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ABSTRACT
The present study evaluated the effect of extended photoperiod on age at puberty and growth performance of Hassan ewe lambs under intensive rearing. Twelve healthy ewe lambs aged 5–6 months and two rams were randomly allotted into two groups. Group I (G-I) was maintained under normal photoperiod, while Group II (G-II) received an extended photoperiod with four additional hours of light (100 lux) daily from 6:00–10:00 pm over a five-month period. Age at puberty was determined by recording the first oestrus, and growth was assessed through fortnightly body weights and average daily gain (ADG). Results revealed that extended photoperiod significantly delayed puberty, with G-I lambs attaining puberty at 273.2 ± 6.50 days compared to 293.3 ± 5.70 days in G-II (p<0.05), indicating a delay of approximately 20 days. Growth performance showed no significant overall differences between groups. Mean ADG was 86.20 ± 1.65 g/day in G-I and 83.01 ± 3.16 g/day in G-II, reflecting broadly comparable long-term growth rates. However, fortnightly analyses highlighted significant variations, with G-I lambs maintaining higher ADG during the later stages of the trial. These findings demonstrate that extended photoperiod delays reproductive maturity without exerting a measurable influence on cumulative growth in Hassan ewe lambs.
Key words: Growth, Hassan sheep, Photoperiod, Puberty.
1. INTRODUCTION
Age at puberty and growth are fundamental indicators of reproductive efficiency and productivity in sheep. Puberty in ewe lambs is marked by the first oestrus accompanied by ovulation, and its timing is strongly influenced by photoperiod, season of birth, growth rate, and nutrition. Fitzgerald and Butler (1982) reported that although puberty can occur as early as 150 days of age, the season and decreasing photoperiod play a decisive role. Foster et al. (1986) further highlighted that both growth and photoperiod cues are major determinants of puberty onset in lambs. Ebling and Foster (1988) observed that lambs require decreasing day length to reach puberty at the appropriate time, in contrast to mature ewes that can breed without such signals. Wood et al. (1991) demonstrated that altered photoperiods could delay neuroendocrine sexual maturity, confirming the sensitivity of puberty timing to day length.
Growth performance, expressed through body weight and average daily gain (ADG), is equally important as adequate body size is essential for sexual maturity. Studies by Brinklow and Forbes (1984) and Eisemann et al. (1984) showed that long photoperiods enhanced weight gain and feed intake. Recent work on Hassan lambs also revealed an average ADG potential of 100 g/day under intensive rearing.
2. MATERIAL AND METHODS
The experiment was conducted on 12 Hassan ewe lambs (5–6 months), maintained under intensive rearing. Animals were randomly allotted into two groups of six each, along with a ram fitted with a harness to detect oestrus. Group I was kept under natural photoperiod, while Group II received extended photoperiod (16L: 8D) with four hours of additional artificial light (~100 lux) daily. Feeding was uniform across groups as per ICAR (2024) standards with a 40:60 roughage-to-concentrate ratio. Age at puberty was recorded as the interval from birth to first oestrous, while body weights were measured fortnightly to calculate growth and average daily gain (ADG).
3. RESULTS AND DISCUSSION
3.1 AGE AT PUBERTY
The age at puberty of Hassan ewe lambs maintained under natural photoperiod (G-I) and extended photoperiod (G-II) is presented in Table 1. Puberty was identified based on the first exhibition of oestrous behaviour using the ram marking technique. The mean age at puberty in G-I ewe lambs was 273.2 ± 6.50 days, whereas ewe lambs exposed to extended photoperiod (G-II) attained puberty at 293.3 ± 5.70 days. The difference between the groups was significant (p < 0.05), indicating that extended photoperiod delayed puberty by approximately 20 days.
Sheep are short-day seasonal breeders and decreasing day length is essential for activation of the hypothalamic–pituitary–gonadal axis. The delay in puberty observed under extended photoperiod may be attributed to reduced duration of nocturnal melatonin secretion, which suppresses gonadotropin-releasing hormone pulsatility and delays ovarian activity. Similar inhibitory effects of long-day photoperiod on puberty have been reported in ewe lambs by Foster et al. (1986), Ebling and Foster (1988) and Deacon et al. (2015).

Table 1: Age at puberty (days) of the experimental lambs
	Sl. No
	Group I (G-I)
	Group II (G-II)

	1.
	275
	290

	2.
	265
	294

	3.
	284
	320

	4.
	293
	291

	5.
	247
	280

	6.
	275
	285

	Mean ± SE
	273.2 ± 6.50*
	293.3 ± 5.70


Note: * - significant at p<0.05.
Fig. 1: Age at puberty in days



3.2 BODY WEIGHT
The fortnightly mean body weight of Hassan ewe lambs maintained under natural photoperiod (G-I) and extended photoperiod (G-II) is presented in Table 2. The initial body weights were comparable between groups (11.05 ± 1.17 kg in G-I and 11.10 ± 0.78 kg in G-II), indicating uniformity at the start of the experiment. Body weight increased progressively in both groups throughout the study. At the tenth fortnight, the mean body weight of G-I and G-II ewe lambs was 23.13 ± 1.33 kg and 22.73 ± 0.71 kg, respectively.
Although ewe lambs exposed to extended photoperiod showed marginally higher body weights during early and mid-experimental periods, no significant difference (p > 0.05) was observed between the groups at any fortnight. These findings indicate that extension of photoperiod by four hours daily did not significantly influence overall body weight gain in Hassan ewe lambs when animals were maintained under intensive feeding and uniform nutritional management.
The steady increase in body weight observed in both groups is consistent with normal growth patterns reported for Hassan sheep under intensive systems (Guruprasad et al., 2023; Hayavadana et al., 2024). While enhanced growth under long-day photoperiods has been reported in some sheep breeds due to increased feed intake and prolactin secretion (Schanbacher and Crouse, 1981; Brinklow and Forbes, 1984), the lack of response in the present study suggests a breed-specific adaptation of Hassan sheep to tropical photoperiodic conditions.

Table 2: The Fortnightly mean (± SE) body weight (kg) of lambs in the experimental groups
	Sl. No.
	Fortnights
	Group I
	Group II
	Significance

	1.
	Initial
	11.05 ± 1.17
	11.1 ± 0.78
	                 NS

	2.
	I
	12.16 ± 1.20
	12.25 ± 0.77
	

	3.
	II
	13.30 ± 1.20
	13.60 ± 0.74
	

	4.
	III
	14.40 ± 1.21
	14.86 ± 0.77
	

	5.
	IV
	15.61 ± 1.24
	16.16 ± 0.77
	

	6.
	V
	16.89 ± 1.25
	17.44 ± 0.76
	

	7.
	VI
	18.19 ± 1.30
	18.56 ± 0.74
	

	8.
	VII
	19.47 ± 1.30
	19.70 ± 0.71
	

	9.
	VIII
	20.72 ± 1.33
	20.81 ± 0.71
	

	10.
	IX
	21.91 ± 1.33
	21.83 ± 0.70
	

	11.
	X
	23.13 ± 1.33
	22.73 ± 0.71
	


Note: NS - non significant
3.3 AVERAGE DAILY GAIN (ADG)
The average daily gain (ADG) of Hassan ewe lambs maintained under natural photoperiod (G-I) and extended photoperiod (G-II) is presented in Table 3. Based on the change in body weight over the experimental period, the mean ADG in G-I ewe lambs was 86.3 g/day, whereas ewe lambs exposed to extended photoperiod (G-II) recorded an ADG of 83.1 g/day. Statistical analysis revealed that the difference in ADG between the two groups was non-significant (p > 0.05).
The comparable ADG observed in both groups indicates that extension of photoperiod by four hours daily did not significantly influence growth rate in Hassan ewe lambs under intensive management conditions. These findings corroborate the body-weight results, which also showed no significant differences between photoperiod treatments throughout the experimental period.
Although enhanced growth under long-day photoperiods has been reported in certain sheep breeds due to increased feed intake and endocrine responses, particularly prolactin secretion (Schanbacher and Crouse, 1981; Brinklow and Forbes, 1984), the absence of such an effect in the present study suggests a breed-specific response. Hassan sheep, being an indigenous breed adapted to tropical environments with relatively stable photoperiods, may exhibit limited growth responsiveness to artificial photoperiod extension. But Eisemann et al. (1984) noted that prolactin-mediated growth responses are not always sustained, which aligns with the present study.
Furthermore, the similarity in ADG between groups indicates that the delayed attainment of puberty observed under extended photoperiod was independent of growth rate. This supports earlier reports that photoperiod can regulate reproductive maturation without significantly affecting somatic growth once nutritional requirements are adequately met.

Table 3: The Fortnightly mean (± SE) average daily gain (g/day) in lambs during the experimental period
	Sl. No.
	Fortnight
	Group I
	Group II
	Significance

	1.
	I
	78.71 ± 2.32
	81.61 ± 2.03
	NS

	2.
	II
	81.29 ± 2.87
	96.73 ± 3.69
	*

	3.
	III
	79.05 ± 4.89
	89.64 ± 3.68
	NS

	4.
	IV
	85.95 ± 5.38
	93.10 ± 6.41
	NS

	5.
	V
	91.43 ± 5.29
	91.31 ± 4.93
	NS

	6.
	VI
	92.98 ± 3.79
	80.00 ± 2.30
	*

	7.
	VII
	91.43 ± 2.51
	81.43 ± 5.34
	NS

	8.
	VIII
	89.40 ± 2.82
	79.54 ± 4.41
	NS

	9.
	IX
	85.00 ± 2.40
	72.96 ± 4.66
	*

	10.
	X
	86.79 ± 1.30
	63.81 ± 1.65
	**


Note: * - significant at p<0.05; ** - highly significant at p<0.01; NS – non significant  

Fig. 3: Average daily gain (g/day) in lambs during the experimental period
3.4 Feed conversion ratio (FCR)
The overall mean FCR was 7.179 ± 0.19 in G-I and 7.616 ± 0.51 in G-II, with no significant difference. This suggests that additional light did not improve feed utilization efficiency. Although ewe lambs exposed to extended photoperiod showed numerically lower FCR values, indicating marginally better feed utilization, these differences were not statistically significant. The similarity in FCR reflects the proportional relationship between feed intake and body weight gain observed during the experimental period.
The absence of significant differences in FCR suggests that extended photoperiod exposure did not markedly influence overall feed utilization efficiency under the conditions of the present study. Similar findings have been reported by Brinklow and Forbes (1984) and Eisemann et al. (1984), who observed that long-day photoperiods enhanced growth rate but did not consistently improve feed efficiency due to a parallel increase in feed intake. Likewise, Slyter (1995) reported improved growth performance under extended photoperiod without a significant advantage in feed conversion efficiency. Under intensive feeding systems, Hayavadana et al. (2024) also observed improved growth performance in Hassan lambs without significant changes in feed efficiency. Thus, the present findings indicate that extended photoperiod influenced growth pattern rather than feed conversion efficiency in Hassan ewe lambs.



Table 4:	The Fortnightly mean (± SE) Feed conversion ratio of lambs in the experimental groups
	Sl. No.
	Fortnight
	Group I
	Group II
	Significance

	1.
	I
	6.24 ± 0.24
	5.94 ± 0.13
	NS

	2.
	II
	6.74 ± 0.47
	5.37 ± 0.26
	*

	3.
	III
	7.57 ± 0.61
	6.78 ± 0.15
	NS

	4.
	IV
	7.07 ± 0.40
	6.74 ± 0.30
	NS

	5.
	V
	6.51 ± 0.44
	6.57 ± 0.24
	NS

	6.
	VI
	6.80 ± 0.20
	7.84 ± 0.30
	*

	7.
	VII
	7.34 ± 0.41
	8.34 ± 0.48
	NS

	8.
	VIII
	7.92 ± 0.17
	8.88 ± 0.45
	NS

	9.
	IX
	7.76 ± 0.34
	9.15 ± 0.50
	*

	10.
	X
	7.84 ± 0.31
	10.55 ± 0.25
	**


Note: * - significant at p<0.05; ** - Highly significant at p<0.01; NS - non significant  
3.5 FEED EFFICIENCY (FE)
Feed efficiency was marginally higher in G-I compared to G-II, though not statistically significant. Extended light exposure, therefore, did not enhance efficiency of feed utilization. Schanbacher & Crouse (1981) reported improved efficiency under long days, but differences across breeds and management systems may explain the absence of such effect here. Martin et al. (2002) also noted that breed-specific responses influence photoperiodic effects on performance.
Table 5:	The Fortnightly mean (± SE) feed efficiency (FE) of lambs in the experimental period
	Sl. No.
	Fortnight
	Group I
	Group II
	Significance

	1.
	I
	16.13 ± 0.63
	16.87 ± 0.38
	NS

	2.
	II
	15.14 ± 0.91
	18.83 ± 0.98
	*

	3.
	III
	13.62 ± 1.03
	14.79 ± 0.33
	NS

	4.
	IV
	14.35 ± 0.76
	14.99 ± 0.73
	NS

	5.
	V
	15.68 ± 0.94
	15.30 ± 0.56
	NS

	6.
	VI
	14.76 ± 0.45
	12.85 ± 0.51
	*

	7.
	VII
	13.82 ± 0.73
	12.19 ± 0.69
	NS

	8.
	VIII
	12.65 ± 0.28
	11.39 ± 0.52
	NS

	9.
	IX
	13.01 ± 0.56
	11.08 ± 0.60
	*

	10.
	X
	12.85 ± 0.51
	9.51 ± 0.22
	**


Note: * - significant at p<0.05; ** - highly significant at p<0.01; NS - non significant  
3.6 OVERALL GROWTH PERFORMANCE
The overall growth performance of Hassan ewe lambs maintained under natural photoperiod (G-I) and extended photoperiod (G-II) was comparable throughout the experimental period. Initial body weights of lambs in both groups were similar, indicating uniformity at the start of the experiment. Fortnightly body weight recordings showed a progressive increase in body weight in both groups, with no significant difference (p > 0.05) between treatments at any stage of growth. This suggests that extended photoperiod did not markedly influence total body weight gain in Hassan ewe lambs.
Average daily gain (ADG) followed a similar trend in both groups, although lambs exposed to extended photoperiod showed numerically higher ADG during certain fortnights. However, these improvements were inconsistent and did not translate into a significant overall advantage in growth performance. The similarity in growth rates may be attributed to identical feeding regimen, comparable dry matter intake and uniform managemental conditions followed during the study.
Studies by Brinklow and Forbes (1984) and Eisemann et al. (1984) reported increased growth under long-day photoperiods, while Slyter (1995) and Hayavadana et al. (2024) observed that improved growth responses under intensive systems were primarily driven by nutrition rather than photoperiod alone. These findings are in line with Deacon et al. (2015), who reported inconsistent growth responses under long days, highlighting that natural photoperiod provides better support for growth and reproductive development in Hassan sheep.
Table 6:	Growth performance (mean ± SE) of experimental lambs during entire trial period
	Sl. No
	Particulars
	Group I
	Group II
	Significance

	1.
	Initial BW (kg)
	11.05 ± 1.17
	11.10 ± 0.78
	NS

	2
	Final BW (kg)
	23.13 ± 1.33
	22.73 ± 0.71
	

	3.
	Change in BW (kg)
	12.07 ± 0.33
	11.62 ± 0.41
	

	4.
	ADG (g)
	86.20 ± 1.65
	83.01 ± 3.16
	

	5.
	FCR
	7.179 ± 0.19
	7.616 ± 0.51
	

	6.
	FE
	14.20 ± 0.38
	13.78 ± 0.91
	


Note: NS - non significant  
4. CONCLUSION
The present study investigated the influence of extended photoperiod on age at puberty, growth performance and feed utilization in Hassan ewe lambs reared under intensive management. The results clearly indicated that photoperiod plays a significant role in regulating reproductive development, as differences were observed in the attainment of puberty between treatment groups. This highlights the potential of photoperiod manipulation as a managemental tool for controlling sexual maturity in Hassan sheep.
However, growth performance parameters including body weight gain, average daily gain, dry matter intake and feed conversion ratio did not differ significantly between lambs maintained under natural and extended photoperiods. Although extended photoperiod resulted in marginal numerical improvements in growth during certain periods, these changes were inconsistent and did not confer a significant overall advantage. The findings suggest that adequate nutrition and uniform management practices have a greater influence on growth and feed efficiency than photoperiod manipulation alone.
From a practical standpoint, the use of extended photoperiod may not be economically justified solely for improving growth performance in Hassan ewe lambs under intensive systems. Nevertheless, it can be effectively adopted as a reproductive management strategy to modulate puberty and breeding efficiency. Farmers are therefore advised to prioritize balanced feeding and good husbandry for growth, while considering photoperiod manipulation primarily for reproductive planning and flock management.
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