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Interpretive Summary: Estrous Synchronization in Seasonal Calving Dairy10

Production Systems. Herlihy11

Achieving a concentrated calving period in seasonal calving dairy production12

systems requires a high pregnancy rate within a short period following the planned13

start of mating. Reproductive performance following conventional estrous14

synchronization was compared with that after timed artificial insemination protocols.15

Timed artificial insemination protocols were associated with an increased likelihood16

of earlier conception after mating start date due to higher submission rates, shorter17

intervals from mating start date to conception and a higher proportion of animals18

successfully establishing pregnancy during the first 42 d of the breeding season.19
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ABSTRACT38

Lactating dairy cows (n=1,538) were enrolled in a randomized complete block39

design study to evaluate protocols to synchronize estrus and ovulation. Within each40

herd (n=8), cows were divided into three calving groups: EARLY, MID and LATE41

based on days in milk (DIM) at mating start date (MSD). EARLY calving cows42

(n=1,244) were  42 DIM at MSD, MID calving cows (n=179) were 21 to 41 DIM at43

MSD, and LATE calving cows (n=115) were 0 to 20 DIM at MSD. Cows in the44

EARLY, MID and LATE calving groups were synchronized to facilitate estrus or45

timed AI (TAI) at MSD (Planned Breeding 1; PB1), 21 d (PB2) and 42 d (PB3) after46

MSD, respectively. For each PB, cows in the relevant calving group were stratified by47

parity and calving date and randomly assigned to one of four experimental groups: 1)48

d -10 GnRH (10 µg i.m. Buserelin) and CIDR (Controlled Internal Drug Release)49

insert (1.38 g P4); d -3 PGF2α (25 mg i.m. dinoprost); d -2 CIDR out and AI at50

observed estrus (CIDR_OBS); 2) same as CIDR_OBS, but GnRH 36 h after CIDR51

out and TAI 18 h later (CIDR_TAI); 3) same as CIDR_TAI, but no CIDR52

(OVSYNCH) or 4) untreated Controls (CONTROL). CIDR_OBS, CIDR_TAI and53

OVSYNCH had shorter mean intervals from calving to first service compared with54

CONTROL (69.2 d, 63.4 d, 63.7 d vs. 73.7 d, respectively). Both CIDR_OBS55

(predicted probability; PP of pregnancy = 0.59) and CIDR_TAI (PP of pregnancy =56

0.54) had increased odds of conceiving to first service compared with OVSYNCH (PP57

mailto:Stephen.Butler@teagasc.ie


4

of pregnancy = 0.45) (odds ratio; OR = 1.81 and OR = 1.46, respectively), and58

OVSYNCH had reduced likelihood of conceiving to first service (OR = 0.70)59

compared with CONTROL (PP of pregnancy = 0.53). Both CIDR_TAI (hazard ratio;60

HR (95% CI (confidence interval)) = 1.21 (1.04, 1.41)) and OVSYNCH (HR (95%61

CI) = 1.23 (1.05, 1.44)) were associated with an increased likelihood of earlier62

conception compared with CONTROL. A greater proportion of cows on the63

CIDR_TAI treatment successfully established pregnancy in the first 42 d of the64

breeding season compared with CONTROL (0.75 vs. 0.67 PP of 42-d pregnancy,65

respectively). Protocols to synchronize estrus and ovulation were effective at66

achieving earlier first service and conception in pasture-based seasonal calving dairy67

herds. However, animals that conceived following insemination at observed estrus68

had a reduced likelihood of embryo loss to first service compared with animals bred69

to TAI (PP of embryo loss to first service = 0.05 vs. 0.09; OR = 0.52).70

71

Keywords: estrous synchronization, Ovsynch, dairy cow, seasonal calving72

73
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INTRODUCTION74

Milk production in seasonal calving pasture-based systems (e.g., such as in75

Ireland) is dependent on the efficient conversion of grazed grass into milk (Dillon et76

al., 1995). Compact calving before turnout to pasture in spring is an essential77

component of pasture-based milk production systems to ensure maximum pasture78

utilization and hence profitability (Dillon et al., 1995). Achieving a highly79

concentrated period of calving in the spring requires a high pregnancy rate within a80

short period following the planned start of mating. Cows with North American81

genetics produced well in pasture-based systems of milk production (Horan et al.,82

2005a), but reproductive performance of such cows was well below optimum for83

seasonal calving systems (Horan et al., 2005b). Aggressive single-trait selection for84

increased milk production in Irish seasonal calving herds reduced profitability85

because the productivity gains were outweighed by increases in the costs associated86

with reproductive wastage (McCarthy et al., 2007).87

Maximizing the proportion of cows that establish pregnancy within the first88

42 d of the breeding season reduces the incidence of extended calving patterns89

(McDougall, 2006). Later calving cows with an extended postpartum anestrous90

interval can disrupt the seasonal calving pattern and result in extended calving91

patterns (Rhodes et al., 2003). Monitoring of submission rates in seasonal calving92

dairy herds provides a reliable indication of the efficiency and accuracy of estrous93

detection (Diskin and Sreenan, 2000). Low submission rates reduce the proportion of94

animals becoming pregnant within the pre-defined 42-d period, thus negatively95

impacting the profitability of seasonal calving systems. Reduced profitability arises96

from mean calving date (MCD) occurring later in the year than optimal, and97

consequently results in a less compact calving pattern. A study conducted in 74 Irish98
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spring calving dairy herds (n=6,433 cows) reported that 81% of cows were detected99

in estrus and inseminated within the first 3 wk of the breeding season, 49% of cows100

conceive to first insemination, and 57% of cows are pregnant by 42 d after the start of101

the breeding season (Buckley et al., 2003).102

Traditional estrous synchronization programs using GnRH, progesterone (P4)103

and PGF2α successfully synchronized estrus and resulted in earlier conception in104

seasonal calving systems (Ryan et al., 1999; Ryan et al., 1995; Xu and Burton, 2000).105

Ovulation synchronization protocols using timed AI (TAI) ensure that a cow is106

submitted for AI without the requirement to observe for signs of estrus. The Ovsynch107

protocol includes an injection of GnRH 7 d before and 2 d after an injection of PGF2α,108

with TAI occurring between 16 to 18 h after the second GnRH injection (Pursley et109

al., 1995). Successful use of Ovsynch involves synchronizing: (i) the growth of a new110

follicular wave; (ii) induced luteal regression 7d later; and (iii) synchronization of111

ovulation 2 d later. Improved pregnancy outcomes following Ovsynch were reported112

when an intravaginal P4 insert was included during the treatment protocol for113

anovular cows (Chebel et al., 2010; McDougall, 2010; Stevenson et al., 2008) and114

cows with high P4 at the time of Controlled Internal Drug Release (CIDR) insertion115

that were more likely to undergo spontaneous corpus luteum regression before PGF2α116

(Bartolome et al., 2009). The objective of this study was to examine the potential117

impact on calving pattern and MCD through aggressive whole herd intervention with118

protocols to synchronize estrus or ovulation. The results will be useful in119

benchmarking the effects of whole herd synchronization treatments in seasonal120

calving dairy production systems. This will be particularly useful for herds where121

MCD is currently later than desired.122

123
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MATERIALS AND METHODS124

Farms and Animals125

This study was conducted using 1,639 cows in 8 Irish commercial spring-126

calving dairy herds between April and June 2008. Within each farm, cows were127

managed as a single grazing herd and allocated fresh pasture twice daily as part of an128

intensively managed rotational grazing system with little or no concentrate129

supplementation. Breed compositions of the cows enrolled in the study comprised of130

Holstein-Friesian (n=1,173), Jersey  Holstein-Friesian crossbreds (n=284),131

Norwegian Red (n=16), Norwegian Red  Holstein-Friesian crossbreds (n=25) and132

“other” (n=141). The distribution of breeds on individual farms ranged from primarily133

Holstein-Friesian to primarily crossbreds. All experimental procedures involving134

animals were licensed in accordance with the Cruelty to Animals Act (Ireland 1897)135

and the European Community Directive 86/609/EC and were sanctioned by the136

University College Dublin Animal Research Ethics Committee. A clinical trials137

license was awarded by the Department of Agriculture, Fisheries and Food (Ireland)138

following approval by the Irish Medicines Board for the use of CIDR devices (1.38 g139

progesterone) that were undergoing registration approval at the time of the140

experiment.141

142

Experimental Design and Treatments143

All 1,639 lactating dairy cows were used in a completely randomised block144

experimental design to evaluate synchronization protocols. Within each herd, cows145

were divided into 3 groups: EARLY, MID and LATE calving based on DIM at the146

farm mating start date (MSD). EARLY calving cows (n=1,301) were  42 DIM at147

MSD, MID calving cows (n=212) were 21 to 41 DIM at MSD, and LATE calving148
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cows (n=126) were 0 to 20 DIM at MSD. Synchronization treatments commenced 10149

d before MSD for the EARLY calving cows, facilitating estrus or timed artificial150

insemination (TAI) at MSD (Planned Breeding 1; PB1) as illustrated in Figure 1,151

upper panel. All EARLY calving cows were  42 DIM at AI (range in DIM of 42 to152

105). Synchronization treatments commenced on d 11 and d 32 after MSD for the153

MID and LATE calving cows, respectively. The treatments facilitated estrus or TAI154

21 d after MSD (PB2) and 42 d after MSD (PB3) for the MID and LATE calving155

cows, respectively. All MID and LATE calving cows were between 42 and 62 DIM at156

AI. Thus, the experimental treatments were imposed on all cows that had calved up to157

and including MSD.158

159

Insert Figure 1 here160

161

Synchronization Treatments and Artificial Insemination162

Within each calving group, cows were stratified by parity and DIM and163

randomly assigned to one of the 4 treatments illustrated in Figure 1, lower panel. The164

CIDR_OBS treatment was an estrous synchronization protocol, whereas CIDR_TAI165

and OVSYNCH were ovulation synchronization protocols. The synchronization166

protocols were initiated at a random stage of the estrous cycle. Cows assigned to the167

CONTROL treatment (n=400) received no hormonal interventions. The i.m. GnRH168

agonist injections contained 10 µg buserelin (Receptal; Intervet Ireland, Dublin,169

Ireland). The CIDR device used contained 1.38 g of progesterone (P4; Pfizer Ireland,170

Dublin, Ireland). The i.m. PGF2α contained 25 mg dinoprost tromethamine (Lutalyse;171

Pfizer Ireland, Dublin, Ireland). All hormonal treatments were administered by172

research staff from Teagasc Moorepark. Cows assigned to CONTROL and173
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CIDR_OBS were inseminated by the a.m./p.m. rule following detection of estrus with174

the aid of tail paint. All cows on the CIDR_TAI and OVSYNCH protocols received175

TAI 18 h after the second GnRH injection. The second GnRH injection was176

administered 60 h after PGF2α as animals were only available at milking times;177

therefore, GnRH was administered after the evening milking as animals exited the178

milking parlor. All inseminations were performed by experienced technicians from179

commercial AI companies or by the herd owners and/or farm staff licensed by the180

Department of Agriculture, Fisheries and Food (Ireland) to carry out AI.181

182

Transrectal Ultrasonography183

The reproductive tracts of all cows were examined immediately before184

initiation of synchronization treatments by linear array ultrasonography using a 5.0-185

MHz transrectal transducer (Aloka SSD-500; Aloka Ltd., Tokyo, Japan). Cows were186

assigned an ultrasound reproductive tract score describing the volume and187

echogenicity of fluid contained within the uterus (Mee et. al., 2009). Cows that were188

classified as endometritic were not included in the study. To determine conception189

rates and embryo loss, all cows on synchronization treatments were scanned at 30 to190

32 d and 56 to 58 d post AI. For CONTROL cows, the mean (and SD) days post AI at191

the corresponding scans were 41.2 (7.8) and 64.2 (6.2), respectively. Visualization of192

a fluid-filled uterine horn and the presence of a conceptus were used as positive193

indicators of pregnancy. For all cows in each herd, final pregnancy status was194

confirmed by palpation per rectum approximately six wk after the end of the breeding195

season.196

197

198
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Blood Collection and Progesterone Radioimmunoassay199

Blood was collected in lithium heparin vacutainer tubes (Becton Dickinson,200

Plymouth, United Kingdom) by puncture of coccygeal vessels on the day of PB1201

(EARLY cows), PB2 (MID cows), and PB3 (LATE cows) and again 11 d after PB1,202

PB2 and PB3. Blood samples were immediately placed in ice, and were later203

centrifuged at 2,000 × g for 15 minutes at 5 oC, the plasma was harvested and stored204

at -20 oC until later analysis. Concentrations of P4 in plasma were determined using a205

commercially available solid-phase radioimmunoassay (Coat-A-Count Progesterone,206

Diagnostic Products Corporation, Los Angles, CA). Sensitivity of the assay was 0.08207

ng/mL; intra- and interassay coefficients of variation were 8.5 and 7.9%, respectively.208

209

Reproductive Measurements210

The following reproductive measurements were calculated and analyzed: 5-d211

submission relative to PB1, PB2, PB3 (binary); 21-d submission relative to PB1, PB2,212

PB3 (binary); overall 21-d submission (i.e., inseminated or not inseminated within the213

first 21 d of the breeding season irrespective of calving date; binary); calving to first214

service interval (CSI; interval in days from calving to first service; continuous);215

mating start date to conception (MSDC; interval in days from the mating start to216

conception determined by subsequent pregnancy detection; continuous); conception to217

first service (confirmed pregnant by ultrasonography at 30 to 32 d after first AI;218

binary); conception to second service (confirmed pregnant by ultrasonography at 30 to219

32 d after second AI; binary); embryonic loss to first service (loss of a viable220

pregnancy between pregnancy diagnosis 1 (d 30 to 32 post-AI) and pregnancy221

diagnosis 2 (d 56 to 58 post-AI; binary); and 42-d pregnancy rate (successfully222

established pregnancy during the first 42 d of the breeding season; binary). When an223
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individual cow received more than one insemination within a 4-d period, it was224

defined as one heat event and the later insemination date was used in the analysis.225

226

Compliance to Protocol227

Initially, 1,639 animals were enrolled in the study. However, 101 animals were228

subsequently removed from the dataset as they were not fully compliant with the229

designed protocol or were removed for other reasons described below. The breaches230

in protocol are illustrated in Figure 2, and included missed injections, mistimed CIDR231

removal, CIDR loss, and non-compliant inseminations. Animals considered unsuitable232

for breeding, determined by ultrasonography at the time of assignment to233

synchronization treatments were removed from the dataset. CONTROL animals234

administered injections were removed from the dataset. Animals with a missing value235

for conception rate to first service were removed from the dataset. After data edits, the236

final dataset included 1,538 cows used in protocols to synchronize estrus and237

ovulation. The numbers of animals reported per treatment were as follows:238

CIDR_OBS (n=398), CIDR_TAI (n=383), OVSYNCH (n=370), and CONTROL239

(n=387). The numbers of animals in the three calving groups that received240

synchronization treatments were as follows: EARLY (n=1,244), MID (n=179), and241

LATE (n=115).242

243

Insert Figure 2 here244

245

Synchronization Rate246

Cows were categorized according to plasma P4 at d 0 (presumptive estrus) and247

d 11 after insemination (high [H] (≥1 ng/mL); low [L] (<1 ng/mL). Cows were248
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grouped into P4 classes which resulted in four possible P4 class permutations for249

synchronized cows: HH, LL, HL, and LH. Only cows with L plasma P4 on d 0 and H250

plasma P4 on d 11 (i.e., LH) were considered synchronized. Of the 1,538 cows251

enrolled in the synchronization study, 1,506 (98%) cows were classified into one of252

the four P4 classes; at least one blood sample was missed for the remaining 32 (2%)253

cows. Progesterone concentrations in samples from CONTROL cows were used to254

determine cyclicity status and to determine the proportion of CONTROL cows that255

were cyclic / anestrous at each PB.256

257

Statistical Analyses258

Binary Traits. The effect of synchronization treatment and calving group (i.e.,259

EARLY, MID, LATE) on the binary traits was determined using logistic regression260

with the GENMOD Procedure of SAS (SAS Inst. Inc., Cary, NC). A logit link261

function was used and a binomial distribution was assumed. The 8 binary traits were:262

5-d submission rate relative to each PB, 21-d submission rate relative to each PB,263

overall 21-d submission rate, conception rate to first service, conception rate to264

second service, embryonic loss to first service, 42-d pregnancy rate, and265

synchronization rate. The logit of the probability of a positive outcome was modelled.266

Model solutions were converted back to predicted probabilities by the formula267

P = (1 + e-(α+βx))-1268

where α is the predicted intercept of the model, and β is the predicted regression269

coefficient(s) and x is the design matrix for the fixed effects in the model. The270

intercept represented the average farm and was representative of the parity and271

calving date structure in the data. Predicted probabilities may be interpreted as least272

squares means for the variable of interest estimated using linear models.273
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Odds ratios (OR) were calculated as the exponent of the model solutions. The274

odds ratio is an estimation of the relative odds of an event (i.e., likelihood of a275

positive outcome) occurring in the exposed group relative to a reference group or276

class. The CONTROL synchronization treatment and the EARLY calving group ( 42277

DIM at MSD) were used as the reference groups for all variables with the exception278

of synchronization rate. For synchronization rate CONTROL animals were removed279

from the analysis and the OVSYNCH synchronization treatment and the EARLY280

calving group ( 42 DIM at MSD) were used as the reference groups. An odds ratio of281

1 represents an equal likelihood of an event occurring to an animal in a particular282

group compared with a contemporary in the reference group. An odds ratio of >1283

implies an increased likelihood of a positive outcome, whereas the opposite is true284

with an odds ratio of <1.285

Explanatory independent variables considered for inclusion in all models286

included treatment (n=4), farm (n=8), parity of the cow (1, 2, 3, 4, 5), calving group287

(i.e., EARLY, MID, LATE), breed fraction of the cow as continuous variables288

(Holstein Friesian, Jersey, Norwegian Red and “other”), heterosis and recombination289

loss coefficients of the cow as continuous variables, an interaction term between290

synchronization treatment and calving group, and an interaction term between291

synchronization treatment and parity. Breed fraction, recorded in increments of 1/32,292

was fitted as a continuous variable to account for differences in the proportion of each293

breed (Holstein Friesian, Jersey, Norwegian Red and “other) in an animal; each breed294

was fitted as a separate covariate. Factors not associated (P > 0.05) with the295

dependent variables were removed by backward elimination. Preplanned contrasts296

were used to compare treatments to synchronize estrus and ovulation with the297

CONTROL treatment.298
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Non-Binary Traits. The effect of synchronization treatment and calving group299

on CSI was determined using a fixed effects linear model in the GLM procedure of300

SAS. (SAS Inst. Inc., Cary, NC). Explanatory independent variables considered for301

inclusion in the model were as before and included treatment (n=4), farm (n=8), parity302

of the cow (1, 2, 3, 4, 5), calving group (i.e., EARLY, MID, LATE), breed fraction303

of the cow as continuous variables (Holstein Friesian, Jersey, Norwegian Red and304

“other”), heterosis and recombination loss coefficients as continuous variables, an305

interaction term between synchronization treatment and calving group, and an306

interaction term between synchronization treatment and parity. Breed fraction,307

recorded in increments of 1/32, was fitted as a continuous variable to account for308

differences in the proportion of each breed (Holstein Friesian, Jersey, Norwegian Red309

and “other) in an animal; each breed was fitted as a separate effect in the model.310

Factors not associated (P > 0.05) with the dependent variables were removed by311

backward elimination.312

Survival analysis was carried out using the Cox proportional hazard model in313

SAS (TPHREG procedure; SAS Inst. Inc., Cary, NC) to investigate the effect of314

synchronization treatment and calving group (i.e., EARLY, MID, LATE) on MSDC.315

In the analysis of MSDC, if a cow did not conceive to an insemination occurring316

during a 13-wk period from MSD, the data was right-censored at the maximum317

permissible value of 91 d (i.e., 13 wk). Explanatory independent variables considered318

for inclusion in the models were as before and included treatment (n=4), farm (n=8),319

parity of the cow (1, 2, 3, 4, 5), calving group (i.e., EARLY, MID, LATE), breed320

fraction of the cow as continuous variables (Holstein Friesian, Jersey, Norwegian Red321

and “other”), heterosis and recombination loss coefficients as continuous variables, an322

interaction term between synchronization treatment and calving group, and an323
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interaction term between synchronization treatment and parity. Breed fraction,324

recorded in increments of 1/32, was fitted as a continuous variable, separate for each325

breed, to account for differences in the proportion of each breed (Holstein Friesian,326

Jersey, Norwegian Red and “other) in an animal. Factors not associated (P > 0.05)327

with the dependent variables were removed by backward elimination.328

Survival was expressed as the relative hazard (Hazard Ratio; HR) of a cow329

conceiving at time (day) t, given that it had not conceived at day t -1 in the exposed330

group relative to the reference group. The CONTROL synchronization treatment and331

the EARLY calving group ( 42 DIM at MSD) were used as the reference groups. A332

hazard ratio of > 1 indicated that a unit increase in the value of the independent333

variable was associated with an increased likelihood of earlier occurrence of the event334

of interest. Predetermined contrasts were used to compare treatments to synchronize335

estrus and ovulation with the CONTROL treatment.336

The interval from mating start date to conception (MSDC) was also evaluated337

by the LIFETEST procedure of SAS (SAS Inst. Inc., Cary, NC) using Kaplan-Meier338

analysis to investigate the effect of treatment on days from start of breeding to339

conception. The data are presented graphically as Survival Distribution Function by340

days after the planned start of mating for MSDC (Figure 3).341

342

RESULTS343

Reproduction and fertility performance344

The explanatory independent variables included in the final model for all the345

fertility variables described above were treatment, farm, parity and calving group. The346

explanatory independent variables included in the final model for CSI and MSDC347

were treatment, farm, parity and calving group. The fixed effect of farm had a348
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significant effect (P < 0.05) on synchronization rate and all fertility variables349

investigated with the exception of conception rate to second service, embryo loss to350

first service and 5-d submission rate relative to each PB. The fixed effect of parity had351

a significant effect (P < 0.05) on overall 21-d submission rate, 42-d pregnancy rate,352

CSI, MSDC and synchronization rate and had no effect on the remaining fertility353

variables. With the exception of synchronization rate and CSI, a significant parity354

effect for the variables listed was reflected by better performance in lower parity355

animals compared with older animals. Proportion of Jersey was associated (P = 0.03)356

with 5-d submission rate relative to each PB (regression coefficient of 0.0324; SE =357

0.0153) while proportion Holstein Friesian was associated (P = 0.02) with 21-d358

submission relative to each PB (regression coefficient of -0.0270; SE = 0.0114). Also,359

proportion Holstein Friesian was associated (P = 0.02) with conception rate to first360

service (regression coefficient of the logit of the probability of conception of -0.0176;361

SE = 0.0076). The coefficient of recombination loss and proportion Jersey was362

associated (P = 0.04 and P = 0.01, respectively) with 42-d pregnancy rate (regression363

coefficient of the logit of the probability of pregnant of 1.0322; SE = 0.5161 and364

0.0302; SE = 0.0119), respectively while the coefficient of heterosis and Jersey365

proportion were associated (P = 0.04 and P = 0.01, respectively) with the interval366

from MSDC (regression coefficient 0.22067; SE = 0.10921 and 0.01295; SE =367

0.00522), respectively.368

The effect of synchronization treatment on 5-d and 21-d submission rate369

relative to each PB for CIDR_OBS and CONTROL is summarized in Table 1. The370

intercept of the multiple regression model for 5-d and 21-d submission rate relative to371

each PB was -0.65 (SE = 0.3) and 2.33 (SE = 0.4), respectively. Both TAI protocols372

resulted in 5-d and 21-d submission rates relative to each PB of 1.00. Synchronization373
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treatment (P < 0.001), calving group (P = 0.009) and their interaction (P = 0.056) had374

significant effects on 5-d submission rate relative to each PB. CIDR_OBS had375

increased odds of being submitted for insemination in the first 5-d relative to each PB376

compared with CONTROL (P < 0.001). The significant interaction observed was due377

to the lower 5-d submission rate for CONTROL animals in the MID calving group378

relative to CONTROL animals in the EARLY and LATE calving groups, whereas the379

5-d submission rate was similar for all calving groups on the CIDR_OBS treatment.380

The 5-d submission rate relative to each PB for CONTROL animals in the MID and381

LATE calving groups represents the proportion of CONTROL animals inseminated382

during the 5-d period following PB2 and PB3. However, CONTROL animals in the383

MID and LATE calving groups were eligible for AI from the time CIDR_OBS,384

CIDR_TAI and OVSYNCH were assigned to synchronization treatments on d 11 and385

d 32, respectively. If the CONTROL animals inseminated in the 10-d period that386

synchronization treatments were imposed were reported, an additional 23 (MID) and387

9 (LATE) CONTROL cows would have been included, increasing 5-d submission388

rate for CONTROL cows in the MID and LATE calving groups to 0.63 and 0.75,389

respectively.390

Synchronization treatment (P = 0.04), calving group (P < 0.001) and their391

interaction (P < 0.001) had significant effects on 21-d submission rate relative to each392

PB. CIDR_OBS had increased odds of being submitted for insemination in the first393

21-d relative to each PB compared with CONTROL (P = 0.04). The observed394

significant interaction was due to the lower 21-d submission rate for CONTROL395

animals in the MID and LATE calving groups compared to the EARLY calving396

group, whereas the 21-d submission rate was similar for all calving groups on the397

CIDR_OBS treatment. The 21-d submission rate relative to each PB for CONTROL398
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animals in the MID and LATE calving groups represents the proportion of399

CONTROL animals inseminated during the 21-d period following PB2 and PB3.400

However, CONTROL animals in the MID and LATE calving groups were eligible for401

AI from the time CIDR_OBS, CIDR_TAI and OVSYNCH were assigned to402

synchronization treatments on d 11 and d 32, respectively. If the CONTROL animals403

inseminated in the 10-d period that synchronization treatments were imposed were404

reported, the inclusion of an additional 23 (MID) and 9 (LATE) CONTROL cows405

would have increased 21-d submission rate for CONTROL cows in the MID and406

LATE calving groups to 0.77 and 0.97, respectively.407

The effect of synchronization treatment on overall 21-d submission rate is408

summarized in Table 1. The intercept of the multiple regression model for overall 21-409

d submission rate was 1.50 (SE = 0.29). Due to a confounding effect between calving410

group and overall 21-d submission rate, calving group was removed from the411

statistical model for this variable. Synchronization treatment had a significant effect412

on overall 21-d submission rate (P < 0.001). Both CIDR_TAI and OVSYNCH had413

increased odds of being submitted for insemination in the first 21-d of the breeding414

season compared with CONTROL (both P < 0.001). CIDR_OBS had reduced415

likelihood of being submitted for insemination in the first 21-d of the breeding season416

compared with CIDR_TAI and OVSYNCH (OR = 0.26, P < 0.001; and OR = 0.25, P417

< 0.001, respectively).418

The effect of synchronization treatment on conception rate to first service is419

summarized in Table 2. The intercept of the multiple regression model for conception420

rate to first service was 0.15 (SE = 0.2). Synchronization treatment had a significant421

effect on conception rate to first service (P = 0.0009), but calving group and the422

interaction between synchronization treatment and calving group were not significant423
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(P = 0.8 and P = 0.3, respectively). Both CIDR_OBS and CIDR TAI had increased424

odds of conceiving to first service compared with OVSYNCH (OR = 1.81, P < 0.001;425

and OR = 1.46, P = 0.01, respectively), and OVSYNCH had reduced likelihood of426

conceiving to first service compared with CONTROL (OR = 0.70, P = 0.02). Animals427

inseminated based on observed estrus had an increased likelihood of conceiving to428

first service compared with animals bred to TAI (OR = 1.33, P = 0.007). There was429

no effect of synchronization treatment (P = 0.8), calving group (P = 0.8) or their430

interaction (P = 0.3) on conception rate to second service, and none of the431

synchronization treatments had odds ratios that differed from the CONTROL432

treatment. The intercept of the multiple regression model for conception rate to433

second service was 0.18 (SE = 0.3). Mean conception rate at second AI across all434

treatments was 0.56.435

The effect of synchronization treatment on embryo loss to first service is436

summarized in Table 3. The intercept of the multiple regression model for embryo437

loss to first service was -3.36 (SE = 0.6). Synchronization treatment had a significant438

effect on embryo loss to first service (P = 0.05), but calving group and the interaction439

between synchronization treatment and calving group were not significant (P = 0.6440

and P = 0.9, respectively). OVSYNCH had increased odds of embryo loss to first441

service (P = 0.0097) compared with CONTROL. Both CIDR_OBS and CIDR_TAI442

tended to have an increased odds of embryo loss to first service compared with443

CONTROL (P = 0.10 and P = 0.07, respectively). CONTROL had reduced likelihood444

of embryo loss to first service compared with animals bred to either TAI protocols445

(OR = 0.35, P = 0.02) or CIDR-based protocols (OR = 0.44, P = 0.06). Animals that446

conceived following insemination at observed estrus had a reduced likelihood of447
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embryo loss to first service compared with animals bred to TAI (PP of embryo loss to448

first service = 0.05 vs. 0.09; OR = 0.52, P = 0.03).449

The effect of synchronization treatment on 42-d pregnancy rate is summarized450

in Table 4. The intercept of the multiple regression model for 42-d pregnancy rate was451

1.01 (SE = 0.2). There was no overall effect of synchronization treatment on 42-d452

pregnancy rate (P = 0.11); however, the CIDR_TAI treatment resulted in greater 42-d453

pregnancy rate compared with CONTROL. None of the other treatments differed454

from each other. Calving group had a significant effect on 42-d pregnancy rate (P <455

0.001), and the interaction between synchronization treatment and calving group456

tended towards significance (P = 0.08). This was due to the tendency for greater 42-d457

pregnancy rates in the synchronized animals in the MID and LATE groups compared458

with CONTROL.459

Synchronization treatment and calving group had a significant effect on CSI460

(both P < 0.001), but the interaction between synchronization treatment and calving461

group was not significant (P = 0.3). The intercept of the fixed effects linear model for462

CSI was 77.88 d (SE = 1.4 d). Least squares means (± SE) for CSI were 69.2 d (0.7),463

63.4 d (0.7), 63.7 d (0.7) and 73.7 d (0.7) for CIDR_OBS, CIDR_TAI, OVSYNCH464

and CONTROL, respectively. All synchronization treatments had shorter (P < 0.001)465

intervals from calving to first service compared with CONTROL. CIDR_TAI and466

OSYNCH had shorter CSI compared with CIDR_OBS (P < 0.001), and CIDR_TAI467

and OVSYNCH did not differ (P = 0.8).468

Synchronization treatment (P = 0.03) and calving group (P < 0.001) affected469

the interval from MSDC, but the interaction term was not significant (P = 0.8). Both470

CIDR_TAI (HR (95% CI) = 1.21 (1.04, 1.41), P = 0.02) and OVSYNCH (HR (95%471

CI) = 1.23 (1.05, 1.44), P = 0.0089) were associated with an increased likelihood of472
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earlier conception compared with CONTROL (Figure 3). A tendency for increased473

likelihood of earlier conception was observed for CIDR_OBS compared with474

CONTROL (HR (95% CI) = 1.15 (0.99, 1.34), P = 0.06). CONTROL had reduced475

likelihood of earlier conception compared with animals bred to TAI (HR = 0.82, P =476

0.003). Animals inseminated based on observed estrus had a reduced likelihood of477

earlier conception compared with animals bred to TAI (HR = 0.88, P = 0.02).478

CONTROL had reduced likelihood of earlier conception compared with animals479

assigned to the CIDR based protocols (HR = 0.85, P = 0.01). The median MSDC for480

CIDR_OBS, CIDR_TAI, OVSYNCH and CONTROL was 33.2 d, 30.9 d, 32.1 d and481

37.1 d, respectively.482

483

Insert Figure 3 here484

485

The effect of synchronization treatment on synchronization rate is summarized486

in Table 5. The intercept of the multiple regression model was 2.03 (SE = 0.4).487

Synchronization treatment had a significant effect on synchronization rate (P <488

0.001), but calving group and the interaction between synchronization treatment and489

calving group were not significant (P = 0.19 and P = 0.13, respectively). The490

proportion of animals on synchronization treatments in the P4 categories were as491

follows: LH (n=1,012; 89.4%), LL (n=100; 8.83%), HL (n=8; 0.71%) and HH (n=12;492

1.06%). CIDR_TAI had increased likelihood of being synchronized compared with493

CIDR_OBS (OR = 3.79, P < 0.001) and OVSYNCH (OR = 4.50, P < 0.001), but494

there was no difference between CIDR_OBS and OVSYNCH (P = 0.4). The495

proportion of CONTROL animals in the P4 categories were as follows: LH (n=115;496

30.8%), LL (n=54; 14.4%), HL (n=65; 17.4%) and HH (n=140; 37.4%). Therefore,497
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85.6% of the CONTROL cows were considered to be cycling normally during the498

period of synchronization treatments.499

500

DISCUSSION501

The present study compared the reproductive performance of seasonal calving502

lactating dairy cows following treatment with protocols to synchronize estrus or503

ovulation with that of non-synchronized cows. This study provided a valuable504

opportunity to investigate the potential of aggressive synchronization as a tool to alter505

the calving pattern of dairy cows in seasonal calving systems. Experimental506

treatments were imposed on all cows that had calved up to and including the MSD,507

thus maximizing the proportion of the herd bred to AI during the first 42 d of the508

breeding season, a parameter of particular importance in seasonal calving herds. Use509

of TAI protocols resulted in shorter intervals from calving to first service and from510

mating start date to conception. Progesterone supplementation as part of a TAI511

protocol resulted in a higher proportion of these animals successfully establishing512

pregnancy during the first 42 d of the breeding season.513

Achieving high submission rates within the first 21 d of the breeding season is514

a prerequisite for a compact calving pattern the following spring (Diskin and Sreenan,515

2000). The overall 21-d submission rate for animals in the present study was in line516

with targets set down for seasonal calving systems (McDougall, 2006), and similar to517

submission rates recently achieved on Irish dairy farms (Buckley et al., 2003). The518

21-d submission rate for CONTROL cows in the EARLY calving group, which519

represented CONTROL animals calved the longest period of time, was in line with520

targets for seasonal calving systems (McDougall, 2006). However, CONTROL521

animals in the MID and LATE calving groups had lower submission rates,522
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presumably reflecting closer proximity to calving in these groups compared with the523

EARLY calving group. These results highlight the considerable challenge associated524

with later calving cows in seasonal calving systems (Grosshans et al., 1997). The 5-d525

submission rate relative to each PB for CIDR_OBS averaged 0.81, and indicated that526

an acceptable proportion of animals displayed estrus and were submitted for527

insemination within the first 5-d relative to each PB. In the present study, the CIDR528

device was inserted for 8 d and removed 1 d after the PGF2α injection based on529

previous reports of improved precision in the onset of estrus when CIDR inserts were530

removed after an 8 d treatment period (Xu and Burton, 2000). Using a similar531

protocol, Ryan et al. (1995) and Ryan et al. (1999) reported that 88.5% and 87.5% of532

animals, respectively, were detected in estrus and submitted for insemination by d 4533

after the start of the breeding period.534

The challenge of low submission rates can be overcome by incorporating TAI535

protocols into reproductive management programs (Lucy et al., 2004). Ovsynch has536

been successfully used for synchronizing follicular wave development, luteolysis, and537

ovulation in lactating dairy cows (Pursley et al., 1997; Pursley et al., 1995). The use538

of TAI protocols in the current study ensured that all animals assigned to TAI539

protocols in the EARLY, MID and LATE calving groups were submitted for540

insemination on PB1, PB2 and PB3, respectively. While a significant improvement in541

submission rate was achieved with the use of CIDR_OBS compared with CONTROL,542

the values for 5-d (0.81 vs. 0.33) and 21-d (0.89 vs. 0.84) submission rates relative to543

each PB were considerably lower than the pre-determined value of 1 for animals544

assigned to TAI protocols. The positive impact of TAI protocols on submission rate545

was particularly apparent when evaluating 5-d submission rate for CIDR_OBS in the546

MID (0.77) and LATE (0.74) calving groups. The use of TAI protocols resulted in547
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more cows submitted for insemination earlier in the breeding season compared with548

CIDR_OBS and CONTROL. An increase in submission rates with TAI protocols was549

observed for all calving groups, but the impact was greatest in the later calving cows.550

A major limitation of the CIDR_OBS protocol was that the submission rate achieved551

was dependent on estrous behavior and estrus detection efficiency.552

The conception rate to first service of cows assigned to OVSYNCH was lower553

when compared with all other treatments. In agreement with previous studies, P4554

supplementation during the treatment protocol was associated with more favorable555

pregnancy outcomes compared with OVSYNCH, whether animals receiving556

supplemental P4 were inseminated based on observed estrus or TAI (Chebel et al.,557

2010; McDougall, 2010; Melendez et al., 2006). The highest conception rate to first558

service was obtained with the CIDR_OBS protocol. Conception rate to first service559

for CIDR_OBS in the current study was similar to that in the first of two trials560

reported by Xu and Burton (2000) (56.5%) where animals were treated with GnRH561

and an intravaginal P4 device followed 7 d later by PGF2α, and removal of the P4562

device 1 d after PGF2α. However in the second trial Xu and Burton (2000) reported an563

improvement in conception rates (64.6%) when the duration of P4 treatment was564

reduced from 8 d to 7 d and CIDR removal occurred concurrent with PGF2α injection.565

Xu and Burton (2000) concluded that the extra day of P4 treatment after PGF2α566

injection in the first trial may have allowed some dominant follicles to be maintained567

for a longer period, resulting in the ovulation of aged oocytes with reduced568

developmental competence. Using a comparable protocol to CIDR_OBS (Ryan et al.,569

1995) reported similar pregnancy rates (57.9%); however, a protocol that did not570

include GnRH at the time of CIDR insertion was associated with an 11- to 14-571

percentage unit reduction in pregnancy rates (46.6%).572
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Addition of P4 to Ovsynch (CIDR_TAI) resulted in 0.09 greater first service573

conception rate when compared with OVSYNCH. In agreement with the results from574

the current study and the majority of studies not using presynchronization, the first of575

two experiments completed by El-Zarkouny et al. (2004) reported higher pregnancy576

rates at 29 d post-AI (59.3 vs. 36.3%) for animals supplemented with P4 during577

Ovsynch compared with animals treated with the standard Ovsynch protocol.578

However, in a second experiment, when presynchronization was used, El-Zarkouny et579

al. (2004) reported that P4 supplementation appeared to offer no improvement in580

pregnancies per AI over Ovsynch alone. McDougall (2010) reported that addition of581

P4 to Ovsynch for anestrous cows tended to increase 21 day pregnancy rate compared582

with anestrous cows treated with Ovsynch (57.5 vs. 48.4%). In the same study,583

addition of P4 to Ovsynch resulted in more cows with normal subsequent luteal-phase584

lengths. An 8.5-percentage unit improvement in pregnancy rate was reported by585

Melendez et al. (2006) for animals not previously detected in estrus following586

presynchronization, that were supplemented with P4 during Ovsynch compared with587

animals treated with Ovsynch alone (31.2 vs. 22.7%). Following a PGF2α based588

presynchronization protocol, Stevenson et al. (2008) compared pregnancies per AI in589

cows without a corpus luteum at the first GnRH injection of Ovsynch, receiving or not590

receiving 7 d P4 supplementation via a CIDR insert with that of cows with a corpus591

luteum present. It was reported that treatment with a CIDR in cows without a corpus592

luteum increased pregnancies per AI at both 33 and 61 d after TAI, but did not differ593

from that of cows that had a corpus luteum present at the time of the first GnRH594

injection of Ovsynch.595

In the current study, across ovular and anovular cows at protocol initiation,596

conception rate to first service using the Ovsynch TAI protocol was similar to that597
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reported by Cordoba and Fricke (2001) for ovular cows managed in grazing based598

dairies in Wisconsin. In other studies, conception rates have ranged between 31.3 to599

45.0% following the Ovsynch protocol initiated at random stages of the estrous cycle600

(McDougall, 2010; Peters and Pursley, 2002, 2003; Pursley et al., 1997; Pursley et al.,601

1998). Lower conception rates following Ovsynch have been reported for anovular602

cows, possibly due to a higher incidence of premature luteal regression (Gumen et al.,603

2003). Vasconcelos et al. (1999) reported that initiation of Ovsynch on different days604

of the estrous cycle affected pregnancy outcome arising from variation in ovulatory605

responses to the first and second GnRH and maximal size of the pre-ovulatory606

follicle. In the present study, synchronization protocols were initiated at random607

stages of the estrous cycle with no presynchronization before initiation of608

synchronization protocols.609

The embryo loss rate to first service in the current study was generally low;610

values were similar for all treatments with the exception of OVSYNCH, which had611

0.07 greater embryo loss compared with CONTROL. The embryo loss rate for612

CONTROL animals in the current study was lower than the embryonic loss rate of613

7.2% between d 28 and 84 of gestation previously reported in Irish pasture-based614

herds (Silke et al., 2002) and much lower than embryonic loss rates reported by615

Gumen et al. (2003) for ovular cows maintained in high input TMR system that were616

inseminated based on observed estrus or TAI (11 vs. 14%, respectively). The617

CONTROL animals in the present study were inseminated based on observed estrus.618

For logistical reasons, it was not possible to carry out the pregnancy diagnosis for619

CONTROL cows with the same level of precision as synchrony cows for days post-AI620

at pregnancy diagnosis. Consequently, both the conception to AI and the embryo loss621

rate for CONTROL animals in the present study may have been slightly622
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underestimated relative to the synchrony treatments. In agreement with McDougall623

(2010), embryo loss rate did not differ between OVSYNCH and CIDR_TAI. In a624

recent review Santos et al. (2004) concluded that the majority of studies that625

implement TAI protocols have reported no difference in embryonic loss rates when626

timed AI has been implemented properly. In the same review, the authors suggested627

that synchronization protocols that induce estrus with the dominant follicle growing628

under a low P4 environment may increase early and late embryo loss, leading to629

reduced conception rates.630

In the present study, only 0.42 and 0.27 of MID and LATE calving631

CONTROL cows successfully established pregnancy during the first 42 d of the632

breeding season. Conception rate to first service for CONTROL animals was633

consistent across all calving groups. The reduced submission rates for CONTROL634

cows in the MID and LATE calving groups therefore contributed to a significant635

reduction in the proportion of CONTROL cows successfully establishing pregnancy636

during the first 42 d of the breeding season. In contrast, a similar conception rate to637

first service coupled with a 100% submission rate for all calving groups resulted in638

CIDR_TAI having the highest 42-d pregnancy rate, which is in agreement with the639

findings of McDougall (2010). A shorter interval from MSD to conception was640

observed for animals assigned to TAI protocols when compared with CONTROL,641

similar to the findings of McDougall (2010). In the present study, it is important to642

note that the submission rate figures for the cows on the CONTROL treatment met643

targets laid down for seasonal calving systems. Where herds do not routinely meet644

these targets, the potential impact of aggressive whole herd synchronization645

incorporating TAI is increased proportionate to the increase in submission rate646

achieved.647
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CONCLUSIONS648

The present study clearly shows that estrus/ovulation can be successfully649

synchronized with progesterone, GnRH and PGF2α in seasonal calving dairy cows.650

Reliance on behavioral estrus/estrus detection limits the submission rates that can be651

achieved with conventional synchronization protocols. In contrast, TAI protocols652

ensure that submission rates are maximised, while maintaining acceptable conception653

rates. Importantly, TAI protocols facilitated earlier first service and earlier conception,654

increasing the proportion of cows establishing pregnancy during the critical first 42 d655

of the breeding season. Supplementation with progesterone during Ovsynch (i.e.,656

CIDR_TAI) increased conception rates. In conclusion, ovulation synchronization657

protocols are an effective tool in the reproductive management of lactating dairy cows658

in seasonal calving, pasture-based milk production systems.659
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792

Figure 1: Schematic diagram of experimental design used to evaluate synchronization793

treatments (ST) (upper panel) and treatment protocols to synchronize estrus and794

ovulation (lower panel). EARLY calving cows were  42 DIM at MSD, MID calving795

cows were 21 to 41 DIM at MSD, and LATE calving cows were 0 to 20 DIM at796

MSD. PB refers to Planned Breeding 1 (MSD), 2 and 3. For each seasonal calving797

farm in the study (n=8) breeding started on a fixed calendar date, referred to as the798

Mating Start Date (MSD). In this study, PB1 coincided with the MSD for each farm.799

PB2 occurred 21 d after PB1, and PB3 occurred 42 d after PB1 or 21 d after PB2.800

Treatment protocols for synchronization were initiated at a random stage of the801

EARLY: ST EARLY: AI MID: ST MID: AI LATE: ST LATE: AI

-10 0 11 21 32 42

PB1 (MSD) PB3PB2
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CIDR (8 d)
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CIDR (8 d)
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NO HORMONAL INTERVENTION
MSDCONTROL
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estrous cycle and applied to lactating dairy cows before first service. CIDR_OBS (10802

µg GnRH and CIDR insert d 0, 25 mg PGF2α d 7, CIDR removed d 8, animals were803

inseminated by the a.m./p.m. rule following detection of estrus on d 10, 11 and 12).804

CIDR_TAI (10 µg GnRH and CIDR insert d 0, 25 mg PGF2α d 7, CIDR removed d 8,805

10 µg GnRH 60 h after PGF2α or 36 h after CIDR removal, animals received TAI 18 h806

after the final GnRH). OVSYNCH (10 µg GnRH d 0, 25 mg PGF2α d 7, 10 µg GnRH807

60 h after PGF2α, animals received TAI 18 h after the final GnRH).808
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809

Figure 2. Flowchart showing assignment of animals to treatment protocols to810

synchronize estrus and ovulation. After data edits the final dataset included 1,538811

cows used in protocols to synchronize estrus and ovulation. The number of animals in812

the three calving groups that received synchronization treatments were as follows:813

EARLY calving (GROUP 1) (n=1,244), MID calving (GROUP 2) (n=179), and814

LATE calving (GROUP 3) (n=115).815
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Figure 3. Survival distribution function for the interval in days from mating start date817

to conception (MSDC) for CIDR_OBS (■), CIDR_TAI (○), OVSYNCH (●) and 818

CONTROL (□).819
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Table 1. Effect of synchronization treatment and calving group on 5-d submission820

rate (SR) relative to each planned breeding (PB), 21-d SR relative to each PB and821

overall 21-d SR relative to MSD‡822

Predicted probability2 (Standard error)

Synchronization Odds Ratio

Treatment 95% CI1
ALL COWS EARLY MID LATE

5-d submission rate for each planned breeding†

8.73
CIDR_OBS (6.22,12.25)

0.81a (0.02) 0.83a (0.02) 0.77a (0.06) 0.74a (0.08)

1.00
CONTROL -

0.33b (0.02) 0.37bx (0.03) 0.11by (0.05) 0.41bx (0.09)

21-d submission rate for each planned breeding†

1.55
CIDR_OBS (1.02,2.34)

0.89a (0.02) 0.90 (0.02) 0.89a (0.05) 0.83 (0.06)

1.00
CONTROL -

0.84b (0.02) 0.93x (0.01) 0.28by (0.07) 0.67z (0.09)

Overall 21-d submission rate relative to mating start date

0.82
CIDR_OBS (0.58,1.16)

0.78a (0.02) - - -

3.15
CIDR_TAI (1.98,5.00)

0.93b (0.01) - - -

3.32
OVSYNCH (2.06,5.34)

0.94b (0.01) - - -

1.00
CONTROL -

0.82a (0.02) - - -

1 CI = Confidence Interval.823

2 Predicted Probabilities are based on a cow from the average farm and are824

representative of the parity and calving date structure in the data.825

† For CIDR_TAI and OVSYNCH 5-d and 21-d submission rate relative to each PB826

was 1.00, and hence these animals were removed from the analysis of 5-d and 21-d827

submission rate relative to each PB.828

a,b Predicted probabilities within a column with different superscripts differ (P < 0.05).829
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x,y,z Predicted probabilities within a row with different superscripts differ (P < 0.05).830

‡ Interaction between synchronization treatment and calving group: 5-d SR for each831

PB (P = 0.055); 21-d SR for each PB (P < 0.001).832
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Table 2. Effect of synchronization treatment and calving group on conception rate to855

first service‡856

Predicted probability2 (Standard error)

Synchronization Odds Ratio

Treatment 95% CI1
ALL COWS EARLY MID LATE

1.28
CIDR_OBS (0.96,1.70)

0.59a (0.02) 0.58 (0.03) 0.72 (0.07) 0.53 (0.09)

1.03
CIDR_TAI (0.77,1.37)

0.54a (0.03) 0.54 (0.03) 0.51 (0.08) 0.58 (0.09)

0.70
OVSYNCH (0.53,0.94)

0.45b (0.03) 0.47 (0.03) 0.35 (0.07) 0.33 (0.09)

1.00
CONTROL -

0.53a (0.03) 0.55 (0.03) 0.47 (0.07) 0.54 (0.10)

1CI = Confidence Interval.857

2 Predicted Probabilities are based on a cow from the average farm and are858

representative of the parity and calving date structure in the data.859

a,b Predicted probabilities within a column with different superscripts differ (P < 0.05).860

‡ Interaction between synchronization treatment and calving group (P = 0.2).861
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Table 3. Effect of synchronization treatment and calving group on embryo loss to first871

service‡872

Predicted probability2 (Standard error)

Synchronization Odds Ratio

Treatment 95% CI1
ALL COWS EARLY MID LATE

2.16
CIDR_OBS (0.86,5.43)

0.06ab (0.02) 0.06 (0.02) 0.10 (0.05) 0.05 (0.05)

2.38
CIDR_TAI (0.94,6.01)

0.07ab (0.02) 0.08 (0.02) 0 † 0.06 (0.06)

3.35
OVSYNCH (1.34,8.35)

0.10a (0.02) 0.12 (0.03) 0 † 0 †

1.00
CONTROL -

0.03b (0.01) 0.03 (0.01) 0.05 (0.05) 0.06 (0.06)

1CI = Confidence Interval.873

2 Predicted Probabilities are based on a cow from the average farm and are874

representative of the parity and calving date structure in the data.875

† None of the animals on this synchronization treatment and in this group underwent876

embryo loss to first service and hence these animals were subsequently removed877

from analysis investigating synchronization treatment and group interaction effects.878

a,b Predicted probabilities within a column with different superscripts differ (P < 0.05).879

‡ Interaction between synchronization treatment and calving group (P = 0.9).880

881
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Table 4. Effect of synchronization treatment and calving group on 42-d pregnancy882

rate‡883

Predicted probability2 (Standard error)

Synchronization Odds Ratio

Treatment 95% CI1
ALL COWS EARLY MID LATE

1.23
CIDR_OBS (0.89,1.70)

0.71bc (0.02) 0.76x (0.02) 0.69ax (0.07) 0.32ay (0.08)

1.52
CIDR_TAI (1.09,2.12)

0.75ac (0.02) 0.78x (0.02) 0.64aby (0.07) 0.58by (0.09)

1.25
OVSYNCH (0.90,1.74)

0.71bc (0.02) 0.79x (0.02) 0.48bcy (0.07) 0.33aby (0.09)

1.00
CONTROL -

0.67b (0.02) 0.75x (0.02) 0.42cy (0.07) 0.27ay (0.09)

1CI = Confidence Interval.884

2 Predicted Probabilities are based on a cow from the average farm and are885

representative of the parity and calving date structure in the data.886

a,b,c Predicted probabilities within a column with different superscripts differ (P <887

0.05).888

x,y Predicted probabilities within a row with different superscripts differ (P < 0.05).889

‡ Interaction between synchronization treatment and calving group (P = 0.08).890
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Table 5. Effect of synchronization treatment and calving group on synchronization891

rate‡892

Predicted probability2 (Standard error)

Synchronization Odds Ratio

Treatment 95% CI1
ALL COWS EARLY MID LATE

1.19
CIDR_OBS (0.78, 1.82)

0.90a (0.02) 0.91 (0.02) 0.87 (0.05) 0.84 (0.06)

4.50
CIDR_TAI (2.47, 8.20)

0.97b (0.01) 0.97 (0.01) 0.97 (0.03) 1.00 (0)

1.00
OVSYNCH -

0.88a (0.02) 0.89 (0.02) 0.93 (0.04) 0.72 (0.09)

1CI = Confidence Interval.893

2 Predicted Probabilities are based on a cow from the average farm and are894

representative of the parity and calving date structure in the data.895

a,b Predicted probabilities within a column with different superscripts differ (P < 0.05).896

‡ Interaction between synchronization treatment and calving group (P = 0.13).897
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