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16 Abstract

17

18 The objective was to compare pregnancy per AI and follicular dynamic in suckled Bos taurus 

19 beef cows treated with either a 7-day progesterone + estradiol-based protocol or a 5-day 

20 progesterone CoSynch protocol for timed artificial insemination (TAI) during four breeding 

21 seasons. We hypothesized that estrous cycle status, days postpartum (DPP), fat depth and plasma 

22 progesterone concentration differentially modify the effect of treatments. Every year, 9 days 

23 before initiation of each breeding season, cows were randomly assigned to one of two groups. 
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24 Cows in the 7-d P+E group (n = 428) received a progesterone intravaginal device (DIB) and 

25 estradiol benzoate on Day -9. On Day -2 the device was removed, and cows received 

26 cloprostenol and estradiol cypionate. Forty-eight hours later (Day 0) cows received TAI. Cows in 

27 the 5-d P+CoS group (n = 428) received a DIB, and GnRH on Day -8. On Day -3, the device was 

28 removed, and cows received cloprostenol. A second dose of cloprostenol was given on Day -2. 

29 Cows received GnRH and TAI 72 h after device removal (Day 0). On Day -9, estrous cycle 

30 status was determined. In a subset of cows (n = 79) the size of the dominant follicle was 

31 determined between Days -2 and 0. In another subset of cows (n= 340), DPP, fat depth (mm) and 

32 plasma progesterone concentration (ng/mL) were evaluated on Day -9. Pregnancy per AI was 

33 determined 30 d after TAI. Pregnancy per AI was greater for cows in the 5-d P+CoS group than 

34 for cows in the 7-d P+E group (50.9 % vs. 41.3 %, P = 0.01) and was also greater in cyclic than 

35 in anestrus cows (54.3 % vs. 33.2 %, P < 0.0001). There was also a significant effect of breeding 

36 season (P = 0.0002) and sire (P = 0.03), and an interaction between treatment group and breeding 

37 season (P = 0.03). The dominant follicle was larger (P < 0.0001) in cows in the 5-d P+CoS group 

38 than the 7-d P+E group (10.7 ± 0.29 mm vs. 9.0 ± 0.28 mm). Pregnancy per AI was greater in 

39 cows with ≥ 55 DPP (47.0 % vs. 29.6 %, P = 0.001), fat depth ≥ 0.50 mm (44.7 % vs. 29.7 %), 

40 and with plasma progesterone concentration ≥ 1 ng/mL (47.2 % vs. 28.7 %, P = 0.01). In cows 

41 with plasma progesterone ≥ 1 ng/mL on Day -9, pregnancy per AI was greater in the 5-d P+CoS 

42 group (60.5 %) than in the 7-d P+E group (34.9 %), but there was no difference between 

43 treatment groups in cows with plasma progesterone < 1 ng/mL (P = 0.07). In conclusion, the 5-d 

44 P+CoS protocol resulted in greater size of the dominant follicle and pregnancy per AI in suckled 

45 Bos taurus beef cows subjected to TAI. 

46 1. Introduction
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47

48 Synchronization of ovulation and timed artificial insemination (TAI) allowed expanding the 

49 use of frozen semen in range beef cow-calf operations, which may result in genetic improvement 

50 and increased herd productivity [1,2]. This technology may also contribute to induce estrus in 

51 non-cyclic cows [3], minimize the potential impact of venereal diseases, and reduce the interval 

52 from calving to conception. Therefore, based on these multiple advantages, several 

53 synchronization strategies have been developed for beef cattle. 

54 Administration of GnRH [4] alone or combined with progesterone [5], and estradiol 

55 combined with progesterone [6]induce follicular turnover, and after a luteolytic dose of PGF2α 

56 and removal of the progesterone source 7 d later, synchronizes estrus between 48 and 72 h later. 

57 Then, either GnRH [7] or estradiol [8] can be used to synchronize ovulation and inseminate 

58 without the need for estrus detection. The Ovsynch protocol developed for dairy cows [9] was 

59 modified to reduce animal handling and be used in suckled beef cows [10]. Since GnRH is not 

60 very effective synchronizing emergence of a follicular wave in beef cows, and since proestrus is 

61 shortened by administration of GnRH 48 to 60 h later, the initial 7-day CoSynch protocol was 

62 modified into a 5-day CoSynch protocol [11]. This 5-day CoSynch protocol avoids persistence of 

63 the dominant follicle in cows that do not respond to the initial GnRH treatment and extends 

64 proestrus since GnRH and TAI are applied at 72 h [11].

65 Estradiol-17β administered at the beginning of a progestogen treatment for 7 days inhibit 

66 gonadotrophin secretion resulting in follicular regression and induction of a new follicular way 4 

67 to 5 days later in Bos taurus beef heifers [12]. Estradiol benzoate administered 24-30 h after 

68 progesterone removal induced an LH surge and synchronize ovulation in Bos taurus beef cattle 

69 [13]. Estradiol and progesterone-based protocols, with or without eCG, are the most common 
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70 treatments for synchronization of ovulation and timed insemination in suckled Bos taurus beef 

71 cows in South America [14]. The main reason for it is that the cost of estradiol is lesser than that 

72 of GnRH, estradiol is more effective inducing follicular turnover in cows and heifers and cow 

73 handling is reduced [15].

74 In a metanalysis study including a large number of cows, it was reported that days post-

75 partum (DPP), body condition score (BCS) and cyclicity affected pregnancy per AI [16]. The 

76 impact of DPP, BCS and cyclicity on fertility could also be affected by the length of 

77 progesterone treatment, the type of protocol using different combinations of GnRH and estradiol, 

78 and length of proestrus. To the authors’ knowledge, the 5-Day progesterone-based CoSynch 

79 protocol and the conventional progesterone + estradiol-based protocols have not been compared 

80 in multiparous suckled beef cows. Therefore, the objective was to compare pregnancy per AI and 

81 follicular dynamics between 5-day progesterone-based CoSynch and 7-day progesterone + 

82 estradiol-based protocol for synchronization of ovulation and TAI in multiparous beef cows 

83 during four breeding seasons. We hypothesized that estrous cycle status, DPP, fat depth and 

84 plasma progesterone concentration at initiation of the treatment will differentially affect the 

85 efficacy of treatments, and therefore, the interaction of these variables with treatments will be 

86 assessed.

87

88 2. Materials and methods

89

90 2.1.  Study population

91
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92 The study was conducted in the Aberdeen Angus cow-calf operation of the Experimental 

93 Station of the National Institute of Agricultural Technology EEA INTA Anguil, La Pampa, 

94 Argentina. A total of 856 multiparous suckled Bos taurus beef cows were included in the study. 

95 The day of the TAI was considered the first day of the breeding season. TAI was performed on 

96 12/11/14 (breeding season 1), 11/9/15 (breeding season 2) 11/9/2016 (breeding season 3), and 

97 11/21/17 (breeding season 4). Frozen semen from eight different sires was used (three in 

98 breeding season 1, one in breeding season 2 and two in breeding seasons 3 and 4), and each cow 

99 was inseminated only once per breeding season. Clean up bulls were introduced to the cow herd 

100 15 d after TAI for a period of 75 d. The herd was free of brucellosis and vaccinated for 

101 reproductive diseases with a killed virus vaccine every 6 m (including BHV-1, BVDV, BRSV, 

102 PI3V, Campylobacter fetus fetus, C. fetus veneralis, Leptospira interrogans pomona pomona, 

103 Haemophilus somnus, 5 mL, sc, Bioabortogen® H, Biogenesis Bago, Argentina). Cows were 

104 grazing Weeping lovegrass (Eragrostiscurvula) during the entire breeding season. All 

105 procedures were performed with the approval of the Committee of Ethics in Biological Science 

106 Research (Facultad de Ciencias Veterinarias, Universidad Nacional de La Pampa, Argentina, 

107 Resolution 247/11) and according to the Guide for the Care and Use of Agricultural Animals in 

108 Agricultural Research and Teaching [17].

109

110 2.2. Experimental design

111

112 Every year, 9 d before the initiation of each breeding season, cows with more than 30 

113 DPP were randomly assigned to one of two treatment groups. Group 7-d P+E. 7-day 

114 progesterone + estradiol-based group (n = 428), cows received a 0.5 g progesterone device 
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115 (DIB®, Zoetis Animal Health) and 2.5 mg of estradiol benzoate (2.5 mL, im, Gonadiol®, Zoetis, 

116 Argentina) on Day -9. On Day -2 the device was removed, and cows received 0.125 mg of 

117 cloprostenol (2 mL, im, Ciclase, Zoetis Animal Health) and 0.5 mg of estradiol cypionate (0.5 

118 mL, im,Cipiosyn®, Zoetis Animal Health). Forty-eight hours later (Day 0) cows received TAI. 

119 Group 5-d P+CoS. 5-day Progesterone-based CoSynch group (n = 428), cows received a DIB, 

120 and 100 μg of GnRH analog (Gonadoreline acetate, 2 mL, im, Gonasyn GDR®, Zoetis) on Day -

121 8. On Day -3, the device was removed, and cows received 0.125 mg of cloprostenol (2 mL, im, 

122 Ciclase®). A second dose of cloprostenol was given on Day -2. Finally, cows received 100 μg of 

123 gonadoreline acetate im and TAI 72 h after device removal (Day 0). 

124 On Day -9, estrous cycle status (anestrus or cyclic) was determined in all cows based on 

125 clinical signs at palpation and ultrasonography of the genital tract per rectum. Cows with a CL or 

126 clinical signs of estrus (ovarian follicle ≥ 10 mm and uterine tone) were considered cyclic and 

127 cows without a CL and flaccid uterus were considered anestrus. Pregnancy per AI was 

128 determined by ultrasonography of the uterus per rectum (5 MHz transrectal linear transducer, 

129 HS-101V, Honda Electronics, Japan) 30d after TAI. Pregnancy rate was calculated as the 

130 number of cows pregnant at 30 d/number of cows inseminated x 100.

131 In a subset of 79 cows (breeding seasons 1 and 2, n = 40, Group 5-d P+CoS, n = 39, Group 

132 7-d P+E) the diameter (mm) of the dominant follicle was determined daily between Days - 2 and 

133 0 using transrectal ultrasonography of the ovaries [18]. In another subset of cows (n= 340, breeding 

134 seasons 3 and 4), DPP, plasma progesterone concentration and fat depth were evaluated on Day -

135 9. Fat depth was measured between the 12th and 13th ribs,3/4 the length ventrally on the longissimus 

136 dorsi muscle [19,20], using a Pie Medical Falco Vet 100 diagnostic ultrasound machine with an 

137 18 cm, 3.5 MHz linear array transducer, following the Iowa State University guidelines [21]. The 
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138 coupler was vegetable oil, a no stand-off pad was used. Cattle were not clipped, and they stood in 

139 a normal, relaxed posture.

140 Blood samples were collected on Day -9 by venipuncture of the coccygeal vein into 

141 evacuated tubes containing EDTA (Vacutainer®; BD, Franklin Lakes, NJ, USA). The samples 

142 were immediately placed on ice. Samples were centrifuged at 1100 X g for 20 min, and plasma 

143 was stored at -20 ºC until assayed for progesterone. Plasma progesterone concentrations were 

144 determined at the Laboratory of Animal Reproduction at Facultad de Ciencias Veterinarias, 

145 Universidad Nacional de La Pampa, Argentina, using a direct, solid-phase RIA (RIA 

146 Progesterone, REF IM1188, IMMUNOTECH s.r.o.Hostivař, Czech Republic) according to 

147 previously described protocol [22], in a Multi Crystal Gamma Counter LB 2111 (Berthold 

148 Technologies, GmbH & Co., Bad Wildbad Germany). Measurements were completed in three 

149 assays. The sensitivity of each of them was 0.06, 0.038 and 0.047 ng/mL, respectively. The inter-

150 assay CVs were 4.17, 1.62 and 10.45 %, and the intra-assay CVs were 2.57, 8.57 and 6.85 %, 

151 respectively. Cows were dichotomized as having progesterone concentration ≥1 ng/mL or < 1 

152 ng/mL.

153

154 2.3. Statistical analysis

155

156 Baseline comparisons were established evaluating the distribution of cows in both groups 

157 using a Chi-square test (Proc Freq, SAS system®). The effect of treatment group (5-d P+CoS vs. 

158 7-d P+E), breeding season (1, 2, 3 and 4), estrous cycle status (anestrus vs. cyclic), and sire (A, 

159 B, C, D, E, F, G and H) on pregnancy per AI was determined by univariate analysis with a Chi-

160 square test and multivariable analysis using the backward elimination procedure (Proc Logistic, 
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161 SAS system®) of multiple logistic regression [23]. The effect of treatment group, experimental 

162 day, and their interaction on follicular dynamics was evaluated using analysis of variance using 

163 the repeated measures method(Proc Mixed, SAS system®) using treatment group and the 

164 interaction treatment group and day as fixed variables, cow nested in treatment group as random 

165 variable and day as repeated variable. Since cloprostenol was first administered on Day -3 in 

166 cows in the 5-d P+CoS group and on Day -2 in cows in the 7-d P+E group, the effect of 

167 treatment on follicular dynamics was also evaluated considering the day from cloprostenol 

168 administration (first cloprostenol for 5-d P+CoS group). The interactions between treatment 

169 group and plasma progesterone concentrations on Day -9 (< 1ng/mL or ≥ 1 ng/mL), fat depth (≤ 

170 0.5 mm or > 0.5 mm) and DPP (≤ 55 days or > 55 days) on pregnancy per AI adjusting for 

171 breeding season and bull was evaluated using multiple logistic regression (Proc Logistic, SAS 

172 system®). The effects of fat depth and DPP as continuous variables on the probability of 

173 pregnancy were also evaluated by logistic regression using STATA/IC 14.2 (StataCorp LP, 4905 

174 Lakeway Drive, College Station, Texas 77845 USA). Significant effects were declared at P ≤ 

175 0.05 and tendencies declared at 0.05 < P ≤ 0.10.

176

177 3. Results

178

179 There was no difference in the distribution of cows by breeding season, estrous cycle status 

180 and sire in both groups (Table 1). In the univariate analysis, pregnancy per AI was greater in the 

181 5-d P+CoS than the 7-d P+E group (P = 0.004; Table 2). Additionally, breeding season (P < 

182 0.0001), estrous cycle status (P < 0.0001) and sire (P <0.0001) affected pregnancy per AI (Table 

183 2). In the multivariable analysis, pregnancy per AI was also greater in the 5-d P+CoS than the 7-
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184 d P+E group (P = 0.01). There was also a significant effect of breeding season (P = 0.0002), 

185 estrous cycle status (P < 0.0001), and sire (P = 0.03), and an interaction between treatment group 

186 and breeding season (P = 0.03, Fig. 1) on pregnancy per AI. 

187 In the subset of cows where ovarian ultrasonography was conducted, there was an effect of 

188 experimental day (P < 0.001) and treatment group (P < 0.0001), but not their interaction, on the 

189 size of the dominant follicle. The dominant follicle of cows in the 5-d P+CoS group (10.7 ± 0.29 

190 mm) was larger than the dominant follicle of cows in the 7-d P+E group (9.0 ± 0.28 mm) on the 

191 day of TAI (Fig. 2 A). Considering the day from cloprostenol administration, there was an effect 

192 of day (P < 0.0001), treatment group (P = 0.01) and a tendency for interaction (P = 0.06) 

193 between treatment group and day from cloprostenol administration on the size of the dominant 

194 follicle. The dominant follicle of cows in the 5-d P+CoS group (10.1 ± 0.30 mm) was larger than 

195 the dominant follicle of cows in the 7-d P+E group (9.0 ± 0.30 mm) on the day of TAI (Fig. 2 B). 

196 In the subset of cows were DPP, plasma progesterone concentration and fat depth were 

197 recorded on Day -9, there was no difference in the distribution of cows between groups (55.2 ± 

198 1.4 d, 2.53 ± 0.39 ng/mL and 0.52 ± 0.02 mm for 5-d P+CoS group, and 56.8 ± 1.4 d, 2.95 ± 0.58 

199 ng/mL, and 0.55 ± 0.02 mm for 7-d P+E group). In addition, there was no difference in the 

200 distribution of cows between groups according to category of DPP (P = 0.54), plasma 

201 progesterone concentration (P = 0.57) and fat depth (P = 0.19). There was an effect of treatment 

202 group (5-d P+CoS group, 44.0 %, 74/168, 7-d P+E group, 30.8 %, 53/172, P = 0.006), DPP (≤ 55 

203 days, 29.6 %, 56/189, > 55 days, 47.0 %, 71/151, P = 0.001), fat depth (≤ 0.5 mm, 29.6 %, 

204 50/168, > 0.5 mm, 44.7 %, 77/172, P = 0.004) plasma progesterone concentration (≥ 1 ng/mL, 

205 47.2 %, 75/159, <1 ng/mL, 28.7 %, 52/181, P = 0.01) on pregnancy per AI. There was not 

206 interaction between treatment, DPP and fat depth. There was an interaction (P = 0.002) between 
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207 breeding season and treatment group on pregnancy per AI. Moreover, there was a tendency for 

208 the interaction between treatment and plasma progesterone concentration (P = 0.07, Fig. 3) on 

209 pregnancy per AI. In cows with plasma progesterone concentration ≥1 ng/mL on Day -9, 

210 pregnancy per AI was greater for cows in the 5-d P+CoS group (60.5 %, 46/76) compared to 

211 cows in the 7-d P+E group (34.9 %, 29/83). On the other hand, there was no difference in 

212 pregnancy per AI between treatment groups in cows with plasma progesterone concentration < 1 

213 ng/mL on Day -9 (30.4 %, 28/92 for cows in the 5-d P+CoS group and 26.9 %, 24/89 for cows in 

214 the 7-d P+E group). When fat depth and DPP were considered as continuous variables, there was 

215 a significant effect of those variables on the probability of pregnancy in both treatment groups 

216 (Fig. 4).

217

218 4. Discussion

219

220 This study was the first to compare two of the estrus synchronization protocols most 

221 widely used in North America (5-day progesterone + GnRH-based or 5-day CIDR CoSynch) and 

222 South America (7-day progesterone + estrogen-based) for Bos taurus beef cows. Pregnancy per 

223 AI was greater with the 5-day CoSynch (50.9%) than the estrogen-based protocol (41.4%). 

224 Protocols combining estrogen and progesterone are most commonly used in South America 

225 reporting pregnancy rates between 41 and 60% [24]. However, there were no studies comparing 

226 estrogen-based protocols with the 5-day CoSynch protocol that combines GnRH and 

227 progesterone. The increase in fertility seen here with the 5-dP+CoS protocol could be attributed 

228 to the larger size of the preovulatory follicle at the time of TAI and the longer duration of 

229 proestrus [25] in this group of cows compared with cows in the 7-d P+E group. Greater 
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230 pregnancy per AI was reported using the 5-day CoSynch protocol when the second GnRH was 

231 administered 72 h after progesterone device removal compared to 7-day CoSynch with GnRH 

232 administered 60 h after progesterone removal [11]. In addition, the 5-day CoSynch protocol 

233 resulted in greater estradiol concentrations during proestrus and greater plasma progesterone 

234 concentration after induction of ovulation [26]. 

235

236 The benefit of a GnRH-based protocol on pregnancy per AI may not be applicable to Bos 

237 indicus cattle since the ability of GnRH to induce an LH surge seems to be compromised 

238 specially when plasma progesterone levels are high [27]. In addition, elevated progesterone 

239 concentrations during follicular growth may reduce the size of the dominant follicle at the time 

240 of ovulation in Bos indicus [28] and it may be a concern for CoSynch protocols that induce 

241 accessory CL in cows that ovulate in response to GnRH. Protocols including estradiol and 

242 progesterone generated better pregnancy per AI than protocols combining GnRH and 

243 progesterone in Bos indicus cows and increasing the duration of progesterone treatment to 8 or 9 

244 d and the inclusion of eCG at progesterone removal further enhance fertility in herds with high 

245 incidence of anestrus [29]. In addition, the presence of CL at the beginning of the protocol were 

246 associated with reduced pregnancy per AI in Bos indicus. [30]. Since the cows of the present 

247 study were Bos taurus with good BCS at the first breeding season, we decided to use a 7-d 

248 duration progesterone treatment for the estradiol-based protocol without the inclusion of eCG at 

249 progesterone removal. 

250 Optimization of the dominant follicle size has been an important target in synchronization 

251 of ovulation and TAI protocols [31,32]. In beef cattle, increasing the size of the dominant follicle 

252 resulted in increased estradiol concentration [33,34], improved ovulatory response [10, 35] and 
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253 CL function [34,35,36,37], which may result in a greater pregnancy rate [38,39]. In the current 

254 study, the larger diameter of the ovulatory follicle in the 5-d P+CoS group could have been 

255 responsible for the observed greater pregnancy per AI. However, comparing the size of the 

256 dominant follicle and its effect on pregnancy outcomes between these two treatments is difficult 

257 since in the 5-day P+CoS protocol follicular recruitment has been documented to start 28 to 32 h 

258 after the first GnRH treatment [40], progesterone treatment lasts 5 d, and proestrus lasts 72 h 

259 [11].In contrast, in the 7-day estradiol-based protocol, follicular recruitment was reported to be 

260 initiated 4 d after the first administration of estradiol benzoate, progesterone treatment lasts 7 d, 

261 and proestrus lasts 48 h [15]. Therefore, cows in the 5-day group are expected to initiate 

262 follicular recruitment earlier and have a longer proestrus, allowing for further follicular growth 

263 until the time of AI. This was confirmed in this study, where the dominant preovulatory follicle 

264 was larger in cows in the 5-day group not only when experimental day was considered but also, 

265 considering the day of PGF2α administration as Day 0.

266 Another factor influencing fertility in protocols for synchronization of ovulation and TAI 

267 is the ability of PGF2α to induce luteal regression. The 5-d CoSynch protocol included GnRH on 

268 Day 0 which induces accessory CL in approximately 60 % of the cows and therefore two doses 

269 of PGF2α 8 to 24 h apart are recommended [11]. It has also been reported than two doses of 

270 PGF2α administered simultaneously at progesterone intravaginal device removal were also 

271 effective when compared with two doses 8 h apart [41]. However, in beef heifers, administration 

272 of PGF2α 6 h apart in a 5-d CoSynch protocol including GnRH on Day 0, improved pregnancy 

273 per AI compared with double dose of PGF2α at progesterone device removal [42]. Therefore, in 

274 the present study, we decided to administer two doses of PGF2α 24 h apart in an attempt to 

275 induce complete luteolysis. 
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276 Breeding season, estrous cycle status, DPP, fat depth and plasma progesterone concentrations 

277 at synchronization also affected pregnancy per AI in this study. Estrous cyclicity, DPP and BCS 

278 are the three most common factors affecting fertility in suckled beef cows [16]. The proportion 

279 of cows in anestrus considering clinical findings at transrectal palpation and ultrasonography was 

280 38.7 % in the present study, in agreement with previous reports [43]. Pregnancy per AI was 20 % 

281 greater in cyclic than in anestrus cows, and there was no interaction between protocol and estrous 

282 cycle status. Pregnancy per AI was also greater in cows with plasma progesterone concentration 

283 ≥ 1 ng/mL, but the improvement was more pronounced in cows synchronized using the 5-d 

284 P+CoS protocol. Estradiol-based protocols in anestrus cows could result in failure to induce 

285 follicular turnover and induction of estrus without ovulation [25], explaining the lesser 

286 pregnancy per AI in cows in this group. For cows synchronized with the a 5-day CoSynch 

287 protocol, the ovulatory response to initial GnRH under reduced plasma progesterone 

288 concentration is high in cyclic cows [34] but low in anestrus cows [44]. However, there was no 

289 difference in pregnancy per AI in anestrous beef cows that ovulated or not after administration of 

290 GnRH at the time of a progesterone device insertion [45].

291 Breeding season affected pregnancy per AI and also influenced the effect of treatment 

292 since there was a significant interaction between these two variables. The interaction between 

293 treatment and breeding season could be explained by differences in DPP, BCS and estrous cycle 

294 status among years. The breeding season during the first year of the study started on December 

295 11th but was initiated approximately 20 d earlier in the following season due to operative 

296 circumstances (median DPP was 69 d, 54 d, 51 d and 52 d for breeding seasons 1, 2, 3 and 4, 

297 respectively). Pregnancy rate was lesser in cows < 55 DPP. Advancing the breeding season 

298 reduced the DPP at synchronization resulting in a dramatic reduction in pregnancy per AI in the 
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299 second year. Pregnancy per AI subsequently slightly recovered during the 3rd and 4th year. The 

300 reduction in fertility during early postpartum seem to be caused by delayed resumption of 

301 cyclicity rather than by lack of uterine involution [46]. Induction of ovulation of the first 

302 dominant follicle in early postpartum resulted in high incidence of short luteal phases [47]. 

303 The impact of BCS in pregnancy per AI in cows subjected to protocols of synchronization of 

304 ovulation and TAI has been reported [2,16,24]. In the present study, pregnancy per AI was 

305 greater in cows with fat depth > 5 mm. Fat depth was measured instead of BCS to reduce the 

306 variability of the data since the study was conducted during four different breeding seasons. 

307 Cows that maintained BCS during the postpartum period had a shorter interval to estrus, greater 

308 levels of basal LH and enhanced response to GnRH induced LH release [48].A study including 

309 3,269 cows in seven different studies reported a linear increase of 18 % in the number of cyclic 

310 cows for each unit of BCS increase from ≤ 3.5 to ≥ 6.0 of a 1 (thin) to 9 (fat) scale [45].Rump fat 

311 and BCS were greater and serum concentration of BHB and NEFA reduced during the six weeks 

312 after parturition in cows that ovulated before first AI and become pregnant [49].

313

314 5. Conclusion

315

316 The 5-d P+CoS protocol resulted in greater pregnancy per AI compared to the 7-d P+E protocol 

317 in Bos taurus suckled beef cows subjected to TAI. Cows treated with the 5-d P+CoS protocol had 

318 larger dominant follicles at TAI than those receiving the 7-d P+E protocol. Estrous cycle status, 

319 DPP, fat depth and breeding season also affected pregnancy per AI. The increase in pregnancy 

320 per AI with the 5-d P+CoS protocol was greater when plasma progesterone concentration at 

321 initiation of the treatment was greater than 1 ng/mL.
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477 Table 1. Distribution of cows and baseline comparisons for breeding season, estrus cycle status 

478 and sire for both groups. P > 0.05.

479

Treatment 5-d P+CoS

(n = 428)

7-d P+E

(n = 428)

Variable Group % n % N

 1 33.4 143 31.5 135

 2 21.5 92 23.8 102

 3 25.0 107 24.3 104

B
re

ed
in

g 
se

as
on

 4 20.1 86 20.3 87

    Anestrus 37.6 161 39.7 170

C
yc

lic
ity

    Cyclic 62.4 267 60.3 258

    A 11.0 47 11.0 47

    B 11.0 47 13.1 56

    C 11.4 49 9.3 40

    D 14.0 60 11.2 48

    E 11.0 47 11.2 48

    F 21.5 92 23.8 102

    G 10.3 44 10.0 43

Si
re     H 9.8 42 10.3 44

480

481

482
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483 Table 2.The effect of treatment group, breeding season, estrus cycle status and sire on pregnancy 

484 per AI (univariate analysis).aP=0.004, bP<0.0001

Variable Pregnancy per AI

% n

   5-d P+CoS 50.9 218/428

Tr
ea

tm
en

ta

   7-d P+E 41.4 177/428

   1 59.4 165/278

   2 32.9 64/194

   3 42.2 89/211

B
re

ed
in

g 
se

as
on

b

   4 44.5 77/173

   Anestrus 33.2 110/331

C
yc

lic
ity

b

   Cyclic 54.3 285/525

   A 58.5 55/94

   B 47.6 49/103

   C 68.5 61/89

   D 37.0 40/108

   E 51.6 49/95

   F 32.9 64/194

   G 47.1 41/87

Si
re

b

   H 41.9 36/86

485

486
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487 Fig. 1. Pregnancy rate by breeding season and treatment group in all cows (n = 856), adjusted by 

488 estrus cycle status and sire (treatment group by breeding season, P = 0.03).
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494 Fig.2. Size of the dominant follicle (mean ± SEM) for cows in both groups (5-d P+CoS group: n 

495 = 40; 7-d P+E group: n = 39). Effect of day, P < 0.0001, treatment group, P < 0.0001, day by 

496 treatment group interaction, P = 0.22 (A), and size of the dominant follicle (mean ± SEM) related 

497 to the day of cloprostenol administration (Day 0) for cows in both groups. Effect of day, P < 

498 0.0001, treatment group, P < 0.01, day by treatment group interaction, P = 0.06, ** P = 0.006 

499 (B).
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503 Fig. 3. Pregnancy rate by treatment group and plasma progesterone concentration on Day -9 (n 

504 =340), adjusted by breeding season, days postpartum, sire, fat depth and interactions on 

505 pregnancy per AI (treatment group by plasma progesterone concentration, P = 0.07).
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510 Fig. 4.Predicted probabilities of pregnancy by treatment group (5-d P+CoS group: n = 168; 7-d 

511 P+E group: n = 172), using days postpartum, and fat depth as continuous predictors (P < 0.01).
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BASED PROTOCOLS FOR SYNCHRONIZATION OF OVULATION AND TIMED 

ARTIFICIAL INSEMINATION IN SUCKLED BOS TAURUS BEEF COWS

Highlights

The 5-Day Cosynch resulted in higher pregnancy per AI than a 7-Day estradiolprotocol

The dominant follicle at TAI was larger for the 5-Day Cosynch protocol

Pregnancy per TAI was increased in cows with high progesterone 

Days postpartum, body condition and breeding season affected pregnancy per TAI 


