


EVALUATION OF ONE-MONTH BODY WEIGHT IN SANGAMNERI GOAT KIDS REARED UNDER FIELD CONDITIONS
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The present study evaluated the influence of non-genetic factors on the one-month body weight of Sangamneri goat kids under village flock conditions in Maharashtra, India. Data on 14,472 kids were collected under the All India Coordinated Research Project (AICRP) on Goat Improvement, spanning four clusters (Sangamner, Shrirampur, Belha, and Rahuri) over three kidding periods (2005–2010, 2011–2015, and 2016–2020) and three seasons (rainy, winter, and summer). Using least squares analysis of variance under a fixed effects model, the effects of period of kidding, season of kidding, sex of kid, type of birth, and cluster were assessed. The overall least squares mean for one-month body weight was 5.58 ± 0.017 kg. All non-genetic factors studied had highly significant effects (P < 0.01) on this trait. Kids born during 2016–2020 recorded the highest weight (6.70 ± 0.019 kg), indicating improvements in management and selection practices over time. Winter-born kids exhibited superior growth (5.70 ± 0.019 kg) compared to those born in summer or rainy seasons, likely due to enhanced maternal nutrition and climatic conditions. Male kids (5.76 ± 0.020 kg) significantly outperformed females (5.40 ± 0.020 kg), reflecting physiological growth advantages. Singleton kids had higher weights (5.72 ± 0.022 kg) compared to twins (5.58 ± 0.016 kg) and triplets (5.44 ± 0.038 kg), likely due to reduced intrauterine and postnatal competition. Among clusters, Rahuri (Cluster 4) recorded the highest average weight (6.02 ± 0.034 kg), suggesting that institutional support and improved veterinary access positively influenced early growth. These findings underscore the critical role of environmental and managemental factors in shaping early growth performance and provide actionable insights for optimizing Sangamneri goat productivity through targeted, location-specific interventions.
Introduction
	In India, rearing goats is crucial for the survival of small and marginal farmers, especially in semi-arid, rain-fed, and tribal areas. The 20th Livestock Census from 2019 shows that India has about 148.88 million goats, this number comprises a significant portion of the country’s total livestock population. These small ruminants are key to the rural economy, providing meat, milk, manure, and skin. In Maharashtra, goats are woven into the fabric of mixed farming. The state is home to more than 10.58 million goats, ranking it among the top states for goat rearing in India (Department of Animal Husbandry and Dairying, 2020).A popular native breed in Maharashtra, Sangamneri goats are primarily found in the districts of Sangamner, Ahmednagar, and Nashik. The animals flourish in the local agro-climatic conditions, and farmers typically house them in extensive or semi-intensive rearing systems. The breed, which is prized for its meat and milk, produces a respectable amount of milk and is remarkably resilient, and grows steadily even in less regulated environments. The one-month body weight has become a crucial indicator. As a result, it is now a key component of early breeding stock culling or selection as well as herd management evaluation.Body weight at one month is influenced not only by genetic factors, but also by environment or non-genetic factors, including period of kidding, season of kidding, sex of kid, type of birth and effect of clusters. These factors may effect some early growth variation in a time when many of the sources of environmental variation is minimal. To understand the variation in growth, the impact of these factors must be characterized and herd optimization using improved management and selection strategies assisted.Though early growth traits are vital in goat production, studies on performance of Sangamneri kids under field conditions are not many. Therefore, the present investigation was aimed to study the effect of non-genetic factors on one month body weight of Sangamneri goats under village flock condition in village clusters. Results of this study will contribute toward evidence-based interventions in breed management and productivity in low-input goat production systems.
Materials and methods
	The present study was conducted on 14,472 Sangamneri goats under the All India Coordinated Research Project (AICRP) on Goat Improvement (Sangamneri field unit) at Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra. The project operates in selected villages across Ahmednagar, Nashik, and Pune districts, with a primary focus on the genetic improvement of the Sangamneri breed through field-level selection. The goats were managed under diverse rearing systems-extensive, semi-intensive, and intensive, depending on resource availability. Daily grazing for 6 to 8 hours was practiced across various terrains, supplemented with locally available feed resources such as dry grasses, jowar straw, groundnut leaves, turchuni, husk, and bhusa. Cultivated green fodder like Lucerne and maize was provided when available, while tree-based top feeds such as Acacia species, Ber, Shevari, and Neem were used during the summer and fodder-scarce periods. Mineral mixtures and clean water were routinely offered. Housing systems ranged from traditional semi-open sheds to permanent structures, designed to maintain hygiene, ventilation, and protection against predators. These practical, field-level management strategies provided a representative environment for evaluating growth traits in Sangamneri goats.
	`The data on one-month body weight of Sangamneri goats were classified based on five non-genetic factors: period of kidding, season of kidding, sex of kid, type of birth, and cluster. The period of kidding was categorized into three groups: 2005-2010 (P1), 2011-2015 (P2), and 2016-2020 (P3). The season of kidding was divided into Rainy (June to September, S1), Winter (October to January, S2), and Summer (February to May, S3) seasons. The sex of the kid was grouped as male (M1) and female (M2). Type of birth was classified into single (T1), twins (T2), and triplets or above (T3). Data were also stratified according to the cluster or location where the animals were maintained, which included Sangamner (C1), Shrirampur (C2), Belha (C3), and Rahuri (C4). These classifications allowed for detailed analysis of environmental and management effects on early growth performance under field conditions.
Statistical analysis
Fixed model analysis
Data was analyzed by a least squares analysis of variance using the general linear model (GLM) procedure of the SAS (2004). The fixed effects that was considered are: period of kidding (three period), season of kidding (summer, rainy and winter), sex of kid in two classes (male and female), type of birth in three classes (single, twin and triplet) and cluster in four classes. The interaction between the fixed factor will not be considered. 
Yijklmn = µ + Ai + Bj + Ck + Dl + Em + eijklmn
Where,
Yijklmn= performance record of the nth animal belonging to ith period of kidding, jth season of kidding, kth type of birth, lth sex of kid and mth cluster 
Ai           = fixed effect of ith period of kidding    (j = 1, 2, 3)
Bj= fixed effect of jth season of kidding    (i = 1, 2, 3)
Ck           = fixed effect of kth type of birth           (i = 1, 2, 3)
Dl          = fixed effect of lth sex of kid                 (i = 1, 2)
Em           = fixed effect of mth cluster                  (i = 1, 2, 3, 4)
eijklmn= residual random error associated with Yijklmn and assume to be identically and independently distributed with mean zero and constant variance 
Duncan’s Multiple Range Test
Duncan’s Multiple Range Test, modified by Kramer (1957), was applied to compare the least squares means of significant fixed effects. This test was used to identify significant pairwise differences between group means at 5% (P < 0.05) and 1% (P < 0.01) levels of significance.



     If the value was greater than then difference was considered to be significant.
Where,      

	=	Mean difference between two subclasses
Cii           	=	Corresponding diagonal element of ith subclass
Cjj           	=	Corresponding diagonal element of jth subclass
Cij               	= 	Corresponding off-diagonal element of ijth subclass
Z (p,ne)           = 		Significant (P < 0.05 and P > 0.01) Studentized Range  Value in Duncan’s Table at number of higher means in range chosen (p) and error degree of freedom (ne)
Results and discussion
	The analysis assessed the influence of various non-genetic factors on the body weight of kids at one month of age. The results revealed that all examined factors-period of kidding, season of kidding, sex of kid, type of birth, and cluster had a highly significant (P<0.01) effect on one-month body weight, as indicated by the corresponding F-values. These findings suggest that environmental and managemental conditions associated with these factors play a critical role in early postnatal growth performance.
Table 1.Analysis of variance of Sangamneri Goat at one-month of age as affected by non-genetic    factors
	Sources of variation
	d.f
	S. S
	M.S. S
	F(cal)

	Period of Kidding
	2
	9405.33739
	4702.66869 
	2934.460**

	Season of Kidding
	2
	87.58437
	43.79218
	27.326 **

	Sex of Kid
	1
	446.22323
	446.22323
	278.443**

	Type of Birth
	2
	90.02710
	45.01355
	28.088**

	Cluster
	3
	1146.37867
	382.12622 
	238.446**

	Error
	14461
	23174.72062
	1.60257
	


**P<0.01

Table 2. Least squares mean for body weight (kg) at one-month of age in Sangamneri as affected by non-genetic factors
	Source of variation
	N
	Mean
	S. E

	Population Mean (µ)
	14472
	5.58
	± 0.017

	Period of kidding

	2005-2010
	2367
	4.95c
	± 0.030

	2011-2015
	3551
	5.08b
	± 0.025

	2016-2020
	8554
	6.70a
	± 0.019

	Season of kidding

	Rainy
	3452
	5.54b
	± 0.025

	Winter
	8014
	5.70a
	± 0.019

	Summer
	3006
	5.51b
	± 0.027

	Sex of kid

	Male
	7038
	5.76a
	± 0.020

	Female
	7434
	5.40b
	± 0.020

	Type of birth

	Single
	4303
	5.72a
	± 0.022

	Twins
	9008
	5.58b
	± 0.016

	Triplets
	1161
	5.44c
	± 0.038

	Cluster

	1
	4905
	5.78b
	± 0.022

	2
	2851
	5.20d
	± 0.027

	3
	5034
	5.31c
	± 0.023

	4
	1682
	6.02a
	± 0.034






Effect of period of Kidding
	The period of kidding had a significant (P<0.01) effect on the one-month body weight of kids. Kids born during the period 2016-2020 exhibited the highest average one-month weight (6.70kg), which was significantly greater than those born during 2011-2015 (5.08 kg) and 2005-2010 (4.95 kg). This upward trend in early growth performance over time may be attributed to progressive improvements in management practices, enhanced nutritional strategies, and better access to veterinary care in recent years. Additionally, the implementation of selective breeding programs aimed at improving growth traits could have contributed to this observed improvement. Environmental factors, such as more favorable climatic conditions in the later years, may also have played a role in supporting better growth. Similar findings have been reported in studies on various goat breeds, where the birth cohort or period of birth significantly influenced growth traits due to advancements in feeding regimes and disease control measures (Khan et al., 2020; Sahoo et al., 2019).
	In the present study, period of kidding exhibited a significant (P < 0.05) effect on one-month weight, indicating that annual variations in climatic conditions, feed availability, and management practices markedly influenced prenatal development. This observation is consistent with the findings of Patil et al. (2009) and Patil et al. (2013) observed significant period effects in Sangamneri goats, suggesting that differences in dam condition and resource allocation during gestation impacted fetal growth. Singh (2009) also reported a significant influence of period of kidding on birth weight in Mehsana goats. Ibnelbachyret al. (2014) documented similar trends in Draa goats, reinforcing the role of environmental shifts across years. Mandakmaleet al. (2015) further confirmed the significance of period of kidding on birth weight in Sangamneri goats, attributing variations to seasonal changes in forage quality. Most recently, Meshram et al. (2024) reiterated these findings in Sangamneri goats, emphasizing the continued importance of managing does during critical gestational phases in different calendar years.
Effect of season of Kidding
Variation in the season of birth had a notable impact on the one-month body weight of kids. Kids born during the winter season achieved the highest average weight (5.70 kg), followed by those born in the rainy season (5.54 kg), while the lowest average weight was observed in kids born during the summer (5.51 kg). The improved performance of kids born in winter and rainy seasons may be due to better availability of green forage and enhanced milk production in dams, which contribute to superior early growth. Conversely, kids born in the summer are likely exposed to heat stress, which adversely affects feed intake and milk yield in lactating does, thereby hindering growth. These observations are consistent with the findings of Mandal et al. (2015), who reported significant seasonal effects on kid growth attributed to variations in maternal nutrition, thermal stress, and forage quality.
	The present study revealed a significant (P < 0.05) influence of season of kidding on one-month weight, suggesting that seasonal climatic conditions and fluctuations in maternal nutrition during gestation can markedly affect fetal development. Comparable findings were noted by Singh (2009) in Mehsana goats, who linked seasonal variations in birth weight to differences in ambient temperature and availability of quality feed. Significant effects were also recorded by Meshram et al. (2024) in Sangamneri goats, both emphasizing the benefits of favorable seasons on maternal and fetal health. On the other hand, Patil et al. (2009, 2013) in Sangamneri goats observed no significant seasonal effect, possibly due to consistent management or climatic stability. Likewise, Ibnelbachyret al. (2014) in Draa goats and Mandakmaleet al. (2015) in Sangamneri goats reported non-significant seasonal impacts, highlighting the role of breed-specific adaptability and uniform husbandry conditions in mitigating seasonal influences.
Effect of sex of Kid
The sex of kid significantly (P<0.01) influenced one-month body weight, with male kids exhibiting higher average weights (5.76 kg) compared to female kids (5.40 kg). This difference may be attributed to the inherent physiological and hormonal distinctions between the sexes. Testosterone, which is more prevalent in males, plays a key role in promoting muscle development and accelerating growth rates. Additionally, there is evidence suggesting that greater energy and nutrient allocation may occur toward male fetuses during gestation, as observed in other livestock species. Hafez and Hafez (2013) also reported that male animals generally grow faster than females due to these physiological and endocrine differences.
Effect of type of Birth
The type of birth exerted a significant (P<0.01) influence on one-month body weight of kids. Single-born kids recorded the highest average weight (5.72 kg), followed by twins (5.58 kg), while triplet-born kids had the lowest weight (5.44 kg). This pattern can be attributed to differences in intrauterine nutrient availability and postnatal competition. Single-born kids benefit from exclusive access to maternal nutrients during gestation and have better access to colostrum and milk after birth, which supports superior early growth. In contrast, twin and triplet kids experience intrauterine competition and limited postnatal milk availability, which may constrain their growth potential. Similar observations were made by Khan et al. (2020) in Beetal goats, where single-born kids exhibited significantly better growth performance than their multiple-born counterparts.
Effect of Cluster
The cluster representing different geographical and management zones (C1: Sangamner, C2: Shrirampur, C3: Belha, and C4: Rahuri) had a highly significant effect (P<0.01) on one-month weight. Kids from Cluster 4 exhibited the highest average weight (6.02 kg), whereas those from Cluster 2 recorded the lowest (5.20 kg). These differences are likely due to variations in farm-level factors such as management practices, breed composition, feeding strategies, and health care protocols. The notably better performance observed in Rahuri can likely be attributed to greater awareness, enhanced veterinary services, and more intensive technical oversight, as this cluster includes the AICRP field unit on Sangamneri goats at MPKV, Rahuri. The closeness to institutional support appears to have facilitated more effective management, timely disease control, and consistent data recording.Clusters represent diverse production environments, and the disparities in early growth performance underscore the importance of localized management conditions. Similar findings have been reported by Prakash et al. (2018), who demonstrated that farm-specific factors-including nutrition, disease control, and overall management-have a substantial influence on the growth performance of kids in clustered livestock data.
In the present study, cluster had a significant (P < 0.05) effect on one-month weight, suggesting that location-specific differences in management practices, feed resources, and microclimatic conditions can substantially influence prenatal development. This result is in agreement with Patil et al. (2013), who reported significant variation in birth weight across different clusters in Sangamneri goats, attributing it to disparities in housing, feeding regimes, and healthcare accessibility. Mandakmaleet al. (2015) also observed significant cluster effects in the same breed, emphasizing the role of localized environmental and managemental conditions. More recently, Meshram et al. (2024) confirmed these findings in Sangamneri goats, reinforcing the notion that spatial variability among field units can contribute notably to differences in birth weight performance.
Conclusion
This study clearly demonstrates that non-genetic factors including period of kidding, season of kidding, sex of the kid, type of birth, and clusters exert a statistically significant influence on one-month body weight in Sangamneri goat kids reared under village-level conditions. Notably, period of kidding and cluster location emerged as the most influential variables, suggesting substantial temporal improvements in husbandry practices and the positive impact of localized institutional support. Superior performance among male, single-born, and winter-born kids further underscores the importance of physiological and maternal environmental conditions in early growth outcomes.
The elevated growth performance observed in Cluster 4 (Rahuri), which benefits from proximity to the AICRP field unit, highlights the critical role of decentralized technical support, access to veterinary services, and ongoing capacity-building initiatives in enhancing productivity within low-input production systems. These findings provide a strong empirical basis for refining herd management strategies and support the adoption of location-specific, evidence-based breeding and husbandry interventions tailored to the unique constraints and opportunities of smallholder systems.
Future research should prioritize the integration of these non-genetic insights into national goat improvement frameworks, facilitating more targeted selection criteria and context-appropriate management practices. Additionally, extending this work through genetic evaluation and longitudinal performance monitoring will enable a more comprehensive understanding of genotype × environment interactions, ultimately contributing to the sustainable genetic enhancement of indigenous goat populations.
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