneous fat reserves, and therefore at a given condition 
score value dairy cows tend to have morc fat reserves than beef cows. 

Changes in bodyweight or condition score of cows indicate likely levels 
of subsequent reproductive performance. The fertility of cows in poor 
condition is low. Cows below the "critical condition score" are least likely 
to reproduce (Figure 13). 

Steenkamp et al (1975) compared the conception rates of cows of similar 
weight that differed in condition score and found that condition at mating 
was more important than weight. This agrees with the findings of van 
Niekerk (1982), who observed a calving rate of 78% for cows in optimum 
condition compared with just 8% for animals in the poorest condition 
(Table 30). The feed costs of maintaining the animals in this better condition 
are more than covered by increased reproductive performance. 

Thus animals should be fed well to promote good reproductive 
performance. It is more efficient to feed animals to maintain good body 
condition than to allow them to lose weight in the hope that it can be 
regained before the mating season. Wright (1985) estimated that the loss of 
one unit in condition score would supply 3200 MJ of metabolisable energy:
restoring tile animal's condition score would require about 6500 MJ of 
dietary metabolisable energy. This agrees with van Niekerk (1982) who 
concluded that the feed cost of maintaining a cow at a condition score of 3.0 
was half that required to raise acow's condition from 1.5 to 3.0. 

The benefits of feeding animals well in terms of better reproductive 
performance are often easily appreciated by peasant farmers. However, 
smallholdcrs usually have only small supplies of supplememitary feed and 
wilJ need advice on which animals to feed it to, how much to feed and when. 
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Figure 13. J'aentten 'it,eu'eigbtcbange duringthe breeding de ofthe cou' and its 
pos5iblerelationsiNpto nttdtiona/l, induceditifertili) in the, 
postItynltmpeiod 

Cow A 

Critical condition score 

0 	 6 8 0 12 
Months after calving 

Remarks: Negative energy balance itselfis not likely to have much effect on the length ofthe postpartum
perind as long as the cow is ingood condition at calving (Cow A)and its condition remains above
the critical condition score, which is defined as that score below which cows still innegative energy
balance (Cow B)are likely to suffer from extended anoestrous periods and silent heats. 

Source: Haresign (1984). 

Table 30. 1/.7't(i. CtoiditioliscreSC W 1ilhi il celii/lt rtwe o./'coils 

Condition score Number of calves born 
at mating n per 100 cows mated 

1.5 12 	 8 
2.0 	 72 43 
2.5 	 P4 64 
3.0 	 211 78 
3.5 	 31 77 

Source: van Niekerk (1982). 

6.4 	Hormonal changes assuciated with 
undernutrition 

Few studies have been made on the relationship between bodyweight,
condition and hornione synthesis or secretion iin zebu cattle, and their 
results are inconsistent. However, in general the results suggest that poor
feeding postpartum reduces luteal function and responsiveness of the 
ovaries to luteinising hormone (Gombe and Hansel, 1973; Martinez et al, 
1984; Rutter and Randel, 1984; Whisnant et al, 1985). 

6.5 	 Summary 
Inadequate nutrition delays puberty and sexu:al maturity in heifers and 
resumption of ovarian activity and oestrus ;n postpartum cows. If a cow is 
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underfed when pregnant it will be in poor condition at calving, and will be 
slow to resume cycling and reconceive. Ideally, the cow's body condition 
should improve gradually through pregnancy, but excessive fatness should 
be avoided. 

Cows will probably lose weight after calving, but weight loss should be 
minimised through good feeding to allow them to start cycling again as 
soon as possible. 

More studies are needed to determine the physiological basis of the 
nutrition/reproduction interaction in zebu cattle. 
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7. 	 LACTATIONAL ANOESTRUS AND
 
THE EFFECT OF WEANING
 

The postpartum anoestrous period is longer in suckled or intensively 
milked animals (Morrow et al, 1969). Continuous suckling delays the 
return to oestrus in taurine (Laster et al, 1973) and zebu cows (Fonseca eta,
1981; Bastidas et al, 1984; Wells et al, 1986) and results in depressed 
pregnancy rates (CIAT, 1974). Suckling tends to suppress growth of 
follicles (Carter et al, 1980) and blocks ovulation (Spicer and Echternkamp, 
1986). However, neither tile presence of tile calf nor frequent milking 
appears to block the secretion of LHI (Williais et al, 1987). partial or 
restricted suckling and carl' or temporary weaning (also called strategic 
weaning) can redLe the postpartum anoestrous period and improve 
pregnancy rates (Montoni and Riggs, 1978; Reeves and Gaskin, 1981). 

7.1 Early weaning 
Early weaning can be particularly useful during periods of feed shortage or 
when the quality of feed available is low. It allows dams a chance to recover 
body condition and reconceive, and tends to reduce mortality among cows. 

Early weaning (2.7 vs 9 months) increased the pregnancy rate in range
cattle in Colombia from 21 to 96% (CIAT, 1974). Maree et al (1974) found 
that early weaning (2 vs 7 months) reduced the postpartum anoestrous 
period from 81 to 71 days and increased the average daily weight gail. of the 
cows to first postpartum oestrtis from 197 to 352 g. Separating the calf from 
its dam at 3 days old reduced the postpartum anoestrotis period to 47 days 
and increased average daily gain to 744 g. 

Cows whose calves die at or soon after delivery tend to calve every year.
Thorpe et al (1981) noted that cows that were not lactating at the beginning
of the breeding per'iod had a conception rate of 89%, compared with only 
40% among those that had calved late the previous season and still had a calf 
at foot. Other studies have made similar findings (Wiltbank and Cook, 
1958; Rose et al, 1964; Saiduddin et al, 1967; Smith and Vincent, 1972; 
Laster et al, 1973; CIAT, 1976; Holness et al, 1978; Espaillat et al, 1979; 
Blantzer, 1982; Moore et al, 1983; Bastidas et a], 1984). 

7.2 Temporary weaning 
Temporary weaning involves the separation of the calf from its dam for a 
short period during lactation. Taurine cows have been observed to come in 
heat when their calves are temporarily weaned 40 to 50 days postpartum. 
The first oestrous cycle after parturition is often short (lEdquist et al, 1984), 
even if it iSdue to temporary or early weaning. 

Cows ovulate at their first oestrus after weaning their calf, and the ova 
released can be fertilised (Rlamirez-Godinez et al, 1982). However, the 
corpus luteum tends to be short-lived, and regresses before the conceptus 
can block the release of prostaglandin and the pregnancy is not maintained. 
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Hormone therapy has been used to try to extend the life-span of the corpus
luteum (Entwistle, 1983). Treating cows with progesterone 48 to 72 hours 
before removing their calves reduces the occurrence of short oestrous cycles
and increases the proportion of cows that conceive. 

Reports on the effects of temporary weaning are mixed. Some studies 
report restoration of oestrus within a few days of removing the calf (Rose et 
al, 1964; Symington and Hale, 1967), whereas others show that oestrus does 
not occur in response to temporary weaning (Hearnshaw, 1978). 

7.3 Partial or restricted suckling 

Under partial suckling, the calf is separated from its dam for part of the day
to prevent continuous suckling. partial suckling encourages earlier return 
to oestrus after parturition and earlier conception, and increases conception 
rates relative to Lontinuously .,ackled cows (Table 31) (Britto, 1974;
Montoni and Riggs, 1978; Fonseca et al, 1981; Blantzer, 1982; Randel, 
1982; Bastidas et al, 1984). 

Table 31. I//'cts oI rstrictedst ckli, o pX)stparfinitroyr/OhIliU lp'/./'iorinatce 1 

Once-a-day Continuous 
suckling suckling 

Cows in oestrus by 60 days 57 29 
postpartum (%) (P<0.005) 

Cows in oestrus by 90 days 74 63 
postpartum (%) 

Conception rate 
at 60 days (1)<0.005) 31 12 
at 90 days 61 44 

Anoestrous period (d)(1P<0.05) 57.1 ±4.19 72.24±4.35 
Service period (d)(P<0.05) 71.42 ±3.72 82.27± 3.80 

Source: Blantzer (1982). 

7.4 Implications of strategic weaning 
and partial suckling 

The success of strategic weaning and partial suckling regimes depends
largely on how well and economically the weaned calves can be reared. 

One issue that needs further study is the optimum age for early weaning,
particularly for calves that share their dam's milk with humans. Preston et al 
(1957) showed that calves could be reared on good quality forage from 3
weeks old, and Roy et al (1955) showed that calves can be successfully
weaned at 8 weels old and reared on grass alone. 

The control of milk letdown in zebu cattle needs further investigation so
that calves can be weaned early but cows can continue to produce milk for 
human consumption. Some studies indicate that up to 25% of zebu cows
will let down milk without their calf being present (Diop, 1981; Furnemont,
1981). Early weaning with zebu cattle will only be truly feasible if 
difficulties with milk letdown in the absense of the calf can be overcome. 
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7.5 	 Possible physiologic basis of lactation
 
anoestrus and possible hormonal
 
initiation of cyclicity
 

Although the beneficial effects of strategic weaning and partial suckling are 
well documented, the physiological mechanisns involved are not clear. 
Most of the available information is for taurine cattle. 

Changes ingonadotrophic hormone levels appear to have some effect. 
Luteinising hornone (LH) levels are lower during the first week after 
parturition insuckled cows than ill et al,cows that are not suckled (Randel 
1976). Cows that are not suckled exhibit episodic surges of IH by 7days 
after parturition, whereas suckled cows do not (Carruthers et al, 1977; 
Forrest, 1979). The frequency and amplitude of these LHI peaks, together 
with educed sensitivity of the pituitary to .1H-releasing hormone may be 
tile cause of inhibition of ovulation in suckled postpartum 1-olstein cows 
(Carruthers idH afs, 1980; Carruthers et al, 1980). High suckling intensity 
reduces serun 1.11 concentrations (Forrest, 1979). Suckling reduces tile 
concentration of prolactin in the follicular fluid and inhibits release of LH 
fromltile pituitary following treatment with gonadotrophic-releasing
 
hormone (GnRI I)(Kaltenbach and Dlunn, 1980).
 

The length of tie postpartumL anoestrous period inbeef cattle is
 
negatively correlated with basal [.1-1
concentrations and ispositively
 
correlated with tile number of prolactin peaks (Changet al, 1981).Suckling
 
suppresses tile release of gonadotrophiII from tile pituitary; removing the
 
calf removes tilis suppression and hence allows follicles to develop inthe
 
ovaries (Carter et al,1980). 

Sickled cows remain anoest rotis longer when poorl fed than when 
well fed (lFonseca et al, 1981 ). Hansel and Ali a (1984) stated that tile 
pri mary causes Of post part iin anoestrus illCows in tile tropics are poor 
management,dIisease and malnutrition, rather than a basic inability of tile 
reprod uctive tract to function efficiently. Sound management practices 
tend to shorten the aloestrous period (Teevitt et al, 1977). 
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8. 	 REPRODUCTIVE HERD
 
HEALTH PROGRAMMES
 

Reproductive herd health programmes are necessary to achieve and 
maintain the reproductive fficiencv of cattle and hence boost the income 
from 	them. Such pogrammes c:.nsist of visits every 2 weeks or a month by 
a veterinarian to tarms or cows. Where the nimber of cows owned by
individ ual farmers or herders is small, groups of farmers can assemble their 
aninials in one place to make ful[lest use of the veterinarian's visits. 

Il)uring his or her visits, the veterinarian should examine: 
" cows tht calved in the last 15 to 45 days (postpartum examination) for 

normal recoverv; 
* cows bred within the last 35 to 60 davs (pregnancy diagnosis);
 
* 
 cows that have not shown oestrus at the expected time or those that have 

been 	served but failed to settle; 
" Cows and heifers known to have reproductive abnormalities, infections 

and other causes of infertility; and 
" buls used for natural servic- to determine their breeding soundness. 

Fach visit should have four "phases": identification and history, clinical 
exalinatioll, rectal examination and treatment. 

8.1 Identification and history 
Animal records sIould include the cow ntumber or other means of 
identification, and its origin, breed, age, weight, body condition score, 
parity, date and case of last calving, pueperi tim, lactation, nutrition 
management, housing, dates f heat and last service, and type of service 
(artificial insem in. ion or natural), with details of the bull or semen used. 
Comments about sexual behaviour may be added if available. All records 
should be Or'galiSCds l a well planned, individual animal record card. An 
example is shown In Figure 14. 

8.2 Clinical examination 
After Identifying the animal it should be clinically examined. In particular, 
the external genital system shtiuld be examined; observations should 
include the Soze, posithion and shape of the vulva, and the presence and type
of anv discharges alnd crusts. Ideally the vagina should be examined using a 
specltiu and a light for discharges (their amount and origins), degree of 
closti re (pnemo-vagina), iii ucosal lacerations and cervicitis. All eq,uipment 
tIsed slhould b properly cleaned between animals. 

8.3 Rectal examination 

A disposable glove, or one that can be washed after use, should be used. 
This protects both the cow and the veterinarian. Fxamination generally 
starts with the cervix. The uterine body, the bifurcation and both uterine 
horns should then be checked for symnetry, tone, pregnancy or abnormal 
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Figure 14. E'vample 0?/wI h/id l'du! co, C r r rtaecOhL'a-cd Y.;PiutcIt)ls 

Cow Name Birth Dam Siredate 
or 

Number 

REPRODUCTIVE CYCLES 

FIRST CYCLE SECOND CYCLE THIRD CYCLE 

Date Findings Code Datec Findings Code Date Findings Code 

_----- _ _iu __ _ _ _ 

KEY 

Code Findings Findings 

NC Normal calving R Right H Horn 
AC Abnormal calving L Left N Normal 
RE Rectal examination 0 Ovary T Tone 
T Treatlp( F Follicle G Good 
Al Artificial insernination OD Ovulation depression F Flabby 
BS Bull service CH Corpus haemorrhagium E Oedema 
NB Not bred CL Corpus luteum C Cervix 
P Pregnant I Inactive'static V Vagina 
E Oestrus U Uterus P Pus 

Remark: F.ach cycle starts with the fhtstheat atnor Ieit'rs and calving for cows. 

Contents. TIi ovariCs shlmild le carefully palpated for the presence and size 
(f no10t-1a] follicleCs, Coro)(a lttea tr ab)101o1l1al stuttres. If possible, the 
ovarial hotllsac'e hotid be Cxatttitieti for adhesions; the OvidnCts should be 
exantined hlt"ah)norttal _111clltellts, griiwtlts anld septuI fortmation . For
a1CCtrIaC',V, the cxatoita lion sllotuld be repeated soon after and all findingsn tt on the aniInal 's card. 

8.4 Treatment 
Pathological cmtditItns mu ndt douring the examination shoulId be treated, if 
possible. I'rcatilne Islt i olstSrCprtductivC disorders are discussed in other 
chaptcrs ofif this book. H owever, Im1an1v rcproductivC problems can be 
amVOImCI g,good practices, and farmiers should beb 
advied of' these. "herapeutic interventions are no substitute for sound 
manangeMetit an1d husbandry. 
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THE CONSULTATIVE GROUP ON INTERNATIONAL
 
AGRICULTURAL RESEARCH
 

The Int !rnational Livestock Centre for Africa (IICA) isone of the 13 ntcrnatonal 
agricuItu3al research ftuni ) t'lcntrCs ded (on sonsutative Group on I ternational 
Agricultural Rescarch (CGIAR). The 13 centrcs, located mainly within the tropics, have 
been et up by the C(;IAR over the past two dL.ides to prosvide long-term support for 
agricultural dLeVChopMnt inthe Third \Wiorld. Their iant', locations and research
 
responsibilities are as follows
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AgrichItiir.CTrpicad (( IAT), National Agickultural Rescarch for Atrica (IL.CA), Ethiopia:
(Co (ISNAR), The N'etihrlid, AfiricainifIia: ,.iva, ielidd beans, livstick production
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