NC-1038, Methods to Increase Reproductive Efficiency in Cattle

Termination Report

Term: October 1, 2007 – September 30, 2012

NC-1038 Researchers are submitting their “Termination Report” cover the past, five-year term. This report consists of brief descriptions of work and results.

Reproductive inefficiency is one of the most costly and production-limiting problems facing both the dairy and cow-calf industries. For example, in six Midwestern states that comprise the Heart of America Dairy Herd Improvement Association, 17.4 % of the dairy cows were culled because of reproductive failure. It was only exceeded by death (18.2 %) as the leading cause of culling (Heart of America Annual DHIA Summary). Similar statistics are reported by other DHIA organizations in the U.S. 

Results from current and ongoing research at cooperating stations have been used to make recommendations to stakeholders and their consultants regarding implementation of systematic synchronization and resynchronization systems for both dairy and beef cows.  Fundamental research on the all aspects of reproduction in cattle will lead to improved fertility.  Research conducted in other species has application to improvement of fertility in cattle as well.  Data generated in these projects have been published in scientific journals and included in numerous extension proceedings. Specific impacts are listed below.
A comparative analysis of gene expression in oocytes of differing qualities will establish which genes might be targets for manipulation to improve developmental competence.  This information will allow us to develop strategies to enhance oocyte maturation, assays to test for oocyte quality and improved media formulations for in vitro oocyte maturation.  The production of competent oocytes will positively impact the application of nuclear transfer and transgenic technologies to animals for agricultural and biomedical purposes.

Injecting previously inseminated beef cattle with hCG 7 d after AI improved pregnancy rates by 10.1 percentage points, translating into 10 more AI calves per 100-cow herd. Applying progesterone insert to dairy cows not previously detected in estrus increased pregnancy rates by 12.6 percentage points, translating into nearly 13 more calves, shorter calving intervals, and reduced risk for culling. If 30% of cows are inseminated based on detected estrus and 75 cows per 100 are treated with a progesterone insert as part of a timed artificial insemination (Ovsynch) protocol and pregnancy rates are increased by 12.6 percentage points, the cost per 100 cows inseminated would be $59.52 per pregnancy (75 ( $10 per progesterone insert ( 12.6). When pregnancies are valued at $50 to $150, depending when they are initiated after calving, payback on investment for use of the progesterone insert is very likely.

Improved procedures for estrous synchronization in heifers and lactating dairy cows will increase farm income by increasing milk production, through reduced day’s open and genetic improvement (widespread use of artificial insemination).  The increase in milk production is conservatively valued at $100/cow. 
Developing methods to enhance response of follicles to fixed-time AI protocols is critical to enhancing overall pregnancy rates to those protocols.  Therefore, the potential for the use of hCG in estrus synchronization protocols could enhance fertility to females exposed to fixed-time AI and result in a greater proportion of AI sired calves.  In addition, improvement in fertility will generate more interest by beef producers to utilize fixed-time AI estrus synchronization systems, thus enhancing the overall use of AI. Understanding factors that enhance profitability after the use of estrus synchronization and AI will allow producers to potential alter losses exceeding $16 per synchronized cow to yielding profits exceeding $13 per synchronized cow. 

Low input heifer development systems have resulted in a $70/head savings per pregnant heifer over conventional heifer development systems. 

Supplementation of pregnant cows grazing winter range or crop residue results in a $75 increase in net return of steers fed to harvest.

Supplementation of different feedstuffs may enhance pregnancy rates in cattle.  Not only can fat supplementation influence pregnancy rates, but ‘phytochemicals’, particularly those found in flax,  are showing potential to impact reproductive performance as well.   

Supplementing the diets of lactating dairy cows with flaxseed can alter milk composition, increasing its ‘nutriceutical’ value and may also enhance reproductive performance.

Administration of hCG 7 days after timed-AI in beef cows increased fertility by 6.3%.  Therefore, the potential exists for use of hCG in estrus synchronization protocols to enhance fertility of females exposed to fixed-time AI and result in a greater proportion of AI sired calves.  In addition, improvement of fertility will generate more interest by beef producers to utilize fixed-time AI estrus synchronization systems, thus enhancing the overall use of AI.

NC-1038 scientists have proven that by increasing the percentage of grade 1 embryos in an embryo transfer operation will result in a greater proportion of embryos conceiving after transfer and will enhance overall success of embryo transfer programs.

By having an increased understanding of the mechanisms that impart oocyte competence will allow NC-1038 researchers to design estrous synchronization and super stimulation protocols to best support high oocyte quality, resulting in increased reproductive efficiency.  Developing more effective estrous control programs that provide consistent results will increase the utilization of estrous synchronization and artificial insemination in the beef industry. 

The modified 7 d CIDR & TAI program through continued NC-1038 research, and the Select Synch + CIDR & TAI program resulted in greater AI pregnancy rates in beef heifers than the 7 d Select Synch + CIDR & TAI program.

Delivering PGF2α at CIDR insertion and thereby reducing the circulating concentration of progesterone during the development of the follicle wave resulted in numerically greater growth of the dominant follicle.  NC-1038 scientists continue to work on research focusing on estradiol prior to ovulation and to oocyte viability is not yet known.

Understanding the basis for poor fertility in heifers and lactating dairy cows will increase farm income by increasing milk production through reduced day’s open and genetic improvement (widespread use of artificial insemination).  The increase in milk production is conservatively valued at $100/cow. 
Increasing the proportion of recipient cows becoming pregnant after embryo transfer by 10% reduces significantly the cost of an embryo transfer business because the greatest fixed cost of the business is associated with procurement and upkeep of recipients (Looney et al., 2006). Therefore, for 100 recipients receiving an embryo, anywhere from 8 to 10 more recipients will conceive when treated with hCG at transfer.

Increased ET pregnancy rates of 7.9% in response to hCG administration should lead to increased profits.  When treating 100 recipient cows with hCG, an approximate 8% increase in pregnancy rates could provide 8 additional calves.  The dosage used in this study (1,000 IU) cost US$2.62 per recipient.  Administration of 1,000 IU hCG to 100 recipients cost $262.00 (100 recipients × $2.62/dose).  The cost of each of additional calf would be $32.75 ($262/8 calves), which is relatively inexpensive considering the costs associated with maintaining a recipient.

Results from current and ongoing research have been used to make recommendations to stakeholders and their consultants regarding implementation of systematic synchronization and resynchronization systems for lactating dairy cows as well as timing and methods for pregnancy diagnosis. Data generated in these projects has been published in scientific journals and included in numerous extension proceedings.
Through reduced days open and genetic improvement (widespread use of artificial insemination), improved efficiency of estrus detection will increase farm income by increasing milk production. The increase in milk production is conservatively valued at $100/cow. 
An increased understanding of the mechanisms that impart oocyte quality will allow us to design estrous synchronization and superstimulation protocols, as well as in vitro maturation systems, to best support high oocyte quality, resulting in increased reproductive efficiency.  

Expression of Na+/H+ antiporter 1, 2 and 4 appears to have a significantly impact on the regulation of uterine pH around the onset of estrus.

Researchers have a better understanding of the regulation of ovarian ascorbate, increased knowledge of the role of ascorbate in reproduction, and utilize this information to better manipulate and enhance reproduction in various species. The results from this research bring the research community one step closer to understanding the potential role of ascorbic acid transport proteins in the sheep.

Research proved that heifers developed on perennial peanut have similar weight performance and reproductive performance to heifers receiving a grain-based development supplement, but improved growth and reproductive performance compared to non-supplemented controls.  Therefore, development of heifers on high quality legumes should be able to replace expensive grain-based supplements with legume hay during heifer development with little impact on heifer development outcomes, which results in less cost for feed.

NC-1038 scientists show that nutrient composition of diets fed to gestating cows may impact the future growth potential and production efficiency of their offspring.  Feeding elevated amounts of crude protein results in heavier calves at birth, greater frame scores at weaning, and greater weaning weights.  Therefore, developing a greater understanding on developmental programming and how to utilize the concept of developmental programming in production settings will likely provide an avenue to increase production efficiency in the beef cattle industry.

Studies at this experiment station prove that low input heifer development systems have resulted in a $100/head savings per pregnant heifer over conventional heifer development systems. 

Scientists showed that with the supplementation of pregnant cows grazing winter range or crop residue net a result in a $125 increase in net return of steers fed to harvest.

Improved efficiency of estrus detection will increase farm income by increasing milk production, through reduced days open and genetic improvement (widespread use of artificial insemination).  The increase in milk production is conservatively valued at $100/cow.

NC-1038 researchers found that by feeding heifers on high quality legumes (perennial peanut), heifers have similar weight gain and reproductive performance as when being fed on expensive grain-based supplements (with legume hay). This approach will save producers money that can be reinvested in their operation.

By using hormone-based synchronized programming of ovulation for inseminations made at first service, scientists found that the costs of pregnancies were reduced by more than one-third, regardless of season of the year. 

NC-1038 researchers concluded that through reduced days open and genetic improvement (widespread use of artificial insemination) breeding efficiency in dairy cows will increase farm income by increasing milk production. This increase is valued at $100/cow.
NC-1038 researchers found that many producers are interested in re-using CIDRs for estrous synchronization due to the cost associated with purchasing new CIDRs.  NC-1038 scientists demonstrated that the 5-d CO-Synch + CIDR protocol, CIDRs can be used twice in mature cows without negatively impacting pregnancy rates.

