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Abstract
The productivity of buffaloes is lower than that of dairy cows. It is mainly due to lower reproductive efficiency.
Delayed sexual maturity, postpartum anestrus, silent estrus and the seasonal breeding pattern are the various
reasons for reducing reproductive efficiency in buffaloes. Among these, infertility as manifested by anestrus
remains a major economic problem in buffaloes. This review discusses the incidence, classification, factors
causing and treatment approaches of anestrus in buffaloes.

Introduction

Buffalo is the most important livestock species in
Nepalese agricultural system as it contributes more
than two-third of the total milk production and more
than 50% of the total meat production in the nation
(GoN, 2014). However, the production and
productivity of buffaloes in Nepal is very low mainly
due to subfertility and infertility (Gautam et al.,
2017). In general, the reproductive efficiency of the
buffalo is lower than that of cattle (Noakes et al.,
2001). Low reproductive efficiency in the buffalo
remains a major economic problem globally. Delayed
sexual maturity, postpartum anestrus, silent estrus and
the seasonal breeding pattern are the various reasons
for reducing reproductive efficiency in buffaloes.
Field surveys on reproductive disorders from various
parts of the world revealed that anestrus was the most
common single cause of infertility in buffaloes
(Reviewed by EI-Wishy, 2007). Anestrus is a
functional disorder of the reproductive cycle which is
characterized by absence of overt signs of estrus
manifested either due to lack of expression of estrus
or failure of its detection (Kumar et al.,, 2014).
Infertility as manifested by anestrus remained a major
problem for reducing reproductive efficiency in
Nepalese buffaloes too (Sah and Nakao, 2010;
Devkota et al., 2012; Gautam et al., 2017).

Infertility due to cyclicity failure or anestrus has great
economic impact. Anestrus leads to economic losses
through increased inter-calving interval, poor net calf
crops, production loss, treatment expenses and cost of
replacing mature animal with first calving heifer
(Kumar et al., 2014). There are no reports from Nepal

pertaining to economic impact analysis due to
anestrus in buffaloes. In India, Kumar et al. (2013)
reported an estimated loss of Indian Rs. 372.90 per
day from each buffalo due to anestrus. As the
incidence of anestrus has been reported high, the
above figures show great economic impact at country
level.

Classification of anestrus

In buffalo, the anestrus is observed in post-pubertal
heifers, during pregnancy, lactation, early postpartum
period and during low breeding season. Classification
of anestrus in cattle as described by Roberts (1971)
can be used also in case of buffalo. He classified the
anestrus into two types, i.e. Class I-female with a
normal functional corpus luteum and Class I1-female
with no functional corpus luteum.

Class | anestrus includes (i) Anestrus due to
pregnancy, (ii) Anestrus due to persistent corpus
luteum (CL), (iii) Anestrus due to ‘weak’ or ‘silent’
estrus, and (iv) Anestrus due to unobserved estrus.
Anestrus due to pregnancy is a physiological
condition; anestrus due to unobserved estrus is the
management problem. However, the anestrus due to
persistent CL and silent estrus are the reproductive
problems of animals concerned. Persistent CL is
usually observed in association with some uterine
pathology such as pyometra, fetal maceration,
mucometra, mummified fetus and other disease states.
Anestrus due to weak estrus or ‘silent estrus’ or ‘silent
ovulation” is the inherent characteristic of buffalo
(Zicarelli et al.,1997) that is one of the major
problems in buffalo breeding.
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Class Il anestrus includes anestrus due to small or
inactive ovaries with no functional corpus luteum
palpable per rectum. These are non-cycling cows. It is
termed as ‘true anestrus’.

From the clinical point of view, anestrus can be
classified broadly into two categories, viz. silent
estrus and true anestrus (Noakes et al., 2001). In the
first form, the animal possesses a palpable CL in one
ovary, but has not been detected in estrus due to
subestrus or silent estrus, whereas in the second form,
the animal has no palpable.

CL and does not exhibit estrus because she is
acyclical (true anestrus). Silent estrus or quiet
ovulation is clinically characterized by failure of overt
signs of estrus, though the follicular development and
ovulation occurs normally. Sub estrus is common
during the post pubertal period in heifers and early
post—partum (30 to 120 days) in high vyielding
animals. Progesterone secreted from regressing CL of
previous cycle potentiates the action of estrogen and
seems to favour the manifestation of estrus in next
cycle (King et al., 1976; Allrich, 1994). Thus, lack of
progesterone priming results in sub—estrus. Such
conditions have been frequently reported in dairy
buffaloes especially in the early postpartum period,
during the humid and hot season, in malnutritioned
and suckled buffaloes (Shah, 1990; Badr, 1993; El-
Wishy 2007; Singh et al., 2013) and may be the one
of the reasons of prolonged calving interval in
buffaloes (Singhal et al., 1984; Barkawi et al., 1986).
Due to the high (20-80%) incidence of sub estrus,
large numbers of buffaloes are left unbred and
substantially —contribute to more days open
(Honparkhe et al. 2008).

Incidence of anestrus in buffalo

In the few studies available on breeding and
institutional herds, the frequency of postpartum and
postservice anestrus was 64-76 and 24-36%,
respectively (Schmidt et al.,, 1963; Chauhan and
Singh, 1979). In India, a large variation on incidence
of anestrus has been reported in literatures depending
upon breed, parity, season, level of nutrition,
management conditions and geographic environment;
the incidence of anestrus in buffaloes ranged from
9.1% to 82.5%; (Reviewed by Kumar et al., 2014;
Nanda et al., 2003). In a clinical survey among cases
of reported anestrus, 58.4% were true anestrus, 33.3%
silent estrus and 8.3% of buffaloes had infantile
genitalia (Samad et al., 1984).

There are limited studies regarding the incidence of
anestrus in Nepalese buffaloes. In a recent study by
Gautam et al. (2017), out of 68 infertile buffaloes,
majority of cases (91.2%) were anestrus followed
repeat breeding (8.8%). Within anestrous group,
54.8% buffaloes were in true anestrus characterized
by inactive ovaries, and 45.2% were in silent estrus or
missing estrus. Among silent estrus or missing estrous
group, 64% had dominant follicle and 36% had
corpus luteum as the major structure in the ovary. In
another study by Sah and Nakao (2010), out of 135
anestrous buffalo cows, 61.4% had true anestrus with
ovarian dysfunction and 33.3% had silent ovulation,
while among 111 buffalo heifers, 76.6% were in true
anestrus and 18.9% had silent ovulation. Similarly in
another study, among anestrous buffaloes, the
incidence of true anestrus with inactive ovaries was
>70% from March to June that peaked (>80%) in
April/May and remained around 50% in August and
October-December (Devkota et al., 2012).

Factors causing anestrus in buffalo

Anestrus in buffalo is a multifactorial problem; its
occurrence  signals the inadequate nutrition,
environmental stress, uterine pathology and improper
management practices. Nutrition, season of calving,
parity, ~management practices and abnormal
parturition were found to influence the frequency of
postpartum anestrus in buffaloes (Reviewed by El-
Wishy, 2007).

Genotype

The period of postpartum anestrus is usually longer in
buffalo than the cattle under similar management
conditions (Dobson and Kamonpatana, 1986;
Jainudeen and Hafez, 1993). In comparison to cows,
buffaloes have lesser number of preantral and antral
follicles, smaller sized pre— ovulatory follicles and
greater tendency of follicular atresia (Samad and
Nasseri, 1979; Danell, 1987; Baruselli et al., 1997)
which might be responsible for high incidence of
anestrus in buffaloes.

Nutrition

Nutritional status of animals affects the follicular
growth, maturation and ovulation (Diskin et al.,
2003). Under nutrition is the one of the most
prevalent causes of anestrus in heifers. Reduced feed
intake during late gestation or/and early postpartum
period or negative energy balance (NEB) due to very
high metabolic load following parturition especially
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in high yielders delays postpartum restoration of LH
pulsatility, resulting into prolonged postpartum
anestrus (Wiltbank et al., 1962; Rutter and Randel,
1984; Connor et al., 1990; Hegazi et al., 1994). Under
high metabolic load, nutrients are utilized for
production rather than reproduction (Ferguson, 2001).
In addition to NEB, the deficiency of minerals like
calcium (Ca), phosphorus (P), copper (Cu), zinc (Zn)
and manganese (Mn) are also associated with anestrus
(Hidiroglou, 1979; Campbell et al., 1999). It is well
established that minerals play an intermediate role in
the action of hormones and enzymes at cellular level
and its deficiency ultimately affects the reproductive
performance of females (Bearden et al., 2004).

Body condition score (BCS) is the measures of
nutritional status of animals and is an important factor
influencing the reproductive performance (Baruselli et
al., 2001). Extremes of BCS (very low and very high)
at pre—calving, calving and early postpartum period
delay onset of cyclicity (Butler and Smith, 1989;
Markusfeld et al., 1997; Pryce et al., 2000). For
optimum reproductive performance, BCS of 3.5 (on
five point scale) is required at calving (Bhalaru et al.,
1987; Ribeiro et al., 1997). Restricted feed intake
during late gestation and early postpartum period
result in low BCS, consequently, leads to prolonged
postpartum anestrus (Dziuk and Bellows, 1983,
Robinson, 1990). Devkota et al. (2012) reported that
there were greater proportion of poor BCS (<2.5)
buffaloes during low breeding months (January to
June) as compared to good breeding months, and also,
>75% of anestrus buffaloes with poor BCS showed
true anestrus round-the-year. From their findings, they
speculated that the higher incidence of anestrus during
low breeding season was mainly due to low BCS that
was attributed to shortage of feed and fodder
availability during such months.

Season/Environment

As reported by different authors (Shah et al., 1989;
Singh and Lal, 1994; Zicarelli, 1997), buffalo cows
exhibit a distinct seasonal change in displaying estrus,
conception rate and calving rate. Although buffaloes
are well adopted in hot and humid climate, the
ovarian activity is greatly reduced by heat stress and
manifested in the form of anestrus (Singh et al.,
2000). Ovarian inactivity is more frequent in summer
(41-46%) than in other seasons (7—33%) calvers (Rao
and Sreemannarayana, 1982; Chauhan et al., 1984).
With the onset of summer (April), breeding efficiency

in both young and adult buffalo is reduced, reaching a
nadir in the dry hot months of May and June when
approximately 80% of non-pregnant buffalo have
quiescent ovaries. Silent estrus is also more common
in the hotter months than from August to January and
it takes longer for ovarian cyclicity to resume after
calving in the summer (80 additional days) (Singh et
al., 2000). Devkota and Bohora, (2009) also reported
that there was a distinct seasonal variation of anestrus
condition in Nepalese buffaloes with spring and early
summer (January to June) as the low breeding season
and July to December as the active breeding season.
This phase coincides with higher ambient
temperature, longer day length, and the scarcity of
green fodder. Therefore, it can be speculated that,
such seasonal anestrus during dry and hot months
might be due to various causes namely- heat stress,
shortage of feed/fodder and the photoperiod.

Heat stress affects folliculogenesis, follicular fluid
micro environment and oocyte quality. In buffaloes,
decline in feed intake during summer results in
reduced secretion of gonadotrophins (ElI-Sawaf et al.,
1979). Heat stress reduces the luteinizing hormone
(LH) pulse frequency and therefore follicle maturation
and estradiol production in buffaloes (Palta et al.
1997; De Rensis and Scaramuzzi, 2003). Higher
environmental temperature increases oxidative stress
(Bernabucci et al., 2002) and reproductive disorders
and oxidant/antioxidant imbalance in buffaloes are
related to each other (Anmed et al., 2008). There is
critical shortage of feed and fodder during winter,
spring and early summer in tropical and sub-tropical
regions, and the buffalo maintained on lower levels of
nutrition have sluggish ovarian activity and lower
circulatory progesterone concentrations than well-fed
buffalo (Kaur and Arora, 1984). Photoperiod (by
melatonin secretion) plays a pivotal role in seasonal
breeding characteristic in buffalo. The proportion of
buffaloes exhibiting estrus during the period of short-
day length is significantly greater than during the
period of long day length, indicating that decreasing
day light is a stronger determinant of the resumption
of ovarian activity (Barile, 2005). Fewer buffalo (26-
31%) exhibit estrus under long day length and
artificial short photoperiods can be imposed to reduce
this problem (Singh et al., 2000). Decreasing day
length is thus a strong determinant of onset of
postpartum ovarian activity. Melatonin production is
stimulated by decreasing photoperiod in buffalo and
in summer anestrous buffalo injected with 18 mg
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melatonin once or twice each day come into estrus
(Hassan et al., 2000). Besides these, high
environmental temperature causes hyper—
prolactinaemia and suppressing the secretion of
gonadotrophin which leads to alteration in ovarian
folliculogenesis and steroidogenesis (Sheth et al.,
1978; Verma et al., 1992).

Suckling

Postpartum anestrus is prevalent in dairy (Shah et al.,
1990) and suckled swamp buffaloes (Jainudeen,
1988). Suckling suppress the postpartum ovarian
activity in buffalo (El-Fadaly, 1980; Honnapagol et
al., 1993), resulting into extended postpartum anestrus
period. Suckling stimulates prolactin, cortisol and
oxytocin secretion that have negative effect upon
GnRH-LH axis. Higher level of these hormones
suppresses the GnRH secretion and increases the
concentration of endogenous opioid peptides; [—
endorphin (Malven et al., 1986) thus, ultimately
reduces the LH pulse frequency (William, 1990)
which delays resumption of postpartum cyclicity
causing anestrus.

Level of milk production

High milk yielders show significantly longer
postpartum anestrus period (Harrison et al., 1989) or
weaker signs of estrus (Harrison et al., 1990). El-
Fadaly (1980) reported that buffalo producing >8
liters milk per day had longer postpartum anestrus
(107+36 days) than those producing <8 liters per day
(77£30 days). However, others have reported no
significant correlation between milk yield and
postpartum anestrus period (El-Keraby et al., 1981;
Kawthar et al., 1985).

Parasitic Infestations

Parasitism affects the future productive and
reproductive efficiency in infested animals (Heath et
al.,, 1997). Parasitic infection like fascioliasis,
theleriosis  schistosomiasis and  trypanosomiasis
infection in animals cause anemia and weight loss and
ultimately results into anestrus. Recently, it has been
found that Neospora caninum infection (Neosporosis)
was widely prevalent among dairy herds and had
significant association with anestrus (Bruhn et al.,
2013).

Periparturient Diseases
Periparturient diseases such as abnormal calvings,
metritis, mastitis and ketosis also influence onset of

postpartum cyclicity (Fonseca et al., 1983).
Postpartum uterine infection suppress GnRH release
and possibly LH secretion (Peter et al., 1990; Mateus
et al., 2002), probably due to inflammatory response
(Sheldon and Dobson, 2004; Williams et al., 2007)
and thus, ovarian activity remains suppressed in
uterine infections.

Diagnosis
Anestrus is diagnosed based on history and clinical
examination. Transrectal palpation is the most

practical and inexpensive tool to diagnose the ovarian
cyclicity and pregnancy status of the buffalo. In case
of true anestrus, ovaries are smooth, small and
inactive with the absence of corpus luteum (Agarwal
et al., 2004) while the uterus is flaccid (Noakes et al.,
2001); however, follicles may develop up to
prematuration stage and get atretic (Roche et al.,
1998; Ghuman et al., 2010). In case of silent estrus or
unobserved estrus, functional corpus luteum or
dominant follicle can be palpated. Although
transrectal palpation is an inexpensive technique that
has long been accepted as the most important
examination tool, its accuracy is limited compared to
more recent diagnostic aids, namely progesterone
profile (Metwelly, 2001; Zakaria et al., 2001),
laparoscopy  (Ambrose et al, 1993) and
ultrsasonography (Abuzeid et al., 2000). Securing
more information on reproductive history, level of
milk production, BCS, palpation of the uterine horns,
comparing the size of the two ovaries and vaginal
examination may improve the results of manual
palpation of the ovaries. Progesterone determination
in these cases can be highly valuable (EI-Wishy,
2007). Ovarian pathology which is not accurately
determined by per rectal palpation can be visualized
by ultrasonography. Different stages of follicular
growth and type of anestrus can easily be detected by
ultrasonography (Kumar et al., 2014).

Treatment approach

Most of the true anestrous cases are due to nutritional
deficiencies. In most cases, the disorder resolves
spontaneously with the arrival of more favourable
climatic conditions and adequate feeding (Noakes et
al., 2001). Treatment of anestrus due to debility,
cachexia or a lack of total digestible nutrient
(TDN)/energy, protein, or other minerals should
follow a careful examination and diagnosis. If the
cause is due to chronic debiliting diseases, these must
be corrected or alleviated so the female returns to
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good condition with near normal body weight.
Additional levels of TDN and other nutrients need to
be fed to those animals. Therapy may require a
number of months. Estrus will not occur in debilitated
animals until they receive feed over and above the
requirements for maintaining life and are in a positive
energy balance. In heifers and parous animals in a fair
to good nutritive state but failing to show estrum
because of phosphorus deficiency, steamed bone meal
or diclacium phosphate should be fed free of choice.
Complex mineral supplements or specific mineral
supplements may be necessary in anestrous, mineral-
deficient animals with a low blood hemoglobin level
(Roberts, 1971).

Once the animals are in good nutritional state,
progesterone based estrous synchronization protocols
would be effective to induce estrus. Exogenous
administration of progesterone mimics the luteal
phase of the estrus cycle by exerting negative
feedback effect over hypothalamus and pituitary for
LH release. Upon withdrawal of progesterone, the
normal follicular phase of the cycle is stimulated. The
priming of hypothalamo-hypophysial-gonadal (HPG)
axis with adequate amounts of progesterone is
beneficial for the recovery of HPG axis function, and
hence, a better display of estrous behavior by
anestrous buffaloes at induced estrus (De Renis et al
2005; Ghuman et al., 2012). Furthermore, the
sufficient priming of endometrium with progesterone
may be necessary to enhance the conception rate
(Stevenson et al., 2006). Intravaginal progesterone
releasing devices such as PRID (progesterone—
releasing intravaginal device), CIDR (controlled
internal drug release) and CueMate are effective in
restoration of cyclicity in anestrus animals (Rao,
1981; Singh et al., 1988; Singh et al., 2010; Azawi et
al., 2012).

Upon withdrawal, the concentration of progesterone
decline abruptly and onset of estrus and ovulation
occurs within 2-8 days after the end of treatment
(Agarwal and Tomar, 2003; Hafez and Hafez, 2008).
To achieve better responses, the intravaginal devices
or ear implants are generally used for 7 to 9 days,
combined with other hormones (prostaglandins,
GnRH, PMSG/eCG and estradiol) towards the end of
progesterone treatment (Singh et al., 2010; Azawi et
al., 2012). Sometimes GnRH or FSH injections would
resume the ovarian cyclicity and induce estrus.

Theoretically to stimulate cows in anestrum with
nonfunctional or ‘smooth’ ovaries, FSH is indicated.

Doses of gonadotropes to treat anestrum in cattle are
750 to 1500 iu PMSG or 40 to 100 iu FSH.
Theoretically this FSH treatment might be followed in
3 to 5 days by an injection of LH (Roberts, 1971).
Some literatures claim that herbal preparations such
as Prajana HS (Indian Herbs), Janova (Dabur), Sajani
(Sarabhai) etc. are effective in restoration of cyclicity
with good success rates (Reddy et al., 1994; Hussain
et al., 2009). It has been also stated that utero—ovarian
massage is the oldest, simplest, cheapest and effective
method to induce estrus in anestrous cattle and
buffaloes (Rahawy, 2009; Mwaanga et al., 2010).
Treatment of silent estrus often requires careful,
frequent and accurately recorded examination of the
genital tract of affected cows, careful assessment of
herd management practices, and diplomatic education
and instructions for the herdsman and cattleman.
Prostaglandin (PGF2a) is the treatment of choice for
persistent corpus luteum and sub estrus having
responsive CL in the ovary. Natural or synthetic
analogue of PGF2a as a single dose has been used
with a reasonable degree of success for management
of silent estrus in cattle and buffaloes (Nautiyal et al.,
1998; Singh et al., 2001). It should be born in mind
that PGF2a is effective only during days 6-16 of the
cycle and in the presence of active corpus luteum.
Lugol’s iodine treatment is cheaper and effective
means of management of anestrus particulary in case
of persistent CL, but response has been variable
(Tapas et al., 2000; Tomar, 2004; Gupta et al., 2011).
Anestrous animals with cystic ovaries should be
treated by removal of cysts, injection of LH or GnRH.
Heifers with freemartinism, absence of gonads,
ovarian tumors etc should be culled out as there is no
satisfactory treatment.

References

. Abuzeid, S.M.M., Absy, G., Zeidan, A.E.B. (2000). The accuracy or
rectal palpation and ultrasonography in the diagnosis of ovarian
structures in normal cyclic buffalo cows. Suez Canal Vet. Med. J. 3,
687-703.

2. Agarwal SK, Shanker U, Ansari MR (2004). Laboratory manual on
Animal Gynaecology. Indian Veterinary Research Institute,
Izatnagar, India.

3. Agarwal SK, Tomer OS (2003). Reproductive technologies in

buffalo. 2nd edn. A monograph published by communication centre,

Indian Veterinary Research Institute, lzatnagar, India.

1

4. Allrich RD (1994). Endocrine and neural control of estrus in dairy

cows. J. Dairy Sci. 77: 2738 — 2744.



The Blue Cross (2020), Volume 16

41

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ambrose, J.P., Manik, R.S., Singla, S.K., Madan, M.L. (1993). A
simplified laparoscopy technique for repeated ovarian observation in
the water buffalo (Bubalus bubalis). Theriogenology 40, 487-496.
Azawi Ol, Ali MD, Oday SA, Salih A, Al-Hadad AS, Mouayad SJ,
Abdul Hussien AS (2012). Comparative efficacy of different CIDR
protocols for the treatment of postpartum anestrous in Iraqi
buffaloes. Vet. World. 5(4): 201 — 205.

Badr HM (1993). Study of some reproductive aspects for
postpartum period in Egyptian buffaloes. PhD dissertation, El-
Azhar University, Cairo, Egypt.

Barile VL, (2005): Improving reproductive efficiency in female
buffaloes. Livest Prod Sci 92, 83-194.

Barkawi AH, Shafie MM, Mekawy Y, Aboul-Ela MB (1986). The
use of serum and milk progesterone concentration to monitor post—
partum ovarian activity in Egyptian buffaloes. Buffalo. J. 2 (2): 125
—134.

Baruselli PS, Barnabe VH, Barnabe RC, Visintin JA, Molero—
Filho JR, Porto R (2001). Effect of body condition score at
calving on postpartum reproductive performance in buffalo.
Buffalo J. 17 (1): 53 — 65.

Baruselli PS, Mucciolo RG, Visintin JA, Viana WG, Arruda RP,
Madureira EH, Oliveira CA, Molero—Filho JR (1997). Ovarian
follicular dynamics during the estrous cycle in buffalo (Bubalus
bubalis). Theriogenol. 47: 1531 — 1547.

Bearden HJ, Fuquay JW, Willard ST (2004). Applied Animal
Reproduction, Sixth Edition. Pearson Prentice Hall, Upper Saddle
River, New Jersey, NY, U.S.A.

Bhalaru SS, Tiwana MS, Singh N (1987). Effect of body
condition at calving on subsequent reproductive performance in
buffaloes. Indian J. Anim. Sci. 57: 33 — 36.

Bruhn FRP, Daher DO, Lopes E, Barbieri JM, Rocha CMBM,
Guimardes AM (2013). Factors associated with seroprevalence of
Neospora caninum in dairy cattle in southeastern Brazil. Trop.
Anim. Health Prod. 45(5): 1093 — 1098.

Butler WR, Smith RD (1989). Interrelationships between energy
balance and postpartum reproductive function in dairy cattle. J.
Dairy Sci. 72: 767 —783.

Campbell CS, Wood R, Kelly M (1999). Social Capital and
Health. Health Education Authority, London, UK.

Chauhan, F.S., Singh, M. (1979). Anestrus in buffaloes. Indian
Vet. J. 56, 583-589.

Chauhan, F.S., Takkar, O.P., Singh, M., Tiwana, M.S. (1984).
Influence of season on the incidence of anestrus in buffaloes. In:
Proceedings of the 10th International Congress on Animal
Reproduction, vol. 11, No. 28, Urbana, p. 3.

Connor HC, Houghton PL, Lemenager RP, Malven PV, Parfet JR,
Moss GE (1990). Effect of dietary energy, body condition and calf
removal on pituitary gonadotropins, gonadotropin-releasing
hormone (GnRH) and hypothalamic opioids in beef cows.
Domest. Anim. Endocrinol. 7: 403 — 411.

Danell B (1987). Estrus behaviour, ovarian morphology and
cyclical variation in the follicular system and endocrine pattern in
Water buffalo heifers. Tese de doutorado, Universidade de
Uppsala, Sweden.

De Rensis F, Ronci G, Guarneri P, Nguyen BX, Presicce GA,
Huszenicza G, et al. (2005) Conception rate after fixed time
insemination following ovsynch protocol with and without
progesterone  supplementation in cyclic and non-cyclic
Mediterranean Italian buffaloes (Bubalus bubalis).
Theriogenology 63:1824-31.

Devkota, B. and Bohara, T.P. (2009). Effects of season on
pregnancy rates in water buffaloes of Southern Nepal evaluated by
using different estrus synchronization protocols during active
season and low breeding season. Pakistan J. Zool. Suppl. 9: 763-
770.

Devkota, B., Bohara, T.P. and Yamagishi, N. (2012). Seasonal
variation of anestrus conditions in buffaloes (Bubalus bubalis) in
Southern Nepal. Asian J. Anim. Vet. Adv. 7: 910-914.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Diskin MG, Mackey DR, Roche J, Sreenan JM (2003). Effects of
nutrition and metabolic status on circulating hormones and
ovarian follicle development in cattle. Anim. Reprod. Sci. 78: 345
- 370.

Dobson H, Kamonpatana M (1986). A review of female cattle
reproduction with special reference to a comparison between
buffaloes, cows and zebu. J. Reprod. Fert. 77: 1 — 36.

Dziuk PJ, Bellows RA (1983). Management of reproduction of
beef, sheep and pigs. J. Anita. Sci. 57 (Suppl. 2): 355.

El-Fadaly MA (1980). Effect of suckling and milking on the
breeding efficiency of buffaloes. I. First postpartum estrus. Vet.
Med. J. 28: 399 —404.

El-Keraby F, Aboul-Ela MB, Bedeir LH (1981). The effect of
diet on postpartum reproductive traits in buffaloes. Agric. Res.
Rev. 59: 1 -12.

El-Sawaf SA, Shalaby AS, Kamal TH (1979). The effect of heat
stress on the performance of Friesian heifers. Zagazig Vet. J. 2:
185 -192.

El-Wishy AB (2007). The postpartum buffalo 1. Acyclicity and
anestrus. Anim. Reprod. Sci. 97: 216 — 236.

Ferguson JD (2001). Nutrition and reproduction in dairy herds. In:
Proc. Intermountain Nutr. Conf. Utah State Univ. Logan. p. 65.
Fonseca FA, Britt JH, McDaniel BT, Wilk JC, Rakes AH (1983).
Reproductive traits of Holsteins and Jerseys. Effects of age, milk
yield, and clinical abnormalities on involution of cervix and
uterus, ovulation, estrous cycles, detection of estrus, conception
rate, and days open. J. Dairy Sci. 66: 1128 — 1147.

Gautam, G., Gyawali R.R, Nath, B. and Pant, S. (2017).
Characterization and treatment of infertility in buffaloes of hills
and Terai regions of mid Nepal. Proceedings of the International
Buffalo Symposium, 15-18 Nov 2017, Chitwan, Nepal; pp. 98-
102.

Ghuman SPS, Singh J, Honparkhe M, Dadarwal D, Dhliwal GS,
Singh ST (2010). Fate of dominant follicle in summer anestrus
buffaloes. Indian J. Anim. Reprod. 31(2): 7 — 10.

Ghuman SS, Honparkhe M, Singh J, Dhami DS, Kumar A, Nazir
G, et al. (2012). Fertility response using three estrus
synchronization regimens in lactating anestrous buffaloes. Indian J
Anim Sci 82:162-6.

Government of Nepal, Ministry of Agricultural Development.
(2014). Statistical information on Nepalese agriculture 2013/2014.
Gupta R, Thakur MS, Sharma A (2011). Estrus induction and
Fertility response in true anestrus buffaloes using lugol’s iodine.
Vet. World. 4(2): 77 — 78.

Hafez B, Hafez ESE (2008). Reproduction in farm animals, 7th
ed. Blackwell Publishing Limited. p 407.

Harrison RO, Ford SP, Young JW, Conley AJ, Freeman AE
(1990). Increased milk production versus reproductive and energy
status of high producing dairy cows. J. Dairy Sci. 73: 2749 —
2758.

Harrison RO, Young JW, Freeman AE, Ford SP (1989). Effects of
lactational level on reactivation of ovarian function, and interval
from parturition to first visual estrus and conception in high—
producing Holstein cows. Amin. Prod. 49: 23 — 28.

Heath HL, Blagburn BL, Elsasser TT, Pugh DG, Sanders LG,
Sartin E, Steele B, Sartin JL (1997). Hormonal modulation of the
physiologic responses of calves infected with Eimeria bovis. Am.
J. Vet. Res. 58: 89 — 896.

Hegazi MA, EI-Wishy AB, Youssef AH, Awadalla SA, Teleb
HM (1994). Interrelationship between pre— and/or post—partum
feeding levels, blood constituents and reproductive performance
of buffaloes. In: Proceedings of the Fourth World Buffalo
Congress, vol. 111, San Paulo, Brazil, pp. 632 — 633.

Hidiroglou M (1979). Manganese in ruminant nutrition. Can. J.
Anim. Sci. 59: 217.



The Blue Cross (2020), Volume 16

42

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Honnapagol SS, Muregeppa A, Biradar US, Mallikarjunappa S
(1993). Postpartum reproductive performance in suckled and non—
suckled Surti buffaloes. Indian Vet. J. 70: 470 — 471.

Honparkhe M, Singh Jagir, Dadarwal D, Dhaliwal GS and Kumar
Ajeet. (2008). Oestrus induction and fertility rates in response to
exogenous hormonal administration in postpartum anoestrus and
suboestrus bovines. Journal of Veterinary Medical Science 70(12):
1327-31.

Hussain J, Bhat AS, Shaheen M, Islam R (2009). Comparative
response of vitamin—mineral vs herbal therapy in alleviating post—
partum true anestrum in dairy cows. Indian J. Anim. Res. 43 (3):
222 -223.

Jainudeen, M.R., (1988). Reproduction problems of buffaloes in
the world. In: Proceedings of the Second World Buffalo Congress,
vol. Il, New Delhi, India, pp. 189-196.

Jainudeen MR, Hafez ESE (1993). Cattle and buffalo. In: Hafez,
E.S.E. (Ed.), Reproduction in Farm Animals, 6th ed. Lea and
Febiger, Philadelphia, USA. p 315 — 329.

Kaur, H., Arora, S.P. (1984). Annual pattern of plasma
progesterone in normal cycling buffaloes (Bubalus bubalis) fed
two levels of nutrition. Anim. Reprod. Sci. 7, 323-332.

Kawthar AM, Youssif RH, Khattab AS (1985). Individual factors
affecting the interval between calving and first service in Egyptian
buffaloes. Egypt. J. Anim. Prod. 25: 319 — 327.

King GJ, Hurnik JF, Robertson HA (1976). Ovarian function and
estrus activity in dairy cows during early lactation. J. Dairy Sci.
42: 688 — 92.

Kumar PR, Shukla SN, Purkayastha RD (2013). Economical
analysis of the estimated cost of management of anestrus
buffaloes under field conditions using different hormonal and
non-hormonal strategies. J. Anim. Health Prod. 1(4): 39 — 41.
Kumar PR, Singh SK, Kharche SD, Chethan Sharma G, Behera
BK, Shukla SN, Kumar H, Agarwal SK (2014). Anestrus in cattle
and buffalo: Indian perspective. Adv. Anim. Vet. Sci. 2 (3): 124 —
138.

Malven PV, Parfet JR, Gregg DW, Allrich RD, Moss GE (1986).
Relationships among concentrations of opioid neuropeptides and
luteinizing hormone in neural tissues of beef cows following early
weaning. J. Anim. Sci. 62: 723 — 733.

Markusfeld O, Galon N, Ezra E (1997). Body condition score,
health, yield and fertility in dairy cows. Vet. Rec. 141: 67 — 72.
Mateus L, da Costa LL, Bernardo F, Silva JR (2002). Influence of
puerperal uterine infection on uterine involution and postpartum
ovarian activity in dairy cows. Reprod. Domest. Anim. 37: 31 —
35.

Metwelly, K.K. (2001). Postpartum anestrus in buffalo cows:
causes and treatment. In: Proc. Sixth Sci. Congr. Egypt. Soc.
Cattle Diseases, Assiut Univesity, Egypt, pp. 259-267.

Nanda AS, Brar PS, Prabhakar S (2003). Enhancing reproductive
performance in dairy buffalo: major constraints and achievements.
Reprod. 61(Suppl.): 27 — 36.

Nautiyal H, Shanker U, Agarwal SK (1998). Synchronization of
oestrus using double injection regimen of PGF2a in buffaloes.
Indian Vet. Med. J. 22: 99 — 100.

Noakes DE, Parkinson TJ, England GCW (2001). Veterinary
Reproduction and Obstetrics, 9th ed. WB Saunders Company,
London.

Palta P, Mondal S, Prakas BS, Madan ML (1997). Peripheral
inhibin levels in relation to climatic variations and stage of estrous
cycle in buffalo (Bubalus bubalis). Theriogenology, 47: 898-995.
Peter AT, Bosu WTK, Gilbert RO (1990). Absorption of
Escherichia coli endotoxin (lipopolysaccharide) from the uteri of
postpartum dairy cows. Theriogenol. 33: 189 — 194,

Pryce JE, Coffey MP, Brotherstone S (2000). The genetic
relationship between calving interval, body condition score and
linear type and management traits in registered Holsteins. J. Dairy
Sci. 83: 2664.

64.

65.

66.

67.

68.

71.

72.

73.

74.

75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Rao RA (1981). Synchronization of estrus in buffaloes with a
progesterone releasing intra-vaginal device. Vet. Rec. 159: 123.
Rao, A.V. and Sreemannarayanan, O. (1982) Theriogenology, 18,
403.

Reddy KRC, Rao AS, Reddy VSC, Yadagiri B, Sharma GP,
Reddy MR, Reddy CE (1994). Efficacy of certain hormonal and
non- hormonal drugs on estrous induction in postpartum anestrus

buffaloes Indian J. Anim. Reprod. 15(2): 127 — 130.

Ribeiro HFL, Andrade de VJ, Marques Jr AP, Vale WG (1997).
Effect of body condition at parturition on the interval to first
postpartum estrus in buffaloes. R. Bras. Vet. Med. 19: 213 — 218.

Robertss, S.J. (1971). Veterinary Obstetrics and Genital Diseases.
Published by the Author and distributed by Edwards Brothers Inc.,

Ann Arbor, Michigan.

69. Robinson JJ (1990). Nutrition in the reproduction of farm
animals. Nutr. Res. Rev. 3: 267 — 268.

70. Roche JF, Mihn M, Diskin MG, Ireland JJ (1998). A review
on regulation of follicle growth in cattle. J. Anim. Sci. 76
(Suppl. 3): 16 — 19.

Roche JF, Mihn M, Diskin MG, Ireland JJ (1998). A review on
regulation of follicle growth in cattle. J. Anim. Sci. 76 (Suppl. 3):
16 - 19.

Rutter LM, Randel RD (1984). Postpartum nutrient intake and
body condition: effect on pituitary function and onset of oestrus in

beef cattle. J. Anim. Sci. 58: 265 — 274.

Sah, S.K. and Nakao, T. (2010). A clinical study of anestrus

buffaloes in Southern Nepal. Journal of Reproduction and

Development, 56 (2): 208-211.

Samad HA, Nasseri AA (1979). A quantitative study of primordial
follicles in buffalo heifer ovaries. In: 13th FAOrSIDA
International Course on Animal Reproduction, Up Uppsala,
Sweden.

Samad, H.A., Ali, C.S., Ahmad, K.M., Rehman, N.U. (1984).
Reproductive diseases of the water buffalo. In: Proceedings of the
10th International Congress on Animal Reproduction and Al, vol.
1V, Urbana, USA, pp. XIV-25-XIV-33.

Schmidt, K., El-Sawaf, S., Gharib, H.M. (1963). Some studies on

diagnosis in herd problems with regard to pregnancy and

infertility in buffaloes. Vet. Med. J. (Giza) 9, 113-156.

Shah NH, Willemse AH, Van deWeil DFM, Engel B (1989).
Influence of season and parity on several reproductive parameters
in Nili-Ravi buffaloes in Pakistan. Anim. Reprod. Sci. 21: 177 —
190.

Shah SNH (1990). Prolonged calving intervals in Nilli-Ravi

buffalo. PhD dissertation, Rijksuniversiteitte Utrecht, pp 162.

Shah SNH (1990). Prolonged calving intervals in Nilli-Ravi

buffalo. PhD dissertation, Rijksuniversiteitte Utrecht, pp 162.

Shah, N.H.Willemse, A.H., Van deWeil, D.F.M. (1990).

Descriptive epidemiology and treatment of postpartum anestrus in

dairy buffalo under small farm conditions. Theriogenology 33,

1333-1345.

Sheldon IM, Dobson H (2004). Postpartum uterine health in cattle.

Anim. Reprod. Sci. 82-83: 295 — 306.

Singh G, Dhaliwal GS, Sharma RD, Biswas RK (1988).

Treatment of summer anestrous buffalo (bubalis bubalis) with

progesterone releasing device plus pregnant mare serum

gonadotrophins. Theriogenol. 29(5): 1201 — 1206.

Singh J, Nanda AS, Adams GP (2000). The reproductive pattern

and efficiency of female buffaloes. Anim. Reprod. Sci. 60: 593 —

604.

Singh M, Chaudhari BK, Singh JK, Singh AK, Maurya PK

(2013). Effects of thermal load on buffalo reproductive

performance during summer season. J. Biol. Sci. 1(1): 1 - 8.

Singh M, Sood P, Vasistha NK, Singh C (2001). Study on the use

of prostaglandin F2a in treatment of suboestrus cows. Indian Vet.

J. 78: 815 — 816.

Singh V, Malik RK, Singh P, Tuly RK, Verma AK, Chandola RK

(2010). Induction of cyclicity in murrah buffaloes—Heifers during



The Blue Cross (2020), Volume 16

43

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

summer using different hormonal protocols. Indian J. Anim.
Reprod. 31(2): 11 -14.

Singh VK, Verma HK (1994). Analysis of reproductive disorders
of buffaloes. Liv. Adv. 19(1): 20 — 21.

Singhal SP, Dhanda OP, Razdan MN (1984). Some managemental
and therapeutic approaches in the treatment of physiological
infertility of Water Buffaloes (Bubalus bubalis). In: Proceedings
of 10th International Congress Animal Reproduction Artificial
Insemination. 3: 471.

Stevenson JS, Pursley JR, Garverick HA, Fricke PM, Kesler DJ,
Ottobre JS, et al. (2006). Treatment of cycling and non-cycling
lactating dairy cows with progesterone during Ovsynch. J Dairy
Sci 89: 2567-78.

Tapas SP, Shrivastava OP, Pandit RK, Agarwal RG (2000). Estrus
response and fertility in sub estrus buffaloes treated with intra
uterine medication during low breeding season. Indian J. Anim.
Reprod. 21(1): 13 - 15.

Tomar DS (2004). Studies on etiology and treatment of subestrus
in Murrah buffaloes. M.V.Sc and A.H., Thesis, INKVV. Jabalpur.
Verma HK, Sidhu SS, Panqwanker GR, Dhablania DC (1992).
Treatment of summer anoestrus in buffaloes with Bromocriptine.
Indian J. Anim. Reprod. 13: 190 — 192.

Williams EJ, Fischer DP, Noakes DE, England GC, Rycroft A,
Dobson H (2007). The relationship between uterine pathogen
growth density and ovarian function in the postpartum dairy cow.
Theriogenol. 68: 549 —559.

Williams GL (1990). Suckling as a regulator of post—partum
rebreeding in cattle: a review. J. Anim. Sci. 68: 831 — 852.
Wiltbank JN, Rowden WW, Ingalls JE, Gregory KE, Koch RM
(1962). Effect of energy level on reproductive phenomena of
mature Hereford cows. J. Anim. Sci. 21: 219.

Zakaria, M.M., Ghoneim, .M., Eissa, H.M., EI-Wishy, A.B.
(2001). Rectal palpation, plasma and fecal progesterone to
monitor ovarian activity in buffalo cows. J. Egypt. Vet. Med.
Assoc. 61, 853-865.

Zicarelli, L. (1997). Reproductive seasonality in buffalo. Bubalus
Bubalis. 4: 52-54.



