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COMPARATIVE EVALUATION OF OVSYNCH AND HEATSYNCH PROTOCOLS ON REPRODUCTIVE PERFORMANCE OF POSTPARTUM ANESTRUS CROSSBRED DAIRY COWS UNDER FIELD CONDITIONS
Abstract
Postpartum anoestrus is a reproductive constraint in dairy cattle, particularly in smallholder field systems where oestrus detection and reproductive management may be limited. This study evaluated responses in postpartum anoestrous crossbred cows subjected to Ovsynch and Heatsynch synchronisation protocols under field conditions in East Champaran district, Bihar, India. Sixty postpartum anoestrous crossbred cows were enrolled over two breeding seasons and allocated to three groups of 20 animals each. The control group received supportive management, whereas the treatment groups received either the Ovsynch or Heatsynch protocol, followed by artificial insemination according to the assigned schedule. Oestrus response, conception rate, body condition score, parity and study year effects were explored. Oestrus response was 45.0% in the control group, 80.0% in the Ovsynch group and 75.0% in the Heatsynch group. Both synchronisation protocols produced higher oestrus responses than supportive management alone, with the Ovsynch group showing a statistically significant improvement over the control group. Conception rates were 35.0%, 65.0% and 55.0% in the control, Ovsynch and Heatsynch groups, respectively. Conception was numerically higher in the synchronised groups, although the difference between Ovsynch and Heatsynch was not significant. Body condition score and parity were not significantly associated with conception outcome, although cows with body condition scores of ≥3.0 tended to perform better. Reproductive responses were broadly consistent across study years. These findings indicate that Ovsynch and Heatsynch may be useful reproductive management options for postpartum anoestrous crossbred cows under smallholder field conditions; however, larger studies are needed to confirm treatment effects with greater precision.
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Introduction
Reproductive efficiency is a major determinant of dairy herd productivity and profitability, and maintaining optimal calving intervals is an important management objective in dairy production systems (Taylor et al., 2018). However, postpartum anoestrus remains one of the common reproductive disorders affecting dairy cattle in developing countries, particularly in smallholder production systems where nutritional limitations, environmental stressors and restricted veterinary services can delay the resumption of ovarian cyclicity (Banda and Tanganyika, 2021; Gautam, 2023). The condition prolongs calving intervals, reduces reproductive efficiency and may adversely affect household income in communities that depend heavily on livestock for their livelihoods (Gautam, 2023). The challenge is particularly evident in tropical and subtropical regions, where heat stress, seasonal feed shortages, parasitic burden and management constraints can impair reproductive recovery after calving (Oke et al., 2021; Sacarrão-Birrento et al., 2024; Ding et al., 2024). Postpartum anoestrus is a multifactorial condition influenced by nutritional, metabolic, health and environmental factors that collectively delay the return of normal ovarian activity and oestrus expression (Chaves et al., 2024; Ding et al., 2024).
Although improvements in nutrition, health care and general management remain fundamental approaches for reducing postpartum anoestrus, implementation of these measures is often challenging in smallholder dairy systems. In addition, effective oestrus detection remains a major constraint under field conditions, where detection efficiency may be substantially reduced because of limited labour availability, inadequate observation practices and restricted veterinary support (Reith and Hoy, 2018; Nowicki et al., 2017). Consequently, reproductive management strategies that reduce dependence on visual oestrus detection are of practical interest. Smallholder dairy studies indicate that farm-level economic and management constraints can reduce dairy enterprise performance, emphasising the need to assess reproductive interventions in practical field settings (Heema et al., 2025).
Hormonal synchronisation protocols that facilitate fixed-time artificial insemination (FTAI) have been widely adopted for this purpose (Nowicki et al., 2017; Lamb and Mercadante, 2016; Ayantoye et al., 2025). The Ovsynch protocol, originally described by Pursley et al. (1995), uses sequential administration of GnRH and PGF₂α to synchronise ovulation and allow insemination at a predetermined time. Similarly, the Heatsynch protocol incorporates estradiol benzoate following PGF₂α administration to enhance oestrus expression while maintaining synchronisation for timed breeding (Pancarci et al., 2002; Williams and Cardoso, 2021; Arya et al., 2023). Both protocols offer the advantage of minimising reliance on visual oestrus detection, making them potentially valuable tools under field conditions (Mahto, 2023). Previous studies have reported favourable reproductive responses following the use of synchronisation protocols in dairy cattle and buffaloes (Kandiel et al., 2012; Dhami et al., 2019; Ratnaparkhi et al., 2020; Ferré et al., 2023; Ferré et al., 2025; Berean et al., 2025). However, reproductive outcomes vary considerably across breeds, production environments, nutritional status and management systems. Most available studies have been conducted under organised farm conditions or research settings that differ substantially from farmer-managed smallholder systems. Such differences may influence the field performance of synchronisation protocols and limit direct extrapolation of published findings (Banda and Tanganyika, 2021; Reddy et al., 2022; Tanwer et al., 2020). Recent comparative evidence further indicates that synchronisation protocols can differ in pregnancy outcomes, while parity, body condition score, oestrus expression before insemination and farm-level management may influence fertility responses (Ambarcioglu et al., 2023; Vazquez Belandria et al., 2023; Laplacette et al., 2025). A recent field study on postpartum anoestrous native cows also reported improved oestrus induction following CIDR-based synchronisation, supporting the broader relevance of controlled breeding interventions under farm conditions (Prasanth Kumar et al., 2025).
This knowledge gap is particularly relevant in eastern India, including Bihar, where dairy farming is predominantly practised by smallholder households and where reproductive inefficiency remains a major production constraint (Singh et al., 2020). Farmers commonly face challenges associated with seasonal fodder scarcity, climatic stress and limited access to veterinary services, all of which may contribute to prolonged postpartum anoestrus and extended calving intervals (Gautam, 2023).
Evidence remains limited on how Ovsynch and Heatsynch perform under farmer-managed smallholder conditions in Bihar, where postpartum anoestrus is assessed and managed under routine field constraints rather than controlled research-farm settings. Therefore, the present study evaluated and compared the reproductive responses of postpartum anoestrous crossbred cows subjected to Ovsynch and Heatsynch synchronisation protocols under smallholder field conditions in Bihar, India. We hypothesised that synchronisation protocols would improve oestrus induction and conception outcomes compared with supportive management alone. By generating evidence directly from farmer-managed herds, the study provides field-based information relevant to reproductive management in smallholder dairy production systems operating under comparable tropical conditions.
Materials and Methods
The study was conducted under the On-Farm Trial (OFT) programme of Krishi Vigyan Kendra (KVK), Piprakothi and Parsauni, East Champaran district, Bihar, India, affiliated with Dr. Rajendra Prasad Central Agricultural University, Pusa. The experimental locations fall within a humid subtropical agro-climatic zone characterised by warm summers, monsoon rainfall and mild winters. Dairy production in the study area is based on smallholder mixed crop-livestock systems, where cows are maintained under semi-intensive management in naturally ventilated sheds. Feeding primarily consisted of crop residues (wheat straw, paddy straw and maize stover) supplemented with limited seasonal green fodder and farmer-formulated concentrates. Water was available ad libitum, and routine farm management practices were maintained throughout the trial. The experiment was conducted across two consecutive breeding seasons (2020-21 and 2021-22) to minimise seasonal bias under field conditions.
A total of 60 postpartum anoestrous crossbred cows (Holstein-Friesian × indigenous) were enrolled (30 per year). The sample size was calculated based on an expected conception rate difference of 30% between the Ovsynch and control groups (Dhami et al., 2019), with 20 cows per group included to account for potential losses.
Inclusion criteria:
· Postpartum interval ≥90 days without observed oestrus
· Age: 3.5-4.5 years (confirmed from dentition and farm records)
· Parity: 2-4 (second to fourth lactation)
· Body condition score: 2.5-3.5 on a 1-5 scale (Ferguson et al., 1994)
· Clinically healthy with no palpable reproductive tract abnormalities
· Mean body weight: 438.52 ± 18.49 kg
Exclusion criteria:
· History of repeat breeding (≥3 services without conception)
· Previous reproductive pathology (retained placenta, uterine prolapse, dystocia)
· Systemic illness or emaciation
· BCS <2.5 or >3.5
· Parity <2 or >5
· Ovarian pathology (cysts, tumors, adhesions) on rectal palpation
· Farmer non-compliance with scheduled visits
Experimental Design and Treatment Protocols
All cows received comprehensive health management at enrolment, including deworming with fenbendazole (3 g orally, single dose; Panacur, Intervet), as shown in Figure 1.
Control Group (C; n = 20)
Received standard supportive therapy:
· Phosphorus supplementation: 80 mg intramuscularly (Inj. Tonophosphan, MSD Animal Health) on alternate days for 7 days
· Multimineral bolus (each containing: Cu 50 mg, Zn 75 mg, Mn 50 mg, Co 5 mg, I 10 mg, Se 5 mg; Ayurvet Ltd.) orally once daily for 7 days
· Observed for natural oestrus for 21 days and inseminated when detected
Treatment 1 (T1; Ovsynch Protocol; n = 20)
Based on Pursley et al. (1995), with modifications for field application:
· Day 0: GnRH (Buserelin acetate, 10 μg/2.5 ml, IM; Receptal, MSD Animal Health)
· Day 7: PGF₂α (Cloprostenol sodium, 500 μg/2 ml, IM; Vetmate, Virbac)
· Day 9: GnRH (10 μg/2.5 ml, IM)
· Day 10: Fixed-time artificial insemination (16-20 h after the second GnRH)
Treatment 2 (T2; Heatsynch Protocol; n = 20)
Based on Pancarci et al. (2002), with modifications:
· Day 0: GnRH (10 μg/2.5 ml, IM)
· Day 7: PGF₂α (500 μg/2 ml, IM)
· Day 8: Estradiol benzoate (1 mg/2 ml, IM; Sincro CP, Ouro Fino Saude Animal)
· Day 10: Fixed-time artificial insemination (48 h after estradiol)
Odds Ratio Calculation and Interpretation
To quantify the strength of association between treatment and reproductive outcomes, odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for all pairwise comparisons where Fisher's exact test indicated a significant or borderline significant difference (P < 0.10).
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Figure 1. Schematic timeline of supportive care control, Ovsynch and Heatsynch protocols in postpartum anoestrous crossbred cows.

Artificial insemination was performed using frozen-thawed semen from genetically proven bulls. Each cow was inseminated once per synchronisation cycle.
Oestrus detection and pregnancy confirmation: Oestrus expression was assessed twice daily (06:00-08:00 h and 17:00-19:00 h) by observing behavioural signs (restlessness, mounting attempts and bellowing) and physical signs (clear mucus discharge, vulvar swelling and reddening).
In the treatment groups, FTAI was conducted according to the protocol regardless of oestrus expression, although oestrus response was still recorded. Before insemination, rectal palpation was performed to confirm follicular activity and uterine tone. Pregnancy diagnosis was carried out by rectal palpation at 60-90 days post-AI.
Reproductive performance parameters
Oestrus response rate (%) = (Number of animals showing oestrus ÷ Total treated animals) × 100
Conception rate (%) = (Number of animals confirmed pregnant ÷ Total inseminated animals) × 100
Statistical Analysis:
Data were analysed using IBM SPSS Statistics Version 20.0 (IBM Corp., Armonk, NY, USA).
Baseline continuous variables were expressed as mean ± standard error (SE) and compared among treatment groups using one-way analysis of variance (ANOVA) after verification of normality and homogeneity of variance assumptions. Oestrus response and conception rate were analysed as categorical outcomes. Differences among treatment groups were evaluated using Fisher's exact test because of the relatively small sample size. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were calculated to quantify treatment effects.
Exploratory logistic regression analyses were performed to examine the influence of treatment, parity, body condition score and study year on reproductive outcomes. Year-wise and BCS-stratified analyses were considered exploratory because the study was not specifically powered for subgroup comparisons. Statistical significance was declared at P < 0.05, and all tests were two-sided.
Data are expressed as mean ± standard error (SE). Statistical analyses were performed using IBM SPSS Statistics Version 20.0 (IBM Corp., Armonk, NY, USA).

Results
Reproductive Performance of Ovsynch and Heatsynch Protocols
The reproductive responses of postpartum anestrus crossbred cows subjected to different synchronization protocols are presented in Table 1.
Oestrus Response
Oestrus response differed among treatment groups. Across both study years, oestrus was detected in 45.0% (9/20) of cows in the control group, compared with 80.0% (16/20) and 75.0% (15/20) of cows treated with the Ovsynch and Heatsynch protocols, respectively. Ovsynch resulted in a significantly greater oestrus response than the control group (OR = 5.09; 95% CI: 1.27-20.41; P < 0.05). A similar trend was observed for Heatsynch compared with the control group (OR = 3.67; 95% CI: 0.98-13.70). However, oestrus response did not differ significantly between Ovsynch and Heatsynch (OR = 1.33; 95% CI: 0.31-5.68; P > 0.05).
Conception Rate
Pregnancy was confirmed in 35.0% (7/20) of cows in the control group, 65.0% (13/20) of cows receiving Ovsynch and 55.0% (11/20) of cows receiving Heatsynch. The Ovsynch protocol produced a significantly higher conception rate than supportive management alone (OR = 3.45; 95% CI: 1.02-11.67; P < 0.05). Although conception rate was numerically greater in the Heatsynch group than in the control group, the difference was not statistically significant (OR = 2.27; 95% CI: 0.67-7.69; P > 0.05). No significant difference in conception rate was observed between the Ovsynch and Heatsynch groups (OR = 1.51; 95% CI: 0.44-5.19; P > 0.05). The relatively wide confidence intervals associated with treatment comparisons indicate substantial uncertainty around the magnitude of treatment effects.
Year-wise Performance
Reproductive responses were generally consistent across the two years of the study. Oestrus response and conception rate did not differ significantly between the 2020-21 and 2021-22 breeding seasons (P > 0.05), suggesting that protocol performance remained stable under the field conditions evaluated.
Influence of Body Condition Score and Parity
Exploratory analyses indicated no significant association between body condition score (BCS) or parity and conception outcome (P > 0.05). Nevertheless, cows with BCS ≥3.0 tended to achieve higher conception rates than cows with lower BCS. Similarly, cows in later parities (3-4) showed numerically greater conception rates than parity-2 cows. No significant treatment × BCS interaction was detected.
Table 1. Effect of Ovsynch and Heatsynch protocols on oestrus induction response and conception in postpartum anoestrous cows
	Group
	Year
	n
	BCS
	Estrus response n/N (%)
	[95% CI]
	Conception rate n/N (%)
	[95% CI]

	Control
	2020-21
	10
	3.0 ± 0.1
	4/10 (40.0)
	(12.2-73.8)
	3/10 (30.0)
	(6.7-65.2)

	
	2021-22
	10
	3.1 ± 0.1
	5/10 (50.0)
	(18.7-81.3)
	4/10 (40.0)
	(12.2-73.8)

	
	Overall
	20
	3.05 ± 0.07
	9/20 (45.0)
	(23.1-68.5)
	7/20 (35.0)
	(15.4-59.2)

	Ovsynch
	2020-21
	10
	3.1 ± 0.1
	8/10 (80.0)
	(44.4-97.5)
	7/10 (70.0)
	(34.8-93.3)

	
	2021-22
	10
	3.0 ± 0.1
	8/10 (80.0)
	(44.4-97.5)
	6/10 (60.0)
	(26.2-87.8)

	
	Overall
	20
	3.05 ± 0.07
	16/20 (80.0)
	(56.3-94.3)
	13/20 (65.0)
	(40.8-84.6)

	Heatsynch
	2020-21
	10
	3.0 ± 0.1
	8/10 (80.0)
	(44.4-97.5)
	6/10 (60.0)
	(26.2-87.8)

	
	2021-22
	10
	3.1 ± 0.1
	7/10 (70.0)
	(34.8-93.3)
	5/10 (50.0)
	(18.7-81.3)

	
	Overall
	20
	3.05 ± 0.07
	15/20 (75.0)
	(50.9-91.3)
	11/20 (55.0)
	(31.5-76.9)



Means with different superscripts within a column differ significantly (P < 0.05).

Discussion
Effect of Synchronisation Protocols on Oestrus Induction
The present study found that both Ovsynch and Heatsynch protocols were associated with improved oestrus response compared with supportive management alone in postpartum anoestrous crossbred cows. These findings agree with previous reports showing enhanced oestrus induction following synchronisation treatments in cattle under farm and field conditions (Kandiel et al., 2012; Carabă and Velicevici, 2013; Dhami et al., 2019; Reddy et al., 2022). The higher oestrus response observed in the synchronised groups is consistent with the primary objective of these protocols, namely the coordination of reproductive events that facilitate predictable oestrus expression and timed insemination (Pursley et al., 1995; Wiltbank and Pursley, 2014; Nowicki et al., 2017; Tanwer et al., 2020; Ferré et al., 2023). However, ovarian follicular dynamics, ovulation timing and endocrine responses were not evaluated in the present study. Therefore, the biological mechanisms underlying the observed responses cannot be confirmed and should be interpreted cautiously.
Although Heatsynch includes estradiol benzoate administration, which has been associated with enhanced behavioural oestrus expression in some studies (Pancarci et al., 2002; Arya et al., 2023), oestrus response was comparable between Ovsynch and Heatsynch in the current investigation. This suggests that, under the management and environmental conditions of the present study, both protocols were similarly effective in inducing oestrus in postpartum anoestrous cows.
Effect on Conception Rate
Conception rate followed a pattern similar to oestrus response, with synchronised cows achieving higher pregnancy rates than cows receiving supportive management alone. Ovsynch was associated with a statistically significant improvement in conception rate compared with the control group, although the wide confidence interval indicates limited precision. The numerical improvement observed with Heatsynch was not statistically significant compared with the control. These findings are generally consistent with earlier studies reporting improved fertility following synchronisation protocols in postpartum anoestrous and repeat-breeding cattle (Chaudhary et al., 2012; Parmar et al., 2015; Dhami et al., 2019; Ratnaparkhi et al., 2020; Mahto, 2023). However, direct comparisons among studies should be made cautiously because reproductive performance is influenced by numerous factors, including breed, nutritional status, postpartum interval, management practices, climatic conditions and insemination efficiency (Ammu et al., 2012; Banda and Tanganyika, 2021; Reddy et al., 2022). Although conception rate was numerically greater in the Ovsynch group (65.0%) than in the Heatsynch group (55.0%), the difference was not statistically significant. Therefore, the present data do not provide sufficient evidence to conclude that one synchronisation protocol was superior to the other. The wide confidence intervals observed for treatment comparisons indicate limited precision of the estimated effects, likely reflecting the relatively small sample size.
The conception rates obtained in the present study were somewhat lower than those reported from several institutional or research-farm studies (Ammu et al., 2012; Reddy et al., 2022). This difference is not unexpected because the present investigation was conducted under farmer-managed smallholder conditions, where greater variability in feeding practices, housing, health management and environmental exposure is inevitable. Consequently, the results may better reflect the performance of synchronisation protocols under practical field conditions than under controlled research settings.
Influence of Body Condition Score and Parity
Neither BCS nor parity significantly influenced reproductive outcomes in the statistical analyses. However, cows with higher BCS (≥3.0) tended to achieve numerically better conception rates across all treatment groups. This observation is consistent with the established relationship between nutritional status and reproductive function in ruminants (Chaves et al., 2024; Ding et al., 2024). Adequate body reserves are generally associated with improved metabolic status and reproductive recovery during the postpartum period.
The present study was not specifically powered to detect subgroup differences based on BCS or parity. Therefore, these findings should be considered exploratory rather than definitive. Future studies involving larger populations and broader nutritional variation are required to clarify the contribution of body condition to synchronisation success.
Similarly, parity did not significantly affect treatment response. Although cows with parities 3-4 showed numerically higher conception rates than parity-2 cows, the difference was small and may have arisen from random variation. Additional studies with larger sample sizes are needed before drawing conclusions regarding parity-related effects.
Practical Relevance Under Smallholder Conditions
Efficient oestrus detection remains a major limitation to reproductive management in smallholder dairy systems. Under the field conditions evaluated in the present study, both synchronisation protocols were associated with increased oestrus expression and facilitated breeding without complete reliance on spontaneous oestrus detection. This characteristic may be particularly valuable in production systems where labour availability and routine reproductive monitoring are limited.
The absence of significant year-to-year variation further suggests that the observed responses were reasonably consistent across the environmental conditions encountered during the study period. Nevertheless, the relatively small sample size and single-region study design limit broader extrapolation. Larger multicentric studies incorporating economic assessment, ultrasonographic monitoring and endocrine evaluation would help strengthen recommendations regarding protocol selection under diverse field conditions.


Conclusion
This field study evaluated the reproductive performance of Ovsynch and Heatsynch synchronisation protocols in postpartum anoestrous crossbred cows maintained under smallholder dairy production conditions. Both protocols were associated with improved oestrus response compared with supportive management alone. Oestrus response was highest in the Ovsynch group, followed by the Heatsynch and control groups. Conception rate was also numerically higher in cows treated with synchronisation protocols than in cows receiving supportive management, although conception outcomes did not differ significantly between the Ovsynch and Heatsynch groups. The findings suggest that hormonal synchronisation may help improve breeding management in postpartum anoestrous cows where reliable oestrus detection is difficult. Ovsynch and Heatsynch both appear to be practical options under field conditions, provided that animals are appropriately selected and handled by trained personnel. Body condition and parity showed numerical trends in reproductive performance, but these effects were not statistically significant in the present study. Overall, the findings provide field-based evidence supporting the use of synchronisation protocols in smallholder dairy systems, while emphasising the need for cautious interpretation because of the limited sample size and absence of detailed physiological monitoring.
Limitations
This study had a relatively small sample size, with 20 cows in each group, which limited precision and reduced power for subgroup analyses. The single-region field design may restrict wider applicability. Ovarian follicular dynamics, endocrine profiles and metabolic parameters were not evaluated, so the physiological basis of the responses could not be confirmed. Pregnancy diagnosis at 60-90 days post-AI did not assess early embryonic loss. Economic feasibility for smallholder farmers was also not examined; larger multicentric studies with physiological monitoring and cost-benefit analysis are needed.
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