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Abstract

:

Simple Summary


Improving reproductive efficiency in sheep farms is a crucial task for researchers. Therefore, the present research considers the conditions commonly found in Sarda sheep farms and evaluates the effects on reproductive activity via the following factors: exogenous melatonin treatment through subcutaneous implants, different periods of melatonin treatment, varying body condition scores (BCS) and the previous lambing of the treated ewes. The results of the present research suggest that melatonin treatment is able to reliably enhance reproductive efficiency. Furthermore, the findings indicate that optimal reproductive efficiency can be achieved by ensuring that melatonin is administered in April to ewes that have a BCS of >2.5 and have passed their third month of lactation.




Abstract


Stakeholders place great emphasis upon rationalizing the management and rearing techniques which are utilized within sheep farms. The present study aimed to investigate factors which may improve the reproductive performance of melatonin-treated Sardinian sheep via a series of three trials. The first trial (n = 100) investigated the effect of melatonin treatment alongside body condition score (BCS), the second trial (n = 150) investigated the effect of treatment alongside the date of treatment (treatment period) and the third trial (n = 150) investigated the effect of treatment alongside the previous lambing of the ewes. The findings indicated that melatonin is an effective tool for anticipating and improving the reproductive activity of in Sarda breed sheep during the springtime. Furthermore, to obtain optional results, melatonin implantation should be conducted in April, in ewes that have a BCS of >2.5 and that have passed their third month of lactation.
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1. Introduction


Small ruminants reared in the Mediterranean area show reproductive seasonality via recurrent physiological alternations of reproductive activity and sexual rest, which are linked to the photoperiod trend [1]. The breeding season of this species usually begins during the summer or early fall, in response to the shortening of the day length and ends during the late winter or early spring [2]. The perception of light and dark alternation affects the epiphysis secretion of melatonin, with high levels being secreted during night-time hours and low levels during daylight hours [3]. Melatonin is considered to be the organic informer of the photoperiod trend and the main regulator of reproductive seasonality [4]. Research has advocated for the administration of melatonin to improve reproductive efficiency in a variety of sheep breeds and subcutaneous implants have been the most commonly utilized method of doing so [5,6,7]. The melatonin released by the implants is able to mimic short days, without causing an inhibition of natural melatonin secretion, thus stimulating reproductive activity in sheep [8]. For dairy sheep within the Mediterranean area, lambing at the beginning of autumn is a crucial requirement for enabling six to seven months of lactation to occur [9]. Therefore, to allow for autumn lambing, sheep should mate in spring, during their anestrus period. During the springtime, however, despite the sheep being adequately sensitized to long days, reproductive activity is less stimulable and the effects of melatonin treatment do not provide the expected results [10]. This effect may be linked to several factors that derive from the careless management of the animals before they are included in the breeding plans. Firstly, the inclusion of animals that are in the ascending phase of lactation could affect reproductive recovery in spring because their energy is primarily used for milk production rather than for other physiological activities such as reproduction [9]. Another factor influencing the non-optimal responses to melatonin treatment may be the body condition score (BCS), as research has highlighted that animals with low BCS may have low reproductive efficiency [7]. Further factors influencing reproductive responses may be the period of administration of melatonin and the subsequent introduction of the males. As a result, the effect of the melatonin treatment on reproductive resumption could be masked by the aforementioned factors. Therefore, the aim of the present research was to evaluate the effect of BCS, treatment period and month of the previous lambing on reproductive resumption in melatonin-treated Sarda breed sheep during spring.




2. Materials and Methods


The subjects involved in the research were managed and treated by the farm’s veterinarian who followed the Animal Welfare Organisation’s guidelines and were under the control of the National Health Veterinary Service. The treatments administered to the animals were commonly used techniques performed in sheep farms to improve reproductive performance.



The study was conducted in three farms (1, 2, 3) which were approximately 10 km apart in North Sardinia (40°47′ N, 8°24′ E). Each farm, raising approximately 600 Sarda breed sheep, was under the same pedoclimatic conditions and employed similar feeding and health management routines. The same veterinarians and nutritionists oversaw the three farms. The animals were fed with commercial food at the time of the mechanical milking, had water ad libitum all day, grazed on legumes and gramineous grass during the day and had free access to alfalfa hay during the night.



All of the animals selected for this study were females, with an average age of 4.2 years ± 1.3 and at their third birth. The subjects were identified through the electronic rumen boli whose reader was the Allflex RS420 (Allfelx Livestock Intelligence, portable stick reader, Palmerston North, New Zealand). The melatonin treatment consisted of subcutaneous implants being inserted into the left retroauricular region. Each implant contained 18 mg of melatonin Melovine®, Ceva Salute Animale, Agrate Brianza, MB, Italy [11]. The melatonin treatment was administered in spring in order to obtain the lambings in autumn. In fact, the characteristic Sardinian sheep productive cycle shows one out-of-season lambing in autumn. This is linked to the Mediterranean climate which is characterized by a mild winter, rainfalls occurring in autumn and spring and a very dry summer. At the time of lambings, sheep exploit the herbage growth cycle and this means that sheep are milked for 8–9 months after lambs are weaned around 30 days. Before the treatment, the rams were separated from the ewes for 40 days. Ram introduction took place 35 days post-treatment. The ratio of males to females was 2:25 for each group. The rams were removed from the groups 50 days after introduction, so that the unmated ewes at this date remained nonpregnant. The veterinarian assessed the rams for their state of health, their fertility and whether they had produced offspring during the previous breeding season. During each trial, all of the groups were raised together and experienced the same management and feeding conditions.



From 150 to 200 days after ram introduction, lambing dates and the number of newborn lambs were registered. From these recorded data, fertility rate (the number of ewes that lambed per ewe exposed to the ram), mean litter size (the number of newborn lambs per ewe lambing) and the distance in days from ram introduction to lambing (DRIL) were calculated. The DRIL was only considered for ewes that lambed.



2.1. Trials


2.1.1. First Trial (Different BCS)


The first trial, which was conducted on Farm 1, investigated the effect of melatonin treatment alongside BCS. A total of 100 animals were chosen and divided according to their BCS based upon the methods utilized within Russel et al. [12]. A total of 50 subjects had a BCS of >2.5 (range 2.0–2.5) and the remaining 50 subjects had a BCS of <2.5 (range 2.6–3.0). The animals were further divided into 4 groups as outlined in Table 1.




2.1.2. Second Trial (Different Periods of Treatment)


The second trial, which was conducted on Farm 2, investigated the effect of treatment alongside the date of treatment. All of the sheep within this trial had a previous lambing in November. A total of 150 animals were chosen and divided into 6 groups as outlined in Table 2.




2.1.3. Third Trial (Different Periods of Previous Lambing)


The third trial, which was conducted on Farm 3, investigated the effect of treatment alongside varying dates of the previous lambing. A total of 150 subjects were chosen and divided into 6 groups, as outlined in Table 3.





2.2. Statistical Analysis


All the statistical analyses were conducted using R statistical software (Version 4.0.4 R Core Team 2021 R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria; https://www.R-project.org/ accessed on 16 March 2021). To compare the fertility rate amongst each group of every trial, a Chi-square test was used. To evaluate the association between the variables of the first trial (melatonin treatment and BCS) and either DRIL or litter size, a two-way ANOVA and the following linear model was performed:


yijk = μ + Ti + Bj + (TiBj) + Sk + eijk



(1)




where yijk is the trait measured for each animal (DRIL or litter size), Ti is the fixed effect of the treatment (2 levels, j = treated and untreated), Bj is the fixed effect of BCS (2 levels, j = >2.5 and <2.5), TiBj is the interaction between treatment and BCS, Sk is the random effect of the ram (k = 8 rams) and eijk is the random residual effect of each observation.



To estimate the association between the variables of the second trial (melatonin treatment and the period of treatment) and either DRIL or litter size, a two-way ANOVA and the following linear model was performed:


yijk = μ + Ti + Pj + (TiPj) + Sk + eijk



(2)




where yijk is the trait measured for each animal (DRIL or litter size), Ti is the fixed effect of the treatment (2 levels, j = treated and untreated), Pj is the fixed effect of the period of treatment (3 levels, j = 15 March, 15 April and 15 May), TiPj is the interaction between treatment and the period of treatment, Sk is the random effect of the ram (k = 12 rams) and eijk is the random residual effect of each observation.



To analyse the association between the variables of the third trial (melatonin treatment and the period of previous lambing) and either DRIL or litter size, a two-way ANOVA and the following linear model was performed:


yijk = μ + Ti + Lj + (TiLj) + Sk + eijk



(3)




where yijk is the trait measured for each animal (DRIL or litter size), Ti is the fixed effect of the treatment (2 levels, j = treated and untreated), Lj is the fixed effect of the period of the previous lambing (3 levels, j = November, December and January), TiLj is the interaction between treatment and the period of treatment, Sk is the random effect of the ram (k = 12 rams) and eijk is the random residual effect of each observation.



Data regarding the DRIL and litter size were expressed as least square means ± SEM. Multiple comparisons of the least square means were performed using Tukey’s method (library Agricolae, R package version 1.3-1. Statistical Procedures for Agricultural Research. https://CRAN.R-project.org/package=agricolae, accessed on 25 March 2021). p ≤ 0.05 was considered statistically significant.





3. Results


3.1. First Trial


The statistical analysis showed that the effects of treatment and BCS had a significant influence on the fertility rate. Group A (melatonin-treated sheep with a BCS of >2.5) displayed a higher fertility rate compared to the other groups (p < 0.05). Group D (untreated sheep with a BCS of <2.5) exhibited the lowest fertility rate, at 61%. Groups B and C, untreated animals with a BCS of >2.5 and treated animals with BCS of <2.5, respectively, presented with similar fertility rates of 71% and 75%, respectively (Table 4).



No statistical differences were found amongst the groups for litter size (Table 5). However, the effects of melatonin treatment and BCS showed a significant influence on the DRIL (p < 0.05, Table 5). Group A exhibited the lowest DRIL (173.29). Additionally, the single effects of treatment and BCS were also evident due to the lower DRIL of Groups B and C compared to Group D.




3.2. Second Trial


The statistical analysis showed that the effects of treatment and the period of treatment had a significant influence on the fertility rate. Melatonin-treated animals, particularly those treated in April and May, showed higher fertility rates compared to those who were untreated or treated in March (p < 0.001) (Table 6).



Treatment with melatonin implants and the periods of the treatment had no influence on litter size (Table 7). Consequently, all of the groups showed similar litter sizes. On the contrary, melatonin treatment and the period of treatment exhibited a significant effect on DRIL (p < 0.05) (Table 7). Melatonin-treated animals evidenced a lower least square means of DRIL (171.67) as compared to the untreated animals (182.82). The same evidence was found for the effect of the period of treatment, where the animals treated in April and May showed a shorter DRIL compared to subjects treated in March (175.71 and 174.12 vs. 181.16).




3.3. Third Trial


The statistical analysis showed that the effects of treatment and the period of previous lambing had a significant influence on the fertility rate. Melatonin-treated animals showed a higher fertility rate as compared to untreated animals. Moreover, the treated animals who had their previous lambing in November or December displayed a better fertility rate compared to those who had lambed during the previous January (p < 0.05) (Table 8).



Treatment with melatonin implants and the periods of previous lambing had no influence on litter size (Table 9).



In contrast, the effect of treatment positively affected shortened DRIL (p < 0.05) (Table 9). Likewise, the effect of the previous lambing also influenced DRIL. Lower DRIL values were observed in sheep that had lambed in the first 15 days (fortnight) of November or December. The animals who were untreated and had their previous lambing in January exhibited a higher DRIL (Table 9).





4. Discussion


The findings of the present study were congruent with previously published research [13] and evidenced that melatonin treatment in Sarda breed sheep, via subcutaneous implants, can increase fertility and bring about an advancement in the time of birth. All treatment groups displayed significant effects of treatment.



Another important finding, which was concurrent with our previous studies, was that the litter sizes in Sarda breed sheep were not significantly affected within all trials [7,9]. This aspect remains controversial as certain studies have reported increases in litter size in treated animals [14,15], whilst others have found no effect [16,17,18]. Abecia et al. in (2007) [10], for example, noted an increased litter size after melatonin treatment in Rasa Aragonesa but not in the Assaf breed. Therefore, considering that Sarda and Assaf are both dairy sheep, it could be assumed that some genetic features of these breeds could prevent the effect of melatonin treatment on litter size. The increased fertility rate of the treated sheep compared to the untreated sheep may be linked to the different actions that melatonin performs on the hypothalamus pituitary axis and on the ovary. It has been observed in previous research that melatonin treatment in sheep results in the increased secretion of LH and progesterone. Consequently, this can result in an increased number of embryos and a higher pregnancy rate [19,20]. Furthermore, melatonin has a direct action in the preovulatory follicle due to a higher concentration of melatonin in the follicular fluid than in the bloodstream [21]. Melatonin is involved in the development of the follicle through various actions such as the modulation of the expression of genes that regulate steroidogenesis [22,23], the reduction of the expression of apoptotic genes and the increase of antiapoptotic in granulosa cells [24,25]. Furthermore, the antioxidant melatonin effect at the theca, granulosa and corpus luteum level ensures the protection of follicles and corpus luteum [26,27].



In the first trial, the treated groups showed the best reproductive performance compared to the untreated groups. Furthermore, the BCS displayed an important effect on fertility and DRIL. As observed within Group A, melatonin-treated animals with a BCS of >2.5 exhibited the highest fertility rate and the shortest DRIL compared to the other groups. Together, the melatonin treatment and BCS effects overcame the negative effects of photoperiod on reproductive seasonality. This could be due to the fact that a higher level of BCS is able to positively stimulate the hypothalamus-pituitary-ovary axis, suggesting an interaction between nutritional status and photoperiod [28,29]. This finding was in agreement with the research conducted by Forcada et al. [30], who observed a consistent reduction in the duration of seasonal anestrus in ewes that were constantly kept at a high BCS (2.9) compared to females with a lower BCS (2.3). Therefore, nutritional status can be deemed a significant factor in determining reproductive activity in sheep and the BCS reflects the reliability of this claim [31]. Additionally, some studies in the past have demonstrated that an increase in food intake can induce several ovulations in females and increased sperm production in males [32,33]. Others have corroborated that the signals of metabolic balance can affect the activity of GnRH neurons in the hypothalamus [34]. This is an important point to consider as the neuronal activity of the GnRH is the main controller of gonadal functions. However, several metabolic signals could influence GnRH neurons and, among these, insulin and leptin play an important role in this regulation in sheep [35,36]. Both food intake and level of body reserves affect the circulating concentrations of insulin and leptin, which in turn influence the pulsatile secretion of LH and, consequently, GnRH [35,37]. As a result, a higher BCS could affect the GnRH and LH secretion through metabolic signals which, in combination with the melatonin treatment, could improve the reproductive performance in Group A.



In the second trial treatment, melatonin influenced the reproductive recovery in every treatment period. The best reproductive performances were recorded when the treatment was performed in April and May. This result agrees with what has been found in Europe and in other parts of the world, where melatonin implants have been used to anticipate reproductive activity in spring [6,9,38,39]. Nevertheless, at high latitudes, the administration of melatonin by slow-release implants is usually performed around the summer solstice [40], whereas, in the Mediterranean areas, it is performed around the spring equinox [5]. It is likely that this is linked to the photoperiod trend at different latitudes which also affects the regulation of the reproductive activity of the different sheep breeds living in those areas. In the past decades, several studies were performed to establish the best time period to administer melatonin implants; however, the animal responses were often influenced by the breed and the obtained results were not comparable [8,10]. At the latitudes of the Mediterranean, sheep must be exposed to long days for at least 35 days after a period of decreasing photoperiod in order to be able to stimulate reproductive activity again [41]. Therefore, as seen within this study, low reproductive responses to melatonin in March could be related to a transitional period which is still too close to the deep anestrus. This is congruent with our previous studies, wherein the poorest reproductive results were obtained when the melatonin implants were administered in March [42]. Therefore, by carrying out the treatments in April, a considerable advancement in the reproductive activity is achieved. This allows for the birth to take place at the beginning of autumn, with the possibility of having a fairly long lactation that follows the natural pasture growth pattern [43].



In the third trial, the sheep treated with melatonin implants, that had lambed in the previous November or December, showed the best reproductive performances compared to those who had lambed in January. However, it should be noted that the effect of melatonin was always evident in all treated groups, resulting in better fertility and a shorter DRIL. The lower reproductive efficiency shown by the group of sheep that lambed in January could be due to their lactation phase. This group was in the third month of lactation, during which the milk production is high; Sarda sheep, known for their high milk yield, are subjected to a considerable amount of energy expenditure during milk synthesis. Thus, it is plausible that the vast majority of energy was directed to the mammary gland at the expense of other regions such as the reproductive system. This is concordant with what we found in previous observations, within which the lambs treated with melatonin that have been lambing early have shown a reproductive recovery sooner than those that have been lambing late [9]. To summarize the findings of the last trial, the sheep that were in the first months of lactation were in a period within which the metabolic hormonal asset favours the synthesis of milk but does not favour reproductive activity [44].




5. Conclusions


The findings indicate that melatonin is an effective tool for anticipating and improving the reproductive activity of Sardinian sheep during the springtime. Furthermore, to obtain optimal results, melatonin implantation should be conducted in April, in ewes that have a BCS of <2.5 and that have passed their third month of lactation. In the future, this information can be transferred directly to the field and the findings may be used to rationalize the use of melatonin in order to increase reproductive efficiency in sheep farming.
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Table 1. Groups of the first trial, number of ewes of each group, level of body condition score (BCS) (<2.5 and >2.5), treatment with melatonin implants (treated and untreated) and the date of ram introduction with Sarda breed sheep.






Table 1. Groups of the first trial, number of ewes of each group, level of body condition score (BCS) (<2.5 and >2.5), treatment with melatonin implants (treated and untreated) and the date of ram introduction with Sarda breed sheep.





	Groups
	n. Ewes
	BCS
	Treatment
	Date of Ram Introduction





	A
	25
	>2.5
	Treated
	20 May



	B
	25
	>2.5
	Untreated
	20 May



	C
	25
	<2.5
	Treated
	20 May



	D
	25
	<2.5
	Untreated
	20 May
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Table 2. Groups of the second trial, number of ewes of each group, treatment with melatonin implants (treated and untreated), date of treatment (March, April and May) and the date of ram introduction with Sarda breed sheep.






Table 2. Groups of the second trial, number of ewes of each group, treatment with melatonin implants (treated and untreated), date of treatment (March, April and May) and the date of ram introduction with Sarda breed sheep.





	Groups
	n. Ewes
	Treatment
	Date of Treatment
	Date of Ram Introduction





	E
	25
	Treated
	15 March
	19 April



	F
	25
	Untreated
	—
	19 April



	G
	25
	Treated
	15 April
	20 May



	H
	25
	Untreated
	—
	20 May



	I
	25
	Treated
	15 May
	19 June



	L
	25
	Untreated
	—
	19 June
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Table 3. Groups of the third trial, number of ewes of each group, treatment with melatonin implants (treated and untreated), period of previous lambing (November, December and January) and the date of ram introduction with Sarda breed sheep.






Table 3. Groups of the third trial, number of ewes of each group, treatment with melatonin implants (treated and untreated), period of previous lambing (November, December and January) and the date of ram introduction with Sarda breed sheep.





	Groups
	n. Ewes
	Treatment
	Period of Previous Lambing
	Date of Ram Introduction





	M
	25
	Treated
	1–15 November
	20 May



	N
	25
	Untreated
	1–15 November
	20 May



	O
	25
	Treated
	1–15 December
	20 May



	P
	25
	Untreated
	1–15 December
	20 May



	Q
	25
	Treated
	1–15 January
	20 May



	R
	25
	Untreated
	1–15 January
	20 May
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Table 4. Fertility rate in each group of the first trial, treatment with melatonin implants (treated and untreated) and different body condition scores (BCS) (>2.5 and <2.5).






Table 4. Fertility rate in each group of the first trial, treatment with melatonin implants (treated and untreated) and different body condition scores (BCS) (>2.5 and <2.5).












	Groups
	Treatment
	BCS
	Fertility
	p Value





	A
	Yes
	>2.5
	0.82
	0.009



	B
	No
	>2.5
	0.71
	



	C
	Yes
	<2.5
	0.75
	



	D
	No
	<2.5
	0.61
	







p value ≤ 0.05 was considered statistically significant.
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Table 5. Experiment 1. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), body condition score (BCS) effect (>2.5 and <2.5) and interaction between treatment and BCS effect with significance of contrasts between least square means in Sarda breed sheep.






Table 5. Experiment 1. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), body condition score (BCS) effect (>2.5 and <2.5) and interaction between treatment and BCS effect with significance of contrasts between least square means in Sarda breed sheep.





	
Factor

	
Level

	
n. Animals

	
Litter Size

	
p Value

	
DRIL

	
p Value






	
Treatment

	
Treated

	
50

	
1.14 ± 0.06

	
0.366

	
170.42 ± 10.88 a

	
0.003




	

	
Untreated

	
50

	
1.12 ± 0.05

	

	
180.30 ± 10.31 b

	




	
BCS

	
>2.5

	
50

	
1.11 ± 0.06

	
0.416

	
172.29 ± 10.55 a

	
0.043




	

	
<2.5

	
50

	
1.15 ± 0.08

	

	
178.15 ± 11.99 b

	




	
Treatment by BCS

	
A 1

	
25

	
1.15 ± 0.04

	
0.308

	
166.40 ± 9.69

	
0.821




	
B 2

	
25

	
1.10 ± 0.05

	

	
176.95 ± 9.89

	




	

	
C 3

	
25

	
1.14 ± 0.04

	

	
173.29 ± 10.99

	




	

	
D 4

	
25

	
1.13 ± 0.06

	

	
183.83 ± 10.75

	








1 A = sheep treated with melatonin implants and with a BCS > 2.5; 2 B = untreated sheep with a BCS > 2.5; 3 C = sheep treated with melatonin implants and with a BCS < 2.5; 4 D = untreated sheep with a BCS < 2.5; p value ≤ 0.05 was considered statistically significant. Different superscripts within a column (a, b) and within each factor indicate difference for p ≤ 0.05.
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Table 6. Fertility rate in each group of the second trial, treatment with melatonin implants (treated and untreated) and different periods of treatment (March, April and May).






Table 6. Fertility rate in each group of the second trial, treatment with melatonin implants (treated and untreated) and different periods of treatment (March, April and May).












	Groups
	Treatment
	Month of Treatment
	Fertility
	p Value





	E
	Yes
	March
	0.71
	0.000



	F
	No
	March
	0.62
	



	G
	Yes
	April
	0.84
	



	H
	No
	April
	0.73
	



	I
	Yes
	May
	0.83
	



	L
	no
	May
	0.74
	







p value ≤ 0.05 was considered statistically significant.
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Table 7. Experiment 2. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), period of treatment effect (March, April and May) and interaction between treatment and period of treatment effect with significance of contrasts between least square means in Sarda breed sheep.






Table 7. Experiment 2. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), period of treatment effect (March, April and May) and interaction between treatment and period of treatment effect with significance of contrasts between least square means in Sarda breed sheep.





	
Factor

	
Level

	
n. Animals

	
Litter Size

	
p Value

	
DRIL

	
p Value






	
Treatment

	
Treated

	
75

	
1.14 ± 0.03

	
0.284

	
171.67 ± 8.24 b

	
0.000




	

	
Untreated

	
75

	
1.15 ± 0.05

	

	
182.82 ± 7.42 a

	




	
Period of treatment

	
March

	
50

	
1.16 ± 0.06

	
0.512

	
181.16 ± 9.79 a

	
0.002




	

	
April

	
50

	
1.14 ± 0.07

	

	
175.71 ± 12.20 b

	




	

	
May

	
50

	
1.15 ± 0.05

	

	
174.12 ± 9.87 b

	




	
Treatment by period of treatment

	
E 1

	
25

	
1.16 ± 0.05

	
0.359

	
173.78 ± 10.88

	
0.077




	
F 2

	
25

	
1.15 ± 0.04

	

	
190.64 ± 5.27

	




	
G 3

	
25

	
1.13 ± 0.06

	

	
172.38 ± 10.03

	




	

	
H 4

	
25

	
1.15 ± 0.05

	

	
179.61 ± 8.14

	




	

	
I 5

	
25

	
1.14 ± 0.08

	

	
169.14 ± 8.64

	




	

	
L 6

	
25

	
1.15 ± 0.04

	

	
179.94 ± 7.95

	








1 E = sheep treated with melatonin implants in March and exposed to rams on the 19th of April; 2 F = sheep untreated in March and exposed to rams on the 19th of April; 3 G = sheep treated with melatonin implants in April and exposed to rams on the 20th of May; 4 H = sheep untreated in April and exposed to rams on the 20th of May; 5 I = sheep treated with melatonin implants in May and exposed to rams on the 19th of June; 6 L = sheep untreated in May and exposed to rams on the 19th of June; p value ≤ 0.05 was considered statistically significant. Different superscripts within a column (a, b) and within each factor indicate difference for p ≤ 0.05.
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Table 8. Fertility rate in each group of the third experiment and treatment (treated and untreated) with melatonin implants of sheep that lambed in different previous periods (November, December and January).






Table 8. Fertility rate in each group of the third experiment and treatment (treated and untreated) with melatonin implants of sheep that lambed in different previous periods (November, December and January).












	Groups
	Treatment
	Previous Lambing
	Fertility
	p Value





	M
	Yes
	1–15 November
	0.84
	0.002



	N
	No
	1–15 November
	0.74
	



	O
	Yes
	1–15 December
	0.82
	



	P
	No
	1–15 December
	0.73
	



	Q
	Yes
	1–15 January
	0.70
	



	R
	No
	1–15 January
	0.61
	







p value ≤ 0.05 was considered statistically significant.
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Table 9. Experiment 3. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), period of the previous lambing effect (November, December and January) and interaction between treatment and period of the previous lambing effect with significance of contrasts between least square means in Sarda breed sheep.






Table 9. Experiment 3. Least square means (±SEM) of litter size and days from ram introduction to lambing (DRIL) of the levels of treatment effect (treated and untreated), period of the previous lambing effect (November, December and January) and interaction between treatment and period of the previous lambing effect with significance of contrasts between least square means in Sarda breed sheep.





	
Factor

	
Level

	
n. Animals

	
Litter Size

	
p Value

	
DRIL

	
p Value






	
Treatment

	
Treated

	
75

	
1.15 ± 0.04

	
0.614

	
171.53 ± 10.96 a

	
0.000




	

	
Untreated

	
75

	
1.13 ± 0.06

	

	
184.43 ± 8.22 b

	




	
Period of previous lambing

	
November

	
50

	
1.13 ± 0.05

	
0.594

	
175.00 ± 10.62 a

	
0.000




	
December

	
50

	
1.16 ± 0.03

	

	
173.66 ± 11.70 a

	




	

	
January

	
50

	
1.14 ± 0.07

	

	
182.84 ± 10.24 b

	




	
Treatment by period of previous lambing

	
M 1

	
25

	
1.15 ± 0.05

	
0.274

	
170.28 ± 10.55

	
0.550




	
N 2

	
25

	
1.10 ± 0.06

	

	
180.50 ± 7.86

	




	

	
O 3

	
25

	
1.15 ± 0.05

	

	
166.70 ± 10.61

	




	

	
P 4

	
25

	
1.16 ± 0.05

	

	
181.39 ± 7.21

	




	

	
Q 5

	
25

	
1.14 ± 0.03

	

	
177.35 ± 9.41

	




	

	
R 6

	
25

	
1.13 ± 0.04

	

	
189.06 ± 7.27

	








1 M = sheep treated with melatonin implants that lambed in the previous November; 2 N = sheep untreated that lambed in the previous November; 3 O = sheep treated with melatonin implants that lambed in the previous December; 4 P = sheep untreated that lambed in the previous December; 5 Q = sheep treated with melatonin implants that lambed in the previous January; 6 R = sheep untreated that lambed in the previous January; p value ≤ 0.05 was considered statistically significant. Different superscripts within a column (a, b) and within each factor indicate difference for p ≤ 0.05.
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