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Abstract
This study assessed 20 genotypes of early- and late maturing pigeonpea for 1000-seed weight, moisture content, and cooking quality over the course of two year (2023 and 2024). A thorough evaluation of stability and performance was provided by the pooled data. All traits showed significant genotypic variances, suggesting a high level of genetic variability and selection potential. CO-9 had the largest seed weight (102.24 g) among early-maturing genotypes- followed by PAU-881 (95.39 g). In contrast, late-maturing types were led by KA-17-1 (119.73 g) and NDA-1 (117.68 g). PUSA-211 (96.30 g) and JKM-189 (72.44 g) on the other hand, showed the lowest seed weights in late and early maturing groups respectively. The moisture content had an impact on seed storability, ranging from 5.37% (VLA-1) to 8.06% (JKM-189). While genotypes with higher moisture content (NDA-1 and IPA-15-2) could need special care, genotypes with lower moisture content, like VLA-1 and KA-12-1, are better suited for long-term storage. With cooking times ranging from 15.00 to 17.28 minutes-the genotypes PAU-881, VLA-1, and KA-17-1 were categorized as fast-cooking genotypes, making them perfect for applications that save energy and are desired by consumers. In contrast, the cooking times of CO-9, MAL-6, and NDA-1 were greater, which could be because of their thick seed coatings or more anti-nutritional components. When all these things considered, genotypes like CO-9, KA-12-1, and PAU-881 show promise for breeding initiatives that seek to increase yield, storage stability, and cooking quality in order to satisfy consumer and industry demands.
Keywords: Pigeonpea, Genotypic variability, Seed weight, Moisture content, Cooking quality
INTRODUCTION
. The term Cajanus is derived from the Malay word katschang or katjang, meaning “pod” or “bean.” The genus Cajanus comprises 32 species, most of which are found in India and Australia, with one species native to West Africa. Pigeonpea (Cajanus cajan) is the only cultivated food crop of the sub-tribe Cajaninae. It has a diploid genome with 11 pairs of chromosomes (2n = 22) and a physical genome size estimated at about 853 Mbp (Greilhuber and Obermayer, 1998). Pigeon pea (Cajanus cajan L.) is an important  legume belonging to the family Fabaceae . It is commonly known by different names such as Tur or Arhar in India, Cangopea and Gung pea in Jamaica, Guando in Brazil, Quinchancho in Venezuela, Frijol de arbol in Mexico, Cumandai in Paraguay, Pigeonpea in Australia, Angola pea in the United Kingdom, and Puerto Rican bean in Hawaii.The seeds of pigeon pea are usually round or oval (orbicular) in shape and are available in different colors such as white, greyish, red, brown, or purplish. The grain consists of about 85% cotyledons, 14% seed coat, and around 1% embryo, and it contains a wide range of dietary nutrients.Pigeon pea is cultivated in about 82 countries worldwide, with India accounting for approximately 72% of the total production. Globally, it ranks sixth among pulses after peas, broad beans, lentils, chickpeas, and common beans. It is cultivated on about 5.4 million hectares of land with an annual production of 4.49 million tonnes (Fatokimi, E.O. and Tanimonure. 2021).Of the total global production, 63% comes from India, while Africa contributes about 1.05 million tonnes (21%). Worldwide, an estimated 5.4 million hectares are used for pigeon pea cultivation, of which 3.9 million hectares (72%) are in India (FAO, 2018).The productivity of Uttar Pradesh (980 kg/ha) is higher than the national average productivity (776.3 kg/ha). It is largely grown in Banda district of Bundelkhand region, predominantly in rainfed cropping systems prevalent in the area (Kushwaha, A., & Mehta, C. M. 2023). In Uttar Pradesh, it accounts for 10.61 percent of total area (0.38 million ha) and 13.87 percent of total production (0.38 million tonnes) (Prabhakar et al., 2023).The seed's contents include moisture (10.1%), protein (18.8%), fat (1.9%), carbohydrates (53.0%), fibre (6.6%), and ash (3.8%) (Saxena, 2008).In addition, this legume contains calcium (120 mg/g), magnesium (122 mg/g), copper (1.3 mg/g), iron (mg/g), and zinc (2.3 mg/g); it also contains vitamins, carotene (469.0 mg/g), thiamin (0.3 mg/g), riboflavin (0.3 mg/g), niacin (3.0 mg/g), and ascorbic acid (25.0 mg/g).Pigeon pea processing includes de-podding, cleaning, boiling, drying, and milling.  The seed of the pigeon pea is wrapped in a hard, robust, and moderately thick coat that contains a semi-permeable membrane.   Due to the relatively high adhesive force that holds the mesocarp to the seed, water movement through the mesocarp is limited. (Ghadge et al., 2008).
MATERIALS AND METHODS 
Twenty pigeonpea genotypes (10 early and 10 late-maturing) were evaluated over two growing seasons (2023 and 2024) under randomized complete block design with three replications. The lab experiments were conducted at the laboratory of the Department of Agricultural Biochemistry, Chandra Shekhar Azad University of Agriculture & Technology Kanpur and Department of Biochemistry.- ANDUAT, Kumarganj Ayodhya. Moisture content  was determined by (AOAC 1970) given by Santhan, R., &Shivshantan, R. (1978).The empty dish and lid were taken and dried at 105°C in the oven for 3 h. These were then transferred in desiccator for cooling and were weighed. Seeds sample (3 g) were weighed in a dish and the dish with partially covered lid was dried in oven at 105°C for 3 h. After drying, the dish was transferred in the dessicator for cooling. The dish along with the dried sample was reweighed. Moisture content was calculated by using the given formula below.
Moisture Content (%) =
Where,
 w1 = weight (g) of sample before drying 
w2 = weight (g) of sample after drying
Test weight to observe the extent of grain filling 1000 seed of each replication was weighed. The result were however, reported 100 grains weight by multiplying ten times.
Cooking  quality.  Dhal Cooking time was determined by cooking the dhal in distilled water until it softened to uniform mass, when pressed between the thumb and fore finger as described by Singh et al., 1984). Dhal sample (10 g) was boiled in 50 ml distilled water. During boiling, samples were examined for softness. The time taken to achieve the desirable softness was recorded as the cooking time of the sample.
RESULTS AND DISCUSSION
Test weight in pigeon pea.
The present study evaluated 20 early and late genotypes of pigeon pea for 1000 seed weight over two growing years (2023 and 2024), alongside pooled data to assess consistency and performance. Statistically significant differences were observed among genotypes, highlighting genetic diversity and potential for selection. Among early genotypes CO-9 recorded the highest seed weight (120.44 g pooled), followed by PAU-881 (95.39g) and Pusa Arahar 16 (93.64 g) and among late genotypes KA-17-1 (119.73g), NDA-1(117.68g) recorded highest seed weight, suggesting superior seed development and potential for grain yield. Among early  genotypes JKM-189 (72.44 g), VLA-1 (74.58 g), and IPA-15-6 (75.51 g) showed significantly lower weights, late maturing genotypes PUSA -211 (96.30g) followed by IPA-15-6(92.32 g) and IPAL-21-1 (94.80g) shows lowest test weight which may indicate limitations in assimilate allocation or seed filling. Most of the other genotypes showed consistent performance over both years, as reflected in the pooled values. Small variations, e.g. in NDA-1 (117.67 g in 2023 vs. 117.09 g in 2024), reflect environmental influences on seed weight. Similar genotype variability in 1000 seed weight has been reported by Kumar et al. (2021). Genotypes like CO-9, KA-12-1, and AMAR are promising candidates for inclusion in high-yield breeding lines. Low-weight genotypes might be explored for drought-prone areas where smaller seeds are favored for resource-efficient growth.
Moisture content:
The moisture content of pigeon pea seeds is a key parameter influencing storage, seed longevity, and overall nutritional quality. In this study, twenty genotypes were evaluated over two consecutive years (2023 and 2024), where pooled data providing a more stable estimate of varietal performance. Highest moisture content was recorded in early maturing genotypes by JKM-189 (8.06%) followed by Manak (7.80%) and in  late maturing genotypes higher moisture content found in  NDA-1 (7.83%) and IPA-15-2 indicating higher water retention capacity which may be linked to seed coat thickness or cellular structure. Lowest moisture content was seen in VLA-1 (5.37%) in early maturing genotypes followed by PUSA Arahar16 (5.92%) and in late maturing genotypes it was recorded KA-12-1(5.60%) and K-17-2 (6.50%) suggesting greater suitability for longer storage with reduced risk of microbial spoilage. Similar genotypic variability in moisture content has been documented by Patel et al. (2021). Genotypes like VLA-1 and KA-12-1 may be prioritized for seed banks or extended storage supply chains due to their lower moisture levels. Conversely, cultivars with higher moisture content might require special handling or packaging to maintain seed viability and reduce spoilage risks.
TABLE 1. 1000-seed weight (g) of early and late pigeonpea genotypes.
	S.No
	Varieties/genotypes
	1000 Seed weight (g)

	
	
	Year 1
	Year 2
	Pooled

	
	Early maturing genotypes
	
	
	

	1
	PAU-881
	95.37
	95.41
	95.39

	2
	PUSA Arahar16
	93.62
	93.65
	93.64

	3
	VLA-1
	74.57
	74.59
	74.58

	4
	IPA-15-6
	75.49
	75.53
	75.51

	5
	UPAS-120
	75.52
	75.51
	75.52

	6
	Manak
	85.25
	85.22
	85.24

	7
	Type-21
	81.41
	81.41
	81.41

	8
	ICPL-15
	87.88
	87.85
	87.87

	9
	JKM-189
	72.45
	72.43
	72.44

	10
	CO-9
	102.25
	102.23
	102.24

	(b)
	Late maturing genotypes
	
	
	

	11
	NDA-1
	117.67
	117.69
	117.68

	12
	KA-17-1
	119.75
	119.72
	119.73

	13
	KA-12-1
	96.75
	96.74
	96.75

	14
	AMAR
	110.91
	110.90
	110.91

	15
	AJAD
	110.54
	110.52
	110.53

	16
	K-17-2
	98.24
	98.26
	98.25

	17
	MAL-6
	102.89
	102.87
	102.88

	18
	PUSA-211
	96.28
	96.31
	96.30

	19
	IPA-15-2
	92.33
	92.31
	92.32

	20
	IPAL-21-1
	94.82
	94.79
	94.80

	
	SE(m) ±
	2.25
	2.13
	1.46

	
	C.D. at 5%
	6.46
	6.12
	4.20




FIG 1.Comparison of 1000 seed weight (g) across early and late pigeonpea genotypes



	S.No
	Varieties/genotypes
	Moisture content (%)

	
	
	Year 1
	Year 2
	Pooled

	
	Early maturing genotypes
	
	
	

	1
	PAU-881
	7.11
	7.13
	7.12

	2
	PUSA Arahar16
	5.91
	5.93
	5.92

	3
	VLA-1
	5.35
	5.38
	5.37

	4
	IPA-15-6
	7.22
	7.25
	7.24

	5
	UPAS-120
	6.26
	6.24
	6.25

	6
	Manak
	7.81
	7.79
	7.80

	7
	Type-21
	6.23
	6.21
	6.22

	8
	ICPL-15
	6.68
	6.71
	6.70

	9
	JKM-189
	8.07
	8.06
	8.06

	10
	CO-9
	7.34
	7.36
	7.35

	(b)
	Late maturing genotypes
	
	
	

	11
	NDA-1
	7.84
	7.81
	7.83

	12
	KA-17-1
	6.14
	6.19
	6.16

	13
	KA-12-1
	5.59
	5.62
	5.60

	14
	AMAR
	6.54
	6.53
	6.54

	15
	AJAD
	7.18
	7.21
	7.19

	16
	K-17-2
	6.51
	6.49
	6.50

	17
	MAL-6
	7.13
	7.17
	7.15

	18
	PUSA-211
	6.59
	6.56
	6.57

	19
	IPA-15-2
	7.55
	7.58
	7.56

	20
	IPAL-21-1
	7.06
	7.09
	7.07

	
	SE(m) ±
	0.168
	0.219
	0.138

	
	C.D. at 5%
	0.483
	0.627
	0.395


TABLE 2. Moisture content (%) of early and late pigeonpea genotypes 

FIG 2. Moisture content (%) comparison of early and late pigeonpea genotypes

Cooking Quality 
Cooking quality in pigeon pea reflects the time required for seeds to cook to desirable softness—impacting both consumer satisfaction and kitchen efficiency. It is influenced by seed coat permeability, cotyledon structure, anti-nutritional factors, and genetic traits. This study analyzed 20 early and late maturing genotypes over two cropping years (2023 and 2024), with pooled data over two years highlighting genotype-dependent variation. Among early maturing genotypes fast-cooking genotypes were PAU-881 (15.00 min), VLA-1 (15.06 min), JKM-189 (15.11 min), and IPA-15-6 (15.55 min) and late maturing genotypes  like KA-17-1 (15.17 min) followed  by K-17-2 (15.77min) , IPA-15-2 (15.95 min) demonstrated quicker cooking times, making them preferable for household and commercial use with reduced energy requirements. Moderate cooking time ICPL-15, UPAS-120, IPA-15-2 (15.95 min each), AMAR (16.14 min), and Type-21 (16.10 min) showed balanced performance suitable for standardized cooking practices. Longest cooking in early maturing genotypes observed by CO-9 (16.71 min) followed by Manak (16.56 min),Pusa Arahar 16 (16.05min) and among late maturing genotypes like MAL-6 (17.28 min), NDA-1 (17.21 min) and AJAD (16.90 min) required more time, possibly due to thicker seed coats, low water permeability or higher anti-nutritional factors.(Saxena et al., 2010). Genotypes like PAU-881 and VLA-1 can be promoted for energy-saving cooking practices, especially in rural and resource-limited kitchens. Genotypes with longer cooking times may be considered for processed food products where controlled cooking environments reduce consumer burden.
	S.No
	Genotypes
	Cooking period

	
	
	Year1
	Year2
	Pooled

	1
	PaU-881
	14.88
	15.11
	15.00

	2
	PUSA Arahar16
	16.00
	16.09
	16.05

	3
	VLA-1
	15.00
	15.12
	15.06

	4
	IPA-15-6
	15.53
	15.57
	15.55

	5
	UPAS-120
	15.96
	15.94
	15.95

	6
	Manak
	16.56
	16.57
	16.56

	7
	Type-21
	16.08
	16.11
	16.10

	8
	ICPL-15
	15.95
	15.93
	15.94

	9
	JKM-189
	15.08
	15.13
	15.11

	10
	CO-9
	16.69
	16.72
	16.71

	11
	NDA-1
	17.19
	17.22
	17.20

	12
	KA-17-1
	15.14
	15.19
	15.17

	13
	KA-12-1
	16.32
	16.29
	16.30

	14
	AMAR
	16.14
	16.18
	16.16

	15
	AJAD
	16.89
	16.91
	16.90

	16
	K-17-2
	15.76
	15.79
	15.77

	17
	MAL-6
	17.25
	17.31
	17.28

	18
	PUSA-211
	16.26
	16.28
	16.27

	19
	IPA-15-2
	15.96
	15.94
	15.95

	20
	IPAL-21-1
	16.59
	16.57
	16.58

	
	SE(m) ±
	0.348
	0.300
	0.231

	
	C.D. at 5%
	0.999
	0.861
	0.663


TABLE 3. Cooking period scores of pigeonpea genotypes 

CONCLUSION
Significant genotypic differences were observed for 1000 seed weight and moisture content. Genotypes like CO-9, KA-17-1, and NDA-1 exhibited superior seed weight, indicating strong grain development potential. Lower seed weights in genotypes such as JKM-189 and IPA-15-6 suggest suitability in resource-constrained or drought-prone environments. Moisture content varied substantiallyJKM-189 showed the highest, while VLA-1 and KA-12-1 exhibited lowest moisture levels, signalling their advantage for longer-term storage.
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