



Morphological characterization of garden pea (Pisum sativum var. hortense) genotypes.
ABSTRACT
The present study aimed to evaluate morphological diversity among 30 garden pea (Pisum sativum var. hortense L.) genotypes using Distinctness, Uniformity, and Stability (DUS) guidelines under the Protection of Plant Varieties and Farmers’ Rights Authority. Visual observations were used to evaluate thirteen morphological features. The genotypes showed significant variation in the majority of traits, especially in the attributes of the seeds, pods, foliage colour, and flowering period. Remarkable observations included the afila leaf type and late flowering in NDVP-23-21, and purple petal colour and purple axil in NDVP-23-1, which distinguish them from the rest of the collection.Significant phenotypic variation that can be used for upcoming breeding, selection, and variety registration is highlighted by the data. The study highlights how useful DUS descriptors are for efficiently recording genetic variation and assisting with crop improvement initiatives.
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INTRODUCTION

Garden pea (Pisum sativum var. hortense L.), an important legume in the Fabaceae family, is a significant crop in agriculture worldwide because of its excellent nutritional value, which includes high protein content (7.2g) and vitamins and minerals. Fresh pea pods are excellent sources of folic acid, ascorbic acid (vitamin-C), ß-sitosterol and vitamin-K (Rana et al., 2021). It is essential for food and nutritional security, especially for vegetarian diets, and supports sustainable farming methods through nitrogen fixation. In India, the total production of pea is 6671 thousand metric tonnes from an area of 611 thousand hectare (Anonymous 2023). The major pea-producing states are Uttar Pradesh, Madhya Pradesh, Bihar, Assam, and Orissa, contributing about 95% of the pea's total area and yield (Anand et al., 2024).
Characterizing and assessing the current genetic resources is an essential initial step in crop improvement programmes. Morphological characterization is one of the most useful and economical techniques for the preliminary evaluation of plant genetic diversity. Morphological characters are considered as genetic differences present in the germplasm, which deals differences of genetic components easily observed morphological of the material studied (Srilatha et al., 2022). Morphological descriptors are not only valuable for DUS testing and varietal classification nonetheless also for assessing diversity and revealing phylogenetic relationships among different lines (Asati et al., 2023). It provides crucial baseline data for breeding and selection by enabling researchers to identify and characterize genotypes based on observable features.
A standardized procedure for assessing plant varieties is provided by the Distinctness, Uniformity, and Stability (DUS) recommendations createdunder the protection of Plant Varieties and Farmer’s Right Authority (PPV & FRA). These standards guarantee that a new variety is easily distinguished from those that already exist (distinctness), exhibit uniformity in the expression of important traits among individuals (uniformity), and maintain its essential qualities through generations or environments (stability). This study is undertaken to characterize a diverse set of garden pea genotypes using the DUS guidelines, with the objective of assessing morphological variation and contributing valuable data for future breeding and variety development programmes.

MATERIALS AND METHODS

The current study was carried out at the Main Experimental Station, Department of Vegetable Science, Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya, Uttar Pradesh, during the Rabi season of 2023–2024. The objective of the study was to evaluate the morphological variability among 30 different garden pea (Pisum sativum var. hortense L.) genotypes. A Randomised Block Design (RBD) with three replications was used in the experimental setup to minimise environmental variance and guarantee statistical accuracy. Each genotype was sown with a row-to-row spacing of 30 cm and a plant-to-plant distance of 10 cm, facilitating optimal growth and uniform assessment. According to the Distinctness, Uniformity, and Stability (DUS) principles established by the Protection of Plant Varieties and Farmers’ Rights Authority (PPV&FRA), the genotypes were assessed for thirteen different morphological traits. Visual assessments were meticulously recorded at the appropriate stages to ensure accurate characterization of each trait (Table 1). This thorough analysis gave important information about the genotypes' morphological diversity, which is crucial for future breeding initiatives, varietal identification, and registration.
Table: 1 Morphological descriptors and their stage of assessment
	S.
No.
	Characteristics
	State
	Note
	Stage of observation
	Type of assessment

	1.
	Foliage: Colour
	Light green
Green

Dark green 
	3
5

7
	Initiation of first flower
	Visual assessment by a single observation of a group of plants or parts of plants

	2.
	Foliage: Waxy bloom
	Absent
Present
	1
9
	Initiation of first flower
	Visual assessment by a single observation of a group of plants or parts of plants

	3.
	Leaf: Leaflets
	Absent

Present
	1
9
	Initiation of first flower
	Visual assessment by a single observation of a group of plants or parts of plants

	4.
	Leaf: Axil colour
	Green

Purple
	1
2


	Initiation of first flower
	Visual assessment by observation on individual plant or parts of plants

	5.
	Flower: Opening (days)
	Extra early (<40)
Early (40-50)

Medium (50-70)

Late (>70)
	1
2

3

4
	50% of the plants with at least one open flower
	Visual assessment by a single observation of a group of plants or parts of plants

	6.
	Flower: Standard petal colour
	White
Blue

Pink

Red

Purple
	1
2

3

4

5
	50% flowering
	Visual assessment by a single observation of a group of plants or parts of plants

	7.
	Pod: Number/Axil
	Single
Double

Multiple
	1
2

3
	Fully developed green pod
	Visual assessment by observation on individual plant or parts of plants

	8.
	Pod: Curvature
	Absent

Weak

Medium

Strong
	1
3

5

7
	Fully developed green pod
	Visual assessment by a single observation of a group of plants or parts of plants

	9.
	Pod: Shape of distal part
	Pointed
Blunt
	1
9


	Fully developed green pod
	Visual assessment by observation on individual plant or parts of plants

	10.
	Pod: Intensity of green colour
	Light green
Green

Dark green
	3
5

7
	Fully developed green pod
	Visual assessment by a single observation on a group of plants or parts of plants

	11.
	Seed: Shape
	Spherical
Cylindrical

Dimpled
	1
2

3
	Mature seed 
	Visual assessment by a single observation on a group of plants or parts of plants

	12.
	Seed: Surface
	Smooth
Wrinkled
	1
2
	Mature seed 
	Visual assessment by a single observation on a group of plants or parts of plants

	13.
	Seed: Cotyledon colour
	Creamy
Green

Yellow
	3
5

7
	Mature seed 
	Visual assessment by a single observation on a group of plants or parts of plants


RESULTS AND DISCUSSION

In this comprehensive study, 30 garden pea genotypes were evaluated for thirteen important morphological attributes, viz., foliage colour, foliage waxy bloom, leaf leaflets, leaf axil colour, flower opening, flower standard petal colour, pod number per axil, pod curvature, pod shape of distal part, pod intensity of green colour, seed shape, seed size, seed cotyledon colour, revealing significant variation among the genotypes for most traits, with the exception of foliage waxy bloom. Elaborative insights into these various morphological traits are provided in Table 2.  
The foliage colour varied from light to dark green. Among the 30 genotypes, 9 were observed as light green viz., NDVP-23-2, NDVP-23-3, NDVP-23-7, NDVP-23-10, NDVP-23-20, NDVP-23-21, NDVP-23-23, NDVP-23-24 and Kashi Nandini. Green foliage colour was observed for 16 genotypes which included NDVP-23-1, NDVP-23-4, NDVP-23-5, NDVP-23-6, NDVP-23-8, NDVP-23-9, NDVP-23-12, NDVP-23-13, NDVP-23-17, NDVP-23-18, NDVP-23-19, NDVP-23-22, NDVP-23-25, NDVP-23-27, NDVP-23-28 and NDVP-23-29 while NDVP-23-11, NDVP-23-14, NDVP-23-15, NDVP-23-16 and NDVP-23-26 exhibited dark green foliage colour. Foliage waxy bloom was present in all 30 genotypes. Leaflets were present in all genotypes except for NDVP-23-21 which exhibited afila leaf type. The leafless pea has increased standing ability due to its greater number of tendrils, it has reduced risk of lodging and the crop can be harvested more easily (Hedley and Ambrose 1981). All genotypes exhibited green leaf axil colour, with the exception of NDVP-23-1, which had purple axil colour. This variation in pigmentation, which is probably the result of increased anthocyanin production, offers a unique varietal trait that is both genetically stable as well as easy to distinguish in the field.
Flower opening days showed considerable variation among the evaluated genotypes indicating diverse maturity durations. Extra early flower opening (<40 days) was recorded for NDVP-23-9, 6 genotypes showed early flowering (40-50 days) viz., NDVP-23-4, NDVP-23-15, NDVP-23-16, NDVP-23-19, NDVP-23-24, Kashi Nandini while 22 genotypes, NDVP-23-1, NDVP-23-2, NDVP-23-3, NDVP-23-5, NDVP-23-6, NDVP-23-7, NDVP-23-8, NDVP-23-10, NDVP-23-11, NDVP-23-12, NDVP-23-13, NDVP-23-14, NDVP-23-17, NDVP-23-18, NDVP-23-20, NDVP-23-22, NDVP-23-23, NDVP-23-25, NDVP-23-26, NDVP-23-27, NDVP-23-28 and NDVP-23-29 showed medium flowering (50-70 days) and NDVP-23-21 was late flowering (>70 days). Early flowering genotypes are beneficial in short-season environments or for early market demands, while late flowering genotypes may be more suitable for extended growing seasons. The standard petal colour was observed as purple only for NDVP-23-1 while all the remaining was white. 
Pod number per axil was single for 3 genotypes viz., NDVP-23-3, NDVP-23-6 and NDVP-23-7 while the remaining 27 genotypes had double pod per axil. Pod curvature was absent for 6 genotypes which included NDVP-23-1, NDVP-23-3, NDVP-23-7, NDVP-23-10, NDVP-23-18 and NDVP-23-25 whereas weak curvature for 10 genotypes viz., NDVP-23-5, NDVP-23-13, NDVP-23-14, NDVP-23-15, NDVP-23-16, NDVP-23-22, NDVP-23-24, NDVP-23-26, NDVP-23-27 and NDVP-23-28. Genotypes like NDVP-23-2, NDVP-23-4, NDVP-23-9, NDVP-23-11, NDVP-23-21, NDVP-23-29 and Kashi Nandini exhibited medium pod curvature and remaining 7 genotypes, NDVP-23-6, NDVP-23-8, NDVP-23-12, NDVP-23-17, NDVP-23-19, NDVP-23-20 and NDVP-23-23 showed strong curvature. The shape of the distal part of the pods were recorded as blunt for 16 genotypes i.e. NDVP-23-1, NDVP-23-2, NDVP-23-3, NDVP-23-5, NDVP-23-6, NDVP-23-7, NDVP-23-10, NDVP-23-11, NDVP-23-16, NDVP-23-20, NDVP-23-24, NDVP-23-25, NDVP-23-26 and Kashi Nandini while pointed shape was recorded for NDVP-23-4, NDVP-23-8, NDVP-23-9, NDVP-23-12, NDVP-23-15, NDVP-23-17, NDVP-23-18, NDVP-23-19, NDVP-23-21, NDVP-23-22, NDVP-23-23, NDVP-23-27, NDVP-23-28 and NDVP-23-29. Pod intensity of green colour varied from light green to dark green. Among the genotypes studied, NDVP-23-4, NDVP-23-5, NDVP-23-7, NDVP-23-10, NDVP-23-13, NDVP-23-14, NDVP-23-19, NDVP-23-21, NDVP-23-26 and NDVP-23-29 exhibited light green colour, whereas 17 genotypes viz., NDVP-23-1, NDVP-23-2, NDVP-23-3, NDVP-23-6, NDVP-23-8, NDVP-23-9, NDVP-23-11, NDVP-23-12, NDVP-23-15, NDVP-23-16, NDVP-23-17, NDVP-23-18, NDVP-23-20, NDVP-23-23, NDVP-23-24, NDVP-23-28 and Kashi Nandini were green and genotypes NDVP-23-2, NDVP-23-25 and NDVP-23-27 showed dark green pod colour. 
Seed morphology including seed shape, seed surface and seed cotyledon colour are important traits for both varietal characterization and market preference. The seed shape and surface was spherical and smooth for NDVP-23-14 while all the remaining genotypes were dimpled and wrinkled. Wrinkled seeds are typically associated with higher sugar content and are favoured for fresh consumption, while smooth seeds are generally richer in starch and better suited for dry seed storage and processing. With respect to the seed cotyledon colour, NDVP-23-17, NDVP-23-21 and NDVP-23-29 showed yellow colour while remaining genotypes exhibited green cotyledon colour.
These results highlight significant phenotypic variation among the genotypes analyzed for essential morphological characteristics, which is crucial for breeding, selecting varieties, and assessing distinctiveness. This variation offers a valuable genetic foundation for developing enhanced garden pea varieties with favourable traits tailored to specific agro-climatic conditions and market needs. Previous research by Singh et al. (2014), Yumkhaibam et al. (2023), Anand et al. (2024), Dixit et al. (2010), Srilatha et al. (2022) and Bishnoi et al. (2023) also highlighted the importance of DUS-based morphological descriptors in distinguishing pea genotypes, thereby supporting the relevance of the current findings.

Table: 2 Morphological characterization of garden pea genotypes for thirteen characters

	Genotypes 
	Foliage: Colour
	Foliage: Waxy bloom
	Leaf: Leaflets
	Leaf: Axil colour
	Flower: Opening (days)
	Flower: Standard petal colour
	Pod: Number/ axil
	Pod: Curvature
	Pod: Shape of distil part
	Pod: Intensity of green colour
	Seed: Shape
	Seed: Surface
	Seed: Cotyledon colour

	NDVP-23-1
	5
	9
	9
	2
	3
	5
	2
	1
	9
	5
	3
	2
	5

	NDVP-23-2
	3
	9
	9
	1
	3
	1
	2
	5
	9
	5
	3
	2
	5

	NDVP-23-3
	3
	9
	9
	1
	3
	1
	1
	1
	9
	5
	3
	2
	5

	NDVP-23-4
	5
	9
	9
	1
	2
	1
	2
	5
	1
	3
	3
	2
	5

	NDVP-23-5
	5
	9
	9
	1
	3
	1
	2
	3
	9
	3
	3
	2
	5

	NDVP-23-6
	5
	9
	9
	1
	3
	1
	1
	7
	9
	5
	3
	2
	5

	NDVP-23-7
	3
	9
	9
	1
	3
	1
	1
	1
	9
	3
	3
	2
	5

	NDVP-23-8
	5
	9
	9
	1
	3
	1
	2
	7
	1
	5
	3
	2
	5

	NDVP-23-9
	5
	9
	9
	1
	1
	1
	2
	5
	1
	5
	3
	2
	5

	NDVP-23-10
	3
	9
	9
	1
	3
	1
	2
	1
	9
	3
	3
	2
	5

	NDVP-23-11
	7
	9
	9
	1
	3
	1
	2
	5
	9
	5
	3
	2
	5

	NDVP-23-12
	5
	9
	9
	1
	3
	1
	2
	7
	1
	5
	3
	2
	5

	NDVP-23-13
	5
	9
	9
	1
	3
	1
	2
	3
	9
	3
	3
	2
	5

	NDVP-23-14
	7
	9
	9
	1
	3
	1
	2
	3
	9
	3
	1
	1
	5

	NDVP-23-15
	7
	9
	9
	1
	2
	1
	2
	3
	1
	5
	3
	2
	5

	NDVP-23-16
	7
	9
	9
	1
	2
	1
	2
	3
	9
	5
	3
	2
	5

	NDVP-23-17
	5
	9
	9
	1
	3
	1
	2
	7
	1
	5
	3
	2
	7

	NDVP-23-18
	5
	9
	9
	1
	3
	1
	2
	1
	1
	5
	3
	2
	5

	NDVP-23-19
	5
	9
	9
	1
	2
	1
	2
	7
	1
	3
	3
	2
	5

	NDVP-23-20
	3
	9
	9
	1
	3
	1
	2
	7
	9
	5
	3
	2
	5

	NDVP-23-21
	3
	9
	1
	1
	4
	1
	2
	5
	1
	3
	3
	2
	7

	NDVP-23-22
	5
	9
	9
	1
	3
	1
	2
	3
	1
	7
	3
	2
	5

	NDVP-23-23
	3
	9
	9
	1
	3
	1
	2
	7
	1
	5
	3
	2
	5

	NDVP-23-24
	3
	9
	9
	1
	2
	1
	2
	3
	9
	5
	3
	2
	5

	NDVP-23-25
	5
	9
	9
	1
	3
	1
	2
	1
	9
	7
	3
	2
	5

	NDVP-23-26
	7
	9
	9
	1
	3
	1
	2
	3
	9
	3
	3
	2
	5

	NDVP-23-27
	5
	9
	9
	1
	3
	1
	2
	3
	1
	7
	3
	2
	5

	NDVP-23-28
	5
	9
	9
	1
	3
	1
	2
	3
	1
	5
	3
	2
	5

	NDVP-23-29
	5
	9
	9
	1
	3
	1
	2
	5
	1
	3
	3
	2
	7

	Kashi Nandini
	3
	9
	9
	1
	2
	1
	2
	5
	9
	5
	3
	2
	5


CONCLUSION

According to the DUS criteria, the 30 garden pea genotypes tested in this study showed significant morphological heterogeneity.Significant variations were observed in traits like flowering period, pod characteristics, seed features, leaf axil pigmentation, and foliage colour, suggesting a high level of genetic variety in the germplasm. Important characteristics including flower colour, flowering period, and leaf type were unique to genotypes like NDVP-23-1, NDVP-23-9, and NDVP-23-21, indicating their potential for use in focused breeding programmes. Future genetic advancement, varietal identification and the selection of desired features for the development of superior cultivars are all made possible by the observed diversity. Additionally, the usefulness of DUS descriptors in garden pea varietal protection and enhancement initiatives is reinforced by this characterisation.
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