Reproductive Traits and Haematological Profiles of Indigenous Chickens of Kerala, India

ABSTRACT
A study was conducted toevaluate the reproductive and haematological characteristics of indigenous chickens reared under backyard systems in Kannur and Kozhikode districts of Kerala, India. Data were collected from 64 households using recall-based surveys and direct blood sampling. Key reproductive traits such as age at sexual maturity, clutch size, number of clutches per cycle, egg production per cycle, and length of broodiness were documented. Most hens reached sexual maturity between 22 – 26 weeks, laid predominantly light brown eggs, and exhibited strong broodiness, with a typical broody phase lasting 15 – 28 days. Clutch size predominantly ranged between 5 – 8 eggs, and total egg production per cycle commonly fell within 11 – 15 eggs. Haematological analysis revealed significantly higher red blood cell count (P<0.01), haemoglobin concentration (P<0.05), and packed cell volume (P<0.01) in males compared to females. Males also had lower lymphocyte (P<0.001) and higher heterophil (P<0.001) counts than females. (Males also included in study ?) These findings provide baseline information on the productivity and physiological status of indigenous chicken of Kannur and Kozhikode districts of Kerala and can support targeted genetic improvement and conservation programs.
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1. INTRODUCTION
The traditional system of chicken farming plays a pivotal role in rural livelihoods, as it primarily relies on scavenged feed resources and leftover household kitchen. Indigenous chickens require minimal housing infrastructure; simple coops constructed from locally available materials such as mud, wire mesh, wood, plastic sheets or tiles serve as night shelters (Kumar et al., 2013a). These birds do not depend on commercial balanced feed, as they fulfill their nutritional needs by foraging on grasses, insects, and worms. Moreover, indigenous chickens generally exhibit innate resistance to many common poultry diseases, often requiring only vaccination against Ranikhet (Newcastle) disease for effective disease control (Haunshiand Rajkumar, 2020). Previous studies by the authors have shown that most farmers rearing native chickens in this region are marginal and smallholders who integrate livestock and poultry with crop farming (Kumar and Churchil, 2025).

Indigenous chickens are also highly adapted to evade predation, capable of running swiftly or flying short distances to escape from aerial and terrestrial predators (Kumar et al., 2016). This adaptability enhances their survivability, especially in hilly and predator-prone regions. Additionally, their hardiness and tolerance to tropical climatic conditions make them more suitable for rural poultry production systems compared to exotic breeds. A notable feature of indigenous chickens is their strong broodiness and maternal instincts (Kumar et al., 2013b), which enable them to incubate, hatch, and rear chicks without external intervention, an essential trait for self-propagation in backyard systems.
Indigenous chickens constitute approximately 39% of the total poultry population in India, with an estimated 317 million birds out of 850 million. Despite the numerical strength, their contribution to national egg production is relatively low at only 19% (Churchil, 2022). This disparity is primarily due to their low productivity, with several studies reporting an annual egg yield of only 60–90 eggs per hen (Iqbal andPampori, 2008; Kumar et al., 2016), which is approximately one-fourth that of layer breeds like White Leghorn (Veeramani et al., 2012; Churchil et al., 2019). A major factor contributing to this reduced output is the cyclic nature of egg production, characterized by alternating laying and broody phases. Broodiness is a reproductive behavior involving the hen’s instinct to incubate eggs and rear chicks, and is typically marked by increased body temperature, characteristic clucking, reduced feed and water intake, aggressive or defensive behavior, prolonged nest occupancy, and complete cessation of egg production (Romanov et al., 2002; Jiang et al., 2010). In indigenous breeds, the broody phase typically lasts 3 to 4 weeks, during which no eggs are laid (Chen and Li, 2007).However, the laying performance and egg-laying patterns of indigenous chickens in Kerala have not been adequately documented.
Haematological parameters are valuable indicators of physiological and health status in chickens, often reflecting disease conditions (Latimer et al., 1988). Elagib and Ahmed (2011) observed that red blood cell (RBC) count, mean corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH) levels varied significantly among the indigenous chicken ecotypes, although haemoglobin (Hb), total leukocyte count (TLC), MCH, and packed cell volume (PCV) values remained relatively stable. They also reported sex-related differences, with males having higher RBC and PCV values, while females exhibited elevated TLC. Age-related variations in PCV, RBC, and white blood cell (WBC) counts have also been reported across 60, 90, 104, and 150 days of age. Breed- and physiological stage-specific variations in haematological parameters have been documented by Gandhimathi et al. (2025), who reported differences in Hb, RBC, PCV, and TLC among indigenous Siruvidai, Aseel, and White Leghorn chickens, with significant changes observed between the laying and broody phases in indigenous hens. In addition, nutritional factors such as aflatoxin contamination in feed have been shown to influence blood profiles in broiler chickens (Churchil et al., 2009). Overall, haematological values in chickens are affected by multiple factors including species, breed, sex, age, management practices, and feed quality.Although several studies have explored the haematological profiles of indigenous chickens in various regions, limited data are available for the indigenous chicken populations of Kerala, India. This lack of region-specific information limits our ability to detect and interpret pathological changes during disease outbreaks. 
Therefore, the present study was undertaken to assess the egg production and laying pattern characteristics and haematological parameters of male and female indigenous chickens reared in the Kannur and Kozhikode districts of Kerala.
2. MATERIALS AND METHODS
A field study was undertaken among indigenous chicken-rearing households in Kannur and Kozhikode districts of Kerala. A total of 64 farming households were surveyed, comprising 21 from Kannur and 43 from Kozhikode. 


Note:- 
1 How many Male and females birds in the study ?
2. You have not mentioned average birds reared by each family?

These districts fall within the Northern Midlands agroclimatic zone of Kerala and are characterized by hilly terrain with significant forest cover.The study was conducted in Thrippangottur Panchayat (Kannur) and Chekkiad Panchayat (Kozhikode), where indigenous chickens are reared with no reported crossbreeding with improved or exotic breeds.
Information on reproductive traits such as age at first egg, length of the broody phase, average clutch size, number of clutches per cycle, egg shell color, and egg production per cycle was obtained using the recall method. Farmers were asked to recall these parameters for birds they had reared in the recent past. 
The data collected were categorized into relevant classes, and frequency distributions based on sex and district were examined using Z-tests to identify differences associated with sex and location, in accordance with the procedures outlined by Zar (2010).

Where, p̂1: proportion of sample 1, with sample size n1;p̂2: proportion of sample 2, with sample size n2;p̂: pooled proportion calculated as (x1+x2)/(n1+n2), where x1 and x2 are the number of successes in each sample.
Additionally, blood samples were collected from eight adult birds of each sex in both Kannur and Kozhikode districts to assess hematological parameters like red blood cell (RBC) count, hemoglobin (Hb) concentration, packed cell volume (PCV), and differential leukocyte counts of lymphocytes, heterophils, monocytes, eosinophils, and basophils. Sex- and region-based differences in these parameters were analyzed using the Student's t-test. 
Note:- Which software used for analysis of data?
3. RESULTS AND DISCUSSION
3.1 Age at sexual maturity
In the present survey, farmers were able to accurately recall the exact age at first egg in days for 42 indigenous hens they had previously reared. The reported age at first egg ranged from 20 to 32 weeks, with over 50% of the birds attaining sexual maturity from 22 to 26 weeks (Table 1). When classified based on age at sexual maturity, no statistically significant differences were observed between districts, as per Z-test analysis.Kumar et al. (2016) reported comparable findings from the same study region, with the average age at sexual maturity recorded as 181 days in Kannur and 175.97 days in Kozhikode districts. Using direct field egg recording, they also observed a mean age of 199.26 days. A close value of 175.22 days was recorded by Churchil et al. (2024) in indigenous Siruvidai chicken of Tamil Nadu, India. Similar results were reported by Desta and Wakeyo (2024), who observed an average age at sexual maturity of 5.55 months in indigenous chickens of the Wolaita Zone, southern Ethiopia, and by Hossain (1993), who reported a range of 190–200 days in Bangladesh. Khan et al. (2023) reported the age at sexual maturity as 172 days in the Hilly ecotype of the Chittagong hill tract and as low as 146 days in the Fayoumi breed.However, higher values of over 210 days have been reported in certain native breeds (Vij et al., 2005). The elevated age at first egg observed in indigenous chickens may be attributed to their genetic background, as indigenous birds generally exhibit later sexual maturity compared to egg-type breeds such as White Leghorn (Veeramani et al., 2008; Narayanankutty et al., 2008). Additionally, environmental factors, particularly the lower nutritional plane commonly associated with free-range and backyard rearing systems may also contribute to this delay.
3.2 Egg shell colour
Shell colour recorded during the field survey revealed a high predominance of light brown eggs, accounting for 73.47% of the overall total(Table 1). White and medium brown eggs were observed in smaller proportions, while dark brown-shelled eggs were rarely encountered. Previous studies have reported brown shells of varying intensity in indigenous chicken breeds across India. For example, over 75% of eggs from Kashmiri indigenous hens were brown (Iqbal and Pampori, 2008), while approximately 60–70% of Kadaknath eggs were dark brown (Parmar et al., 2006). Churchil et al. (2018) reported that in indigenous Siruvidai chickens, light brown eggs were predominant (58.33%), followed by dark brown (25%) and white eggs (16.67%). Similarly, in indigenous Peruvidai chickens, light brown shells were most common (41.18%), with medium and dark brown each comprising 29.41%. In a study on indigenous chickens in Kenya, cream-coloured shells were most prevalent (53%), followed by white (30%) and brown (17%) eggs (Gikunju et al., 2018). While eggshell colour has no direct impact on nutritional value, it significantly influences consumer preferences. Shell colour is a genetically inherited, multifactorial trait and may also be influenced by modifying genes (Washburn, 1990).
3.3 Broodiness
The present study, based on farmers’ observations, further confirms that the majority of indigenous hens exhibit frequent broodiness, with only a few reported as occasionally broody. Notably, all birds reported from the Kannur district were described as consistently broody(Table 1). Broodiness, a maternal trait driven by the instinct to incubate eggs, is widely observed in indigenous chicken populations across India (Kumar et al., 2016; Churchil et al., 2024; Gandhimathi et al., 2025) and other parts of the world (Azharul et al., 2005; Jiang et al., 2010).
3.4 Laying pattern 
Egg production in indigenous chickens typically follows a cyclic pattern, alternating between laying and broody phases (Churchil et al., 2024). In the present study, classification of the broody phase duration revealed that a considerable proportion of birds exhibited broodiness lasting 15 to 21 days (23%), followed by those with durations of 22–28 days (18%) and those with periods shorter than 7 days (18%)(Table 1). A few birds exhibited prolonged broodiness extending beyond 42 days. Z-test analysis indicated no significant differences in the frequency distributions between the two districts, except for the 22–28 days category, which was significantly (P < 0.05) more frequent in Kozhikode. Kumar et al. (2016), in a study on the laying pattern of indigenous chickens in the same region, reported an average broody period of 22.38 days, closely aligning with the present findings. Similarly, Churchil et al. (2024) observed that the duration of the broody phase ranged from 23.34 to 24.90 days in indigenous Siruvidai chickens of Tamil Nadu, India.
The laying phase of indigenous chickens is composed of clutches, separated by inter-clutch intervals (Churchil et al., 2024). Data based on recall from 102 birds revealed that the majority (53.92%) laid between 5 to 8 eggs per clutch(Table 1). A significantly (P < 0.05) higher proportion of birds from Kozhikode district fell into this category. Except for this group, the distribution of birds across other clutch size categories was comparable between the two districts. Kumar et al. (2016) reported an average clutch size of 7.27 eggs; while, slightly lower value of 4 to 6 eggs per clutch was reported by Vij et al. (2007) in the same Tellichery chicken population. Similarly, in Ghagus chickens also, a clutch size of 4 to 6 eggs has been reported (Tantia et al., 2005).
Based on recall data from 102 birds, the majority of indigenous chickens were reported to lay three clutches per laying cycle (34.32%), followed by single-clutch (28.43%) and double-clutch (18.63%)layers (Table 1). The distribution of birds among the different clutch number categories did not differ significantly between the Kannur and Kozhikode districts. From a field-based egg recording study, Kumar et al. (2016) reported an average of 2.13 clutches per laying cycle in the indigenous chicken population of the same study area. However, literature on this trait is limited, and therefore meaningful comparisons with other studies could not be made.
Total egg production per cycle in the current study ranged from 11 to 15 eggs in most cases (50.98%), followed by 16–20 eggs (28.43%) and 6–10 eggs (13.73%)(Table 1). The distribution of birds across these production classes showed no significant variation between the districts. Kumar et al. (2016) reported mean egg production of 15.50 eggs per cycle based on a survey, and 14.32 eggs from a field egg recording study. A review of the literature revealed a higher egg number of 20 to 25 eggs in the same Tellichery population (Vij et al., 2007). In Ghagus hens, a range of 15 to 20 eggs per cycle was recorded (Tantia et al., 2005), while a lower range of 8 to 12 eggs, with a mean of 10.6 eggs, was observed in Danki hens (Vij et al., 2005). Among indigenous chickens in Uganda, egg production per cycle ranged from 4 to 19 eggs with a mean of 13 eggs (Kugonza et al., 2008). Indigenous chickens in Botswana produced an average of 15 eggs per cycle (Moreki, 2010), while in Bangladesh, an average of 12.5 eggs per cycle was reported (Hossain, 1993).
3.5 Haematology

NOTE:- why not put any graph to show difference between male and female haematological value
Region- and sex-wise haematological values indigenous chickens are presented in Table 2. The data revealed no significant regional differences between the districts.
The present study revealed significant sex-based variations in the haematological parameters of indigenous chickens from northern Kerala. Among the erythrocytic indices, males exhibited a significantly (P<0.01) higher mean red blood cell (RBC) count (3.43 × 10⁶/µL) compared to females (2.78 × 10⁶/µL), with an overall mean of 3.11 × 10⁶/µL. These findings are consistent with those of Lucas and Jamroz (1961), who reported RBC counts ranging from 3.26–3.80 × 10⁶/µL in adult males and 2.72–3.00 × 10⁶/µL in adult females. Similarly, Bora et al. (2017) observed significantly (P<0.05) higher RBC counts in males than females in both Aseel (3.16 vs. 2.72 × 10⁶/µL) and Kadaknath (3.53 vs. 2.54 × 10⁶/µL) chickens. Kishore and Sharma (2024) also reported a significant sex-based difference (P<0.05) in RBC count in Kadaknath chickens, with males recording 3.20 × 10⁶/µL and females 2.61 × 10⁶/µL. Gandhimathi et al. (2025) documented lower RBC counts in laying hens of indigenous Siruvidai (1.97 × 10⁶/µL), White Leghorn (1.83 × 10⁶/µL), and Aseel (2.00 × 10⁶/µL) breeds, and 1.87 × 10⁶/µL in broody Siruvidai hens.
Likewise, haemoglobin (Hb) concentration was significantly (P<0.05) higher in males (12.70 g/dL) compared to females (9.91 g/dL), with an overall mean of 11.31 g/dL. Bora et al. (2017) reported similar trends, with significantly higher Hb levels in Aseel (13.58 g/dL) and Kadaknath (13.88 g/dL) males than in their respective female counterparts (11.50 and 9.75 g/dL). Kishore and Sharma (2024) also noted a sex-related difference (P<0.01) in Kadaknath chickens, with males and females showing Hb values of 12.47 and 10.46 g/dL, respectively. Gandhimathi et al. (2025) reported Hb levels of 8.60 g/dL during the broody phase and 9.60 g/dL during the laying phase in Siruvidai hens, and 9.86 vs. 9.30 g/dL in Aseel hens during the respective phases.
Packed cell volume (PCV) also differed significantly (P<0.01) between sexes, with males showing a higher mean PCV (42.95%) than females (34.81%), resulting in an overall mean of 38.88%. These results correspond with the findings of Lucas and Jamroz (1961), who reported PCV values of 40% in males and 31% in females. In contrast, Kishore and Sharma (2024) recorded a lower (P<0.01) PCV in Kadaknath males (28.58%) than in females (37.22%).
Regarding differential leukocyte counts, males had significantly lower (P<0.001) lymphocyte percentages (59.50%) and higher (P<0.001) heterophil percentages (29.25%) compared to females (73.88% and 16.38%, respectively) with overall values of 66.69 and 22.81% respectively. No significant sex-related differences were observed in monocyte, eosinophil, or basophil counts. These trends broadly align with the findings of Olson (1937), who reported lymphocyte and heterophil values of 59.1% and 27.2% in males and 64.6% and 22.8% in females, respectively. A similar trend was reported by Bora et al. (2017) in Aseel chickens, with males exhibiting significantly lower lymphocyte (44.75%) and higher heterophil (48.00%) counts compared to females (59.25% and 35.50%, respectively). However, no significant sex-related differences were noted in Kadaknath or Rajasri chickens in their study.
The observed sex-related differences in erythrocytic and leukocytic parameters likely reflect underlying physiological and hormonal distinctions between male and female birds. These findings provide valuable baseline data on the haematological profiles of indigenous chickens in the region and underscore the role of sex as an important determinant of these parameters.
[bookmark: _GoBack]4. CONCLUSION
In conclusion, the indigenous chickens of Kannur and Kozhikode districts in Kerala exhibit typical reproductive traits of desi breeds, including broodiness, delayed sexual maturity compared to commercial layers, and egg laying in cycles interrupted by broody periods. They typically lay 11–15 eggs per cycle in approximately three clutches. While these traits limit overall egg productivity, they are advantageous for natural chick rearing under village farming conditions. The haematological parameters revealed distinct sex-based physiological differences, consistent with previous findings in other indigenous chicken populations. Overall, the reproductive and haematological characteristics documented in this study provide valuable inputs for breed characterization, conservation, and the development of targeted management strategies to enhance productivity in backyard poultry systems.
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Table 1. Egg production and related characters in indigenous chickens of Kerala
	Sl. 
No.
	Characters
	Classes
	District-wise frequency
% (No)
	Overall
% (No)

	
	
	
	Kannur
	Kozhikode
	Z-score
	

	1
	Average age at first egg(days)
(n=40)
	≤ 20
	7.14 (1)
	3.57 (1)
	0.51
	4.76 (2)

	
	
	21 - 22
	14.29 (2)
	10.71 (3)
	0.34
	11.90 (5)

	
	
	23 - 24
	28.57 (4)
	25.00 (7)
	0.25
	26.19 (11)

	
	
	25 - 26
	28.57 (4)
	28.57 (8)
	0.00
	28.57 (12)

	
	
	27 - 28
	14.29 (2)
	25.00(7)
	0.06
	21.43 (9)

	
	
	> 28
	7.14 (1)
	7.14 (2)
	0.80
	7.14 (3)

	
	
	Total
	100.00 (14)
	100.00 (28)
	 
	100.00 (42)

	2
	Egg shell colour 
(n=98)
	Dark Brown
	0.00 (0)
	4.55 (2)
	1.58
	2.04 (2)

	
	
	Medium Brown
	14.81 (8)
	9.09 (4)
	0.86
	12.24 (12)

	
	
	Light Brown
	70.37 (38)
	77.27 (34)
	0.77
	73.47 (72)

	
	
	White
	14.81 (8)
	9.09 (4)
	0.86
	12.24 (12)

	
	
	Total
	100.00 (54)
	100.00 (44)
	 
	100.00 (98)

	3
	Broodiness 
(n=105)
	Frequent
	100.00 (61)
	95.45 (42)
	1.68
	98.10 (103)

	
	
	Occasional
	0.00 (0)
	4.55 (2)
	1.68
	1.90 (2)

	
	
	Total
	100.00 (61)
	100.00 (44)
	 
	100.00 (105)

	4
	Length of broodiness (days) 
(n=99)
	≤ 7  
	22.81 (13)
	11.63 (5)
	1.44
	18.00 (18)

	
	
	8 -14
	14.04 (8)
	13.95 (6)
	0.01
	14.00 (14)

	
	
	15 - 21
	26.32 (15)
	18.60 (8)
	0.91
	23.00 (23)

	
	
	22 - 28
	10.53 (6)
	27.91 (12)
	2.24*
	18.00 (18)

	
	
	23 - 35
	7.02 (4)
	9.30 (4)
	0.42
	8.00 (8)

	
	
	36 - 42
	7.02 (4)
	11.63 (5)
	0.80
	9.00 (9)

	
	
	> 42
	12.28 (7)
	6.98 (3)
	0.88
	10.00 (10)

	
	
	Total
	100.00 (57)
	100.00 (43)
	 
	100.00 (100)

	5
	Clutch size (number of eggs) 
(n=102)
	1
	11.48 (7)
	4.88 (2)
	1.15
	8.82 (9)

	
	
	2 to 4
	11.48 (7)
	4.88 (2)
	1.15
	8.82 (9)

	
	
	5 to 8
	44.26 (27)
	68.29 (28)
	2.39*
	53.92 (55)

	
	
	9 to 12
	16.39 (10)
	9.76 (4)
	0.96
	13.73 (14)

	
	
	13 to 16
	11.48 (7)
	12.20 (5)
	0.11
	11.76 (12)

	
	
	17 to 20
	3.28 (2)
	0.00 (0)
	1.17
	1.96 (2)

	
	
	Above 20
	1.64 (1)
	0.00 (0)
	0.83
	0.98 (1)

	
	
	Total
	100.00 (61)
	100.00 (41)
	 
	100.00 (102)

	6
	Number of clutches per cycle 
(n=102)
	1
	32.79 (20)
	21.95 (9)
	1.19
	28.43 (29)

	
	
	2
	16.39 (10)
	21.95 (9)
	0.71
	18.63 (19)

	
	
	3
	36.07 (22)
	41.46 (17)
	0.55
	38.24 (39)

	
	
	4
	3.28 (2)
	7.32 (3)
	0.93
	4.90 (5)

	
	
	Above 4
	11.48 (7)
	7.32 (3)
	0.69
	9.80 (10)

	
	
	Total
	100.00 (61)
	100.00 (41)
	 
	100.00 (102)

	7
	Egg production per cycle 
(n=102)
	≤ 5
	1.64 (1)
	0.00 (0)
	0.82
	0.98 (1)

	
	
	6 to 10
	14.75 (9)
	12.20 (5)
	0.37
	13.73 (14)

	
	
	11 to 15
	50.82 (31)
	51.22 (21)
	0.04
	50.98 (52)

	
	
	16 to 20
	26.23 (16)
	31.71 (13)
	0.60
	28.43 (29)

	
	
	21 to 25
	1.64 (1)
	4.88 (2)
	0.95
	2.94 (3)

	
	
	Above 25
	4.92 (3)
	0.00 (0)
	1.44
	2.94 (3)

	
	
	Total
	100.00 (61)
	100.00 (41)
	 
	100.00 (102)


* Significant (P<0.05)

Table 2. Haematological parameters of in indigenous chickens of Kerala
	Sl. No.
	Parameters
	District
	Sex
	Overall
(n=16)

	
	
	Kannur
(n=8)
	Kozhikode
(n=8)
	t- value
	Male
(n=8)
	Female
(n=8)
	t- value
	

	1
	RBC (x 106)
	3.20±0.18
	3.01±0.15
	0.27NS
	3.43±0.15
	2.78±0.06
	4.14**
	3.11±0.12

	2
	Hb (g/dL)
	12.11±0.94
	10.50±0.77
	0.32NS
	12.70±0.99
	9.91±0.36
	2.66*
	11.31±0.62

	3
	PCV (%)
	40.20±2.22
	37.56±2.20
	0.87NS
	42.95±2.05
	34.81±1.16
	3.46**
	38.88±1.55

	4
	Lymphocytes (%)
	65.38±3.06
	68.00±3.32
	0.70NS
	59.50±1.88
	73.88±1.61
	5.81***
	66.69±2.21

	5
	Heterophils (%)
	23.25±2.28
	22.38±3.49
	0.05NS
	29.25±1.58
	16.38±1.76
	5.44***
	22.81±2.02

	6
	Monocytes (%)
	5.13±0.52
	5.00±0.6
	0.84NS
	4.88±0.58
	5.25±0.53
	0.48NS
	5.06±0.38

	7
	Eosinophils (%)
	3.00±0.27
	2.88±0.55
	0.00NS
	3.00±0.50
	2.88±0.35
	0.20NS
	2.94±0.30

	8
	Basophils (%)
	2.13±0.35
	1.75±0.31
	0.82NS
	2.13±0.35
	1.75±0.31
	0.80NS
	1.94±0.23


* Significant (P<0.05); ** Significant (P<0.01); *** Significant (P<0.001)


