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  Abstract
  Fertility in dairy cows has been declining for the past three decades. Genetic selection for increased milk production has been associated with changes in key metabolic hormones (growth hormone, insulin, IGF and leptin) that regulate metabolism by homoeostasis and homeorhesis. These metabolic hormones, particularly insulin, provide signals to the reproductive system so that regulation of ovarian function is coordinated with changes in metabolic status. Studies have shown, for example, that increasing circulating insulin concentrations during the early postpartum period can advance the resumption of oestrous cycles by enhancing follicular growth. However, high concentrations of insulin can be detrimental to the developmental competence of oocytes, which is also influenced by the supply of fatty acids at the systemic level and at the ovarian level. Insulin status is also associated with the incidence and characteristics of abnormal ovarian cycles. These changes can occur without significant variation in circulating gonadotrophin concentrations. This suggests that additional factors, such as peripheral metabolites, metabolic hormones and locally produced growth factors, may have a modulating role. Recent evidence has demonstrated that ovarian responses to metabolic signals and nutrient profile vary according to the stage of the reproductive cycle. Improved understanding of this multifactorial process enables nutrition to be matched to genotype and milk production, with a positive impact on pregnancy rate.
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 *This invited paper was presented at BSAS meeting ‘Fertility in Dairy Cows – bridging the gaps’ 30–31 August 2007, Liverpool Hope University.




 
 
 References
  
 

 Adamiak, SJ, Mackie, K, Watt, RG, Webb, R, Sinclair, KD 2005. Impact of nutrition on oocyte quality: cumulative effects of body composition and diet leading to hyperinsulinemia in cattle. Biology of Reproduction 73, 918–926.CrossRefGoogle ScholarPubMed


 
 

 Adams, GP 1999. Comparative patterns of follicle development and selection in ruminants. Reproduction in domestic ruminants IV. Journal of Reproduction and Fertility Supplement 54, 17–32.Google Scholar


 
 

 Armstrong, DG, McEvoy, TG, Baxter, G, Robinson, JJ, Hogg, CO, Woad, K, Webb, R, Sinclair, KD 2001. The effect of dietary energy and protein on bovine follicular dynamics and embryo production in vitro; associations with the ovarian insulin-like growth factor system. Biology of Reproduction 64, 1624–1632.CrossRefGoogle ScholarPubMed


 
 

 Armstrong, DG, Gong, JG, Gardner, JO, Baxter, G, Hogg, CO, Webb, R 2002. Steroidogenesis in bovine granulosa cells: the effect of short-term changes in dietary intake. Reproduction 123, 371–378.CrossRefGoogle ScholarPubMed


 
 

 Armstrong, DG, Gong, JG, Webb, R 2003. Interactions between nutrition and ovarian activity in cattle: physiological, cellular and molecular mechanisms. Reproduction in Domestic Ruminants V. Reproduction 61 (Suppl.), 403–414.Google Scholar


 
 

 Bao, B, Garverick, HA 1998. Expression of steroidogenic enzyme and gonadotropin receptor genes in bovine follicles during ovarian follicular waves: a review. Journal of Animal Science 76, 1903–1921.CrossRefGoogle ScholarPubMed


 
 

 Bauman, DE 2000. Regulation of nutrient partitioning during lactation: homeostasis and homeorhesis revisited. In Ruminant physiology: digestion, metabolism, growth and reproduction (ed. PB Cronje), pp. 311–328. CABI Publishing, Wallingford, UK.CrossRefGoogle Scholar


 
 

 Bauman, DE, Currie, WB 1980. Partitioning of nutrients during pregnancy and lactation: a review of mechanisms involving homeostasis and homeorhesis. Journal of Dairy Science 63, 1514–1529.CrossRefGoogle ScholarPubMed


 
 

 Baumrucker, CR 2000. The insulin-like growth factor (IGF) system in the mammary gland: role of IGFBP-3 binding protein. In Ruminant physiology: digestion, metabolism, growth and reproduction (ed. PB Cronje), pp. 329–351. CABI Publishing, Wallingford, UK.CrossRefGoogle Scholar


 
 

 Boland, MP, Lonergan, P, O’Callaghan, D 2001. Effect of nutrition on endocrine parameters, ovarian physiology, and oocyte and embryo development. Theriogenology 55, 1323–1340.CrossRefGoogle ScholarPubMed


 
 

 Broster, WH, Broster, VJ 1998. Body score of dairy cows. Journal of Dairy Research 65, 155–173.CrossRefGoogle ScholarPubMed


 
 

 Butler, WR 2000. Nutritional interactions with reproductive performance in dairy cattle. Animal Reproduction Science 60–61, 449–457.CrossRefGoogle ScholarPubMed


 
 

 Butler, WR 2003. Energy balance relationships with follicular development, ovulation and fertility in postpartum dairy cows. Livestock Production Science 83, 211–218.CrossRefGoogle Scholar


 
 

 Butler, WR 2005. Nutrition, negative energy balance and fertility in the postpartum dairy cow. Cattle Practice 13, 13–18.Google Scholar


 
 

 Butler, ST, Marr, AL, Pelton, SH, Radcliff, RP, Lucy, MC, Butler, WR 2003. Insulin restores GH responsiveness during lactation-induced negative energy balance in dairy cattle: effects on expression of IGF-I and GH receptor 1A. Journal of Endocrinology 176, 205–217.CrossRefGoogle ScholarPubMed


 
 

 Clarke, IJ, Pompolo, S 2005. Synthesis and secretion of GnRH. Animal Reproduction Science 88, 29–55.CrossRefGoogle ScholarPubMed


 
 

 Daftary, SS, Gore, AC 2005. IGF-1 in the brain as a regulator of reproductive neuroendocrine function. Experimental Biology and Medicine 230, 292–306.CrossRefGoogle ScholarPubMed


 
 

 Dechow, CD, Rogers, GW, Clay, JS 2002. Heritability and correlations among body condition score loss, body condition score, production traits and reproductive performance. Journal of Dairy Science 85, 3062–3070.CrossRefGoogle ScholarPubMed


 
 

 Defra 2007. Defra Economics and Statistics website. Retrieved October 11, 2007, from http://statistics.defra.gov.uk/esg/Google Scholar


 
 

 Evans, RD, Wallace, M, Shalloo, L, Garrick, DJ, Dillon, P 2006. Financial implications of recent declines in reproduction and survival of Holstein-Friesian cows in spring-calving Irish dairy herds. Agricultural Systems 89, 165–183.CrossRefGoogle Scholar


 
 

 Flint, APF 1995. Interferon, the oxytocin receptor and the maternal recognition of pregnancy in ruminants and nonruminants – a comparative approach. Reproduction, Fertility and Development 7, 313–318.CrossRefGoogle ScholarPubMed


 
 

 Fouladi-Nashta, AA, Gutierrez, CG, Garnsworthy, PC, Webb, R 2005. Effects of dietary carbohydrate source on oocyte/embryo quality and development in high-yielding, lactating dairy cattle. Biology of Reproduction (Special issue), 135–136.Google Scholar


 
 

 Fouladi-Nashta, AA, Gutierrez, CG, Gong, JG, Garnsworthy, PC, Webb, R 2007. Impact of dietary fatty acids on oocyte quality and development in lactating dairy cows. Biology of Reproduction 77, 9–17.CrossRefGoogle ScholarPubMed


 
 

 Garcia-Ispierto, I, Lopez-Gatius, F, Santolaria, P, Yaniz, JL, Nogareda, C, Lopez-Bejar, M 2007. Factors affecting the fertility of high producing dairy herds in northeastern Spain. Theriogenology 67, 632–638.CrossRefGoogle ScholarPubMed


 
 

 Garnsworthy, PC 1988. The effect of energy reserves at calving on performance of dairy cows. In Nutrition and lactation in the dairy cow (ed. PC Garnsworthy), pp. 157–170. Butterworths, London, UK.CrossRefGoogle Scholar


 
 

 Garnsworthy, PC 2004. The environmental impact of fertility in dairy cows: a modelling approach to predict methane and ammonia emissions. Animal Feed Science and Technology 112, 211–223.CrossRefGoogle Scholar


 
 

 Garnsworthy, PC 2005. Modern calves and heifers: challenges for rearing systems. In Calf and heifer rearing: principles of rearing the modern dairy heifer from calf to calving (ed. PC Garnsworthy), pp. 1–11. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Garnsworthy, PC 2007. Body condition score in dairy cows: targets for production and fertility. In Recent advances in animal nutrition – 2006 (ed. PC Garnsworthy and J Wiseman), pp. 61–86. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Garnsworthy, PC, Jones, GP 1987. The influence of body condition at calving and dietary protein supply on voluntary food intake and performance in dairy cows. Animal Production 44, 347–353.Google Scholar


 
 

 Garnsworthy, PC, Topps, JH 1982. The effect of body condition of dairy cows at calving on their food intake and performance when given complete diets. Animal Production 35, 113–119.Google Scholar


 
 

 Garnsworthy, PC, Webb, R 1999. The Influence of nutrition on fertility in dairy cows. In Recent advances in animal nutrition – 1999 (ed. PC Garnsworthy and J Wiseman), pp. 39–57. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Gong, JG, Bramley, T, Webb, R 1991. The effect of recombinant bovine somatotropin on ovarian-function in heifers – follicular populations and peripheral hormones. Biology of Reproduction 45, 941–949.CrossRefGoogle ScholarPubMed


 
 

 Gong, JG, Bramley, T, Webb, R 1993. The effect of recombinant bovine somatotropin on ovarian follicular-growth and development in heifers. Biology of Reproduction and Fertility 97, 247–254.CrossRefGoogle ScholarPubMed


 
 

 Gong, JG, Armstrong, DG, Baxter, G, Hogg, CO, Garnsworthy, PC, Webb, R 2002a. The effect of increased dietary intake on superovulatory response to FSH in heifers. Theriogenology 57, 1591–1602.CrossRefGoogle ScholarPubMed


 
 

 Gong, JG, Lee, WJ, Garnsworthy, PC, Webb, R 2002b. Effect of dietary-induced increases in circulating insulin concentrations during the early postpartum period on reproductive function in dairy cows. Reproduction 123, 419–427.CrossRefGoogle ScholarPubMed


 
 

 Gutierrez, CG, Campbell, BK, Webb, R 1997a. Development of a long-term bovine granulosa cell culture system: induction and maintenance of estradiol production, response to follicle-stimulating hormone, and morphological characteristics. Biology of Reproduction 56, 608–616.CrossRefGoogle ScholarPubMed


 
 

 Gutierrez, CG, Oldham, J, Bramley, TA, Gong, JG, Campbell, BK, Webb, R 1997b. The recruitment of ovarian follicles is enhanced by increased dietary intake in heifers. Journal of Animal Science 75, 1876–1884.CrossRefGoogle ScholarPubMed


 
 

 Gutierrez, CG, Ralph, JH, Telfer, EE, Wilmut, I, Webb, R 2000. Growth and antrum formation of bovine preantral follicles in long-term culture in vitro. Biology of Reproduction 62, 1322–1328.CrossRefGoogle ScholarPubMed


 
 

 Gutierrez, CG, Gong, JG, Bramley, TA, Webb, R 2006. Selection on predicted breeding value for milk production delays ovulation independently of changes in follicular development, milk production and body weight. Animal Reproduction Science 95, 193–205.CrossRefGoogle ScholarPubMed


 
 

 Hill, RA 2004. The role of the leptin axis in modulating energy partitioning and nutrient utilisation in livestock species. In Recent advances in animal nutrition – 2004 (ed. PC Garnsworthy and J Wiseman), pp. 149–184. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Hulshof, SCJ, Figueiredo, JR, Beckers, JF, Bevers, MM, van der Donk, JA, van den Hurk, R 1995. Effects of fetal bovine serum, FSH and 17β-estradiol on the culture of bovine preantral follicles. Theriogenology 44, 217–226.CrossRefGoogle ScholarPubMed


 
 

 Jones, JI, Clemmons, DR 1995. Insulin-like growth factors and their binding proteins: biological actions. Endocrine Reviews 16, 3–34.Google ScholarPubMed


 
 

 Lopez-Gatius, F, Yaniz, J, Madriles-Helm, D 2003. Effects of body condition score and score change on the reproductive performance of dairy cows: a meta-analysis. Theriogenology 59, 801–812.CrossRefGoogle ScholarPubMed


 
 

 Lucy, MC 2000. Regulation of ovarian follicular growth by somatotropins and insulin-like growth factors in cattle. Journal of Dairy Science 83, 1635–1647.CrossRefGoogle ScholarPubMed


 
 

 Mann, GE, Lamming, GE 1999. The influence of progesterone during early pregnancy in cattle. Reproduction in Domestic Animals 34, 269–274.CrossRefGoogle Scholar


 
 

 Mann, GE, Lamming, GE 2001. Relationship between maternal endocrine environment, early embryo development and inhibition of the luteolytic mechanism in cows. Reproduction 121, 175–180.CrossRefGoogle ScholarPubMed


 
 

 Mann, GE, Green, MP, Sinclair, KD, Demmers, KJ, Fray, MD, Gutierrez, CG, Garnsworthy, PC, Webb, R 2003. Effects of circulating progesterone and insulin on early embryo development in beef heifers. Animal Reproduction Science 79, 71–79.CrossRefGoogle ScholarPubMed


 
 

 O’Callaghan, D, Boland, MP 1999. Nutritional effects on ovulation, embryo development and the establishment of pregnancy in ruminants. Animal Science 68, 299–314.CrossRefGoogle Scholar


 
 

 Pawson, AJ, McNeilly, AS 2005. The pituitary effects of GnRH. Animal Reproduction Science 88, 75–94.CrossRefGoogle ScholarPubMed


 
 

 Petersson, KJ, Gustafsson, H, Strandberg, E, Berglund, B 2006. Atypical progesterone profiles and fertility in Swedish dairy cows. Journal of Dairy Science 89, 2529–2538.CrossRefGoogle ScholarPubMed


 
 

 Pryce, JE, Royal, MD, Garnsworthy, PC, Mao, IL 2004. Fertility in the high producing dairy cow. Livestock Production Science 86, 125–135.CrossRefGoogle Scholar


 
 

 Reynolds, CK 2006. Production and metabolic effects of site of starch digestion in dairy cattle. Animal Feed Science and Technology 130, 78–94.CrossRefGoogle Scholar


 
 

 Royal, MD, Darwash, AO, Flint, APF, Webb, R, Woolliams, JA, Lamming, GE 2000. Declining fertility in dairy cattle: changes in traditional and endocrine parameters of fertility. Animal Science 70, 487–501.CrossRefGoogle Scholar


 
 

 Royal, MD, Woolliams, JA, Flint, APF 2002. Genetic and phenotypic relationships among endocrine and traditional fertility traits and production traits in Holstein-Friesian dairy cows. Journal of Dairy Science 85, 958–967.CrossRefGoogle ScholarPubMed


 
 

 Schei, I, Volden, H, Baevre, L 2005. Effects of energy balance and metabolizable protein level on tissue mobilization and milk performance of dairy cows in early lactation. Livestock Production Science 95, 35–47.CrossRefGoogle Scholar


 
 

 Sinclair, KD, Webb, R 2005. Fertility in the modern dairy heifer. In Calf and heifer rearing: principles of rearing the modern dairy heifer from calf to calving (ed. PC Garnsworthy), pp. 277–306. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Sinclair, KD, Kuran, M, Gebbie, FE, Webb, R, McEvoy, TG 2000a. Nitrogen metabolism and fertility in cattle: II. Development of oocytes recovered from heifers offered diets differing in their rate of nitrogen release in the rumen. Journal of Animal Science 78, 2670–2680.CrossRefGoogle ScholarPubMed


 
 

 Sinclair, KD, Sinclair, LA, Robinson, JJ 2000b. Nitrogen metabolism and fertility in cattle: I. Adaptive changes in intake and metabolism to diets differing in their rate of energy and nitrogen release in the rumen. Journal of Animal Science 78, 2659–2669.CrossRefGoogle ScholarPubMed


 
 

 Spicer, LJ, Chamberlain, CS, Maciel, SM 2002. Influence of gonadotropins on insulin and insulin-like growth factor-I (IGF-I)-induced steroid production by bovine granulosa cells. Domestic Animal Endocrinology 22, 237–254.CrossRefGoogle ScholarPubMed


 
 

 Staples, CR, Thatcher, WW 2005. Effects of fatty acids on reproduction of dairy cows. In Recent advances in animal nutrition – 2005 (ed. PC Garnsworthy and J Wiseman), pp. 229–256. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Stockdale, CR 2001. Body condition at calving and the performance of dairy cows in early lactation under Australian conditions: a review. Australian Journal of Experimental Agriculture 41, 823–839.CrossRefGoogle Scholar


 
 

 Stott, AW, Veerkamp, RF, Wassell, TR 1999. The economics of fertility in the dairy herd. Animal Science 68, 49–58.CrossRefGoogle Scholar


 
 

 Sutton, JD 1989. Altering milk composition by feeding. Journal of Dairy Science 72, 2801–2814.CrossRefGoogle Scholar


 
 

 Sutton, JD, Dhanoa, MS, Morant, SV, France, J, Napper, DJ, Schuller, E 2003. Rates of production of acetate, propionate, and butyrate in the rumen of lactating dairy cows given normal and low-roughage diets. Journal of Dairy Science 86, 3620–3633.CrossRefGoogle ScholarPubMed


 
 

 Thatcher, WW, Binelli, M, Burke, J, Staples, CR, Ambrose, JD, Coelho, S 1997. Antiluteolytic signals between the conceptus and endometrium. Theriogenology 47, 131–140.CrossRefGoogle Scholar


 
 

 Thatcher, WW, Guzeloglu, A, Mattos, R, Binelli, M, Hansen, TR, Pru, JK 2001. Uterine-conceptus interactions and reproductive failure in cattle. Theriogenology 56, 1435–1450.CrossRefGoogle ScholarPubMed


 
 

 Vernon, RG 1988. The partition of nutrients during the lactation cycle. In Nutrition and lactation in the dairy cow (ed. PC Garnsworthy), pp. 32–52. Butterworths, London, UK.CrossRefGoogle Scholar


 
 

 Vernon, RG, Denis, RGP, Sørensen, A 2001. Signals of adiposity. Domestic Animal Endocrinology 21, 197–214.CrossRefGoogle ScholarPubMed


 
 

 Webb, R, Campbell, BK 2007. Development of the dominant follicle: mechanisms of selection and maintenance of oocyte quality. In Reproduction in Domestic Ruminants VI (ed. JL Juengel, JF Murray and MF Smith), pp. 140–163. Nottingham University Press, Nottingham, UK.Google Scholar


 
 

 Webb, R, Gong, JG, Law, AS, Rusbridge, SM 1992. Control of ovarian-function in cattle. Journal of Reproduction and Fertility Supplement 45, 141–156.Google ScholarPubMed


 
 

 Webb, R, Campbell, BK, Garverick, HA, Gong, JG, Gutierrez, CG, Armstrong, DG 1999a. Molecular mechanisms regulating follicular recruitment and selection. Journal of Reproduction and Fertility Supplement 54, 33–48.Google ScholarPubMed


 
 

 Webb, R, Gosden, RG, Telfer, EE, Moor, RM 1999b. Factors affecting folliculogenesis in ruminants. Animal Science 68, 257–284.CrossRefGoogle Scholar


 
 

 Webb, R, Nicholas, B, Gong, JG, Campbell, BK, Gutierrez, CG, Garverick, HA, Armstrong, DG 2003. Mechanisms regulating follicular development and selection of the dominant follicle. Reproduction Supplement 61, 71–90.Google ScholarPubMed


 
 

 Webb, R, Garnsworthy, PC, Gong, JG, Armstrong, DG 2004. Control of follicular growth: local interactions and nutritional influences. Journal of Animal Science 82, E63–E74.Google ScholarPubMed


 
 

 Webb, R, Garnsworthy, PC, Campbell, BK, Hunter, MG 2007. Intra-ovarian regulation of follicular development and oocyte competence in farm animals. Theriogenology 68S, S22–S29.CrossRefGoogle Scholar


 
 

 Westwood, CT, Lean, IJ, Garvin, JK, Wynn, PC 2000. Effects of genetic merit and varying dietary protein degradability on lactating dairy cows. Journal of Dairy Science 83, 2926–2940.CrossRefGoogle ScholarPubMed


 
 

 Wolfenson, D, Inbar, G, Roth, Z, Kaim, M, Bloch, A, Braw-Tal, R 2004. Follicular dynamics and concentrations of steroids and gonadotropins in lactating cows and nulliparous heifers. Theriogenology 62, 1042–1055.CrossRefGoogle ScholarPubMed


 
 

 Yan, T, Mayne, CS, Keady, TWJ, Agnew, RE 2006. Effects of dairy cow genotype with two planes of nutrition on energy partitioning between milk and body tissue. Journal of Dairy Science 89, 1031–1042.CrossRefGoogle ScholarPubMed


 
 

 Zieba, DA, Amstalden, M, Williams, GL 2005. Regulatory roles of leptin in reproduction and metabolism: a comparative review. Domestic Animal Endocrinology 29, 166–185.CrossRefGoogle ScholarPubMed




 

           



 
  	68
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
68




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Garnsworthy, P.C.
Lock, A.
Mann, G.E.
Sinclair, K.D.
and
Webb, R.
2008.
Nutrition, Metabolism, and Fertility in Dairy Cows: 2. Dietary Fatty Acids and Ovarian Function.
Journal of Dairy Science,
Vol. 91,
Issue. 10,
p.
3824.


	CrossRef
	Google Scholar






Garnsworthy, P.C.
Gong, J.G.
Armstrong, D.G.
Newbold, J.R.
Marsden, M.
Richards, S.E.
Mann, G.E.
Sinclair, K.D.
and
Webb, R.
2008.
Nutrition, Metabolism, and Fertility in Dairy Cows: 3. Amino Acids and Ovarian Function.
Journal of Dairy Science,
Vol. 91,
Issue. 11,
p.
4190.


	CrossRef
	Google Scholar






Royal, M.D.
Smith, R.F.
and
Friggens, N.C.
2008.
Fertility in dairy cows: bridging the gaps.
Animal,
Vol. 2,
Issue. 8,
p.
1101.


	CrossRef
	Google Scholar






Garnsworthy, P.C.
Lock, A.
Mann, G.E.
Sinclair, K.D.
and
Webb, R.
2008.
Nutrition, Metabolism, and Fertility in Dairy Cows: 1. Dietary Energy Source and Ovarian Function.
Journal of Dairy Science,
Vol. 91,
Issue. 10,
p.
3814.


	CrossRef
	Google Scholar






Garnsworthy, P.C.
Gong, J.G.
Armstrong, D.G.
Mann, G.E.
Sinclair, K.D.
and
Webb, R.
2009.
Effect of site of starch digestion on metabolic hormones and ovarian function in dairy cows.
Livestock Science,
Vol. 125,
Issue. 2-3,
p.
161.


	CrossRef
	Google Scholar






Rooke, J. A.
Ainslie, A.
Watt, R. G.
Alink, F. M.
McEvoy, T. G.
Sinclair, K. D.
Garnsworthy, P. C.
and
Webb, R.
2009.
Dietary carbohydrates and amino acids influence oocyte quality in dairy heifers.
Reproduction, Fertility and Development,
Vol. 21,
Issue. 3,
p.
419.


	CrossRef
	Google Scholar






Garnsworthy, P C
Fouladi-Nashta, A A
Mann, G E
Sinclair, K D
and
Webb, R
2009.
Effect of dietary-induced changes in plasma insulin concentrations during the early post partum period on pregnancy rate in dairy cows.
REPRODUCTION,
Vol. 137,
Issue. 4,
p.
759.


	CrossRef
	Google Scholar






Velazquez, M A
Zaraza, J
Oropeza, A
Webb, R
and
Niemann, H
2009.
The role of IGF1 in the in vivo production of bovine embryos from superovulated donors.
REPRODUCTION,
Vol. 137,
Issue. 2,
p.
161.


	CrossRef
	Google Scholar






Delaby, L.
Faverdin, P.
Michel, G.
Disenhaus, C.
and
Peyraud, J.L.
2009.
Effect of different feeding strategies on lactation performance of Holstein and Normande dairy cows.
Animal,
Vol. 3,
Issue. 6,
p.
891.


	CrossRef
	Google Scholar






Aguilar-Pérez, Carlos
Ku-Vera, Juan
Centurión-Castro, Fernando
and
Garnsworthy, Philip C.
2009.
Energy balance, milk production and reproduction in grazing crossbred cows in the tropics with and without cereal supplementation.
Livestock Science,
Vol. 122,
Issue. 2-3,
p.
227.


	CrossRef
	Google Scholar






Fouladi-Nashta, Ali A
Wonnacott, Karen E
Gutierrez, Carlos G
Gong, Jin G
Sinclair, Kevin D
Garnsworthy, Philip C
and
Webb, Robert
2009.
Oocyte quality in lactating dairy cows fed on high levels of n-3 and n-6 fatty acids.
REPRODUCTION,
Vol. 138,
Issue. 5,
p.
771.


	CrossRef
	Google Scholar






Friggens, N.C.
Disenhaus, C.
and
Petit, H.V.
2010.
Nutritional sub-fertility in the dairy cow: towards improved reproductive management through a better biological understanding.
Animal,
Vol. 4,
Issue. 7,
p.
1197.


	CrossRef
	Google Scholar






Madouasse, A.
Huxley, J.N.
Browne, W.J.
Bradley, A.J.
Dryden, I.L.
and
Green, M.J.
2010.
Use of individual cow milk recording data at the start of lactation to predict the calving to conception interval.
Journal of Dairy Science,
Vol. 93,
Issue. 10,
p.
4677.


	CrossRef
	Google Scholar






Wall, E.
Simm, G.
and
Moran, D.
2010.
Developing breeding schemes to assist mitigation of greenhouse gas emissions.
Animal,
Vol. 4,
Issue. 3,
p.
366.


	CrossRef
	Google Scholar






Vetharaniam, I.
Peterson, A.J.
McNatty, K.P.
and
Soboleva, T.K.
2010.
Modelling female reproductive function in farmed animals.
Animal Reproduction Science,
Vol. 122,
Issue. 3-4,
p.
164.


	CrossRef
	Google Scholar






Walsh, S.W.
Williams, E.J.
and
Evans, A.C.O.
2011.
A review of the causes of poor fertility in high milk producing dairy cows.
Animal Reproduction Science,
Vol. 123,
Issue. 3-4,
p.
127.


	CrossRef
	Google Scholar






Thatcher, William
Santos, José E.P.
and
Staples, Charles R.
2011.
Dietary manipulations to improve embryonic survival in cattle.
Theriogenology,
Vol. 76,
Issue. 9,
p.
1619.


	CrossRef
	Google Scholar






Roche, J. R.
Burke, C. R.
Meier, S.
and
Walker, C. G.
2011.
Nutrition × reproduction interaction in pasture-based systems: is nutrition a factor in reproductive failure?.
Animal Production Science,
Vol. 51,
Issue. 12,
p.
1045.


	CrossRef
	Google Scholar






Eaglen, S.A.E.
Coffey, M.P.
Woolliams, J.A.
Mrode, R.
and
Wall, E.
2011.
Phenotypic effects of calving ease on the subsequent fertility and milk production of dam and calf in UK Holstein-Friesian heifers.
Journal of Dairy Science,
Vol. 94,
Issue. 11,
p.
5413.


	CrossRef
	Google Scholar






Hernandez‐Medrano, JH
Campbell, BK
and
Webb, R
2012.
Nutritional Influences on Folliculogenesis.
Reproduction in Domestic Animals,
Vol. 47,
Issue. s4,
p.
274.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Integration of physiological mechanisms that influence fertility in dairy cows*








	Volume 2, Issue 8
	
P. C. Garnsworthy (a1), K. D. Sinclair (a1) and R. Webb (a1)

	DOI: https://doi.org/10.1017/S1751731108002358





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Integration of physiological mechanisms that influence fertility in dairy cows*








	Volume 2, Issue 8
	
P. C. Garnsworthy (a1), K. D. Sinclair (a1) and R. Webb (a1)

	DOI: https://doi.org/10.1017/S1751731108002358





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Integration of physiological mechanisms that influence fertility in dairy cows*








	Volume 2, Issue 8
	
P. C. Garnsworthy (a1), K. D. Sinclair (a1) and R. Webb (a1)

	DOI: https://doi.org/10.1017/S1751731108002358





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















